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ABSTRACT

EPIDEMIOLOGIC ATTRIBUTES OF HUMAN NONTYPHOIDAL
SALMONELLOSIS IN MICHIGAN

By
Mohd Mokhtar Arshad

Nontyphoidal Salmonellae, particularly serotypes Typhimurium, Enteritidis,
Heidelberg, and Newport, are common causes of foodborne gastroenteritis in the United
States (US). It is estimated that about 1.4 million people suffer from salmonellosis each
year with an estimated annual cost of $0.5 to $2.3 billion. Infections with these serotypes
are often associated with the consumption of undercooked chicken, eggs, pork and beef,
and contaminated vegetables.

Consumption of foods varies among the different ethnic groups. Additionally,
several demographic factors may influence food intake behavior. The objectives of this
study were to identify the high-risk population by the determination of the incidence of
human infections with the most common Salmonella serotypes in Michigan in terms of
time, place of residence (urban vs. rural counties) and demographic (age, gender, race
and ethnicity), and whether the incidence is associated with low socioeconomic status
(SES). This study was conducted by analyzing the 1995 to 2001 surveillance data on
salmonellosis reported to Michigan Department of Community Health. Data on
salmonellosis were analyzed by host related factors (race, age, place of residence) and
linked to Salmonella serotypes to reveal the trends and important risk factors for the
infections. This study revealed that from 1998 to 2001, the incidence of Typhimurium
and Enteritidis significantly decreased where as the incidence of Newport significantly

increased. Infants aged <1 year had the highest incidence followed by children aged 1 to



4 years. Among cases whose race or ethnicity was known, African-Americans had a
significantly higher incidence of Typhimurium, Enteritidis, Heidelberg, and Newport
compared with Whites; Hispanics had a significantly higher incidence of Enteritidis
compared with Non-Hispanics. The high incidence among African-Americans and
Hispanics is largely driven by the high incidence among their infants; children aged 1-4
years and elderly in urban counties. Among African-American infants, the incidence of
Typhimurium and Enteritidis peaked at 2 to 4, and 9 and 10 months of age. African-
American infants have a significantly higher incidence of invasive salmonellosis
compared with White infants. Among African-Americans, the incidence of Typhimurium
and Enteritidis increased during the winter months (October-December) where as among
whites the incidence decreased. People living in poor area indicated by the census tracts
had a significantly higher incidence of Enteritidis compared with people living in
economically better areas. Because about 40% and 70% of the cases did not have
information on race and ethnicity respectively, the findings regarding the racial and
ethnicity differences in the infections should be interpreted with caution. Nevertheless,
this information can be used by the state and local health departments of Michigan as a
basis to guide salmonellosis prevention efforts in specific population subgroups and to
conduct further studies to determine the risk factors for the high incidence among
African-American and Hispanic infants, children and elderly; and among people living in

poor census tracts.
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INTRODUCTION

RATIONALE

Nontyphoidal salmonellosis (NTS) is one of the major of foodborne diseases in
the United States (US) and worldwide (Altekruse et al., 1997; CDC, 2006a; Mead et al.,
1999; Motarjemi and Kaferstein, 1997; Swartz, 2002; Tauxe, 1997; Todd, 1997). On a
global scale, an estimated 1.3 billion cases of acute nontyphoidal gastroenteritis occurred
annually, resulting in 3 million deaths (Pang et al., 1995). In the US, NTS was associated
with an estimated 1.4 million cases of foodborne illnesses annually, resulting in
>100,000-physician office visits (Voetsch et al., 2004), 16,000 hospitalizations, and 600
deaths (Mead et al., 1999).

Although most nontyphoidal Salmonella causes mild to moderate self-limited
gastroenteritis, serious extraintestinal infection such as bacteremia, endocarditis,
meningitis, arthritis, and urinary tract infection may occur (Pegues et al., 2005).
Population who are at higher risk for NTS include infants, the elderly, and
immunocompromised persons (including patients with malignancy, human
immunodeficiency virus, or diabetes, and those receiving corticosteroia therapy or
treatment with other immunotherapy agents) (Buzby, 2001; Buzby, 2002; Fisk et al.,
2005; Hohmann, 2001; Olsen et al., 2001a; Voetsch et al., 2004).

In many countries, the number of reported human NTS has increased markedly. In
the US, the incidence of reported cases of NTS have doubled in the last two decades
(Figure 1) (CDC, 2005b). The sharp peak in 1985 was due to outbreak of S.

Typhimurium in Illinois associated with consumption of contaminated pasteurized milk



(Ryan et al., 1987). However, in recent years, the trends in the incidence of reported NTS

has shown a sustained decrease (Figure 1) (CDC, 2005b).

In England and Wales, the incidence of NTS increased from 34.2/100,000 in 1981

to a peak of 78.4/100,000 in 1989. The incidence increased again in 1992 and 1997. From

1997 to 2001, the incidence has continued to decrease (Figure 2) (Health Protection

Agency). Calculations for the year 1995 resulted in an estimate of 102,227 indigenous

cases, with 3,412 hospital admissions and 268 deaths (Adak et al., 2002).

Figure 1. Incidence (per 100,000 population) of reported cases of

nontyphoidal salmonellosis, United States, 1944-2003 (CDC, 2005b)
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Figure 2. Incidence (per 100,000 population) of reported cases of

nontyphoidal salmonellosis, England and Wales, 1981-2004 (Health

Protection Agency)
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Outbreaks and sporadic NTS have been associated with variety of food vehicles
including foods of animal origin (raw or undercooked poultry, beef, pork, eggs and egg
products, unpasteurized milk or dairy products), vegetables and fruits, chocolate, and
peanuts (Kapperud et al., 1990; Kirk et al., 2004; Olsen et al., 2000; Sivapalasingam et
al., 2004). The vehicles can also be non-food such as pet reptiles, farm animals or
infected food handlers (CDC, 2001; CDC, 2003d; Friedman et al., 1998; Hundy and
Cameron, 2002; Kimura et al., 2005; Maguire et al., 2000; Mermin et al., 2004; Wells et

al., 2004). Other widespread outbreaks of NTS have been attributed to food produced in



centralized facilities such as commercially processed egg salad, unpasteurized milk, and
ground beef. (CDC 2003c; CDC, 2004b; CDC 2006b).

Although there are almost 2,400 Salmonella serotypes that have been identified
(Brenner et al., 2000), only a few frequently cause the most cases of illnesses. The most
common are S. Typhimurium, S. Enteritidis, S. Heidelberg and S. Newport (CDC, 2005a).

The two major changes that occurred in the epidemiology of salmonellosis in the
second half of the 20th century were: 1) the emergence of S. Enteritidis and 2) the

emergence of multidrug-resistant S. Typhimurium DT104 (MR-DT104) (Velge et al.,

2005).

Salmonella Enteritidis emerged as an important cause of human illness in the US
during the 1980s. The incidence was 0.7/100,000 in 1976 and by 1985, the incidence
increased to 2.4/100,000 (Figure 3). The number of outbreaks also increased during the
1980s, particularly in the northeastern US. Phage types (PT) 8 and 13a was the most

common (Patrick et al., 2004).

In England and Wales, the incidence of S. Enteritidis was 3.8/100,000 in 1981
peaking at 43.0 in 1988 and 43.2 in 1997 (Cogan and Humphrey, 2003; Ward et al.,
2000) (Figure 4). Despite a subsequent decline in its incidence since 1997, S. Enteritidis
continues to be the most frequently isolated Salmonella serotype in the United Kingdom

(UK) with 16, 465 cases in 2001 (Cogan and Humphrey, 2003).



Figure 3. Isolation rates (per 100,000 population) of the four most common

Salmonella serotypes, United States, 1970-2004 (CDC, 2005a)
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In France, S. Enteritidis was the most commonly isolated serotype in 1993. The
incidence of S. Enteritidis human isolates increased exponentially from 1987 to peak at
6,500 in 1994 and 1997 and subsequently declined to 4,500 cases in 1999 (Bouvet et al.,
2001; Velge et al., 2005). Similar trends have also been reported from other countries in

South America and Europe (Cogan and Humphrey, 2003; Rabsch et al., 2001).



Figure 4. Incidence (per 100,000 population) of Salmonella serotypes, England

and Wales, 1981-2004 (Health Protection Agency & Threlfall et al., 1997)
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Investigation of outbreaks and sporadic cases has repeatedly indicated that poultry
and poultry derivatives, and undercooked and raw eggs are the most common sources of
S. Enteritidis infection (Berghold et al., 2003; Hedberg et al., 1993; Irwin et al., 1993;
Kimura et al., 2004; Mazurek et al., 2005; Morse et al., 1994; Tansel et al., 2003). Eggs
are contaminated internally with S. Enteritidis as a result of infection in the hen’s ovaries

and oviducts (Gast and Beard, 1990a and 1990b; Thiagarajan et al., 1994; Timoney et al.,
1989).



Multidrug-resistant Salmonella Typhimurium DT 104 (MR Typhimurium DT104)
with chromosomally encoded antibiotic resistance to ampicillin, chloramphenicol,
streptomycin, sulfamethoxazole, and tetracycline (R-type ACSSuT), emerged during the
last decade as a global health problem in animals and humans (Threlfall, 2000). This
strain was first detected in the UK in cattle and humans in the late 1980s, subsequently it
became common in poultry, pigs and sheep (Threlfall et al., 1994). In the 1990s, the
number of reported human isolates of MR Typhimurium DT 104 R-type ACSSuT
increased from 259 in 1990, to 4,006 in 1996 (Figure 4) (Threlfall et al., 1997). During
1997 and 1998 the incidence began to decline.

Of additional concern, is the increasing proportion of human MR Typhimurium
DT 104 R-type ACSSuT isolates which are resistant to antibiotics used for treatment of
life-threatening invasive Salmonella infections. The proportion of MR Typhimurium
DT104 isolates resistant to trimethoprim increased from <2% in 1993 to 24% in 1996,
while the proportion resistant to ciprofloxacin increased from 1% in 1993 to 14% in 1996
(Threlfall et al., 1997).

In the US, MR Typhimurium DT 104 was first detected in 1985, and the
prevalence increased to account for nearly 7% of Salmonella infections in 1998
(Rabatsky-Ehr et al., 2004; Ribot et al., 2002). Special studies conducted in selected
counties in 1980, 1985, 1990, and 1995 revealed that the proportion of S. Typhimurium
isolates which were R-type ACSSuT increased from 2% in 1980, to 4% in 1985, to 9% in
1990, and to 12% in 1995. The proportion of those R-type ACSSuT, which were DT 104,
was 0% in 1980, 25% in 1985, 50% in 1990, and 85% in 1995 (Hougue et al., 1997a). In

1995, 28% (275/976) of the S. Typhimurium isolates were R-type ACSSuT, and



approximately 85% of those isolates were DT 104. In 1996, 33% (110/304) of S.
Typhimurium isolates were R-type ACSSuT, and approximately 85% of those isolates
were DT104 (Hougue et al., 1997a).

MR Typhimurium DT 104 is an animal pathogen and a foodborne pathogen of
humans. The mortality rate for clinically affected cattle with this strain is reported to be
40-60% in some outbreaks in the UK (Hougue et al., 1997a). The case fatality rate in
humans may be higher than with other Salmonella infections. In a study of 83 cases of
MR Typhimurium DT 104 in the UK, 41% of patients were hospitalized and 3% died. In
contrast case-fatality rate for other nontyphoidal Sa/monella was approximately 0.1%
(Hougue et al., 1997a).

Human infections with MR Typhimurium DT 104 have been associated with
consumption of chicken, beef, pork, sausages and meat paste (Wall et al., 1994). The
MR-DT104 epidemic is now worldwide with a considerable number of outbreaks since
1996 in the US and Canada (Besser et al., 2000; Glynn et al., 1998; Poppe et al., 1998).

Besides MR Typhimurium DT 104, multidrug-resistant strains of S. Newport
(known as Newport-MDRAmpC) have emerged in the US (CDC, 2002c; CDC, 2004a;
Gupta et al., 2001; Gupta et al., 2003). These strains are resistant to ampicillin,
chloramphenicol, streptomycin, sulfamethoxazole, and tetracycline (Gupta et al., 2003).
In addition, Newport-MDRAmpC is resistant to amoxicillin/clavulanic acid, cephalothin,
cefoxitin, and ceftiofur, and exhibited decreased susceptibility to ceftriaxone (Gupta et
al., 2003). Human infections with Newport-MDRAmpC have been associated with direct
exposure to infected dairy cows and calves (Gupta et al., 2003), consumption of ground

beef (CDC, 2002c) and handling contaminated pet treats (Pitout et al., 2003).



Although the major risk factors for NTS are consumption of undercooked high-
risk foods including chicken, eggs, beef, pork, dairy products, and fresh produces (Olsen
et al., 2000; Sanchez et al., 2002; Sivapalasingam et al., 2004), other modifiable risk
factors such as low level of socioeconomic status (SES), including poverty and low level
of education may also influence the incidence. For example, low level of income may
lead to low level of education and thus may lead to less exposure to information on food
safety and prevention of foodborne diseases (e.g. proper handling, preparing and cooking
of high-risk foods (Shiferaw et al., 2000).

The social and economic impact of NTS is considerable. It imposes costs on the
public sector, industry (in particular wholesale and retail food industry) and health costs
(Socket and Roberts, 1991). In the US, the costs associated with NTS, including the costs
of medical care and lost productivity, have been estimated to be $0.5-$2.3 billion
annually (Frenzen et al., 1999). In England and Wales, the national cost of NTS in 1992
has been estimated between £350 and £502 million with an average cost per case between
£789 and £861 (Roberts and Socket, 1994).

NTS has been a notifiable disease in the US since 1943 (Tauxe, 1991). In all
states, the occurrence of this disease is required to be reported by physicians and
laboratories to public health authorities. The reasons to notify the occurrence of NTS to
public health authorities are: to identify outbreaks so that the local health authorities can
investigate and control its spread, to enable preventive measures and/or education to be
provided, to help target preventions, to evaluate the success of long term control efforts,
to facilitate epidemiologic research to uncover a preventable cause, and to assist with

national surveillance efforts (MDCH, Communicable Disease Reporting).



Even though salmonellosis surveillance in the states is often passive, analysis of
salmonellosis surveillance data allows an estimate of overall incidence and trends, and

identification of populations at higher risk.

PROBLEM STATEMENT
From the above it is clear that nontyphoidal salmonellosis (NTS) remains an
important public health problem in the US and worldwide causing substantial morbidity
and economic impact. Although most infections cause mild to moderate self-limited

gastroenteritis, serious extraintestinal infections resulting in death do occur.

OBJECTIVES
In this dissertation, the principal objective was to determine the epidemiologic
attributes of NTS in Michigan.
The specific aims of this study were:

1. To determine the incidence of infection with Salmonelia serotypes in Michigan in
terms of time (year), type of county of residence (urban vs. rural counties), and
demographic characteristics (age, gender, race and ethnicity).

2. To determine whether incidence of salmonellosis in Michigan is associated with
low socioeconomic status (such as poverty and low educational attainment).

In order to address these aims, there are several underlying key research questions

that should be answered by the studies conducted. They are:
1. Has the incidence of infection with the most common Salmonella serotypes

significantly changed from 1995 to 2001?
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2. Did the incidence of infection with the most common Sa/monella serotypes
differ significantly between residence in urban and rural counties, between
different racial and ethnic groups, between the two genders, and between
different age groups?

3. Is the incidence of infection with the most common Salmonella serotypes
among infants aged 6 months and older significantly higher than infants aged
<6 months?

4. Did disparities exist in the incidence of infection with the most common
Salmonella serotypes among racial and ethnic groups?

5. Is lower socioeconomic status (SES) significantly associated with higher

incidence of infection with the most common Salmonella serotypes?

HYPOTHESES TO BE TESTED

In order to address the above aims and answer the key research questions, a number

of individual hypotheses were developed to be tested. They are:

1.

There was_no significant change in the incidence of infection with the most common
Salmonella serotypes in Michigan from 1995-2001.

There is no significant difference in the incidence of infection with the most common
Salmonella serotypes between residents in urban and rural counties, between

different races and ethnic groups, between the two genders, and between different

age groups.
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3. There is no disparity in the incidence of infection with the most common Salmonella
serotypes between racial and ethnic groups in Michigan by age, gender and type of
county of residence.

4. There is no significant difference in the incidence of infection with the most common
Salmonella serotypes between infants aged 6 months and older, and infants aged <6
months.

5. The incidence of infection with the most common Salmonella serotypes is not

associated with low SES.

OVERVIEW OF RESEARCH

Literature reviews on human and animal salmonellosis are presented in chapter
one and two respectively. Chapter three addresses hypothesis 1 and 2 by analyzing
salmonellosis surveillance data by year, type of county of residence, and demogra‘phic
factors (age, gender, and race and ethnicity). Chapter four addresses hypothesis 3 by
analyzing data for the role of age, gender, and type of county of residence in explaining
racial and ethnic disparity. Chapter five addresses hypothesis 4 by analyzing data among
infants aged <1 year by age in months. Chapter six is designed to addresses hypothesis 5
by analyzing cases of Salmonella Enteritidis in Wayne County, Michigan according to

census tract.
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CHAPTER ONE

LITERATURE REVIEW OF HUMAN SALMONELLOSIS

General characteristics of Salmonella

Salmonellae are Gram-negative, rod-shaped bacteria belonging to the family
Enterobacteriaceae (Pegues et al., 2005). They are facultative anaerobes (i.e. able to grow
aerobically and anaerobically), and most are motile (the exceptions for non-motile
serovars are S. Gallinarum and S. Pullorum). Currently, there are about 2,400 Salmonella
serotypes that have been identified (Brenner et al., 2000). These are classified in two
species, S. enterica and S. bongori. S. enterica is divided into six subspecies: I, S.
enterica subsp. enterica; 11, S. enterica subsp. salamae; 1lla, S. enterica subsp. arizonae;
IIIb, S. enterica subsp. diarizonae, 1V, S. enterica subsp. houtenae; and S. enterica subsp.
indica.

Members of the seven Salmonella subspecies can be serotyped into one of over
2,400 serotypes according to somatic (O), surface (Vi), and flagella (H) antigens, and
habitats (Table 1) (Pegues et al., 2005; Brenner et al., 2000). Most nontyphoidal
Salmonella serotypes that cause diseases in animals and humans, such as S.
Typhimurium, S. Enteritidis, S. Heidelberg, and S. Newport fall in the subspecies I, S.
enterica subsp. enterica

Salmonellae are not fastidious organism. They can multiply under a variety of
environmental conditions outside of living hosts. They can grow in many foods and water

contaminated with feed or feces. Inhibition of their growth occurs at pH <3.8,
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temperature <7°C, or water activity <0.94. Salmonellae can be killed by cooking and by
pasteurization of milk (71.7°C, 15 seconds) and fruit juices (70-74°C, < 20 seconds)
(Gray and Fedorka-Cray, 2002).

Table 1: Salmonella species, subspecies, serotypes, and their usual habitats, Kauffmann-

White scheme
Salmonella species and subspecies | No.of serotypes | Usual habitat
within
subspecies
S. enterica subsp. enterica (1) 1,454 Warm-blooded animals
S. enterica subsp. enterica (1I) 489 Cold-blooded animals and
the environment
S. enterica subsp. arizonae (I11a) 94 Cold-blooded animals and
the environment
S. enterica subsp. diarizonae (11Ib) | 324 Cold-blooded animals and
the environment
S. enterica subsp. houtenae (IV) 70 Cold-blooded animals and
the environment
S. enterica subsp. indica (V1) 12 Cold-blooded animals and
the environment
S. bongori (V) 20 Cold-blooded animals and
the environment
Total 2,463

(Adapted from Pegues et al., 2005; Brenner et al., 2000).
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Salmonellae are zoonotic and can be pathogenic to humans and animals.
Salmonellae are ubiquitous and have been recovered from insects and nearly all
vertebrate species, especially humans, livestock, and companion animals. They can be
found free living in nature and as part of the indigenous flora of humans and animals, and
are also known to survive well in dry condition. Food animals are the primary reservoir

for human nontyphoidal Sa/monella (NTS) (Gray and Fedorka-Cray, 2002).

Pathogenesis of Salmonella infection

After ingestion of Salmonella-contaminated food or water, the bacteria colonize
the lower intestine (ileum and cecum) (Pegues et al., 2005). Then they invade mucosal
cells, which results in acute inflammation. This then leads to the activation of adenylate
cyclase (AC), increased fluid production and release of fluid into the intestinal lumen,
resulting in diarrhea. Salmonella gastroenteritis requires an 8-48 hour incubation period
and may last from 2-5 days. Symptoms include nausea, vomiting and diarrhea (Darwin

and Miller, 1999; Pegues et al., 2005).

After colonizing the small intestine, Salmonella can invade the intestinal
epithelium through: 1) M-cells of the Peyer’s patches. M cells are differentiated epithelial
cells, which sample luminal antigens and pass these antigens to the underlying
macrophages; 2) initial binding to specific receptors on the epithelial cells surface, induce
the enterocyte membrane to undergo ruffling and thereby stimulate pinocytosis of the
bacteria (Pegues et al., 2005). Salmonella then can multiply in macrophages and spread

to mesenteric lymph nodes and throughout the body via the systemic circulation; and are
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taken up by reticuloendothelial cells. Some organisms may infect the liver, spleen, gall

bladder, bones, meninges, and other organs (Pegues et al., 2005).

Virulence factors of Salmonella

Virulence factors are properties of Salmonellae that contribute to their ability to
colonize, survive and cause disease (gastroenteritis and systemic infection) in the infected
host (Baumler et al., 2000b). Sa/monellae survive the acidic conditions in the stomach
through an adaptive acid-tolerance response (Riesenberg-Wilmes et al., 1996). In the
small intestine, the flagella help Sa/monella swim chemotactically toward the mucosal
surface, thus resisting removal by peristalsis (Baumler et al., 2000b). The long polar (LP)
fimbriae help Salmonellae adhere to intestinal epithelium (Baumler et al., 2000b). LP
fimbriae are encoded by five genes organized in the /pf (long polar fimbrial) operon
located at 80 centisomes on the physical map of S. Typhimurium (Baumler, 2000b).
Upon contact with intestinal epithelium, Salmonellae translocates bacterial effector
proteins (SipB, SipC, SptP, SopE and AvrA) into the host cells cytosol via the type III
secretion system (TTSS). TTSS is encoded by virulence genes (invG, prgH, prgK)
clustered in Salmonella pathogenicity island 1 (SPI1). Once the effector proteins are in
the epithelial cell cytosol, they alter host cell signaling pathways that promote changes in
the cytoskeleton, leading to cell membrane ruffling and subsequent bacterial
internalization (Francis et al., 1993; Santos et al., 2003; Zhao, 2002). Invasion of
epithelial cells results in an inflammation followed by neutrophil influx and secretion of

fluids in the intestinal lumen (Santos et al., 2003).
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Once Salmonella has breached the epithelial barrier they come into contact with
cells of the reticuloendothelial system, particularly the macrophages (Zhao, 2002). The
survival of Salmonella within macrophages is generally considered to be essential for the
translocation of bacteria from the gut-associated lymphoid tissue to the mesenteric lymph
nodes, liver and spleen. To encounter the hostile environment within macrophages such
as acidic and low level of magnesium, Salmonella reside in membraneous vacuoles
(Garcia-del Portillo and Finlay, 1994). The bacteria can block the maturation of
phagosomes into phagolysosomes and the vacuoles have a reduced acidity (pH >5.0). The
adjustment of the intravacuolar pH by the microorganisms is essential for the activation
of distinct Salmonella virulence genes (Zhao, 2002).

Salmonella pathogenicity islands are required to modulate intracellular
trafficking. The Salmonella pathogenicity island 2 (SPI-2) was identified as a gene
cluster required for survival of S. Typhimurium inside host cells (Hensel et al., 1998;
Zhao, 2002). The SPI-2 carries genes encode for a second type III secretion system
(TTSS-2). Salmonella delivers proteins into Salmonella-containing-vacuoles or through
the vacuolar membrane into the host cytosol. This process influences intracellular
trafficking and contributes to the intracellular survival of Salmonella in macrophages

(Zhao, 2002).

The SPI-3 and SPI-4 also play a role in the survival of Sa/monella in macrophages
(Marcus et al., 2000; Zhao, 2002). The mgrC and mgtB genes of SPI-3 encode for
proteins that allow S. Typhimurium to acquire magnesium under low magnesium
conditions. These genes were shown to be required for survival of the bacterium in

macrophages and for virulence in mice (Blanc-Potard and Groisman, 1997). The SPI-4
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contains 18 putative ORFs and some of these ORFs are homologous to the Type-I
secretion system. Therefore it is expected that SPI-4 is involved in secretion of a
cytotoxin (Wong et al., 1998). For at least one locus of SPI-4, it was demonstrated that it
is required for intramacrophage survival (Baumler et al., 1994; Marcus et al. 2000; Zhao,
2002).

During the various stages of the infection, Salmonellae encounters a variety of
environmental challenges, such as nutrient starvation, oxidative stress and digestive
enzymes (Zhao, 2002). Salmonellae are equipped with a series of adaptive mechanisms
that enable the bacteria to survive these challenges. One group of genes that play a role
in metabolic adaptation is the starvation stress response genes (Kenyon et al., 2002;
Spector, 1998). These genes encode for metabolic functions that are required for
Salmonella to survive at a certain stage of infection. One example is the aro4 gene of S.
Typhimurium, which is involved in the synthesis of 5-enolpyruvylshikimate 3-phosphate
that is required for synthesis of aromatic amino acids (Zhao, 2002). Mutation of the aroA4
gene results in attenuated virulence of Sal/monella. Other metabolic genes that influence
the adaptive abilities of Salmonella are the narZ gene that encodes a cryptic nitrate
reductase important for the virulence of S. Typhimurium in the mouse model (Spector et
al., 1999a), the fadF gene which is specifically induced in cultured epithelial cells and
encodes an acyl-CoA dehydrogenase (Spector, et al. 1999b) and the eutE gene that
probably allows the bacteria to utilize ethanolamine as a nitrogen and carbon source and
is important for virulence in mice (Stojiljkovic et al., 1995; Zhao, 2002). Identification of
genes that are required for Salmonellae survival may provide opportunities to develop

attenuated strains, which can be used as a vaccine (Zhao, 2002).
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Clinical Manifestations

Human infections with nontyphoidal Sa/monella commonly result in self-limited
acute gastroenteritis (Pegues et al., 2005). Within 6 to 48 hours after ingestion of
contaminated food or water, nausea, vomiting, diarrhea and abdominal cramps occur.
There may be fever from 38° to 39°C. Diarrhea is usually self-limited and usually
subsides spontaneously in 3 to 7 days. In the US, NTS results in an estimated rate of
hospitalization of 2.2/1,000,000 and 582 deaths annually (Mead et al., 1999). Death rate
is highest among the elderly, especially in nursing homes, and among
immunocompromised individuals, including those with lupus or AIDS (Celum et al.,
1987; Levine et al., 1991a; Lim et al., 2001; Mishu et al., 1994).

After recover from gastroenteritis, the mean duration of carriage of nontyphoidal
Salmonella in stool is 4-5 weeks. Antimicrobial therapy may increase the duration of
carriage (Pegues et al., 2005).

Human infections with nontyphoidal Sa/lmonella can also results in bacteremia.
Bacteremia with sustained fever is more frequent with S. Choleraesuis and S. Dublin
infections than other serotypes (Pegues et al., 2005). The risk of bacteremia is greater in
infants, the elderly, and the immunocompromised individuals (Pegues et al., 2005).
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