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Abstract

Food-producing animals are the major reservoirsrfany foodborne pathogens
such agCampylobacter species, non-Typhi serotypesSat monella enterica, Shiga toxin-
producing strains dEscherichia coli, andListeria monocytogenes. The zoonotic potential
of foodborne pathogens and their ability to prodissens causing diseases or even death
are sufficient to recognize the seriousness osthuation. This manuscript reviews the
evidence that links animals as vehicles of the limode pathogenSalmonella,
Campylobacter, Shiga toxigeni&. coli, andL. monocytogenes, their impact, and their
current status. We conclude that these pathogewiteta will continue causing outbreaks
and deaths throughout the world, because no eféectterventions have eliminated them

from animals and food.
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1. Introduction

Food-producing animals (e.g., cattle, chickenss pagd turkeys) are the major
reservoirs for many foodborne pathogens sudbaagpyl obacter species, non-Typhi
serotypes ofalmonella enterica, Shiga toxin-producing strains Bécherichia coli, and
Listeria monocytogenes. The zoonotic potential of foodborne pathogenstaed ability to
produce toxins causing diseases or even deatlufii@ent to recognize the seriousness of
the situation. Foodborne pathogens cause millibieages of sporadic illness and chronic
complications, as well as large and challengindpiaatks in many countries and between
countries. The magnitude of this problem is denratestl by the significant proportion of
the 1.5 billion annual diarrheal episodes in claifdless than 3 years of age that are caused
by enteropathogenic microorganisms, which resaltaaére than 3 million deaths per year
(EFSA-ECDC, 2016). Surveys estimate that in theedhStates alone, bacterial enteric
pathogens cause 9.4 million episodes of foodbdimess in humans, 55,961
hospitalizations, and 1,351 deaths each year ¢catlal., 2011). However, it is estimated
that the reported incidence of food-borne diseapeesents less than 1% to 10% of the real
incidence (Scallan et al., 2011). The importanc®odl-producing animals as carriers of
pathogenic bacteria is real; for example, beeéorted to be the vector of 7% of the 1.7
million cases of foodborne disease that was recbddeing 1996 to 2000 in England and

Wales (Anderson et al., 2009).

The increase of human population and urbanizatieper capita income, the
globalization, the changes on consumer trends (matein in the diet) have increased the
consumption of animal products (Dhama et al., 20E8)imations suggest that

consumption of these products will rise to 376 immlltons by 2030 (Dhama et al., 2013).
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This high demand of animal products provokes int@nanimal production and processing
of products, with an increased movement of foodbaly. This situation could conduce to
defective processing practices and an augmenteaigk of contamination by foodborne

pathogens at any point of the farm to fork chain.

Animal and animal products contamination is a seviconcern because it is
difficult to control. Many factors could be involden contamination, including these from
the environment (associated fauna, water from i@diffesources, and animal manure
disposal, etc.), and human related animal handslagyghtering and processing practices,

and storage procedures, etc.) (Sofos, 2008).

Microbial pathogens can cause disease by consumgtithe animal products
contaminated with microorganisms or their toxingisTpaper reviews the evidence that
links animals as vehicles of the foodborne pathealmonella, Campylobacter, Shiga

toxigenicE. coli, andL. monocytogenes, their impact, and their current status.
2. Salmonella

Salmonella is found naturally in the environment and in bddmestic and wild
animals including cats, dogs, amphibians, reptdes, rodents. It is commonly found in the
entrails of poultry, where in some cases couldcatiee health of the bird (McMullin,

2004, Park et al., 2017). Bacteria are acquireodutjin parents or from the environment

(Park et al., 2017). This bacterium causes salnmsigland other diseases.

Salmonellosis is one of the most common foodborseades worldwide,
accounting around 93.8 million foodborne illnesaerd 155,000 deaths per year worldwide

(Eng et al., 2015). Reports in the United Statesact for more than one million people
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sickened bysalmonella each year, and in approximately 20% of these casestry was
the pathogenic vehicle (Hoffmann et al., 2015).aCfadm 2000 to 2008 give an estimated
average cost in health care of this foodborneshnaf $55.5 to $93.2 billion, in the United
States (Scharff, 2015). Reports from the EU in 26i&wved 94,625 confirmed cases of
salmonellosis in humans and 126 deaths (EFSA-EQ@D®5).The picture is obscure
because of the emergence of multi-drug-resistalmionella serotypes, having a large
impact on the efficacy of antibiotic treatment, @mdincrease in the prevalence of these
resistant strains may lead to an increase in nityrtadused bysalmonella infections (Eng

et al., 2015).

The gener&almonella is a member oEnterobacteriaceae family, and it includes
Gram-negative, flagellated, non-sporulating, ariftative bacteria that grow well
between 35 and 37 °C (Ricke et al., 2013). Membggalmonella are commonly
classified in 2,579 serotypes according to the Kaah-White scheme, considering
differences in flagellar (H), capsular (k), and st (O) antigens (Lamas et al., 2018).
Additionally, Salmonella serotypes can be subdivided by molecular subtypiathods or
by phage typing (Ricke et al., 2013). This bacterhas the ability to induce localized
gastroenteritis in humans and some animals, butthge of infections in the host varies
depending on the bacterial virulence factors aedrtimunity and host-resistant capability.
The signs and symptoms could evolve from nauseaitig, and diarrhea to septicemia or
bacteremia, and reactive arthritis as a post-ildecequela that has been reported (Ricke

et al., 2013).

There are 2 major speciesS#limonella: S. enterica andSalmonella bongori. S

bongori comprises 22 serotypes that are mainly assoomtadcold-blooded animals, and
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human infections are uncommon (Lamas, et al 2@ &hterica is divided into 6
subspecieseiterica, salamae, arizonae, diarizonae, houtenae, andindica) because of the
differences in biochemical characteristics (Grimamd Weill, 2007). The subspecies
enterica is responsible for more than 99% of human salmosie| and it includes 1,531
serotypes among which aBalmonella Typhimurium andsalmonella Enteritidis (Lamas et
al, 2018). Humans are the only reservoir of typl&aiinonella, produced bysalmonella
Typhi andSalmonella Paratyphi. The rest &lmonella serovars are known as non-
typhoid, where the animals are the major reseifng et al, 2015)S. enterica, subsp.
enterica serotypes, are principally related to whlooded animals whereas the other non-
enterica subspecies are more related to cold-btbadenals, although some exceptions
have been found (Lamas et al., 2018). The incidehdiseases caused by non-typhoid
Salmonella varies between countries; for example, it is estad to cause 690 cases per
100,000 population in Europe, while in Israel, ngphoid Salmonella infection is around

100 cases per 100,000 annually (Eng et al., 2015).

S Typhimurium is the most dominant serovar aroundatbdd, and it is associated
with foodborne outbreaks in both developing andhiggome countries (Mohammed,
2017).Salmonella serovar Newport is mainly isolated in Latin Amarg¢ North American,
and European countrieSalmonella Infantis is found globallySalmonella Virchow is
found more frequently in Asian, European, and Oreemuntries;Salmonella Hadar is
found in European countries; aBalmonella Agona is found in Latin American, North
American, and European countries (Hendriksen gP@l.1). Although there are differences
in the most commonly isolated serovars among regithre differences are not significant

between countries within the same region (Hendnlseal., 2011).
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The transmission of non-typholmonella infection to humans can occur through
the ingestion of food or water contaminated wittstg@aof infected animals, by direct
contact with infected animals or by consumptioffioafd from infected animals (Eng et al.,
2015). This bacterium has been isolated from a wadge of animals: poultry, ovines,
porcines, fish, and seafood and their food produetd also from some other cold blooded
animals (Nguyen et al., 2016; Flockhart et al.,Z™ajac et al., 2013). Traditionally
poultry, meat products, and eggs are the food ssurmst commonly identified as
responsible for outbreaks of salmonellosis (Sanetet., 2002), although the
microorganism has also been found in other footstuf the United States, outbreaks with
a known vehicle that was associated with beef pkak&0% in 1981, dropped to 4% in
1982, and after that it has been rising gradudlhe proportion oSalmonella outbreaks

caused by chicken and eggs also increased fromtb9/337 (Beat and Griffin, 1990).

Salmonella Thyphimurium has been linked mainly to consumpténndercooked
meat or ground beef and dairy products, and edpe@av eggs. Outbreaks [Salmonella
Enteritidis andSsalmonella Heidelberg have been mainly associated with copsiom of
raw eggs, whereas outbreaks cause8dbhyonella Newport have been linked to uncooked
ground beef, runny scrambled eggs, or omelets (BtiIR007). One important
characteristic oalmonella Enteritidis is its ability to contaminate the cents of intact

egg shells (DuPont, 2007).
3. Campyl obacter

The Campylobacter genus was established in 1963, but it was not 1872 that it was
shown to be related to febrile hemorrhagic enge(arcia and Heredia, 2013). The illness

caused by these bacteria is named campylobacgenmisich ischaracterized bgcute



141  onset of diarrhea, abdominal pain, and fever, argdusually self-limiting (Kaakoush et al.,
142 2015). However, a range of other serious conditieitisin the gastrointestinal tract has
143 been reported, including intestinal bloody diarrlessophageal diseases, periodontitis,
144  functional gastrointestinal disorders, celiac digg&holecystitis, and colon cancer.

145  Approximately 3 out of 10,000 cases of campyloh@ases will develop Guillain—Barré

146  syndrome (severe demyelinating neuropathy, Shaap,e2016). It is estimated that each
147  case of campylobacteriosis costs $920, mainly seratimedical expenses and lost

148  productivity (Silva et al., 2011).

149 The problem is getting worse because the numbeas#s of campylobacteriosis

150  has dramatically increased in North America, Eur@pel Australia, and data from some
151  African, Asian, and Middle East countries indicttat the disease is endemic, especially in
152  children (Kaakoush et al 2015). It is estimated @ampylobacter is responsible for 400 to
153 500 million cases of infection each year worldw{@arcia and Heredia, 2013), and

154  together withSalmonella, it is the most frequently isolated foodborne pgén.

155 Campylobacter is a member of the famil@ampylobacteriaceae, which also
156  includes the generarcobacter, and the specid3acteroides ureolyticus. The genus
157  Campylobacter consists of 26 species, 2 provisional speciesQasubspecies (Kaakoush et
158 al., 2015). They can be divided into more than pé0ner serotypes (heat-stable antigens)
159  and more of 100 Lior serotypes (heat-labile antyeand only the thermotolerant species

160  have clinical importance (Garcia and Heredia, 2013)

161 The members of gen@ampylobacter are small, curved or spiral-shaped Gram-
162  negative bacilli that exhibit rapid and corkscrakelmotion via a polar flagellum, and

163  grow optimally between 37 to 42 °C. Rorvitro growth, these bacteria need partial oxygen
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tension (2% to 10%), but generalyampylobacter spp. can be found in diverse
environmental conditions because of their high genmetabolic, and phenotypic diversity
in their population (Garcia and Heredia, 2013)hAligh severaCampylobacter species

(C. jgjuni, C. coli, C. upsaliensis, C. lari, C. concisus, C. fetus, C. hyointestinalis, C.
helveticus, C. insulaenigrae, C. mucosalis, C. rectus, C. sputorum, and C. ureolyticus) and
Arcobacter butZleri have been reported to cause gastroenteritis @u2004; Kaakush et
al., 2015)C. jguni was the species that was most frequently isofated man and retail
poultry, andC. coli was generally the second most frequently isolapegties. However,

the ratio ofC. coli to C. jguni was considerably different in different countrsesh as
Thailand and South Africa, whe€ coli was the dominant species isolated from retail

poultry (Suzuki and Yamamoto, 2009).

Analysis showed that international travel wasrtiast important risk factor for
campylobacteriosis, followed by consumption of undeked chicken, environmental
exposure, and direct contact with farm animals sl 2015). It is well documented that
poultry products, unpasteurized milk, and watertheemain vehicles fd€. jguni andC.
coli infection (Butzer, 2004). Poultry is recognizedfas primary source of food-related
Campylobacter species transmission to humans (Kaakus et al5)20tbbably because of
their higher body temperature. Handling, prepamtand consumption of broiler meat may
account for 20% to 30% of human campylobacterioages, while 50% to 80% may be
attributed to the chicken reservoir as a whole (&F®10). However, bacterial prevalence
in poultry and the contamination level of poultmp@ucts varies greatly among countries.
For example, an average of 58.8% of retail poutigats and 60.3% of poultry by-

products, were contaminated wiflampylobacter spp. in Japan (Suzuki and Yamamoto,
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2009) whereas 77.3% and 70.7% of poultry at retagd contaminated in the United

Kingdom and the United States, respectively (Knaetal., 2000, Zhao et al., 2001).

Several risk factors such as flock size, age afshienvironmental water supplies,
insects and air quality can be linked to colon@atnd transmission &ampylobacter
spp. in broiler flocks (Horrocks et al., 2009). @rawlonization occurs, the intestinal tract
of the chicken (cecum and colon) can harbor largeusts ofCampylobacter and can
contaminate the skin of the carcass during slauigigté an intestinal leak or rupture

occurs (Silva et al., 2011).

Cattle have also been associated with cases ofydabgtteriosis. Bacteria
prevalence varies greatly from 6% to nearly 90%alssh et al., 2015). The species
detected in cattle includ@. jgjuni, C. cali, C. lari, andC. lanienae, which show higher
levelsin feedlots (64% to 68%) compared to adult pastoedtle (6.3% to 7.3%; Horrocks
et al., 2009)Campylobacter species are also prevalent in pigs and pigletsn(f82.8% to
85.0% depending the age of the animal). Bactenacotonize piglets 24 h after birth,

because of exposure to contaminated feces (Kaadtuah 2015).

Sheep and goats have also been reported to Camngylobacter species, with a
prevalence from 6.8% to 17.5% (Kaakush et al., 20b5ddition to all the risks
described, contact with domestic pets also preserdther exposure pathway for human
infection (Silva et al., 2011). Up to 58% of heglttogs and 97% of diarrheic dogs have

been determined to be positive @aimpylobacter species (Kaakush et al., 2015).
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4. Shiga-toxigenic. coli (STEC)

E. coli is the predominant nonpathogenic flora of the humgestine with the
exception of anaerobic bacteria, and it helps éengitoduction of vitamins, and competes
with and suppresses pathogenic bacterial growthg,F2013). However, some strains have
developed the ability to cause disease in the gasistinal, urinary, or central nervous
system by the acquisition of virulence factors theate allowed them to adapt to new

niches (Farrokh et al., 2013).

E. coli is a Gram-negative, facultative anaerobe, nontdgting rod within the
family Enterobacteriaceae. It has the ability to ferment different sugarst lactose
fermentation (with production of acid and gas) tharacteristic of the species (Feng,

2013).

The specieg&. coli is divided into serogroups and serotypes accortin
antigenic composition, based on the Kauffman diassion scheme (somatic or O antigens
for serogroups and flagellar or H antigens for sgres) (Feng, 2013Yhere are 17£. coli

O and 5Z. cali H antigens that have been recognized (Croxen,&2@l3).

MostE. coli strains are commensal in the intestine, but alggnalp harbor
virulence factors known ds coli pathotypes, or pathogenic, diarrheagenic, or
enterovirulenk. coli. These include enteropathogeBicoli (EPEC), Shiga toxin-
producingE. coli (STEC), enteroinvasivi. coli (EIEC), enteroaggregati\ie coli
(EAEC), diffusely adhererk. coli (DAEC), and enterotoxigeni€. coli (ETEC), as well as
a new pathotype, adherent invasiueoli (AIEC) (Croxen et al., 2013).

EnterohemorrhagikE. coli (EHEC) is a subset of pathogenic STEC strainsdF2013).

11
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The presence of the gene encoding Shiga toxingd (sbstx 2), generally acquired
via a lambdoid bacteriophage, classifies the s@aihiga toxin-producing. coli (STEC)
or verocytotoxin-producing. coli (VTEC, Croxen et al., 2013). Shiga toxin-producihg
coli (STEC), including 0157 and many non-O157 serogspape important causes of
foodborne diseases. Although many outbreaks thrmutghe world have been attributed to
0157:H7, approximately 400 STEC serotypes are densd to be implicated in the

disease (Karmali et al., 2010).

The most common STEC serogroup implicated in sellaess in humans is 0157,
but serogroups 026, 045, 0103, 0111, 0121, and (45 known as the Big 6), are the
most commonly found non-O157 STEC strains (Croxeal.e2013). Prevalence of STEC
serogroups differs geographically; for example ustkalia, non-O157 STEC strains
corresponded to 42% of all STEC isolates, wherelGitid O26 were the most commonly
found serogroups (Croxen et al., 2013), wheredisareU, 0157, 026, 0111, 0103, and
0145 are the serogroups of major concern, but Aét&nd 0121 (Feng, 2013).
Additionally, the importance of serogroup O182risreasing, showing a larger increment

between 2011 and 2013 in EU (EFSA, 2013).

Shiga-toxigenicE. coli typically causes severe hemorrhagic colitis in Ang)
which is accompanied by acute abdominal crampimigvamiting (Anderson et al., 2009).
However, several STEC strains are of serious puigladth concern because their
association with large outbreaks and hemolytic icesyndrome (HUS), which is a sequela
in 3% to 7% cases overall, and is the leading catiaeute renal failure in children (Feng,
2013). Reports have estimated that STEC cause$,2QBDacute illnesses annually

worldwide and leads to 3,890 cases of HUS, 270scaend-stage renal disease, and 230

12
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deaths in the United States, costing more thanldrbeach year in direct and indirect

costs (Majowicz et al., 2014).

The modes by which STEC infection is transmitteluman populations include
foodborne transmission, environmental transmisBim contaminated animals or water,
and transmission through person-to-person confacont 2007). It is estimated that
animal contact constitutes 8% of non-O157 and 6% 157:H7 STEC illnesses in the
United States (Croxen et al., 2013). In 2013, al tot 73 outbreaks caused by STEC were
reported in the EU, of which the main food vehiefes bovine meat and its products

(EFSA, 2015).

Cattle and other ruminants are considered to bentjer reservoirs for STEC,;
however, isolation of this bacterium from othermaals has been reported (Terajima et al.,
2017). The frequency of STEC in animals is variabter example, reports from Germany
indicated that STEC strains were isolated from Z8d sampled animals, most frequently
from sheep (66.6%), goats (56.1%), and cattle (@),.and in a lower proportion from pigs
(7.5%), cats (13.8%), and dogs (4.8%), but STE&@rstrwere not found in chickens
(Beutin et al., 1993). However, a study in Belgitgported viable 0157 isolates in 37.8%
of the farms analyzed (Farrokh et al., 2013). knltmited State<. coli 0157 has been
reported in 10% to 28% of cattle (Karmali et a01Q). A lower incidence of STEC O157
was reported in Japan, with 6.4% of beef catt28% of beef farms analyzed, and this

serogroup was not detected in any dairy cows t€3eajima et al., 2017).

The farm environment plays an important role in STd®lonization and
recirculation. However, it is known that most ratige beef calves are exposed to bacteria

by the time of weaning; however, after colonizateom survival in the gut, cattle can

13
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eliminate bacteria over several months via fedatiahtion (Karmali et al., 2010).
However, some cows and sheep may be high sheddsuper shedders, discharging more
than 10 colony forming units per gram of feces, and insieg the risk of widespread
transmission and contamination. Specific reasonsseime animals are in the special

shedder stage remain unknown (Callaway et al., 2BaBer et al., 2016).
5. Listeria

Members of thetisteria genera belong to the Firmicutes division, andcareently
classified into 17 speciek: monocytogenes, L. seeligeri, L. ivanowii, L. welshimeri, L.
marthii, L. innocua, L. grayi, L. fleischmannii, L. floridensis, L. aquatica, L. newyorkensis,
L. cornellensis, L. rocourtiae, L. weihenstephanensis, L. grandensis, L. riparia, andL.
booriae. Only 2 of these specids, monocytogenes andL. ivanovii, are considered to be

pathogenic (Orsi and Wiedmann, 2016).

The species in theisteria genera are divided in 2 groups based on the dzlats
of species td.. monocytogenes: 1) Listeria sensu strictu, which includés monocytogenes,
L. seeligeri, L. marthii, L. ivanovii, L. welshimeri, andL. innocua; and 2)Listeria sensu

lato, a group that includes the othéesteria species (Orsi and Wiedmann, 2016).

L. monocytogenes is the most important and representative spedidgeayenera. It
is a small, a Gram-positive rod-shaped, facultbtia@aerobic, flagellated, ubiquitous, and
intracellular pathogen that grows between —0.4%M8C (Donelly and Diez-Gonzalez,
2013). This bacterium is the causative organisisewtral outbreaks of foodborne disease.
AlthoughL. monocytogenes is responsible for sporadic cases, its importdieseas a
leading cause of death related to foodborne illl@sdo 24%) (Farber and Peterkin, 1991),

which causes a considerable economic impact faesoand the food industry.

14



298 L. monocytogenes infection can be non-invasive or invasive (Ord &diedmann,

299  2016). The invasive illness is characterized byesegymptoms such as meningitis,

300 septicemia, primary bacteremia, endocarditis, nemingitic central nervous system

301 infection, conjunctivitis, and flu-like iliness (Delly and Diez-Gonzalez, 2013). The non-
302 invasive form of listeriosis is characterized bgrite gastroenteritis. The

303 immunocompromised stage and presence of chroroed#iss determine the intensity of the

304 Ligteriainfection (Buchanan et al., 2017).

305 L. monocytogenes is widely present in plant, soil, and surface watmples, and it
306 has also been found in silage, sewage, slaughteehsaste, milk from normal cows and
307 cows with mastitis, and in human and animal fe@em€lly and Diez-Gonzalez, 2013).
308 Thus, itis virtually impossible to permanently @iatel.. monocytogenes from food

309 environments (Buchanan et al., 2017).

310 L. monocytogenes had caused episodes of human listeriosis througheuvorld

311  and has been found on all the continents, wittateslreported in North and South

312 America, Europe, Africa, Asia, and Oceania (Ord 8viedmann, 2016). Although control
313 measures have been implemented, there has bedmangecor even an increase in the trend
314  of listeriosis cases over time. For example, ther&brted a 8.6% increase in listeriosis in
315 2013 compared with 2012 (Buchanan, 2017). The drBtates exhibited no change in the
316 number of outbreaks caused by consumption of gogucts, but foods considered to be
317 of moderate or low risk (vegetables or ice creaavehbeen implicated in several listeriosis
318 outbreaks. An increase of the frequency.aihonocytogenes in fishery products at

319  processing plants (mainly smoked fish) has beeorteg in the United States and the EU

320 (EFSA, 2015).

15



321 Food vehicles foL. monocytogenes include crustaceans, shellfish, mollusks and
322 related products, cheese, meat and meat produgtsigat and related products,

323  vegetables, juices and related products, such sdnsialads (Buchanan et al., 20150ft
324 cheeses made from pasteurized milk were reportbd teehicles in 5 of 12 listeriosis

325  outbreaks between 2009 and 2011 in the United S(&@©C, 2013).

326 Sporadic cases of listeriosis have been reportegrkers in contact with diseased
327 animals (Farber and Peterkin, 1991)monocytogenes has been isolated from cattle,

328 sheep, goats, and poultry, mainly on their surfaaéyarious reports also showed that this
329  bacterium was present inside muscle, althoughvaploportions (Buchanan, 2017). In

330 beef and dairy calves, evidence shows a low pragalef this bacterium in very young

331 calves (<2 months), but its presence increasdsiméxt few months of life, and declines

332  after weaning (Rhoades et al., 2009).

333 The fecal prevalence &f monocytogenes on United States farms was found to be
334  of 29.4%; 82% of feed samples harbokeésteria spp. and 62% had monocytogenes.

335 Listeria spp. was detected in 67% andnonocytogenesin 28% of minced beef samples
336 processed at a farm. The prevalence in fecal posétmples was 33% fduisteria spp. and

337  33%for L. monocytogenes (Skovgaard and Morgen, 1988).

338 Although the presence af monocytogenes has been demonstrated in animals,
339  Listeria contamination of processed foods is most likefyrection of post-processing

340 recontamination.
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341 6. Prevention and control measures

342  Although it is not easy, it is possible to prevand get control of enteropathogens carried
343 by animals. Some basic measures are known to eetigl to reduce the risk of

344  contamination (Bean, 1990; Dhama et al., 2013; ddP2007; EFSA, 2013; Sofos, 2008);
345 and it is imperative that these are applied in &aamd processing plants: 1) reduction of the
346 infection burden in farms by increasing the hygiand separating the sick animals from
347 healthy ones, 2) since most enteropathogens deel kiy chilling, it is necessary to

348 increase the monitoring of this condition aftewusgflater, 3) avoid the cross-contamination,
349  4) take precautionary measures to check for pathegesad in the farm and processing

350 environments 5) judicious use of antibiotics fa@ating animal diseases, 6) application of
351  sublethal multiple hurdles in the food processing preservation, 7) proper cooking of the

352  food products, and 8) avoid the consumption of uaaboked animal products.
353 7. Conclusion

354 We conclude that the pathogenic bacteria deschieegl will continue causing

355 outbreaks and deaths throughout the world, becausdfective interventions have

356 eliminated them from animals and food. Furtheraedeis imperative to develop effective
357 strategies against these bacteria, and thesegsésitzan be a combination of practices and

358 technologies that already exist or that are beegbbped
359
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Table 1. Characteristics of four foodborne bactegquently carried by animals or animal products.

Bacteria Principal Reservoir Food vehicle  Transmission Disease in Principal signs and
species animal mode humans symptoms in humans
involved
Salmonella Poultry, Poultry meal  Ingestion of food o Localized Nausea, vomiting

Salmonella Typhimurium bovines, ovines, products, and contaminated gastroenteritis in  diarrhea, septicemia or

spp. porcines, fish, eggs, water, direct humans and some bacteremia, and

and seafood, andundercooked contact with animals reactive arthritis as a
some other cold meat or infected animals or post-infection sequela
blooded animals ground beef, consumption of
and dairy food from infected
products animals
Campylobacter C. jgjuni Poultry, cattle,  Poultry Ingestion o Campylobacterios Acute diarrhes
spp. C. coli pigs anq piglets, products, ' contaminat_ed food _abdor_ninal pain, fever,
' domestic pets  unpasteurized or water, direct intestinal bloody
milk, and contact with diarrhea, esophageal
water infected animals or diseases, periodontitis,
consumption of functional
food from infected gastrointestinal
animals disorders, celiac
disease, cholecystitis,
and colon cancer
Shiga toxigenic SerogroufO157 Cattle, sheeg Undercookec Ingestion o Severe hemorrhagi Hemorrhagic diarrhe:

E. coli

is most goats, and in a
common, but lower proportion
026, 045, pigs, cats, and

0103, 0111, dogs, and other
0121, and 0145 ruminants

are also

important

ground meat,
raw milk, raw
vegetables,
fruits, water,
cheese, curd,
and juice

contaminated food colitis in humans
or water, direct

contact with

infected animals or

consumption of

food from infected

animals and

person-to-person

acute abdominal
cramping and vomiting,
and hemolytic uremic
syndrome (HUS), as a
sequela
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Listeria spp

monocytogenes

Cattle, sheer
goats, and
poultry

contac

Crustaceans  Ingestion of food o Listeriosit
shellfish, water

mollusks, contaminated,
cheese, beef, direct contact with
pork, infected animals or

vegetables and consumption of

juices, and food from infected

milk products animals and
person-to-person
contact

1) Invasive illness
meningitis, septicemia,
primary bacteremia,
endocarditis, non-
meningitic central
nervous system
infection,
conjunctivitis, and flu-
like illness

2) Non-invasive: febrile
gastroenteritis
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