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Preface

Salmonella is a gram-negative microorganism, widely dispersed in nature and often
found in the intestinal tract of animals and humans. More than 2,500 serotypes of
Salmonella exist, but only some of these serotypes have been frequently associated
with food-borne illnesses. The pathogenic Salmonella is a life-threatening bacterium,
and it is a leading cause of food-borne bacterial illnesses in humans. After
Campylobacter, Salmonella is the second most predominant bacterial cause of food-
borne gastroenteritis worldwide. Salmonella pathogens may primarily spread through
the feces of wildlife and domestic animals, contaminated water, poor fertilization
methods, and other agricultural practices. Salmonella serotypes can grow and survive
in many different foods. The behavior of Salmonella in foods is governed by a variety
of environmental and ecological factors. These include water activity, pH, chemical
composition, the presence of natural or added antimicrobial agents, and storage
temperature and processing factors, such as the application of heat and physical
manipulation.

Food-borne infections from Salmonella are obtained through ingesting contaminated
food or water. Poultry, eggs, beef, and milk products are the main vehicles in the
salmonellosis outbreak, and secondary sources are foods, such as fruits, vegetables,
and seafood. Since 1962, registered cases of human salmonellosis caused by
contaminated food have been steadily increasing. Salmonellosis, or Salmonella
infection, caused by nontyphoid strains is the most common food-borne disease
reported from population-based, active laboratory surveillance in the United States.
However, since the 1980s, food-borne salmonellosis from Salmonella serotypes
Typhimurium and Enteritidis has increased. The Centers for Disease Control and
Prevention (CDC) revealed that the incidence of Salmonella infections in 2010 was
significantly higher than during the period 2006-2008.

Often, most people who suffer from Salmonella infections may have temporary
gastroenteritis, which usually does not require treatment. However, when infection
becomes invasive, antimicrobial treatment is mandatory. Symptoms generally occur 8
to 72 hours after ingestion of the pathogen and can last 3 to 5 days. Children, the
elderly, and immunocompromised individuals are the most susceptible to
salmonellosis infections. The annual economic cost due to food-borne Salmonella
infections in the United States alone is estimated at $2.4 billion, with an estimated 1.4
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million cases of salmonellosis and more than 500 deaths annually. Many milder cases
are not reported, making the estimated number of salmonellosis cases in the United
States thirty times the number of reported cases.

The chapters contained in this book describe a range of different topics, such as the
role of foods in Salmonella infections, food-borne outbreaks caused by Salmonella,
biofilm formation by Salmonella (Salmonella grows predominantly as biofilm in most
of its natural habitats). Additional topics include antimicrobial drug resistance of
Salmonella isolates (the multidrug resistance of Salmonella, which reduces the
therapeutic options in cases of invasive infections and could potentially be associated
with an increased burden of illness), methods for controlling Salmonella in food, and
Salmonella isolation and identification methods to ensure the safety of food.
Contributing to this book are internationally renowned scientists who have provided a
diverse and global perspective of the issues of concern with the Salmonella pathogen.
This book serves as an excellent resource for those interested in Salmonella. In fact,
this book is intended to be primarily a reference book. However, it also summarizes
the current state of knowledge regarding Salmonella, and it contains ideas for future
research. The editor is indebted to the participating authors for their state-of-the-art
contributions in providing authoritative views resulting from their research on this
dangerous Salmonella pathogen.

Barakat S. M. Mahmoud, PhD

A. Professor of Food Safety and Microbiology
Mississippi State University

USA



The Burden of Salmonellosis
in the United States
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University of California, Los Angeles (LICLA) School of Public Health
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3David Geffen School of Medicine at UCLA
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1. Introduction

Salmonellosis or Salmonella infection caused by nontyphoid strains is the most common
foodborne disease reported from population-based, active laboratory surveillance in the
United States (U.S.) (Figure 1). The overall incidence of laboratory confirmed Salmonella
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Fig. 1. Total number of laboratory-confirmed bacterial and parasitic infection cases and
hospitalizations by pathogen in the United States (CDC, 2011).
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infection was 17.6 cases per 100,000 persons in 2010. This was more than twice the U.S.
Healthy People 2010 objective of 6.8 cases per 100,000 persons (Figure 2) (Matyas et al.,2010).
Moreover, a recent report released by the Centers for Disease Control and Prevention (CDC)
revealed that the incidence of Salmonella infections in 2010 was significantly higher than
during 2006-2008 representing an increase of about 10% (95% Confidence Interval (CI), 4-
17%). However, other foodborne infections, such as Campylobacter, Listeria, Shigella, STEC
0157, Vibrio, and Yersinia, have all actually decreased during this same period (CDC, 2011).
The disease burden of salmonellosis has remained substantial in the United States in spite of
ongoing public health and regulatory efforts to prevent and control this infectious disease.

B0
63.5
1 — Overall Salmonella incidence rate in 2010
H (17.6 per 100,000 persons)
3%
g il __Healthy People 2020 objective
g (11.4 per 100,000 persons)
g
H 1 —Healthy People 2010 objective
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Age grougp (years)

Fig. 2. Laboratory-confirmed Salmonella incidence rate per 100,000 population, by age group,
as compared to the overall incidence rate and the national health objectives (Healthy People)
for 2010 and 2020, United States, 2010 (CDC, 2011).

The present chapter discusses the trends in morbidity, mortality, and years of potential life
lost attributed to human salmonellosis in the United States. In addition, this chapter
provides a snapshot of U.S. public health measures and control policies that are currently in
place to protect the public against Salmonella infection.

2. The burden of salmonellosis in the United States

Salmonellosis causes more disease burden than any other foodborne pathogen. An
estimated 93.8 million cases (90% CI, 61.8-131.6 million) of gastroenteritis caused by
Salmonella species occur globally each year and of these, nearly 80.3 million cases are
foodborne (Majowicz et al., 2010). In the United States, an estimated 1 million incident cases
of human salmonellosis occur annually (Scallan et al., 2011); however, only a small portion
of these cases are recognized clinically (see section 2.2). In industrialized countries as few as
1% of clinical cases are actually reported (Heymann, 2008). Collectively, Salmonella infections
in the United States account for roughly 19,336 hospitalizations, 17,000 quality adjusted life
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years lost (QALYSs), and $3.3 billion in total medical expenditures and lost productivity each
year (Batz et al., 2011).

2.1 Clinical manifestations, serotypes, and outbreaks

Salmonella gastroenteritis is usually a self-limited disease in which the symptom of fever
typically resolves within 48 to 72 hours and diarrhea within three to seven days.
Complications from the infection may include severe dehydration, shock, collapse, and/or
septicemia. Symptoms are usually more severe among infants, young children, elderly, and
those who are immune-compromised (Scallan et al., 2011).

Although there are many serotypes of Salmonella that are pathogenic to both humans and
animals (i.e., approximately 2,500 serotypes have been identified), the vast majority of human
Salmonella isolates are serotype S. enterica subsp. enterica (Heymann, 2008). Serovars Typhi and
Paratyphi of this serotype, S. enterica subsp. enterica, are the etiologic agents that cause typhoid
and paratyphoid fevers. These types are also common, but are generally found in developing
countries, such as those in South America, Africa, and parts of Asia (Heymann, 2008). In
developed countries where there is active, coordinated foodborne disease surveillance, other
serovars such as Typhimurium and Enteritidis are frequently reported.

Sixty to eighty percent of all human salmonellosis cases in the United States occur
intermittently and sporadically throughout the population. Clusters of large outbreaks in
restaurants, institutions for children, hospitals, and nursing homes have occurred recently
and remain major public health threats. These outbreaks are usually the product of
contamination from a production source, such as chicken farms, feed blending mills, and
slaughterhouses. One of the more well-known Salmonella outbreaks in the United States
occurred in 2010. This outbreak resulted from contamination in the food production chain,
leading to a massive egg recall of over half a billion eggs and more than 2,000 reported cases
of Salmonella-related illness (Hutchison, 2010). Although less common, outbreaks from food
handling by an ill person or carrier have been reported in recent years (Cruickshank et al.,
1987; Khuri-Bulos et al., 1994). For instance, in 2000 an ill food handler in a bakery that
supplied hamburger buns to restaurants was found responsible for an outbreak among
several burger restaurants across Southern California and Arizona. This outbreak was
atypical in that it resulted from consumption of commercially distributed bread, which is a
highly unusual vehicle for most foodborne infectious agents (Kimura et al., 2005).

Outbreaks from person-to-person transmission can also be of particular concern, especially
among hospital workers who have the potential to spread the bacterium with their hands or
through contaminated instruments. Outbreaks of Salmonella infection have occurred in
places like maternity wards where staff members with contaminated hands and/or the use
of contaminated medical instruments result in the transmission of Salmonella to babies and
mothers (Rowe et al., 1969). In 2008, an outbreak strain of Salmonella serotype Tennessee
occurred in a neonatal intensive care unit in the United States, where limited access to sinks
for hand washing likely facilitated the transmission to infants (Boehmer, 2009).

2.2 Salmonellosis incidence — FoodNet data

Based on FoodNet surveillance data (see section 4.1) for nine selected foodborne pathogens
from 10 states and three federal agencies (CDC, U.S. Food and Drug Administration, and
U.S. Department of Agriculture), a total of 19,089 laboratory-confirmed cases of foodborne
infections, 4,247 hospitalizations, and 68 deaths were identified for the year 2010 in the U.S.
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(CDC, 2011). Of the nine pathogens monitored, including Campylobacter, Listeria, Salmonella,
Shigella, STEC O157, Vibrio, Yersinia, Cryptosporidium, and Cyclospora, salmonellosis was the
most common infection reported and had the highest number of associated hospitalizations
and deaths. A total of 8,256 infections (17.6 illnesses per 100,000 persons); 2,290
hospitalizations; and 29 deaths were attributed to this pathogen in 2010. Ninety-two percent
(7,564 out of 8,256) of these isolates were subsequently serotyped through PulseNet (see
section 4.1), with Enteritidis (22%), Newport (14%), and Typhimurium (13%) representing
the most common serotypes. The FoodNet data indicate that the rate of infection from
Salmonella remains substantially high and has not declined for over a decade, as compared
to the other eight foodborne pathogens tracked through FoodNet. These data support
ongoing control efforts in the United States that target Salmonella, particularly in response to
the costs associated with treatment of this infection - approximately $365 million in direct
medical costs each year (CDC, 2011).

2.3 Salmonellosis-related mortality

Current estimates indicate that there are about 155,000 salmonellosis-related deaths each
year worldwide (Majowicz et al., 2010); between 400-600 of them are in the United States
(Mead et al., 1999; CDC, 2008). While risk of death and actual deaths from salmonellosis are
not typically common in the general population, the infection can be particularly virulent in
vulnerable groups, especially among young children, older adults, and those who are
immune-compromised (see section 3).

Table 1 presents the most updated analysis of multiple cause-of-death (MCD) data based on
death certificates in the United States. From 1990 to 2007, there were 1,372 nontyphoidal
Salmonella-related deaths. Among these reported deaths, Salmonella was listed as an
underlying cause of death on 785 (57.2%) death certificates and as an associated cause of
death on 587 (42.8%) death certificates. Fifty-six deaths occurred in 2007 alone, resulting in
an age-adjusted mortality rate of 0.018 per 100,000 population (95% ClI, 0.013-0.022). The
average age-adjusted mortality rate over the entire study period, from 1990 to 2007, was
0.028 per 100,000 population (95% ClI, 0.027-0.030; n=1,372). This represents a total of 21,417
years of potential life lost (Table 1).

Between 1990 and 2006 the age-adjusted mortality rate for human salmonellosis declined from
0.06 per 100,000 population (95%ClI, 0.05-0.07; n=136 deaths) to 0.01 per 100,000 population
(95%CI, 0.01-0.02; n=45 deaths). The variance between deaths and incidence, in terms of trends
over the past decade show that deaths have decreased (Cummings PL et al, 2010), but
incidence has increased (CDC, 2011). This difference could potentially be the result of better
medical treatment or other contributing factors accounting for the decline in deaths. In 2007,
however, a slight increase (albeit not significant) in the frequency and rate of Salmonella-related
deaths was observed (Figure 3). The mean age of decedents with Salmonella infection listed on
their death certificate for the period 1990-2007 was 63.1 years. Overall, males were more likely
than females to have Salmonella listed as a cause of death (either underlying or associated) on
their death certificate and have more years of potential life lost - 13,447 years for males
versus 7,970 years for females (Table 1). Infants (< 1 year of age) and older adults (> 65 years
of age) had the highest frequency of Salmonella-related deaths over the 18-year period (Table
1). The highest age-specific mortality rates during this period were observed among infants
(0.086 per 100,000 population), those aged 75-84 (0.160 per 100,000 population), and those 85
years and older (0.314 per 100,000 population). Asian, black, and Hispanic race/ethnicity
had higher rates of mortality from Salmonella infection as compared to whites.
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Age-Adjusted  Age-Adjusted G

Frequency Mortality Rate Rate Ratio Rates of
(N%) Potential Life
(95% CI) (95% CI) Years Lost
Sex
Female 583 (42.5%) 0.021 (0.019-0.022) Referent 7,970
Male 789 (57.5%) 0.038 (0.035-0.041) 1.84 (1.68-2.02) 13,447
Race/Ethnicityt
White 893 (65.1%) 0.023 (0.021-0.024) Referent 9,768
Asian/Pacific Islander 76 (5.5%)  0.059 (0.045-0.073) 2.63 (2.45-2.82) 1,256
Black 279 (20.3%) 0.057 (0.050-0.064) 2.53 (2.36-2.72) 7,095
Hispanic 116 (8.5%) 0.031 (0.025-0.038) 1.39 (1.28-1.50) 3,050
Native American 7(0.5%)  0.025(0.005-0.045) 1.11 (1.02-1.21) 173
Age group (years)*t Age-Specific
Mortality Rate
<1 61 (4.4%) 0.086 (0.064-0.107) - 4,575
14 18 (1.3%)  0.006 (0.003-0.009) - 1,315
5-14 12 (0.9%)  0.002 (0.007-0.003) - 797
15-24 22 (1.6%)  0.003 (0.002-0.005) - 1,204
25-34 85 (6.2%)  0.012 (0.009-0.014) - 3,797
35-44 91 (6.6%) 0.012 (0.009-0.014) - 3,236
45-54 128 (9.3%)  0.020 (0.017-0.024) - 3,262
55-64 134 (9.8%) 0.030 (0.025-0.035) - 2,004
65-74 243 (17.7%) 0.073 (0.064-0.082) - 1,227
75-84 342 (24.9%) 0.160 (0.143-0.177) - 0
>85 235 (17.1%) 0.314 (0.274-0.354) - 0
Total 1,372 0.028 (0.027-0.030) N/A 21,417

Note: 95% CI = confidence interval; Years of Potential Life Lost were calculated by subtracting the age
in years at the time of death from 75 years. *Mortality rates are age-specific rates, not age-adjusted rates.
tNumbers may not add up to total, due to missing data.

Table 1. Age-adjusted nontyphoidal Salmonella-related mortality rates per 100,000
population and mortality rate ratios by sex, race/ethnicity and age group, United States,
1990-2007.

Asians had the highest age-adjusted rate ratio of 2.63 (95% CI, 2.45-2.82; n=76 deaths) relative
to whites, the referent group (Table 1). While whites had the highest absolute number of
deaths (n = 893), they had the lowest age-adjusted mortality rate (0.023 per 100,000 population;
95% ClI, 0.021-0.024). Reasons for disparities in Salmonella mortality based on gender and
race/ethnicity have been discussed in a previously published paper (Cummings PL et al.,
2010). California and New York had the highest number of deaths (n=219 and n=105,
respectively), but relatively low age-adjusted mortality rates (0.04 per 100,000 population, 95%
CI, 0.04-0.05 and 0.03 per 100,000 population, 95% CI, 0.02-0.04, respectively). Although
Hawaii and District of Columbia had smaller numbers, they had the highest age-adjusted
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mortality rates during 1990-2007 (0.08 per 100,000 population, 95% CI, 0.04-0.12; n=18 and 0.08
per 100,000 population, 95% CI, 0.02-0.13; n=8, respectively).

Methods used in this updated analysis are similar to those previously described in
Cummings PL et al,, 2010. Briefly, years of potential life lost (YPLL) were calculated by
subtracting the age in years at the time of death from 75 years (Gardner, 1990). Deaths were
defined as any observation listed as either the underlying cause or the associated cause of
death with the following International Classification of Diseases, 9th revision (ICD-9) and
10th revision (ICD-10) codes: 003.0-003.9 and A02.0-A02.9, respectively. These ICD codes
included infection or foodborne intoxication due to any Salmonella species, other than
serovars Typhi and Paratyphi, which are the microbial agents that cause typhoid and
paratyphoid fevers. Since these latter conditions are rare in the United States and
predominately occur in developing countries (e.g., countries in Southeast Asia, Africa, and
South America), serovars Typhi and Paratyphi were excluded from the analysis.
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Fig. 3. Number of nontyphoidal Salmonella-related deaths and age-adjusted mortality rates
per 100,000 population by year, United States, 1990-2007.

2.4 Changing trends in factors that may contribute to human salmonellosis

Although mortality rates are important indicators of health status, they often do not tell the
entire story. Factors such as the aging population; increased burden of chronic diseases that
can suppress immunity; and an increasingly global market in meats, poultry, vegetables,
fruits, farm animals, and pets (e.g., chicks and reptiles) are all emerging influences that can
potentially amplify the risk and burden of human salmonellosis in the United States.
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2.4.1 An aging population and increased burden of chronic disease

As the present generation of baby boomers (those born between 1946 and 1964) reach age 65
and older, the trend in Salmonella-related deaths is expected to change, suggesting that more
deaths could ensue, given that older adults frequently experience more severe infections
and require hospitalization more often from this foodborne illness than younger adults
(Kennedy et al., 2004). Trends showing increased chronic disease prevalence in the
population for such conditions as cancer, autoimmune disorders, and other diseases
requiring treatment with immune-suppressive therapies parallel the aging of the population
and foreshadow the continual burden of human salmonellosis in the United States
(Altekruse et al., 1997).

2.4.2 An increasingly global market

Today’s global market in meats, poultry, vegetables, fruits, farm animals, and pets,
represents potential sources of Salmonella contamination that are complex and sometimes
difficult to control. For example, in 2008 there was a multi-state outbreak of Salmonella
Typhimurium associated with frozen vacuum-packed rodents that are used to feed snakes
(Fuller et al., 2008). This occurrence represents a rare, but wide-spread outbreak associated
with commercially distributed rodents. Likewise, the illicit selling and importation of many
animals from abroad have caused several unanticipated salmonellosis outbreaks, as well as
agricultural problems for the region. In Los Angeles County, the illegal selling of red-eared
slider turtles (< 4 inches in diameter) has become an important public health problem.
Because caring for these animals is exceedingly difficult, they are often abandoned or
dumped by their owners into wildlife preserves and adquaducts. A local animal control
agency in Los Angeles County found that an increasing number of turtles have been
dumped over the years; they impounded over 6,000 illegally sold, undersized red-eared
slider turtles from 2000-2007 (unpublished data). The upward trend in the abandonment of
turtles and the turtles' high fecundity rates may also increase the risk of transmission to
native species (Perez-Santigosa et al.,, 2008). Nearly 10% of all reported cases of human
salmonellosis in Los Angeles County have been attributed to direct or indirect contact with
reptiles, namely the red-eared slider turtle, the most common reptile source found in more
than 50% of these cases (LACDPH, 2008). Continual monitoring and targeted improvements
to regulate the illegal selling of these animals remain key control measures for protecting the
public against acquiring Salmonella infections from reptiles.

3. Salmonellosis in vulnerable groups with comorbid conditions

Clinical evidence suggests that infection with nontyphoid Salmonella often results in more
severe manifestations of clinical disease than from any other foodborne pathogen (Helms et
al., 2006). Comorbid health conditions and their related immuno-suppressive treatments
may be particularly problematic, especially among vulnerable groups at high risk of
progressing to severe forms of salmonellosis (Trevejo et al., 2003; Cummings PL et al., 2010).
For example, those with HIV/AIDS, certain types of cancers (e.g., leukemia, bone marrow),
or autoimmune disorders are at significantly greater risk for death, as compared to persons
without these conditions. In the updated analysis of Salmonella-related mortality as
described in section 2.3, a matched case-control study showed that HIV (matched odds ratio
(MOR) =7.42; 95% ClI, 5.26-10.47), leukemia (MOR=2.95; 95% ClI, 1.48-5.88), connective tissue
disorders (MOR=2.36, 95%CI, 1.42-3.93), lupus (MOR=3.83; 95% CI, 1.72-8.55), and
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rheumatoid arthritis (MOR=2.24; 95% ClI, 1.10-4.55) were more likely to be reported on death
certificates with Salmonella infection listed as an underlying or associated cause of death than
controls when matched on age, sex, and race/ethnicity (Table 2). Other conditions found to be
listed with Salmonella infection on death certificates included: septicemia; various types of
renal failure and disorders of fluid, electrolyte, and acid-base balance; and sickle-cell disorders
(Table 2). The matched analysis examined comorbid conditions most often listed on death
certificates of those who died from Salmonella infection, as either an underlying cause or
associated cause of death. Table 2 lists these diseases within a broader category (e.g., all types
of cancer, all types of renal failure) and their corresponding ICD codes. For example, Leukemia

is one type of cancer that affects the bone marrow.

Salmonella-| Matched
ICD-9 and ICD-10 related control Matched
Comorbid condition codes deaths deaths odds ratios
(respectively) (N=1,371),a| (N=5,484), | (95%CI)
N(%)P N(%)P
Alcohol and drug abuse | 303-305, K70, F10-F19 | 40 (2.92) | 237 (4.32) © 406_605 %)

Cancer (all types) 140-239, C00-D48 192 (14.00) {1,373 (25.04) © 4(2;107 56)
- Malignant neoplasm 0.50
(bone, connective tissue, 170-175, C40-C49 13 (0.95) | 102 (1.86) © 28'_0 90)
skin, breast) ’ ’
- Malignant neoplasm 037
(digestive organs, 150-159, C15-C26 33 (2.41) | 336 (6.13) (02 6'_0 54)
peritoneum) ’ ’
Cancers affecting bone 200, 203-205, C85, C88, 2.01
marrow (all types) C90-C92 46 (3:36) 92 (1.68) (1.41-2.87)
- Leukemia 204, C91 14 (1.02) 19 (0.35) (1 428—955 88)
Connective tissue disorders 710, 714, M05-M06, | 24 (1.75) 43 (0.78) 2.36
(all types) M08, M32-M35 (1.42-3.93)
- Lupus* 695.4, 710, L93, M32 12 (0.88) 14 (0.26) {a 732?5 55)
- Rhumatoid arthritis 714, M05-MO06, M08 12 (0.88) 22 (0.40) (1 120'_24%55)
Diabetes 250, E10-E11, E14 109 (7.95) | 422 (7.70) © 813?14 30)
Diseases of the circulatory 0.82
system 390-459, 100-199 674 (49.16) |2,938 (53.57) (0.73-0.93)
Endocrine, nutritional,
metabolic diseases, and 1.56
immunity disorders (all 240-279, E0O0-E90 242 (17.65) | 669 (12.20) (132-1.83)
types)

- Disorders of fluid, 3.03
electrolyte, acid-base balance 276, E87 57 (4.16) 78(1.42) (2.12-4.31)
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Salmonella-| Matched
ICD-9 and ICD-10 related control Matched
Comorbid condition codes deaths deaths | odds ratios
(respectively) (N=1,371),a| (N=5,484), | (95%CI)
N(%)P N(%)b
Flu/Pneumonia (organism 0.95
unspecified) 480-488, J10-J18, P23 | 107 (7.80) | 445 (8.11) (076-1.18)
Diseases of the digestive 2.46
system (all types) 520-579, K00-K93 | 246 (17.94) | 447 (8.15) (2.08-2.92)
- Liver diseases 570-573, K70-K77 72 (5.25) | 201 (3.67) (1 114?21 00)
HIV 042, B20-B24 133 (9.70) | 121 (2.21) 5 22_% 47)
Renal Failure (all types) 580-589, N17-N19 | 197 (14.37) | 374 (6.82) (1 926?28 87)
- Acute renal failure 584, N17 74(G40) | 7129 | 0‘3:0’61 01)
- Chronic renal failure 585, N18 26 (1.90) | 106 (1.93) © 6%_918 52)
- Unspecified renal failure 586, N19 96 (7.00) | 203 (3.70) (1 525?20 58)
Septicemia (including other 2.73
septicemia) 038, A40.9, A41 193 (14.08) | 304 (5.54) (225-332)
Sickle-cell disorders 282, D57 13095 | 601 | L o)

2 One case was excluded due to missing variables. ® Numbers may not add up to total due to missing
data.

Table 2. Comorbid conditions associated with nontyphoidal Salmonella mortality in the
United States, 1990-2007.

4. Current surveillance efforts, prevention, and next steps

4.1 Current surveillance efforts in the United States

In the United States, surveillance for Salmonella infections has been an ongoing effort since
1996. Managed by the CDC, the Foodborne Diseases Active Surveillance Network
(FoodNet) collects active, population-based surveillance data on laboratory-confirmed
infections for nine different pathogens that are commonly transmitted through food (as
listed in section 2.2). These pathogens include Campylobacter, Listeria, Salmonella, Shigella,
STEC 0157, Vibrio, Yersinia, Cryptosporidium, and Cyclospora (the latter two are parasites).
This surveillance effort includes 10 state health departments (i.e., California, Colorado,
Connecticut, Georgia, Maryland, Minnesota, New Mexico, New York, Oregon, Tennessee),
the U.S. Department of Agriculture’s Food Safety and Inspection Service (USDA-FSIS), the
Food and Drug Administration (FDA), and the CDC. The total surveillance area accounts for
approximately 15% of the United States population, representing about 46 million people.
The national Salmonella database in PulseNet, which is the national molecular subtyping
network for foodborne disease surveillance, was established by the CDC to subtype
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bacterial foodborne pathogens. PulseNet routinely subtypes E. coli O157:H7, nontyphoid
Salmonella serotypes, Listeria monocytogenes, and Shigells. The database encompasses 46
states, two local public health laboratories, and the food safety laboratories of the Food and
Drug Administration and the U.S. Department of Agriculture. The national database of
pulsed-field gel electrophoresis (PFGE) for foodborne bacterial pathogens helps track
potentially unrelated cases in isolated geographic areas and identifies outbreak strains.

4.2 Salmonellosis transmission, prevention, and next steps

The most common mode of Salmonella transmission is through the ingestion of the
bacterium in food derived from an infected animal or contaminated by feces of an infected
animal or person (Mead et al., 1999). This includes raw and undercooked eggs or egg
products, raw milk or milk products, poultry, meat, contaminated water, and any other
food item that uses potentially contaminated ingredients. Farm animals used to produce
these ingredients can become infected by eating feed and fertilizers prepared from
contaminated meat scraps and bones. The infection can then spread by bacterial
multiplication during rearing and slaughter. This chain of transmission can eventually
lead to person-to-person fecal-oral transmission when a person comes in contact with
contaminated feces and transmits it to others through a vehicle (e.g., food) or by direct
transmission.

Other sources of transmission may occur from handling Salmonella-contaminated pet turtles,
iguanas, chicks, and unsterilized pharmaceuticals of animal origin. Contact with pet turtles
and other reptiles can be a very serious health risk to infants, small children, and adults with
weakened immune systems (LACDPH, 2008). Hand-to-mouth and object-to-mouth
behaviors are common among young children and can increase their risk for contracting
salmonellosis. This resulted in a nationwide ban on the sale of turtles less than four inches in
diameter in 1975 (US-CFR, 2010).

More recently, there have been several outbreaks of salmonellosis traced to consumption of
raw fruits and vegetables, generally contaminated from manure on the outer surface of the
fruit or vegetable. Manure contamination can be from the farm or during packing (Harris et
al., 2003). In 1999, a multi-state outbreak of Salmonella enterica serotype Baildon (a rare
serotype) was associated with raw, domestic tomatoes in the United States (Cummings K et
al., 2001). This large outbreak resulted in 86 confirmed cases of salmonellosis.

Since there are several species of domestic and wild animals that can harbor Salmonella (e.g.,
poultry, swine, cattle, rodents and pets such as iguanas, tortoises, turtles, terrapins, chicks,
dogs and cats), control policies and measures for preventing Salmonella infection are often
more complex than for other foodborne pathogens. The fact that humans can also carry this
bacterium either as mild, unrecognized cases or as convalescent carriers (i.e., those who
have recovered from symptomatic illness, but are still capable of transmitting the pathogen
to others) also contributes to this complexity. As carriers, humans can be particularly
effective in spreading the disease in the population. Fortunately, chronic carrier states are
rare in humans; they are, however, prevalent in animals.

Given that the most common mode of transmission is from handling and consuming
infected food, the risk of exposure to salmonellosis can occur at multiple points in the food
distribution chain, including retail food establishments and homes. Since the food
distribution chain directly and indirectly affects all individuals, vigilant monitoring and
regulation at multiple points in the chain are vital.
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4.2.1 Food distribution chain

Salmonella prevention can be implemented in a number of ways, one of which is through
environmental or system policies that improve regulation of potential sources of
contamination. For example, the U.S. Department of Agriculture’s Food Safety and
Inspection Service currently recommends establishing facilities for irradiation of meats and
eggs (USDA-FSIS, 2005). In addition, the need for improved sanitation inspection and
supervision of abattoirs, food-processing plants, feed-blending mills, and egg grading
stations is growing, as these are top sources of contamination for common foodborne
pathogens in the United States (Batz et al., 2011). Multiple regulatory outlets are currently
responsible for monitoring different aspects of the U.S. food distribution chain. The Food
and Drug Administration is responsible for the safety of approximately 80% of the nation’s
food supply, while other government entities, including the U.S. Department of Agriculture
oversee the remainder. In covering such a broad enforcement responsibility, these agencies
are continuously striving to reduce gaps in coordination and frequently collaborate on
multiple efforts to ensure food safety. The World Health Organization (WHO) recommends
strong communication, infrastructure, and coordination efforts among private, local, and
federal regulatory sectors. The WHO also recommends the establishment of enhanced food
safety standards in feed control regulation; cleaning and disinfection; vector control; and
adequate cooking or heat-treating (including pasteurization or irradiation) of animal-
derived foods prepared for animal consumption (e.g., meat or bone or fishmeal and pet
foods). U.S. agencies follow these standards.

The regulatory policies currently in place have been developed over many years in the
United States. Starting in the early 1990s, farm-to-table egg safety efforts were developed by
the Food and Drug Administration and the USDA Food Safety and Inspection Service
(FSIS). Over the years, FSIS gained more regulatory authority in enforcing laws, including
the Federal Meat Inspection Act (FMIA), the Poultry Products Inspection Act (PPIA), and
the Egg Products Inspection Act. These particular laws or regulations required federal
inspection and regulation of meat, poultry, and processed egg products prepared for
distribution. In conjunction with these laws, the Food and Drug Administration and the
FSIS conducted a joint Salmonella Enteritidis risk assessment in 1998. This assessment found
that a broad-based policy encompassing multiple interventions from farm-to-table is more
likely to be effective in eliminating egg-associated salmonellosis cases than a single policy
directed solely at one stage of the production-to-consumption continuum.

The lessons learned from the Food and Drug Administration (FDA) and the FSIS joint
evaluation efforts contributed to the development and implementation of the FDA’s new
food safety strategy - coined as the “new egg rule” (Figure 4). This rule is considered very
comprehensive and is aimed at preventing Salmonella Enteritidis in shelled eggs during
production, storage, and transportation. Ironically, (as mentioned in section 2.1) one of the
largest Salmonella outbreaks in U.S. history that led to a massive recall of about half a billion
eggs and more than 2,000 reported illnesses occurred just prior to implementation of these
new regulations during the summer of 2010 (Hutchison, 2010). The new egg rule requires
production plants to implement intense rodent control, limits on contamination from people
and equipment, regular egg tests, egg storage temperatures that retard Salmonella growth,
and a requirement that egg producers maintain records documenting their compliance with
these regulations. Modeled after several existing state programs (e.g., Pennsylvania Egg
Quality Assurance Program), the new egg rule will, according to some farms, increase costs
of production to about a penny per dozen (Hutchison, 2010). However, the Food and Drug
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Administration projected an average annual cost of about $24,100 per farm site, which
translates into about $0.30 cents per layer (i.e., a layer is a chicken that produces eggs)
(USDA-APHIS, 1999). One of the benefits of this new egg rule, if properly regulated, is that
it can potentially outweigh the healthcare-associated costs of treating salmonellosis. The
Food and Drug Administration expects that the rule will decrease Salmonella in plants by
60%, save more than 30 lives each year, and avert more than 79,000 cases of salmonellosis
annually (USDHHS, 2009). The preventive measures that were included in this new rule
have been demonstrated to be relatively effective for preventing the spread of Salmonella
Enteritidis (USDHHS, 2009). Moreover, shelled eggs were targeted by these measures
because they are the predominant source of foodborne Salmonella Enteritidis-related
outbreaks in the United States (USDHHS, 2009).

FDA Steps Up Inspections
Under New Egg Rule
Prees MR \

Fig. 4. Consumer health information guide released by the Food and Drug Administration
and the U.S. Department of Agriculture on September 2010 outlining the new egg rule.

One of the anticipated hurdles of the new egg rule may be implementation barriers, such as
the limited capacity of smaller facilities to comply with the required preventive measures.
Smaller farms may not be as prepared as larger farms to meet the rule’s requirements
during the initial stages of implementation. More specifically, they may be less likely to
have adequate refrigeration capacity, effective rodent control, an efficient biosecurity
program, and the necessary measures in place to limit laying hens' exposure to manure on
building floors. The Food and Drug Administration (FDA) has anticipated this need to assist
smaller farms. Currently, there is an FDA exemption in place for producers with small
flocks (i.e., less than 3,000 laying hens). The agency’s strategic decision to target the largest
producers is based on its goal of having the greatest impact in terms of farm-to-table
distribution of eggs. This is a reasonable approach, at least in the initial years of
implementation. Eventually, consideration for expanding this rule to apply to smaller farms
may be beneficial.
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4.2.2 Restaurant and retail food environments
United States, California

On July 1, 2011, in the state of California (U.S.A.), a food handler card law was implemented.
This law requires that all employees of retail food establishments who prepare, store or serve
food, must have a California Food Handler Card. This regulation applies to servers,
chefs/head chefs/cooks/head cooks, bartenders, bussers (i.e., those who help assist the server
by cleaning tables and other duties), and hosts and hostesses who handle food. Supervisors,
including the general manager, may also need to carry the card if they do not already have a
Food Protection Manager Certification. To receive a card or become certified, a person must
take a basic food safety training course and pass a test with a score of 70% or better; the card is
only valid for up to three years. Thus, food service employees must take the course every three
years. Currently, the U.S. National Restaurant Association (ServSafe® California Food Handler
Program), ProMetric, and the U.S. National Registry for Food Safety Professionals are the only
three providers that can issue cards within California.

Implementation of this program demonstrates the importance of preventive measures at the
restaurant and/or retail level. For instance, not all food handlers at the different stages of
food preparation in a given establishment may be entirely aware of raw products that are
contained in certain foods, dishes, or recipes handed down to them by restaurant
management or by other food handlers. A few examples include raw or partially cooked
eggs (e.g., ‘over easy’ or ‘sunny side up,” eggnogs, and homemade ice cream), the use of
dirty or cracked eggs, pooled eggs (i.e., combining multiple eggs together), and dishes
containing eggs that are not immediately cooked. Generally, all of these practices should be
avoided or at least substituted with the use of pasteurized egg products (or irradiated egg
products) if use of raw eggs is necessary for a recipe.

Other preventive measures should include prohibiting individuals with diarrhea from
food preparation. Known Salmonella carriers may require isolation or long-term
monitoring and should definitely be discouraged from preparing food for others as long
as they shed the organism.

Los Angeles County, California (U.S.A.)

In December 1997, in response to increased media attention of foodborne illness stemming
from unsafe and unhygienic food handling practices in restaurants, the County of Los
Angeles government passed an ordinance that focused on increasing transparency and
consumer awareness of hygiene and sanitation practices at restaurants and other retail food
establishments through restaurant inspections (Fielding, 2008; Zhe Jin and Leslie, 2003).
Prior to its passage, the Department of Health Services routinely conducted hygiene
inspections among restaurants in Los Angeles County. However, the results of these
inspections were not made public. Thus, under the new mandate, inspection results were
required to be posted as a letter grade corresponding to an aggregated inspection score (i.e.,
90-100 = A, 80-89 = B, 70-79 = C, etc.) (Figure 5). Specifically, it required that restaurants and
other retail food facilities publicly post their assigned letter grade (using a standardized-
format grade card, see Figure 5), typically near the entrance, within five feet of the point of
entry so the score would be visible to patrons (Simon, et al. 2005; Zhe Jin and Leslie, 2003).

A month prior to the adoption of the ordinance, as a direct response to the need for
transparency and consumer awareness, the County of Los Angeles Board of Supervisors
requested that the Department of Health Services, which at the time included the Department
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of Public Health, draft a 17-point action plan to enhance the existing restaurant inspection
process (Fielding, 2008). The recommendations outlined by this plan laid the groundwork for
the ordinance. The plan called for establishing inspection scoring criteria, adopting letter
grading, and increasing transparency of inspection results (Fielding, 2008). It also specified
several enhancements to the existing program, such as requiring Environmental Health (EH)
staff to undergo rigorous training to learn the new inspection procedures; restaurant managers
and workers receive food safety training; a 24-hour restaurant hotline be established so that
the public could report complaints about food establishments; and development of a new
inspection schedule (Fielding, 2008). The drafting of the action plan and the subsequent
passage of the ordinance led to the 1998 establishment of an improved inspection program,
now known as the Restaurant Hygiene Inspection Program (RHIP). The program is currently
under the supervision of the Los Angeles County Department of Public Health.
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Fig. 5. Standardized-format grade cards given to restaurants and other retail food
establishments upon receiving an inspection score. Los Angeles County, California, USA, 2011.

On July 1, 2011, an addendum to the RHIP’s policy and procedures manual was added to
the program. This addendum provided guidance on inspection frequency requirements,
outlining inspection frequencies for food facilities based on risk assessment results for the
facility. Risk assessment designation or category is defined as “the categorization of a food
facility based on the public health risk associated with the food products served, the
methods of food preparation, and the operational history of the food facility”
(Environmental Health Policy and Operations Manual, 2011). Currently, there are four risk
assessment categories used to evaluate restaurants (Table 3).

Since implementation, the Restaurant Hygiene Inspection Program in Los Angeles County has
been considered a relatively effective strategy for reducing the burden of foodborne disease in
the region. Credited for improving hygiene standards among food facilities in the county, the
program has been theorized by some to have helped reduce foodborne illness hospitalizations
(Figure 6). In the year following implementation of the RHIP (1998), the grading program was
associated with a 13.1 percent decrease (p<0.01) in the number of foodborne disease
hospitalizations in Los Angeles County (Simon et al., 2005), albeit other factors may have also
been attributed to this decrease, including random chance. Figure 6 shows the number of
hospitalizations in the county, as compared to the rest of California (Simon et al., 2005).
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Risk Category Applies to, but not limited to: | Number of Inspections per year
High-Risk Category |-Meat Markets 3 inspections per vear
(Risk AssessmentI) |-Full service restaurants p pery

Moderate-Risk
Category
(Risk Assessment II)

-Retail food stores with
unpackaged foods

-Fast food chains that sell
chicken and beef

-Quick service operations

2 inspections per year

Low-Risk Category
(Risk Assessment I1I)

-Liquor stores

-Food warehouses (retail &
prepackaged)

-Ice cream operations in drug
stores

-Operations that sell candy
-Kitchen-less bars

-Snack bars located in theatres

1 inspection per year*

* If inspection score falls below 90,
facility may be subject to additional
inspections throughout the year.

Temporary-Risk
Category
(Risk Assessment IV)

-Applies to facilities that have
existing suspensions,
violations, or investigations.

Establishments in this category will
increase number of inspections by
one (i.e., a restaurant in the low-risk
category assigned to risk assessment
IV will go from the typical 1
inspection per year to 2 inspections

per year).

Table 3. The four risk assessment categories used to evaluate restaurants and other retail
food establishments in Los Angeles County, California, USA.

# Number of foodborne disease hospitalizations in Los Angeles County

# Number of foodborne disease hospitalizations in the rest of California
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Fig. 6. Number of Foodborne-Disease Hospitalizations by Year, Los Angeles County and the
Rest of California, 1993-2000, USA.
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4.2.3 Home kitchens

Although restaurant inspections by local health departments routinely assess food-safety
practices among food handlers in the retail food environment, similar scrutiny of home
kitchens are rarely applied in most jurisdictions across the United States. In response to this
potential risk in the home setting, the Los Angeles County Department of Public Health
launched its Home Kitchen Self-Inspection Program in the spring of 2006 to promote safer
food handling and preparation practices among the county’s residents, using a voluntary
self-inspection and education program. The program included the use of a web-based, self-
assessment questionnaire, called the Food Safety Quiz (FSQ) that was based on emerging
evidence indicating that online, interactive learning strategies are conducive to problem-
based learning, improving self-efficacy and increasing self-mastery of selected skills (Kuo et
al., 2010). The educational program stressed the importance of such preventive measures as
hand washing before, during and after food preparation; refrigerating prepared foods in
small containers; thoroughly cooking all foodstuffs derived from animal sources,
particularly poultry, pork, egg products and meat dishes; avoiding recontamination within
the kitchen after cooking is completed; and maintaining a sanitary kitchen and protecting
prepared foods against rodent and insect contamination (Heymann, 2008; Scott, 2003).
During its initial program period from 2006-2008, more than 13,000 individuals
participated in the program and completed the FSQ. Recent evaluation of program
progress revealed that if home kitchens were graded similarly to restaurants in Los
Angeles County, 61% would have received an A or B rating, as compared to 98% for the
full-service restaurants based on rating criteria derived from the California Food Safety
Code (Kuo et al., 2010). Among the program participants, approximately 27% reported
not storing partially cooked food that was not used immediately in the refrigerator before
final cooking; 26% reported that their kitchen shelves and cabinets were not clean and free
from dust; and 36% said they did not have a properly working thermometer inside their
refrigerators (Kuo et al., 2010).

The program evaluators concluded that even among interested and motivated persons
who took the time to participate in the Home Kitchen Self-Inspection Program, food
handling and preparation deficiencies were common in the home kitchen setting. This
innovative, ongoing educational program in Los Angeles County underscores the
importance of educating the public about home kitchen safety. Such programs, which
emphasize feedback and interactive teaching about food safety, can complement the
efforts of established restaurant hygiene rating programs to reduce foodborne illnesses in
jurisdictions across the United States.

4.3 Exploring new strategies and technologies

New research on control measures is underway to investigate additional strategies for
reducing foodborne illnesses, especially for Salmonella prevention. Advances in non-thermal
technologies for microbial inactivation of Salmonella, such as the use of cold plasma, high
pressure, and carbon dioxide are currently being evaluated (Bermtidez-Aguirre et al., 2011).
Another approach that is currently being considered is the use of antimicrobial bottle
coatings (i.e., packaging for liquid foods) to inactivate Salmonella in liquid egg albumen (Jin
and Gurtler, 2011). Scientists are also actively exploring an experimental chlorate product
that can be introduced into drinking water and feed for hens (McReynolds et al., 2005).
Although promising, these innovations are not standalone interventions and are expected to
augment existing control measures at various levels of the food distribution chain.
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5. Conclusion

Salmonellosis caused by nontyphoid strains remains the most common foodborne illness
reported in the United States. In spite of effective public health and regulatory efforts to
control and prevent this infectious disease, the morbidity, mortality, and years of potential
life lost due to this foodborne pathogen continue to be substantial. The overall incidence of
laboratory confirmed Salmonella infection was 17.6 cases per 100,000 persons in 2010, which
remains higher than the Healthy People 2020 objective of 11.4 cases per 100,000 persons
(Figure 2). Active surveillance and continual efforts in developing and implementing control
policies have helped federal and local health agencies in the United States make significant
strides in combating this disease. Lessons learned from these efforts, including ways to
work collaboratively across agencies at different levels of the food distribution chain have
been invaluable for informing present and future Salmonella control policies and preventive
measures in the United States. These lessons may have global implications for other
jurisdictions abroad.
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1. Introduction

Salmonella is one of the most common causes of foodborne disease worldwide. It also
generates negative economic impacts due to surveillance investigation, and illness treatment
and prevention. Salmonellosis is a zoonotic infection caused by Salmonella; for example, S.
Enterica causes gastroenteritis, typhoid fever and bacteremia. Transmission is by the fecal-
oral route whereby the intestinal contents of an infected animal are ingested with food or
water. Human carriers are generally less important than animals in transmission of
Salmonella strains. A period of temperature abuse which allows the Salmonella spp. to grow
in food and/or inadequate or absent final heat treatment are common factors contributing to
outbreaks. Meat, poultry, egg, dairy products, and fruits and vegetables are primary
transmission vehicles; they may be undercooked, allowing the Salmonella strains to survive,
or they may cross-contaminate other foods consumed without further cooking. Cross-
contamination can occur through direct contact or indirectly via contaminated kitchen
equipment and utensils. This chapter is a review of the role foods play in Salmonella
infections and provides an overview of the main food chain- associated Salmonella risks.

2. Salmonella contamination sources in foods

Salmonella is found in the environment and the gastrointestinal tract of wild and farmed
animals. Animals may become infected with Salmonella through environmental
contamination, other animals or contaminated feed. Both animals and humans can function
as Salmonella reservoirs. In addition to sheep, goats, cattle, chickens and pigs, other animals
which can become infected with Salmonella include geese and other birds, lizards and other
reptiles, shellfish, and amphibians such as turtles. Indeed, most Salmonella contamination is
of animal origin.

Among livestock production systems, Salmonella is more frequently isolated from poultry
(chicken, turkey, duck, and pheasants) than from other animals (Freitas et al., 2010).

* Corresponding Author
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Salmonella-infected animals shed the microorganism in the feces from where it can spread
into soil, water, crops and/or other animals. All Salmonella serotypes can be harbored in the
gastrointestinal tract of livestock. The most common chain of events leading to this
foodborne illness involves healthy carrier animals which subsequently transfer the pathogen
to humans during production, handling and/or consumption.

Salmonella transmission to food processing plants and food production equipment is a
serious public health issue. Salmonella can enter the food chain at any point: crop, farm,
livestock feed, food manufacturing, processing and retailing (Wong et al., 2002). A number
of workers handle animals during slaughter and processing, and contamination is possible
when Salmonella or any other pathogen is present on the equipment or the workers” hands or
clothing. Contamination most often occurs during specific slaughter stages: bleeding,
skinning (or defeathering in poultry), evisceration (removal of chest and abdomen contents,
also known as gutting) and pre-processing carcass handling. Cattle may be
asymptomatically infected with Salmonella and beef can be contaminated during slaughter
and processing via gastrointestinal content, and by milk during milking. Salmonella Dublin
which is highly pathogenic to humans, is strongly associated with cattle (host-adapted). This
makes cattle an important target for Salmonella control efforts.

Salmonella can frequently be isolated from most species of live poultry, such as broilers,
turkeys, ducks and geese. Levels in poultry can vary depending on country, production
system and the specific control measures in place. Contamination in poultry products can
occur at several stages in the slaughter process, be it feces during evisceration or cross-
contamination from contaminated products or surfaces on the production line. Particular
contamination ‘hot spots” in the poultry slaughter process include defeathering, evisceration
and cutting; chilling in a water bath reduces the Salmonella load but may in turn facilitate
cross-contamination (Corry et al., 2002; Fluckey et al., 2003; Northcutt et al., 2003).

Pork and pork products are increasingly recognized as important sources of human
salmonellosis (Nielsen and Wegener, 1997). Salmonella colonizes pigs on the farm, and pork
is then contaminated during slaughter or subsequent processing. Control of Salmonella in
pork can be implemented on the farm, at slaughter and during processing. Pre-harvest
control consists of monitoring Salmonella at the herd level, and implementing Salmonella
reduction measures in infected herds through hygiene, animal separation, feeding strategy
and strict control of Salmonella in the breeder and growing-finishing pig supply chain.

Until recently, most human Salmonellosis cases have been caused by contaminated food
animals, but in recent years an array of new food vehicles in foodborne disease transmission
has been identified. Foods previously thought to be safe are now considered to be
hazardous. These new food vehicles share several features. Contamination typically occurs
early in the production process, rather than just before consumption. Consumer preferences
and the globalized food market result in ingredients from many countries being combined
in a single product, making it difficult to trace the specific contamination source. Many
foods also have fewer barriers to microbial growth, such as added salt, sugar or
preservatives. Their consequent short shelf life means they are often eaten or discarded by
the time an outbreak is recognized. Under these circumstances, efforts to prevent
contamination at the source are very important. Fresh produce such as fruits and vegetables
have gained attention as transmission vehicles since contamination can occur at any one of
the multiple steps in the processing chain (Bouchrif et al., 2009). Factors influencing the rise
in salmonellosis outbreaks linked to vegetables include changes in agricultural practices and
eating habits, as well as greater worldwide commerce in fresh produce (Collins, 1997).
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Contamination with Salmonella strains from fresh produce apparently stems mainly from
horticultural products. The principal contamination routes are probably use of animal-
source organic fertilizers, irrigation with wastewater, humans and other animals (Islam et
al., 2004; Natvig et al., 2002). Presence of Salmonella in the environment may also lead to
contamination in fruits and vegetables because Salmonella can survive for long periods in the
environment. Multiple pathogenic microorganism sources occur during food packaging,
distribution and marketing.

Studies of environmental sources of Salmonella contamination indicate that water is an
important source, particularly irrigation water containing manure, wildlife feces or sewage
effluents (Islam et al., 2004; Reilly et al., 1981). Insects or birds may also transmit Salmonella
to different foods. Flies are a known Salmonella carrier (Greenberg & Klowden, 1972), and
can transmit various pathogenic microorganisms, as well as viruses such as polioviruses,
coxsackie viruses, infectious hepatitis and anthrax (Ugbogu et al., 2006). Moore et al. (2003)
mentioned the possibility that Chironomus genus insects were direct or indirect vectors of
enteric bacteria contamination in water and food.

In general, non-typhoid Salmonella is a persistent contamination hazard in all raw foods,
including animals, poultry, wild birds, eggs, fruit, vegetables, dairy products, fish and
shellfish and cereals.

3. Salmonella in foods

Salmonella spp. are the most common pathogenic bacteria associated with a variety of foods.
Although myriad foods can serve as Salmonella sources, meat and meat products, poultry
and poultry products, and dairy products are significant sources of foodborne pathogen
infections in humans. Presence of Salmonella spp. in fresh raw products can vary widely
(Harris et al., 2003). Frequency usually ranges from 1 to 10 %, depending on a range of
factors including organism, farming and/or food production practices, and geographical
factors (Harris et al.,, 2003). Research on Salmonella frequency in different countries is
extensive, and Salmonella serotypes have been isolated in a variety of foods (Table 1). Poultry
and egg products have long been recognized as an important Salmonella source (Skov et al.,
1999); in fact, contaminated poultry, eggs and dairy products are probably the most
common cause of human Salmonellosis worldwide (Herikstad et al., 2002). Salmonella can
contaminate eggs on the shell or internally, and egg shells are much more frequently
contaminated than the white/yolk. Furthermore, egg surface contamination is associated
with many different serotypes, while infection of the white/yolk is primarily associated
with S. Enteritidis (Table 1).

Poultry and poultry products are a common foodborne illness vector. Poultry can carry
some Salmonella serovars without any outwards signs or symptoms of disease. Salmonella
can be introduced to a flock via multiple environmental sources, such as feed, water, rodents
or contact with other poultry. The gastrointestinal tract of one or more birds may harbor
Salmonella-and, if damaged during slaughter, may contaminate other carcasses. Cross-
contamination can also occur from a Salmonella-positive flock or contaminated slaughter
equipment to the carcasses of a Salmonella-free flock, as well as via handling of raw poultry
during food preparation. Sufficient heating will eliminate Salmonella from contaminated
poultry and poultry products.

Pasteurization effectively kills Salmonella in milk, but consumption of unpasteurized milk
and milk products is a well documented risk factor for salmonellosis in humans.
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Inadequately pasteurized milk as well as post-pasteurization contamination of milk and
milk products are recognized sources of human disease.

Country Food Serotypes Reference
United States ~ Papaya Agona CDC, 2011
United States Cantaloupe Panama CDC, 2011

Anatum, Cerro, Dublin,

. . Infantis, Kentucky, Van Kessel

United States Raw milk Mbdanka, Montevideo, etal., 2011
Muenster
. Opysters served raw Newport, Mbandaka, Brillhart &
United States i restaurants Braenderup, Cerro, Joens, 2011
! Muenchen, 1:4,12:i:- ’
. . Castro-Rosas
Mexico Chili peppers ND etal,, 2011
Amsterdam, Anatum,
Montevideo, Brandenburg, .
. . . Torres-Vitela
Mexico Cheese Give, Kiambu, Nyborg,
. . etal,, 2011
Bredeney, Typhimurium,
Meleagridis, Kentucky
China Beef Enteritidis, Typhimurium Yang et al., 2010
. Dallal et al.,
Iran Chicken Thompson 2010
. 1 Freitas et al.,
Brazil Poultry carcass Enteritidis 2010
Turke Retail Meat gy;: hlmqusum, tori b Arslan & Eyi,
N4 Products - bongori, S. enterica subsp. 2010
diarizonae
Enteritidis, Derby, Betancor
Uruguay Poultry and Eggs Gallinarum, Panama et al., 2010
. .. Castro-Rosas
Mexico Zucchini squash ND et al,, 2010
. . . Hasan et al,,
Bangladesh Chick egg Typhimurium 2009
Brancaster, Goelzau,
Kentucky, Hadar, Agona,
Chicken Carcasses Poona, Bandia, Bessi, Brunei, .
) Dione et al.,
Senegal and Street-Vended Hull, Istanbul, Javiana, 2009
Restaurants Magherafelt, Molade,
Oxford, Rubislaw, Tamale,
and Zanzibar
Kentucky, Hadar,
United States Chicken carcasses Enteritidis, Braenderup, Lestari et al.,

from retail stores

Montevideo, Thompson,
Mbandaka, Agona

2009
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Country Food Serotypes Reference
Kentucky, Heidelberg,
Typhimurium,
Typhimurium var. 5-;
4,5,12:1: -; Schwarzengrund,
. . Montevideo, Ohio, Kiambu, Berrang et al.,
United States Broiler carcasses Betha, Thompson; 4,12:1: - 2009
Senftenberg, Enteritidis,
Worthington, Hadar; 8,(20): -
:z6; Mbandaka; 8,(20):1: -
Infantis
Republic of . L Prendergast
Ireland Retail pork Typhimurium et al., 2009
Typhimurium, Choleraesuis,
Parsley, coriander, Gallinarum, Anatum, Quiroz-Santiago
Mexico cauliflower, lettuce,  Agona, Edinburg, ot al 2009 &
spinach Enteritidis, Typhi, Pullorum, !
Bongor
Japan Imported Seafood Weltevreden Asai et al., 2008
Iran Raw poultry Enteritidis, Baibouknown Jalali et al., 2008
. Typhimurium, Agona,
Mexico Hydroponic Thompson, Montevideo, C1 Orozco et al,
Tomatoes ; 2008
monophasic
Australia Retail Raw Meats Typhimuriuam, Infantis gggglps etal,
. . Cetinkaya et al.,
Turkey Chicken Infantis 2008
Sushi from sushi Atanassova
Germany bars and retailers ND et al., 2008
. London, Havana, Anatum,
Vietnam gﬁiﬁ’fzief’ chicken, Hadar, Van et al., 2007
Albany, Typhimurium
. Reiter et al.,
Brazil Poultry meat ND 2007
. Infantis, Typhimurium,
New Zealand inat)oked retail Enteritidis, Brandenberg, X\ég?g etal,
cats 4512:-:-,4,12:-:-, 4:-:2, 6,7:k:-
Heidelberg, Orion,
Canada Chicken nuggets Kentucky, Hadar, Indiana, Bucher et al.,
and strips Infantis, Enteritidis, 2007

Mbandaka,
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Country Food Serotypes Reference
Street food, fried
. 'chlcken, k.erabu Biafra, Braenderup, Tunung et al.,
Malaysia jantung pisang, Weltevreden 2007
sambal fish, mix
vegetables
. . Danyluk et al.,
United States Almonds 35 different serotypes 2007

ND: not determined

Table 1. Salmonella serotypes identified in different foods and countries.

Salmonella spp. have been isolated from filter feeder seafood species such as oysters, clams
and mussels (Table 1). These species acquire their food from the water flowing through their
bodies, but also ingest anything else that happens to be in the water. If oceans, lakes and
bays are contaminated with fecal matter, the shellfish living in them intake any waterborne
pathogens and harbor them in their intestines. The highest potential infection risk is from
oysters, since they are most often eaten raw on the half shell. A single raw oyster can contain
enough bacteria to cause an infection in the human gut. Mussels and clams pose less of a
risk because they are usually steamed, killing Salmonella and most other bacteria. The above
constitute only a sampling of the principal ways in which animals and animal products
cause lead to Salmonella infection.

Fresh produce as a possible disease vehicle has become the focus of increasing concern since
contamination can occur at multiple steps along the food chain. Salmonella is among the
most worrisome of the pathogenic microorganisms found in minimally-processed fresh
produce (CDC, 2009; Heaton et al., 2008). Bacterial contamination of whole or minimally-
processed fresh vegetables can occur at different processing stages (i.e. harvest, trimming,
washing, slicing, soaking, dehydrating, blending and/or packaging) (Harris el al., 2003).
Produce can also be contaminated with human or animal source pathogens (Beuchat, 2006;
Natvig, 2002). Salmonella spp. are the most common etiological agent associated with fresh
produce related infection in the United States (US). A range of fresh fruit and vegetable
products have been implicated in Salmonella infection, most frequently lettuce, sprouted
seeds, melons and tomatoes (Table 2). Salmonella spp. are often isolated during routine
surveys of produce such as lettuce, cauliflower, sprouts, mustard cress, endive and spinach
(Thunberg et al., 2002); mushrooms (Doran et al., 2005); bean sprouts, alfalfa sprouts,
unpasteurized juices and fresh salad fruits and vegetables (CDC, 2009).

In Mexico, Salmonella has been isolated from raw vegetables such as alfalfa sprouts (Castro-
Rosas and Escartin, 1999), parsley, cilantro, cauliflower, lettuce and spinach (Quiroz-
Santiago et al., 2009). It has also been identified from zucchini squash (Cucurbita pepo)
(Castro-Rosas et al., 2010), and jalapefio and serrano chili peppers (Castro-Rosas et al., 2011).
In 2008, 600,000 tons of zucchini were produced in Mexico: 419,768 tons for the domestic
market (SAGARPA, 2010) and approximately 200,000 tons for the US market (USDA, 2010).
This squash is most commonly consumed cooked in Mexico and other countries, but can be
eaten raw (e.g. green salads). In 2009, over 1,981,500 tons of chili peppers were produced in
Mexico; of these 613,308 tons were jalapefio peppers and 216,617 tons were serrano peppers
(SAGARPA, 2010). These peppers are most commonly consumed raw [e.g. green salads or
Mexican sauce (salsa)], both in Mexico and other countries.
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We studied the frequencies of coliform bacteria (CB), thermotolerant coliforms (TC),
Escherichia coli and Salmonella in zucchini squash (Castro-Rosas et al., 2010) and jalapefio and
serrano peppers (Castro-Rosas et al., 2011). In zucchini squash, infection was detected in
100% of cases for CB, 70% for TC, 62% for E. coli and 10% for Salmonella spp. Concentration
range was 3.8 to 7.4 log CFU/fruit for CB, and <3 to 1000 MPN/ fruit for TC and E. coli. In
serrano chili peppers infection was detected in 100% of cases for CB, 90% for TC, 50% for E.
coli and 10% for Salmonella spp., while in jalapefio peppers frequencies were 100% for CB,
86% for TC, 32% for E. coli and 12% for Salmonella spp. All Salmonella-positive samples were
also E. coli-positive. For CB, concentration range was 3.8 to 7.9 log CFU/serrano sample and
5.3 to 8.2 log CFU/jalapefio sample, whereas TC and E. coli concentrations ranged from <3 to
1100 MPN/serrano and jalapefio samples (Castro-Rosas, et al., 2010; 2011). As is the case
with other vegetables consumed raw, zucchini squash, and jalapefio and serrano peppers
are potential pathogen vehicles. Sources of pathogenic microorganisms in the field include
soil, water, wild and domestic animals, drift and runoff from adjacent farms and manure
(Beuchat, 2006; Natvig, 2002). Once harvested and used in food preparation, zucchini
squash, jalapefio and serrano peppers are all potential sources of cross contamination with
pathogenic microorganisms.

Salmonellosis infection is an increasing problem and recent salmonellosis outbreaks have
been associated with a wider variety of vegetables, even those that were not previously
considered to imply a risk (e.g. jalapeno peppers; CDC, 2008a). Data on frequency of
incidence for pathogenic bacteria such as Salmonella are clearly needed for a wide variety of
vegetables which are consumed raw. Preventing contamination is vital to avoiding
salmonellosis outbreaks, but it is also important to understand the potential survival and
growth rates of Salmonella on specific substrates such as zucchini, jalapefio and serrano
peppers. Our results suggest that both chili peppers and zucchini squash may be significant
factors contributing to the endemicity of Salmonella in Mexico.

Salmonella has been isolated from fruits and vegetables such as cantaloupes, melons,
tomatoes, lettuce, and especially alfalfa sprouts (Table 1). These products can become
contaminated by several routes, therefore, consumers need to thoroughly wash all fresh
foods before consumption to reduce risk of illness from fruits and vegetables. With alfalfa
sprouts and lettuce, washing can merely drive bacteria deeper into the lower layers of
lettuce leaves or sprouts, so the outside three layers of lettuce leaves need to be removed
and sprouts need to separated before careful washing.

Finally, consumer awareness needs to be promoted that many other foods may carry
Salmonella, even those not normally thought to be contamination sources. Most users
know to handle raw chicken properly and to cook chicken and eggs thoroughly to avoid
Salmonella contamination. But foods such as almonds, pecans and chocolate can also
harbor Salmonella. In addition, as the food chain becomes completely global and highly
complex, and international trade continues to develop, new foods will surely be linked to
salmonellosis outbreaks.

4. Salmonella outbreaks

Disease surveillance reports frequently identify poultry, meat and milk products as the main
vehicles in salmonellosis outbreaks. However, in recent years foodborne illness outbreaks
have been increasingly associated with greater consumption of fresh fruits and vegetables
(CDC, 2009). Salmonella is responsible for frequent foodborne illness outbreaks in the
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developed world, and Salmonella outbreaks have been associated with different Salmonella
serovars (Table 2). Over 2000 Salmonella serotypes are known, but only a small fraction of
these are commonly associated with foodborne illness. Which serotypes cause illness is
influenced by serotype geographical distribution and serovar or strain pathogenicity. In the
US, Salmonella Typhimurium has been considered the principal causative agent of foodborne
salmonellosis, but both S. Typhimurium and Enteritidis have been increasingly identified in
foodborne salmonellosis since the 1980s (Table 2); the exact cause of the predominance of
these Salmonella serotypes is not yet clearly understood.

Most developed countries have laboratory-based Salmonella infection surveillance programs,
and many countries have systems for recording outbreaks and notification systems where
clinicians submit data on patients with Salmonella infections to national public health
institutions. Official Salmonella infection numbers are usually derived from laboratory-based
surveillance in which clinical microbiology laboratories report positive findings and, in
some countries, submit Salmonella isolates to national reference laboratories for serotyping
and other characterization. These data are necessary for measuring trends over time and
detecting outbreaks. However, official figures do not quantify the burden of illness, and
degree of surveillance differs between countries. Moreover, reported incidence is a
composite measure of several factors, including true Salmonella infection incidence, the
health-care seeking behavior of patients with gastroenteritis, and the likelihood that the
physician requests a stool culture. Furthermore, access to laboratories and microbiological
methods varies widely, as does the precision of findings reported to public health
authorities. Finally, comparisons between different geographical areas can be difficult
because public health jurisdictions with a tradition of active case-searching as part of
outbreak investigations or extensive testing of contacts of known patients or food-handlers
are likely to report higher numbers of infections than jurisdictions with only passive
surveillance. As a result, the precise incidence of Salmonella food poisoning in all countries is
not known, since small outbreaks often remain unreported.

Salmonella spp. and S. Typhi infections are endemic in many developing countries. In
Mexico, there were 709,278 salmonellosis cases and 228,206 typhoid fever cases reported
from 2004-2009 (Secretaria de Salud, 2011). In addition, S. Gaminara and S. Montevideo
have been associated with several cases of human illness in Mexico (Gutiérrez-Cogco et al.,
2000). A certain proportion of salmonellosis and typhoid fever cases in Mexico may be
associated with consumption of raw vegetables exposed to fecal contamination, probably
due to the continued but limited practice of irrigating vegetable crops with untreated
wastewater.

Centers for Disease Control and Prevention (CDC) data for the US indicate that over 40,000
salmonellosis cases occur annually, with about 500 resulting deaths. As is the case for
staphylococcal gastroenteritis, the largest salmonellosis outbreaks typically occur at
banquets or similar functions. However, the two largest recorded salmonellosis outbreaks
occurred under rather unusual circumstances. The largest occurred in 1994 and involved
over 224,000 cases in 41 states. The serovar was S. Enteritidis and the vehicle food was ice
cream produced from milk transported in tanker trucks which had previously hauled liquid
eggs. The second largest occurred in 1985 and involved nearly 200,000 cases. S.
Typhimurium was the etiological agent and the vehicle was 2% milk produced by a single
dairy plant in Illinois. The third largest outbreak occurred in 1974 on the Navajo Indian
Reservation, when 3,400 persons became ill with the S. Newport serovar. Human carriers
are generally less important than animals in transmission of salmonellosis. Human
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transmission can occur if hands contaminated with infected fecal matter come in contact
with food which is then consumed without adequate cooking, often after an intervening
period in which microbial growth occurs. Exactly this chain of events led to a major
outbreak affecting an international airline in 1984. A total of 631 passengers were infected
after eating food containing an aspic glaze prepared by a food service worker who returned
to work after a bout of salmonellosis but was still excreting Salmonella Enteritidis PT4. The
serotype Typhimurium has participated in most recent outbreaks, although it is likely that
this serotype’s involvement in salmonellosis cases worldwide is far greater than reported.
Salmonella surveillance sensitivity may vary widely between countries but it is still crucial to
identifying trends and detecting outbreaks. Surveillance which includes serotyping is
particularly useful for this purpose. Available data suggest that the incidence of Salmonella
infections has increased over the last twenty years, that new Salmonella serotypes often
emerge in several countries at near the same time, and that multi-state or international
outbreaks call for a coordinated response. In response, several national and international
networks currently address the problem of emerging Salmonella infections. An important
objective in preventing Salmonella outbreaks is improvement and enhancement of
surveillance, including serotyping.

Number

Country Food vehicle Serotypes Reference
of cases

United States ~ Papaya Agona 99 CDC, 2011a

United States Al.falfa sprouts and Enteritidis 25 CDC, 2011b
spicy sprouts

United States Turkey Burgers Hadar 12 CDC, 2011c

United States ~ Cantaloupe Panama 20 CDC, 2011d

United States Alfalfa sprouts 14,[5],12:i:- 140 CDC, 2011e

Denmark Salami Typhimurium 20 Kuhn et al, 2011

England e gy Typhimurium 179 poralletal,

Australia iiv;oegm%aise Typhimurium 87 ]2%1‘1<:ime etal,

Ireland,

United

Kingdom

(England,

Wales,

Northern Pre-cooked meat Nicolay et al.,

Ireland, ducts Agona 163 2011

Scotland), pro

France,

Luxembourg,

Sweden,

Finland,

Austria

South Africa Food served in a Enteritidis 18 Niehaus et al.,
school 2011
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. Number
Country Food vehicle Serotypes of cases Reference
Japan Boxed lunch Braender 176~ Mizoguchi
apa oxed lunches aenderup etal, 2011
. g Janmohamed
England Multiples foods Enteritidis 63 etal, 2011
United States Shell Eggs Enteritidis 1,939 CDC, 2010a
United States Cheesy chlc,ken 1€ Chester 44 CDC, 2010b
frozen entrée
United States | 102¢N mamey Typhi 9 CDC, 2010c
fruit pulp
United States  Alfalfa Sprout Newport 44 CDC, 2010d
Red and Black
United States ~ Pepper/Italian- Montevideo 272 CDC, 2010e
Style Meats
United States ~ Potato salad Schw.arzer'lgrund, 9 CDC, 2010f
Typhimurium
United States Cll.antro and Montevideo 58 Patel et al, 2010
chicken meat
Netherlands Fresh fruit juice Panama 33 Noél et al., 2010
France Dried pork sausage  4,12:i:- 920 Bone et al., 2010
China Water S. Paratyphi A 267 Yang et al., 2010
United . Cleary etal.,
Kingdom Raw bean sprouts ~ Bareilly 231 2010
Raw or
Netherlands undercooked beef =~ Typhimurium 23 ;\él;glan etal,
products
. Dessert containing L Reynolds et al.,
Australia raw egg Typhimurium 20 2010
New Zealand  Watermelon Typhimurium 15 12\/([)(1t§allum etal,
Rodriguez-
Spain Infant formula Kedougou 42 Urrego et al.,
2010
United States  Alfalfa Sprouts Saintpaul 228 CDC, 2009a
United States ~ Peanut butter Typhimurium 529 CDC, 2009b
United States ~ _npasteurized Typhimurium 152 Jainetal, 2009
orange juice and Saintpaul
Vegetable-coated
United States ready-to-eat snack Wanc.lsworth, 69 Sotir et al., 2009
food Typhimurium
Australia Eggs Typhimurium 22 Dyda et al., 2009
Bread dumpling
Australia loaf prepared with  Enteritidis 8 Much et al., 2009
eggs
Australia Papaya Litchfield 26 Gibbs et al., 2009
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. Number
Country Food vehicle Serotypes of cases Reference
Denmark, Pork meat and . . Bruun et al.,
Norway and Typhimurium 41
pork products 2009
Sweden
. . . Slinko et al.,
Australia Eggs Typhimurium 19 2009
Mauritius Marlin mousse Typhimurium 53 ésosggc ketal,
Pakistan Drinking water S. typhi 300 ggggoqul etal,
Cheese made from . Dominguez
France raw milk Montevideo 23 et al,, 2009
\ Van Cauteren
France Goat's cheese Muenster 25 et al, 2009
Denmark Pasta salad with Anatum At least 4 Pakalniskiene
pesto et al., 2009
Hard cheese made L Van Duynhoven
Netherlands from raw milk Typhimurium 224 et al., 2009
Roberts-
Australia Chocolate mousse ~ Typhimurium 8 Witteveen et al.,
2009
United States ~ Jalapefio peppers Saintpaul a; f:; t CDC, 2008a
United States  Frozen Pot Pies 14,512:1:-* 401 CDC, 2008b
United States ~ Fruit salad Litchfield 30 CDC, 2008c
Unpasteurized
United States ~ Mexican-style aged ~ Newport 85 CDC, 2008d
cheese
England and . Pezzoli et al.,
Wales Fresh basil Senftenberg 32 2008
Nygard et al.,
Norway Rucola lettuce Thompson 21 2008
Bulgaria Minced meat Typhimurium 22 gg(l)(é) vaetal,
. Pastore et al.,
Switzerland Soft cheese Stanley 82
2008
Denmark Pork products Typhimurium 1,054 Izi(t)l(;glberg etal,
. . . Fukushima
Japan Snapping turtle Typhimurium 4 et al., 2008
O'Flanagan
Ireland Meat products Agona 119 etal, 2008

Table 2. Recent reported Salmonella outbreaks, including country (ies) affected, food vehicle

and serovar.
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5. Interaction of Salmonella with foods

Salmonella serotypes can grow and survive on a large number of foods (Harris et al., 2003).
Their behavior in foods is controlled by a variety of environmental and ecological factors,
including water activity, pH, Eh, chemical composition, the presence of natural or added
antimicrobial compounds and storage temperature; as well as processing factors such as
heat application and physical handling. For example, optimum pH for growth in Salmonella
is approximately neutral, with values > 9.0 and < 4.0 being bactericidal. Minimum growth in
some serotypes can occur at pH 4.05 (with HCI and citric acids), although this minimum can
occur at pH as high as 5.5, depending on the acid used to lower pH (Harris, et al., 2003).
Growth in Salmonella can continue at temperatures as low as 5.3 °C (S. Heidelberg) and 6.2
°C (S. Typhimurium), and temperatures near 45 °C (temperatures > 45 °C are bactericidal).
In addition, available moisture (aw) inhibits growth at values below 0.94 in neutral pH
media, although higher aw values are required as pH declines to near the minimum growth
values (Harris, et al., 2003).

Extensive data is available on the effects of individual environmental factors on Salmonella
strains, but the effects of their interactions are not as well understood. Parish et al. (1997)
determined survival for several Salmonella serotypes in orange juice. To achieve a 6 log
reduction in Salmonella serotypes, orange juice (pH 3.5) had to be stored at 4 °C for 15-24
days. A similar reduction took 43-57 days when the orange juice was at pH 4.1 and 4 °C.
Using apple juice, Uljas & Ingham (1999) demonstrated that S. Typhimurium DT104 could
be reduced by at least 5 log units at pH 3.3 after storage at 25 °C for 12 hours or at 35 °C
for 2 hours. These treatments did not achieve a 5 log reduction in E. coli O157. At pH 4.1,
a 5 log reduction in S. Typhimurium DT104 was produced by storage at 35 °C for 6 hours
in the presence of 0.1% sorbic acid or by a combination of storage at elevated temperature
(25 °C for 6 hours or 35 °C for 4 hours) followed by a freeze/thaw cycle without sorbic
acid (Uljas & Ingham, 1999). In the field, the physical environment of vegetables surfaces
is considered to be inhospitable for growth and survival of Salmonella (for example,
temperature and humidity fluctuations, and wultraviolet light) (Dickinson, 1986).
Environmental conditions, however, can greatly influence bacterial populations; the
presence of free moisture on vegetable surfaces from precipitation, dew or irrigation can
promote survival and growth of bacterial populations (Shaper et al., 2006). Certain
conditions such as sunlight, particularly shorter ultraviolet wavelengths, can damage
bacterial cells (Shaper et al., 2006); selection therefore occurs for bacteria with adaptations
to stressful conditions. Microorganisms’ ability to survive on plants depends on the
environmental, physicochemical and genetic features of the plant and specific properties
(Shaper et al., 2006). Many microorganisms have developed mechanisms to attach to,
survive and/or grow in microniches on different vegetables (Shaper et al., 2006). For
instance, surface moisture on vegetables may provide a protective environment for
Salmonella strains. On vegetable surfaces, microorganisms interact in aggregates and may
compete for the limited nutrients available in microniches at the junction of epidermal
cells, where water accumulates, cuticular waxes are less dense and nutrients are more
available than in other sites (Shaper et al., 2006). Free water in the surface apertures of
vegetables (e.g. stomata) constitutes a water channel connecting a plant’s apoplast with its
external environment. Microorganisms can enter vegetables through these water channels
in various ways. Once internalized, the microorganisms are protected from environmental
stress (Shaper et al., 2006). Survival of pathogenic microorganisms on or in raw produce is
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also dictated by its metabolic capabilities. However, the manifestations of these
capabilities can be greatly influenced by intrinsic (e.g. vegetable moisture surface) and
extrinsic ecological factors naturally present in the raw produce or imposed at one or
more points during production, processing and distribution (Harris et al., 2003).
Salmonella strains may be able to enter a viable but nonculturable state (VBNC) on the
surface of fruit and vegetables, resulting in underestimation of viable population size by
direct plating on culture medium. Brandl and Mandrell (2002), suggested that S.
Thompson may enter into a VBNC state on Cilantro phyllosphere due to exposure to dry
pre-harvest conditions on the plant surface. Improved understanding of microbial
ecosystems on the surface of foods such as raw fruits and vegetables would be extremely
useful in developing strategies to minimize contamination, prevent pathogen growth, and
kill or remove pathogens at different stages in production, processing, marketing and
preparation for consumption. Food ecosystems are extremely diverse and complex.
Salmonella survival and/or growth on foods are influenced by the organism, produce item
and environmental conditions in the field and post-harvest, including storage conditions.
For many years, the interaction of Salmonella with animal hosts and animal-origin foods has
received intense attention. In contrast, little research has been done on the interaction
between Salmonella spp. and fruits and vegetables, and more specifically on its frequency
and behavior in fruits and vegetables which may pose a special risk to humans [e.g. radish
root (Raphanus sativus), beetroot (Beta vulgaris var. conditiva), jicama (Pachyrhizus erosus),
loroco (Fernaldia pandurata), prickly pear (Opuntia spp.), zucchini squash (Cucurbita pepo),
chili peppers (Jalapefio and Serrano peppers) and others]. It is particularly urgent to study
fruits and vegetables not previously considered health hazards and those with the potential
to function as pathogen microorganism vehicles but are as yet unidentified.

In a recent Salmonella outbreak in the US, jalapefio and serrano peppers were the food
vehicle and the isolated serovar was Saintpaul (CDC, 2008). It affected at least 1,442 persons
in 43 states, the District of Columbia and Canada, and was traced back to distributors in the
United States which had received produce grown and packed in Mexico. The outbreak
strain was isolated from samples of jalapefio peppers collected from a US warehouse and a
patient's home, as well as from samples of serrano peppers and water collected from a farm
in Mexico. We have studied the behavior of Salmonella serotypes in zucchini squash and chili
peppers. In zucchini, we tested the behavior of four Salmonella serotypes (Typhimurium,
Typhi, Gaminara and Montevideo) and a cocktail of three Escherichia coli strains on whole
and sliced zucchini squash at 25+2 and 3-5 °C. No growth was observed for any of the
tested microorganisms or the cocktail on whole fruit stored at 25+2 or 3-5 °C. After 15
days at 2512 °C, the tested Salmonella serotypes had decreased from an initial inoculum
level of 7 log CFU to <1 log and at 3-5 °C they decreased to approximately 2 log (Figure 1).
Among the E. coli strains, survival was significantly higher than for the Salmonella strains at
the same times and temperatures: after 15 days at 25+2 °C, E. coli cocktail strains had
decreased to 3.4 log CFU/fruit and at 3-5 °C they decreased to 3.6 log CFU/fruit (Figure 1).
The observed differences in survival between the Salmonella and E. coli strains on zucchini
squash fruit could be due to factors such as the area inoculated, fruit ripeness and physical
and chemical characteristics of the studied fruit and strains. Different strains of E. coli
0157:H7, Pseudomonas, Salmonella, and Listeria monocytogenes attach to different regions of
cut lettuce leaves, indicating different and specific attachment mechanisms among different
species or strains (Takeuchi et al., 2000).
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Fig. 1. Behavior of 4 Salmonella serotypes and E. coli on zucchini squash at 25+2 °C (Castro-
Rosas et al., 2010).

When inoculated onto zucchini squash slices and incubated at 2542 °C, the studied Salmonella
and E. coli strains grew (Figure 2). After a short lag period (approx. 4 h), the Salmonella and E.
coli populations increased from 2 log to 6 log CFU/slice at 24 h, and the E. coli strains increased
a further 1 log CFU by 72 h. Initial Salmonella and E. coli inocula levels were close to that of
Aerobic Plate Count bacteria (APC) in the studied zucchini squash fruit (approx. 2.5 log
CFU/slice), and the APC growth rate (7.6 log CFU/slice by 24 h; 8.9 log CFU/slice by 72 h)
was comparable to the studied strains (Figure 2). The behavior of Salmonella under these
conditions does not differ greatly from that of Salmonella strains in other foods. For instance, S.
Typhimurium inoculated in shredded cooked beef and stored at 20 °C/8 h, increased from 2.3
to 3.4 log CFU/g (16), while after 22 h incubation on sliced tomatoes S. Montevideo increased
by ca. 1.5 log CFU/g at 20 °C and 2.5 log CFU/ g at 30 °C (Zhuang et al. 1995).

Under refrigeration (3-5 °C), growth in the Salmonella serotypes and E. coli strains was
inhibited (Figure 4): bacterial concentration at 5 days was essentially similar to initial inocula
levels. Nonetheless, survival of even a small concentration of E. coli and/or Salmonella under
refrigeration poses a serious health hazard to consumers since salmonellosis outbreaks have
been reported as originating in different foods at low pathogen concentrations (Greenwood
and Hopper, 1983).

In a separate study, we tested the growth behavior of the same four Salmonella serotypes and
three E. coli strains at the same temperatures (25+2 and 3-5 °C) on whole and sliced jalapefio
and serrano peppers, as well as in a blended chili pepper sauce (Castro-Rosas et al., 2011). The
sauce was an aqueous suspension containing mixed peppers, tomatoes, coriander, onion and
salt (NaCl) in specific proportions. Both types of microorganisms exhibited similar behavior
on/in the serrano and jalapefio peppers. No growth was observed in rifampicin-resistant
Salmonella and E. coli strains on the surface of whole serrano and jalapefio peppers stored at
25+2 or 3-5 °C. After 6 days at 25£2 °C, the tested Salmonella serotypes and E. coli had
decreased from an initial inoculum level of 5 log CFU to 1 log on the serrano peppers and to
2.5 log on the jalapefio peppers (Figure 3). At 3-5 °C they decreased to approximately 1.8 log in
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the serrano peppers and to 1.2 log on the jalapefio peppers. In contrast, when inoculated onto
slices of both peppers and into the blended sauce, the Salmonella serotypes and E. coli grew:
after 24 h at 2542 °C, both bacteria types had grown to approximately 4 log CFU on the slices
and 5 log CFU in the sauce (Figures 4-5). Bacterial growth was inhibited at 3-5 °C. In summary,
the four tested Salmonella serotypes can survive on whole or sliced zucchini squash, serrano
and jalapefio peppers and in sauce made of raw chili peppers, indicating them to be effective
transmission vehicles and potential public health threats.
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Fig. 2. Behavior of 4 Salmonella serotypes, E. coli and Aerobic Plate Count on zucchini slices
at 25¢2 °C (Castro-Rosas et al., 2010).
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Fig. 3. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains on whole
jalapefio peppers at 2542 ° C (Castro-Rosas, 2011).
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Fig. 4. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains in jalapefio
peppers slices at 25+2° C (Castro-Rosas, 2011).
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Fig. 5. Behavior of 4 Salmonella serotypes and a cocktail of three E. coli strains in a chili
pepper sauce at 252 °C (Castro-Rosas, 2011).
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6. Conclusion

Food is clearly a major Salmonella infection vehicle. This vital role in salmonellosis outbreaks
calls for strict measures to minimize transmission, such as appropriate animal husbandry
and agriculture practices, protection of feeds and water from contamination, adequate waste
disposal methods and an overall effort to maintain a clean environment around food from
farm to fork. Additionally, much of the risk posed by Salmonella can be mitigated through
proper handling and correct food safety practices, including thorough washing and
disinfection, prevention of pre-consumption, human-borne contamination during
preparation and storage, leftovers disposal, cooking before consumption and refrigerated
storage (3-5 °C). Continuous monitoring and generation of data on Salmonella and
salmonellosis outbreaks, and improved surveillance measures are also vital to controlling
this public health hazard. A deeper understanding of Salmonella and its behavior in foods is
still needed to ensure food safety and quality.
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1. Introduction

Foodborne salmonellosis is still today a serious public health issue: very common in poor
developing countries, due to the bad general hygiene conditions, it is also largely widespread
in developed countries. In the latter, 95% of recorded clinical cases are foodborne (Liu et al.,
2011). According to EFSA epidemiological data (2011), in the European Union (EU) Salmonella
is the second cause of foodborne disease after Campylobacter and it is still first in many EU
States, such as Italy. Unlike Campylobacter, Salmonella often cause very large multistate outbreaks
of food infection; this proves the greater resistance of this pathogen in the external
environment and in food. In developed countries the main source of salmonellosis is still today
food of animal origin, particularly meat (fresh and processed) and shell eggs. Also fresh fruits
and vegetables can convey the bacteria to humans, as well as undrinkable water. Salmonella is
quite resistant to adverse conditions and this allows them to persist in the environment and
spread along the food chain, from the animals to the food of animal origin, or to plants that are
fertilized with animal manure. Two species are currently registered into the genus Salmonella:
S. enterica and S. bongori. The former is better adapted than the latter to live in the intestine of
man and warm-blooded animals, whereas S. bongori travels in the external environment and is
detectable in the intestinal contents of warm-blooded animals, so it is rare for it to be found in
food for human consumption. The dangers for human health mainly arise from food
contaminated with Salmonella enterica, which is often present in the intestines of livestock and
pets, without causing any infection to the animals (“healthy carrier” condition). Humans can
be healthy carriers of S. entferica in the intestine too. This may be a potential hazard to food
hygiene, if the healthy carriers are the people involved in producing and handling the food.
Usually a healthy carrier eliminates Salmonella in their faeces for several months after the
episode of gastroenteritis through which they became carrier. In the case of Salmonella ser.
Typhi, however, it has been demonstrated that humans can be asymptomatic carriers of the
bacterium for decades (Weill, 2009). The genus Salmonella has more than 2,500 serotypes, and
over 1,600 of these are within the enterica species, but not all serotypes have the same affinity
for human and/or animals and they are not all found in the food that humans consume. Some
serotypes (Typhy, Paratyphi A and C, some clones of Paratyphi B and Sendai) travel almost
exclusively among men, and express their pathogenicity only when they infect a human being.
Few serotypes travel exclusively among animals and do not infect humans, if not seldom (e.g.
Abortusovis in sheep and Gallinarum-Pullorum in poultry). On the contrary, approximately
150 serotypes travel more or less constantly between the animal reservoir, the environment,
food and man, starting from Salmonella ser. Typhimurium. Some serotypes, however, have a
particular preference for some animal species: Enteritidis, Hadar, Heidelberg, Saintpaul,
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Virchow, Senftenberg, Infantis and Kottbus find their main distribution channel in chickens,
turkeys and ducks; Dublin and Bovismorbificans mainly infect cattle, while the Derby,
Brandenburg and Panama serotypes frequently circulate among pigs (Weill, 2009). From the
intestinal contents of livestock, the salmonellae can contaminate fresh meat, raw milk and egg
shells. If the necessary hygienic precautions are not taken in the early stages of the production
line (slaughter, milking, egg collecting), there is a risk that the salmonellae may then spread
along each of their production chain, even polluting products such as cured meats, dairy
products and egg-based dishes if they were made using raw milk or unpasteurized eggs.
Moreover, through the faeces of animals and man, salmonellae can contaminate farmland,
surface water flow and vegetables if they are fertilized with animal manure or dung that is not
properly fermented. Vegetables, therefore, can be a source of disease to humans just like fresh
meat, milk, shell eggs and by-products. Besides in animals, Salmonella can adhere well to the
work surfaces, and from there spread to other foodstuffs by cross-contamination (Meretrg et
al., 2011). The examples are numerous and blatant: in the US. a major Salmonella ser.
Enteritidis outbreak occurred and was associated with the consumption of industrial ice cream
premix which was transported in tanks that had been used for carrying unpasteurized liquid
eggs and were not properly sanitized (Hennessy et al., 1996). An outbreak of salmonellosis due
to S. Ealing caused by dehydrated powdered milk was traced back to the inadequate
sanitization of production equipment (Rowe et al., 1987). The thorough cleaning of work
surfaces, both in food manufacturing facilities and in domestic kitchens, is therefore one of the
main strategies for the prevention of foodborne salmonellosis (Moretrg et al., 2011). Generally,
forms of gastroenteritis caused by non-typhoid Salmonella are moderately serious diseases with
a quick recovery and without the need to resort to specific therapies. Although in some cases -
when young children, elderly, or immunocompromised subjects are affected - salmonellosis
may also lead to the patient’s death (Pathan et al., 2010). The severity of Salmonella infections
can also be aggravated by the fact that in recent years more and more Salmonella strains have
been spreading and they are resistant to one or more of the antibiotics which are widely used
in human medicine, such as fluoroquinolones and third generation cephalosporins. In addition
to the Typhimurium serotype, Salmonella strains which are multiresistant to many antibiotics
have also been detected in the Agona, Anatum, Choleraesuis, Derby, Dublin, Heidelberg,
Kentucky, Newport, Pullorum, Schwarzengrund, Senftenberg, and Uganda serotypes (Yan et
al., 2010). In most cases, human infection manifests itself through diarrhoea, persistent fever
and abdominal cramps which appear 12 to 72 hours after the infection. The disease is self-
limiting and clears up by itself within 4-7 days, but it has rather significant side effects: it takes
months for the patient to regain proper bowel function and they can remain healthy carriers
for months. In addition, chronic complications may occur such as widespread polyarthritis
(Reiter's syndrome), ocular and urinary disorders, and even occasional cases of endocarditis
and appendicitis. All these diseases are hard to treat even with antibiotics (Castillo et al., 2011).

1.2 The infective dose “issue”

According to the regulations currently in force in the European Union, it is the manufacturer's
responsibility to ensure the hygiene of their production processes on a daily basis, seeing to
prevent any possible hazard that may contaminate food and be harmful to human health. The
system used by food manufacturers to control processing hygiene in their facilities is the well-
known HACCP system. In view of the fundamental principles of HACCP, if Salmonella
contaminates a food, this is a Hazard because its presence could potentially cause harm to
human health. It is, however, a hypothetical danger, as, for it to become real, the food has to



Food as Cause of Human Salmonellosis 49

present some specific conditions. One of these is certainly the “minimal infective dose”, i.e. the
lowest charge that Salmonella must reach in the food for it to become dangerous to human
health. Generally, it is accepted that Salmonella becomes truly dangerous for humans when it
reaches in a food a charge of at least 104 cfu/g. However, it should be reminded that the
bibliography reports some foodborne salmonellosis outbreaks caused by foods that contained
less than 100 and sometimes less than 10 cfu of bacteria per gram of product. Fatty foods, such
as cheeses, butter and chocolate, better protect the bacteria from the digestive enzymes in the
stomach. In addition, the low water activity of these foods keeps the salmonellae in a latent
phase, and this means that they do not proliferate in the food substrate, but can survive for
very long time (Jansson et al., 2011; Finstad et al., 2011). The infective charge in one episode of
salmonellosis which occurred in Canada and was caused by chocolate was estimated as low as
0,005 cfu/g (Komitopoulou & Penaloza, 2009). It is important to underline that the foods
contaminated with Salmonella do not usually show any modification in their sensory
characteristics even though the pathogens within have reached very high levels, concretely
harmful to human health (Lindhardt et al., 2009).

1.3 Epidemiology of foodborne human salmonellosis in the EU

According to the latest “European Union Summary Report on Trends and Sources of
Zoonoses, Zoonotic Agents and Food-borne Outbreaks” (EFSA, 2011), in 2009 in the 27 EU
Member States, the health authorities in charge have reported a total of 108,614 confirmed
cases of human salmonellosis, with a prevalence of 23.7 cases/100,000 population. If we
compare these levels with their equivalents reported from 2005 onwards, we discover that in
the 2005/2009 period the cases of human salmonellosis have considerably dropped,
estimated at -13%. In comparison, cases of campylobacteriosis have increased by +12%. In
particular, between 2008 and 2009 there was a sharp decline in clinical cases of human
salmonellosis caused by Salmonella ser. Enteritidis. All this indicates that the efforts made by
health authorities and policies of individual EU states are obtaining positive and effective
results. Furthermore, if we analyze the data regarding the spread of Salmonella among farm
animals, we can find out that the importance of Salmonella as a cause of human foodborne
disease is decreasing, also thanks to the decline in the spread of bacteria among livestock,
starting with fowl. The decline in cases of foodborne salmonellosis among human beings
does not tend to be consistent or regular in all 27 EU Members. The variations in the
epidemiological pattern can be noticeable from one State to another. 10 states recorded a
significant decline in cases; for 14 other states (including Italy) the epidemiological situation
of human salmonellosis in food has remained essentially stable over the past five years,
while Malta reported a sharp rise in cases (+24% compared to 2008), in contrast with the rest
of the EU countries. Scandinavian and Central European countries are among the member
states with the highest prevalence of human cases of foodborne salmonellosis while
prevalence of salmonellosis among the population reported by the states bordering the
Mediterranean are well below the previous. Epidemiologists interpret this as a sign of the
single EU members’ health authorities’ increased awareness about the health of the
populations under their responsibility. This increased attention to identify and report cases
of foodborne salmonellosis explains the higher prevalence of human cases of salmonellosis
in some northern European countries compared with the levels observed in Southern
European countries. In most EU states food salmonellosis is a disease that patients contract
“in their own country”. Only Sweden, Finland, Denmark and the UK count a number of
cases imported from abroad because they were contracted by people when they were out of
the country. It should, however, be pointed out that some of the EU countries were not able
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to ascertain and report to the EFSA the proportion of “national” cases of salmonellosis and
those “acquired” from abroad. We would like to recall that in 2005 the EU issued the
2073/2005 (EC) Regulation which identified the food safety criteria for some of the major food
groups most at risk of transmitting diseases to man. Salmonella was adopted as a parameter
for the safety of fresh meat and products derived from it, raw milk and dairy products made
with it, edible bivalve molluscs, as well as for pre-cut fruits and vegetables. In accordance
with the EU provisions, Salmonella must be absent from 25 or 10 grams of examined sample
of these foods in order for them to be destined for human consumption. In the EU which
foodstuffs did not comply with this criterion and exceeded it? In 2009, as in 2008, the highest
percentage of non-compliance was found in food derived from fresh meat, and particularly
from minced meat and meat preparations containing chicken or turkey (8.7% of the total
non-complying foods). Secondly, in order of prevalence, are bivalve molluscs and
echinoderms, which are often traditionally consumed raw or hardly cooked (3.4% of all
samples). Much less at risk are currently liquid eggs which go through a pasteurization
process before entering the food manufacturing industry. Some concern arises from the fact
that there are rather large percentages of non-compliance even among meat preparations for
raw human consumption (the samples tested positive for Salmonella during official tests
ranged from 1,2% to 1,7 % of the total tested samples).

2. Animals as Salmonella reservoir

The transmission cycle of Salmonella to humans through food presents many complexities
because it involves animal reservoirs, vector food and the environment (Graziani et al.,
2005). Mammals, birds, rodents, reptiles, amphibians and insects act as environmental
reservoirs of Salmonella and can transfer the pathogen to man (D’Aoust, 2007). On intensive
farming facilities the role of the “healthy carriers” is important: even if they do not show any
symptoms of the disease, they contaminate the environment and contribute to spreading
salmonellae on the farm, sometimes creating endemic situations. The absence of symptoms
in most of the infected animals and the technical difficulties in detecting the carriers during
the inspection of the meat cause a continuous contamination of foods of animal origin.
Graziani et al. (2005) argue that various Salmonella serotypes may prefer various animal
species: some are considered specific to one animal species (S. Gallinarum in chickens),
others are defined as “host-adapted” because they prefer one host over another (S. Dublin
for cattle, S. Enteritidis in egg-laying hens, S. Hadar in birds); on the other hand, other
serotypes, such as S. Typhimurium, are ubiquitous. The role as reservoir is played by many
animal species, but poultry and pigs are the predominant reservoirs for Salmonella (Cantoni
& Bersani, 2010). In birds, species-specific serotypes are present, such as S. Pullorum and S.
Gallinarum (Cantoni & Ripamonti, 1998), as well as host-adapted serotypes, such as S.
Hadar and S. Enteritidis in chickens in Italy, while S. Blockley is found more predominantly
in turkeys (Graziani et al., 2005). The importance of broilers and other farm birds as
Salmonella reservoirs should not be underestimated (D’ Aoust, 2007). Although S. Pullorum
and S. Gallinarum have been eradicated from industrial production thanks to in loco
monitoring and eradication programs in reproducers, it is known that infections by S.
Enteritidis and S. Typhimurium have been quite common in farm birds recently, therefore
strict hygiene rules must be followed to prevent the contamination of finished products.

For pigs, the pathogenic salmonellae are S. Choleraesuis and S. Typhi suis (Cantoni &
Ripamonti, 1998). Over the past ten years a marked increase in the prevalence of S. enterica
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serovar 4, [5], 12:i- has been observed in many European countries (Hopkins et al., 2010). It is
resistant to ampicillin, streptomycin, sulphonamides and tetracycline in food-borne
infections, in pigs and pork. The results indicate that genetically related strains of serovar 4,
[5], 12:i:- of the DT193 and DT120 phage types with resistance to ampicillin, streptomycin,
sulphonamides and tetracycline have emerged in many European countries and that pigs
are the likely reservoir of the infection. A survey by the European Food Safety Authority has
established the prevalence of Salmonella in pigs for slaughter in the EU-25 plus Norway
(EFSA, 2008). This survey, as well as discovering that one pig every ten is affected, also
identified the prevalent serotypes in infected pigs (S. Typhimurium and S. Derby), the same
ones as in the cases of human infection.

Cattle are often colonized by S. Dublin and S. Typhimurium, with infections that vary in
duration and clinical manifestation (Graziani et al., 2005). Cattle are particularly susceptible
to infection by Salmonella in the first weeks of life (Cantoni & Ripamonti, 1998). S. Dublin can
stay in the host for a long time, in some cases all its life and often causes serious bouts of
illness (Graziani et al., 2005). As healthy carriers, they can pass S. Dublin and S.
Typhimurium in their faeces, and those can remain viable in the outside for at least six
months (Cantoni & Ripamonti, 1998).

In the meat-processing industry, eggs and poultry meat are the main groups of raw materials
which usually carry Salmonella (D’Aoust & Maurer, 2007) and in many States they
overshadow other sources such as pork, beef and mutton as a means of infection (WHO, 1988).
To conclude, we can say that the biological cycle of Salmonella spp. is complex (see Table 1)
and involves animals, environment and food (D’Aoust & Maurer, 2007), and that animals
act as the most important reservoirs for its conservation (Graziani et al., 2005).
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Table 1. Salmonella life cycle and transmission to humans (adapted from WHO, 1988).
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3. Dynamics of the Salmonella population: Ecological factors

Foods are generally considered ecosystems made up of a habitat and a community of living
organisms (biocenosis) that can influence each other and, in turn, be influenced by the
habitat itself. Given the minute size of the microorganisms, the environment that affects
them, at least in a solid matrix, is very small - of the order of a few millimeters or
centimeters - so very heterogeneous physical and chemical conditions can exist in food
(different conditions between the surface and the inside). In addition, a succession of
microbial communities can be observed in food. The original microbial load, largely
depending on the initial sources of contamination, is then replaced by new microbial
communities that depend on the set of factors that appear during production and
conservation processes. The factors that influence the development and survival of
contaminating microorganisms are: (i) intrinsic factors, i.e. the characteristics of the food,
arising from its composition or structure, pH levels, water activity (Aw) and redox potential
(OR-value); (ii) environmental, extrinsic factors which come into action during the
processing or storage of the food (storage or treatment temperature; relative humidity, light,
storage environment); they may affect the intrinsic factors; (iii) implicit factors derive from
the interaction between populations during manufacturing or storage. They can either be
positive, such as mutualism and commensalism, or negative, such as competition,
antagonism and parasitism.

Although it is possible to control the growth or survival of an individual or a group of
microorganisms acting on only one of these factors, this is not always desirable, because it
could have excessive consequences on the sensorial and nutritional qualities of food. As
modern consumers are increasingly in demand of foods that look “natural” or “fresh”,
that are safe and have a relatively long shelf life, it is often necessary to act using a
combination of factors, each of which is present at sublethal levels, but that, together,
ensure the desired level of control. Therefore, instead of using a single barrier,
combinations of barriers are used (the so called “hurdle effect”) which cause, if the exposure
to these conditions is prolonged, such damage that the microorganisms irreparably lose the
ability to multiply, reaching their inactivation. Vice versa, if the microorganisms are
subjected to lower levels of stress (sublethal conditions), they can adapt by activating a
number of protection mechanisms, synthesizing proteins and other substances that improve
their resistance to the stress in question or different stress. In recent decades, specific
mathematical models have been implemented to describe the phenomena such as the
growth, the production of metabolites and the death of the microorganisms found in
various conditions, useful both for the conservation and for the hygienic safety of food.
Predictive models, in particular, see to formulate mathematical models using adequate
experimental designs which should provide information about the danger or conservation
of food and about the possibility of growth, death or production of a toxin from pathogenic
microorganisms. So, in view of the previous observations, we can predict microbial
behaviour in similar environmental conditions (Ross & McMeekin, 1994). These
approaches, however, are not disadvantage free, such as the variation of strains and the
biomolecular knowledge for understanding which factors are responsible for pathogenicity.
As regards Salmonella the ranges of the factors that favour their growth, death or survival
are shown in Table 2.
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Conditions Minimum Optimum Maximum
Te°C 7.0 (5.2%) 35-43 46.2 (49.3%)
pH 4.00 (3.80 %) 7.00-7.50 9.50
Ay 0.940 (0.900 *) - -
Tolerance to salt (%) - - 4

Table 2. Limits and optimum growth in relation to intrinsic and extrinsic factors for
Salmonella spp. Notes. *: Some serotypes. (Source: ICMSF, 1996; amended).

Temperature

In particular, we can say that the minimum temperature for the growth of Salmonella is 7
°C (at 8 °C generation time is 22-35 hours); under 15 °C its development is still low. The
storage of food at temperatures below 5 °C therefore prevents the multiplication of all
serotypes; the only one able to develop up to 5.3 °C is S. Heidelberg (Matches & Liston,
1968). The highest mortality occurs during the slow freezing phase (0 to -10 °C), while in the
deep-freezing one, for reaching temperatures below -17 °C rapidly, its survival is more
likely, as damage to the cell membrane is minor. However, freezing does not guarantee the
destruction of Salmonella: they have been found in frozen foods stored for years (ICMSF,
1996; Farkas, 1997), due to the changes and the production of cold shock and cold
acclimation proteins (Scherer & Neuhaus, 2002). Maximum development temperature is 49.3
°C, beyond which Salmonella begin to die due to the denaturation of cell wall components
and to the inactivation of heat-sensible enzymes. Although a temperature of 55 °C is
sufficient to kill them, the legal limit for the storage of cooked foods meant to be eaten hot
is normally 63 °C. Salmonella is not particularly resistant, so a pasteurization process is
more than enough to destroy it. Several authors agree that the most heat-resistant
serotype is S. Senftenberg 775W which registers Des= 0.29-2.0 and Dg=1.0-9.0 when the
substrate is in normal conditions, but the D value decreases if you move away from the
optimal range for growth. Finally, its z value is 5,6-6,4 (°C). Resistance to heat is influenced
by other factors, such as:

1. water activity: the lower it is, the greater the pathogen’s heat resistance, since the
presence of water favours the thermal break of the peptide bonds and in their absence
more energy is needed for achieving the same result;

2. the composition of the food, and its fat content, which enhance its resistance, as well as
the glycerol or sucrose contents;

3. pH levels, which, if maintained at around neutrality, allow for greater heat resistance of
the pathogen, whereas sensitivity increases if it is lowered or raised;

4. the age of the microbial cells, since the young ones are more sensitive to heat in
logarithmic growth phase;

5. adaptation to high incubation temperatures, for a genetic selection that favours the
development of strains which are more resistant to heat (Jay, 1996).

Water activity (Aw)

Minimum water activity is 0,940, below which multiplication does not cease, but the
bacterial charge decreases, without disappearing though. Salmonella can survive for long
periods in conditions of dehydration. This was detected several times in sweets, including
chocolate, which led to outbreaks of food infection (Werber et al., 2005). In fact, the high fat
and sugar content of sweet, may lead to a protective effect against it. Of course, in chocolate,
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there cannot be any growth, but rather a sublethal stress which leads to an adaptation of the
pathogen (Jasson et al., 2011). In the presence of NaCl concentrations between 3 and 4%, the
development of Salmonella is usually inhibited. However, it appears that the inhibitory
action of salt increases with increasing storage temperature. Variations depending on the
serotype can be noticed (ICSFM, 1996).

pH value

The minimum pH is 3.80, but it all depends on the type of acid used, among which acetic
acid seems to be more effective. Over the past twenty years, the survival of Salmonella under
varying conditions of acid stress (Acid Tolerance Response ATR) has been extensively
studied, especially regarding sublethal exposure with organic acids, which make the
pathogen adapt to the acid used. The complex molecular mechanisms and environmental
factors involved in ATR have been studied. An interesting discussion on this topic can be
found in the article by Alvarez-Ordéfiez et al. (2011). The increase in resistance to acids is
very consistent, not only for the chances of survival of Salmonella in food, but also because it
can lead the pathogen to resist to gastric pH (<1.5) and thus pass through the intestine
unharmed. Generally speaking, we can say that Salmonella is very sensitive to acetic acid and
lactic acid, while it is much more resistant to citric acid, used to acidify foods. In turn, these
acids are more active if storage or treatment temperatures are close to the pathogen’s
minimum or maximum values of growth. Finally, we also have to underline that the
acidification and/or heat treatment should not be applied to food in sublethal conditions, in
order to avoid adaptation phenomena of pathogenic strains to the same treatment or even to
different treatments (salt, water activity, etc.). Leyer & Johnson (1993) tested a strain of
adapted to acid S. Typhimurium by constantly lowering the pH, finding out that the
adaptation was not only due to the rebalance of intracellular pH, but also to a change in
membrane proteins and not in the lipopolysaccharidic component.

Disinfectants

An incorrect method of disinfection and sanitization can make Salmonella persist on tools
and utensils used in the food industry and kitchens, with the ability to form biofilm and,
therefore, enable the spread of the pathogen.

Moretrg et al. (2009), using a treatment with a concentration of 100 ppm chlorine or 50 ppm
of iodine for 15 minutes, noticed a biofilm can be completely removed, while with sodium
hypochlorite (approximately 400 ppm) or cationic surfactants (benzalkonium chloride) for 5
minutes, Salmonella biofilm can resist on stainless steel surfaces. 70% ethanol for 5 min. is
unable to remove the biofilm (Ramesh ef al., 2002).

4. Salmonella in vegetables

Compared to foods of animal origin, which are usually consumed once cooked, fruit and
vegetables are mostly eaten raw and therefore a significant part of foodborne outbreaks
due to the consumption of raw vegetables has been attributed to Salmonella (Cantoni &
Bersani, 2010). Animal faeces and irrigation water are the main ways for Salmonella to
spread to crops (Islam et al., 2004). The water can contaminate the food if it is used for
irrigation, for washing or for handling it (Rondanelli et al., 2005). The salmonellae present
in not perfectly ripened manure or in irrigation water invade the plants by gripping to the
roots or contaminating the leaves (Cantoni & Bersani, 2010). Studies headed by Professor
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Gadi Frankel (2008) of the Imperial College, London, UK, have revealed how salmonellae
use their flagella to stick to salad and basil leaves. The results were presented at the 21st
ICFMH International Symposium “Food Micro 2008” held in Aberdeen. This ability to
attach itself to vegetables is described for a certain strain, S. enterica ser. Senftenberg, but
not for S. Typhimurium (Frankel, 2009). Increased understanding of the mechanism that
pathogens such as Salmonella use to adhere to vegetables is important if scientists are to
develop new methods to prevent this type of contamination and the disease it causes
(Berger et al., 2010). Schikora et al. (2008) have shown that S. Typhimurium, until now
considered dangerous only for animals, can be a real danger for the vegetable kingdom
too. Like any other plant pathogen, S. Typhimurium triggers the plant’s immune defences
and does not just cover the root surface, but enters physically into the plant’s cells. The
researchers attached a fluorescent probe to the bacterium and injected it, following its
route: in just 17 hours the root cells were infected. Moreover, the infection later occurred
simply by placing the plant (Arabidopsis) and the bacterium in the same liquid. Salmonella
strains were detected in: aubergines, green salads, fennel, lettuce, onions, mustard, orange
juice, pepper, parsley, spinach, strawberries, tomatoes, watermelons, coconuts, cereals,
barley, chocolate and soy sauce (Cantoni & Bersani, 2010; Cantoni & Ripamonti, 1998).
Today more and more ready-to-eat (RTE) vegetables are available in supermarket fridges
because they are offered to the consumer as a convenience food, every part can be used,
and, being already washed, peeled and chopped, they are quick and easy to prepare
(Catellani et al., 2005). For their packing, various techniques are used, such as modified
atmosphere packaging (MAP) - the gaseous composition of which varies according to the
vegetable -, vacuum packaging, and ordinary atmosphere packaging. For the first two
methods, the product should be packaged at refrigeration temperature, while with
ordinary atmosphere it just needs to be kept cool. CO; has the function to slow the
breathing and the appearance of rotting, to inhibit pectinolytic enzymes and the
development of Pseudomonas and other Gram-negative bacteria (Galli & Franzetti, 1998).
Manvell & Ackland (1986) show that RTE vegetables can host various saprophytic
microbial forms: 80-90% are Gram negative spoiling bacteria (including Pseudomonas spp,
Enterobacter spp, Erwinia spp) and the rest are yeasts and moulds. If Good Manufacture
Practices are respected, pathogens (Salmonella spp., L. monocytogenes, E. coli O157,
enterovirus) or protozoa (Giardia, Entamoeba, Cryptosporidium) are detected only
occasionally (Catellani et al., 2005). The study of Salmonella has dramatically contributed to
the knowledge of the epidemiology of these infections. Large-scale distribution,
particularly of fruit and vegetables, sets the conditions for events that touch a very wide
area, involve the exposure of a big number of individuals, and that are difficult to
recognize for lack of sophisticated surveillance systems that should involve international
collaboration networks.

5. Salmonella in eggs and egg products

Eggs laid by healthy animals are generally safe to eat because if they kept in sound hygiene
conditions they can be considered almost sterile inside, especially as regards bacterial agents
of food diseases (Bozzo, 2008; Galli & Neviani, 2005). Nevertheless, Salmonella spp. is the
most important pathogen transmitted by eggs (ICMSF, 1998). The natural defence factors
that may affect the egg’s infection by microbiological contaminations are:

- physical factors: cuticle, shell, shell membranes, viscosity of the albumen and chalazae,
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- chemical factors: pH of the albumen, lysozyme, avidin, flavoprotein, protease inhibitor
protein molecules (ovostatin, ovomucoid, cystatin, etc.).
In addition to the factors mentioned above, we must add the environmental protection
factors that are related to hygiene: egg-laying place, litter, surfaces, air, handlings, shell,
duration and means of storage. The eggs can, however, be infected transovarianly with
Salmonella by sick hens or healthy carriers (Cantoni & Ripamonti, 1998). There are many
cases reported in the literature in which Salmonella was detected in eggs laid by hens with
ovarian localization of this pathogen (in this case we speak about “endogenous
contamination”) (Bozzo, 2008). Through good hygiene practices in breeding facilities, it is
possible to limit the number of microorganisms on the shell, as more than 90% of the
contaminations of various origins occur after egg laying (Gandini, 1993). These exogenous
contaminations of the egg can occur at different times: during transport or packaging or
during the shelling (Bozzo, 2008). There is evidence (EFSA, 2009b) to indicate that cross-
contamination between egg shells may occur during the manufacturing processes (sorting
of the eggs, packing, etc.). The probability of this cross-contamination depends on the
percentage of eggs contaminated with Salmonella, and the prevalence of eggs tested
positive for Salmonella is also affected by the type of technology used and hygiene
practices applied. However, the authors argue that we lack sufficient data to evaluate the
occurrence of penetration through the shell and the proliferation of Salmonella due to
cross- contamination during processing and, therefore, to assess the risks for consumers.
The factors that influence the passage of microorganisms into the egg are: dampness, the
shell’s degree of contamination, the age-related decline in physical defences of the hen
and the type of dirt that causes changes in surface tension (Galli & Neviani, 2005). Table
eggs are pointed at as a major source of Salmonella and egg refrigeration has been
recommended as one of many possible measures along the food chain to reduce the
incidence of salmonellosis in the human population (EFSA, 2009b). The panel of experts
on biological hazards states that refrigerating table eggs to temperatures at or below 7 °C
limits the multiplication of pathogens such as Salmonella. If the cold chain is maintained,
starting the refrigeration already on the farm is the measure with the highest positive
effect in order to limit the proliferation of Salmonella. Table egg refrigeration is another
safety measure together with other steps taken on the farm and during the processing as
part of an integrated approach. Interruption of the cold chain is a factor that increases the
risk of condensation and this may increase the penetration of bacteria into the egg (Ricci,
2005). The Salmonella infection cycle in poultry farms is summarized in Table 3. As stated
in the EU Summary Report on trends and sources of zoonoses, zoonotic agents and
resistance to antimicrobiotics (EFSA, 2007), the reported cases of human salmonellosis in
the EU, respectively amounted to 154,099 and 31.1/100,000 inhabitants. The report also
indicates that the prevalence of Salmonella in table eggs was 0.8%. According to the
opinion of the European Scientific Committee on veterinary measures related to Public
Health on Salmonella in food products in 2003, eggs and food produced with raw eggs
(unpasteurized) are among the food categories most likely to cause cases of human
salmonellosis (EFSA 2009). In Sweden, de Jong & Ekdhal (2006) compared the EFSA data
on the prevalence of Salmonella on European egg-laying hen farms and the prevalence of
human salmonellosis, revealing a high linear correlation between the two aspects. The
same study analyzed the cases of salmonellosis in travellers returning to Sweden after
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having been to several European countries with different Salmonella prevalence. The
research seems to confirm the existence of a clear causal link between the presence of
salmonellae in the egg production chain and the human disease. In Spain, Soler Crespo ef
al. (2005) focused on foodborne infections associated with the intake of eggs and egg
products between 2002 and 2003. These outbreaks alone would account for 41% of all the
episodes of food poisoning recorded throughout the duration of the study. The risk
factors most often identified by the authors are the storage of the products at excessively
high temperatures, the consumption of raw foods and a too long wait between the
preparation and the consumption of the food. Table 4 shows some events in epidemic
proportions observed in recent decades in various parts of the world. These epidemics
serve as a constant reminder of the fact that food technology cannot always protect
against infectious diseases that may result in large-scale epidemics (multistate outbreaks)
(Winn et al., 2009). In the United States, however, the introduction of a program for egg
safety and quality (egg quality assurance programs [EQAPs]) plays an important role in
reducing disease by S. Enteritidis transmitted from eggs (Mumma et al., 2004).

Poultry import

% Reproducers Horrizontal transmission
Poultry
Feed
Man Shell contamination
Infectious animals Incubators endogenous contamination
Water contamination among chicks
Means of transport
equipment
f Hen and . .
broiler farms |+ | Horrizontal transmission

Slaughterhouse<—  Cross contamination of carcasses

Table 3. Salmonella infection cycle in poultry farming.
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Year Country Product Serovar Cases2 | Deaths

1976 Spain Egg salad Typhimurium 702 6

1977 Sweden Mustard Enteritidis PT4 | 2865 0
dressing

1987 People’s Repubhc of Egg drink Typhimurium 1113 NSb

China

1988 Japan Cooked eggs Salmonella spp. 10476 NS

1993 France Mayonnaise Enteritidis 751 0

2001 |  United States Z;;‘Sa salad with | g eritidis 688 0

2001 Latvia Cake/raw egg | EnteritidisPT4 | 19 0
sauce

2002 Spain Custard-filled Enteritidis PT6 | 1433 0
pastry

2002 England Bakery products | Enteritidis PT14 | >150 1

England, Wales, . .

2003 Scotland Egg sandwiches Bareilly 186 NS

2003 Australia Raw egg . Salmonella spp. >106 1
mayonnaise

2003 United States Egg salad kit Typhimurium 18 0

2004 | Feople’s Republic of | Cake/raw egg Enteritidis 197 NS

China topping

2005 England Imported shell | £ o itidis PT6 | 68 0

eggs
2 Confirmed cases, unless stated otherwise.
b Not stated

(Adapted from: D"Aoust. ].Y. & Maurer J., 2007)

Table 4. Examples of outbreaks of human salmonellosis from eggs and egg products

6. Salmonella in meat and meat products

Meat includes all the edible parts of slaughtered warm-blooded animals, fit for human
consumption. According to the EC Regulation 853/2004, this includes domestic ungulates
(cattle, pigs, sheep and domestic equines), poultry, farmed lagomorphs (rabbits, hares),
farmed game and hunted venison. It is called fresh meat if it has not undergone any
treatment to extend its shelf life, except for the use of cold (refrigeration, freezing, deep
freezing). Vacuum-packed meat and meat packed in a protective atmosphere are also
considered fresh. Due to its chemical composition and to its intrinsic characteristics (Ayw
above 0.99, pH between 5.5 and 5.8), fresh meat is a good substrate for microbial growth. For
this reason, cooling after slaughter is a critical point because it determines the
microbiological quality of the product and must occur as fast as possible (internal
temperature < 7 °C, within 24-30 hours following slaughter). The flesh of healthy and
unstrained animals is devoid of microorganisms in depth; but due to stress before slaughter,
disease, or weakness, microbial contamination can occur and is defined as endogenous:
pathogens, in particular starting from the intestine, spread into the blood due to the failing
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immune system, and reach the muscles, lymph nodes and internal organs. Among these
microorganisms, there may also be Salmonella, if it is present in the intestinal contents. In this
case, after the analytical laboratory investigations requested by the Veterinary Inspector,
carcasses must be confiscated and destroyed, as they represent a potential danger to the
consumer. On the other hand, the main microbial contamination occurs during the various
stages of butchering and cutting, as well as in the following stages, such as the preparation
one (minced meat, sausages, kebabs, etc.) and processing (salami mixture), until the
purchase and the preservation of meat products before consumption. This contamination,
defined as exogenous, is inevitable, but, by applying good manufacturing practices, it can be
successfully controlled. The slaughtering stage which can lead to greater contamination by
Salmonella is the gutting, where the release of feces even if it is limited (from 101 to 1012
cfu/g microorganisms depending on the animals) results in the contamination of more or
less large parts of the carcass. The main animal species that can host Salmonella spp. in their
intestine, in descending order, are farmed birds, pigs and cattle. Meat is no doubt the food
that undergoes the greatest number of tests, imposed by strict rules: on-farm veterinary
visits, certificates accompanying the animals during its transport to slaughter, ante mortem
and post mortem inspections, the scalding of the carcass (domestic ungulates and big game)
that makes it fit for human consumption; followed by tests in the next stages (butchering
facilities, butcher shops, supermarkets, meat-processing facilities, etc.) on meat and internal
organs (heart, liver, stomach, etc.). Nevertheless, to restrict the Salmonella issue in meat, it is
important to act upstream of the chain of production, during primary production. Ever since
the 1990s, for poultry, the WHO (1994a) indicated guidelines to follow in order to identify
the infected farms, to keep the vectors that carry the infection under control (WHO, 1994b)
and to apply prevention methods (WHO, 1994c). In more recent years, the EU has released
surveillance systems with specific control programs to significantly reduce the problem of
Salmonella on farms rearing breeding poultry, egg-laying hens, broilers, turkeys and pigs,
both for breeding and for meat (EC Regulation 2160/2003, Appendix 1). In these farming
facilities, it is necessary to keep under control the hygienic characteristics of raw materials
and animal feed, environmental hygiene, rodents, overcrowding, animal welfare, etc. The
contamination of food for animal feed can occur in the factory as well as on the farm by
cross contamination (not properly sanitized utensils) or by means of vectors (rodents,
insects). Against the spread of Salmonella Enteritidis on poultry farms, it is effective to use
antimicrobial agents in the feed, such as organic acids; as well as adding to the drinking
water mixtures of probiotic bacteria in the early weeks of life, during which the intestinal
colonization by potentially pathogenic microorganisms is most likely. Another difficulty
resides in the elimination of the pathogen from the environment through cleaning and
disinfection carried out after sending the animal to slaughter and before the arrival of the
next cycle. Therefore, a good approach for controlling infection on the farm is definitely that
of adopting prophylactic measures with serological monitoring and an accurate
microbiologic testing of environment and faeces, trying to avoid the overuse of antibiotics in
animals, which, on the other hand, can decrease their own organic resistance against
Salmonella. In pigs, Salmonella can also be found very frequently in the tonsils, contaminated
orally together with the intake of food. According to Griffith et al. (2006), it is possible to
detect it in the oropharyngeal secretions and transmission between animals can happen
nasally, especially in case of overcrowding on the farm or in transport. In cattle, the
increased susceptibility to infection may arise from errors in the formulation of the food that
changes the rumen flora, thus favouring the development of Salmonella. The EFSA report on
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the progress of zoonoses and foodborne diseases (EFSA, 2011) shows that the verification of
Salmonella in intensive European poultry farming facilities went down in 2009 compared to
previous years. Greece (7%), the Czech Republic (11%) and Hungary (32%) were the states
where the detections were greater, respectively for roosters, egg-laying hens and broilers. In
the first 2 types of farming facilities, the most detected serotypes were: S. Enteritidis, S.
Typhimurium, S. Infantis, S. Virchow and S. Hadar. On pig farms, the data collected among
the member states are not homogeneous about sampling time in the production chain
(faeces on the farm, lymph nodes in the slaughterhouse): the only countries that submitted
full data were Estonia (0.9% on the farm and 8% positive in the slaughterhouse) and
Norway (0% in both cases). However, the EU estimated that the presence of Salmonella in
intensively farmed pigs in 2009 varied from 0 to 64% (on average between 26 and 31%). S.
Derby was the most detected serotype. For all other animals, although gathered data are
few, the presence of Salmonella is low both on the farm and in the slaughterhouse. Finally,
Salmonella was found in animal feed with a low incidence, ranging on average from 0.4%
(for cattle) to 1% (for poultry), and the most contaminated products were meat and bone
meal (1.4%). In later farming stages it is necessary to ensure that the animals arrive at the
slaughterhouse in the best conditions possible (avoiding overcrowding, dirt on skin and
feathers); it is also important to check, in addition to the above, the fasting time before
slaughter, the temperature and the renewal of scalding water (poultry, pork) in order to
limit the load of organic material and reduce the adhesion of Salmonella on the skin; it is also
essential to check that the cleaning procedures, the maintenance of facilities and equipment
are performed in optimal conditions. These checks should be supported by microbiological
tests, in accordance with EC Regulation 2073/2005, to make sure that the slaughter took
place in full respect of hygiene conditions and, if not, to review the process. Moreover, EFSA
(2006) recommends that swine slaughter monitoring should provide for the research of the
pathogen in the ileocaecal lymph nodes or in the meat juice. Decontamination of carcasses
after slaughter can be useful for controlling pathogens, including Salmonella, but it can
absolutely not replace poor hygiene during the slaughter. Some methods put forward, but
not always accepted by the regulations, are the use of organic acids, such as acetic acid,
which cannot be used for obvious reasons, and lactic acid, which, if used at concentrations
of 1% v/v, affects S. Typhimurium well without affecting the colour or the flavour of the
meat too much; also ozone mixed with the water used for showering poultry provides
excellent results regarding the reduction of microbial load. In the USA, trisodium phosphate
(TSP) can be used, an alkaline composite (pH 11) able to diminish the pathogen by 2
logarithmic cycles and bring down the contamination of poultry carcasses to under 5%
(Gudmundsdottir ef al., 1993), but its disposal after use is a problem.

A very powerful physical method to reduce microbial load is y-ray irradiation, which is not
licensed in Europe. Doses of 3-5 kGy are employed, effective for the decontamination of fresh
meat, the Enterobacteriaceae loads ensuing in a fall of 6 logarithmic degrees (WHO, 1994),
without causing significant deterioration of the sensory quality of the treated products. As
regards the meat of hunted wild game, the microbiological quality depends on where skinning
and handling is carried out: on average, it was stated that the total viable count as well as that
of fecal coliform are about 2 logarithmic higher in game eviscerated outdoor than the similar
value of game eviscerated in slaughterhouse (105-108 vs. 103-10¢ cfu/g). Anyway, Salmonella is
rarely found, especially if the wild game does not come into contact with domestic animals.
Frogs imported from various countries are frequently contaminated with Salmonella (20-30%)
belonging to most diverse serotypes and often exotic ones, according to the importing country.
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Snails, however, although they are very often contaminated, rarely cause food-poisoning
episodes as the way they are cooked ensures they are sanitized; nevertheless, they represent an
excellent means for the germ to spread (Tiecco, 2000). Possible contaminations can also occur
when the meat is subjected to various types of processing, such as “minced meat”, defined as
meat meant to be minced and to be sold as such, with the addition of salt up to a maximum of
1%, and “meat preparations”, ie. meat products to which seasonings or permitted food
additives have been added or any treatment that does not alter the cellular structure of the
core of the meat and does not change its characteristics as fresh meat. In both cases one can
easily verify microbial contamination due either to the physical characteristics of the products,
or to whether other potentially Salmonella carrying ingredients (vegetables, eggs, spices, etc.)
are added. It is therefore important to keep the temperature constantly below 4°C, staff
hygiene rules must be respected, as some staff members may be asymptomatic carriers of
Salmonella and, most importantly, cross contamination must be prevented throughout the
production chain and after cooking the meat, because this is the major problem for Salmonella.
The processes of salting, curing, cold smoking, antimicrobial preserving additives and lactic
fermentation the meat undergoes for becoming cold cuts are not able to completely eliminate
Salmonella, but do cause the numbers to fall, sometimes substantially, which protects the
consumer from food poisoning (<100 CFU/g). Heat (pasteurization, cooking, hot smoking), on
the other hand, if it is done properly, is a good clearing method. But, without respecting basic
technological principles, the previous operations will be completely useless. Many researchers
agree that Salmonella usually contaminates food with a very low charge, mostly <10 cfu/g, but
in the case of a human in normal immunological conditions, in order to be effective, an
infection requires the ingestion of a fairly large charge, more than 104 cfu/g of food. As a
result, it is necessary for the bacteria to find adequate conditions in the substrate to duplicate
more or less rapidly. The “hygiene package” regulations introduced the obligation for the
owners of manufacturing and processing factories to arrange and implement self-control
procedures, to perform microbiological tests on the finished product and to indicate on the
label if such meat, other than poultry, is to be subjected to adequate cooking before
consumption.

Researches in EU in 2009 (EFSA, 2011) showed that Salmonella was found most frequently in
raw turkey meat (8.7%), chicken (5.4%), pork (0.7%) and cattle (0.2%). In general, at the pig
slaughterhouse, Salmonella was detected between 0 and 14%, with a higher incidence in
Belgium where a very meticulous sampling method is carried out. According to the EFSA,
many episodes of human food-borne illnesses are attributable to pork. Minced meat and
meat preparations, especially those intended to be eaten raw, are most often contaminated
by bacteria (5.5% positive) and therefore do not meet European sanitary standards. In retail
shops Salmonella was found in 3.5% of the analyzed samples, a decrease compared with the
previous year. Finally, the analysis of the results shows that there is a prevalence of serovars
Typhimurium and Enteritidis.

In conclusion, the major risk factors of salmonellosis due to meat are to be found in
insufficient cooking, the consumption of raw meat (pork sausages) which was not processed
properly (minced horse meat, carpaccio, tartare, etc.), storage at inadequate temperatures,
and cross contamination, if the product ready for consumption is in contact with other raw
foods or dirty utensils. On the other hand, the staff’s role, whether infected or carrier,
appears to be less important, as it has been proven that, if Good Manufacturing Practice
(GMP) is applied to food, such as careful hand washing, the risk of conveying infection is
kept well under control.
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7. Salmonella in raw milk and milk products

Nowadays, according to the EC regulations in force, we can obtain milk for human
consumption from all mammalian species, without exception, provided that the animals are
reared and milked when they are in good health and nutrition conditions (EC Regulation
853/04). In developed countries the milk that humans use as food is almost always cow’s
milk; much more seldom we also consume sheep’s, goat’s and buffalo milk. In poor
developing countries, in addition to cow’s milk, buffalo, sheep’s and goat's milk is also
regularly drunk. In different geographical areas and with varying eating habits, along with
“traditional” dairy species, man also employs various other animal species (camels,
dromedaries, horses, reindeer, etc.) as a source of milk. Thanks to its chemical composition,
milk is an almost ideal food for humans and for this reason it is part of the daily ration of
most of the world’s population. Over time the different peoples on Earth have developed a
remarkable range of food products that use milk as raw material: in the world today there
are approximately 1,600 different types of cheeses and over 100 different types of fermented
dairy products. From raw milk many kind of milk products are obtained, such as
pasteurized or UHT milk, cheese, fermented milks and probiotics, ice cream, butter, ricotta
and milk drinks or whey. This wide range of food is obtained by subjecting raw milk to one
or more technical processes that change the components of milk and its rheological
properties to a greater or lesser extent. These “treatments” may be the addition of salt and
the removal of water (seasoning) or the addition of natural enzymes and/or milk ferments
that trigger these complex biochemical processes that we call ageing of cheese or fermented
milks. Salmonella, as well as other pathogenic agents of foodborne disease, can contaminate
raw milk: (1) directly inside the mammary gland (very rare event); (2) during milking,
because the bacteria are often present in the faeces of milk animals and on their coat; (3)
after milking, because salmonellae can contaminate work surfaces with which the raw milk
comes into contact; (4) in subsequent phases, still due to the presence of Salmonella on work
surfaces and/or cross contamination. The fate of salmonellae in milk and milk products
widely depends on the antimicrobial effects the different transformation processes may
have on the bacteria, as bactericidal effect or more simply bacteriostatic effect. This explains
why in developed countries cases of human salmonellosis caused by the consumption of
dairy products and milk are much rarer than those caused by the consumption of fresh meat
or fish products (Jayarao & Henning, 2001). Raw milk, of course, represents an exception: in
recent years it has caused a number of fairly many outbreaks of human salmonellosis
(Newkirk et al., 2011). We must not forget that in recent years in many European states the
consumption of raw milk purchased directly from the dairy by means of automatic vending
machines has greatly increased. The following study will, therefore, give information about
the possible presence of Salmonella in raw milk and different products that are derived from
it, focusing above all on the possibility for Salmonella to multiply in different dairy products.
According to the epidemiology data of foodborne illnesses provided each year by the EFSA,
milk and milk products are not by far the greatest sources of danger for consumers. Like in
previous years, in 2009 too there were few cases of Salmonella detected in cow’s milk. Only
three EU Member States conducted specific tests on raw milk sold in vending machines:
Austria (71 samples tested), Germany (173 samples) and Hungary (50 samples). Salmonella
was never detected in any of these samples. On the other hand, as regards pasteurized or
UHT milk, seven states reported data: Austria (30 samples), Bulgaria (30 samples), the
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Czech Republic (135 samples), Germany (980 samples), Greece (26 samples), Hungary (85
samples) and Romania (57 samples). Again, none of the samples tested contained Salmonella.
Italy reported that out of a total of 928 samples of cow’s milk, 3 were positive for Salmonella
and that 5 samples out of a total of 5,799 samples of milk from “other unspecified species”
also tested positive for the pathogen. 11 member countries supplied EFSA with results of
their investigations on cheeses, for a total of 23,023 samples analyzed. In the great majority
of cases, the cheese samples proved to be negative for Salmonella, with the exception of Spain
(4 positive samples out of a total of 424 samples tested), Portugal (2 positive samples out of
181 analyzed) and Italy (2 positive out of a total of 1,879 samples tested). As far as we know
from the EFSA report, all the cheeses tested positive were semi-hard cheeses, and only semi-
mature, and made from raw or thermised milk (i.e. heated to a temperature between 45 °C
and 54 °C, no more). As far as butter is concerned, 7 member states communicated the
results of their inspections; no case revealed the presence of Salmonella. Besides cheese, the
only other product derived from milk which pointed out the presence of Salmonella was ice
cream. Spain, Hungary and Germany reported the presence of the bacterium respectively in
13 samples out of 305 samples analyzed, 1 out of 140 and 1 in 2,626 samples, always taken in
the production facilities. The presence of salmonellae in raw milk is widely documented in
the literature, both in the collection tanks on the farms, and in the storage tanks in the food
factories (Donaghy et al., 2004; Tondo et al., 2000). Salmonella may be present in raw milk
ever since milking because the bacterium is present in the mammary gland, but this occurs
very rarely. Mastitis due to Salmonella is a very rare condition in dairy cows, but it is
reported. We know that different Salmonella serotypes can colonize the mammary gland and
lead to the excretion, at the same time as the milk, of bacterial loads that can extend up to 3.3
log10 cfu/ml (Fontaine et al., 1980). Furthermore, Salmonella can pass from animal to animal
at the time of milking, both through the milker’s hands, and through polluted parts of the
milking machines (Bergonier et al., 2003; Vautor et al., 2003; Zadoks et al., 2002; Zschock et al.,
2000). Much more often, however, salmonellae contaminate raw milk in the stages that
follow the milking process, because the bacteria may be present on the various surfaces that
come into contact with the milk being collected. In particular, Salmonella (such as Listeria
monocytogenes and verotoxigenic strains of E. coli) can enter the milk through the traces of
animal faeces in the environment (Van Kessel et al., 2004). This factor of pollution, in turn, is
influenced by the prevalence among dairy cows of Salmonella healthy carriers, which can
evacuate various loads of the pathogen more or less frequently. In this regard, it is estimated
that the U.S. dairy cows can be healthy carriers of Salmonella in their faeces with a
prevalence that ranges from a minimum of 2% to a maximum of 27.5% of the animals tested
(Kabagambe et al., 2000; Losinger et al., 1995, Wells et al., 2001). What can be the prevalence
of a batch of raw milk tested positive for Salmonella ever since the milking phase? In view of
the data that we can gather from the literature, we can estimate that the batches of raw milk
straight after milking can be positive for Salmonella from a minimum of 2.6% to a maximum
of 25.3% (Jayarao & Henning, 2001; Murinda et al., 2002; Zhao et al. 2002). Compared to other
pathogenic microorganisms such as L. monocytogenes, salmonellae are not very resistant in
the outside, so it is not very frequent for the work surfaces in the production plants to
transfer salmonellae to the product. Nevertheless, in theory, Salmonella can survive for long
on any work surface and then pollute the cheese curd which is meant to become cheese. This
justifies the episodes of foodborne infection caused by processed dairy products, such as
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milk powder and cheeses made with pasteurized milk. Fermented milks can be divided
into two kinds: (i) acid, if their production is based on homolactic fermentation, (ii) acid-
alcoholic, if the starter strains used for fermentation are of the heterofermentative type. In
case (i) the product will only be acid, while in case (ii) besides the presence of acid there is a
fair amount of ethyl alcohol which enhances the food’s antimicrobial effect against
Salmonella. Their production process usually starts from pasteurized milk. Furthermore,
milk is caused to coagulate by using acid, by adding selected milk ferments that produce
large amounts of lactic acid or other organic acids and possibly ethyl alcohol, with a drastic
drop in the substrate’s pH which makes the casein coagulate. The presence of high loads of
lactic acid bacteria, coupled with low pH levels (4.0 to 4.1 on average) and A,, mean that
yogurt and other fermented milk products are a very unfit food matrix for allowing the
growth and even the survival of Salmonella.

Cheese is among the foods which are less likely to cause salmonellosis in humans due to
their production process (Little et al., 2008). Nevertheless, in 2008 it was responsible for 0.4%
of all episodes of illness reported in the EU (EFSA, 2010). In addition, several cases of
salmonellosis caused by the consumption of cheese contaminated with Salmonella enterica
are reported in the bibliography. The problem is that despite the fact that the production
process poses several obstacles to the survival and multiplication of salmonellae, we eat
cheese without further heat processing. Moreover, cheese often does not carry pathogenic
microorganisms in its inside, but rather on its surface. This may result in the transfer of
Salmonella and other pathogens to domestic working environments, thus favouring cross
contamination, which in turn enables the outbreak of foodborne illnesses (Kousta et al.,
2010). The bibliography gives at least a dozen episodes of salmonellosis caused by the
consumption of cheeses made not only with raw milk, but also with pasteurized milk. This
means that in many cases the milk used to produce cheese is contaminated with Salmonella
“after” its pasteurization, since this is largely able to inactivate very high loads of the
bacteria. Nowadays, HTST pasteurization is often used in the dairy industry (at least 72 °C
for at least 15 seconds) and it can produce a drop of about 6 LOG-degrees in the original
load of Salmonella, as demonstrated by accurate experimental investigations (D" Aoust et al.,
1988; D’Aoust et al., 1987, Farber et al., 1988). In particular, these studies showed that
Salmonella can still be detected in milk heated up to 67.5 °C for 15 seconds, but not at higher
temperatures. We need not forget, though, that Salmonella, just like Listeria monocytogenes,
can penetrate into the milk somatic cells that can provide it with a slight protection against
the effects of heat. It is not, therefore, possible to exclude a priori that in normally
pasteurized milk it may still be possible to detect some salmonellae which survived the
treatment itself, if it was not carried out at temperatures above 72 °C. In the past decades,
salmonellae have caused a series of outbreaks of illness caused by the consumption of
various types of cheese. As mentioned before, we can find several references in the literature
to outbreaks of salmonellosis caused by foods that contain very low numbers of Salmonella.
According to D" Aoust (1985) and Ratnam & March (1986), the literature documents cases of
salmonellosis caused by Cheddar cheese in which the estimated infectious load proved to be
under 10 cfu of Salmonella/ g of food.

From the data we possess, we can therefore sum up that Salmonella may still be present in
cheeses for human consumption, but with a prevalence which varies widely depending on
several factors:
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1. the type of raw material: cheese made with raw milk may contain salmonellae still alive
and vital, while it is hard for those made with pasteurized milk to still shelter the
pathogen, unless the contamination occurred after the pasteurization process,

2. the duration and type of ageing: in cheeses which mature for a short time, Salmonella is
more likely to survive, because the maturing biochemical processes that have a good
antimicrobial effect against pathogen are not yet established in the substrate. In cheeses
that mature for over 60 days, on the contrary, the characteristics of the substrate that are
obtained as a result of aging make the product unfit for the reproduction and survival
of salmonella,

3. the microbiological quality of milk used to make cheese. Cheeses made with raw milk
are not necessarily infected with Salmonella, if good hygiene conditions are maintained
during the milking process and the ensuing manufacturing process.

As with many other types of foodstuffs, salmonellae can contaminate cheese coming from:

1. raw materials used in production, most likely from raw milk and less likely from other
ingredients such as lactic acid starter and salt,
salt solutions (brine) used for salting certain products,

3. work surfaces in the cheese factories, including the air that circulates in various
environments,

4. packaging materials in which is wrapped the finished product ready for sale (Temelli et
al., 2006).

As regards in particular brines used to salt the cheese, Ingham ef al. (2000) conducted

experimental inoculation tests with Salmonella ser. Typhimurium to test the viability of the

pathogen in the cheeses’ brines. The researchers experimentally inoculated two cultures
with S. Typhimurium and E. coli O157, mixed together, in three different brines containing

23% salt, with the addition of 2% of flour. The brines were then stored at 8 °C and 15 °C for

28 days. The same cultures were also inoculated into brines offered for sale, and then stored

at 4 °C and 13 °C for 35 days. The load of the two pathogens immediately underwent a

gradual decline during storage, but it is significant that the reduction was less noticeable in

the brines stored at 4 °C compared to the ones stored at 13 ° or 15 °C. This study shows that

Salmonella may still survive in saline solutions used for salting cheese, although with very

small loads.

Compared to other pathogens such as L. monocytogenes and Staphylococcus aureus, Salmonella

is much less often blamed as a source of illness due to the consumption of cheese. As a

result, we do not have precise data as to the actual prevalence of Salmonella in cheese. We

can, however, find some data on the persistence of salmonellae in cheese sold in retail food
stores. The pathogen was detected in Turkey in various kind of cheese produced mainly in
an artisanal manner with raw cow’s, ewe’s and/or goat’s milk (Colak et al., 2000; Hayaloglu

& Kirbag, 2007; Tekinsen & Ozdemir, 2006), always in very low prevalence of the samples

analyzed. On the other hand, we also have data documenting how salmonellae, potentially

present in raw milk and/or in environments where milk and cheese are produced, are not
so detectable in the dairy products offered for sale. For example, in Spain Cabedo et al.

(2008) conducted a large study to test the microbiological quality of the cheeses of their land:

they never detected Salmonella in any of the samples they analysed. In Britain, two studies

conducted by Little ef al. (2008) first in 2004 and then in 2005, showed that a total of 4,437

samples of various types of cheeses (fresh, semi-mature and mature, made with raw or

pasteurized milk) never showed the presence of Salmonella.
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Butter is produced by the mechanical churning of the cream obtained after centrifugation of
cheese whey. It can be sweet if the cream is used as it is, or ripened if it comes from cream that
was first matured with the addition of starter enzymes. In most cases, the raw material for
butter is subjected to pasteurization in butter before being processed, but in some cases
butter is obtained directly from the cream of raw, unpasteurized milk. It is clear that in this
second case Salmonella may be present in the butter from the start of the making process
because the raw material itself was contaminated. In the case of butter made from
pasteurized cream, however, a possible contamination with Salmonella cannot be excluded,
because the pathogen could infect the finished product through a secondary contamination.
In the past decades, in fact, several episodes of human salmonellosis caused by butter
contaminated with Salmonella occurred, but over the years these episodes have registered a
sharp decline, due to the fact that producers dedicate more attention to production hygiene
and to the fact that butter is now rarely made with unpasteurized cream. The EU has
established with EC Regulation 2073 /05 that “cheese, butter and cream made from raw milk
or milk subjected to heat treatment at sub-pasteurization temperatures” should not contain
even one living cell of Salmonella in 125 g (25 g in 5 units of the sample) of product
throughout its shelf life. Dried milk products as a rule, these foods are products obtained
after pasteurized milk is nebulized in towers where a very dry and hot air current circulates,
but on the market you can find lyophilised products, i.e. put through the cold-removal of
water, not involving the use of high temperatures. The sanitary characteristics of milk
powders, therefore, is determined by: (i) the microbiological quality of the raw material, (ii)
the conditions of the production process (with or without heat treatment), (iii) the possibility
of the dehydrated/lyophilised product to be contaminated with salmonellae after its
processing. Salmonellae are sensitive to normal temperatures applied in the production
process of dried milk products, so it is logical to expect that such products are rarely at risk
of containing Salmonella, unless they are contaminated after this process, during packaging
or storage. In these cases, dried milk products may be a risk to human health, since
salmonellae can survive for months in substrates with low water content, such as bone meal
and powdered foods. The possible dangers of these products is also enhanced by the fact
that such foods are usually meant for very young children, much more sensitive than adults
to even minor loads of Salmonella. For this reason, the EU has established by law (EC
Regulation 2073/05) that “powdered milk and powdered whey” should not contain even
one living cell of Salmonella in 125 g of product throughout its shelf life. Ice cream is a
complex food made of various ingredients, including eggs and milk, where water
crystallizes, forming a homogeneous creamy mass, thanks to the high amount of fat. As
such, also ice cream can be contaminated with Salmonella, if it is contained in the raw milk or
appears in the manufacturing process. Over the past decades, in fact, many outbreaks of
salmonellosis caused by the consumption of ice cream have been documented, but it was
not always possible to establish with certainty whether the pollution came from the raw
milk or from the eggs, which are also used raw. For several years now, the use of
pasteurized milk and eggs has become a habit for producing ice cream, so the risk of
Salmonella contamination in these products has been greatly reduced. But we must
remember that ice cream, due to its almost always neutral or slightly acidic pH levels and to
its high amount of free water (Ay), can be an excellent substrate for the survival and growth
of Salmonella, if the latter managed to infect it. The risks to public health may be greater for
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those who produce ice cream from raw milk. In recent years, in fact, this habit seems to have
come back into fashion, under the pressure from consumers who take great pleasure in
consuming food products from raw materials treated as little as possible. Regarding ice
cream too, the EU has set specific criteria for Salmonella, which must be “absent” in 125 g of
product. This law does not apply to ice creams “whose manufacturing process or
composition properties eliminate the risk of Salmonella” as required by Regulation 2073/05.

8. Conclusion

All this makes it difficult to control and prevent these toxi-infections; as a result, it is
necessary for epidemiologists, clinicians and microbiologists as well as veterinarians to
collaborate in order to launch an integrated approach to solve the problem. In order to
prevent the occurrence of salmonellosis, it is therefore essential to know which animals
and/or which foods most frequently carry the pathogens which have led to sporadic cases
or episodes of disease in humans. Epidemiological data should then be given special
attention and consideration by meat producers and in general by anyone whose role it is to
carry out investigations on food, as they can provide useful information regarding changes
or additions to be made to the eradication plans against Salmonella.
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1. Introduction

The occurrence and survival of enteric bacteria in marine ecosystems has been of interest to
microbial ecology, sustainable usage of aquatic products, and the health of humans and the
ecosystem (Barcina et al., 1986; Borrego and Figueras, 1997; Dionisio et al., 2000). Therefore,
it is interesting to know and evaluate environmental factors that influence the occurrence of
indicator bacteria and Salmonella spp. regarding sustainable and economical usage of aquatic
products, ecosystem and human health.

The majority of bacteria present in domestic wastewater are comprised of saprophyte
bacteria of faecal or terrestrial origin and pathogen bacteria such as Salmonella, Shigella,
Brucella, Mycobacterium, Escherichia coli, Leptospira, Campylobacter and Vibrio. Furthermore,
Adenoviriis, Reoviriis, Rotaviriis and Hepatit viruses as well as prozoons such as Entamoeba
histolytica, Giardia lamblia, and Cryptosporidium may contaminate the sea by means of
wastewater (Lynch and Hobbie 1988, Westwood 1994, Black 1996.)

Salmonella spp., one of the pathogenic bacteria which enter the sea environment as a result of
anthropologic influences and particularly recreational use in coastal areas, continues to be a
problem with regard to public health.

In order to define the source of Salmonella spp., contamination strains isolated from
seawater and rivers were studied by molecular marker methods. Their properties were
compared with those of strains originating from possible sources of contamination such as
sewage from humans, cattle, and treated sewage water used in watering plants (Graeber
et al., 1995).

The perforation of Salmonella spp. into sea water is not only from terrestrial originated
wastewater but also from ships’ ballast water which is imported to and exported from ships
to maintain their balance.

The movements of ballast waters, from one continent to another by ships, create a global
distribution mechanism for pathogenic and antibiotic-resistant forms and it may be
significant in the worldwide distribution of microorganisms, as well as for the epidemiology
of waterborne diseases affecting plants and animals (Ruiz et al., 2000). At the same time,
most of the pathogens sourcing from sewage have been found to be present in shellfish.
Particularly in production areas which are under the heavy influence of contamination, the
most frequently found pathogen in shellfish is Salmonella spp.
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1.1 The presence of Salmonella spp. and its relationship with primary hydrographic
parameters

The presence of Salmonella and its relationship with primary hydrographic parameters
(temperature, salinity, and dissolved oxygen) and indicator organisms in various marine
environments were previously partly documented. It is known that the results of
microbiological analysis were influenced by the dynamic structure of the aquatic
environments. For instance, estuaries, lagoons, coastal and offshore environments are under
variable environmental influences from each other. The hydrodynamic parameters of the
estuary, in particular the flow rate, salinity gradient, and tidal cycles, were reported to be
possible different relations between faecal-bacterial indicators and pathogens (Mill et al., 2006).
Water temperature was positively associated with total Salmonella spp. levels. Bradd et. all
(2009) reported that the levels of Salmonella spp. were correlated with average daily
watershed rainfall for the 1 and 2 days preceding each sample collection. Similarly,
environmental factors such as seasonal rainfall, salinity, and temperature were also
correlated with Salmonella spp. abundance and diversity in the environment. (Bradd et. all
2009, Dionisio et al., 2000, Lemarchand and Lebaron, 2003; Martinez-Urtaza et al., 2004).

1.2 The presence of Salmonella spp. and its relationship with economically important
aquatic products

The presence of Salmonella spp. and its relationship with aquatic products with respect to
food health is one of the important headlines of this issue. Providing quality safety of
aquatic products from their catching to their marketing to consumers has great importance
in terms of human health as well as economical and ecological aspects.

Shellfish are filter-feeding organisms and because their power of movement is limited,
they feed on the organic substances which the sea brings. They can reflect bacterial
changes around them because they are capable of accumulating bacteria in high
concentrations and the accumulation rate can change depending on microbial species. It
was reported that Chamalea gallina can accumulate S. typhimurium, E. coli, Vibrio
parahaemolyticus, Aeromonas hydrophyla, Streptococcus faecalis, and Staphylococcus aureus in
the first six hours in laboratory conditions (Martinez et al., 1991). Nunes and Parsons
(1998) reported that feeding oysters filter the surrounding water at a rate of 2 to 5
liter/hour eventually assimilating all the biotic and abiotic contaminants present in their
environment. Due to the sensitivity of organisms and accumulation of environmental
contamination, more bacterial contamination can be found in mussels than in the sea
samples surrounding them. Because of these characteristics, shellfish have been accepted
as bioindicators for detecting bacterial contamination in marine environments.

Salmonella spp. infections are one of the primary illnesses caused by the consumption of
mussels. Bacterial pollution levels, associated with anthropological factors, are related to the
occurrence of pathogenic bacteria in marine environments. S. typhi was isolated frequently
in bivalve molluscs which were caught from a contaminated sea region. Salmonella spp. is
one of the most important causes of human gastrointestinal diseases worldwide. Inal et al.
(1979) have isolated S. typhi in shellfish taken from regions contaminated by slaughterhouse
wastewater on the coast of the Aegean Sea, Turkey.

For these reasons, the consumption of shellfish has been generally associated with food-
related infective diseases (Cook et al., 2001, Jose 1996). Food borne hazards are still of great
concern for human health. Particularly the risks connected with shellfish and seafood
consumption continue to be important both in developing and developed countries despite
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the advances in technology, changes in food processing and packaging (Fedhusen 2000,
Huss, et al., 2000, Egli et al., 2002).

1.3 The presence of Salmonella spp. and its relationship with indicator bacteria

The presence of Salmonella spp. and its relationship with indicator bacteria can be variable
according to the hydrodynamic characteristics and environmental factors of the studied
areas. Some studies have reported that a relation between Salmonella spp. and faecal
bacterial-indicators was observed only rarely (Polo et al., 1998, 1999).

Because of their better survival in saline waters enterococci have been suggested to be better
indicators of microbial risk in coastal and estuarine environments (Dionisio et al., 2000;
Kamizoulis and Saliba, 2004; Noble et al., 2003; Polo et al., 1998; Priiss, 1998). Lemarchand
and Lebaron (2003) have reported that considering the occurrence of Salmonella spp., besides
Giardia sp. and Cryptosporidium sp. and using changes of the levels of indicator organisms,
“higher microbiological risk” and “lower microbiological risk” areas can be defined.
Additionally, it was reported that fecal indicators do not exactly reflect the presence of
pathogens such as Salmonella spp. in natural waters and that pathogens and indicators may
have different behaviors in the aquatic environment (Lemarchand and Lebaron 2003).

1.4 Antibiotic resistance of Salmonella spp. in seawater

Beta-lactam antibiotics are widely used for treatment of infections in the world. Domestic
waste waters might be an important source of antibiotic-resistant Enferobacteriaceae.
Resistances to clinically relevant antibiotics are widespread in aquatic bacteria, including
potential human pathogens. Since antibiotic resistance related to domestic wastewaters is
important for the ecosystem and also for human heath in the aquatic environments, the
resistance frequency of some beta-lactam antibiotics to Salmonella spp. isolates were
investigated in this study.

In this study, the presence of Salmonella spp. and its relationship with primary hydrographic
parameters and indicator organisms of bacterial pollution (total coliform, feacal coliforms)
were investigated in the various marine areas of Turkey. The results were evaluated
regarding sustainable and economical usage of aquatic products, the ecosystem and human

Fig. 1. Location of sampling sites in various marine areas of Turkey
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health. Sea water and shellfish samples which were collected from various marine
environments were investigated for occurrence of Salmonella spp. in different time periods
throughout 1998-2010. A total of 832 samples of seawater (495), shellfish (243) and fish (94)
were collected from six sites between July 1998 and August 2010.

rmas T Hagithans g Black Saa
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Fig. 2. One of the study areas: Golden Horn Estuary, Istanbul

2. Salmonella analyses

The presence of Salmonella spp. and indicator bacteria with respect to the areas from which
they were isolated were investigated in the coastal areas of the Eastern Mediterranean, the
Western Black Sea, the Golden Horn Estuary (Istanbul), the Sea of Marmara, the northern
part of the Aegean Sea and also in the offshore area extending from the eastern part of
Andros Island to the southern parts of Gokceada and Thasos Island, as well as the
Mediterranean (Figure 1).

Indicator bacteria and Salmonella spp. were investigated in one hundred samples of seawater
and 96 groups of C. gallina (striped venus) from six stations on the coastline of western Black
Sea (Sile), Turkey. Studies were carried out on 15 days from June to December in 1998-1999
(Altug and Bayrak 2002).

Indicator bacteria and Salmonella spp. were investigated in 75 groups of sea snail (Rapana
venosa) samples which were collected from the Florya-Ambarli seashore of the Sea of
Marmara, during the period between June 2000 and November 2001 (Altug and Giiler 2002).
A total of 72 shellfish (D. trunculus /wedge-shell and C. gallina) were examined (36 groups
C. gallina, 36 groups D. trunculus) which were taken from a site near Tekirdag on the
northern coast of the Sea of Marmara, Turkey monthly between November 2005 and
October 2006 (Altug et al., 2008).

The occurrence of Salmonella spp. in the total 44 samples of surface water which were
collected from four different areas in the Golden Horn Estuary (Istanbul, Turkey) were
tested in the period from November 2002 to December 2003.

The presence of Salmonella spp. in the 80 units of seawater samples, which were taken
from 22 stations in the Southern part of the Sea of Marmara, was analyzed in 2006-2007
(Altug et. al., 2007).

The occurrence of Salmonella spp. in the 22 units of seawater samples from coastal areas in
the Aegean Sea and 14 units of seawater samples from the Eastern Mediterranean, Turkey
were investigated during the months of August in 2007 and 2008.

The occurrence of Salmonella spp. was investigated in the 83 units of seawater samples
which were taken from various depths ranging from 0-30 cm to 500 m in the northern part
of the Aegean Sea in 2006 and 2007. Seven unit samples were taken from the offshore areas
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extending from the eastern part of Andros Island to the southern part of Gokceada and
Thasos Island in 2007 and 2008.
The presence of Salmonella spp. in the 136 units of seawater samples which were taken from
68 stations in the eastern and western coastal areas of Istanbul and from around the islands
in the Sea of Marmara, Turkey were investigated in 2008 and 2010.
The Sample types, the number of samples and sampling periods were summarized in Table 1.

Number of Sampling Sampling
Sample Samples Areas (Turkey) Period
100 Western Black Sea 1998-1999
Golden Horn Estuary
44 (Istanbul) 2002-2003
22 Aegean Sea (coastal areas) 2006-2008
83 Northern Aegean Sea 2006-2007
80 Southern part of the Sea of Marmara [2006-2007
Seawater
7 Northern Aegean Sea 2007-2008
(Offshore)
14 Eastern Mediterranean 2007-2008
5 Eastern Mediterranean 2007-2008
(offshore)
136 The Sea of Marmara 2008-2010
Total Seawater samples 495
9 * Western Black Sea 1998-1999
C. gallina . The Sea of Marmara
36 (Tekirdag) 2005-2006
D. trunculus 36+ | Seaof Marmara 2005-2006
(Tekirdag)
N The Sea of Marmara
R. verosa 75 (Florya-Ambarli seashore) 2000-2001
Total Shellfish Samples 243
Fish
. . The Sea of Marmara
Atherina boyeri 22 (Yesilkoy-Availar) 1999-2000
The Sea of Marmara
Scorpaena porcus 24 (Yesilkoy) 1999-2000
) . The Sea of Marmara
Spicara smaris 31 (Yesilkoy) 1999-2000
) ) The Sea of Marmara
Diplodus vulgaris 11 (Tekirdag) 1999-2000
. Black Sea
Scophthalmus maeoticus 6 (Derekoy-Samsun) 1999-2000
Total Fish Samples 94
Total number of samples 835 |Turkey [1998-2010

*A total of 6 individual samples were accepted as a sample group in the analyses

Table 1. The seawater, shellfish and fish samples which were collected from various marine
environments, Turkey for bacteriological analyses in different periods.
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2.1 Sampling areas

2.1.1 Western Black Sea

The Black Sea covers an area that is about one third of the area of continental Europe. The
Istanbul Strait connects the Black Sea to the world’s oceans. The second largest river of
Europe (Danube), also large rivers such as Dnieper, Don and Dniester all flow to the Black
Sea. The salinity of the Black Sea is considerably lower (about 22-26 psu) than the
Mediterranean. The population in Sile, western Black Sea, the sampling area, rises to
200,000 during the months of July and August due to recreational activities, compared
with 50,000 during the other months. The purpose of this study was to determine the
effect of the increasing anthropological activity on the bacteriological pollution of the
seawater and C. gallina samples.

2.1.2 The Golden Horn Estuary (Istanbul)

The Golden Horn Estuary has been heavily polluted by industrial and domestic wastes since
1950. Five million cubic meters of sludge has been removed during the last 10 years of
restoration works. After the rehabilitation project, decreases in level of bacteria were
reported (Altug and Balkis 2009).

2.1.3 The Sea of Marmara

The Istanbul Strait connects the Sea of Marmara to the Black Sea and the Canakkale Strait
to the Aegean Sea. The Sea of Marmara separates Turkey’s Asian and European regions.
Being an important water route between the Mediterranean and the Black Sea, the Sea of
Marmara is under the pressure of heavy marine transportation. The Sea of Marmara is
under the influence of various anthropological factors such as dwelling, domestic and
industrial wastes. The bacteria which come from ships’ ballast water are another effective
factor on the composition and abundance of bacteria in the Sea of Marmara. The less
saline waters of the Black Sea reach the Mediterranean via upper currents while the
concentrated saline waters of the Mediterranean reach the Black Sea via the undercurrents
of the Canakkale and Istanbul Straits. These interesting hydrodynamic characteristics of
the Sea of Marmara offer us unique opportunities for researching bacterial composition,
under different, poorly described conditions.

2.1.4 Eastern Mediterranean

Northeastern Mediterranean is known as a typical example of the world’s oligotrophic seas.
The salinity of the Mediterranean (38.5-38.6 psu) is considerably higher than the Black Sea.
Bacterial composition of these environments have been managed by anthropological
activities (Baymdairli, 2007).

2.1.5 Aegean Sea

The pelagic zones of the northern Aegean Sea and the Sea of Marmara share some main
features due to their connection through the Canakkale Strait. However, because of the
anthropological sources, bacterial pollution level of northern part of the Aegean Sea less
than the Sea of Marmara (Altug et. al., 2007). The population rate rises during the
summer season due to recreational activities, compared with the other months in the
coastal areas of the Aegean Sea. This situation is inducing the level of bacterial pollution
(Altug et. all., 2007)
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2.1.6 Offshore areas

Due to the differences between coastal areas and offshore areas with respect to exposed
pollution factors, the offshore areas can be accepted as reference stations for the studies
which monitor bacterial contamination.

In this study, seawater samples which were taken from the offshore areas extending from
the eastern part of Andros Island to the southern parts of Gokceada and Thasos Island, as
well as the Mediterranean were tested for indicator bacteria and Salmonella spp.

2.2 Sea water sampling

The samples from close stations (western Black Sea, the Sea of Marmara, and the Golden
Horn Estuary, western Black Sea) were transported daily to the Aquatic Microbial Ecology
Laboratory of Faculty of Fisheries of Istanbul University.

However, because of the long distances (Northern Aegean Sea, Eastern Mediterranean)
between the sampling point and the laboratory, some analyses for filtration (indicator
bacteria), pre-enrichment, selective enrichment (Salmonella spp.) and isolation were carried
out during the cruise on the Bacteriology Laboratory of the Research Vessel YUNUS-S.

The numbers of the sea water samples which were collected from various marine areas
between the years 1998 and 2010 according to sampling stations were summarized in the
Table 1.

2.3 Shellfish sampling

C. gallina samples were collected by mechanical dredge at approximately 5-10 meters
depth from the western Black Sea (Sile) from June to December in 1998-1999 (Altug and
Bayrak 2002).

R. venosa samples were collected by diving from Florya-Ambarli seashore, (Marmara Sea,
Turkey) and with the help of divers during the period between June 2000 and November
2001 (Altug and Giiler 2002).

C. gallina and D. trunculus samples were harvested along 500 m of shallow (4-7-m depth)
area using a mechanical dredge in a site near Tekirdag (Kumbag), on the northern coast of
the Sea of Marmara, Turkey monthly between November 2005 and October 2006. The
mechanical dredge used was the standard dredging equipment used in fishing; a net with
mesh openings of size 6 mm is attached to the metal dredge; when the dredge is dragged by
the fishing vessel, in our case for 8-10 min, those particles equal to or greater than 6-mm size
are collected in the net (Altug et al. 2008).

All the shellfish samples for the microbiological analyses were immediately transferred to
the laboratory sealed in an ice box under aseptic conditions to avoid the possibility of
bacterial contamination.

2.4 Salmonella spp. analyses for seawater samples

Salmonella spp. analyses depend on identification with biochemical and serological tests of
suspicious colonies from selective solid medium after selective enrichment and unselective
prior enrichment at 37 9C in liquid medium in the seawater samples (APHA, 2000).

Then the colonies were restreaked several times to obtain pure cultures and the pure isolates
of Salmonella spp. were identified using GN cards in the automated biochemical
identification system VITEK 2 Compact 30 (Biomereux, France). The identification cards are
based on established biochemical methods and newly developed substrates. There are
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biochemical tests (47 tests for GN) measuring carbon source utilization, enzymatic activities,
inhibition, and resistance (Pincus, 2005).

2.5 Salmonella analyses for shellfish samples

In the analyses, 94 groups were used; 6 individuals were accepted as a group, and a total of
10 g (25 g for Salmonella spp.) was taken from each of these groups to form a sample group.
In accordance with the purpose of the test, diluted homogenous solutions of samples taken
from those parts that are edible, were prepared with 0.1% buffered peptone water: 25:225 for
the Salmonella spp.

Analyses depend on identification with current biochemical and serologic tests of suspicious
colonies from selective solid medium after selective enrichment for 24 h in Selenith cystine
broth at a temperature of 35°C, and unselective prior enrichment for 18-24 h at 37°C in
buffered peptone water 25:225 (w/v) (FDA, 1998). To further identify and characterize the
strains that were detected and isolated, commercially available API test system (BioMerieux,
France) was used. The biochemical reactions tested with API test are: production of indole;
utilization of citrate; production of nitrite; fermentations of glucose, mannitol, inositol,
sorbitol, thamnose, sucrose, melibiose, amygdaline, and arabinose; production of H-S;
activities of beta-galactosidase, tryptophane desaminase, gelatinase, arginine dihydrolase,
lysine decarboxylase, and ornithine decorboxylase; formation of acetoin from pyruvate and
oxidase (MacDonell et al.1982, Oberhofer 1983). When there was a need to further
identification, the pure isolates of suspicious colonies were identified using GN cards in the
automated biochemical identification system VITEK 2 Compact 30 (Biomereux, France).

The identification cards are based on established biochemical methods and newly
developed substrates. There are biochemical tests (47 tests for GN) measuring carbon source
utilization, enzymatic activities, inhibition, and resistance (Pincus, 2005).

2.6 Indicator bacteria analyses
Two different methods were used for indicator bacteria analyses in various sampling
periods in 1998-2010.

2.6.1 Membrane filtration method

The water samples were taken from 0-30 cm surface and from various depths ranging from
1 to 50 meters. Water samples were filtered through a 0.45 pm membrane filter with a metal
vacuum filtering set (Millipore, Germany) and then the membrane filters were placed on m-
Endo, m-FC and Azide-NKS for total coliform, fecal coliform and fecal streptococci. The
plates were incubated for 48 h (at 37+0.1°C and 44.5£0.1°C) and the colonies on the plates
were evaluated (APHA 1998; EPA 2006). Following the correction tests on suspicious
colonies which grew after incubation, the average of three parallel tests was used for the
numerical identification (cfu/100 mL: colony formed unit/100 mL). Brown-red colonies
which grew on Azide medium were evaluated as fecal streptococci suspicious; blue colonies
which grew on m-FC medium were evaluated as fecal coliform suspicious; pink-red colonies
with yellow-green metallic shinyness which grew on m-Endo medium were evaluated as
coliform suspicious. cytochrome oxidase test (API Strep, BioMereux ) was applied to
coliform suspicious colonies and oxidase negative colonies were counted. cytochrome
oxidase (API Strep, BioMereux ) and indole (HIMEDIA) tests were applied to fecal coliform
suspicious colonies, and oxidase negative and indole positive colonies were counted.
(MacFaddin 1980, APHA 2000).
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2.6.2 The most probable number method

Diluted homogenous solutions of samples taken from those parts that are edible were
prepared with 0.1% buffered peptone water: 10:100 for the E. coli total coliform and fecal
coliform analyses. Sample dilutions of 10-1, 10-2, and 10-3 with buffered peptone water
were transferred to three series of test tubes, each containing 10 mL of Modified Lauryl
Sulphate Triptose Broth.

Analyses were done according to the three tube most probable number method (MPN)
using Brilliant green bile broth (BGLB), EC broth, Eosin methylene blue agar medium, Plate
count agar medium (FDA, 1998).

For characterization of coliform, Endo agar was used.

2.7 Antibiotic resistance test

The percentage of bacteria in the samples which exhibited antibiotic resistance was
measured on Nutrient agar plates supplemented with Imipenem, Ampicillin, Cefotaxim,
Ceftriaxon, Ceftazidim media (NCCLS 1999).

3. Occurrence of Salmonella spp. in the samples of seawater, shellfish and
fish

3.1 Seawater

The frequency of Salmonella spp. according to their exposure to environmental factors in the
areas from which they were isolated were shown in Table 1 in the form of summary data of
the level of coliform and fecal coliform bacteria and the occurrence of Salmonella spp.

No Salmonella spp. was detected in the samples which were taken from the western Black
Sea in 1998-1999.

The presence of Salmonella spp. in seawater from the four stations was significantly different
(p < 0.05) in the Golden Horn Estuary, Istanbul from 2002 to 2003. Eleven of 44 seawater
samples were found positive for Salmonella spp. The number of Salmonella spp. positive
samples was highest in the inner part of the estuary.

The percentage distribution of the values for the ratio of fecal coliform to fecal streptococci
in the surface water of the Aegean Sea and their relation with Salmonella spp. was also
investigated. The contribution of fecal coliform bacteria to fecal streptococci (FC/FS > 0.7)
showed that the sources of fecal contamination were anthropological in this area in 2006-
2008. Seven of the 22 unit seawater samples were found positive for Salmonella spp. in the
sea water samples which were taken from the coastal areas of the Aegean Sea, Salmonella
spp. positive samples were positive correlated with the indicator bacteria count. In the five
stations which have higher number of indicator bacteria than the other stations Salmonella
spp. were found positive. The percentages of Salmonella spp. among the total enteric bacteria
were between 25% and 37% in these stations.

Salmonella spp. was not isolated in the seawater samples which were taken from the
offshore areas.

Four units of 14 seawater samples tested which were taken from coastal areas of eastern
Mediterranean were found positive for Salmonella spp. in August 2007-2008.

Eight units of 83 seawater samples tested which were taken from 0-30 cm to 500 meters were
found positive for Salmonella spp. in the samples of 0-30 cm, 50 meters and 100 meters in the
June 2006. Salmonella spp. was only isolated in the summer period during the study.
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Fourteen of 80 seawater samples which were taken from 30 cm to 50 meter were positive for
Salmonella spp. in July 2006 in southern part of the Sea of Marmara. Also, three seawater
samples were found Salmonella spp. positive in June 2007. During this study Salmonella spp.
was isolated only in July 2006 and June 2007.

Sixty four of the 495 unit seawater samples tested was found positive for Salmonella spp.
(13%) in the stations. Thirty three of the 64 unit Salmonella spp. positive samples of
seawater (51.5 %) which have been recorded in the stations indicator bacteria were > 104
fecal coliform /100 ml.

Twenty two of 136 unit seawater samples which were taken from 0-30 cm in the Sea of
Marmara were found positive for Salmonella spp. in the July 2009 and June 2010 period. S.
enterica ssp. arizonae, S. enteritidis and S. typhimurium were the most identified isolates in the
samples. S. typhimurium represented 64.3% of all Salmonella spp. strains and was identified
in the seawater samples.

The frequency of Salmonella spp. related to fecal coliform bacteria in the seawater samples
was summarized in the Table 2. Biochemical details of two of isolated Salmonella spp. was
summarized in Table 3.

3.2 Shellfish

Eight of 243 shellfish samples analyzed were found positive for Salmonella spp. (3.29%). Five
of eight units of Salmonella spp. positive samples of shellfish (83.3%) also had indicator
bacteria higher than 104 fecal coliform /100 ml (Table 2).

Salmonella spp. was not isolated in the C. gallina samples which were collected from the
western part of the Black Sea, Turkey in 1998 and 1999.

The highest levels of fecal coliform and E. coli within the total of 75 R. venosa samples
analyzed were found in the samples collected during the months of August 2000 and 2001.
In the samples of August 2000, Salmonella spp. was found positive in both samples of fecal
coliform and E. coli; however, Salmonella spp. was not isolated in the other samples.

The maximum level of fecal coliform, total coliform, and E. coli were recorded in the D.
trunculus and C. gallina samples in July, August, and September, 2006 (Altug et al., 2008).
Salmonella spp. in the D. trunculus and C. gallina samples was detected only in July and
August 2006.

S. typhimurium, S. enterica ssp. arizonae and S. enteritidis also was isolated among the all
isolated strains from the shellfish samples.

3.3 Fish

Three (A. boyeri, S. porcus and S.smaris) of the 94 unit fish samples analyzed were found
positive for Salmonella spp. in 1999. All of the Salmonella spp. positive samples also had
indicator bacteria more than 104 fecal coliform /100 ml. All the isolated strains from the fish
samples were S. enterica ssp. arizonae.

The overall prevalence of Salmonella spp. was 9.01%, with the highest occurrence in seawater
(13%), shellfish (3.29 %), followed by fish (2.13%).

Thirty two of 64 Salmonella isolates (50%) showed resistance to Imipenem (21 isolates),
Ampicillin (22 isolates), Cefotaxim (19 isolates), Ceftriaxon (11 isolates), and Ceftazidim (18
isolates) acid (9 isolates), with nine of these isolates displaying multiple resistance to four of
these antibiotics.
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While the highest Multiple Antibiotic Resistance (MAR) was found in the bacteria isolated
in seawater which was taken from the Golden Horn Estuary, Istanbul, the bacteria
isolated from northern part of the Sea of Marmara and coastal areas of Istanbul
respectively followed it.

Relation (%) between the
. Number of Salmonella (+) | fecal coliform level and the
Sample Type F. coliform samples number of Salmonella (+)
samples
10-<102 0 0
102-<103 14 21.8
Sea Water
103-<104 17 26.5
>104 33 51.5
Number of
seawater 64 (13% of the 495 samples)
samples: 495
10-<102 0 0
Shellfich 102-<103 1 12.5
e 105-<10+ 2 25
>104 5 83.3
Number of
shellfish 8 (3.3% of the 243 samples)
samples: 243
10-<102 0 0
102- <103 0 0
Fish
103-<104 3 100
>104 0 0
Number of fish o
samples: 94 3 (2.13% of the 94 samples)
Total number of o
specimens:832 75 (9.01% of the 832 samples)

Table 2. The frequency of Salmonella spp. (cfu/25 ml; cfu/25 g) and fecal coliform bacteria
(cfu/100 ml) in the samples
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TESTS Salmonella spp. | Salmonella spp.

GGA - -
IMLTa - -
ELLM - -
ILATa - -

APPA: Ala-Phe-Pro-ARYLAMIDASE; ADO: ADONITOL; PyrA: L-Pyrrolydonyl-ARYLAMIDASE; IARL:
L-ARABITOL; dCEL: D-CELLOBIOSE; BGAL: BETA-GALACTOSIDASE; H2S: H2S PRODUCTION;
BNAG: BETA-ACETYL-GLUCOSAMINIDASE; AGLTp: Glutamyl Arylamidase pNA; dGLU; D-GLUCOSE;
GGT: GAMMA-GLUTAMYL-TRANSFERASE; OFF: FERMENTATION/GLUCOSE; BGLU: BETA-
GLUCOSIDASE; dMAL: D-MALTOSE; dAMAN: D-MANNITOL; dAMNE: D-MANNOSE; BXYL: BETA-
XYLOSIDASE; BAlap: BETA-Alanine arylamidase pNA; ProA: L-Proline ARYLAMIDASE; LIP: LIPASE;
PLE: PALATINOSE; TyrA: Tyrosine ARYLAMIDASE; URE: UREASE; dSOR: D-SORBITOL; SAC:
SACCHAROSE/SUCROSE; dTAG: D-TAGATOSE; dTRE: D-TRHALOSE; CIT: CITRATE (SODIUM);
MNT: MALONATE; 5KG: 5-KETO-D-GLUCONATE; ILATk: L-LACTATE alkalinisation; AGLU: ALPHA-
GLUCOSIDASE; SUCT: SUCCINATE alkalinisation; NAGA: Beta-N-NCETYL-GALACTOSAMINIDASE;
AGAL: ALPHA-GALACTOSIDASE; PHOS: PHOSPHATASE; GlyA: Glycine ARYLAMIDASE; ODC:
ORNITHINE DECARBOXYLASE; LDC: LYSINE DECARBOXYLASE; IHISa: L-HISTIDINE assimilation;
CMT: COUMARATE; BGUR: BETA-GLUCORONIDASE; O129R: O/ 129 RESISTANCE (comp.vibrio);
GGAA: Glu-Gyl-Arg-ARYLAMIDASE; IMLTa: L-MALATE assimilation; ELLM: ELLMAN, ILATa: L-
LACTATE assimilation

Table 3. Biochemical characteristics of some isolated Salmonella spp which were identified
using GN cards in the automated biochemical identification system VITEK 2 Compact 30
(Biomereux, France)

4. Conclusion

The frequency of Salmonella spp. according to their exposure to environmental factors in the
areas from which they were isolated were different. For instance, higher indicator bacteria and
Salmonella spp. abundance was found in the coastal stations compared to the offshore areas.
The Salmonella spp. prevalence in a total of 832 samples of seawater (495), shellfish (243), and
fish (94) which were collected from six sites between 1998 and 2010 exhibited diversity
according to geographical areas. The coastal areas which were under the influence of
biological pollution with respect to heavy inland population displayed higher levels of
Salmonella spp. than the offshore areas.

Enteric bacteria of sewage origin undergo a sudden osmotic shock when they enter seawater
and may adapt their metabolism to the new medium by means of their osmoregulation
systems. This ability of enteric bacteria aids them in gaining resistance to salt in sea
environments and increases their probability of survival (Munro et al., 1989). The presence
of a negative relationship between salinity concentration and the number of enteric bacteria
in sea medium has been determined (Carlucci et al., 1960, APHA 1998, Bitton 2005)

In this study, the influence of salinity on the presence of Salmonella spp. associated with
water samples was also investigated. In the Sea of Marmara it was possible to isolate
Salmonella spp. from the under and upper stratification of various localities which possessed
salinity values between 24.0 psu and 39.2 psu during the study. The bacteria levels
determined in water samples taken from under the halocline layer in the Sea of Marmara
were sometimes found to be higher in comparison to sea water samples taken from 0-30 cm.
The higher bacteria levels found in the undercurrent were considered to be a result of deep
discharge systems carrying domestic waste products. Hydrographic changeable parameters
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such as seawater temperature, pH, salinity and dissolved oxygen are significant factors
associated with the presence of Salmonella spp. In this study, seawater temperature was the
only variable showing a linear positive effect on the presence of Salmonella in the sea, while
the other parameters showed more complex nonlinear effects in the studied areas.

There are many factors such as temperature, salinity, sunlight, grazing by heterotrophic
microorganisms affecting the survival of enteric bacteria in marine areas (Sinton et al 2007:
Harm, 1980, Gameson & Gould 1985, Jagger 1985, Rozen and Belkin 2001, Sinton 2005)
Temperature also seemed to affect efficiently the abundance of indicator bacteria and
Salmonella spp. in the study areas. Salmonella spp. positive samples were mostly recorded in
the summer seasons and the indicator bacteria level was also higher during these periods
compared to the other sampling seasons in 1998-2010. This situation is directly related to the
increase of human activity, especially in coastal areas in summer seasons. However it also
shows that despite the salinity stress, occurrences of indicator bacteria and Salmonella spp.
were possible under these conditions in the seawater.

C. gallina and D. trunculus are two most common and abundant species in Turkish clam
resources. Especially C. gallina is very important and valuable species, due to its great export
potential, C. gallina, which has begun to be gathered since 1986 via mechanical dredge in
Turkey, has great importance in terms of economy (Altug et. al., 2008).

The mean values of bacterial contamination found in the 75 R. venosa samples under
bacteriological analysis were between 15x10 and 24x10% and above. It is concluded that the
area is under the influence of the waste products of dwellings and naval transportation
(Altug and Giler 2002).

Beta-lactam antibiotics are widely used for treatment of infections in the world. Domestic
waste waters might be an important source of antibiotic-resistant Emnterobacteriaceae.
Resistances to clinically relevant antibiotics are widespread in aquatic bacteria, including
potential human pathogens. Because antibiotic resistance related to domestic waste waters is
important for the ecosystem and also for human health, the resistance frequency of
Salmonella spp. isolates to some beta-lactam antibiotics was investigated in this study. The
antibiotic derivates which were found to be resistant to bacteria were different in different
regions. This situation shows that pollution input and the usage rate of antibiotics have
differences related to geographic regions. Further research will help towards setting limits
on the prevalence of antibiotic-resistant bacteria and supporting the effectiveness of
antimicrobial agents.

It was reported that Salmonella spp. presence in marine waters is adequately predicted by
total coliforms or fecal coliforms (Efstratiou et al. 2009). In this study, positive correlations