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UNDERDIAGNOSED AND UNDERREPORTED BY PUBLIC HEALTH
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ABSTRACT: The infection by Campylobacter spp. constitutes a zoonosis of worldwide distribution, with
serious repercussions for public health and a significant socio-economic impact. The Campylobacter species that most
often are implicated in outbreaks of gastrointestinal disease are C. jejuni and C. coli. Both are recognized as the most
important and with greater pathogenic potential from the viewpoint of food safety. This review aims to clarify and discuss,
based on literature, the epidemiology of Campylobacter spp. and the main challenges in their control, to assist in better
understanding of the risk posed to human health. Due to the difficulty of isolating and cultivating of Campylobacter spp.,
the high cost and not mandatory, laboratory diagnosis by traditional cultivation techniques is not widely used in Brazil,
resulting in lack of accurate data on the occurrence of the disease in the country. This factor has been identified as
responsible for underdiagnosing and underreporting of the disease, which means that data on contamination of animal
products or outbreaks are not statements of actual national situation. The epidemiology of Campylobacter spp. is
considered complex presenting multiple determinants in the spread of this microorganism. Chickens are important
reservoirs of Campylobacter sp. and the main target of control measures, however, other vehicles of transmission, such as
raw cow milk, drinking water and other foods of animal origin must also be considered in the set of measures to be taken
to control disease. The infection by Campylobacter spp. cause gastroenteritis in humans and occurred by oral contact with
infected animals. In fact, are pets or production and food consumption, the most important pathways. The clinical
manifestations of the disease can be from mild to severe symptoms, including watery diarrhea, sometimes with blood,
abdominal pain, fever, headache and nausea. Sometimes the infection can get complications after the diarrhea stops and
starts a progressive paralysis that can result in respiratory failure and severe neurological dysfunction and may even lead to
death. The occurrence of campylobacteriosi’s outbreaks should be mandatory to the authorities of surveillance, to provide
an investigation of common sources and transmission control through preventive measures , thereby minimizing the
potential risks to human health.
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INTRODUTION temperatures higher than 40 °C, being the species C.
jejuni, C. coli, C. lari and C. upsaliensis the most
incriminated (NESBAKKEN et al., 2003).

C. jejuni is present in the intestinal tract of

The infection by Campylobacter spp. is a
zoonosis of worldwide distribution, with serious

implications for public health and a significant
socio-economic impact (EFSA, 2009). The high
incidence of campylobacteriosis has become the
most commonly cause of gastrointestinal disease
reported worldwide (RIDLEY et al., 2008).

The reservoir of these organisms is the
intestinal tract of domestic animals, wild or
production (KELLER et al., 2007). Campylobacter
species involved in human gastroenteritis are
classified as thermo-tolerant by grow in

birds and mammals, including production and pet
animals, being the cause of enteritis in young
animals, including cattle, poultry, pigs, cats and
dogs (GOMES, 2012) besides being the most
prevalent species in human infections (RIDLEY et
al., 2008).

Human infections occurs mainly by
ingestion of raw or poorly processed poultry, pork
and beef, or even by drinking unpasteurized milk
and water, in addition to direct contact with carrier
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animals (FDA, 2012). From the Campylobacter
species identified, the most implicated in outbreaks
of gastrointestinal disease are C. jejuni and C. coli,
being recognized as the most important and with
greater pathogenic potential from the viewpoint of
food safety (RIDLEY et al., 2008). C. upsaliensis is
also considered an important cause of gastroenteritis
in humans, but its true incidence is underestimated
by conventional culture methods, because this
species is inhibited by the antibiotics used in the
culture medium for the isolation of other
Campylobacter species (MURRAY et al., 2009).

The specie C. jejuni is the most common
cause of gastroenteritis in the United States of
America as C. coli accounts for 2 % to 5 % of cases.
This last specie is the most common cause of
gastroenteritis in developing countries (MURRAY et
al., 2009).

Due to the difficulty of isolating and
cultivating of Campylobacter sp., high cost and its
monitoring not required by law in foods, the
laboratory diagnosis is not widely used in Brazil.
These facts have been identified as responsible for
underdiagnoses and underreporting of the disease,
which means that data about the contamination of
animal products or outbreaks are not statements of
the national situation. In contradiction to
underreporting cases of campylobacteriosis in
Brazil, in industrialized countries the cases of
enteritis Campylobacter spp. are more frequent than
those caused by Salmonella spp. (WHO, 2012).

In Brazil there is no specific legislation
governing the analysis of Campylobacter spp.,
either by the Ministry of Agriculture, Livestock and
Supply (Ministério da Agricultura, Pecudria e
Abastecimento - MAPA) and the Ministry of Health
(Ministério da Sauide) to expand the research in this
area is needed to better analyze the occurrence of
this pathogen in products of animal origin, as well
as other foods that may be carriers of these agents
and their potential risks to human health.

DEVELOPMENT
Epidemiology

The epidemiology of Campylobacter spp. is
considered complex, and currently the actual
incidence of infections by these organisms in Brazil
is unknown, since the disease is not reported to
official public health agencies. Some studies report
that in developed countries, these bacteria cause
gastroenteritis with a frequency of two to seven
times greater than bacteria such as Escherichia coli
O157:H7, Shigella spp. or even Salmonella spp.
(ALLOS, 2001; WHO, 2012; EFSA, 2014).

The species C. jejuni and C. coli are
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recognized as the first agents of diarrhea in
industrialized countries and second or third in
developing ones, with transmission mainly
associated with consumption of animal origin food
(FERNANDEZ et al., 2005). The relevance of this
fact is related to Campylobacter spp. presence in
gastrointestinal tract of animals such as chickens
and pigs, and their carcasses (JORGENSEN et al.,
2002). This correlation arises from Campylobacter
sp. colonization of these asymptomatically animals,
this is the most important origin of carcasses
contamination (BUHR et al., 2002).

The origin of C. jejuni presence in eggs is
discussed, and little is known about the
transmission. Researches show that the bacterium is
restricted to the outside of egg shell (JONES et al.,
2006; JONES; MUSGROVE, 2007). However,
Campylobacter has been isolated in the internal
contents of eggs that were negative on the outside
(ADESIYUN et al., 2005). Thus, although studies
shows that transmission is possible via
transovarially (BUHR et al., 2002) this is not
considered an important pathway in the spread of
the pathogen and few studies show the passage of
bacteria through the pores of the egg shell.

Fonseca et al. (2006) investigated the
presence of Campylobacter sp. in matrices that were
cloacal swabs positive for Campylobacter spp. using
traditional microbiological culture and PCR
techniques. The bacteria was detected by PCR, but
not by traditional cultivation. Subsequently, Fonseca
et al. (2011) placed the eggs in contact with
contaminated shavings found that the bacteria were
able to enter through the shell pores. They also
observed that inoculation of C. jejuni outer of the
egg membrane leads to high early embryonic
mortality.

In a study conducted in Denmark meat
samples were collected from slaughterhouses for
Campylobacter spp. research, verifying that 47% of
cattle, 46% of swine and 36% of chickens were
contaminated by this pathogen. Another study
conducted in the UK showed a prevalence of 32%
for C. jejuni in feces samples collected from healthy
dairy cows (YAN et al., 2005).

According to the EFSA (2009), the
transmission of campylobacteriosis varies agreed
with country development degree. Thus, in
developing countries, the routes of transmission are
complex and multifactorial and campylobacteriosis
in developed countries is considered mainly a food
infection whose main source is the chicken meat
(EFSA, 2005). Murphy et al. (2006) states that the
rate of campylobacteriosis incidence in the United
States in 2004 was 12.9 cases per 100,000
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confirmed cases of food-borne bacterial diseases in
humans, whereas in the UK the rate was 73/100.000
in 2003 and in the countries of northern Europe was
60 to 90/100.000.

C. jejuni can survive and even multiply
within free-living amoebae, establishing
endosymbiotic relationships (OLOFSSON et al.,
2013). This kind of symbiosis, between bacteria and
protozoa, particularly Acanthamoeba castellanii,
was also reported to Arcobacter butzleri, other
species of family Campylobacteraceae
(FERNANDEZ et al., 2012; MEDINA et al., 2014).

The fact that C. jejuni survives within free-
living amoebae, can have serious repercussions
epidemiologically since these protozoa may act as
reservoirs and / or vectors of bacteria that have the
ability to survive as endosymbionts (KHAN, 2006).
Furthermore, amoebas protect any microorganism
that is inside of themselves, because they resist the
action of disinfectants and adverse environmental
conditions (KILVINGTON & PRICE, 1990).

The possibility of companion animals,
particularly dogs, could be a source of
Campylobacter spp. which causes disease in
humans has been investigated. Nowadays, there are
epidemiological evidence of an association between
Campylobacter spp. disease in dogs and in humans,
however, are not clearly known the risk factors
associated with this transmission (MSFFG, 2008).
The frequency of Campylobacter species isolation
that causes gastrointestinal diseases in Brazil is 9%
in swine, 5% and 8% related to dogs and cats. In
pigs, C. coli is the predominant specie. In dogs and
cats, the highest rate of isolation is observed in
individuals with less than six months old (AQUINO
et al., 2002).

Campylobacter in broiler carcasses

The chickens are often colonized by C.
jejuni (65 to 95%) and less frequently by C. coli,
and rarely by other Campylobacter spp. The
colonization of broiler chickens is age related. The
majority of birds is negative for the organism until
two weeks of age, and once occurred colonization
by Campylobacter spp. transmission by coprophagy
is extremely fast and can be 100% of chickens’
colonization over a 72 hours period (OIE, 2008).

The prevalence of Campylobacter sp in
chickens and their carcasses is quite high, equivalent
to 41.1% and 45.9% (BOTTELDOORN et al.,
2008). A study carried out in Ireland, in 2008,
showed that of 394 broiler cooled carcasses studied,
98% were contaminated with C. jejuni (EFSA,
2010). In some European Union member countries
in 2007, the prevalence of fresh chicken meat was
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equivalent to 83%. In Iran, the prevalence was 63%
and in Japan 45.8% (FAOQ, 2009). In Brazil, studies
showed high prevalence of Campylobacter spp.
Aquino et al. (2002) isolated C. jejuni and C. coli
species in 60% of chicken carcasses samples
analyzed and Kuana et al. (2008) in 99% of the
studied carcasses. Franchin et al. (2007) evaluated
335 carcasses samples, water and different points of
the slaughter line equipment, and found positivity in
71.3% of samples. Lower rates were found by Melo
(2012), who isolated Campylobacter spp. in 22.38%
of 420 chicken chilled and frozen carcasses, from
three Brazilian states (Minas Gerais, Goids, Distrito
Federal). Of these, 55 (58.5%) were identify as C.
jejuni, 19 (20.2%) as C. coli and 20 (21.3%) as
Campylobacter spp.

According to Berrang et al. (2001), when a
broiler flock contaminated with Campylobacter sp.
enters the processing plant, it is likely that a large
amount of the agent is already attached, or
transferred to the skin during feathers withdrawal.
The authors suggested that the increase in
Campylobacter sp. chicken breast skin occurs at the
time of feathers removal due to the elimination of
the bacteria by the cloaca, which is facilitated by
electric stunning of poultry. Campylobacter sp. has
high survivability in extreme conditions during the
production process of chickens due to the ability of
attachment in the feathers follicles and the deep
crevices of the bird skin. These recesses provide
ideal conditions for bacteria to adhere to and support
the variations in processing conditions (JANG et al.,
2007). Therefore, it is able to survive in frozen meat
(-20°C) even after long periods, which makes this
type of food a potential source of infection in case
they are not properly cooked in the right
temperature (70-75°C for 5 minutes) before
consumption (MELO, 2013).

In Europe, the prevalence of Campylobacter
sp. was 75.8% in broiler carcasses, which means
that on average about eight out of 10 carcasses were
contaminated. The most prevalent species were C.
jejuni and C. coli, with 51.0% and 35.5%,
respectively. The proportion of negative samples
quantitatively, in other words, below the threshold
of 10 CFU/g, ranged from 3.8% to 98.6% among
European countries, while the proportion of samples
with very high counts above 10,000 CFU/g ranged
from 0% to 31.9% (EFSA, 2010). According to
Yang et al. (2001) the incidence on carcasses is
mainly affected by the process conditions of
scalding and chiller.

The main locations in poultry colonization
by Campylobacter spp., is the cecum, large intestine
and cloaca (POTTURI-VENKATA et al., 2007). The
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high metabolic temperature of birds (42° C)
predisposes this species to be the main reservoir of
Campylobacter spp. and assists in keeping this
agent, since grow best in environments where
temperatures around 42 °C (HORROCKS et al,
2008).

Stern and Ro Bach (2003) evaluated the
presence of Campylobacter spp. in broiler carcasses
in North Georgia, and compared the results obtained
in 1995 and 2001, obtaining a lower bacterial count
in the collections of 2001, which was attributed to
the implementation of the Hazard Analysis System
and Critical Control industry (HACCP ). They
mentioned that among the factors that might have
contributed to reducing contamination were the
increasing of the volume of water used for housing
(20L to 36L) and immersion in chiller containing 40
to 50 ppm chlorine, procedures that were not
performed in 1995.

The contamination of slaughter carcasses
depends on several variables, including the age of
the birds, the level of contamination of flocks and
the influence of factors related to the production,
transportation and processing. The level of
contamination in these products has implications on
public health and is fundamental to the existence of
a traceability live birds in chicken carcasses in
derivatives and sub-products (KUANA et al., 2008).

Campylobacter in swine carcasses

The epidemiology of infections caused by
Campylobacter spp. in swine is complex, with
multiple determinants in the spread of this
microorganism. Along the chain production is
possible to observe the expansion of the problem,
usually by the rapid transmission of the bacteria to
uninfected animals after contact with positive,
animals and environments (GABRIEL, 2009).

Alter et al. (2005) could not isolate C. coli
in swine after 24 hours of birth accommodated in
the farm, but most animals (75%) were colonized in
the first week of life. The authors concluded that the
incidence of C. coli increased from zero (newborns)
to 78% (animals of 24 weeks) after transporting the
animals from farm to slaughterhouse.

The occurrence and distribution of C. jejuni
and C. coli was investigated by Jensen et al. (20006)
in extensive swine farms in Denmark. The study
showed high prevalence of Campylobacter spp.
(100%) in swine extensive creations, predominantly
C. coli.

In Brazil, the prevalence of Campylobacter
sp. in swine was evaluated in 120 feces samples and
120 swine carcasses from four different
slaughterhouses in the state of Sao Paulo. Fecal
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samples from 30 (25%) were positive for C. coli and
two (1.6%) for C. jejuni. All samples from carcasses
(120) were negative for Campylobacter sp.
(CAMPOS, 2006).

The effect of blast chilling (rapid cooling of
the housing by contact with air at 21.9° C) on the
occurrence of Campylobacter sp. was evaluated by
Nesbakken et al. (2007) in swine carcasses. The
bacteria was isolated in 56.7% (34/60 lamb
carcasses) before chilling and in 1.7% of the
samples after the procedure. A significant decrease
of these microorganisms in swine carcasses after
chilling blast, and the authors attributed this effect to
the sensitivity of the bacteria to freezing and drying.

The occurrence of Campylobacter sp. was
investigated by Pearce et al. (2003) in a swine
slaughterhouse. Thirty samples, representing 360
pig carcasses were evaluated. Campylobacter sp.
was detected in 33% of samples after bleeding, 0%
after scrap machine, 7% immediately before
chilling, and 0% after all night at chilling. The
bacteria was recovered in 100% of samples
collected in the rectum and 80% of individual
samples of the colon.

Prevalence and possible routes of
Campylobacter spp. contamination in swine
slaughterhouse were evaluated by Malakauskas et
al. (2005) in Denmark. The study showed that 28/44
(63.3%) samples collected at slaughter were
contaminated by this bacteria, 23.4% of the isolates
were identified as C. jejuni and 76.6% as C. coli.
The results suggest that contamination was
originated from the swine’s gastrointestinal tract and
happened during all the slaughter process.

Gabriel (2009) analyzed the presence of
Campylobacter spp. in samples from swine
finishing up the steps of slaughter from three
batches (A, B and C), in the Tridngulo Mineiro,
Minas Gerais. Positivity in swine’s feces housed at
the farm was 66.6%, 53.3% and 80% in swine from
the feedlots A, B and C, respectively. In meat
samples collected from swine carcasses during
slaughter results of positivity were 51.1%, 31.1%
and 48.8%, in flocks A, B and C, respectively. The
same study also showed a higher rate of carcasses
contamination after scalding step and scrap
machine, with 57.7%, which is believed to be the
largest possible contamination of carcasses due to
the characteristics of the process and difficulty of
cleaning the equipment. Despite reported decrease
in the number of positive samples during the
slaughtering process steps studied were not able to
guarantee the food safety.

Wilson et al. (2008) indicated for control of
meat contamination by animal feces, equipment
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sterilization and additional care when handling the
animals with positivity. The authors believe that the
primary route of Campylobacter spp. transmission
to humans is the food chain and suggests that the
incidence can be dramatically reduced by improved
of biosafety in farms and preventing transmission
via food.

Campylobacter in cattle

Cattle and sheep, as swines, are also often
colonized by Campylobacter spp. and colonization
is higher in young than in older animals. In the older
animals, the microorganisms are occasionally
detected in feces, probably due to low levels then
the possible elimination or intermittent excretion.
These animals are primarily colonized by C. jejuni,
C. coli, C. fetus and C. hyointestinalis, unlike swine
that are predominantly colonized by C. coli (OIE,
2008). Several studies have reported that C. jejuni
can cause enteritis in calves and bovine mastitis
while C. fetus is responsible for abortion and
infertility in cattle (STANLEY; JONES, 2003). C.
fetus does not belong to the thermophilic species
group.

Inglis et al. (2003) analyzed 380 fecal
samples from feedlot cattle in Canada and found
that 49% had C. lanienae. In the same study, 37% of
samples were positive for C. jejuni, 8% to C.
hyointestinalis and 0.5% for C. coli. Fernandez and
Hitschfeld (2009) analyzed 300 samples of fecal
swabs of cows in Chile and obtained 32.0% positive
for Campylobacter sp., with 85 identified as C.
jejuni and 11 C. coli. Bailey et al. (2003) studied 19
flocks in Australia, and found that Campylobacter
sp. prevalence varied from 0% to 24% for dairy
cattle, and from 0% to 52% for cattle.

In Brazil, there is low information about the
relevance of beef for C. jejuni and C. coli
transmission transmission to humans; studies are
needed to determine the prevalence of these bacteria
in bovine products, as well as determining control
measures (FERNANDEZ; HITSCHFELD, 2009). In
ground beef meat analyzed by Ferreira (2008), the
presence of Campylobacter sp. was detected in
32.5% (13/40) of samples.

The higher prevalence of Campylobacter sp.
in beef cattle is an epidemiological event that can be
associated with the environment in which these
animals are housed. While these animals are raised
on pasture and in contact with a diverse
environment, dairy cattle are kept in confinement
and in better hygiene conditions (FERNANDEZ;
HITSCHFELD, 2009). In this sense, there is need to
perform further studies to elucidate the sources of
environmental contamination of beef. Furthermore,
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the environment of processing plants for these
animals and the assessment of the food of bovine
origin are also important factors in the
implementation of specific control measures to
improve the safety of the final product
(FERNANDEZ; HITSCHFELD, 2009).

Campylobacter in dogs

According to Hirsh (2003) approximately
10% and 5% of asymptomatic dogs and cats are
intestinal carriers of C. jejuni. These percentages
may be higher in animals purchased in kennels.
Prevalence of thermophilic Campylobacter species
in samples of rectal swabs from dogs and cats varied
with age group, with or without sign of
gastroenteritis in two animal shelters in Ireland,
showed that the isolation rate was higher in dogs
and cats less than six months and significantly
higher in dogs compared to cats (ACKE et al,
2006). Tenkate and Stafflord (2001) stated that
about 6% of cases of human campylobacteriosis
were transmitted from pets.

Knowing if living with pets increases the
chances of human Campylobacter sp. infection is an
epidemiological information that should be further
investigated. This possibility warns of hygiene
required in handling them and in order to avoid the
promiscuity, mainly with children under five years,
which is considered the highest risk group.

Rodrigues (2011) examined 120 feces
samples from pets animals (103 dogs and 17 cats)
attended at the Veterinary Hospital of the Faculty of
Veterinary Medicine of Universidade Federal de
Uberlandia. Of these 22/120 (18.3%) were positive
for Campylobacter spp. (20 dogs and two
cats).There is an association between the presence
of C. jejuni and diarrhea in animals. In addition to
C. jejuni in asymptomatic animals, Rodrigues
(2011) also identified C. coli.

Campylobacter in humans

Most cases of human campylobacteriosis
are presented in isolated episodes, but outbreaks are
also observed. Gastroentiritis infectious caused by
Campylobacter spp. occurs in humans by oral via,
through consumption of contaminated food of
animal origin or by contact with pets or production
infected. It can also occur by consumption of other
foods such as unpasteurized milk or contaminated
water (Figure 1). How not to feed via transmission
can still quote the direct transmission from
individual to individual, but is not considered an
important mode of transmission in industrialized
countries (EFSA, 2005).
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Animal infected with Campiobacter after
drinking contaminated water

‘Water contaminated by
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Figure 1. Leading transmission forms of Campylobacter spp. in animals and man. Figure adapted from Young

et al. (2007).

C. jejuni is responsible for 80-90% of
infections in humans, while C. coli is observed in
7% and C. lari, C. wupsaliensis, and C.
hyointestinalis only 1% of human cases
(NESBAKKEN et al., 2003).

According Malakauskas et al. (2005), in
Denmark, the number of registered cases of
campylobacteriosis increased by four times with 82
infections per 100,000 inhabitants in 2002, with the
same trend observed in other industrialized
countries. Reiersen et al. (2002) reported that in
Iceland, the incidence of Campylobacter sp. in
humans reached epidemic proportions between June
1998 and March 2000. Between 1990 and 1995, the
incidence was 14.6 cases per 100,000
individuals/year. Since 1996, cases began to
increase reaching 157 cases per 100,000 individuals
in 1999. During 2000 and 2001, there was a fall
(87.1 and 75.4 cases per 100,000 individuals,
respectively).

In 2007, campylobacteriosis was the most
frequently reported zoonotic disease in humans in
the European Union with 200,507 confirmed cases
and most states still points increase this number
(EFSA, 2009).

In Chile, Ferndndez et al. (2005) serotyped
50 C. jejuni strains subsp. jejuni isolated from
chicken carcasses and 50 isolated from children’s
feces, finding 17 different serotypes and 6 identical.
The number of different serotypes suggests that in
Chile’s southern, not only the poultry meat is the
vehicle of C. jejuni subsp. jejuni in humans, but
other unidentified sources or reservoirs are
involved.

There is a resistance to infection by
Campylobacter spp. in individuals with eating

habits high risk who are exposed to the agent
several times, as occurs in developing countries. In a
study conducted in Egypt, that is an endemic
country to campylobacteriosis, residents are
repeatedly exposed, this resulted in high rates of
diarrhea and large production of antibodies against
multiple serotypes of Campylobacter sp. in patients,
especially in children (WIERZBA et al., 2008).

Rodrigues (2011) examined 160 feces
samples from children attended at the Emergency
Department of the Hospital of the Universidade
Federal de Uberlandia, finding that 6.87% (11/160)
samples were positive for Campylobacter spp. In
feces of children with diarrhea, C. jejuni and C. coli
were identified and in non-diarrheal feces, were
identified as Campylobacter spp.

Pathogenesis and virulence

The infective dose of Campylobacter sp. is
low, it is estimated that the intake of less than 500
cells can cause disease (IVANOVIC, 2012). The
effort to define the role of specific virulence factors
in diseases caused by Campylobacter sp. factors has
been frustrated by the lack of an animal model to
reproduce the disease. It is known that the primary
mechanism of pathogenicity is the invasion of the
intestinal mucosa which C. jejuni being the best
studied species. Although adhesins, cytotoxic
enzymes and enterotoxins have been detected in
these species, its exact role in disease remains
poorly defined, it became clear that the risk or
severity of the disease to the host is influenced by
the infecting dose and the immune status of the
individual (MURRAY et al., 2009).

Bacteria of this genus are actively moving
by a single polar flagellum at one or both ends of
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the cell. Variants of C. jejuni, properties with
incomplete or no scourge can not colonize or require
large amounts of inoculum, compared to mobile
strains (complete flagellum), suggesting that the
motility, has  fundamental importance in
colonization (GOMES, 2012).

According Jawets et al. (1998), species of
Campylobacter sp. have lipopolysaccharides (LPS)
and flagella structures that act as adhesion and
invasion being able to produce cytotoxins and
enterotoxins. Diverse microorganisms can multiply
in the small intestine epithelium and then, the
bacteria invade and cause inflammation, resulting in
the appearance of erythrocytes and leukocytes in the
feces. Eventually, the bloodstream is invaded by the
bacteria and develop an enteric fever notes. The
localized tissue invasion associated with toxic
activity appears to be responsible for enteritis.

Having successfully fixation and
internalization, Campylobacter spp. colonizes the
epithelial cells by a number of mechanisms that
include: invasion (RUSSEL et al.,, 1993), toxin
production (WHITEHOUSE et al.,, 1998) and
apoptosis (RUSSEL et al., 1993). In this
environment, Campylobacter spp. can avoid the
attack by phagocytes and enter the circulatory
system in immunocompromised patients (WALLIS,
1994). The attack may involve phagocytosis by
macrophages, release of intermediate reactions and
release of inflammatory cytokine (JONES et al,,
1999).

The flaA, ciaB, cadF and pldA genes are
classified as reference for the study of the
mechanisms of Campylobacter sp. pathogenicity
(ZHENG et al., 2006). These genes encode proteins
involved in adhesion and invasiveness of C. jejuni
and can therefore be considered as possible
virulence factors in this species. The flaA gene
encoding flagellin A, which is required for the
adhesion and invasion of epithelial cells by C. jejuni
(WASSENAAR et al., 1991), The ciaB gene
encodes a protein involved in cell invasion
(RIVERA AMILL et al., 2001), while cadF encodes
a protein that interacts with fibronectin in the
extracellular matrix of the host colonization
participating cell surface (MONTEVILLE et al.,
2003). The pldA gene is related to cellular invasion
and encodes a protein involved in the synthesis of
outer membrane phospholipase (ZIPRIN et al,
2001).

Melo et al. (2013) analyzed virulence genes
in C. jejuni strains isolated from poultry carcasses in
Brazil showing that this species has great
importance in the pathogenesis of human disease.
This work showed that flaA, pldA, cadA, ciaB and
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cdtABC genes involved in adhesion, colonization,
invasion of cells and toxin production process, were
present in 74.5%, 63.6%, 67.3%, 67.3% and 65.5%
of the strains, respectively.

Several studies have reported the presence
of these genes in C. jejuni strains isolated from
humans regardless of the source and the ability of
adhesion and invasion in Caco-2 cells (ZHENG et
al., 2006).

Besides these, the extensional -citolethal
toxin has been linked to the pathogenesis of C.
Jjejuni in human and animal infections (DATTA et
al., 2003). This toxin affects the layer of epithelial
cells, causing progressive distension and death in
various cell lineages by the intracellular
accumulation of cyclic adenosine mono-phosphate
(cAMP) (MARTINEZ et al., 2006).

As invasive bacteria, Campylobacter sp. can
lead to septicemia. The treatment of patients with
sepsis by Campylobacter sp. must be intense given
that the prognosis 1is unfavorable. Related
extraintestinal Campylobacter sp. infections like
meningitis diseases are considered rare. Some post-
infection manifestations may occur, such as reactive
arthritis, urticaria or erythema nodosum and
Guillain-Barré Syndrome (GBS), which, is the most
severe manifestation (ALVES, 2006).

It has been recognized association between
campylobacteriosis and GBS. The disease is usually
of acute evolution, lasting hours or days, with
rapidly progressive weakness, sometimes
progressing to respiratory failure, but with good
recovery. In more severe cases, respiratory failure
may occur, leading to cardiac arrhythmias, sweating
and hypertensive peaks, with a mortality rate
between 4% and 10% of cases (CANAL; PAEZ,
2007).

Godschalk et al. (2004) determined that
specific  bacterial genes, known as lipo-
oligosaccharides of C. jejuni (LOS) genes are
required for the biosynthesis of ganglioside mimic
structures of the nervous tissue and induction of
anti-gangliosides  antibodies. ~ This  molecular
mimicry of C. jejuni (LOS) with gangliosides is
considered an inducer of cross-reactive antibodies
that lead to GBS.

Gastroenteritis by C. jejuni
characteristically produces histological lesions of
the mucous surfaces of the jejunum, ileum and
colon. The mucosa appears edematous, ulcerated
and bloody, with abscesses in the crypts of epithelial
glands and infiltration of the lamina by neutrophils,
mononuclear cells and  eosinophils.  This
inflammatory infiltrate is characteristic of invasion
of microorganisms in the intestinal tissue
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(MURRAY et al., 2009).

The ability of invasion seems to be strain
dependent and strains isolated from the environment
are much less invasive in HeLa cells than strains
isolated from humans or animals (EVEREST et al.,
1993). Melo et al. (2013) selected five strains
classified as most virulent to verify its ability to
alter the morphology of Caco-2 cells and observed a
loss of cells confluence for all strains tested. This
loss of cellular integrity, reflected by loss of the
ability to transport fluids and electrolytes between
cells, contributes to the clinical symptoms of
campylobacteriosis in vivo.

As already discussed, the main risk factor
for human infection includes ingestion and handling
of poultry, mainly chicken, raw or improperly
processed, accounting for 50% to 70% of
campylobacteriosi’s cases (SERNIENE;
MALAKAUSKAS, 2008). Food contamination can
occur in all of the food chain, directly or indirectly
by cross-contamination, meaning a major risk to
human health (ELLIS-IVERSEN et al., 2009).

Clinical signs

The clinical manifestations, when they
occur, involve human and younger animals
(FONSECA, 2006). Chickens and pigs are
asymptomatic carriers of Campylobacter sp., but
there may be clinical signs in lambs and sheep
(abortion and metritis by C. jejuni), dogs and cats
(diarrhea and frequent vomiting by C. jejuni and C.
upsaliensis) (PARK, 2002).

According to the World Health Organization
(WHO, 2011) Campylobacter sp. in human is the
leading cause of severe forms of diarrhea. The
incubation period ranges from two to five days,
reaching up to 10 days (ALVES, 2006; GARCIA;
CRAVIOTO, 2007). Before the onset of symptoms,
usually 12-24 hours, it is usual that presents a period
with fever, headache and general malaise. At the
beginning of infection, fecal matter is aqueous, but
insofar as the disease progresses, it becomes bloody.
The presentation can vary from a lighter form of
short-term to a more severe and prolonged
framework (CANAL; PAEZ, 2007).

Infection rarely results in consequences that
remain long-term in order to develop more serious
diseases such as sepsis, abortion, meningitis,
abscesses and complications such as GBS. GBS is
an autoimmune disease that causes widespread
flaccid paralysis annually and may affect up to four
people  for  every 100,000 inhabitants.
Approximately 60% to 70% of patients with GBS
have any acute illness of one to three weeks before
symptoms appear, the infection being the most
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common C. jejuni. This syndrome has a variant
known as the Miller-Fisher syndrome, characterized
by ataxia, areflexia and ophthalmoplegia (BRAZIL,
2009).

When C. jejuni invades the human body, the
immune response activates the production of
antibodies specific against to LOS. However, the
cell membrane of human nerve cells contains
compounds with exactly the same molecular
structure that LOS. Thus, LOS structure mimics the
structure of ganglioside, and antibodies produced in
response to C. jejuni also react against nerve cell
membrane. The result is nerve damage that occurs in
characteristic paralysis of GBS (MURRAY, 2007).

Another syndrome resulting from infection
by C. jejuni is Reiter's syndrome or reactive
arthritis. This syndrome is an autoimmune response
that causes inflammation (arthritis) in various joints
in response to infection by C. jejuni. It is more
common in large weight-bearing joints such as the
knees and lower back, but other joints may also be
affected (MURRAY et al., 2007).

The  symptomatology  presented by
campylobacteriosis includes aqueous, moderate and
self-limiting diarrhea, until dysentery with blood,
mucus and white blood cells, and may be
accompanied by headache and abdominal pain,
fever, malaise, nausea and vomiting.

The acute phase lasts for up to three days of
diarrhea and abdominal pain may persist for up to
three weeks. Recovery is rapid, usually a week.
Antibiotic treatment is recommended only in severe
casesnand when other underlaying clinical
conditions exist. Rest and fluid therapy are shown to
reverse the symptoms of this disease, which in most
cases is self-limiting.

Death as a result of campylobacteriosis is
rare but can happen when there is widespread
disease in immunocompromised individuals or in
very young or elderly patients. Study reveals that the
case fatality rate of infections by Campylobacter
spp. is in the range of 0.05 cases per 1,000
infections in humans (ALLOS, 2001).

Treatment

The antimicrobial agents of choice are
erythromycin, clarithromycin or azithromycin,
which are able to reduce and eliminate the
microorganism in the feces. A clinical improvement
is observed if treatment is started before the third
day of the onset of symptoms (CAMPDERA et al.,
2007).

Studies in children with diarrhea caused by
C. jejuni, showed a rapid improvement using an
early treatment with erythromycin. Clinical
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experience and controlled studies demonstrated that
treatment with antibiotics is prudent in patients with
high fever, bloody stools and diarrhea with more
than eight evacuations per day (GARCIA;
CRAVIOTO, 2007).

Although no clinical efficacy trials have
been conducted in animals, it was reported that
erythromycin (which is the drug of choice in
humans) in doses from 11.1 to 15.5 mg/kg, orally,
three times daily for seven days, eliminated the
infection in dogs and cats (HOLT, 1994).

The resistance of Campylobacter to
antimicrobials commonly used is a current issue that
is under discussion both in the context of veterinary
and human medicine. The occurrence of strains
resistant to multiple antibiotics, including that of
choice for treatment in humans limits the
therapeutic options.

According to the CDC (2013) the rates of
antibiotic resistance in microorganisms isolated
from humans, especially to fluoroquinolones, have
risen sharply in the past 20 years, and these high
rates of resistance are seen today in many regions of
the world. For the treatment of campylobacteriosis,
in adults, the drug of first choice are those belonging
to the class of fluoroquinolones (CDC, 2013). When
the resistance to this drug is proven, azithromycin
(macrolide) is generally the next choice of
treatment, although resistance to this class of
antimicrobials has also already been reported (CDC,
2013).

Since campylobacteriosis is transmitted by
consumption of food, the role of the indiscriminate
use of these antibiotics in the different stages of the
production chain of chickens can promote the
spread of resistant strains. Various reports around
the world associate Campylobacter sp. infections
resistant to fluoroquinolones with the approval of
the use of this antimicrobial in poultry production
(SERICHANTALERGS et al., 2007).

Rastall (2004) investigated alternative
antibiotics sources for campylobacteriosis treatment
and found that the use of a probiotic (Lactobacillus
acidophilus) together with a prebiotic (fructo-
oligosaccharides, and lactosucrose) showed positive
effects on the balance of intestinal microflora, an
there was an improvement in recovery from
infection and immune status. This balance of
microflora occurs by competitive exclusion of
pathogens after the use of probiotics (RINKINEN,
2003).

Control and Prevention
The control of human Campylobacter sp.
infections should begin with actions to reduce
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infection rates in animal reservoirs used for food
production, and consequently, the danger of their
presence in food of animal origin. During the
slaughter, sanitary practices should be implemented
to prevent cross-contamination, and proper
sanitation of equipment, facilities and tools.

At home and restaurants, enteric
campylobacteriosis can be prevented by an
appropriated preparation of food, particularly
poultry preparation, avoiding consumption of
unpasteurized dairy products and implementing
measures to prevent contamination of water
supplies. Moreover, one should prevent cross-
contamination during food preparation
(GONCALVES et al., 2012).

Since Campylobacter spp. are sensitive to
heat, the consumption of properly cooked poultry
meat seems to be a good measure of control to
prevent infection by the bacteria (ALLOS, 2001).

The transmission of pet disease to man is a
pathway for the spread of infection. Human cases
are associated with diarrheic dogs and cats recently
acquired. The veterinarian should advise the owner
of the infected practicing appropriate hygiene
measures as an animal: perform a thorough hand
washing after contact with animals, promote the
proper disposal of contaminated feces, cleaning in
place where animals deposit their feces and separate
infected animals babies and children until the
cultures after treatment confirm that the infection
has cleared (ETTINGER, 1992).

CONCLUSIONS

Outbreaks or  human cases of
campylobacteriosis require immediate notification
to the authorities of local, regional or central
surveillance, for which initiate the investigation of
common sources and transmission control through
preventive  measures (banning contaminated
products, among other educational measures).

Special attention should be given to
monitoring the contamination of chicken meat, to be
involved in most cases of human
campylobacteriosis. Despite the great Brazilian
chicken meat production and the prominent position
that the country occupies on the world stage, data on
the Campylobacter sp. incidence in poultry in Brazil
are still scarce, mainly due to the absence of
national surveillance programs.

It is important that the analysis of
Campylobacter sp. in foods is established and
regulated by the relevant authorities. Knowledge of
the prevalence of these organisms in Brazil will
allow checking the danger they pose to consumers.

Biosci. J., Uberlandia, v. 31, n. 5, p. 1458-1474, Sept./Oct. 2015



1467

Campylobacteriosis... MENDONCA, E. P. et al.

Studies available to date indicate that the throughout the chain production of animal origin
control measures to prevent human food, from animals rearing to food preparation in
campylobacteriosis should be undertaken homes.

RESUMO: A infecgdo por Campylobacter spp. constitui em uma zoonose de distribui¢do mundial, com graves
repercussdes em satde publica e com um impacto sécio-econdmico significativo. Das espécies de Campylobacter sp., as
que estdo mais frequentemente implicadas nos surtos de doenga gastrointestinal sdo C. jejuni e C. coli, sendo reconhecidas
como as mais importantes e com maior potencial patogénico do ponto de vista da seguranga alimentar. Esta revisdo visa
esclarecer e discutir, com base nos dados da literatura, a epidemiologia de Campylobacter sp. e os principais desafios no
seu controle, para auxiliar no melhor entendimento do risco que representa para a saide humana. Devido a dificuldade de
isolamento e cultivo de Campylobacter sp., ao alto custo da andlise e da mesma ndo ser obrigatéria, o diagndstico
laboratorial por meio de técnicas tradicionais de cultivo ndo € muito utilizado no Brasil, acarretando falta de dados
precisos sobre a ocorréncia da doenca no pais. Este fator tem sido identificado como responsavel por subdiagndstico e
subnotificacio da enfermidade, o que significa que dados sobre contaminag@o de produtos de origem animal ou surtos ndo
sdo demonstrativos da real situa¢do nacional. A epidemiologia das infec¢cdes por Campylobacter spp. € considerada
complexa, apresentando multiplos fatores determinantes na disseminacdo desse microrganismo. As aves sdo importantes
reservatorios de Campylobacter sp. e o principal alvo de medidas de controle, porém, outros veiculos de transmissdo,
como o leite cru, a dgua potdvel e outros alimentos de origem animal também precisam ser considerados no conjunto de
medidas a serem adotadas para o controle da doenca. A infec¢io por Campylobacter sp. causadoras de gastroenterite no
homem acontece principalmente por via oral, mas pode ocorrer também pelo contato com animais de estimacio ou de
producdo infectados. O quadro clinico da doenca varia desde sintomas leves a graves, incluindo diarreia aquosa, algumas
vezes com sangue, dor abdominal, febre, dor de cabeca e nduseas. Porém, pode haver complicacdes posteriores devido
resposta auto-imune levando a paralisia progressiva que pode resultar em insuficiéncia respiratéria e disfungcdo neurolégica
grave, podendo até mesmo levar a morte. A ocorréncia de casos ou surtos de campilobacteriose devem ser notificados as
autoridades de vigilancia epidemioldgica, para que se desencadeie a investigacdo das fontes comuns e o controle da
transmissdo por meio de medidas preventivas, minimizando assim os potenciais riscos para a saide humana.

PALAVRAS-CHAVE: Campylobacter spp.. Controle. Frango de Corte. Epidemiologia. Brasil
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