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Introduction 

 

 Reducing pathogenic bacterial contamination of fresh poultry requires a balanced 

approach in the breeding, hatching, growout, and processing operations. Simply testing 

carcasses at the end of chilling is not sufficient to provide the information necessary to 

ensure safety.    

 

Current Approaches 

 

Breeder chickens  

 

The way different countries approach pathogen reduction in poultry breeder 

flocks is dependent upon their view of the danger and/or the effect of a “cost is no object” 

approach.  For example, in the U.S., vaccination is used for breeders and in some cases 

works well, in other cases, not at all.  When the huge recall on Salmonella enteritidis 

contaminated eggs occurred, most of those birds were vaccinated, meaning that 

vaccination is not a panacea.  The efficacy of vaccination depends on local serotypes that 

are present. So, if the vaccine is directed toward Salmonella kentucky and the 

predominant Salmonella in an area is heidelburg, then the vaccine will not work. I have 

observed companies that vaccinate 100% of their breeders and have 100% of their 

broilers positive for Salmonella at the processing plant.   

Some researchers have found Salmonella firmly attached to sperm cells in 

roosters reproductive tract. This means that when the rooster inseminates the hen, he also 

inoculates her.  

In the E.U., breeder chickens are evaluated for the presence of Salmonella and, if 

positive, are slaughtered. This is a field only approach. This approach costs Denmark 

alone more than $14.1 million per YEAR or $183,000,000 since the program began in 

2000 for a population of 5 million people and 125,000,000 birds annually.  The cost per 

bird is: $0.0887 or almost 9 cents.  In the US, this would cost $810,000,000 if this 

program were implemented. The problem is that, in the E.U. in these countries that use 

such an expensive procedure, they still have 3% of the broilers positive for Salmonella 

and an average of 15.6 % remain positive after processing, which is much higher than in 

the U.S. The E.U. approach is excellent and can be seen in the following graph for 

Denmark in broiler flocks, but again, cross-contamination during processing without 

intervention increases these numbers.  

 



 
 

The message is that, even though Herculean efforts are made to control 

Salmonella in the live birds, mistakes and cross-contamination at the plant can destroy 

your positive results.  

Unfortunately, very few of these interventions will work with Campylobacter.  

 

Hatchery 

 

Salmonella spp. may be found in the nest boxes of breeder chickens, cold egg 

storage rooms at the farm, on the hatchery truck, or in the hatchery environment.  In some 

cases, they may be spread to fertilized hatching eggs on the shell or may penetrate the 

shell and reside just beneath the surface of the eggshell. Research has demonstrated that 

contamination of raw poultry products with Salmonella spp. may be attributable to cross-

contamination in the hatchery from Salmonella infected eggs or surfaces to uninfected 

baby chicks during the hatching process.  This is because Salmonella spp. is readily 

spread throughout the hatching cabinet due to rapid air movement by circulation fans.  

Researchers have been able to isolate salmonellae from three different 

commercial hatcheries in Europe and reported that the same serotypes found in the 

hatcheries could be found on processed broiler chicken carcass skin. Thus, proper 

disinfection of the hatchery environment and fertile hatching eggs is essential for 

reducing Salmonella on ready-to-cook carcasses. Suggestions for elimination of 

Salmonella in the hatchery include: 

 



-Install a disinfectant fogging system or electrostatic spraying system to deliver 

high-tech sanitizers in the setters and hatchers linked to a timer system  

-Spray disinfectant every 30 minutes during setting and hatching to prevent cross-

contamination  

-Thoroughly clean and sanitize setters and hatchers regularly using documented 

sanitation standard operating procedures (SSOPs)  

-Regularly monitor eggshell fragments, chick paper pads, and chick dander from 

the bottom of the hatching cabinet for Salmonella 

 

Very few companies employ these methodologies for preventing the spread of 

Salmonella through vertical means from the breeder eggs to the broiler population. The 

following Figure shows the difference in coverage of a model egg (black ball) with 

sanitizer if using a conventional sprayer or electrostatic sprayer.  

 

 

 
 

 

 

 

 

 

 

 



The following diagram shows the results of a study where 80 eggs were dipped in 

Salmonella in two different repetitions. The eggs were split and half were incubated in an 

incubator where tap water was sprayed (controls) or electrolyzed oxidative water (EO) 

was electrostatically sprayed on the eggs as the chicks hatched. The chicks were taken to 

separate growout facilities, grown to 3 weeks of age, sacrificed, and intestines were 

evaluated for Salmonella. The effect of electrostatic spraying of EO water on eggs 

dramatically reduced COLONIZATION of chickens with Salmonella from 65% to 0% in 

Rep 1 and 95% to 5% in Rep 2.  

 

 
 

 No studies have ever shown that Campylobacter may be vertically transmitted 

through the hatchery, even though the genes for Campylobacter may be readily found in 

the hatchery. It is believed that Campylobacter enters a “viable but non-culturable” state 

in the hatchery.  

 

Growout 

 

 Most companies in the U.S. and E.U. monitor flocks for Salmonella and many 

monitor them for Campylobacter.   Some companies use food-grade acids in the waterers 

during feed withdrawal to lowers the pH of the crop and to kill Salmonella and 

Campylobacter picked up by coprophagy.  The litter should be maintained in good 

condition (low moisture, low caking), and the waterers should be cleaned regularly. Some 

companies in the U.S. and E.U. use vaccination for Salmonella, but no vaccines exist for 



Campylobacter.  This is because Campylobacter free-floats in the mucin of the intestines 

of the birds as a commensal and does not produce an antibody response. Some companies 

in the U.S. use growth promoting antibiotics, which dramatically reduce colonization.  

However, in the E. U., this is illegal.  In the U.S., no effective Competitive Exclusion 

(CE) cultures are allowed (only defined are allowed and they do not work as well). In the 

E.U., undefined competitive exclusion cultures are allowed and they work well for 

Salmonella. No CE cultures have proven to be consistently effective against 

Campylobacter.  

Another expensive and widely used method used in the northern E.U. include 

complete insect and rodent control (fly screens on houses and houses are tightly sealed). 

Very importantly, NONE of these field interventions have been shown to be effective for 

Campylobacter.   

 

Processing 

 

Many poultry processors in the U.S. have come to rely upon 2 or 3 really well-run 

antimicrobial interventions to ensure that their Salmonella and Campylobacter prevalence 

remains below 7.5% or 10.4%, respectively, as currently required by USDA-FSIS.  Using 

high-tech chemicals in the online-reprocessing system (OLR) and chlorine, acidified 

chlorine, ClO2, or peracetic acid in the chillers, and acidified chlorine, acidified sodium 

chlorite, peracetic acid, or other acid blends, and cetylpyridinium chloride in a post-chill 

spray or dip system has allowed many processors to keep Salmonella and Campylobacter 

levels under control and remain in compliance. The most important preventative measure 

that a company can use is biomapping. Keep in mind, that in the E.U., because no 

chemicals are allowed, Salmonella and Campylobacter prevalence will increase as the 

birds move through processing due to cross-contamination.  

A question that should be asked by all poultry processors is, “What happens to 

Salmonella and Campylobacter levels on broiler carcasses as they progress through each 

intervention?”  Most of the time, the plant managers have no idea.  This is why it is 

essential that Salmonella and Campylobacter biomapping be done by every plant on a 

regular basis.  This information is essential to understand which processes are performing 

effectively for reducing Salmonella and Campylobacter and which ones need to be 

adjusted.  Without biomapping information, tuning the plant for Salmonella and 

Campylobacter reduction is impossible.  

Reducing Salmonella and Campylobacter on finished carcasses requires a 

comprehensive, multi-hurdle approach. The point of biomapping is that, if the plant is 

tuned correctly, the plant will always keep Salmonella and Campylobacter levels below 

the performance standard, regardless of the incoming load on chickens.  No individual 

procedure or step is adequate to accomplish this task (i.e. there is no silver bullet). The 

USDA stated that "intervention strategies aimed at reducing fecal contamination and 

other sources of Salmonella on raw product should be effective against other pathogens." 

This statement is misleading in that reducing fecal contamination has not been sufficient 

to reduce Salmonella prevalence.  Reducing fecal contamination may be effective for 

reducing the number of Salmonella on each carcass; however, only one Salmonella cell is 

required on a carcass to produce a "positive" result.  Thus, unless all Salmonella are 

eliminated, the carcass will still remain positive.    



 To begin the biomapping process, data must be collected. Carcass samples should 

be collected at the following locations to determine which interventions are working: 

 1. Post-bleedout  

 2. Post-scald  

 3. Pre-online reprocessing 

 4. Post-online reprocessing 

 5. Post-chill 

 6. Post-post chill dip 

 Aerobic plate counts, E. coli counts, and Salmonella and Campylobacter 

prevalence should be determined for carcasses at each of these locations over a period of 

time.  The birds must all be collected from the SAME FLOCK because flock to flock 

variation can be excessive.  

The following are real-world examples and represent data collected from various 

processors nationwide.  Due to the confidential nature of this subject, none of the 

companies have been identified.   

 

Typical poultry processing plant biomap showing Salmonella prevalence as the carcasses 

progress down the processing line. 

 
 This biomap shows the negative impact that picking has on Salmonella 

prevalence.  Often, Salmonella are spread to negative carcasses during picking.  In some 

cases, the prevalence can exceed incoming load.  



Biomap 2 showing Salmonella prevalence as the carcasses progress down the processing 

line, demonstrating that in this plant, the scalder is ineffective and the OLR is the only 

effective intervention. 

 
 This biomap clearly indicates that the scalder needs to be adjusted to ensure that 

Salmonella prevalence is reduced during scalding.  This may be done with an increase in 

temperature, increase in fresh water input, or input of a chemical santizer, such as an 

acid.  Moreover, the OLR in this plant is functioning well and should not be adjusted.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Biomap 3 showing Salmonella prevalence as the carcasses progress down the processing 

line, demonstrating that in this plant, incoming Salmonella load is low and the scalder 

and OLR are not effective.  

 
 A biomap with this profile demonstrates that the breeding, hatching and growout 

operations are holding Salmonella to low levels on incoming birds.  However the scalder 

is not improving the Salmonella profile at all and should be adjusted.  The OLR system is 

ineffective and the plant is wasting its money on this expensive chemical treatment, but 

receiving no beneficial impact on Salmonella prevalence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Biomap 4 showing Salmonella prevalence as the carcasses progress down the processing 

line, demonstrating that in this plant, the scalder is inoculating the carcasses with 

Salmonella and the post-chill dip is ineffective. 

 
 A biomap with this profile demonstrates that the breeding, hatching and growout 

operations are holding Salmonella to low levels on incoming birds.  However the scalder 

is being run at too low a temperature and is inoculating the carcasses as they progress 

through the system.  The post chill dip system is not effective and the company is wasting 

its money on this expensive chemical treatment, but receiving no beneficial impact on 

Salmonella prevalence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Biomap 5 showing Salmonella prevalence as the carcasses progress down the processing 

line, demonstrating that in this plant, the scalder is inoculating the chickens with 

Salmonella and the chiller and post-chill dip are ineffective.  

 
 A biomap with this profile demonstrates that the breeding, hatching and growout 

operations are holding Salmonella to low levels on incoming birds.  However the scalder 

is being run at too low a temperature and is inoculating the carcasses as they progress 

through the system.  The chiller and post chill dip system are not effective and the 

company is not able to meet the Salmonella performance standard.  Thus, the scalder, 

chiller, and post chill dip system should be adjusted to perform correctly.  

 

 

 

 

 

 

 

Biomap 6 showing Salmonella prevalence as the carcasses progress down the processing 

line, demonstrating that in this plant, each intervention is effective. 



 
 In this figure, incoming birds are highly contaminated, but the scalder is balanced, 

the pickers are not contributing to the problem, the online reprocessing system is working 

well, and the chiller and post-chill dip are balanced appropriately. This scenario is 

achievable. A handful of plants around the country are able to operate as depicted in this 

figure.  

 



 
 

 



 
As a result, campylobacteriosis in Europeans in ALL northern European countries 

has increased from 1990 to today.  These data demonstrate the dramatic differences 

achieved in using a field only approach (E.U. and Australia) and a field + processing 

intervention (chemical) approach (U.S.).  It is extremely important that poultry 

companies worldwide use a comprehensive, nonpolitical approach to pathogen reduction 

to improve human health.  

 

 


