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ABSTRACT 

 
Microbial contamination can create serious health risks and trade problems in 

the international food trade, this is essential for the economy of many countries. In 

Mexico scientific information regarding Salmonella and E. coli O157:H7 prevalence 

at pre and post-harvest levels is scarce. Therefore, this research has three general 

objectives: i) to determine the prevalence of Salmonella and E. coli O157:H7 in a 

Mexican cattle feedlots and its impact for subsequent contamination on carcasses, ii) 

to determine if there is a seasonal effect on the prevalence of E. coli O157:H7 at 

feed lot levels and iii) to compare the prevalence of Salmonella and E. coli O157:H7 

on carcasses destined for different markets and processed under TIF certification in 

Mexico. Two-hundred-fifty animals were randomly selected and composite samples 

were taken from three anatomical carcass sites (inside round, hind shank and fore 

shank). Samples were taken from the hides and intestinal feces (IF), at pre-

evisceration (PE), pre-cooler (PC) and after 24 hours of dry chilling (DC) in the 

coolers. Additionally, 250 samples from fecal (FL) and water samples were taken 

from the lairage area. E. coli O157:H7 and Salmonella detection was carried out 

using BAX (PCR), IMS and conventional methods. Logistic regression models were 

used to determine areas of highest risk. A total of 1,695 samples were collected from 

different locations of the integration, feedlot and harvesting slaughter plant. 

Salmonella was isolated from 52.5% of these samples. The highest prevalence was 

found in hides (92.4%), followed by feces from the holding pens (HP) (91.0%), 
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feces from feedlots (FL) (55.56%), pre-evisceration (PE) (49.0%), intestinal feces 

(IF) (46.8%) and pre-cooler (PC) (24.8%) for all sampling periods combined. The 

lowest prevalence was found in the carcasses after 24 hours of DC in the cooler 

(6.0%). The overall prevalence of E. coli O157 was as follows: hides 11.7%, 

intestinal feces 5.2%, feedlots 2.7%, holding pens 2.0%, pre-evisceration 0.8%, pre-

cooler 0.4% and cooler 0.4%. E. coli O157:H7 was recovered mainly in the summer, 

6.8% (43/632), followed by winter 1.79% (12/670), however in spring all the 

samples at the feedlot and at the slaughter plant tested negative. Salmonella was 

recovered in all seasons with significant variations (P < 0.0001), the percentages 

being as follows: spring 59.7% (200/235), summer 53.64% (339/632) and winter 

44.2% (297/672). An effect due to seasonality on Salmonella and E. coli O157:H7 

was not clear. The prevalence of the carcasses destined for different markets did not 

show differences (P>0.05) for Salmonella and/or E. coli O157:H7 prevalence (P > 

0.05). These results are an alert as to the risks of contamination in meats for these 

pathogens, show the necessity of implementing programs for food safety and 

microbiological interventions, and demonstrate the need for further research. 
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CHAPTER I 

INTRODUCTION 

 
 

Agents that enter the body through the ingestion of contaminated foods cause 

food-borne diseases. Food-borne diseases represent a growing public health problem, 

both in developed and developing countries. The World Health Organization has reported 

that in 2005, 1.8 million people died from diarrheal diseases worldwide. In industrialized 

countries, where food-borne surveillance systems have been implemented, the percentage 

of the population suffering from food-borne diseases each year has been reported to be up 

to 30% (15). In the U.S. the Center for Disease Control and Prevention (3) estimates that 

each year, one of six Americans (48 million) get sick, 128,000 are hospitalized and 3,000 

die of food-borne diseases (3).  

In contrast, statistics for food-borne diseases in developing countries are difficult 

to estimate due to the poor or non-existent reporting systems, therefore reliable statistics 

on these diseases are not available (6, 14) thus making it difficult to estimate the 

magnitude of the problem however, the high prevalence of diarrheal diseases in many 

developing countries suggests major underlying food safety problems (15).  The gravity 

of the situation can be appreciated in view of the high prevalence of diarrheal diseases in 

infants and children. Gastrointestinal illnesses in developed countries fluctuate between 

one to three episodes per person per year and in developing countries between five to 

eighteen episodes per person per year in children living in deprived areas. In these areas 

diarrheal diseases are a major cause of morbidity and mortality (7).  
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A wide range of etiologic agents, which may vary according to region, cause 

gastrointestinal illnesses. In Latin America and the Caribbean the leading etiologic agents 

reported are amoebic dysentery, trichinosis, giardiasis, shigellosis, typhoid fever, E. coli 

and hepatitis infections. The sources for those diseases are not always reported, but there 

is increasing evidence to link some of these diseases to the food chain (14).  

The Pan-American Institute for Food Protection and Zoonosis (INPPAZ), 

between 1995 and 2001, reported 5,283 outbreaks of food-borne disease in Latin America 

and the Caribbean, and 174,976 persons were affected, causing 275 deaths (6).  In 

Mexico, between 1993 and 2002, there were 633 food-borne outbreaks reported with 

12,748 people affected. The causative agents of these illnesses were viral (41.35%), 

bacterial (35.86%), plant toxins (14.77%), chemical (5.91%) and seafood toxins (1.27%). 

The most frequent bacterial food-borne pathogens causing illnesses were: Salmonella 

(33.14%), Escherichia coli (14.09%), coliforms (3.96%), Staphylococcus aureus (3.6%), 

Shigella spp. (3.51%), Staphylococcus spp. (3.04%), Bacillus cereus (0.92%) and Vibrio. 

cholerae (0.85%) (13).  

In the U.S., the Food-borne Diseases Active Surveillance Network (FoodNet) of 

the CDC’s Emerging Infections Program conducted surveillance in 10 states in 2009, 

reporting the incidence trends since 1996. This report showed a total of 17,468 laboratory 

confirmed cases of food-borne disease. The number of reported infections and incidence 

(per 100,000 population), by pathogen, were as follows: Salmonella (7,039; 15.19), 

Campylobacter (6,033; 13.02), Shigella (1,849; 3.99), Cryptosporidium (1,325; 2.86), 
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Shiga toxin E. coli (STEC) O157 (459; 0.99), STEC non-O157 (264; 0.57), Vibrio (160; 

0.35), Listeria (158; 0.34), Yersinia (150; 0.32), and Cyclospora (31; 0.07) (12) 

The CDC has estimated two major groups of food-borne illnesses in the U.S., 

known food-borne pathogens and unspecified agents. Thirty-one known pathogens were 

the cause of an estimated of 9.4 million illnesses, 55,961 hospitalizations and 1,352 

deaths. Eight pathogens are estimated to be the etiologic agents for the majority of 

illnesses, but the top five pathogens reported and their estimated number of illnesses 

cases and respective percentage were: norovirus 5,461,731 (58.0%), Salmonella 

(nontyphoidal) 1,027,561 (11.0%), Cl. perfringens 965,958 (10.0%), Campylobacter spp. 

845,024 (9.0%) and S. aureus 241,148 (3.0%). On the other hand, the top five pathogens 

estimated to cause illnesses that result in hospitalization and it respective percentages 

were Salmonella (nontyphoidal), 19,336 (35.0%), norovirus 14,663 (26.0%), 

Campylobacter spp., 8,463 (15.0%), Toxoplasma gondii, 4,428 (8.0%) and E. coli 

O157:H7, 2,138 (4.0%). Finally the top five pathogens causing illnesses that resulted in 

death and their percentages were Salmonella (nontyphoidal), 378 (28.0%), Toxoplasma 

gondii, 327 (24.0%), Listeria monocytogenes, 255 (19.0%), norovirus, 149 (11.0%), and 

Campylobacter spp., 76 (6.0%) (3). 

Food-borne diseases also are important due to the large impact that they have on 

the economy due to the financial costs involved. In the U.S., losses due to six food-borne 

bacterial pathogens and one parasite (Campylobacter jejuni, Clostridium perfringens, 

Escherichia coli O157:H7, Listeria monocytogenes, Salmonella, Staphylococcus aureus 

and Toxoplasma gondii) were estimated to be between $6.5 billion and $34.9 billion 
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annually (1). Food-borne illnesses generate costs in households whose members become 

ill (hospitalizations, health care among others), the food industry (recalls, loss of 

productivity and lawsuit) and the regulatory and public health sectors.  However, 

analyses that estimate the cost of food-borne diseases often include only the medical 

costs for the individual, costs in loss of productivity, and premature deaths, and exclude 

other costs because of the lack of adequate data (2).  

Additionally, another important aspect is the globalization of the food industry 

and the related food safety issues. The international trade of food is growing as countries 

rely on each other to secure the provisions of safe and nutritious diets for their 

populations. The value of world food trade in 1997 was about $458 billion (17), and is 

increasing annually, due to the expanding world economy, liberalization in food trade, 

growing consumer demand and developments in food science, technology, transportation 

and communication sectors. If a country wants to gain access to export markets they have 

to comply with specific regulations, and improve in different aspects of production and 

processing, but this improved access is accompanied by greater competition and the need 

to ensure confidence in the safety of the food supply.  Food safety is particularly 

challenging to developing countries, where the quality assurance systems in the food 

industry and food control systems have to be strengthened (10).  

The increase in international trade has also increased the risks of cross border 

transmission of infectious diseases (5). Food, a major trade commodity, represents an 

important vehicle for food-borne pathogen infections (9).  
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Raw food, of animal origin, has been linked with food-borne outbreaks, and it has 

been widely reported that livestock animals are an important source of food-borne 

pathogens and that poultry, swine and cattle among others, are a reservoir for pathogens 

such as Salmonella, Campylobacter,  and E. coli O157:H7 as well as other STEC (8, 16).  

Beef products can become contaminated with these organisms through exposure to cattle 

feces or hides during processing, emphasizing the importance of controls in the food 

chain in the transmission of food-borne pathogens.  Food products certainly play an 

important role as a source of food-borne diseases worldwide. 

From the above information, it is apparent that Salmonella has been, and still is a 

big concern in the U.S. as well as worldwide, and leads the list of food-borne illnesses 

resulting in hospitalizations and deaths in the U.S. E. coli O157:H7 is another important 

food-borne pathogen, and similar to Salmonella, is of great concern Worldwide.  A study 

conducted by Knight-Jones et al., 2010 (11) had the aim of determining which pathogens 

should be prioritized by the World Organization for Animal Health (OIE) and for the 

development of future standards for animal production food safety in Eastern Europe, 

Asia, the Middle East, Africa and South America.  They reported that Salmonella, (from 

species other than poultry), and pathogenic Escherichia coli were considered to be top 

priorities (11). 

The U.S. is Mexico's largest agri-food trading partner, buying 76 % of Mexico’s 

exports and it supplies 73% of the country's imports in this category.  In 2007, imports 

from the U.S. were valued at $833 million. On a per capita basis Mexico was number 

eight in beef consumption in the world and the third in Latin America.  Mexico is also a 
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major participant in international agricultural trade. In the broad category of agri-food 

products (agriculture, livestock, hunting, fishing, food, beverages, and tobacco), Mexico's 

total exports (to all countries) approached $15.2 billion in 2009 (4). 

In Mexico, the impact of Salmonella, E. coli O157:H7 and other food-borne 

pathogens on public health is difficult to estimate, due in part to the inadequate 

surveillance systems and because salmonellosis cases are often self-limiting and do not 

result in a visit to the physician, or the physician does not confirm the diagnosis, and 

therefore the cases are never reported to public health agencies (14). Additionally, food-

borne diseases in developing countries are difficult to estimate, due to the poor or non-

existent reporting systems for food-borne diseases, therefore reliable statistics on these 

diseases and their economic costs are not available or are scarce, (6, 14) making it 

difficult to estimate the magnitude of the problem.  

In Mexico, there is little research that provides data with regards to food safety, 

specifically at pre and/or post-harvest areas of beef production. Data on these issues are 

fundamental in determining the prevalence of E. coli O157:H7 and Salmonella in feedlot 

cattle, and the impact of subsequent contamination during the harvest process. Therefore, 

the objective of this study was to determine the prevalence of Salmonella and E. coli 

O157:H7 in a Mexican cattle feedlot and the rate of contamination of the carcass during 

the harvest process.  The information generated will help the Mexican government and 

industry to take preventive measures and to improve their microbiological standards and 

guidelines.  
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 CHAPTER II 

LITERATURE REVIEW 

 

Salmonella 
 

Salmonella is a facultative anaerobic Gram-negative rod-shaped bacteria 

belonging to the family Enterobacteriaceae.  Some members of the genus are motile, 

however there are some unflagellated variants. Salmonellae are chemioorganotrophic 

with the ability to metabolize nutrients by either respiratory or fermentative pathways. 

Optimal growth occurs at 37°C, however some variants can grow at temperatures as high 

as 46.2ºC (7).  Among some of the more important metabolic characteristics that help 

with the identification of the genus are: uses citrate as its sole carbon source, catabolizes 

D-glucose, and other carbohydrates with the production of acids and gases. They 

generally produce hydrogen sulfide, descarboxylate lysisne, ornithine and do not 

hydrolyze urea (73) .  

Salmonella taxonomy is based on the Kuffmann–White scheme for the 

designation of Salmonella serotypes. The term serotype or serovar is referred to as a 

group of closely related microorganism distinguished by a characteristic set of antigens. 

Another term often used in bacteriology is strain. A strain is a subset of a bacterial 

species differing from other bacteria of the same species by some minor but identifiable 

difference. 

Salmonella serotype is based on immune reactions with two cell surface 

structures. O antigen is a carbohydrate antigen, and H antigen is a protein called flagellin 

http://www.answers.com/topic/microorganism
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that is present in the flagella. Salmonella can express two different flagellin antigens, 

these occur naturally in some serotypes, and an example is Salmonella Enteritidis. When 

applied to the Salmonellae, species and serovars are placed in groups designated A, B, C, 

D and so on  (49, 56). 

For the genus Salmonella, approximately 2,600 serovars have been reported (81, 

109), however the taxonomy and nomenclature of the Salmonella genus has placed all 

Salmonella in two species: S.enterica and S. bongori. Each species contains multiple 

serovars.  Salmonella enterica is divided into 6 subspecies which are referred to by 

roman numerals and names: I, S. enterica subsp. enterica; II, S. enterica subsp. salamae; 

IIIa, S. enterica subsp arizonae; IIIb, S. enterica subsp diarizonae; IV, S. enterica subsp. 

houtenae; and VI, S. enterica subsp. indica. These are differentiated by biochemical 

reactions (49, 73). Salmonella bongori is generally referred to as sub. V. Subspecies 

enterica is present in both warm and cold-blooded animals, while the other Salmonella 

subspecies are generally associated with cold-blooded animals. Over 1400 Salmonella 

serovars may infect humans, with most of them causing self-limiting gastroenteritis; these 

account for about 99% of human infections (56, 82). 

Salmonella causes disease in both animals and humans. The serovar Typhi and 

most of the Paratyphi strains (A, B and C) are specific human pathogens and they do not 

have animal reservoirs. The remaining serovars have animal reservoirs and are known as 

zoonotic Salmonella, which causes non-typhoidal salmonellosis (49, 79). The capacity to 

cause disease relies on different virulence determinants that include genes involved in 
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nutrient biosynthesis uptake, stress response and repair of cell damage, and genes that 

encode adaptations to overcome host defensive mechanisms (5). 

The ubiquity of non-typhoid Salmonella makes them a persistent contamination 

hazard to all raw foods, whether they are derived from animals, fish and shellfish, eggs, 

poultry and game birds, fruits, vegetables and salad vegetables, dairy products or cereals 

(7). 

Salmonella is a pathogen of significance and is a major cause of gastroenteritis in 

humans (49). Human Salmonella infections can lead to several clinical conditions, 

including enteric (typhoid) fever, uncomplicated enterocolitis, and systemic infections by 

non-typhoid microorganisms (73), however for epidemiological purposes Salmonella can 

be placed into three groups:  

 

1) Salmonella that infects only humans: This group includes: S. Typhi, S. Paratyphi A 

and S. Paratyphi C, and includes the etiologic agents of typhoid and paratyphoid 

fever, the most severe diseases caused by Salmonella. 

2) The host adapted serovars group includes human pathogens that may be contracted 

from contaminated foods and include S. Gallinarum, S. Dublin, S. Abourtus equi, S. 

Abortus ovis, and S. Choleraesuis. 

3) The last group includes unadapted serovars, with no host preferences, and includes 

most of the food-borne Salmonella serovars. They are pathogenic for humans, as well 

as for other animals and they include most foodborne serovars, such as Montevideo, 

Muenchen, Poona, Newport and Javiana among others (49) 
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The Center for Disease Control and Prevention (CDC) estimates that 1.4 million 

cases of salmonellosis occurs every year in the United States and salmonellosis imposes a 

large economic burden on individuals and society (1). It has also been estimated that 

approximately 16,000 salmonellosis patients are hospitalized and 600 persons die each 

year due to Salmonella related diseases (62). The economic loss involved with human 

salmonellosis is associated with investigation, treatment, prevention and the whole 

human chain of food production.  

Adhikari et al., 2004, estimated that the average economic burden due to 

Salmonella, considering the cost elements as, physician visits, hospitalization, and 

prescription drugs, and using the Monte Carlo Simulation, which is a problem solving 

technique used to approximate the probability of certain outcomes by running multiple 

trial runs, called simulations. In this case, most of the estimates or variables used in the 

cost analysis have an uncertainty. Expected average values do not show the impact of 

uncertainty, therefore the point estimates may not give the decision maker a complete 

picture of the possible burden of illness and the corresponding economic consequences. 

The Monte Carlo Simulation uses a probability distribution of relative occurrence for 

each possible outcome and provides better information. The average of economic burden 

was around $210 per outpatient, $5,797 per inpatient with gastrointestinal infection, 

$16,441 per inpatient with invasive infection, and $4.63 million per premature death. The 

total economic burden due to Salmonella in the United States was estimated at $2.8 
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billion (95% CI: $1.6 to $5.3 billion) annually, which is approximately $2,472 per case of 

Salmonella infection (1). 

 

Salmonella Epidemiology 

 

 Baseline surveillance data is essential for observing changing incidences in food-

borne diseases; however, although a country can have effective surveillance systems, it is 

difficult to estimate the actual number of cases. With regards to Salmonella, infections 

are potentially serious and may be fatal for children and elderly and for people with weak 

immune systems, however most salmonellosis cases are self-limiting, therefore do not 

result in a visit to the physician, and are rarely reported to the public health agencies (39). 

According to the CDC, outbreaks not causing serious illness, hospitalization or death, or 

those not resulting in patients showing symptoms in a short time, are unlikely to be 

reported to the public health agencies (18, 68). 

Salmonella probably causes more outbreaks of food-borne illnesses in the 

developed world than any other bacterium. Outbreaks have been recorded implicating all 

food groups including: meat, poultry, eggs, dairy, confectionery, fruits and vegetables 

demonstrating the serious hazard that these pathogens represent worldwide (7).  

Salmonella strains frequently cause food-borne disease outbreaks in the U.S and it 

is estimated that of the 1.4 million Salmonella infections that occur every year (most are 

in children and the elderly), and approximately 600 are fatal. Septicemia cases are 

involved in at least 7% of the 40,000 cultured-confirmed infections that are reported each 
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year (62). In the U.S. 2009, the number of reported infections and incidence per 100,000 

population due to Salmonella, was 7,039 (15.9)  (70).  

The primary habitat for Salmonella is the intestinal tract of animals and it can 

colonize in a wide range of hosts, such as birds, reptiles, farm animals, humans and 

occasionally insects. The organism is excreted in feces, which then may be transmitted by 

insects and other living creatures to a large numbers of places. They may also be found in 

water, especially polluted water (49). Livestock species can become colonized 

asymptomatically and eventually produce contaminated meat and other contaminated 

food products (74). 

 

Prevalence of Salmonella in Beef Cattle 

 

In July 1996 the final rule on pathogen reduction and Hazard Analysis Critical 

Control Points (HACCP) was published (22). This regulation targeted slaughter and 

processing plants that handle meat and poultry. In January of 1997, the Food Safety and 

Inspection Service (FSIS) required all slaughter plants to conduct microbial testing for 

generic E. coli and plants must ensure that the rate of contamination from Salmonella is 

below the current national baseline incidence. Due to these government regulations for 

slaughter and processing plants, the potential hazards associated with incoming animals 

needs to be considered (97). Animal infections have an important economic impact. 

Additionally, animals that recover from the infections can become asymptomatic carriers, 

leading to direct or indirect transmission to humans and have a big impact on food safety. 
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Calves of 1-2 weeks of age usually develop enteric symptoms when infected with S. 

enterica ser. Typhimurium and septicemia with S. enterica ser. Dublin (96). Most calves 

recover and become carriers and salmonellosis is rarely life threatening in adult cattle.  

Salmonella enterica sert. Typhimurium and S.enterica ser. Dublin appear to be the most 

common serovars isolated from cattle, although variations of the distribution may exist 

among farms and countries (108). Salmonella Dublin and Salmonella Muenster also 

cause abortion in dairy cattle (96). 

 In the U.S, Dargatz et al., (2000), studied Salmonella prevalence in cow-calf 

operations. They found in asymptomatic fecal shedding a very low prevalence, in that 

only 1.4% of the samples were positive for Salmonella (23).  In Canada, Alberta feedlots, 

Van Donkersgoed et al., (2009), reported a similar low prevalence and in this case 1% 

(105). Callaway et al., 2006, studied the fecal prevalence of Salmonella in feedlot cattle 

in the Southern Plains region of the United States finding that Salmonella in 3.8 % of the 

fecal samples (15). 

 A cross-sectional study was conducted in the same region of the U.S., samples 

were collected from two levels of production: abattoir and feedlot. Samples included hide 

swabs collected from cattle in four abattoirs and from pen floor feces collected in six 

feedlots. Samples were collected from all four abattoirs during each of the four seasons. 

All six feedlots were visited during winter, spring, summer and fall. Salmonella 

prevalence in fecal samples of 30.3% and on hides of 69.6%, the highest prevalence 

reported by Callaway et al., (2006) (15). Additionally, S. enterica incidence on the hides 

during the fall was greater than during the winter. The spring concentration was greater 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Donkersgoed%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Callaway%20TR%22%5BAuthor%5D
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than both the summer and winter concentrations, and the summer concentration was 

greater than the winter concentration. The author reported that neither the prevalence nor 

the concentration of S. enterica organisms in the feces of animals in feedlots varied 

significantly by animal type or by season (55).  

A national study of health and management of cattle in feedlots in the U.S. was 

conducted to determine the prevalence of Salmonella spp. in fecal samples. Fifty fecal 

samples were collected from each of 100 feedlots. Salmonella was recovered from 5.5% 

(273 of 4,977) of all samples (34). In West Texas Salmonella prevalence was 33.9% of 

fecal samples from feedlots and was a 37.3% of the animal hides before shipping to the 

harvest facility (37). 

Data reported by Khaitsa et al., (2007) on Salmonella shedding in North Dakota 

feedlots, showed that on arrival at the feedlot, 0.7% of the steers were shedding 

Salmonella in their feces. After 28 days on feed, 5.6% of the steers were shedding 

Salmonella. At the third sampling, 13.0 % of the steers were shedding, and the number of 

shedders continued to increase to 62.0 % after 7 months. They concluded that Salmonella 

shedding was significantly influenced (P < 0.0001) by sampling time, but not by herd of 

origin, and they attributed the observed increase to re-infection of the herd in spring by 

Salmonella that survived the winter in frozen pats (52). 

A report in U.S. dairy herds, indicated that the Salmonella shedding in milk cows 

was detected in 21.1% of dairies and 66% of the cull dairy cow markets (107).   

Most infection is introduced into Salmonella free-herds by the purchase of 

infected cattle. In the U.S., up to 75% of large western dairy herds are infected with 
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Salmonella, but it is difficult to determine the source due to the widespread 

environmental contamination (108). 

In the U.S., the USDA’S National Animal Health Monitoring System (NAHMS) 

Salmonella Feedlot Study in 1999 conducted a study in 73 feedlots over a one-year 

period. Overall 6.3% of fecal samples were positive for Salmonella. The percentage of 

positive culture samples collected within a pen ranged from 0% to 100%. The largest 

percentage of positive samples, 11.4% occurred during the period from July through 

September. For the other periods, the Salmonella prevalence was as follows: April-June 

6.8%, January-March 2.8% and October-December 4%. They also reported that the 

percentage of samples positive for Salmonella differed by the geographic region of the 

feedlots. Samples from Southern operations were more likely to test positive (7.7 %) than 

samples from Northern operations (4.8%). Northern regions comprised Idaho, Iowa, 

Kansas, Nebraska, South Dakota and Washington, while the Southern region included 

California, Colorado, New Mexico, Oklahoma  and Texas  (101). 

 

Salmonella Infection in Cattle, Environmental Aspects 

 

• Animal Feed 

Salmonella can be present in animal feed and/or in their ingredients such as 

animal and vegetable proteins. Feed is reported as a major potential route by which 

Salmonella may be introduced into poultry and herd production. The feed may be 

contaminated during storage due to carriers such as wild birds and rodents. Heat 
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treatment of animal feed has been used to reduce the risk of animal infection; however, 

contamination postprocessing may occur. 

• The environment 

Salmonella is widespread in the environment and can exist in different niches; as a 

consequence, its dissemination is difficult to control. It is important to considerer the 

following as inside environmental factors:  

a) Farm Buildings 

Farm buildings may become directly contaminated with Salmonella, following 

outbreaks of disease or contaminated from other sources, such as wild animals, 

contaminated water, etc. The cleaning and disinfection procedures may not be enough to 

eliminated Salmonella from walls and floors.   

b) Manure:  

Salmonellae can survive for long periods in feces and slurries where they can survive 

depending on climatic conditions. Salmonella survival has been estimated to be from less 

than 30 days to 1 year in soil, from 200 to 259 days in soil contaminated with animal 

feces, from 57 to 30 days in soil contaminated with cattle slurry and from 11 days to 9 

months in soil containing sewage sludge.  

c) Water 

Contaminated drinking water may facilitate the rapid spread of Salmonella among 

farm animals. Water contamination may occur in the water storage tanks from wild or 

domestic animal feces.  
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d) Animals 

Many scientific data record the isolation of Salmonella from a wide range of animals, 

such as mammals, birds and arthropods. The presence of Salmonella in wild animals may 

be of little epidemiological significance and may merely indicate a heavily contaminated 

environment, rather than a primary source of infection (108). 

 

Salmonella and Beef Products 

 

It has been demonstrated that microbial loads on the carcass could affect the final 

product, such as minced beef that is comprised of various trimmings and sub-primal cuts. 

The beef industry has implemented many intervention strategies in harvest facilities to 

reduce the likelihood of carcass contamination with Salmonella and other pathogens, 

therefore understanding the potential for post harvest interventions is essential to 

understanding the distribution of these pathogens at feedlots and at the slaughter plants.  

This section includes a review of Salmonella prevalence at different steps of the slaughter 

process and in beef products. 

A study conducted over a one-year period in three processing plants in the 

Midwestern U.S. Salmonella was detected in 12.7% of 1,060 pre-evisceration carcasses, 

and 0.1% of 1,016 post-intervention carcasses. Also, it was reported that the prevalence 

on pre-evisceration carcasses was significantly higher in the summer (19.7%) and autumn 

(24.9%) than the winter (4.1%) and spring (3.0 %) (4).  Research conducted in West 

Texas reported Salmonella occurrence from 8.3% of  the carcasses at pre-evisceration, 
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but no Salmonella was recovered from hotbox carcasses (37). Results of a study 

conducted in small beef processing plants in the U.S. shows an overall prevalence at pre-

evisceration carcasses of 57.8 %. This research did not assess the finished carcasses (9). 

Brichta-Harhay et al., (2008), conducted research in 4 slaughter plants in U.S.  that 

mainly slaughtered cull cows, bulls or dairy cattle and found a Salmonella prevalence in 

pre-evisceration carcasses of 50.2 % and 0.8 % for carcass samples after intervention 

(12).  

In Australia, a research was conducted in a slaughter plant to assess the 

Salmonella prevalence at pre-chill and post-chill carcasses, reporting a prevalence of 2% 

and 3% respectively. (35). Sofos et al., (1999) observed a lower prevalence of Salmonella 

on the carcasses of steers and heifers compared to cows and bulls. They reported a 

prevalence of 3.1 % at pre-evisceration, 0.7 % post interventions, and 0.7% of chilled 

carcasses at the steer-heifer plant. The prevalence at the cow-bull plant was as follows: 

6.9 %  pre-evisceration, 2.4 %  post- interventions and 1.9 % in chilled carcasses (95). 

The national prevalence estimates of pathogens in domestic beef manufacturing 

trimmings conducted by the FSIS in the U.S., from December 2005 to January 2007, 

reported an national estimate of Salmonella prevalence in beef trimmings of 0.78% with 

95% of confidence interval between 0.29% and 1.27%. (102). The Nationwide Federal 

Plant Raw Ground Beef Microbiological Survey Conducted in the U.S. by the FSIS, from 

1993-1994, detected Salmonella in 7.5% of 563 samples of raw ground beef  (finish 

product) collected from the processing line before packaging (104). In 1998, Salmonella 

was detected in 3.5% of retail samples across seven states in the U.S. (111)  
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A study carried out in Mexico to determine the prevalence of Salmonella and E. 

coli O157:H7 in whole beef, whole pork, ground beef, and ground pork products, 

collected at four types of retail channels (supermarkets, city markets, street vendors, and 

butcher shops), in different cities in Mexico (Mexico City, Guadalajara, and Monterrey), 

reported an overall prevalence of Salmonella by city of 13.8 %, 1.1 %, and 10.2 % for 

Guadalajara, Monterrey, and Mexico City, respectively.  The prevalence for vendors and 

supermarkets had the lowest prevalence, ranging from 1.2 % positive in Mexico City to 

2.0 % positive in Guadalajara. The range in the percentages of positive results for city 

markets, butcher shops, and street vendors was 8.4 % - 40.6 %, 0.6 % - 26.9 %, and 13.6 

% , respectively (80). 

 

Escherichia coli O157:H7 

 

Escherichia coli is a facultative anaerobic Gram-negative, rod-shaped bacteria, 

belonging to the family Enterobacteriaceae. It is commonly found as part of the normal 

facultative anaerobic microflora in the intestinal tract of humans and warm-blooded 

animals. Unfortunately, some strains, including Escherichia coli O157:H7 carry traits 

that can cause serious diseases in humans. E. coli O157:H7 is a member of a group of 

pathogenic E. coli strains known variously as, enterohaemorragic (EHEC), verotoxin-

producing (VTEC), verocytotoxigenic or shiga-toxin producing organisms (STEC).  E. 

coli are characterized by the production of Shiga-toxins 1 and/or Shiga toxin 2, an 

essential virulence factor in the production of at least one Shiga toxin (78). 
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Escherichia coli O157:H7 is one of the most important food-borne pathogens, 

representing the major etiological agent of hemorrhagic colitis and hemolytic uremic 

syndrome (HUS), an infection that can become a life-threatening disease, characterized 

by hemolytic anemia, thrombocytopenia, and renal failure  (78, 84).  

 

Escherichia coli O157:H7 Epidemiology 

 

Animals and their environments may serve as a reservoir of EHEC. Humans can 

become ill when coming into contact with these pathogens. A majority of human EHEC 

infections are due to E. coli O157:H7 and are associated with the ingestion of 

undercooked, contaminated beef, water, or raw milk (6, 25, 60, 69). Enterohaemorragic 

Escherichia coli O157:H7 strains are carried primarily by healthy cattle and other 

ruminants, however cattle have been identified as a major reservoir of Escherichia coli 

O157:H7 (20). The consumption of food products of bovine origin  has been associated 

with some of the largest outbreaks due to E. coli O157 (64, 85). Direct human- to- human 

transmission may occur secondary to cases of food-borne disease (92). 

Different research has studied the sources and dissemination of E. coli O157, to 

try to determine what the primary source of contamination is. The presence of E. coli 

O157:H7 has been reported in feces and on the hides of cattle at slaughter (20, 29). The 

hide is considered as the major source for pathogen contamination of the beef carcass 

during the harvest process (4, 12, 61).  
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Infections of E. coli O157:H7 have been reported in different countries and 

hundreds have been reported in the U.S., Canada, Japan and the United Kingdom.  In 

comparison, in Latin America there is little scientific research published in peer-review 

papers to determine the prevalence of Escherichia coli O157:O157 in dairy beef or dual-

purpose herds. E. coli (EHEC) infection is more common than E. coli O157:H7, however 

due to a lack of information, the real prevalence could be underestimated. According to 

Montville and Matthews., (2008).  In Continental Europe, Australia and Latin America, 

non-O157 EHEC infections are more common than E. coli O157:H7 infections. (72). In 

Argentina, studies in children with HUS, identify E. coli O157:H7 serotype as the most 

cause of HUS (36). 

The CDC estimates that E. coli O157:H7 causes nearly 74,000 human infections 

each year (62). The total annual cost of E. coli O157:H7 disease in the U.S. was 

estimated to range between $301.8 million and $726.0 million (32).  

Another important aspect of E. coli O157 epidemiology is its shedding pattern in 

ruminants. In cattle it appears to be widespread, but sporadic (65). Also, the fecal 

shedding has been reported seasonally in cattle, with more animals shedding during 

summer and early fall than during winter (20, 45).  The reasons for the increase in 

shedding during the summer and fall months are not clear as the environmental factors 

that contribute to this increase are poorly understood (83) 

Some of the factors suggested as potentially effecting seasonality of prevalence 

include ambient temperature, rainfall, and insect population, among others (66, 83). 
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Cattle production and the processing of beef are  targeted as areas in which 

interventions may reduce the contamination of food and the environment with pathogenic 

STEC shed by healthy cattle (44).  

Understanding the epidemiology of the organism in animal populations may help 

to prevent human illness (92). To prevent entry of these food-borne pathogens into the 

human food chain, management factors at pre-harvest and post-harvest should be 

identified and controlled.  

 

Prevalence of E. coli O157:H7 in Beef Cattle 

 

Knowledge of the fecal prevalence of E. coli O157:H7 in feed yards is an 

important indication of the risk of contamination at further steps of the food chain and 

this information can facilitate the pre-harvest intervention procedures in each specific 

production units.  The identification of bovine sources in human cases of E. coli O157:H7 

outbreaks, gave rise to an extensive investigation into the occurrence of this pathogen in 

cattle operations (92). Researchers have been working on reporting E. coli O157:H7 at 

the farms. These studies agree that E. coli O157:H7 is ubiquitous among cattle operations 

and more variation in prevalence occurs pen to pen, than from feedlot to feedlot (91, 94).  

Hussein et al., (2007) reported prevalence in beef cattle that ranged from 0.3 to 

19.7 % in feedlots and from 0.7 % to 27.3 % in pastures. The author suggested that these 

results could be due to a high potential for infection and re-infection of cattle shedding E. 

coli O157 during grazing (47). 
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McEvoy et al., (2003) conducted research on the prevalence of E. coli O57 in an 

Irish abattoir and they reported a prevalence of 2.4% in fecal samples (61). 

A longitudinal study in dairy herds conducted in Australia showed an E. coli 

O157:H7 prevalence of 11.2% (21). Other studies in dairy herds showed a prevalence of 

4.3%, however the prevalence ranged among groups and the maximum prevalence at any 

one visit in this study was 14% in lactating cows, 40% in non-lactating cows, 56% in 

calves and 68% in heifers (63). 

Research conducted in West Texas beef feedlots, reported a prevalence of E. coli 

O157 of 12% (155/1,290) (11). Other research at a Midwestern cattle feedlot reported a 

prevalence of 15.7% (29).  

A study carried out in 29 cattle pens, from 5 different feed yards, showed 719 

positive fecal samples from a total of 3,162 (23%), and included at least one animal from 

each of the 29 pens (94). 

In the U.S., the USDA’S National Animal Health Monitoring System (NAHMS) 

Salmonella Feedlot Study in 1999 conducted a study in 73 feedlots in 11 states over a 

one-year period. Overall 11% of fecal samples were positive STEC. No geographical 

trends were noted by the percentage of pens with positive samples. The percentage of 

positive samples from the Northern, Middle and Southern regions were 11.5 %, 8.4 % 

and 13.0 % respectively. They concluded from this study that STEC appears to be widely 

distributed in feedlots cattle populations (103).  
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E. coli O157:H7 in Beef Product 

 

 In 1994, FSIS notified the public that raw ground beef contaminated with E. coli 

O157:H7 is adulterated under the FMIA unless the ground beef is further processed to 

destroy this pathogen. Also in 1994, FSIS began sampling and testing ground beef for E. 

coli O157:H7 (42). 

To determine the prevalence of E. coli O157:H7 in beef cattle and to assess 

whether levels of E. coli O157:H7 in the cattle presented for slaughter, affect the level of 

carcass contamination during processing, many research has been done through the 

abattoir process with the aim of provide information on the hygiene of different 

processing stages and the efficacy of the interventions (84). 

Samples taken in a Midwestern beef processing facility at pre-evisceration, post-

evisceration and post-processing show the following results: of the 30 lots sampled, 87% 

had at least one E. coli O157 positive sample, 57% of lots were positive post-evisceration 

and 17% had positives post-processing samples. The prevalence at the 3 processing 

location was 43% at pre-evisceration, 18% at post-evisceration and 2% at post-processing 

(29). Arthur et al., (2004) conducted a similar research in two commercial beef 

processing plants. The E. coli O157 at pre-evisceration was 14.5 %, at post-evisceration 

3.8 % and post-intervention 0.3 % (3).  

A study of E. coli O157:H7 in 7 small-scale processors from across the U.S. 

reported 33% positives sample in pre-evisceration carcasses (9). 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 27  
 

In Mexico, a study conducted in a non-Federal inspection Type (non-TIF) plant 

reported a prevalence of 23.3% for E. coli O157, in carcasses before chilling (Ceniceros 

Buendía et al., 2010). 

A total of 896 samples of retail fresh meats and poultry were tested for E. coli 

O157:H7.  Escherichia coli O157:H7 was isolated from 3.7% (6/164) of the beef, 1.5% 

(4/264) pork, 1.5% (4/263) poultry, and 2.0% (4/205) lamb samples. One in 14 pork 

samples and 5 of 17 beef samples contaminated were obtained from Calgary, Alberta, 

Canada, grocery stores, whereas all other contaminated samples were from Madison, 

Wisconsin retail outlets (27).  

A study carried out in Mexico to determine the prevalence of E. coli O157:H7 in 

whole beef, whole pork, ground beef, and ground pork products, collected at four types of 

retail channels (supermarkets, city markets, street vendors, and butcher shops) in different 

cities of Mexico (Mexico City, Guadalajara, and Monterrey), did not detect any positive 

sample for E. coli O157:H7 (80). 

 

E. coli O157:H7 Virulence Factors 

 

The production of Shiga-toxin is central to the pathogenesis of bloody diarrhea 

and hemolytic uremic syndrome. Escherichia coli O157:H7 is able to produce two types 

of toxins, Shiga toxin 1 (Stx1) and/or Shiga toxin 2 (Stx2), also referred as Vt1 and Vt2, 

encoded by a bacteriophage.   These strains are likely to produce putative accessory 

virulence factors such as intimin (encoding by eae), an enterohaemolysin (EhxA) plasmid 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 28  
 

mediated and an autoaglutinatin protein commonly associated with eae negative strains 

(Saa) encoded by an enterohaemorragic plasmid (77). Receptors for the toxin are found in 

kidneys and intestinal cells. The toxin can also damage cells by releasing cytokines. 

Dissemination of Stx to the kidneys, after bacterial colonization of the intestinal mucosa, 

could be responsible for the acute kidney failure and kidney hemorrhages that are a 

hallmark of the fatality for the infection (89). 

Toxins alone however, are not sufficient to make E. coli pathogenic; according to 

Buchanan and Doyle, (1997) as nonpathogenic, Stx-positive isolates are isolated 

frequently from humans. The strains require the presence of other virulence markers to be 

fully pathogenic (13). 

 

Pre- and Post-harvest Interventions 

 

Livestock animals can act as asymptomatic carriers for food-borne pathogens, 

including Salmonella and E. coli O157:H7. These pathogens represent a significant 

hazard to humans and a challenge to the food industry to control, reduce or eliminate 

from food products (26).  

Salmonella infection is endemic in many food animal production units, therefore 

it becomes necessary to prevent both additional introduction and re-introduction, but also 

to enhance the animal’s ability to resist Salmonella infection and colonization (90) 

Beef products can get become contaminated during the slaughter process. In order 

to reduce the contamination during slaughter processes, abattoirs in the U.S., and other 
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countries, employ a variety of decontamination processes or interventions in order to 

reduce the microbial load on the carcass. Different research has implicated the hide as the 

main source of pathogen contamination (2, 4, 9), however pathogenic bacteria species 

such as Salmonella and E. coli O157:H7 can be found in the gastrointestinal microbial 

population of food animals, and therefore is a source of contamination for the hides (58, 

100). Because fecal shedding levels are correlated with the occurrence of carcass 

contamination (29), the status (asymptomatic carrier or not) of the live animal will 

determine the spread of the contamination during the harvest processing. 

Strategies focused on decreasing food-borne bacterial populations in livestock 

animals on the farm or at the abattoir, before slaughter, could produce an important 

impact on the reduction of these pathogens in the food chain, and therefore produce a 

significance reduction in human exposure (100). 

 Below are described some of the pre- and post-harvest interventions applied in 

the food chain. 

 

Pre-Harvest Interventions 

 

Competitive exclusion (CE) is defined as the early establishment of an adult 

intestinal microflora to prevent subsequent colonization by enteropathogens (93). Among 

the mechanisms by which one or more bacterial species may inhibit proliferation or 

reduce the number of other bacterial types are: creation of a restrictive physiological 
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environment, competition for bacterial restriction sites, elaboration of antibiotic-like 

substances, and depletion or competition for essential nutrients (93). 

Most applied research in competitive exclusion is in the use of Lactobacillus or 

lactic acid bacteria (58). Research conducted at beef cattle feedlots using Lactobacillus 

acidophilus NPC 747 as a direct-feed microbial in the diet, demonstrated an effective 

decrease in the shedding of E. coli O157:H7 in the feces. A decrease in the number of E. 

coli O157:H7 positives in hide samples was also observed (11)  

Other promising technique utilized to reduce pathogens in live animals is the use 

of bacteriophages. Bacteriophages are viruses that specifically attack bacteria and are 

common members of the intestinal microbial flora of food animals.  Phages play an 

important role in ruminal nutrient cycling and appear to allow the intestinal microflora to 

quickly adapt to dietary changes. Experimentally induced diarrhea in calves, caused by 

enteropathogenic E. coli (EPEC) was inhibited,  using a combination of EPEC specific 

phages (100). 

 Post-Harvest Interventions 

A variety of antimicrobial interventions are used to target microbes present on the 

hides as the animals enter the slaughter facility. One of the most used practices is the on-

line hide washing cabinet, because of its ease of implementation and also its economy. 

Hides are washed after stunning and exsanguination, and before any other part of the hide 

is open. Sodium chloride at 1.5 % can be used in the wash, because it doesn’t lose 

activity (10)   
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Chemical dehairing has been found to reduce the count of aerobic bacteria, 

coliforms and E. coli, as well as artificially inoculated Salmonella and E. coli O157:H7 

strains on hide pieces (16). Other chemical compounds have been tested as an alternative 

to chemical dehairing, such as 1.6% sodium hydroxide, 4% trisodium phosphate and, 4% 

chloro form, followed by a rinse step using water or acidified chloride at 200 or 400 ppm 

(54). 

At the carcass level, different interventions are used, such as knife trimming 

combined with steam vacuuming.  Another common product used is an organic acid wash 

on the carcass. Lactic acid has become the most commonly used organic acid in 

commercial practice (28, 54) 

 

Foodborne Surveillance Systems 

 

Food-borne diseases are common, although most of these infections cause mild 

illness and are self-limiting, severe infections and serious complications such as kidney 

failure, do occur. The public health challenges for food-borne diseases are changing 

rapidly. For example, in North America in the last decade the food safety priorities have 

changed from chemical issues back to microbial hazards, also new and emerging food-

borne pathogens have been described and changes in food production have led to new 

food safety concerns. The current concerns are raw food products of animal origin and 

fresh produce. The microorganisms often involved are in outbreaks are Campylobacter, 
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Salmonella, E. coli O157:H7, Listeria monocytogenes, viruses and parasites such as 

Toxoplasma, Cyclospora and Cryptosporidium (17, 99).  

Food safety programs are important in order to address important factors that help 

to prevent and to address effectively, food-borne diseases. An effective food safety 

program comprises investigation of food-borne disease outbreaks or cases, laboratory 

analysis of food and clinical samples for pathogens and contaminants, regular inspection 

of foods and their production chain, appropriate legislation for the prevention of food-

borne diseases and education for those who work with foods as well as consumers (99).   

Surveillance is defined as the systematic collection of data pertaining to the 

occurrence of specific diseases, the analysis and interpretation of these data and the 

dissemination of consolidated and processed information to contributors to the 

surveillance program and other interested persons (40). 

According to Todd (99)  there are at least 4 components to a well designed 

surveillance system: a) early alert of disease, b) laboratory isolation data, c) reports of 

food-borne illness incidents, and d) the use of special epidemiological studies and 

surveys, including sentinel site studies.  

Food-borne disease surveillance is carried out at local levels and reports are 

actively or passively transferred to a national center or central coordinating body, with 

the purpose of standardizing the information and preparing reports (99). 

In U.S. the Food-borne Disease Active Surveillance Network (FoodNet) is the 

principal food-borne disease component of CDC's (Center for Disease Control and 

Prevention) Emerging Infections Program (EIP). FoodNet is a collaborative project of the 
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CDC, ten EIP sites, the U.S. Department of Agriculture (USDA), and the Food and Drug 

Administration (FDA). The purpose of the system is active surveillance for food-borne 

diseases and related epidemiologic studies designed to help public health officials better 

understand the epidemiology of food-borne diseases in the U.S. The core of FoodNet is 

laboratory-based active surveillance at over 650 clinical laboratories that test stool 

samples in the ten FoodNet sites. The population that is under surveillance by this 

program is large and accounted for 15% of the US population (44.9 million persons) in 

2005. FoodNet provides a network for responding to new and emerging food-borne 

diseases of national importance, monitoring the burden of food-borne diseases, and 

identifying the sources of specific food-borne diseases (17).  

Passive surveillance systems rely on the reporting of food-borne diseases by 

clinical laboratories, to state health departments, which in turn report to the CDC. 

According to the CDC, although food-borne diseases are extremely common, only a 

fraction of these illnesses are routinely reported to CDC via these surveillance systems. 

FoodNet is an "active" surveillance system, meaning public health officials frequently 

contact laboratory directors to find new cases of food-borne diseases and report these 

cases electronically to the CDC. Additionally, FoodNet is designed to monitor each of the 

events that occur along the food-borne diseases pyramid, allowing more accurate and 

precise estimates and interpretation of the burden of food-borne diseases over time. 

FoodNet focuses these efforts on persons who have diarrheal illnesses, because the 

majority of food-borne diseases have diarrhea as a symptom (17).  
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Food-borne diseases in developing countries are difficult to estimate due to the 

poor or non-existing reporting systems, therefore reliable statistics on these diseases are 

not available (38, 99) making it difficult to estimate the magnitude of the problem. 

According to Zaidi et al., (2008) (110) in developing countries, passive 

surveillance systems are generally inadequate due to the following reasons: patients with 

diarrhea do not seek medical attention, appropriate samples are not sent to culture, or 

physicians may not report culture-based cases, including deaths, to a public health 

reference center. Additionally, outbreak information is frequently incomplete. This could 

be due to the lack of capabilities or resources for detection or because diarrheal diseases 

are endemic in developing countries and outbreaks may be less obvious than in 

industrialized countries (110).  

In Mexico the epidemiological surveillance is the responsibility of the 

Government and the right to health protection is recognized as a constitutional guarantee. 

Two entities were created to accomplish this, the National Epidemiological Surveillance 

System (SINAVE) and the National Committee for Epidemiological Surveillance 

(CONAVE). The National Epidemiological Surveillance System is a passive system that 

integrates information from around the country and all institutions of the National Health 

System (SNS). SINAVE generates information regarding morbidity and mortality and 

this information flows from 19,175 health attention units to the General Office of 

Epidemiology (DGEA), the federal regulatory authority of SINAVE.  The main body is 

CONAVE, which is composed of all representatives from all of the federal institutions 

that belong to SNS. There are two more entities for epidemiological surveillance. At the 
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state level CEVE (State Committee for State Epidemiological Surveillance) and at the 

jurisdiction level COJUVES (Jurisdictional Committees for Epidemiological 

Surveillance).  

The National Center for epidemiological surveillance and disease control 

(CENAVECE), through the DGEA, is responsible for proposing the basis for the conduct 

of national policy in terms of epidemiological surveillance as well as regulating, 

operating, coordinating, monitoring and supervising the SINAVE. All of the 

epidemiological information in Mexico is integrated through the Information System for 

Epidemiological Surveillance (SUIVE). It currently focuses on the supervision of 114 

illnesses recognized as the most relevant to the health status of the population, among 

which are, cholera, typhoid and paratyphoid fever, shigellosis, viral hepatitis, amebiasis, 

and other gastrointestinal diseases. A difference from the FoodNet in the U.S. is that the 

SUIVE was not created to exclusively monitor food-borne diseases. The Information 

System for Epidemiological Surveillance has five components: a weekly notification 

system of new cases, the Hospital Network for Epidemiological Surveillance (RHOVE), 

Epidemiological and Statistical System for Mortality (SEED), the special systems for 

epidemiological surveillance and the laboratory information system (SUILAB) (86) 
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Mexico Food Safety Situation  

 

Developing countries are affected by a wide range of food-borne diseases, but due 

to the lack of epidemiological data, the role of food in the transmission of diseases has 

been poorly documented. Developing countries commonly document diseases with poor 

or non-existent systems (50, 99). Few developing countries have food-borne pathogen 

surveillance systems, and none of these systems integrates data from humans, foods, and 

animals (110). The gravity of the situation can be appreciated in view of the high 

prevalence of diarrheal diseases in infants and children. The World Health Organization 

(WHO) has estimated that 1.5 billion episodes of diarrhea occur every year in developing 

countries, resulting in 3 million deaths among children less than 5 years of age. The 

World Health Organization (WHO) has estimated that 70% of diarrheal episodes are 

caused by biologically contaminated food (24). 

All Central and South American countries, as well as many Caribbean countries, 

have some form of system for notification of specific diseases. Diarrheal diseases in these 

regions are one of the main causes of death in young children. Amoebic dysentery, 

trichinosis, giardiasis, shigellosis, brucellosis, typhoid fever, E. coli and hepatitis 

infections are reported in Latin America and the Caribbean, and there is evidence of 

increasing links to food (Todd, 1997). The Pan-American Institute for Food Protection 

and Zoonoses (INPPAZ), between 1995 and 2001, reported 5,283 outbreaks of food-

borne disease in Latin American and the Caribbean, and 174,976 persons were affected, 

causing 275 deaths (38). 
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In Mexico, between 1993 and 2002, there are reports of 633 food-borne outbreaks 

with 12,748 people affected. The causative agents were viral (41.35%), bacterial 

(35.86%), toxins from plants (14.77%), chemical (5.91%) and seafood toxins (1.27%). 

The most frequently reported agents were: Salmonella spp, E. coli and Shigella (75), 

however it is important to consider that those numbers are probably underestimated, due 

to the inadequate surveillance systems and because the burden of food-borne diseases is 

not fully understood by policy makers. It is also not well understood that there should be 

coordinated efforts between industry and government to improve the accuracy of the 

reporting systems (99). 

Panigua et al., (2007), analyzed diarrhea samples collected from 300 Mexican 

children aged under 2 years old and under 12 years old.  They found that all diarrhea 

samples were positive for one or two enteropathogens. Salmonella Ohio prevalence was 

28.3%, S. Typhimurium 16.3%, S. Infantis 8%, S. Anatum 0.6%, S. Newport 0.3%, E. 

coli ETEC (13.3%), EPEC (9.3%), STEC (8.5%), EIEC (1%), other microorganisms such 

as Shigella and parasites were also found in the samples (76).  

The Epidemiologic Surveillance System in Mexico reported the incidence of 

paratyphoid fever and salmonellosis per 100,000 people, the distribution was as follows: 

Tabasco 636.82, Chiapas 421.47, Sinaloa 259.9, Veracruz 210.45, Durango 0.45, Hidalgo 

10.17, Mexico City 20.48, San Luis Potosi 38.7 and Tlaxcala 48.9. It reported an 

important increase of salmonellosis incidence (paratyphoid fever and other salmonellosis) 

from 103,815 cases, incidence 99.62 in 2003 to 122,422 cases and incidence of 114.8 in 

2008 (87). The age groups most affected for cases in 2008 was 25 to 44 years old (45,788 
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cases), followed by 20 to 24 (13,060) and 15 to 19 (12,276). The highest number of cases 

were reported in April (12.859), July (12,826), September (11,686) and June (11.004) 

(88).  

Estrada-Garcia et al., (2009) conducted a study in Mexico City. The objective was 

to determine asymptomatic infections and acute diarrhea associated with diarrheagenic E. 

coli pathotypes (DEP) in 76 children 2 years of age or younger. From 795 stool samples 

analyzed, 16% were positive for DEP. The author concluded that diarrheagenic E. coli 

pathotypes are an important cause of community-acquired enteric infection and diarrhea 

in Mexican children (33). 

Research conducted at food processing plants and in food products, addressing the 

microbiological presence of bacterial pathogens, has been in a number of different 

locations in Mexico.  A study conducted in four municipal slaughterhouses in Hidalgo 

State, Mexico by Godinez, et al., (2005) analyzed a total of 467 samples from a non-TIF 

slaughter plant. Samples from the carcasses of cattle and pigs, as well as samples from 

workers, utensils, water from the scalding process, and the water used to wash the 

carcasses were collected. Total viable count of coliforms, E. coli and Salmonella were 

enumerated in each samplE. coliforms and generic E. coli were detected in most of the 

samples. Salmonella overall prevalence was 18 %. Salmonella percentage in bovine and 

hog carcasses was 18 % and 17 %, respectively.  The presence of Salmonella was higher 

(36 %) on the hands of workers from the pork lines than hands of workers from beef 

lines. The author concluded that the elevated microbial counts present on carcasses, 
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utensils and personnel, indicated poor hygienic conditions in the slaughter plant and 

recommended the implementation of Good Manufacturing Practices (43).  

These results were similar to those reported by Hernandez San Juan et al., (2007) 

where they determined the microbiological conditions during the slaughter process in a 

municipal slaughterhouse. In this study they took samples from the carcasses of cattle and 

swine, as well as. personnel, utensils and water from scalding and the carcass cleaning 

process. From 158 samples analyzed, Salmonella was detected in 31% of the pork line 

samples, and 11% of the beef line samples. Coliforms and generic E. coli were detected 

in most of the samples (46).  

Information provided by SIRVETA (Sistema Regional de Informacion para la 

Vigilancia de las Enfermedades Transmitidas por alimentos), indicated that bacteria 

caused 35.86% of the outbreaks between 1993 and 2002. Salmonella’s contribution to 

this percentage was 15.9%, followed by E. coli (4.64%) and Staphylococcus (6.33%)  

(75).  

In Guerrero state, a study was conducted where 336 raw meat samples were 

analyzed (sausage, beef, pork, fish, beef enchiladas, ground pork and liver) for 

Salmonella.  They reported 32.44% of positive samples (8)  

 A 3-year surveillance study for Salmonella conducted in Yucatan, Mexico, 

involved samples from persons with diarrhea, asymptomatic children and retail food 

samples (pork, poultry and beef). Results showed that the average prevalence of 

Salmonella contamination in retail meats, purchased from three different retail outlets, 

was reported to be 29.9 % (n = 1,733), for beef, 20.9 % (n = 512) for cattle intestines, 
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36.4 % (n = 1836) for pork, 42.1 % (n = 749) for swine intestines, 21.3 % (n = 1,765) for 

chicken and 16.9 % (n = 621) for chicken intestines.  Additionally, they reported a high 

incidence of human Salmonella infections in children, asymptomatic children 5.3 % (n = 

6,685) and children with diarrhea 12.4 % (n = 2,893). They concluded that, the high 

incidence of Salmonella in humans, in conjunction with PFGE clusters, of geographically 

and temporally related human and food-animal isolates, are a major source of 

salmonellosis in Mexico (110). 

A study conducted, determined the prevalence of E. coli O157 in cattle and swine 

in Central Mexico (Xalapa, Veracruz, Texcoco, Mexico, Beranl, Quintana Roo and 

Mexico D.F) reported a prevalence of E. coli O157 of 1.25% on cattle farms and 2.1% on 

swine farms. The author mentioned that the prevalence of E. coli 0157 in this study is 

lower than that reported in the U.S. and recommended further research to verify the 

prevalence throughout other regions of Mexico, as well as during other seasons of the 

year (14).  

There is only one reported outbreak of E. coli O157 in the Mexican Surveillance 

System, The Canadian Health Department was first to inform Mexican authorities about 

an E. coli O157:H7 outbreak, when 8 cases of E. coli O157:H7 were confirmed in 

Canada and also U.S tourists visiting Quintana Roo beach in Cancun, Mexico fell ill. 

Both happened during December 2009 - February 2010. The implicated food was 

hamburgers from a TIF plant in Chihuahua. The Mexican health authorities of the state 

(SESA), started an epidemiological investigation, however mistakes and a lack of 

information during the investigation was reported.  
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Personnel from the Federal authorities DGAE and the Federal Commission for 

Protection against Health Risks (COFEPRIS) were in charge of the outbreak 

investigation. Canadian and U.S government authorities were about to issue a risk alert 

bulletin warning their citizens about visiting Cancun. There were 54 probable cases 

reported, and of the 54, 8 cases were confirmed as E. coli O157:H7 (19). This outbreak 

was not detected by Mexican authorities when it began and there is a possibility that 

other cases involved in the outbreak were overlooked. 

Research on the detection of E. coli O157:H7 is scarce in Mexico. More 

information about Salmonella is available, however more research is needed on the 

prevalence of both Salmonella and E. coli O157 bacteria in the different stages of the 

food chain.  

Despite the limited information available, the research consulted in this review, 

establishes the importance of Salmonella and pathogenic E. coli as important etiological 

agents of diarrhea in Mexico, and their presence at different points of the food chain.  

There needs to be an improvement in the sanitary conditions, as well as, in the 

implementation of SSOPs and GMPs in those establishments.  

Future data related to the prevalence of E. coli O157:H7 and Salmonella can make 

possible the establishment of a pathogen baseline in Mexico. This information can be 

used to develop additional criteria and standards in the future, to evaluate trends in 

bacteria and can be used by food processors in assessing the effectiveness of their 

processes and to comply with sanitation standards and operating procedures (SSOP), 

GMP and HACCP.  
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Beef Market 

 

Globalization, Food Supply and Food Safety 

 

Two institutions provide multilateral venues for countries to discuss food safety 

measures at the international level. These institutions are the Codex Alimentarius 

Commission (CODEX) and the World Trade Organization (WTO). Codex activities 

focus on food safety and the role of protecting human health. World Trade Organization 

focuses on the trade effect of food safety measures. The link between the activities of 

these two organizations is the agreement on the application of Sanitary and Phytosanitary 

Measures (the SPS Agreement) (48). 

The Codex is a joint body of the FAO (Food and Agriculture Organization) and 

WHO and develops food standards, guidelines and related texts, such as codes of practice 

to protect the health of the consumers and to ensure fair trade practices in the food trade. 

The Codex develops these standards based on scientific information relevant for each 

country, however one of the difficulties that the Codex faces is that most of the time, it is 

obligated to work on basis of insufficient data from developing countries. In order to 

address this lack of data, FAO and WHO are in charge of seeking ways to make calls for 

data in developing countries and to directly contact governments and other potential data 

providers to collect and facilitate the submission of data (48).  
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Mexico is a major participant in the international agricultural trade. In the broad 

category of agri-food products (agriculture, livestock, hunting, fishing, food, beverages, 

and tobacco), Mexico's total exports (to all countries) approached $15.2 billion in 2009. 

Corresponding imports in 2009 totaled about $18.9 billion. The U.S. is Mexico's largest 

agri-food trading partner, buying 76 % of Mexican exports and supplying 73 % of the 

country's imports in this category (31). 

In the early 1990s, Mexico lowered a number of agricultural trade barriers, and in 

1994, Mexico joined Canada and the U.S. in implementing the North American Free 

Trade Agreement (NAFTA). In Mexico, development of this market is growing, but is 

less developed than in Canada and the U.S. A local capacity of assessment and 

verification of processes must be developed. This is an area of opportunity for 

cooperation among the NAFTA partners. 

In addition, Mexico has forged trade accords with about 50 other countries. The 

NAFTA is a comprehensive trade liberalizing agreement among Canada, Mexico, and the 

U.S. The agreement facilitates cross-border investment, requires that sanitary and 

phytosanitary standards for trade be scientifically based, and expands cooperation 

regarding the environment and labor (30). 

United States-Mexico agricultural trade is largely complementary, meaning that 

the U.S. tends to export different commodities to Mexico than Mexico exports to the U.S. 

Grains, oilseeds, meat, and related products make up about three-fourth of U.S. 

agricultural exports to Mexico. In 2007-2009, U.S. agricultural imported from Mexico, 

20 metric tons of beef and veal, with a value of 108 million (annual average).  Cattle and 
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calves represent 385 million U.S. dollars in imports, which is equivalent to 911,000 head 

(annual average). Exports from the U.S. to Mexico, of all beef, were 156 metric tons, 

with a value of $426 million USD.  The U.S. also exports 27,000 head of cattle and 

calves, with a value of $31 million USD (31).  

In the globalized economy of the 20th century, increasing social, political and 

economic interdependence is occurring as a result of the rapid movement of people, 

images, values and financial transactions across national borders (50). Also changes in 

dietary habits influence the epidemiology of food-borne diseases. For example, in the 

U.S. campaigns promoting healthier diets, include recommending an increase in the 

intake of fruits and vegetables. To meet the increase in demand, these products have to be 

imported on a seasonal basis. Epidemiological data has shown that, as a consequence of 

the increased consumption of fruits and vegetables, there has also been an increase in the 

proportion of food-borne disease outbreaks associated with these products  (50, 98) .  

Food-borne illnesses associated with microbial pathogens are a serious health 

threat in both developing and developed countries. In the last decade, food safety has 

emerged as a significant global issue with public health and international trade 

implications (24).  As the international trade in foods increases, there is also an increase 

in the threat from food-borne pathogens and the cross border transmission of infectious 

diseases (50). Data collected through food-borne disease surveillance programs allows 

for the monitoring of changes in the epidemiology of food-borne diseases. This 

information is essential to determine if existing programs need to be readjusted to 
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ensure that food safety programs are adequate and relevant. Additionally, it is important 

in order to better plan interventions and in setting priorities.  

Most of the epidemiological data used to set guidelines and regulations by 

Codex are furnished by industrialized countries, while the situation in developing 

countries is largely unknown. It is important that the epidemiological database be 

extended to include information from developing countries, however investigation and 

surveillance systems in developing countries need to improve and be strengthened 

before the database can be expanded (50). When guidelines and restrictions are built 

based on epidemiological data that is not exact, the food safety risk can increase. For 

example, in Mexico there is not enough information on food-borne prevalence in 

different food commodities such as food from animal origin or produce, as consequence 

a many outbreaks have occurred in the U.S. These outbreaks were determined to have 

have originated in produce or from animal origin foods, such as Mexican-style cheese 

imported from Mexico, or other developing countries.  

Until 1995, infection with Cyclospora cayetanenis, a parasite that causes 

gastroenteritis, was diagnosed in the U.S. primarily in overseas travelers. In 1995, 45 

cases of cyclosporiasis were diagnosed in Florida residents who had no history of recent 

foreign travel, but an investigation could not pinpoint a source for the parasite. In 1996, a 

North American outbreak of cyclosporiasis resulted in more than 1,400 cases, 180 of 

them in Florida. The outbreak was caused by the consumption of raspberries. Guatemala 

was the sole country of origin for raspberries served at six of nine events (51). 
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A case-control study conducted during a multi-state outbreak of Salmonella 

enterica serotype Saintpaul infection in 2008, revealed associations between illness and 

the consumption of jalapeno peppers, serrano peppers, and tomatoes. Trace back 

investigations of implicated jalapeno and serrano peppers led to farms in Tamaulipas and 

Nuevo Leon, Mexico (53). 

An outbreak of Salmonella serogroup Saphra infection was studied by laboratory-

based surveillance, case-control and trace-back studies, and a survey of cantaloupe 

preparation practices. Twenty-four patients with S. enteritidis ser. Saphra infections had 

illness onsets between February 23rd and May 15th, 1997; 75% were ≤  6 years old; 23% 

were hospitalized. The trace-back study identified 1 growing region in Mexico as the 

source of cantaloupes for 95% of the patients who ate cantaloupes (71). 

In Los Angeles County, California, 142 cases of human listeriosis were reported 

from January 1 through August 15, 1985. Ninety-three cases occurred in pregnant women 

or their offspring, and 49 in non-pregnant adults. There were 48 deaths: 20 fetuses, 10 

neonates, and 18 non-pregnant adults. A case-control study implicated Mexican-style soft 

cheese as the vehicle of infection. A second case-control study showed an association 

with one brand (Brand A) of Mexican-style soft cheese. Laboratory study confirmed the 

presence of L. monocytogenes serogroup 4b of the epidemic phage type in Brand A 

Mexican-style cheese (57) 

International cooperation to improve food safety is necessary and convienient 

for the participating countries in the food trade. Despite the risks to public health 

related to the international food trade, international trade is essential,  as it has at least 
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two important benefits: introduction of a wide variety of foods into the diet by 

providing consumers with a better choice of products, thus contributing to better 

nutrition,  and providing food exporting countries with foreign exchange, which is 

indispensable for the economic development of many countries, and thus for 

imporvement in their standard of living (67)   

 

Municipal Slaughterhouses and TIF System (Federal Inspection Type)  

 

In Mexico beef is produced under two types of production systems. Slaughter 

plants are classified as Rastros, Municipal and Slaughter plants under TIF certification. 

Municipal slaughterhouses work under Municipal direction and the Health Department 

verifies the carcasses and primal beef cuts through the application of verification 

certificates based on effective standards (46). Municipal rastros are not obligated to 

comply with TIF standards. According to SAGARPA, almost half of the animals are 

slaughtered in Municipal slaughterhouses, while the slaughter in TIF plants is less than 

25% (43). 

Federal Inspection Type standards in Mexico ensure the safety of meat products 

prepared in establishments holding the TIF certification. A product bearing the seal of 

Federal Inspection Certification (TIF) is a product that was produced under official 

supervision and guarantees they met quality controls, sanitation and hygiene during 

processing.  



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 48  
 

Mexican legislation establishes the compliance with some standards in order that 

SAGARPA (The Minister of Agriculture, Livestock, Rural Development, Fisheries and 

Food) approves and provides this certification to a specific production system. These 

standards are: NOM-008-ZOO-1994, NOM-009-ZOO-1994 and NOM-033-ZOO-1995. 

These guidelines are equivalent to international guidelines for quality and food safety, 

such as GMP and SSOP’s (41)  

Federal Inspection Type certification benefits the Mexican meat industry, 

allowing movement within the country for an easier way to have food safety and quality 

assurance with which the product was manufactured, and also open the possibility of 

international trade, because TIF facilities are eligible for export while meat produced in 

the municipal system is not. 

Federal Inspection Type slaughterhouses comply with national and international 

food safety specifications; however they have differences in production procedures and 

interventions depending on the final market.  Supermarkets require interventions such as 

hot water and lactic acid applications, while other markets such as wet markets, street 

vendors, and butcher shops do not.   

With regards to the implementation and compliance with HACCP, there are no 

requirements for the adoption of the HACCP system by the domestic market in Mexico, 

however slaughter plants that export their products, comply with international 

regulations, and have adopted and implemented the HACCP system (59). 

When comparing municipal slaughterhouses and TIF plants, it has been 

documented that nearly 18% of the annual slaughter of animals in municipal 
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slaughterhouses, presents a very high health risk (46 %). Just over 7 million people in the 

country consume beef from these establishments. Despite the existing health risks in 

municipal slaughterhouses in Mexico, three are only 39 TIF plants, and they run at 50% 

of their installed capacity because of the costs due to the strict sanitary inspections. When 

comparing the quality of beef carcasses from the municipal TIF plants, beef products 

from TIF plants are fit for human consumption, while 80% of the products from 

municipal slaughterhouses are not (106). At TIF plants, the contamination and defects in 

beef carcasses generally have lower health risks when compared with municipal (rastros) 

abattoirs.  It is important to mention how Mexican culture influences food safety. A big 

part of the Mexican consumer market still prefers hot meat, so there is no significant 

difference in price from cold carcasses. This situation places TIF plants at a disadvantage, 

because farmers and beef traders choose municipal rastros in which to slaughter their 

animals as they offer the slaughter services at a lower cost than TIF plant (106). 

Consequently, education of the Mexican population is necessary as part of any program 

to improve food safety in Mexico. 

Due to all the information outlined above, this research had the following general and 

specific objectives: 

 
 

1. To determine the prevalence of Salmonella and E. coli O157:H7 in Mexican cattle 

feedlots and the impact of subsequent contamination on carcasses in a TIF 

Mexican harvest facilities. 
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1.1. To determine if there is any relation between fecal and hide prevalence with 

carcass contamination. 

1.2. To determine if the hoof water bath is affecting Salmonella and/or E. coli 

O157:H7 prevalence on hides and/or carcasses 

2. To determine the seasonal affects on the occurrence of Salmonella and E. coli 

O157:H7 prevalence in beef cattle and their impact on different stages of 

processing beef in a TIF slaughterhouse in Mexico. 

3. To compare the prevalence of Salmonella and E. coli O157:H7 on carcasses 

destined for different markets processed under TIF certification in Mexico. 
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CHAPTER III 

 OBJECTIVE I  

 

Introduction 
 

Food-borne illnesses associated with microbial pathogens are a serious health 

threat in both developing and developed countries. In the last decade, food safety has 

emerged as a significant global issue, with public health and international trade 

implications (15). The increase in international trade of food also increases the risks of 

food-borne pathogens, through cross-border transmissions of infectious diseases (35).  

The WHO has reported that in 2005, 1.8 million people died from diarrheal 

diseases worldwide. In industrialized countries where food-borne surveillance systems 

have been implemented, the percentage of the population suffering from food-borne 

diseases each year, has been reported to be as high as 30% (61). In the U.S., the Center 

for Disease Control and Prevention (10) estimates that each year, one in six Americans 

(48 million) become ill, 128,000 are hospitalized, and 3,000 die of food-borne diseases 

(10). 

In contrast, food-borne diseases in developing countries are difficult to estimate, 

due to the poor or non-existent reporting systems for food-borne diseases, therefore 

reliable statistics on these diseases are not available (29, 57) making it difficult to 

estimate the precise magnitude of the problem, however the high prevalence of diarrheal 

diseases in many developing countries suggests major underlying food safety problems 
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(61), and the gravity of the situation can be appreciated in view of the high prevalence of 

diarrheal diseases in infants and children. 

Raw food, of animal origin, has been linked with food-borne outbreaks and it has 

been widely reported that livestock animals are an important source of food-borne 

pathogens. Poultry, swine and cattle among others, are a reservoir for pathogens such as 

Salmonella, Campylobacter  and E. coliO157:H7 as well as other STEC (33, 64).  Beef 

products can become contaminated with these microorganisms through exposure to cattle 

feces or hides during processing. Possible contamination of carcass tissue is the most 

significance challenge to food safety, and the extent and nature of such contamination is 

related to the pathogen load, such as Escherichia coli O157 or Salmonella, status of the 

pre-slaughter animal and any processes that could help to distribute the pathogens, within 

or between carcasses, during dressing operations (36). This fact emphasizes the 

importance of control within the food chain in the transmission of food-borne pathogens.  

Knowledge about the fecal prevalence of Salmonella and E. coliO157:H7 in feed 

yards can be an important indication of the risks of contamination in further steps of the 

food chain. This information can facilitate the implementation of pre-harvest intervention 

procedures at feed yard levels.    

The identification of bovine sources in human cases of E. coliO157:H7 outbreaks, 

gave rise to an extensive investigation into the occurrence of this pathogen in cattle 

operations (51).  Infections due to E. coliO157:H7 have been reported in different 

countries and hundreds have been reported in the U.S., Canada, Japan and the United 

Kingdom.  In comparison, in Latin America there is little scientific research published in 
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peer-review papers related to E. coli O157:O157 prevalence in dairy, beef or dual-

purpose herds. E. coli (EHEC) infection is more common than E. coli O157:H7, however 

due to a lack of information, the real prevalence could be under or over-estimated. 

According to Montville and Matthews (2008) in Continental Europe, Australia and Latin 

America, non-O157 EHEC infections are more common than E. coli O157:H7 infections.  

In Argentina, studies in children with HUS identify E. coli O157:H7 serotype is 

the most prevalent (25). According to the Minister of Health, Argentina has the highest 

rate of hemolytic uremic syndrome (HUS); 400 new cases each year, with an incidence of 

1.9 per 10,000 children under the age of five. In 2005 the Argentine National Reference 

Laboratory received 344 samples from patients that were diagnosed with HUS. From 

these samples 32.8% were due to VTEC, 87 strains were isolated and characterized and 

75.8% were confirmed as E. coliO157:H7 (49). The prevalence of E. coliO157:H7 at 

feedlots has been reported as 6.8% (43). 

Mexico is a major participant in international agricultural trade. In the broad 

category of agri-food products (agriculture, livestock, hunting, fishing, food, beverages, 

and tobacco), Mexico's total exports (to all countries) approached $15.2 billion USD in 

2009. Corresponding imports in 2009 totaled about $18.9 billion. The U.S. is Mexico's 

largest agri-food trading partner, having bought 76% of Mexican exports and supplying 

73% of the country's imports in this category (20). 

Research focused on the detection of E. coli O157:H7 is scarce in Mexico. 

Additionally, there is little information available on Salmonella in final beef and other 
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food products; therefore more research is needed on the prevalence of both pathogens in 

the different stages of the food chain.  

In Mexico, for the period 1993-2002, a total of 633 outbreaks were reported, with 

a total of 7,315 people sick from specific agents. Bacteria caused 35.86 % of the 

outbreaks. Salmonella accounted for 2,409 cases of illness (33.4%) and 2 deaths (3.08%) 

(42). Escherichia coli outbreaks, due to the serotype O157:H7, have not been reported 

thus far, however it is important to consider that those numbers are probably 

underestimated, due to the inadequate surveillance systems and because the burden of 

food-borne diseases is not fully understood by policy makers. It is also not well 

understood that there should be coordinated efforts between industry and government to 

improve the accuracy of the reporting systems (57). 

Research conducted in Mexico, during the period 1980-1989, confirmed 79 

outbreaks, of which 58 outbreaks (73%) were studied and 24.1% of these outbreaks 

occurred in meetings, 10.3% in schools or child care, 8.6% in restaurants, and 8.6% in 

hospitals. The main microorganism involved was Staphylococcus aureus, which caused 

48.2% of the incidents. Salmonella enterica caused 34% of outbreaks, with the serovar 

Typhimurium, isolated on most occasions. Foods involved were: cheese 29.3%, 15.5% 

cakes, 15.1% cooked meat, 13.8 % milk and 7.0% fish and seafood (45). 

Information on the prevalence of Salmonella and E. coliO157:H7 at pre-harvest 

levels, in Mexico, is limited. More research is needed to establish pathogen baselines, so 

that interventions can be implemented and the processes can be improved. 
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Despite the limited information available in the literature, the research consulted 

in this review, establishes the importance of Salmonella and pathogenic E. coli, as 

important etiological agents of diarrhea in Mexico, and their presence at different points 

in the food chain.  The objective of this study was to determine the prevalence of 

Salmonella and E. coli O157:H7 in Mexican cattle feedlots and the subsequent 

contamination on carcasses in a TIF Mexican harvest facility over time.   

  

Materials and Methods 

 

Sample Collection 

 

Samples were collected at different locations along the production and processing 

lines at a vertically integrated feedlot and at the slaughter plant under Federal Inspection 

Type (TIF) certification in Mexico. Federal Inspection Type standards in Mexico ensure 

the safety of meat products prepared in establishments holding the TIF certification. A 

product bearing the seal of TIF certification is a product certification that was produced 

under official supervision and guarantees to have met the quality controls, sanitation and 

hygiene during processing. 

At the feedlot (FL), animals were raised specifically for beef production, using a 

diet of grains, hay, molasses, and spent distiller’s grains. The slaughter facility primarily 

slaughted zebu-type crossbred young bulls from their own feed yards, however bulls and 
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dairy cattle, that are no longer required for milk production, were also slaughtered at the 

plant, and these animals generally came from farms outside of the vertical operation.  

Sampling was conducted during July and December of 2009, and April, August 

and December of 2010. The months of June-July are the hottest and most humid months 

in Mexico. 

 

Fecal Samples 

 

At the feed yards, fresh fecal pat samples were collected from animals that were 

shipped to the harvest facility. Approximately 40 g of fecal sample were taken from each 

fresh fecal pat using plastic spoons. Each sample was placed aseptically into a labeled 

sterile plastic container; each container was closed tightly, and placed into an ice chest. 

In the lairage area, fecal samples were taken in the same way described above at 

the feed yards. The lairage area, or holding pens (HP), consisted of areas encountered by 

the animals from the time of unloading from the trucks, to the stunning event. 

Additionally, water samples were taken in the holding pen area. The samples were 

collected directly from the hoof bath that the animals had to go through with the objective 

of washing their legs before being slaughtered. The bath has an approximate area of 11.7 

m2, with a depth of approximately of 15 to 18 cm. 

At the harvest facility, intestinal feces samples were collected after evisceration 

from each tagged carcass and the entire gastrointestinal tract was tagged and followed up 

to the viscera room. In the viscera room, the recto-colon portion of the intestines was cut 
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and approximately 40 g of feces were taken and placed aseptically in a labeled sterile 

plastic container and then each container was closed tightly. All fecal samples were 

placed in a cooler.  

 

Hide and Carcass Samples 

 

At the harvest facility, after animals were stunned, bled and placed onto the rail 

system, the carcass was selected; the sample from each hide was obtained and was tagged 

after hide removal so that the samples were matched from the hide through all the other 

processing steps. The carcass samples were taken consecutively. 

Carcasses were collected at each step of the slaughter process, after de-hiding at pre-

evisceration, at pre-cooler, just prior to entering the hot box, and after 24 h of dry chilling 

in the coolers. 

The animals were randomly selected, and composite samples were taken from 

three anatomical carcass sites: inside round, hind shank and fore shank. Hide and carcass 

samples at the 3 anatomical locations were obtained using Spongesicle® 3M moisture 

with 10 ml of buffered peptone water (BPW), (Difco® Laboratories, Sparks, Md). 

Sponges were wrung out inside the bags and then removed from the bags and used to 

swab the surface on the hides or carcasses. Approximately a 1000cm2 area of the hide 

was collected from the perineum area, and approximately a 250cm2 area was collected 

from each of the fore shanks and hind shanks. One sample consisted of approximately 5 

vertical and five horizontal passes. To facilitate the sampling, two sponges were used for 
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each carcass, one sponge was used for the inside round and hind shanks and the other 

sponge was used for the fore shanks. Later these two sponge samples from the same 

carcass, were combined into one sample bag in the laboratory thus obtaining composite 

samples. The fore shanks, hind shanks and inside round areas were selected for sampling 

in this study because those areas had been reported as heavily contaminated (48). 

All samples were transported by the sampling team in coolers containing ice 

packs to the microbiology laboratory, Experimental Sciences Building at Texas Tech 

University. The time the samples remained in the coolers on their way from Mexico to 

the U.S. was approximately 24 to 48 hours. 

 

Microbial Analysis 

 

Upon arrival at the laboratory, the samples were processed in isolation for two 

pathogenic bacteria: Salmonella and E. coli O157:H7. 

 

Salmonella Detection 

 

Fecal sample enrichment: Approximately 1.0 g ± 0.1 g of feces from the different 

sampling locations (feedlot (F), holding pen (HP) and intestinal feces (IF)) were placed 

into 9 ml of Rappaport-Vassiliadis (RV) broth (EMD, Darmstadt, Germany) and 9-ml of 

tetrathionate (TT) broth (Difco®, Sparks, MD) with novobiocin (20 mg/Liter) and 
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brilliant green (10 ml/Liter of 0.1% solution); (Sigma®, St. Louis, MO). After 

enrichment, each tube was vortexed thoroughly and then incubated at 42 ± 2°C for 24 h. 

Hide sample enrichment: Each spongesicle bag was homogenized for 30 s using a 

stomacher (Stomacher®400), then 1-ml of sample from each bag was aseptically 

transferred into a 9 ml tube of TT and RV. After enrichment, each tube was vortexed 

thoroughly and then incubated at 42 ± 2 °C for 24 h.  After incubation was finished, each 

tube was vortexed thoroughly, and each tube was streaked for isolation onto XLT4 agar 

(Difco® Becton, Dickinson and Company, Sparks, MD). Inoculated XLT4 were 

incubated at 35 ± 2°C for 24 h.  Several colonies were chosen from the same 

enrichment/plating combination to meet the goal of 3 isolates from each fecal sample.  

When possible, colonies of diverse size and morphology were chosen (but all with H2S 

production). Presumptive positive colonies from XLT4 plates were tested with a 

Salmonella latex agglutination kit (Oxoid®, Hants, UK).  If the colony tested positive 

then it was used to inoculate 9-ml of tryptic soy broth or BHI (Bacto® Becton, Dickinson 

and Company, Sparks, MD) with 10 % glycerol (EMD®, Darmstadt, Germany).  Up to 3 

isolates were saved from each fecal sample.  The inoculated tubes were incubated at 35 ± 

2°C for 24 h.  From each incubated tube, two 1-ml aliquots were placed into 1.5-ml 

centrifuge tubes and stored in a -80°C freezer.  Also, from each tube, two brain heart 

infusion (BHI) agar slants were inoculated.  They were incubated at 35 ± 2°C for 24 h.  

One set of the isolates on BHI slants was tested for antibiotic resistance and the other set 

was sent to an outside diagnostic laboratory for serotyping. 
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Escherichia coli O157:H7 Detection 

 

Immunomagnetic separation (IMS) was used to isolate E. coli O157:H7 from 

fecal and hide samples. Immunomagnetic separation (IMS) was used to isolate E. coli 

O157:H7 from fecal and hide samples. Approximately 1 g of the fecal sample was diluted 

in 9 ml Gram-negative broth supplemented with novobiocin (20 mg/Liter) (Sigma®, St. 

Louis, MO); (GNVCC) (10:1 dilution). After enrichment, each tube was vortexed 

thoroughly and then incubated for 6±1 h at 37°C. 

For hides, each spongesicle bag was homogenized for 30 s using a stomacher 

(Stomacher®400), then a 1-ml sample from each bag was aseptically transferred into 9 

ml of GNVCC. After enrichment, each tube was vortexed thoroughly and then incubated 

for 6±1 at 37°C. After the 6±1 h incubation period, IMS was performed with Dynabeads 

using the BeadRetrievertm instrument following the manufacturer’s recommendations.  

Escherichia. coli O157:H7 cells were subjected to IMS by mixing 1-ml of the culture 

above, with 20 µl of anti-O157 beads (Dynal, Lake Success, NY). Beads were washed 

three times in PBS-Tween 20, and 50 µl of the bead-bacteria mixture of E. coliO157 

beads was spread onto Chromagar plates.  Plates were incubated at 37°C overnight. From 

each Chromagar all morphologically different colonies were tested against O157 

serogroup-specific antisera by a slide agglutination test (DrySpot, Oxoid®).  Final 

confirmation was performed by PCR analysis for the O157 serotype using Dupont BAX 

system (Dupont Qualicon, Wilmington, DE).  



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 71  
 

The carcass samples were enriched in modified Tryptic Soy Broth (mTSB) 

(Difco® Becton, Dickinson and Company, Sparks, MD) to detect for E. coli O157 and in 

TSB (Difco® Becton, Dickinson and Company, Sparks, MD) for Salmonella detection. 

Each spongesicle bag was homogenized for 30 s using a stomacher (Stomacher®400), 

then 1-ml of sample from each bag was aseptically transferred into 9-ml of mTSB (20 

mg/Liter); (Sigma®, St. Louis, MO) or TSB, each tube was vortexed thoroughly and then 

incubated for 14 h at 37°C and 24 h at 37°C respectively. After enrichment, E. coli O157 

and Salmonella were detected using the AOAC approved BAX® detection unit (DuPont 

Qualicon, Wilmington, DE) BAX according to the manufacturer’s published procedures. 

  

Serotyping 

 

A percentage of isolates analyzed by agglutination test and PCR Bax, were 

confirmed as Salmonella and serotyping by the Salmonella Reference Center at the 

University of Pennsylvania. The isolated strains were prepared and sent as follows: the 

frozen samples were inoculated in TSB broth and allowed to grow for 24 h at 37°C, then 

each tube was inoculated in micro-centrifuge tubes containing trypticase soy agar (TSA) 

and allowed to grow for 24 h at 37°C. Once the growth was confirmed, the samples were 

packed safely into an insulated box with ice packs and sent by FedEx overnight. The 

samples were delivered in approximately 24 h. 
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Statistical Analyses 

 

Data was entered into an electronic spreadsheet and a sample was considered 

positive if Salmonella or E. coli O157 was detected or recovered depending on the 

microbiological analyses performed. Data was imported into a commercially available 

software package for exploration and analyses (SAS V 9.2, SAS Institute Inc., Cary, 

N.C). Frequency tables were generated to provide an initial exploration of unadjusted 

point estimates. Generalized linear models were constructed to explore relationships 

between the response variable and various independent variables. Where evidence of 

over-dispersion existed, the data was scaled using an over-dispersion parameter.  

 Risk factors were analyzed using logistic regression models (SAS, proc logistic). 

The selection adds or removes a covariate to the model based on the χ2 score considering 

a significance level of P < 0.05. The selection process terminates if no further covariate 

can be added to the model or the covariate admitted is the only one excluded in the 

subsequent step (52).  

 

Results and Discussion  

 

 Overall Salmonella Prevalence   

 

A total of 1,695 samples were collected from different locations integrated, 

feedlot and harvesting slaughter plant. Salmonella was isolated from 52.5% of these 
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samples. The highest prevalence was found in hides (92.4%), followed by feces for HP 

(91.0 %), FL (55.6%), PE (49%), IF (46.8%) and PC (24.8%), for all sampling periods 

combined. The lowest prevalence was found in the carcasses after 24 hours of dry 

chilling in the cooler (6.0 %) (Figure 1.1). The prevalence in the water samples taken 

from the hoof wash tested 100% positive for Salmonella. Then the samples were 

analyzed for overall prevalence, by date of sampling (Figure 1.2.) Variation in the 

prevalence was observed, which decreased in time (P < 0.0001). At the first sampling 

date the proportion of positive samples for Salmonella was 74.5%, while on the last day 

of sampling, the prevalence was 41.0%. The smaller prevalence was observed at the 

fourth sampling day, being 33.0%.  

 

Prevalence of Salmonella in Feces and on Hides 

 

 Figure 1.1. shows the Salmonella total prevalence in fecal and on hide samples. 

The highest prevalence was observed on hide samples (92.4%), followed by the holding 

pen area (91.0%), feedlot (55.6%) and intestinal feces (46.8%).  

The highest prevalence on hides (92.0%) was consistence with other research that 

reported similar prevalence and also reported the cattle hides as an important source of 

Salmonella contamination (2, 5, 6). However, lower prevalence on hides also has been 

reported, 37.3% (27); and 68% (23).  
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 overall prevalence at feedlot (FL), intestinal feces (IF), holding 
pen (HP), hide, and carcasses at pre-evisceration (PE), pre-cooler (PC) and cooler (cool)

Interestingly, other authors such as Arthur et al., (2008) reported 

prevalence variation depending on the sampling site, for example Salmonella 

at the feed yards of 66.0%, while at the harvest plant the prevalence on hides was 62.5%, 

before the hide wash cabinet, and after the cabinet it was 0.7%. They also reported that 

the positive detection of Salmonella on hides at the feed yards was only on the first 

sampling day, but not on the other five samplings (2). Other researchers reported a 

Salmonella on hides of 68.0% (23) and from 20.0% to 100% 

particular abattoir there were no hide wash cabinets as they cleaned the hides with 
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Figure 1.2. Average of Salmonella prevalence of all sampling sites according to the five 
sampling periods July 2009, December 2009, April 2010, August 2010 and December 

2010.  
 

 

using hose pressure. The high prevalence on hides could be due to cross contamination at 

the holding pen areas. This type of cross contamination has been documented using pulse 

field gel electrophoresis tracking and results indicated that an important part of bacteria 

transfer onto cattle hides occurs in the lairage environments (2). In this research the 

lairage fecal pats showed a very high prevalence, 91.0%, that could have contributed to 

the high percentage of Salmonella found on hides (92.4%). 

With regards to the holding pen area (91.0%) and intestinal feces (46.8%), 

percentages of positive samples obtained in this study, were considered high when 

compared with other studies, where the Salmonella prevalence was lower, 48.0% for 

holding pens, and 16.0% for intestinal feces (23), while other authors reported a smaller 
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prevalence in intestinal feces ranging from 0.0% to 5.5% (2, 22, 59) and fecal samples at 

the feedlot (33.9%) (27). 

The variation observed in the results of this study with the different research 

could be due to different epidemiological factors such as geographical location, season of 

the year, temperature, humidity, vectors, diet and breed, however there is not enough data 

to explain the differences in Salmonella prevalence. Other important factors to consider 

are the differences in sampling methods and protocols for pathogen detection.  

 

Prevalence of Salmonella on Carcasses 

 

Salmonella’s overall prevalence at pre-evisceration, pre-cooler, and cooler was 

49.0%, 24.8%, and 6.0%, respectively. Other studies reported similar prevalence at pre-

evisceration (44.0% to 55.0%), but with less of a reduction after interventions (0.1 to 1%) 

(6).  

The presence of Salmonella on the carcasses is the result of cross-contamination 

during the slaughter process. There was a positive correlation in the presence of 

Salmonella on intestinal feces and hides and contamination of the carcasses, also the risk 

analysis showed the likelihood of contamination of the carcasses when the animals are an 

asymptomatic carrier and are shedding the pathogen (P < 0.005). 

Other important factors that need to be considered are the modifications in food 

safety procedures that the abattoir implemented during the sampling period (starting in 

2009 and ending in 2010). These modifications could play a role in the reduction of 
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Salmonella prevalence (P < 0.0001). One of these changes was the removal of the hoof 

wash at the lairage area, and the application of lactic acid to the carcass surfaces as an 

intervention for pathogen reduction. It’s important to note that although the prevalence on 

the hides did not show an important reduction during this time, following dehiding and 

other slaughter dressing processes, and the application of decontaminant treatments, 

along with the compliance with sanitary procedures, such as SOP’s, GMP and HACCP, 

there was an effective in the reduction of Salmonella prevalence.  

 
 

Salmonella spp. Serotypes  

 

A total of 1,620 Salmonella colonies were recovered from the different samples. 

A portion of (7.6%) was sent for serotyping. Table 1.1. shows the different serotypes 

recovered from hides, feedlots, pre-evisceration, pre-cooler, cooler and water from the 

hoof bath. 

In total, eight Salmonella serotypes were found: S. enterica ser. Anatum, S. 

enterica ser. Montevideo, S. enterica ser. Tennessee, S. enterica ser. Kentucky, S. 

enterica ser. Muenster, S. enterica ser. Give, S. enterica ser. Reading, S. enterica ser. 

Mbandaka and S. enterica ser. Meleagrimidis. More than 2,000 have been identify from 

patients with gastroenteritis, and few of these are also prominent in isolates, in cases of 

bacteremia (4). That indicates that Salmonella strains differ in their abilities to produce 

particular disease syndromes (30). 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 78  
 

The National Salmonella Surveillance System at the CDC in The U.S., (2005), 

listed the 30 most frequently reported Salmonella serotype isolates from human sources. 

Three of the Salmonella serotypes reported in this research: S. enterica ser. Montevideo 

represented 2.2%, S. enterica ser Anatum, and S. enterica ser. Mbandaka represented 

0.5% of the Salmonella isolates from human sources reported. The remaining serotypes, 

although not listed, (S. enterica ser. Tennessee, S. enterica Kentucky, S. enterica ser. 

Muenster, S. enterica ser. Give, S. enterica ser. Reading, and S. enterica ser. Meleagridis) 

have been involved in human diseases in different countries around the world. One of the 

first studies of human salmonellosis in North and South America in 1949 involved a 

variety of Salmonella serotype isolates from outbreaks and sporadic infections in 

America, among which they listed four of the eight serotypes found in this research: S. 

enterica ser. Reading, S. enterica ser. Give, S. enterica ser. Tennessee, and  S. enterica  

ser. Anatum (24). 
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Table 1.1 Proportion of Salmonella spp. serotypes 
recovered from different samples at different locations:  

hides samples collected at harvest process, fecal samples 
collected at feedlots, and carcass samples collected at the 
different points during the harvest process at PE, PC and 

cooler and finally water from the hoof bath. 
Sample Type  Frequency  
Hide   
S. enterica ser. Anatum 21.7%   5/23  
S. enterica ser. Montevideo 4.3%     1/23 
S. enterica ser. Tennessee 8.6%     2/23 
S. enterica ser. Kentucky 34.7%   8/23 
S. enterica ser. Muenster 13%      3/23     
S. enterica ser. Give  4.3%     1/23 
S. Lactose fermenter 13%      3/23 
Feedlot  
S. enterica ser. Reading 24.0 %    6/25 
S. enterica ser. Muenster 20.0 %    5/25 
S. enterica ser. Mbandaka 32.0 %    8/25 
S. enterica ser. Anatum 12.0 %    3/25 
S. enterica ser. Meleadridis  8.0 %     2/25   
S. Lactose fermenter 4.0%       1/25 
Pre-Evisceration  
S. enterica ser. Reading 18.0 %    4/22 
S. enterica ser. Anatum 4.5 %   1/22 
S. enterica ser. Muenster 41.0 %    9/22 
S. enterica ser. Kentucky 27.0 %    6/22 
S. enterica ser. Montevideo 4.5 %   1/22   
S. Lactose fermenter 4.5 %   1/22 
Pre-cooler  
S. enterica ser. Anatum 8.0 %      2/25 
S. enterica ser. Muenster 40.0 %    10/25 
S. enterica ser. Give 12.0 %    3/25 
S. enterica ser. Kentucky 20.0 %    5/25 
S. enterica ser. Reading 16.0 %    4/25   
S. enterica ser. Montevideo  4.0 %     1/25 
Cooler  
S. enterica ser. Reading 26.0 %    6/23 
S. enterica ser. Muenster 43.5%   10/23 
S. enterica ser. Anatum 4.3%       1/23 
S. enterica ser. Give 13.0 %    3/23 
S. enterica ser. Mbandaka 13.0 %    3/23   
Water from hooves bath  
S. enterica ser. Fresno 100%       2/2 
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In 2007 an important outbreak took place in U.S. The etiologic agent was 

Salmonella linked to the consumption of peanut butter and occurred in 44 states. The 

serotype implicated was Salmonella enterica ser. Tennessee infecting 425 persons. 

Among 351 patients, 71 (20%) were hospitalized. No deaths were attributed to this 

infection (9). 

In 1996-1998 an endemic infection in the broiler industry in Ireland was reported.  

During the epidemiological investigation, they linked the human infections to serovars 

such as S. enterica ser. Bredeney, S. enterica ser. Kentucky, and S.  enterica ser. Agona 

(14). 

In France during 2008, there were two reported outbreaks due to Salmonella 

enterica ser. Muenster, one associated with goat cheese consumption (8) and the other 

due to Salmonella enterica ser. Give, linked with an infant milk formula (34). Salmonella 

ser. Reading also has been linked with human infections in the U.S. (1, 16).  

In June 1996, the largest recorded sprout-associated outbreak in the U.S. occurred 

in California, resulting in more than 450 culture-confirmed cases of infection with 

Salmonella enterica serotypes Montevideo and Meleagridis (38). Also, in 2010, the 

detection of S.enterica ser. Meleagridis was the cause for a recall of dog food in the U.S. 

(28).  

Based on all of these epidemiological reports, the Salmonella serotypes identified 

in this research could be considered a risk for human health and proper pre-and post 

interventions could help to decrease the prevalence in the animals at the feed yards and 

during the slaughter process, such as installation of a hide cabinet washer, in order to 
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facilitate the reduction of Salmonella during the process. The GMP and HACCP 

programs in place in this company were successful in reducing a large proportion of 

Salmonella loads on carcasses, from 48.0% at evisceration to 6.0% at the cooler, however 

other interventions could be introduced to obtain a higher reduction. 

 

 Escherichia coli O157:H7 Prevalence  

 

The prevalence of E. coliO157:H7 on hides and carcasses was lower than that of 

Salmonella. The overall prevalence of E. coli O157 was as follows in order of magnitude: 

hides 11.7%, intestinal feces 5.2%, feedlots 2.7%, holding pens: 2%, pre-evisceration 

0.8%, pre-cooler 0.4% and cooler 0.4% (Figure 1.3.). 

When analyzed, the overall prevalence by date of sampling (Figure 1.4.), a 

variation was observed (P < 0.0001) which tended to decrease. At the first sampling date 

the proportion of samples that tested positive for E. coli O157 was 8.6%, while the last 

day of sampling the prevalence was 2.3%. The smaller prevalence was observed at 

sampling day 3, being 0%.  
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Escherichia coli O157:H7 overall prevalence at feedlot (FL), intestinal feces 
(IF), holding pen (HP), hide, and carcasses at pre-evisceration (PE), pre-

cooler (cool).  
   

O157:H7 Prevalence in Feces and on Hides 

Hides were the location with major loads of E. coli O157:H7 in this facility 

(Figure 1.3). Other research has reported hides as the major source for pathogen 

contamination of the beef carcasses during the harvest process (3, 6, 36

O157:H7 (12, 19). 

Overall hide prevalence in this abattoir was 11.7%, similar to the prevalence 

reported by Elder, et al., (2000), who found a prevalence on cattle hides in the 

, however the load on hides varied among reported data, the incidence in most 

of the research ranges from 14.0% to 85.0% (2, 6, 18, 55, 63, 65). Low incidence has 
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been reported in Dublin, Ireland with a prevalence of 7.3% reported on hides in a 

slaughter plant (41). Hides are considered the most important reservoir for E. coli 

O157:H7. Research has indicated that the number of hides positive for E. coli O157:H7 is 

a more accurate predictor for carcass contamination than fecal prevalence (3). 

 

 

Figure 1.4.  Average of E. coliO157:H7 prevalence of all sampling sites according to the 
five sampling periods July 2009, December 2009, April 2010, August 2010 and 

December 2010.  
 

 

Numerous factors could be interacting to affect the amount of hide contamination 

by E. coli O157:H7, such as seasonality, cross-contamination, geographical location, 

humidity, temperature, methods of sampling and detection, among other possible risk 

factors.  The approach in this case should be to apply an intervention at feed yard to 
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reduce the incidence of the bacteria in the gastrointestinal system and apply post-harvest 

interventions at the plant such as such hide wash cabinets.  

With regards to E. coli O157 cattle shedding, the overall prevalence found in this 

study in the different fecal samples can be observed in Figure 1.3. The percentage of 

positive samples was as follows feedlot, 2.7%, holding pen, 2.0% and intestinal feces, 

5.2%. When compared with other reports, there was a highly degree of variation in 

prevalence.  In the U.S., the prevalence of Escherichia coli O157 was determined in 

10,662 fecal samples collected during the summer months in 2001 from 711 pens in 73 

feedlots located in Kansas, Nebraska, Texas, and Oklahoma, U.S. Results indicated a 

prevalence of E. coli O157, at the pens of 52.0% and 95.9% at the feedlots (50), however 

the typical prevalence in cattle is reported to be between 1.0% and 27.8%  (12, 19, 31, 37, 

54, 62). In Argentina, Padola et al., 2004, took samples from 59 animals, during a 6-

month period by rectal swabs. They found a prevalence of E. coli O157:H7 of 6.8%. In 

other study was reported a prevalence in beef cattle that ranged from 0.3% to 19.7% in 

feedlots and from 0.7% to 27.3 % in pastures (32). McEvoy et al., (2003) conducted 

research on the prevalence of E. coli O157 in an Irish abattoir finding a prevalence of 

2.4% in fecal samples (36). A longitudinal study in dairy herds conducted in Australia 

found an E. coli O157:H7 prevalence of 11.2% (13). Other studies in dairy herds found a 

prevalence of 4.3%, however the prevalence ranged among groups and the maximum 

prevalence at any one visit in this study was 14.0% in lactating cows, 40.0% in non-

lactating cows, 56.0% in calves and 68.0% in heifers (37). In Venezuela, the prevalence 

in dual purpose cattle (beef and milk) was 1.94% (39). Similarly Mexico reported a 
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prevalence of E. coli O157 a little lower, 1.25% on cattle farms (7), and lower than found 

in this study.  However, no more reports were found about E. coli O157:H7 prevalence in 

cattle in Mexico, or other countries of Central and South America. The low prevalence in 

cattle is consistent with the low prevalence of E. coliO157:H7 in clinical cases reported 

in Mexico, however further research is needed to verify the prevalence throughout other 

regions of Mexico, as well as the prevalence during other seasons of the year. 

 

Escherichia coli O157:H7 Prevalence on Carcasses 

 

 Escherichia coli O157:H7 was isolated from the 0.53% (4/750) of the carcass 

samples. The percentage of positives by processing steps, were 0.8% at pre-evisceration, 

0.4 % at pre-cooler and 0.4% the final step after 24 h of dry chilling in the coolers. A low 

proportion of carcass contamination occurred during the slaughter process, however the 

prevalence was reduced after 24 h of dry chilling. These reduction effects could be due to 

refrigeration as has been reported by other authors, from 43.0% at pre-evisceration to 

2.0% after 2 h in the chiller (19). The prevalence in chilled carcasses was lower than that 

obtained by other authors 3.2% (36) and another study in the U.S., reported a prevalence 

that ranging from 14.0% to 20.0% at pre-evisceration and from 0.1% to 1.3% at post- 

intervention (6). Elder, et al., (1999) reported a prevalence of 27.8% at pre-evisceration 

and only 3.0% at post-evisceration in post-processing samples (19). In Argentina, a study 

carried out in two beef slaughter plants reported a prevalence of E. coliO157:H7 of 0.0% 

and 6.6% in carcasses. In ground beef the percentages of positives was higher (10.0%) 
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(46). In Mexico, a study carried out in a Municipal Rastro (Non-TIF), found a highest 

prevalence of E. coli O157:H7 at 23.3% on carcasses before chilling. The diagnostic 

method used was real time PCR and there is no report on the prevalence for chilled 

carcasses (11).  Trevino-Lopez, et al., (2009) tested 40 samples of meat cuts, American 

type, obtained from a Monterrey market. They detected two positive samples (5.0%) by 

Multiplex PCR, whereas by the microbiological method they obtained no isolation in any 

of the samples. They concluded that there is a low prevalence for E. coli O157 in this 

type of meat cut (58).           

 
Relationship Between Fecal or Hide Prevalence and Carcass Contamination 

 

A risk factor analysis was performed in order to assess the relation between fecal, 

hide and carcass samples that had tested positive.  Due to the low prevalence of E. 

coliO157:H7, risk factors were not evaluated. Regarding Salmonella, the results are 

shown in Table 1.2. The analysis yielded the following results: positive animals for 

Salmonella in intestinal feces had an 8 times higher chance to test positive on hides (P = 

0.006), 3 times more likely to test positive on carcasses at pre-evisceration (P = 0.0001), 

and were 2 times more likely to test positive on carcasses at PHB (P = 0.01). Moreover, 

positive carcasses at pre-evisceration increased the chance of obtaining a positive carcass 

test at pre-cooler by 6 times (P = 0.0001); and positive carcasses at pre-cooler increased 

the chance of a positive carcass after 24 hours of dry chilling (P = 0.003) by 8 fold.  
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A significant positive correlation was observed between the total fecal prevalence 

and hides prevalence, and the prevalence at the different processing steps, pre-

evisceration, pre-cooler and cooler. 

 

Table 1.2. Risk factor associating hide, intestinal feces (IF), feedlot (FL), holding Pen 
(HP) and carcass at different steps of the slaughter process pre-evisceration (PE), pre-
cooler (PC) and cooler (cool) positive carcass for Salmonella. 
 
Sample 
Location 

Effect Odds ratio 95% Confident interval P-value 

Hide IF 8.23 1.82 37.22 0.006 
 FL 1.22 0.43 3.49 0.7 
 HP 1.28 1.28 11.56 0.8 
 Water <0.001 <0.001 >999.9 0.9 
      
PE IF 2.80 1.64 4.77 0.0001 
 Hide 2.71 0.85 8.67 0.09 
 Lairage 0.78 0.28 2.19 0.6 
 Water <0.001 <0.001 >999.9 0.9 
 Feedlot 0.96 0.6 1.65 0.8 
      
PC IF  2.28 1.15 4.32 0.01 
 PE 5.95 2.85 12.42 <0.0001 
      
Cool IF 4.23 0.88 20.38 0.07 
 FL 2.17 0.65 7.16 0.2 
 PE 2.36 0.46 12.23 0.3 
 PC 8.19 2.05 32.79 0.003 
 
 

Salmonella and  E. coli O157:H7 Prevalence Before and After Removal of the 

Hoof Water Bath 

Figure 1.5. and Figure 1.6. show the Salmonella and E. coli O157:H7 prevalence, 

respectively before and after the removal of the water bath. A high prevalence was 

observed during the sampling dates between when the water bath was in use as opposed 



 

 
 

to when it was removed. The prevalence decreased (P < 0.05) for both pathogens. The 

water in the bath was removed at the end of the slaughter process and no chlorine or othe

chemical products were added. At the end of the day the water looked very dirty, with a 

high load of dirt, probably serving as a vehicle for 

thus facilitating their spread on the hides. 
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to when it was removed. The prevalence decreased (P < 0.05) for both pathogens. The 

water in the bath was removed at the end of the slaughter process and no chlorine or othe

chemical products were added. At the end of the day the water looked very dirty, with a 

high load of dirt, probably serving as a vehicle for Salmonella and E. coli 

thus facilitating their spread on the hides.  

average prevalence before and after intervention (removal of the 
hoof wash) in hide, pre-evisceration (PE), pre-cooler (PC) and cooler samples. Pre
interventions include the samplings of July 2009, December 2009 and April 2010, while 

intervention include August 2010 and December 2010. Chi-square analysis indicated 
that the distribution was different before and after the intervention for all variables. 
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food safety team was teaching food safety training to the slaughter plant staff. This may 

have had a positive effect on the reduction of Salmonella and E. coli O157:H7 

contamination of the carcasses. The removal of the water bath could be a factor that 

helped to reduce the prevalence of Salmonella and E. coli O157 on the hides, but it was 

not considered the main factor. The observation was based on the fact that Salmonella 

prevalence on the hides showed only a slight decrease, from 99.3% to 82%, although 

statistically significant (p < 0.05), the analysis of the reduction at pre-evisceration, pre-

cooler and cooler showed a more important reduction (p < 0.05), suggesting that the 

sanitary procedures and interventions played a major role in carcass prevalence reduction. 

The other relevant factor for further contamination by Salmonella was the percentage of 

positive animals that acted as pathogen reservoirs. In other words, animals positive for 

intestinal feces samples (healthy carriers) represented a higher risk for hide 

contamination by 8 times, and this increased the risk of carcass contamination at others 

steps of the harvest process. 

 



 

 
 

Figure 1.6. Escherichia coli 
(removal of the hoof wash) in hide, pre
samples. Pre-interventions include the samplings of July 2009, December 2009 and April 
2010, while post-intervention inc
analysis indicated that the distribution was different before and after the intervention for 
all variables.  
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Escherichia coli O157:H7 average prevalence before and after intervention 
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and E. coli O157:H7 are zero tolerance and their presence constitutes a violation of the 

regulations. In the U.S., E. coli O157 is considered as an adulterant in raw products (64 

FR 2803) and for Salmonella there is a tolerance of 1.0%. Is important to mention 

Mexico does not have a specific regulation for E. coli O157:H7 in beef products.  

Previous research done in Mexico on E. coli O157:H7 prevalence in cattle 

showed a low prevalence (1.25%) (7). These results were obtained using IMS techniques, 

which have an increased specificity and as a consequence, increase the reported incidence 

in cattle (12, 19). The prevalence found in this study was higher (5.2%). The difference in 

prevalence could be due to differences in risk factors, which are not yet clear (47) or due 

to the season of the year when the samples were collected (17, 26). Currently not enough 

scientific data related to E. coliO157:H7 ecology and epidemiology in Mexican beef 

cattle is available in order to answer this question.  

According to Navarro et al., (2003) (40) the incidence of clinical cases that 

implicate E. coli O157:H7 as a causal agent in Mexico is low. This author proposes 

immunity as a possible reason for the low incidence, based on research, the contact at an 

early age with bacteria belonging to the O7 and O116 serogroups could provide antigenic 

cross-reactivity against E. coli O157 lipopolysaccharide (LPS) that could protect the 

individual against subsequent infection with the latter organism. This theory is supported 

by other research conducted in Thailand (60). This information is consistent with the 

epidemiological evidence in some countries, where there are epidemiological reports of 

the incidence of this pathogen in clinical cases and also low prevalence reported in cattle; 

one example is Argentina, where the reported prevalence of E. coli O157:H7 is low, but 
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the incidence of HUS is high, the reason apparently is the presence of E. coli O157 and 

other VTEC non-O157:H7 (43).  

In Mexico, few studies have reported E. coli O157:H7 prevalence in cattle and 

available data indicate a prevalence of only 1.25% (7). This is consistence with the low 

incidence of E. coli O157:H7 in Mexico. Also there have been no reports of HC or/and 

HUS in association with E. coli O157:H7 infection. The reason for this lack of infection 

has not been explained (40). Interestingly, in other countries such as Argentina, were they 

report similar low prevalence of  E. coli O157 in cattle (6.8%) (44), but the incidence of 

clinical cases of  HC and HUS in humans is high (49). The prevalence in intestinal feces 

in this study was 5.2%, similar to the obtained by Padola et al., 2004 (43). The reason for 

the lack of clinical cases in Mexico is not clear. When compare results from Mexico with 

Argentina, a possible explanation could be the low prevalence in Mexican cattle, to 

explain the low incidence of disease in humans by E. coli O157:H7. However this low 

prevalence in humans could be due to an ineffective surveillance system or immunity in 

the population to these pathogens, but the answer is uncertain. However, due to the lack 

of scientific information, research cannot rush to say that E. coli O157:H7 is not 

important in Mexico because epidemiological data is unavailable. What needs to be 

considered is that Mexico is playing an important role in the food trade, and has to 

comply with the food safety specifications and regulations, because the population in 

other countries and in Mexico could be susceptible to suffer food-borne diseases due to 

E. coli O157:H7.  
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With regards to Salmonella, one of the important issues for the importation of 

Salmonella contaminated products is the emergence of a subsequent persistence of new 

serovars in the human population on a national scale, or genetic transfer of virulent 

factors among different serotypes. The growing importance of the international food trade 

among countries with widely differing levels of hygiene in agricultural and food 

processing industries has created a health concern for the countries involved. These 

health concerns are complex due to the different issues related to political factors.  

It’s essential, in order to participate in the food trade market, to assure that the 

food products imported or exported from different countries are in compliance with the 

food safety regulations required by the CODEX. In the case of Mexico, implications for 

food safety and public health are serious and are complicated due to the nature of beef 

marketing in Mexico. In Mexico, beef is produced under two types of production 

systems, slaughter plants classified as Rastro municipal and slaughter plants under TIF 

certification. Federal Inspection Type standards in Mexico ensure the safety of meat 

products prepared in establishments holding the TIF certification. A product bearing the 

seal of TIF is a product that was produced under official supervision and guarantees it to 

meet quality control, sanitation and hygiene standards during processing. Non-TIF plants 

are not required to comply with the same level of food safety regulations.  

The low prevalence of Salmonella and E. coli 0157:H7 in the chilled carcasses in 

this study was the result of the compliance with food safety regulations in the plant in this 

study; however the situation could be totally different in the case of non-TIF plants. If the 

burden of Salmonella and E. coli O157 is high in animals scarified in a non-TIF plant, the 
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pathogen loads may overwhelm the processing line and the post harvest interventions at 

the plant. If there are no pathogen reduction interventions in place, there could be very 

negative food safety consequences for the beef produced, because during the process a 

high spread of Salmonella or E. coli O157 could happen and it could instigate a high 

prevalence of these pathogens in the chilled carcasses. That is consistent with the report 

of Ceniceros Buendía, et al., 2010, that reported a prevalence of 23.3% for E. coli O157 

in carcasses before chilling in a non-TIF plant (11). This situation could worsen 

depending on the final destination of these carcasses; for example, if they were processed 

by the plant for subprimals, or if they are introduced to the international markets or other 

national markets. In the national market, there are also some areas, the supermarkets, 

where all food safety regulations are followed, such as refrigeration and proper handling 

of food. The street markets or tiangis, where food safety regulations are not followed 

regularly and where the meat is sold to buyers where it has hung outside for hours. This 

break in the cooling chain may allow the bacteria present on the meat to multiply faster 

and become a threat to public health (21). If the meat comes from a non-TIF plant the 

risks could be higher than the risks from TIF plants.  

The results found in this research may be used to create a pathogen baseline; 

however, more research is needed in different regions of the country in order to have a 

representative pathogen baseline and to find answers about seasonality, prevalence, and 

other possible risk factors. This information is important for the industry and the 

government, and can be used to develop additional criteria and standards in the future to 

implement pre and post harvest interventions and to evaluate trends in bacteria 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 95  
 

prevalence. It can also be used by food processors in assessing the effectiveness of their 

processes and to comply with SSOP, GMP and HACCP.   

With regards to beef exported from Mexico, during the sampling period spent in 

Mexico, taking samples in a TIF plant, and doing worshops in other TIF plants, was 

appreciated that the TIF plants are making an effort to improve their food safety, and 

have opened the door to the international cooperation. They also recognize the 

importance of improving food safety. It is necessary and convienent for the 

participating countries in food trade to provide safe food to domestic and international 

consumers, in this case Mexico and the U.S.   
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CHAPTER IV 

OBJECTIVE II 

 

Introduction 
 

The microbial contamination of food through food-borne pathogens, toxins, 

chemicals and environmental contaminants can cause serious health and trade problems 

in international food trade (36). Two institutions provide multilateral venues where 

countries can discuss food safety measures at the international level. These institutions 

are CODEX (Alimentarius Commission) and the WTO. CODEX activities focus on food 

safety and the role of protecting human health, while the WTO focuses on the effects of 

food safety measures. The link between the activities of these two organizations, is the 

agreement on the application of the Sanitary and Phytosanitary Measures (the SPS 

Agreement) (32). 

The CODEX, a joint body of the FAO and WHO, develop food standards, 

guidelines and related documents, such as codes of practice to protect the health of 

consumers and to ensure fair trade practices in the food trade. The CODEX develops 

these standards based on scientific information relevant for each country, however one of 

the difficulties that the CODEX faces is that, most of the time, it is obligated to work on 

the basis of insufficient data from developing countries. In order to address this lack of 

data, FAO and WHO are in charge of seeking ways in which to find data in developing 
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countries and to directly contact governments and other potential data providers, in order 

to collect and facilitate the submission of data (32).  

Enteropathogenic E. coli are types of E. coli that can cause severe human disease, 

including bloody diarrhea and HUS with the latter being life threatening. 

Enterohemorragic E. coli comprises a different serogroup and belongs to the EPEC E. 

coli group. A large group of different EHEC serogroups, have been isolated from human 

cases of bloody diarrhea, and HUS. O157:H7 is the serogroup most often associated with 

EHEC infections in the U.S. and Canada (1, 28, 50). Infections due to this pathogen have 

been reported also in other countries such as Argentina, Japan and the United Kingdom.  

In comparison, in Latin America there is little scientific research published in per-review 

papers to determine the prevalence of E. coli O157:O157 in dairy beef or dual-purpose 

herds. E. coli (EHEC) non –O157:H7 infections are more common than E. coli O157:H7, 

however due to a lack of information, the real prevalence cannot be accurately estimated.  

According to Montville and Matthews., (2008), in Continental Europe, Australia 

and Latin America, non-O157 EHEC infections are more common than E. coli O157:H7 

infections. (45). In Argentina, studies in children with HUS have identified E. coli 

O157:H7 serotype as the most prevalent (24). 

The majority of human infections are due to E. coli O157:H7 and are associated 

with the ingestion of undercooked, contaminated beef, water, or raw milk (6, 18, 37, 43). 

Enterohaemorrhagic E.coli O157:H7 strains are carried primarily by healthy cattle and 

other ruminants, however cattle have been identified as a major reservoir of E. coli 

O157:H7 (15). Animals, as well as their environment, may serve as a reservoir of EHEC. 
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Cattle are generally asymptomatic carriers, shedding the pathogen through their feces, 

thus spreading the bacteria among cattle herds and the environment. The consumption of 

food products, of bovine origin, has been associated with some of the largest outbreaks 

attributed to E. coli O157 (41, 53). 

Shedding of EHEC in cattle appears to be widespread, but sporadic (42). Others 

have shown that EHEC shedding has a seasonal pattern (25, 29). In the U.S. and the U.K, 

the fecal shedding of E. coli O157:H7 has been reported to be low in winter, increasing in 

the spring and reaching a peak during summer, then tapering off in late autumn to low 

levels in winter (15, 30). Determining if E. coli O157:H7 is present in Mexican feed 

yards, and if animal shedding has a seasonal pattern, is the first step in undertaking a risk 

analysis and in designing preventive measures, providing an opportunity to improve 

control strategies in order to prevent contamination of the carcasses during food 

processing.  

Research on the detection of E. coli O157:H7 is scarce in Mexico, however some 

literature available reported a low prevalence of E. coli O157:H7 pathogen in cattle 

feedlots and beef products (12, 14, 66). Information of clinical cases of HC and HUS are 

unavailable, however there are reports that point to E. coli non-O157 as the most 

prevalent diarrheagenic E. coli pathotype (35). 

There is only one report of an E. coli O157 outbreak in the Mexican Surveillance 

System, The Health Department of Canada was first to inform the Mexican authorities 

about an E. coli O157:H7 outbreak, where 8 cases of E. coli O157:H7 were confirmed in 

Canadian, and reports of U.S tourists that visited Quintana Roo beach in Cancun, Mexico 
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in December 2009 to February 2010. The implicated food was hamburgers, from a TIF 

plant in Chihuahua. The Mexican health authorities of the state (SESA) started an 

epidemiological investigation, however mistakes and lack of information during the 

investigation was reported. Personnel from the Federal DGAE and the COFEPRIS were 

in charge of the outbreak investigation. The Canadian and the U.S governments were 

about to issue a risk alert bulletin warning their citizens about visiting Cancun. Fifty-four 

probable cases were reported, and from the 54, 8 cases were confirmed as E. coli 

O157:H7 (13). This outbreak was not detected by Mexican authorities and there is a 

possibility that other cases of outbreaks were overlooked.  

Epidemiological Surveillance in Mexico as well as health and public assistance 

are the responsibilities of the Government and the right to health protection is recognized 

as a constitutional guarantee. Two entities were created to accomplish this. The National 

Epidemiological Surveillance System (SINAVE) and the National Committee for the 

Epidemiological Surveillance (CONAVE).  SINAVE is a system that integrates 

information from around the country and all institutions of the National Health System 

(SNS). SINAVE generates information regarding morbidity and mortality and this 

information flows from 19,175 health attention units to the General Office of 

Epidemiology (DGEA), federal regulatory organ of SINAVE.  

The main body is CONAVE composed of representatives from all the federal 

institutions that belong to SNS. There are two more entities for epidemiological 

surveillance. At state level CEVE (state committee for state epidemiological surveillance) 
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and at the jurisdiction level COJUVES (Jurisdictional committees for epidemiological 

surveillance).  

The National Center for Epidemiological Surveillance and Disease Control 

(CENAVECE), through the DGEA is responsible for proposing the basis for the conduct 

of national policy in terms of epidemiological surveillance as well as regulating, 

operating, coordinating, monitoring and supervising the NSES.  

All the epidemiological information in Mexico is integrated through the 

Information System for Epidemiological Surveillance (SUIVE). It currently focuses on 

the supervision of 114 illnesses recognized as the most relevant health issues, among 

which are: cholera, typhoid and paratyphoid fever, shigellosis, viral hepatitis, amebiasis,  

and other gastrointestinal diseases. Information System for Epidemiological Surveillance 

has five components: a weekly notification system of new cases, the Hospital Network 

for Epidemiological Surveillance (RHOVE), Epidemiological and Statistical System for 

Mortality (SEED), the special systems for epidemiological surveillance and laboratory 

information system (SUILAB) (54). 

Another important food-borne pathogen is Salmonella. The ubiquity of 

Salmonellae in the natural environment and in various sectors of the agri-food industry, 

underwrites the prominence of these pathogens in the global food chain and their 

importance as a human food-borne disease agent (17) 

Non-typhoid Salmonella continues to figure prominently in many national 

epidemiological registries as the leading cause of bacterial food-borne disease (17). In the 

U.S., Salmonella strains frequently cause food-borne disease outbreaks and it is estimated 
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that of the 1.4 million Salmonella infections that occur every year, most are in children 

and the elderly, and approximately 600 are fatal. Septicemia cases are involved in at least 

7% of the 40,000 culture-confirmed infections that are reported each year (39). In 2009, 

the number of reported infections and incidences per 100,000 population, in the U.S. for 

Salmonella, was 7,039 (15.19) (44).  

In the U.S., the USDA’S National Animal Health Monitoring System (NAHMS) 

Salmonella Feedlot Study in 1999, conducted a study in 73 feedlots over a one-year 

period. Overall, 6.3% of fecal samples were positive for Salmonella. The percentage of 

positive culture samples collected within a pen ranged from 0.0% to 100%. The largest 

percentage of positive samples, 11.4% occurred during the period from July through 

September. For the other periods, the Salmonella prevalence was as follows: April-June 

6.8%, January-March 2.8% and October-December 4.0%. They also reported that the 

percentage of samples positive for Salmonella differed by the geographic region. Samples 

from Southern operations were more likely to test positive (7.7%) than samples from 

Northern operations (4.8%). Northern regions comprised Idaho, Iowa, Kansas, Nebraska, 

South Dakota and Washington, while the Southern region included California, Colorado, 

New Mexico, Oklahoma and Texas (63). 

In Mexico, for the period of 1993 to 2002, a total of 633 outbreaks were reported, 

with a total of 7,315 people sick due to specific agents. Salmonella accounted for 2,409 

cases of illness (33.4%) and 2 deaths (3.08%) (46), however it is important to consider 

that those numbers are probably underestimated, due to the inadequate surveillance 
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systems and because the burden of food-borne diseases is not fully understood by policy 

makers (61). 

The primary habitat for Salmonella spp. is the intestinal tract of animals and it can 

colonize in a wide range of hosts, such as birds, reptiles, farm animals, humans and 

occasionally insects. The organism is excreted in feces, which then may be transmitted by 

insects and/or other living creatures to a large numbers of places. It may also be found in 

water, especially polluted water (Jay, 2005). Livestock species can become colonized 

asymptomatically and eventually produce contaminated meat and other contaminated 

food products (Newel et al., 2010).  

Escherichia coli O157 and Salmonella have been isolated from beef and dairy 

cattle in all stages of production and although shedding is intermittent and can be difficult 

to detect, these bacteria appear widespread throughout the bovine populations (20, 22, 

26). The prevalence of E. coli O157:H7 contamination on bovine carcass surfaces at 

slaughter is correlated with the fecal prevalence in live cattle before slaughter and with 

hide contamination (5, 11, 20). Beef carcass contamination with pathogens such as E. coli 

O157:H7 and Salmonella has been the subject of research and intervention development 

for over twenty years. These investigations have allowed important improvements 

through the reduction of pathogenic bacteria loads on the cattle (hide, gastrointestinal 

tract) and their transfer during slaughter and processing (4, 8, 10, 52, 58-60). In spite of 

these advances, the contamination by E. coli O157:H7 and Salmonella of red meat still 

occurs, resulting in outbreaks and productivity losses (4).  
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Mexico is a major participant in the international agricultural trade. In the broad 

category of agri-food products (agriculture, livestock, hunting, fishing, food, beverages, 

and tobacco), Mexico's total exports (to all countries) approached $15.2 billion in 2009. 

Corresponding imports in 2009 totaled about $18.9 billion. The U.S. is Mexico's largest 

agri-food trading partner, purchasing 76.0% of all Mexican exports and supplying 73.0% 

of the country's imports in this category (21). 

For the period of 1993 to 2002, a total of 633 outbreaks were reported in Mexico, 

with a total of 7,315 people ill from specific agents and bacteria caused 35.86% of the 

outbreaks. Salmonella accounted for 2,409 cases of illness (33.4%) and 2 deaths (3.08%) 

(46). Escherichia coli outbreaks due to the serotype O157:H7 have not been reported so 

far (46, 49). 

Research conducted in Mexico during the period 1980 to 1989 confirmed 79 

outbreaks of which 59 (73.0%) were positive. Twenty four percent of these outbreaks 

occurred in meetings, 10.3% in schools or childcare, 8.6% in restaurants and 8.6% in 

hospitals. The main microorganism involved was Staphylococcus aureus, which caused 

48.2% of the incidents. Salmonella enterica caused 34% of outbreaks, with the serovar 

Typhimurium, which was isolated on more occasions. Foods involved were: cheese 

29.3%, cakes 15.5%, cooked meat 15.1%, milk 13.8 %, fish and seafood 7.0 % (48).  

The prevalence of Salmonella and E. coli O157:H7 at pre-harvest and post-

harvest levels, in feedlot cattle within Mexico, is scarce. To reduce pathogen incidence in 

food the controls have to range from the farm to the table. Control at the farm through 

management strategies may prevent or reduce contamination of foods in the food chain. 
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Implementing such control measures requires baseline data on the prevalence. More 

research is needed in order to establish pathogen baselines so that interventions can be 

implemented throughout the process, and thereby improve food safety. Another important 

contribution will be data generated through international organizations such as OMS and 

CODEX (Alimentarius Commission). 

Despite the limited information available regarding food-borne pathogens in 

Mexico, the research consulted in this review, clearly establishes the importance of 

Salmonella and pathogenic E. coli as important etiological agents of diarrhea in Mexico, 

and their presence at different points in the food chain.  

Livestock animals can act as asymptomatic carriers for food-borne pathogens, 

including Salmonella and E. coli O157:H7. These pathogens represent a significant 

hazard to humans and a challenge to the food industry to control, reduce or eliminate 

these pathogens on food products (19). Beef products can become contaminated during 

the slaughter process. In order to reduce the contamination, abattoirs in the U.S., and 

some other countries, employ a variety of decontamination processes or interventions to 

reduce the microbial loads on the carcasses. Different research studies have implicated 

hides as the main source of pathogen contamination (2, 5, 7), however pathogenic 

bacteria species such as Salmonella and E. coli O157:H7 can be found in the 

gastrointestinal microbial population of food animals, thus being a source of 

contamination for the hides (34, 62). Because fecal shedding is correlated with the 

occurrence of carcass contamination (20), the status of live animals will determine the 

spread of the contamination during the harvest process. 
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Strategies focusing on the decrease of food-borne bacterial populations in live 

livestock animals at the farms or the abattoirs, before slaughter, could produce an 

important impact in the reduction of food-borne pathogens in the food chain and 

therefore produce a significant reduction in human exposure (62). 

The objectives of this study were to determine seasonal effects on the occurrence 

of Salmonella and E. coli O157:H7 in beef cattle and their impact on different stages of 

processing beef in a TIF slaughterhouse located in the Eastern coast of Mexico. 

 

Materials and Methods 

 

Sample Collection 

 

Samples were collected at different locations along the production and processing 

lines at a vertically integrated feedlot and at the slaughter plant under Federal Inspection 

Type (TIF) certification in Mexico. Federal Inspection Type standards in Mexico ensure 

the safety of meat products prepared in establishments holding the TIF certification. A 

product bearing the seal of TIF certification is a product certification that was produced 

under official supervision and guarantees to have met the quality controls, sanitation and 

hygiene during processing. 

At the feedlot (FL), animals were raised specifically for beef production, using a 

diet of grains, hay, molasses, and spent distiller’s grains. The slaughter facility primarily 

slaughter zebu-type crossbred young bulls from their own feed yards, however bulls and 
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dairy cattle, that are no longer required for milk production, were also slaughtered at the 

plant, and these animals generally came from farms outside of the vertical operation.  

Sampling was conducted during July and December of 2009, and April, August 

and December of 2010. The months of June-July are the hottest and most humid months 

in Mexico. 

 

Fecal Samples 

 

At the feed yards, fresh fecal pat samples were collected from animals that were 

shipped to the harvest facility. Approximately 40 g of fecal sample were taken from each 

fresh fecal pat using plastic spoons. Each sample was placed aseptically into a labeled 

sterile plastic container; each container was closed tightly, and placed into an ice chest. 

In the lairage area, fecal samples were taken in the same way described above at 

the feed yards. The lairage area, or holding pens (HP), consisted of areas encountered by 

the animals from the time of unloading from the trucks, to the stunning event. 

Additionally, water samples were taken in the holding pen area. The samples were 

collected directly from the hoof bath that the animals had to go through with the objective 

of washing their legs before being slaughtered. The bath has an approximate area of 11.7 

m2, with a depth of approximately of 15 to 18 cm. 

At the harvest facility, intestinal feces samples were collected after evisceration 

from each tagged carcass and the entire gastrointestinal tract was tagged and followed up 

to the viscera room. In the viscera room, the recto-colon portion of the intestines was cut 
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and approximately 40 g of feces were taken and placed aseptically in a labeled sterile 

plastic container and then each container was closed tightly. All fecal samples were 

placed in a cooler.  

 

Hide and Carcass Samples 

 

At the harvest facility, after animals were stunned, bled and placed onto the rail 

system, the carcass was selected; the sample from each hide was obtained and was tagged 

after hide removal so that the samples were matched from the hide through all the other 

processing steps. The carcass samples were taken consecutively. 

Carcasses were collected at each step of the slaughter process, after de-hiding at pre-

evisceration, at pre-cooler, just prior to entering the hot box, and after 24 h of dry chilling 

in the coolers. 

The animals were randomly selected, and composite samples were taken from 

three anatomical carcass sites: inside round, hind shank and fore shank. Hide and carcass 

samples at the 3 anatomical locations were obtained using Spongesicle® 3M moisture 

with 10 ml of buffered peptone water (BPW), (Difco® Laboratories, Sparks, Md). 

Sponges were wrung out inside the bags and then removed from the bags and used to 

swab the surface on the hides or carcasses. Approximately a 1000cm2 area of the hide 

was collected from the perineum area, and approximately a 250cm2 area was collected 

from each of the fore shanks and hind shanks. One sample consisted of approximately 5 

vertical and five horizontal passes. To facilitate the sampling, two sponges were used for 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 114  
 

each carcass, one sponge was used for the inside round and hind shanks and the other 

sponge was used for the fore shanks. Later these two sponge samples from the same 

carcass, were combined into one sample bag in the laboratory thus obtaining composite 

samples. The fore shanks, hind shanks and inside round areas were selected for sampling 

in this study because those areas had been reported as heavily contaminated (51). 

All samples were transported by the sampling team in coolers containing ice 

packs to the microbiology laboratory, Experimental Sciences Building at Texas Tech 

University. The time the samples remained in the coolers on their way from Mexico to 

the U.S. was approximately 24 to 48 hours. 

 

Microbial Analysis 

 

Upon arrival at the laboratory, the samples were processed in isolation for two 

pathogenic bacteria: Salmonella and E. coli O157:H7. 

 

Salmonella Detection 

 

Fecal sample enrichment: Approximately 1.0 g ± 0.1 g of feces from the different 

sampling locations (feedlot (F), holding pen (HP) and intestinal feces (IF)) were placed 

into 9 ml of Rappaport-Vassiliadis (RV) broth (EMD, Darmstadt, Germany) and 9-ml of 

tetrathionate (TT) broth (Difco®, Sparks, MD) with novobiocin (20 mg/Liter) and 
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brilliant green (10 ml/Liter of 0.1% solution); (Sigma®, St. Louis, MO). After 

enrichment, each tube was vortexed thoroughly and then incubated at 42 ± 2°C for 24 h. 

Hide sample enrichment: Each spongesicle bag was homogenized for 30 s using a 

stomacher (Stomacher®400), then 1-ml of sample from each bag was aseptically 

transferred into a 9 ml tube of TT and RV. After enrichment, each tube was vortexed 

thoroughly and then incubated at 42 ± 2 °C for 24 h.  After incubation was finished, each 

tube was vortexed thoroughly, and each tube was streaked for isolation onto XLT4 agar 

(Difco® Becton, Dickinson and Company, Sparks, MD). Inoculated XLT4 were 

incubated at 35 ± 2°C for 24 h.  Several colonies were chosen from the same 

enrichment/plating combination to meet the goal of 3 isolates from each fecal sample.  

When possible, colonies of diverse size and morphology were chosen (but all with H2S 

production). Presumptive positive colonies from XLT4 plates were tested with a 

Salmonella latex agglutination kit (Oxoid®, Hants, UK).  If the colony tested positive 

then it was used to inoculate 9-ml of tryptic soy broth or BHI (Bacto® Becton, Dickinson 

and Company, Sparks, MD) with 10 % glycerol (EMD®, Darmstadt, Germany).  Up to 3 

isolates were saved from each fecal sample.  The inoculated tubes were incubated at 35 ± 

2°C for 24 h.  From each incubated tube, two 1-ml aliquots were placed into 1.5-ml 

centrifuge tubes and stored in a -80°C freezer.  Also, from each tube, two brain heart 

infusion (BHI) agar slants were inoculated.  They were incubated at 35 ± 2°C for 24 h.  

One set of the isolates on BHI slants was tested for antibiotic resistance and the other set 

was sent to an outside diagnostic laboratory for serotyping. 
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Escherichia coli O157:H7 Detection 

 

Immunomagnetic separation (IMS) was used to isolate E. coli O157:H7 from 

fecal and hide samples. Immunomagnetic separation (IMS) was used to isolate E. coli 

O157:H7 from fecal and hide samples. Approximately 1 g of the fecal sample was diluted 

in 9 ml Gram-negative broth supplemented with novobiocin (20 mg/Liter) (Sigma®, St. 

Louis, MO); (GNVCC) (10:1 dilution). After enrichment, each tube was vortexed 

thoroughly and then incubated for 6±1 h at 37°C. 

For hides, each spongesicle bag was homogenized for 30 s using a stomacher 

(Stomacher®400), then a 1-ml sample from each bag was aseptically transferred into 9 ml 

of GNVCC. After enrichment, each tube was vortexed thoroughly and then incubated for 

6±1 at 37°C. After the 6±1 h incubation period, IMS was performed with Dynabeads 

using the BeadRetrievertm instrument following the manufacturer’s recommendations.  

Escherichia. coli O157:H7 cells were subjected to IMS by mixing 1-ml of the culture 

above, with 20 µl of anti-O157 beads (Dynal, Lake Success, NY). Beads were washed 

three times in PBS-Tween 20, and 50 µl of the bead-bacteria mixture of E. coliO157 

beads was spread onto Chromagar plates.  Plates were incubated at 37°C overnight. From 

each Chromagar all morphologically different colonies were tested against O157 

serogroup-specific antisera by a slide agglutination test (DrySpot, Oxoid®).  Final 

confirmation was performed by PCR analysis for the O157 serotype using Dupont BAX 

system (Dupont Qualicon, Wilmington, DE).  
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The carcass samples were enriched in modified Tryptic Soy Broth (mTSB) 

(Difco® Becton, Dickinson and Company, Sparks, MD) to detect for E. coli O157 and in 

TSB (Difco® Becton, Dickinson and Company, Sparks, MD) for Salmonella detection. 

Each spongesicle bag was homogenized for 30 s using a stomacher (Stomacher®400), 

then 1-ml of sample from each bag was aseptically transferred into 9-ml of mTSB (20 

mg/Liter); (Sigma®, St. Louis, MO) or TSB, each tube was vortexed thoroughly and then 

incubated for 14 h at 37°C and 24 h at 37°C respectively. After enrichment, E. coliO157 

and Salmonella were detected using the AOAC approved BAX® detection unit (DuPont 

Qualicon, Wilmington, DE) BAX according to the manufacturer’s published procedures.  

 

Serotyping 

 

A percentage of isolates analyzed by agglutination test and PCR Bax, were 

confirmed as Salmonella and serotyping by the Salmonella Reference Center at the 

University of Pennsylvania. The isolated strains were prepared and sent as follows: the 

frozen samples were inoculated in TSB broth and allowed to grow for 24 h at 37°C, then 

each tube was inoculated in micro-centrifuge tubes containing trypticase soy agar (TSA) 

and allowed to grow for 24 h at 37°C. Once the growth was confirmed, the samples were 

packed safely into an insulated box with ice packs and sent by FedEx overnight. The 

samples were delivered in approximately 24 h. 
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Statistical Analyses 

 

Data was entered into an electronic spreadsheet and a sample was considered 

positive if Salmonella or E. coli O157 was detected or recovered depending on the 

microbiological analyses performed. Data was imported into a commercially available 

software package for exploration and analyses (SAS V 9.2, SAS Institute Inc., Cary, 

N.C). Frequency tables were generated to provide an initial exploration of unadjusted 

point estimates. Generalized linear models were constructed to explore relationships 

between the response variable and various independent variables. Where evidence of 

over-dispersion existed, the data was scaled using an over-dispersion parameter.  

Risk factors were analyzed using logistic regression models (SAS, proc logistic). 

The selection adds or removes a covariate to the model based on the χ2 score considering 

a significance level of P < 0.05. The selection process terminates if no further covariate 

can be added to the model or the covariate admitted is the only one excluded in the 

subsequent step (55).  

 

Results and Discussion  

 

E. coli O157:H7 Prevalence 

 

Escherichia coli O157 was isolated from 57 of 1,639 (3.48%) samples tested. The 

overall prevalence from each location was as follows: feedlot (FL): 2.65% (5/189), 
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holding pen (HP): 2% (4/200), intestinal feces (IF): 5.2% (13/250), hide: 12.4% (31/250), 

pre-evisceration (PE): 0.8% (2/250), pre-cooler: 0.4% (1/250) and cooler 0.4% (1/250).  

The data on prevalence of Escherichia coli O157 reported by other authors in beef 

cattle in the U.S. varies, 0.3% to 19.5% (31), 11% (64) 12% (9), 15.7 % (20),  and 23% 

(56). In other countries, such as Ireland, the prevalence is lower, 2.4% (38). In Australia, 

in dairy herds, the prevalence is similar to the prevalence reported in the U.S.  11.2% 

(16), however dairy herds in the U.S. reported a lower prevalence 4.3% (40) 

Based on the data above, the E. coli O157:H7 prevalence in Mexican feed yards 

could be considered low on average (5.2%), however if we look at the individual 

prevalence by date, in August the intestinal feces have an E. coli O157:H7 prevalence of 

18%, and could be considered as slightly high, highlighting a possible intermittence in E. 

coli O157:H7 shedding. 

Figure 2.1 shows the overall E. coli O157:H7 prevalence by season. Spring 

season included the samples taken in April 2010, summer includes the samples taken in 

July 2009 and August 2010, and winter includes December 2009 and December 2010. E. 

coli O157:H7 was recovered mainly in the summer, 6.8% (43/632), followed by winter 

1.79% (12/670), however in spring all the samples at the feedlot and at the slaughter plant 

tested negative.  

 



 

 
 

Figure 2.1. E. coli O157 
IF, HP, PE, PC and cooler) expressed in percentage for the different seasons. The 

samples dates were designate
summer includes July 2009 and August 2010, and winter includes December 2009 and 

 

Table 2.1 shows E. coli

feed yard and slaughter facility.  July 2009 was the month when more positive samples 

were recovered. Forty-two percent (21/50) of the hide samples tested positive for 

O157:H7, although in fec

only in July, the samples from the carcasses tested positive, PE 4.0%, PC 2.0% and 

cooler 2.0%. In August 2010, 10.0% of hide samples tested positive, interestedly HP and 

IF showed a prevalence of 5.0% and 18.0% respectively, however this prevalence did not 

result in a high load of contamination of the hides.
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O157 average prevalence of all samples at the different locations (FL, 
IF, HP, PE, PC and cooler) expressed in percentage for the different seasons. The 

designated as follows for each season: spring includes April 2010, 
summer includes July 2009 and August 2010, and winter includes December 2009 and 

December 2010. P < 0.05. 

Table 2.1 shows E. coli O157 individual prevalence by date of sampling at the 

feed yard and slaughter facility.  July 2009 was the month when more positive samples 

two percent (21/50) of the hide samples tested positive for 

O157:H7, although in fecal samples, only IF showed positive results (4%). Additionally, 

only in July, the samples from the carcasses tested positive, PE 4.0%, PC 2.0% and 

cooler 2.0%. In August 2010, 10.0% of hide samples tested positive, interestedly HP and 

e of 5.0% and 18.0% respectively, however this prevalence did not 

result in a high load of contamination of the hides. 
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In April all samples tested for E. coli O157:H7 were negative. In December 2009, 

the overall prevalence was 1.25% and in December 2010, it was 8.0%. Between these 

two months the percentage of positive samples for HP was similar at 2.4% and 2.0% 

respectively, however for FL, IF and hides the prevalence varies slightly.  
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It has been reported by several authors that 

during the summer and early fall months 

present in low levels and the prevalence can decline to zero during the winter months 

50). The E. coli O157:H7 prevalence in this research showed a tendency to be higher in 

summer months; however it is important to consider that the statistical differences found 

by season, is due principally to the high prevalence observed in hides in July. When the 

model was adjusted assessing the dispersion of the data, there were no significant 

differences by season. The high prevalence found on hides could be due to cross 

contamination among animals during transportation, at holding pens or after the animals 

were through the hoof bath. From the two animals positives for

only one was positive on the hide, the other 20 positive animals on hides were negative in 

IF, and all positive carcasses at PE, PC and the cooler came from animals that tested 

positive on hides. Cattle with positive hides were in clusters, indicating possible cross 

contamination during the slaughter process (Figure 2.2).

 

Figure 2.2 Distribution of 
tagged (1-50)  animals sampled the mon

subsequent contamination  in clusters of the hides and carcasses at the different points of the 
slaughter process: PE (pre
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It has been reported by several authors that E. coli O157:H7 prevalence increases 

during the summer and early fall months (15, 20, 65). At other times of the year, it is 

present in low levels and the prevalence can decline to zero during the winter months 

O157:H7 prevalence in this research showed a tendency to be higher in 

summer months; however it is important to consider that the statistical differences found 

by season, is due principally to the high prevalence observed in hides in July. When the 

was adjusted assessing the dispersion of the data, there were no significant 

differences by season. The high prevalence found on hides could be due to cross 

contamination among animals during transportation, at holding pens or after the animals 

h the hoof bath. From the two animals positives for E. coli

only one was positive on the hide, the other 20 positive animals on hides were negative in 

IF, and all positive carcasses at PE, PC and the cooler came from animals that tested 

tive on hides. Cattle with positive hides were in clusters, indicating possible cross 

contamination during the slaughter process (Figure 2.2). 

Distribution of E. coli O157:H7 positive samples showing the
50)  animals sampled the month of July, at IF (intestinal feces) and the

subsequent contamination  in clusters of the hides and carcasses at the different points of the 
slaughter process: PE (pre-evisceration), PC (pre-cooler) and cooler

Claudia Alejandra Narvaez Bravo, August 2011 

O157:H7 prevalence increases 

. At other times of the year, it is 

present in low levels and the prevalence can decline to zero during the winter months (20, 

O157:H7 prevalence in this research showed a tendency to be higher in 

summer months; however it is important to consider that the statistical differences found 

by season, is due principally to the high prevalence observed in hides in July. When the 

was adjusted assessing the dispersion of the data, there were no significant 

differences by season. The high prevalence found on hides could be due to cross 

contamination among animals during transportation, at holding pens or after the animals 

E. coli O157:H7 at IF, 

only one was positive on the hide, the other 20 positive animals on hides were negative in 

IF, and all positive carcasses at PE, PC and the cooler came from animals that tested 

tive on hides. Cattle with positive hides were in clusters, indicating possible cross 

 

showing the 
th of July, at IF (intestinal feces) and the 

subsequent contamination  in clusters of the hides and carcasses at the different points of the 
cooler) and cooler. 
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Additionally, it is important to consider that all of the data regarding the seasonal 

prevalence of E. coli O157:H7 has been done in countries with four well-defined seasons.  

In Argentina, Fernandez et al., (2009) studied the seasonal variation of shiga toxin 

encoding genes and the presence of E. coli O157:H7 in cattle in five dairy farms. They 

found that in the warm season stx1+stx2 increased and st1 decreased.  Escherichia coli 

O157:H7 prevalence was low, 0.2% in cows and 0.8% in calves (25). The technique used 

in this research to recover E. coli O157:H7 could be limiting the detection.  

Mexico does not have four well-defined seasons, as observed in the U.S., Canada 

or Europe. The Tropic of Cancer effectively divides the country into temperate and 

tropical zones. Land north of the twenty-fourth parallel, experiences cooler temperatures 

during the winter months. South of the twenty-fourth parallel, temperatures are fairly 

constant year round and vary solely as a function of elevation. The climate is usually hot 

and humid along the Pacific and Atlantic coasts, and warm but dry in the rest of the 

country. Overall, this is a tropical climate with temperatures ranging between 18°C to 29 

°C. Along the Mexican Eastern Coast, most of the territory is tropical, so the summer is 

hot and humid and average annual temperature is 25°C. Table 2.2. shows the temperature 

and precipitation averages in the region during the sample dates. Temperatures show 

small variation, the highest in the months of July and August and lowest on December. 

The Eastern region experienced an unusually dry season in July 2009, with a precipitation 
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of 10 mm, while in August 2010, it was more than 59 mm. December for both years was 

dry, with almost no precipitation.  If relate the seasons with E. coli O157:H7 prevalence  

 

 
Table 2.2. Average of precipitation and temperatures measures during  sampling months 
 
Month Temperature Max (°C) Temperature Min (°C) Precipitation (mm) 
July 09 32.4 24.4 10.3 
Dec 09 26.3 19.5 0.3 
Apr 10 30.1 22.9 22.4 
Aug 10 32.3 24.5 59.0 
Dec 10 27.4 18.6 0.0 
Source: Ing. Othón Cervantes Sánchez. National Climatic Data Bank. SMN. México 
2011 
 

and what was found by other research, could be expected a high prevalence most of the 

year, but that is not the case. A variation in prevalence can be seen in fecal samples at the 

different sampling times. Interestingly, in July when the hide prevalence was higher 

(42%) the prevalence at the Fl and HP was negative and only 4% of the animals carried 

E. coli O157:H7. The prevalence of E. coli O157:H7 contamination on bovine carcass 

surfaces at slaughter is correlated with the fecal prevalence in live cattle before slaughter 

and with hide contamination (5, 11, 20). The data shows a relationship between hide 

contamination and carcass contamination with July being the only sampling time where 

E. coli O157 was detected in carcasses, however there is no explanation for the zero 

prevalence at FL and HP. Obviously, animals can be asymptomatic carriers of E. coli 

O157:H7, as the positive samples of IF show, and we also observed a high prevalence in 

IF during August (18%), but low in hides in the same month. Other authors mention 
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some relationship with temperature; however data from this research did not show an 

apparent relationship between temperature and rainfall. For example, more contamination 

would be expected on hides during those months with more rainfall, due to accumulation 

of water that may facilitate the spread of manure and dirt on animal hides, however this 

was not observed in this data. In July 2009, there was a high contamination on hides, and 

the precipitation was scarce, as there was a drought. In contrast, April was slightly cooler 

(2.0°C of difference, below) than July, but the precipitation was higher (22.4 mm), 

however all samples were negative during this month. The animals in this study shed 

more E. coli O157:H7 fecally in August (18.0%) followed by December. 

The temperatures in the Mexican eastern region are not extreme as in the U.S. 

They are similar throughout the year.  There is no doubt that other factors must play a 

role in the epidemiology of E. coli O157:H7, such as intermittent shedding, age, diet, 

management of the animals, cross contamination, vectors, among others, and climate 

could be related somehow.   

 
Salmonella Prevalence  

 
 

Salmonella was isolated from 836 of 1,639 (51%) samples tested. The overall 

prevalence breaks down as follows: FL, 55.56% (105/189), HP, 91.0 % (91/200), IF 

46.8% (117/250), hides: 92.4% (231/250), PE, 49.6% (124/250), PC, 24.8% (62/250) and 

cooler 6.0% (15/250). 



 

 
 

Figure 2.3. shows the overall 
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Figure 2.3. shows the overall Salmonella prevalence by season. The spring season 

includes the samples taken in April 2010, summer includes the samples taken in July 

2009 and August 2010, and winter includes December 2009 and December 2010. 

was recovered in all of the seasons with significant variations 

Average of Salmonella prevalence of all samples at the different locations 
(FL, IF, HP, PE, PC and cooler) expressed in percentage for the different seasons. The 

dates were designated as follows for each season: spring includes April 2010, 
summer includes July 2009 and August 2010, and winter includes December 2009 and 

December 2010. P < 0.05. 

the percentages being as follows: spring 59.7% (200/235), summer 53.64% (339/632) and 
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prevalence by season. The spring season 

includes the samples taken in April 2010, summer includes the samples taken in July 

2009 and August 2010, and winter includes December 2009 and December 2010. 

nificant variations (P < 0.0001),  

 

at the different locations 
e different seasons. The 

for each season: spring includes April 2010, 
summer includes July 2009 and August 2010, and winter includes December 2009 and 

the percentages being as follows: spring 59.7% (200/235), summer 53.64% (339/632) and 

44.2
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Table 2.3. shows the Salmonella prevalence at the feedlot and slaughter facilities 

by sampling date. Samples prevalence range from 100% through 59.0%, the highest 

prevalence being (100%) during the month of July and the lowest (33.0%) during 

December. At the holding pen areas the variation ranges from 91.7% in July, the highest, 

to 87.5% in August being the lowest prevalence. However, the Salmonella shedding 

(intestinal feces) showed a large variation. The occurrence ranged from 86.0% in July to 

26.0% in August and December. Other research has reported different prevalence 

percentages in fecal samples at different locations. In one study Salmonella prevalence 

was 48.0% for holding pens, and 16.0% for intestinal feces (23), while other authors 

reported a smaller prevalence in intestinal feces  of 1.9% (3), at feed lot 33.9% and 34.2% 

for fecal samples.  

The hide prevalence was high during all sampling dates, and decreased 

numerically (70.0%) in August, however for intestinal feces, it is clear that the highest 

shedding occurs in July (86.0%) and the lowest in August-December (26.0%). It isn’t 

clear why this variation occurred. 

A cross-sectional study conducted in the Southern High Plains of the U.S., 

collected samples from hides and fecal samples in an abattoir and at feedlots. The 

facilities were visited four times over a twelve-month period. Results showed no 

significance statistical variation in Salmonella enterica prevalence from season to season 

(33). Other studies conducted on dairy farms in Tennessee, showed that the occurrence of 

Salmonella varied significantly by site, from season to season and that as the seasonal 
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temperature increased, the occurrence of Salmonella generally increased in some sample 

sites (47).  A study conducted over a year, at three processing plants in the Midwest 

region of the U.S., showed a Salmonella prevalence on PE carcasses was higher in the 

summer (19.7%) and autumn (24.9%) than the winter (4.1%) and spring (3.0%) (5).  

When looking at the results by period, other studies have observed a variation in 

Salmonella prevalence range according to different sampling periods, from 20%, 52.6% 

to 30% (27). The USDA‘s National Animal Health Monitoring System (NAHMS) 

Feedlot 99’ study found that Salmonella occurrence differed by geographic region in 73 

feedlots. The largest percentage of positive samples for Salmonella occurred in the 

sampling period July to September (11.4%), followed by April to June (6.8%) and 

October to December (4%).The lowest prevalence occurred in the period January-March 

(2.8%). Also, the Salmonella occurrence at the feedlot showed variations according to the 

geographic region, with samples from Southern regions more likely to test positive than 

from the Northern regions (63).  

The prevalence observed on hides persists at relatively high rates during all five-

sample times, more than 60% positives. Similarly, the prevalence at the holding pens did 

not show important variations, remaining high (more than 80%) during all five samplings 

times. Statistical analysis showed differences by sampling dates, indicating a seasonal 

effect on Salmonella prevalence, however why this variation occurred is not clear. Table 

2.2. shows the average temperature and precipitation during the months where the 
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samples were collected. In general, can be seen similar temperatures through the year, 

with differences in precipitation, December being the driest month. 

 

In general the month of July was where most of the samples tested positive, 

including carcasses at PE (74.0%), PC (58.0%) and cooler (28.0%). Some authors 

reported a highest prevalence for Salmonella during the wet season (57), however there 

was not a clear effect on Salmonella prevalence due to rainfall or temperatures in this 

research. To illustrate this, analyzing the data of the variation of Salmonella loads on 

hides, it showed little variation during all the months, even when the rainfall was highest 

for the months of July ‘09 (10.3 mm) and April ‘10 (22.4), there were no differences in 

prevalence (100%, 98.0%) among these months and the dry ones, December ‘09 (0.3 

mm) and December ‘10 (0.0 mm) (100% and 94.0%, respectively). There is a difference 

in the prevalence on hides for Aug ’10. In this month the prevalence was lower (70%), in 

contrast the rainfall was the highest (59.0 mm) and the temperature was similar to the 

temperature in July. For fecal shedding in IF samples there were differences, decreasing 

from the first sampling to the last. When looking at temperature, the variation was slight, 

on the other hand the rainfall showed variations, however this variation apparently does 

not correlate with the wet season, differing from Sofos et al., (1998) observations. These 

results suggest the presence of other management or environmental factors, such as 

vectors, affecting the spread of Salmonella among herds. 
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Overall, in July, Salmonella prevalence was high for all samples, when compared 

with the rest of the months. The July average maximum and minimum temperature was 

32.1°C and 24.4°C respectively, the rainfall 10.3 mm; while in December the percentages 

of positives were lower than July. The temperatures in December ‘09 were maximum 

(26.3°C) and minimum (19.5°C), the rainfall was near zero (0.3 mm), and there was a 

decrease in the prevalence from some samples at PE was 48.0%, at PC 25.0% and at 

cooler 0.0%, however the hides have the same prevalence as July, 100%, even when 

prevalence on FL, HP and IF were lower than the prevalence in the month of July. This 

tendency to decrease in prevalence remained, and was more noticeable on carcasses at the 

cooler, where the prevalence was very low.   

A variation in prevalence in the carcasses for the months of December 2009 and 

December 2010 was evident. Although the prevalence at FL, HP, IF and hides were high 

in December 2009 and 2010, the contamination at PE, PC and cooler were different for 

PE and PC when comparing both years, Salmonella prevalence was higher in 2009 than 

in 2010. The probable reason for this decrease in Salmonella prevalence, was more than 

the effects of the seasons and was due to the implementation of post harvest 

interventions, such as the application of lactic acid and steam vacuum. 

These results have established reference data for Mexican food processors and the 

data can directly help food processors to evaluate their practices and if needed, 

implement changes at pre-harvest or/and post-harvest levels to improve carcass 

cleanness, and will supply plant managers and government agencies, responsible for food 
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safety regulations, with real data for this region of Mexico. It may also help to stimulate 

research in other regions of the country. More research is needed in order to establish 

factors affecting Salmonella and E. coli O157:H7 seasonal prevalence in Mexico, as well 

as other risk factors that may contribute to the spread of these pathogens. Finally, pre-

harvest interventions should be considered in order to reduce Salmonella and E. coli 

O157:H7 prevalence at feedlot levels. At slaughter plant levels, they may need to use 

additional interventions, such as hide wash cabinets, in order to reduce Salmonella and E. 

coli loads on the hides and thus reduce the risk of carcass contamination. 
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CHAPTER V 

OBJECTIVE III 

 
 

Introduction 
 
 

Developing countries are affected by a wide range of food-borne diseases, but due 

to the lack of epidemiological data, the role of food in the transmission of diseases has 

been poorly documented. Developing countries commonly document diseases with poor 

or non-existent systems (15, 24). Few developing countries have food-borne pathogen 

surveillance systems, and none of these systems integrate data for humans, foods and 

animals (27). The gravity of the situation can be appreciated in view of the high 

prevalence of diarrheal diseases in infants and children. The World Health Organization 

(WHO) has estimated that 1.5 billion episodes of diarrhea occur every year in developing 

countries, resulting in 3 million deaths among children less than 5 years of age, and that 

70% of diarrheal episodes are caused by biologically contaminated food (7). 

All Central and South American countries, as well as many Caribbean countries, 

have some type of system for notification of specific diseases; however, the systems are 

limited and may not report accurately. Diarrheal diseases in these regions are one of the 

main causes of death in young children. Amoebic dysentery, trichinosis, giardiasis, 

shigellosis, brucellosis, typhoid fever, E. coli and hepatitis infections are reported in Latin 

America and the Caribbean, and there is increasing evidence of links to food (Todd, 
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1997). Between 1995 and 2001, the Pan-American Institute for Food Protection and 

Zoonoses (INPPAZ) reported 5,283 outbreaks of food-borne disease in Latin American 

and the Caribbean, affecting 174,976 people and causing 275 deaths (11). 

In Mexico, between 1993 and 2002, there were reports of 63 food-borne 

outbreaks with 12,748 people affected. The causative agents were viral (41.35%), 

bacterial (35.86%), vegetal toxin (14.77%), chemical (5.91%) and seafood toxins 

(1.27%). The most frequently reported agents were: Salmonella sp, Escherichia coli and 

Shigella (19), however it is important to consider that those numbers are probably 

underestimated due to the inadequate surveillance systems and because the burden of 

food-borne diseases is not fully understood by policy makers. It is also not well 

understood that there should be coordinated efforts between industry and government to 

improve the accuracy of the reporting systems (24). 

Panigua et al, 2007, analyzed fecal samples collected from 300 Mexican children 

under 2 years and 12 years of age.  They found that all fecal samples from patients with 

diarrhea were positive for one or two enteropathogens. Salmonella Ohio prevalence was 

28.3%, S. Typhimurium 16.3%, S. Infantis 8.0%, S. Anatum 0.6%, S. Newport 0.3%, 

Escherichia coli ETEC (13.3%), EPEC (9.3%), STEC (8.5%), EIEC (1.0%), other 

microorganisms as Shigella and parasites also were found in the samples (20).  

Estrada-Garcia et al., (2009) conducted a study in Mexico City with the objective 

of determining asymptomatic infections and acute diarrhea associated with diarrheagenic 

E. coli pathotypes (DEP) in 76 children 2 years old or younger. Of 795 stool samples 

analyzed, 16.0% were positive for DEP. The author concluded that diarrheagenic E. coli 
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pathotypes are an important cause of community-acquired enteric infections and diarrhea 

in Mexican children (10). 

Research conducted at food processing plants and in food products, addressing the 

microbiological presence of bacterial pathogens, has been investigated in different 

locations in Mexico. A study conducted in four municipal slaughterhouses in Hidalgo 

State, Mexico by Godinez, et al., (2005), analyzed a total of 467 samples from non-TIF 

slaughter plants, samples of the carcasses of cattle and pigs as well as samples from 

workers, utensils, water from the scalding process and the water used to wash the 

carcasses were collected. Total viable count of coliforms, E. coli and Salmonella were 

enumerated in each sample. Coliforms and generic E. coli were detected in most of the 

samples. Salmonella’s overall prevalence was 18.0%. Salmonella’s percentage in bovine 

and hog carcasses was 18.0% and 17.0% respectively and the presence of Salmonella was 

higher (36.0%) on the hands of workers from pork lines. They concluded that the 

elevated microbial counts present on carcasses, utensils and personnel, indicated poor 

hygienic conditions in the slaughter plant and recommended the implementation of Good 

Manufacting Practices (13).  

These results were similar to those reported by Hernandez San Juan et al., (2007), 

where they determined the microbiological conditions during the slaughter process in a 

municipal slaughterhouse. In this study they took samples from the carcasses of cattle and 

swine as well as samples from personnel, utensils and the water from scalding and the 

carcass cleaning process. From 158 samples analyzed, Salmonella was detected in 31% 
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of the pork line samples and 11.0% of the beef line samples. Coliforms and generic E. 

coli were detected in most of the samples.  

Information provided by SIRVETA (Sistema Regional de Informacion para la 

Vigilancia de las Enfermedades Transmitidas por alimentos), for Mexico, indicated that 

bacteria caused 35.86% of the outbreaks between 1993 and 2002. Salmonella’s 

contribution to this percentage was 15.9%, followed by E. coli (4.64%) and 

Staphylococcus (6.33%) (19).  

The Mexican Epidemiologic Surveillance System reported the incidence of 

paratyphoid fever and salmonellosis per 100,000 people as being distributed as follows: 

Tabasco 636.82, Chiapas: 421.47, Sinaloa 259.9, Veracruz 210.45, Durango 0.45, 

Hidalgo 10.17, Mexico city 20.48, San Luis Potosi 38.7 and Tlaxcala 48.9. It was 

reported that there was an important increase in salmonellosis incidence (paratyphoid 

fever and other salmonellosis) from 103,8 cases, incidence 99.6 in 2003, to 122,4 cases 

and incidence of 114.8 in 2008 (22). The age group most affected for 2008 cases was 25 

to 44 years old (45,788 cases), followed by 20 to 24 years old (13,060)  and 15 to 19 

(12,276). The highest number of cases was reported in April (12,859 cases), July (12,826 

cases), September (11,686 cases) and June (11.004 cases) (23). 

In Guerrero state, a study was conducted where 336 raw meat samples were 

analyzed (sausage, beef, pork, fish, beef enchiladas, ground pork and liver) for 

Salmonella.  They reported 32.4% of samples as positive (3).  

A Three year surveillance study for Salmonella conducted in Yucatan, Mexico, 

involved samples from persons with diarrhea, asymptomatic children and food retail 
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samples from (pork, poultry and beef).  Results showed that the average prevalence of 

Salmonella contamination in retail meats purchased from three different retail outlets was 

reported to be 29.9% (n = 1,733), for beef,  20.9% (n = 512) for cattle intestines, 36.4% 

(n = 1836) for pork,  42.1% (n = 749) for swine intestines,  21.3% (n = 1,765) for chicken 

and 16.9% (n = 621) for chicken intestines.  Additionally, they reported a high incidence 

of human Salmonella infection in children, asymptomatic children 5.3% (n=6,685) and 

children with diarrhea 12.4% (n=2,893). They concluded that, the high incidence of 

Salmonella in humans, in conjunction with PFGE clusters of geographically and 

temporally related human and food-animal isolates, are a major source of salmonellosis 

in Mexico (27). 

Another study determined the prevalence of E. coli O157 in cattle and swine in 

Central Mexico (Xalapa, Veracruz, Texcoco, Beranl, Quintana Roo and Mexico D.F).  

Rectal fecal samples were collected from 240 animals on four cattle farms (2 dairy and 2 

beef cattle farms) and 240 swine samples from four swine farms. The authors reported a 

prevalence of E. coli O157 on 1.25% on cattle farms and 2.1% on swine farms. The 

author mentioned that the prevalence of E. coli 0157 in this study is lower than that 

reported in the U.S., and recommended further research to verify the prevalence 

throughout other regions of Mexico, as well as during other seasons of the year (5).  

In general, research on the detection of E. coli O157:H7 in Mexico is scarce, 

however a study conducted in a non -TIF plant reported a prevalence of 23.3% for E. coli 

O157 in carcasses before chilling (6).  
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There is more information available on Salmonella; however more research is 

needed on the prevalence of both Salmonella and E. coli O157 bacteria at the different 

stages of the food chain.  Despite the limited information available regarding food-borne 

pathogens in Mexico, the research consulted in this review, clearly established the 

importance of Salmonella and pathogenic E. coli as important etiological agents of 

diarrhea in Mexico, and their presence at different stages of the food chain.  

Livestock animals can act as asymptomatic carriers of food-borne pathogens, 

including Salmonella and E. coli O157:H7. These pathogens represent a significant 

hazard to humans and a challenge for the food industry to control, reduce or eliminate 

from food products (8). Beef products can become contaminated during the slaughter 

process. In order to reduce the contamination, abattoirs in the U.S., as well as some other 

countries, employ a variety of decontamination processes or interventions to reduce the 

microbial loads on the carcasses. Different research has implicated hides as the main 

source of pathogen contamination (1, 2, 4), however pathogenic bacteria species such as 

Salmonella and E. coli O157:H7 can be found in the gastrointestinal microbial population 

of food animals, making them a source of contamination for hides (16, 25). Because fecal 

shedding is correlated with the occurrence of carcass contamination (9), the pathogen 

status of live animals will determine the spread of the contamination during the harvest 

process. 

In Mexico, beef is produced under two different production systems. 

Establishments can be Federally Inspected facilities (TIF), municipal rastros or Municipal 

rastros rented to private and illegal slaughterhouses, the latter being not officially 



Texas Tech University, Claudia Alejandra Narvaez Bravo, August 2011 
 

 146  
 

approved for that purpose and with minimum sanitary conditions. Municipal 

slaughterhouses (rastros), are regulated by the local Municipal Health Department which 

verifies the carcasses and primary beef cuts through the application of verification 

certificates based on effective standards (14). Municipal rastros are not obligated to 

comply with (federal) TIF standards. According to the Mexican Beef Council 

(COMERCARNE), there are 913 (80.0%) Municipal rastros, 141 (12.0%) private 

slaughterhouses, and 97 (8.0%) TIF plants in Mexico, totaling 1,151 slaughter facilities. 

Almost half of the animals are slaughtered in rastros and private plants, while the 

slaughter TIF plants occupies less than 25% (13).  

Federal Inspection standards (TIF) ensure the safety of meat products prepared in 

establishments holding the TIF certification. A product bearing the seal of the Federal 

Inspection Certification (TIF) is a product that has been produced under official 

supervision and inspection, and is guaranteed to meet quality control, sanitation and 

hygiene standards during processing.  

Mexican legislation establishes compliance standards so that SAGARPA (The 

Minister of Agriculture, livestock, Rural Development, Fisheries and Food) approves and 

provides this certification to a specific production system. These standards are: NOM-

008-ZOO-1994, NOM-009-ZOO-1994 and NOM-033-ZOO-1995. The guidelines are 

equivalent to international guidelines for quality and food safety, similar to GMPs and 

SSOP’s (12).  

Federal Inspection certification benefits the Mexican meat industry by allowing 

easier product movement within the country and opens up opportunities for international 
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trade, because the products from TIF facilities are eligible for export, while meat 

produced in the rastros is not. 

Federal Inspection standards slaughterhouses comply with national and 

international food safety specifications; however they have differences in production 

procedures and interventions, depending on the final market. Supermarkets require 

interventions such as hot water and lactic acid application, while other markets such as 

wet markets (traditional food market), street vendors and butcher shops do not.  There are 

no requirements for the adoption of HACCP in the domestic market in Mexico, however 

slaughter plants that export their products, have to comply with international regulations 

and have adopted and implemented HACCP and/or other international regulations (17). 

While comparing municipal slaughterhouses and TIF plants, it has been 

documented that nearly 18.0% of the animals slaughtered in municipal slaughterhouses 

present a very significant health risk (46.0%) and just over 7 million people in the 

country consume beef from the non-certified establishments (rastros). When comparing 

the quality of beef carcasses from TIF facilities, most of the products are fit for human 

consumption while 80% of the products from non-TIF certified slaughterhouses are not. 

It is important to mention how Mexican culture influences food safety in Mexico. A large 

portion of Mexican consumers still prefer hot meat (unrefrigerated carcasses and/or 

subprimals), so there is no significant difference between the prices of refrigerated 

carcasses (temperature of 3-5°C after slaughtered) and hot meat. This situation places TIF 

certified plants at a disadvantage because most farmers and beef traders choose 

Municipal rastros in which to slaughter their animals as they slaughter animals at a much 
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lower cost than the TIF certified plants (26). Consequently, educating the Mexican 

consumer, as well as producers, has to be a part of any program meant to improve food 

safety in Mexico. 

The objective of this study was to compare the prevalence of Salmonella and E. 

coli O157:H7 on carcasses destined for different markets and processed under TIF 

certification in Mexico. 

 
Materials and methods 

 

Sample Collection 

 

Samples were collected at different locations along the production and processing 

lines at a vertically integrated feedlot and at the slaughter plant under TIF certification in 

Mexico. Federal Inspection Certification standards in Mexico ensure the safety of meat 

products prepared in establishments holding the TIF certification. A product bearing the 

seal of Federal Inspection Certification (TIF) is a product that was produced under 

official supervision and guarantees they met the quality controls, sanitation and hygiene 

during processing. 

At the feedlot (FL), animals were raised specifically for beef production, using a 

diet of grains, hay, molasses, and spent distiller’s grains. The slaughter facility primarily 

slaughter zebu-type crossbred young bulls from their own feed yards, however bulls and 

dairy cattle, that are no longer required for milk production, were also slaughtered at the 

plant, and these animals generally came from farms outside of the vertical operation.  
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Sampling was conducted during July and December of 2009, and April, August 

and December of 2010. The months of June-July are the hottest and most humid months 

in Mexico. 

A total of 120 animals were sampled in the plant from the following parts: 

intestinal feces (IF), hides, at pre-evisceration (PE), prior to entering the hot box (PHB) 

and after 24 h of dry chilling (DC). The first group of carcasses was destined for smaller 

market venues (DSM) and received a lactic acid spray of 2.1% (25°C) PHB.  A second 

group of animals, destined for smaller market venues (DMV), was sampled on the same 

days and from the same parts as the first group, but their carcasses did not receive 

microbiological interventions.  

 

Fecal Samples 

 

At the feed yards, fresh fecal pat samples were collected from animals that were 

shipped to the harvest facility. Approximately 40 g of fecal sample were taken from each 

fresh fecal pat using plastic spoons. Each sample was placed aseptically into a labeled 

sterile plastic container; each container was closed tightly, and placed into an ice chest. 

In the lairage area, fecal samples were taken in the same way described above at 

the feed yards. The lairage area, or holding pens (HP), consisted of areas encountered by 

the animals from the time of unloading from the trucks, to the stunning event. 

Additionally, water samples were taken in the holding pen area. The samples were 

collected directly from the hoof bath that the animals had to go through with the objective 
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of washing their legs before being slaughtered. The bath has an approximate area of 11.7 

m2, with a depth of approximately of 15 to 18 cm. 

At the harvest facility, intestinal feces samples were collected after evisceration 

from each tagged carcass and the entire gastrointestinal tract was tagged and followed up 

to the viscera room. In the viscera room, the recto-colon portion of the intestines was cut 

and approximately 40 g of feces were taken and placed aseptically in a labeled sterile 

plastic container and then each container was closed tightly. All fecal samples were 

placed in a cooler.  

 

Hide and Carcass Samples 

 

At the harvest facility, after animals were stunned, bled and placed onto the rail 

system, the carcass was selected; the sample from each hide was obtained and was tagged 

after hide removal so that the samples were matched from the hide through all the other 

processing steps. The carcass samples were taken consecutively. 

Carcasses were collected at each step of the slaughter process, after de-hiding at pre-

evisceration, at pre-cooler, just prior to entering the hot box, and after 24 h of dry chilling 

in the coolers. 

The animals were randomly selected, and composite samples were taken from 

three anatomical carcass sites: inside round, hind shank and fore shank. Hide and carcass 

samples at the 3 anatomical locations were obtained using Spongesicle® 3M moisture 

with 10 ml of buffered peptone water (BPW), (Difco® Laboratories, Sparks, Md). 
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Sponges were wrung out inside the bags and then removed from the bags and used to 

swab the surface on the hides or carcasses. Approximately a 1000cm2 area of the hide 

was collected from the perineum area, and approximately a 250cm2 area was collected 

from each of the fore shanks and hind shanks. One sample consisted of approximately 5 

vertical and five horizontal passes. To facilitate the sampling, two sponges were used for 

each carcass, one sponge was used for the inside round and hind shanks and the other 

sponge was used for the fore shanks. Later these two sponge samples from the same 

carcass, were combined into one sample bag in the laboratory thus obtaining composite 

samples. The fore shanks, hind shanks and inside round areas were selected for sampling 

in this study because those areas had been reported as heavily contaminated (21). 

All samples were transported by the sampling team in coolers containing ice 

packs to the microbiology laboratory, Experimental Sciences Building at Texas Tech 

University. The time the samples remained in the coolers on their way from Mexico to 

the U.S. was approximately 24 to 48 hours. 

 

Microbial Analysis 

 

Upon arrival at the laboratory, the samples were processed in isolation for two 

pathogenic bacteria: Salmonella and E. coli O157:H7. 
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Salmonella Detection 

 

Fecal sample enrichment: Approximately 1.0 g ± 0.1 g of feces from the different 

sampling locations (feedlot (F), holding pen (HP) and intestinal feces (IF)) were placed 

into 9 ml of Rappaport-Vassiliadis (RV) broth (EMD, Darmstadt, Germany) and 9-ml of 

tetrathionate (TT) broth (Difco®, Sparks, MD) with novobiocin (20 mg/Liter) and 

brilliant green (10 ml/Liter of 0.1% solution); (Sigma®, St. Louis, MO). After 

enrichment, each tube was vortexed thoroughly and then incubated at 42 ± 2°C for 24 h. 

Hide sample enrichment: Each spongesicle bag was homogenized for 30 s using a 

stomacher (Stomacher®400), then 1-ml of sample from each bag was aseptically 

transferred into a 9 ml tube of TT and RV. After enrichment, each tube was vortexed 

thoroughly and then incubated at 42 ± 2 °C for 24 h.  After incubation was finished, each 

tube was vortexed thoroughly, and each tube was streaked for isolation onto XLT4 agar 

(Difco® Becton, Dickinson and Company, Sparks, MD). Inoculated XLT4 were 

incubated at 35 ± 2°C for 24 h.  Several colonies were chosen from the same 

enrichment/plating combination to meet the goal of 3 isolates from each fecal sample.  

When possible, colonies of diverse size and morphology were chosen (but all with H2S 

production). Presumptive positive colonies from XLT4 plates were tested with a 

Salmonella latex agglutination kit (Oxoid®, Hants, UK).  If the colony tested positive 

then it was used to inoculate 9-ml of tryptic soy broth or BHI (Bacto® Becton, Dickinson 

and Company, Sparks, MD) with 10 % glycerol (EMD®, Darmstadt, Germany).  Up to 3 

isolates were saved from each fecal sample.  The inoculated tubes were incubated at 35 ± 
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2°C for 24 h.  From each incubated tube, two 1-ml aliquots were placed into 1.5-ml 

centrifuge tubes and stored in a -80°C freezer.  Also, from each tube, two brain heart 

infusion (BHI) agar slants were inoculated.  They were incubated at 35 ± 2°C for 24 h.  

One set of the isolates on BHI slants was tested for antibiotic resistance and the other set 

was sent to an outside diagnostic laboratory for serotyping. 

 

Escherichia coli O157:H7 Detection 

 

Immunomagnetic separation (IMS) was used to isolate E. coli O157:H7 from 

fecal and hide samples. Immunomagnetic separation (IMS) was used to isolate E. coli 

O157:H7 from fecal and hide samples. Approximately 1 g of the fecal sample was diluted 

in 9 ml Gram-negative broth supplemented with novobiocin (20 mg/Liter) (Sigma®, St. 

Louis, MO); (GNVCC) (10:1 dilution). After enrichment, each tube was vortexed 

thoroughly and then incubated for 6±1 h at 37°C. 

For hides, each spongesicle bag was homogenized for 30 s using a stomacher 

(Stomacher®400), then a 1-ml sample from each bag was aseptically transferred into 9 

ml of GNVCC. After enrichment, each tube was vortexed thoroughly and then incubated 

for 6±1 at 37°C. After the 6±1 h incubation period, IMS was performed with Dynabeads 

using the BeadRetrievertm instrument following the manufacturer’s recommendations.  

Escherichia. coli O157:H7 cells were subjected to IMS by mixing 1-ml of the culture 

above, with 20 µl of anti-O157 beads (Dynal, Lake Success, NY). Beads were washed 

three times in PBS-Tween 20, and 50 µl of the bead-bacteria mixture of E. coliO157 
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beads was spread onto Chromagar plates.  Plates were incubated at 37°C overnight. From 

each Chromagar all morphologically different colonies were tested against O157 

serogroup-specific antisera by a slide agglutination test (DrySpot, Oxoid®).  Final 

confirmation was performed by PCR analysis for the O157 serotype using Dupont BAX 

system (Dupont Qualicon, Wilmington, DE).  

The carcass samples were enriched in modified Tryptic Soy Broth (mTSB) 

(Difco® Becton, Dickinson and Company, Sparks, MD) to detect for E. coli O157 and in 

TSB (Difco® Becton, Dickinson and Company, Sparks, MD) for Salmonella detection. 

Each spongesicle bag was homogenized for 30 s using a stomacher (Stomacher®400), 

then 1-ml of sample from each bag was aseptically transferred into 9-ml of mTSB (20 

mg/Liter); (Sigma®, St. Louis, MO) or TSB, each tube was vortexed thoroughly and then 

incubated for 14 h at 37°C and 24 h at 37°C respectively. After enrichment, E. coliO157 

and Salmonella were detected using the AOAC approved BAX® detection unit (DuPont 

Qualicon, Wilmington, DE) BAX according to the manufacturer’s published procedures. 

 

Serotyping 

 

A percentage of isolates analyzed by agglutination test and PCR Bax, were 

confirmed as Salmonella and serotyping by the Salmonella Reference Center at the 

University of Pennsylvania. The isolated strains were prepared and sent as follows: the 

frozen samples were inoculated in TSB broth and allowed to grow for 24 h at 37°C, then 

each tube was inoculated in micro-centrifuge tubes containing trypticase soy agar (TSA) 
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and allowed to grow for 24 h at 37°C. Once the growth was confirmed, the samples were 

packed safely into an insulated box with ice packs and sent by FedEx overnight. The 

samples were delivered in approximately 24 h. 

 

 Statistical Analyses  

 

Data was entered into an electronic spreadsheet and a sample was considered 

positive if Salmonella or E. coli O157 was detected or recovered depending on the 

microbiological analyses performed. Data was imported into a commercially available 

software package for exploration and analyses (SAS V 9.2, SAS Institute Inc., Cary, 

N.C). Frequency tables were generated to provide an initial exploration of unadjusted 

point estimates. Chi-square analysis was used to test differences among frequencies 

between the different types of production process: destined for smaller market venues 

(DSM) and destined for smaller market venues (DMV) for each one of the samples: IF, 

hide, PE, PHB and cooler. 

 

Results and discussion 

 

E. coli O157:H7 and Salmonella Prevalence  

 

Figure 3.1. shows E. coli prevalence for the first group of animals and carcasses 

destined for supermarkets (DSM) and for the second group of animals, destined for 
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smaller market venues (butcher shops, wet markets and street vendors) (DMV). The E. 

coli O157:H7 prevalence on IF for DSM animals was slightly higher 11.0% (11/100) than 

in animals directed for markets that did not require TIF certification DMV, 5.0% (1/20), 

but these differences were not statistically significant (p = 0.02). The prevalence on hides 

was similar (p > 0.05) between the two groups, 6.0% (5/100) and 5.0% (1/20) 

respectively. It’s important to mention that the slight difference in prevalence at intestinal 

feces levels could be because the animals sacrificed for DSM markets were not the same 

as for DMS. Animals for DSM are generally young bulls raised in commercial production 

systems, however animals for DMV markets are generally old bulls and dairy cattle that 

are no longer required for breeding or milk production, with a different diet base of 

pasture and not kept within a confined production system.  Regardless, the prevalence on 

the incoming animals was not significantly different. 

On the carcass, all samples from both DSM and DMV tested negative for E. coli 

O157:H7. E. coli O157:H7 and the prevalence did not differ between DSM and DMV (P 

> 0.05) in FG (DSM 11.0% vs. DMV 5.0%), hides (DSM 6.0% vs. DMV 5.0%) and 

carcasses (0.0%).  

 



 

 
 

 Figure 3.1. Comparison of 
intestinal feces (IF), hides, pre

after 24 of dry chilling at the cooler, by type of Processing: carcasses destined for 
supermarkets (DSM) and carcasses destined for smaller market venues (DMV) (p>0.05).
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Salmonella occurrence in the two groups, DSM and DMV. The 

prevalence in IF was higher 26.0% (26/100) in DSM cattle, than DMV 10.0% (2/20); 

the hide samples in DSM samples showed a prevalence of 82.0% (82/100) 

while DMV was 100% (20/20). At PE the prevalence was higher for DMV 35.0% (7/20) 

than DSM 14.0% (14/100). This prevalence diminished at PHB as 5.0% (1/20) for DMV 

and 5.0% (5/100) for DSM, as well as a DC being 0.0% for both, DSM and DMV. 

Neither group had any difference (P > 0.05) in Salmonella prevalence after chilling. 
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The scarce data on Salmonella prevalence in non-TIF plants varies from 11.0% to 

Salmonella prevalence of retail beef products and outlets is also high, 

Figure 3.2. Comparison of Salmonella Prevalence at different sample sites: 
evisceration (PE), prior entering the hot box (PHB) and after 24 of 
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The data obtained here makes it evident and affirms Vilaboa-Arroniz  (26) in 

comments about the health risks that this kind of slaughter plants represents for Mexican 

consumers.  

The chilled carcasses processed in the plant under study, complied with the 

sanitary procedures and regulations; zero tolerance for Salmonella and E. coli O157:H7. 

Is important to mention that in this plant the carcass destined to DMV are normally cover 

by canvas that has been previously soaked in a water bleach solution at the PC step and 

remain covered until it are loads on the trucks. The objective is diminishing the dry 

appearance that carcasses normally obtained after refrigeration. Results found in this 

study does not indicate that this practice have an effect on the microbiological loads on 

the carcasses. However additional studies must be conducted to answer this question. 

These results indicate that the feces and hides of the animals carrying Salmonella 

and E. coli O157 were a major source of contamination; however the spread of this 

pathogen during the process can be considered as low and may be attributed to careful 

dressing procedures and to the effective implementation of SOP and GMP programs by 

the TIF plant. We can conclude, based on the fact that while the DMV carcasses were not 

subjected to interventions with lactic acid, the prevalence for both pathogens was zero for 

both types of processes (DSM and DMV).  

Besides food safety regulation, Mexican culture is important, because it has a 

strong influence on food safety, as a large portion of Mexican consumers still prefer hot 

(never chilled) meat. Beef products manufactured in non-TIF plants have a high risk for 

public health, because of the possible high levels of pathogenic microorganism such as 
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Salmonella and E. coli O157:H7. Carcasses carry these pathogen bacteria, and without 

refrigeration, will allow bacteria multiplication, making the product even more dangerous 

for consumers.  If all beef products in Mexico were manufactured under TIF certification, 

although the commercialization of beef carcasses directed to outlets and butcher shops 

was still being sold without refrigeration, the risks of food-borne pathogens probably 

would decrease compared with carcasses from non-TIF plants. Additional studies (in 

progress) in our laboratory conducted in different regions of Mexico, showed that the 

prevalence of Salmonella in final products, obtained from non-TIF plants, as being 78.0% 

positive compared with 6.0% positive obtained in the TIF plants evaluated in this 

ongoing study. Also, retail beef samples obtained in the market where the TIF plant 

mainly supply the products, was 11.0% positive as opposed to 52.0% positive from retail 

markets supplied mainly by non-TIF plants.  

Additionally, if we check the data from Mexican epidemiological surveillance 

systems for salmonellosis, an important increase of salmonellosis incidence (paratyphoid 

fever and other salmonellosis) was reported, from 103,815 cases, incidence 99.62 in 2003 

to 122,422 cases and incidence of 114.8 in 2008 (22). This data shows the need to 

improve food safety programs in Mexico. Zaidi et al., (27) found a strong association 

between Salmonella contamination in beef and asymptomatic Salmonella. Infection was 

observed in the state of Mexico with the lowest poverty level. It is important to mention 

that the poorest sector of the population is the one that buys beef products from vendors 

who have as major beef providers, non-TIF plants or Municipal Rastros. 
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Results obtained in this study have established reference data for Mexican food 

processors and the Mexican Government and can directly help them to evaluate their 

practices, and if needed, to implement changes at pre-harvest and/or post-harvest levels, 

in order to improve carcass sanitation and to evaluate the risks from the non-TIF plants as 

compared to the TIF plants. This will go a long way in improving food safety in the 

Municipal establishments (non-TIF) and help to reduce the risks of food-borne disease in 

the Mexican population. Moreover, education of the Mexican population needs to be 

addressed as part of any program to improve food safety in Mexico. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

 
 

The microbial contamination of food can cause serious health as well as trade 

problems with the international food trade (7). A wide range of etiologic agents, which 

may vary according to region, causes gastrointestinal illnesses. The sources for those 

diseases are not always reported, but there is increasing evidence to link some of these 

diseases to the food chain (11). In Mexico, the impact of Salmonella, E. coli O157:H7 

and other food-borne pathogens on public health is difficult to estimate, due in part, to the 

inadequate surveillance systems and because salmonellosis cases are often self-limiting 

and do not result in a visit to the physician, or the physician does not confirm the illness 

via diagnostic testing, and therefore the cases are never reported to the public health 

agencies (11). Also, scientific information about Salmonella and E. coli O157:H7 

prevalence in Mexico at both pre-harvest and post-harvest is limited.  

The first objective in this study was to determine the prevalence of Salmonella 

and E. coli O157:H7 in a Mexican cattle feedlot and the impact of subsequent 

contamination on carcasses in a TIF Mexican harvest facilities. The highest prevalence 

was observed on hide samples (92.4%), followed by the holding pen area (91.0%), 

feedlot (55.6%) and intestinal feces (46.8%). The high prevalence on hides (92.0%) was 

consistence with other research that reported similar prevalence and also reported the 

cattle hides as an important source of Salmonella contamination (1-3). 

Salmonella’s overall prevalence at pre-evisceration, pre-cooler, and cooler were 

49.0%, 24.8%, and 6.0 %, respectively.  A study carried on in the U.S. reported a similar 
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prevalence at pre-evisceration (44 to 55%), but with a lower reduction after interventions 

(0.1 to 1%) (3).  

The presence of Salmonella on the carcasses can be the result of cross-

contamination during the slaughter process. There is a positive correlation in the presence 

of Salmonella on intestinal feces and hides and contamination of the carcasses, also the 

risk analysis showed the likelihood of contamination of the carcasses when the animals 

are asymptomatic carriers and are shedding the pathogen (P < 0.005). 

Escherichia coli O157:H7 prevalence on hides and carcasses was lower than that 

of Salmonella. The overall prevalence of E. coli O157 was as follows in order of 

magnitude: hides 11.7%, IF 5.2%, FL 2.7%, HP: 2.0%, PE 0.8%, PC 0.4% and cooler 

0.4%. When analyzing the overall prevalence by date of sampling, a variation was 

observed (P < 0.0001) which tended to decrease over time. At the first sampling date, the 

proportion of samples that tested positive for E. coli O157 was 8.6%, while on the last 

day of sampling the prevalence was 2.3%. The smaller prevalence was observed at 

sampling day 3, being 0.0%.  

The low prevalence of Salmonella and E. coli 0157:H7 in the chilled carcasses in 

this study was the result of the compliance with food safety regulations in the TIF plant 

under this study; however the situation could be different in the case of non-TIF plants.  

If the incoming burden of Salmonella and E. coli O157 is high in animals scarified in a 

non-TIF plant, the pathogen loads may overwhelm the processing line and the post-

harvest interventions at the plant.  If there are no pathogen reduction interventions in 

place, there could be very negative food safety consequences for the beef produced, 
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because during the process a high spread of Salmonella or E. coli O157 could happen and 

it could result in a high prevalence of these pathogens in the chilled carcasses. 

The second objective was to determine seasonal effects on Salmonella and E. coli 

O157:H7 prevalence in beef cattle and its impact on different stages of processing beef in 

a TIF slaughterhouse in Mexico.  Escherichia coli O157 was isolated from 57 of 1,639 

(3.48%) samples tested. E. coli O157:H7 was recovered mainly in the summer, 6.8% 

(43/632), followed by winter 1.79% (12/670), however in spring all the samples at the 

feedlot and at the slaughter plant tested negative.  

It has been reported by several authors that E. coli O157:H7 prevalence increases 

during the summer and early fall months (5, 6, 12). At other times of the year it is present 

in low levels and the prevalence can decline to zero during the winter months (6, 9). The 

E. coli O157:H7 prevalence in this research showed a tendency to be higher in summer 

months, however when the model was adjusted assessing the dispersion of the data, there 

were no significant differences by season.  Mexico does not have four well-defined 

seasons, as does the U.S., Canada or Europe. The Tropic of Cancer effectively divides the 

country into temperate and tropical zones. The climate is usually hot and humid along the 

Pacific and Atlantic coasts, and warm but dry in the rest of the country. Overall, this is a 

tropical climate with temperatures ranging between 18°C and 29 °C. 

The high prevalence found on hides could be due to cross contamination among 

animals during transportation, at holding pens or after the animals were through the hoof 

bath. From the two E. coli O157:H7 positives animals at IF, one was positive on the hide, 

while the other 20 positive animals on hides were negative in IF. All positive carcasses at 
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PE, PC and the cooler came from animals that tested positive on hides. Cattle with 

positive hides were in clusters, indicating possible cross contamination during the 

slaughter process.  

No relationship was found in prevalence between temperature and rainfall at 

different sample points and sampling dates. The temperatures in the Eastern coast of 

Mexico are not extreme as in the U.S., but are similar all year long.  There is no doubt 

that other factors must be playing a role in the epidemiology of E. coli O157:H7, such as 

intermittent shedding, age, diet, management of the animals, cross contamination, 

vectors, among others, and climate could be related somehow. According to Rasmussen 

et al., (9) the understanding of the ecology of E. coli O157:H7 is far from complete and 

more research needs to be done in Mexico as different specific factors must be playing a 

role in the ecology of this pathogen. 

Salmonella was isolated from 836 of 1,639 (51%) samples tested and was 

recovered in all the seasons with significant variations (P<0.0001), the percentages being 

as follows: spring 59.7% (200/235), summer 53.64% (339/632) and winter 44.2% 

(297/672). 

In general, the month of July was when the largest number of the samples tested 

positive, including carcass at PE (74.0%), PC (58.0%) and cooler (28.0%). Some authors 

reported the highest prevalence for Salmonella during the wet season (10), However, the 

effect due to rainfall or temperature in this research is no clear. July average maximum 

and minimum temperature was 32.1 and 24.4 respectively, the rainfall 10.3 mm; while in 

December the percentages of positives were lower than July. The temperatures in 
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December ‘09 were maximum (26.3°C) and minimum (19.5°C), the rainfall was near 

zero (0.3 mm). A decrease in the prevalence from some samples at PE were 48%, at PC 

25% and at cooler 0.0%, was observed, however the hides have the same prevalence in 

July, 100%, even when prevalence on FL, HP and IF were lower. August ‘10, was the 

month with more rainfall (59 mm), however Salmonella prevalence was lower than July 

for all sample locations. This tendency to decrease in prevalence remained over time, and 

was more noticeable on carcasses at the cooler, where the prevalence was very low.   

A variation in prevalence in the carcasses for the months of December 2009 and 

December 2010 was evident. Can be seen that although the prevalence at FL, HP, IF and 

hides were high in December 2009 and 2010, the contamination at PE, PC and cooler 

were different for PE and PC when comparing both years, Salmonella prevalence being 

highest in 2009 than 2010. Probably the reason for this decrease in Salmonella prevalence 

over time is due to more than the effect of the season and could be due to the 

implementation of post-harvest interventions, such as the application of lactic acid and 

steam vacuum and improvements in the GMPs and HACCP programs. 

The third objective was to compare the prevalence of Salmonella and Escherichia 

coli O157:H7 on carcasses destined for different markets and processed under TIF 

certification in Mexico. On the carcass, all samples, whether destined for supermarkets 

(DSM) or to smaller market venues, (DMV) tested negative for E. coli O157:H7.  E. coli 

O157:H7 and the prevalence did not differ between DSM and DMV (P > 0.05) in FG 

(DSM 11.0% vs. DMV 5.0%), hides (DSM 6.0% vs. DMV 5.0%) and carcasses (0.0%).  
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The prevalence for Salmonella, in IF was higher 26.0% (26/100) in DSM cattle, 

than DMV 10.0% (2/20); however, the hide samples in DSM samples showed a 

prevalence of 82.0% (82/100) while DMV was 100% (20/20). At PE the prevalence was 

higher for DMV 35.0% (7/20) than DSM 14.0% (14/100). This prevalence diminished at 

PHB as 5.0% (1/20) for DMV and 5.0% (5/100) for DSM, as well as a DC of 0.0% for 

both, DSM and DMV. Neither group had any difference (P > 0.05) in Salmonella 

prevalence.  

The chilled carcasses processed in the plant under study, complied with the 

sanitary procedures and regulations; zero tolerance for Salmonella and E. coli O157:H7. 

These results indicate that the feces and hides of the animals carrying Salmonella and E. 

coli O157 were a major source of contamination; however the spread of this pathogen 

during the process can be considered as low and may be attributed to careful dressing 

procedures and to the effective implementation of SOP and GMP programs by the TIF 

plant. We can determine this, based on the fact that while the DMV carcasses were not 

subjected to interventions with lactic acid, the prevalence for both pathogens was zero for 

both types of processes (DSM and DMV).  

The results in this study showed that Salmonella was widely distributed in all 

steps of the harvest process. A high prevalence in fecal samples in all areas showed that 

the animals are asymptomatic carriers of Salmonella. Although the prevalence of the 

chilled carcasses was lower for both pathogens Salmonella (6.0%) and E. coli O157 

(0.4%) there is a presence. This is important because Mexican and international 

regulations regarding Salmonella and E. coli O157:H7 are zero tolerance and their 
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presence constitutes a violation of the regulations. In the U.S., E. coli O157 is considered 

as an adulterant in raw products (64 FR 2803) and for Salmonella there is a tolerance of 

1%. In Mexico the regulations regarding Salmonella, established zero tolerance in 25 g 

(8).  

Additionally, the data found in this research may be used to create a pathogen 

baseline; however, more research is needed in different regions of the country in order to 

have a representative pathogen baseline and to find answers about seasonality, 

prevalence, and other possible risk factors that could be playing a role in the 

epidemiology of these pathogens. This information is important for the industry and the 

Government, and can be used to develop additional criteria and standards in the future; to 

implement pre and post harvest interventions and to evaluate trends in bacteria 

prevalence. It can also be used by food processors in assessing the effectiveness of their 

processes and to comply with SSOP, GMP and HACCP.   

With regards to beef exported from Mexico, during the sampling period taking 

samples in a TIF plant and conducting worshops, it was evident that the TIF plants are 

making an effort to improve their food safety, and have opened the door to international 

cooperation. They also recognize the importance of improving food safety. It is 

necessary and convienent for the participating countries in food trade to provide safe 

food to domestic and international consumers, in this case Mexico and the U.S. 

In conclusion Salmonella pre-harvest and post-harvest prevalence in Mexico it’s 

similar to the prevalence in the U.S. Regarding E. coli O157:H7, it prevalence could be 

considered lower than reported in the U.S, however there is a prevalence that needs to be 
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addressed by the slaughter plants, in order to prevent any possible health threats due to 

this pathogen for Mexico, tourists and at the international level. There is only one report 

of E. coli O157 outbreak in the Mexican Surveillance System, and the report was made 

due to the notification by the Health Department of Canada to the Mexican Government.  

Eight cases of E. coli O157:H7 were confirmed in Canadian and U.S. tourists that visited 

Quintana Roo beach in Cancun Mexico in December 2009- February 2010. The 

implicated food was hamburgers, from a TIF plant in Chihuahua. There were reported 54 

probable cases, and from the 54, 8 cases were confirmed as E. coli O157. Federal 

authorities DGAE and COFEPRIS, were in charge of the outbreak investigation. The 

Canadian and the U.S governments were about to issue a risk alert bulletin warning their 

citizens about visits to Cancun. It was also reported that there were several mistakes 

made during the epidemiological investigation of the outbreak (4). This outbreak was not 

detected by Mexican authorities at the beginning, and there is a possibility than other 

cases of in the outbreak were overlooked.  

Regarding seasonality, more research is needed in order to establish clearly, if the 

prevalence for both pathogens follows a seasonal pattern, and to understand the ecology 

of these two pathogens addressing Mexico’s specific variables, such as geographic, 

climate, wildlife, diet, animal feed, management, etc. Moreover this TIF plant complied 

most of the time with Mexican guidelines and international food safety standards, and 

they have the goal of improving, with each passing day, in order to satisfy their clients 

and remain participants in the international food market. 
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