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Abstract: Aeromonas are opportunist pathogens of great relevance worldwide, especially in
developing countries, and associated to traveler’s diarrhea. They are mainly found in water
environments and in animals, and related to several infections in humans and animals. There are many
cases of human contamination worldwide by several species, especially Aeromonas hydrophila,
Aeromonas caviae and Aeromonas veronii biovar sobria, associated with watery diarrhea and
dysentery. In 2010, many new cases of infections by wounds and gastroenteritis, associated to two
new species, A. sanarellii and Aeromonas taiwanensis were reported. In fact, the genus is pathogenic
to humans and animals, with great relevance for public health.
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Resumo: Aeromonas sdo patégenos oportunistas de grande relevancia em todo o mundo,
especialmente em paises em desenvolvimento, e associados a diarréia do viajante. Eles sdo
encontrados principalmente em ambientes aquaticos e animais, e estdo relacionados a varias infec¢des
em humanos e animais. Existem muitos casos de contaminacdo humana em todo 0 mundo por varias
espécies, especialmente Aeromonas hydrophila, Aeromonas caviae e Aeromonas veronii biovar
sobria, associadas a diarréia aquosa e disenteria. Em 2010, muitos novos casos de infec¢bes por
feridas e gastroenterites, associados a duas novas espécies, Aeromonas sanarellii e Aeromonas
taiwanensis foram relatados. De fato, o género é patogénico para humanos e animais, com grande
relevancia para a sadde publica.
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1 Introduction

Aquaculture  and  fish  farming
worldwide

According to the Food and
Agriculture  Organization (FAO), fish

farming is the cultivation of aquatic

organisms such as fish, crustaceans,
mollusks and aquatic plants. Aquaculture,
involving the cultivation of organisms in
fresh and sea water under controlled
conditions, produces half the amount of
fish and mollusks consumed by world
populations. According to available data,
between 1995 and 2007, fish production
has more than tripled through fish farming.
Fish farming is segmented according to the
class of aquatic organisms cultivated. It
may be divided into fish farming,
involving fish culture; continental fish
farming, involving fresh water fish; sea
fish farming, involving sea water fish;
mariculture, involving the farming of sea-
estuary water organisms; algaculture,
involving the farming of algae; oyster
farming, involving the farming of oysters;
shrimp farming, involving the farming of
shrimps (SEBRAE ,2015).

World  fish

constantly increased during the last fifty

production  has

years and fish feeding has had an
increment of a 3.2% mean annual rate,

exceeding the growth of world population

by 1.6%. Per capita fish consumption
increased worldwide at an average of 9.9
kg in the 1960s to 19.2 kg in 2012. Whilst
excellent development has been due to a
combination of population  growth,
increasing income and urbanization, it has
been facilitated by a robust expansion in
fish production and more efficient
distribution networks.

Fisheries and fish farming have an
important role in the eradication of hunger
in the world, in health promotion and in
the reduction of poverty. In fact, people
have never consumed such amounts of fish
or were dependent on this food segment
for their well-being. Fish is a highly
nutritive product, featuring a vital source
essential

in protein  and nutrients,

especially  relevant to  low-income
populations. Living on a planet with more
than 800 million people suffering from
chronic malnutrition and where world
population will increase by another two
billion to reach 9.6 billion in 2050 (with a
concentration of littoral urban areas),
mankind must face the great challenge of
feeding the planet’s populations, coupled
to the protection of natural resources for
future generations. Approximately 58.3
in fish

capture and fish farming in 2012 and FAO

million people were involved

estimates that fisheries and fish farming
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guarantee the subsistence of 10 to 12% of
world population.

High fish availability rates are due
to China, because of its enormous
expansion in fish production, especially in
fish farming. The proportion of fish
production in direct human consumption
increased by approximately 71% in the
1980s and developed to more than 86%
(136 million tons) in 2012. The remaining
proportion (21.7 million tons) consisted of
non-feed use (fish flour and fish oil). China
alone has produced 43.5 million tons of
edible fish and 13.5 million of water algae
in 2013 (FAO, 2014).

According to FAO, all continents
have increased fish production. Since
2008, Asia has produced more farmed fish
than captured fish (FAO, 2016). The
production of cyprinids has been prevalent
in world fish farming, with several carp
species ranking first in production.
Although the Nile tilapia ranks fourth, it is
the species with great relevance
worldwide. Brazilian fish farming is
represented by tilapias, with 43%,
tambaqui, with 23%, and tambacu and
tambatiga, with 15%. The former
contributes 35% of Brazilian fish farming
production (SEBRAE, 2015).

The farming of fish in Brazil is
constantly increasing. There was a 10%
growth for 2016 (FAO, 2016). According

to the Brazilian Association of Fish
Farming, such results rank Brazil as the
fourth in tilapia culture worldwide. China
ranks first, with 1.8 million tons, followed
by Indonesia, with 1.1 million, and Egypt.
The Philippines and Thailand are below
Brazil in production (PEIXE-BR, 2018).

Fish represents approximately 17%
of animal protein ingested by world
population and 6.7% of all protein intakes.
In fact, fish provides more than 3.1 billion
people with almost 20% of mean animal
protein per capita. The significant growth
in fish consumption in people’s diet
worldwide is related to healthier,
diversified and nutritive food. Fish is a rich
protein source, with high biological value,
rich in non-saturated fatty acids, vitamins
and minerals as healthy consumption
options. Due to their nutritional features,
they may have an important role in diet
correction against obesity and
cardiovascular diseases (DE OLIVEIRA
SARTORI, 2012; FAO, 2014; FAO, 20186,
BRAVO, 2016).
2 Fish farming in Brazil

Fish production and consumption
have increased significantly in Brazil
during the last decades. Owing to its
climatic and territorial conditions and to its
hydric potential and favorable conditions
in the construction of fish tanks and dams,
Brazil has an excellent capacity for the
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development of fish farms. Several
research works have shown that fish
farming had the greatest development
between 2004 and 2014, when compared
with beef production (KUBITZA, 2012,
2015). Among the several species farmed
in Brazil, the tilapia is the main species,
with a 14.2% mean production per annum.
According to IBGE, the tilapia was the fish
species with the highest growth rate in
2014. 1t represents 41% of fish production,
with a 17.3% increase over 2013.

Fish production in 2014 reached R$
3.87 billion, of which 90% derived from
fisheries, or rather, 70.2 and 20.5% from
fish and shrimp farms, respectively.
Brazilian fish farms produced 474.33
thousand tons of fish in 2014, with special
reference to the northern region in 2013
and 2014. The state of Ronddnia produced
75.02 thousand tons of fish (IBGE, 2014).

Fish production grew constantly
during 2016, with 640,510 tons in 2016, or
rather, a 4.4% increase when compared to
that in 2017. Moreover, in 2017, growth
reached 8% with 691.7 thousand tons. The
tilapia is the most farmed fish in Brazil,
reaching 51.7% of Brazilian fish farming,
or rather, 357,639 tons in 2017 (IBGE,
2014; IBGE, 2016; CAMPOS, 2017;
PEIXE-BR, 2018).

The state of Parana is the greatest

producer of tilapia in Brazil, with 94% of

total fish production. Tilapia makes up
95% of the production in the state of S&o
Paulo. The third national producer is Santa
Catarina (74%), followed by Minas Gerais,
(95%) and Bahia (81%). The five states
together produce 64.9% of national
production (PEIXE- BR, 2018).

The growth of fish farming in
Brazil has triggered the establishment of
catch-and-pay fishing in fish ponds which
has developed constantly and is currently a
big-profit entrepreneurship, with job hiring
and large incomes for the municipalities
with the activity, together with catch-and-
release fishing. Started in the 1970s, catch-
and-release fishing is different from catch-
and-pay fishing (ANDIROBA, 2017;
CAVALETT, 2006; SCHORK et al.,
2010).

Brazilian aquiculture tourism has
always been associated with catch-and-pay
fishing. As a fun activity, catch-and-pay
fishing is inserted within the aquaculture
production chain due to the network
involving fish, rations and equipments,
with  great  contributions to  the
development of Brazilian aquaculture.
Catch-and-pay fishing became big business
and triggered the fast growth of fish chain
and the establishment of several
enterprises for its practice, especially in the
states of Sdo Paulo, Parana and Espirito
Santo (ANDRADE, 2007).
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Research on fish farming in Brazil
and in the state of Bahia has shown that the
Nile tilapia is the most produced fish in the
region (KUBITZA et al, 2012; KUBITZA
et al, 2015). Brazil is one of the seven
greatest producers of tilapia worldwide,
with a production of more than 250,000
tons. In fact, it is one of the most produced
species (BRASIL, 2014). However, people
living in the Recbncavo da Bahia area and
who frequent the region’s catch-and-pay
fish ponds evidence that several other fish
species are involved, such as tambaqui
(Colossoma macropomum), tilapia
(Oreochromis niloticus), catfish
(Siluriformes), surubim (Pseudoplatystoma
fasciatum), pacus (Piaractus
mesopotamicus), carps (Cyprinus carpio)
and piaus (Leporinus friderici).

The growth of fish farming in
Brazil triggered concern on the quality of
the product at the financial and
microbiological levels. The products may
increase natural microbiological loads and
more resisting bacteria which may be
associated with pathogenic
microorganisms for fish. Aeromonas, a fish
pathogen, may bring about economic
liabilities and health risks for people who
may consume the fish. Another issue
associated with fish farming is the
excessive use in commercial antibiotics

which may produce resistant strains,

affecting fish and animals (SILVA et al.,
2010; CARNAHAN; JOSEPH, 2005).

3. Food- and

Diseases (FWDs) and contamination-

Waterborne

indicator microorganisms

FWDs are generally related to bad
hygiene-sanitary habits and to crossed
contamination by infected handlers and
contaminated utensils (DE ASSIS, et al.,
2011). According to the Ministry of Health
(2014), there are more than 250 types of
FWDs. They are currently one of the
causes of diseases and deaths worldwide.
In fact, FWDs are a serious health issue in
Brazil and throughout the world.
Epidemiologic  research  in  Brazil,
undertaken by the Ministry of Health,
showed that 10,666 FWD outbreaks
occurred between 2000 and May 2015, of
which 154 died. Outbreaks had a high
prevalence in the southeastern region of
Brazil, with 39.9% of cases. In the
northeastern region, prevalence reached
14.7% and featured the third region with
the greatest number of outbreaks
(BRASIL, 2015).

FWDs are diseases caused by the
ingestion of contaminated food or water
with microorganisms or toxins produced
by them. Several pathogens may be related
to the emergence of FWDs and may
inhabit one or more persons, depending on
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its virulence. One case may be considered
an outbreak as, for instance, Clostridium
botulinum and Escherichia coli O157: H7.
When these microorganisms contaminate
food, they do not change neither its
characteristics nor its smell or taste.
Consequently, contamination is highly
difficult to detect. Several studies evidence
that the above factors occur because the
microorganisms” infecting dose is smaller
than the amount required to degrade them
(OLIVEIRA, et al., 2010).

One of the factors that may be
linked to outbreaks of diseases borne by
water and food is the costume of eating in
bars or restaurants which has become a
trend nowadays. The habit is highly
potential in the transmission of diseases
borne by food to consumers. Food
processing may  involve  crossed
contamination due to
(SOUZA, 2008).

Most of the notified FWD

etiological agents were not detected.

manipulation

Salmonella spp. was the most detected
microorganism out of those identified.
However, there are other indicating
microorganisms used to evaluate the
microbiological quality of water and food
(BRASIL, 2015). When

microorganisms are isolated in food and

indicator

water samples, they possibly pinpoint
fecal-originating contamination. They may

also indicate pathogenic microorganisms
or inadequate hygiene and sanitary
conditions during processing, production
or storage, or with regard to shelf-life. It
should be underscored that total and
thermotolerant ~ coliforms,  mesophyll
aerobic microorganisms and psichrotrophic
aerobic microorganisms are included in the
group of indicator
(FRANCO; LANDGRAF, 2004).

According to Ribeiro (2008), the genus

microorganisms

Aeromonas may be used as an indicator of
drinkable water.

Correct procedures in the handling
of fish guarantee microbiological quality
of fish between its capture and its
consumption. Several studies have shown
the water’s microbiological quality of fish
ponds may affect the microbiological
quality of fish and byproducts. In fact, fish
have been associated to human diseases
since they are the vectors of pathogen
microorganisms, considered an issue in
public health. FWDs are associated to fish,
hygiene and sanitary conditions, and the
handlers” lack of information on good
handling practices (FAO, 2011; COSTA,
2016; SOARES; GONCALVES, 2012).

4. Total and thermotolerant coliforms

Total coliforms are classified as
non-sporulating  Gram-negative  bacilli,
made up of bacteria of the family
Enterobacteriaceae which ferment lactose
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by producing gas bubbles when incubated
at 35-37°C, for 48h. Thermotolerant
coliforms are a subgroup which includes
microorganisms that ferments lactose up to
44-45°C. The bacterium Escherichia coli is
the main representative of the subgroup
(FRANCO; LANDGRAF, 2004).

Water is colonized by several
microorganisms, especially exogenous
agents derived from human and animal
fecal material, such as total coliforms,
thermotolerant coliforms and enterococci.
Genera Escherichia, Enterobacter,
Citrobacter and Klebsiella are included in
this group. There are also agents which are
part and parcel of the water’s natural
microorganisms, among which the motile
bacteria of the genera Aeromonas and
mentioned
FRANCO;

Pseudomonas may  be
(RIBEIRO, 2008;
LANDGRAF, 2004).
Whereas the presence of total
coliforms indicates hygiene conditions,
thermotolerant coliforms demonstrate fecal
contamination and are used to evaluate the
lack of hygiene-sanitary conditions.
Thermotolerant coliforms in food reveal
high rates of E. coli and thus the food’s
contamination and sanitary quality levels
(FRANCO; LANDGRAF, 2004).
Moreover, E. coli in processed food
reveals that the latter was probably
contaminated after processing and that

improper handling and hygiene practices
were employed (DE SOUSA LIMA et al.,
2007).

Coliforms are  contamination-
indicating agents through fecal
contamination and pinpoint hygiene and
sanitary conditions of food and water.
Although coliforms do not belong to the
natural intestine microbiota of fish, they
have been frequently isolated from their
gastrointestinal tract. Consequently, the
microbiological assessment of fish may
reveal the water’s
conditions in which fish live (LORENZON

et al, 2010). Several research works have

microbiological

shown that thermotolerant coliforms and
total aerobic microorganisms in fish ponds
are a serious health issue. A strict hygiene
control during management and handling
of the fish farm products should be
maintained to avoid the transference of the
bacteria from water to fish and their
byproducts (LORENZON, 2010; SOUZA
2011).

A study on fish and on water from
catch-and-pay fish ponds was undertaken
in the microbasin of the Coérrego Rico in
the state of S&o Paulo, Brazil, to determine
the number of total and thermotolerant
coliforms, positive coagulase
Staphylococcus and bacteria of the genus
Salmonella in the muscle, surface tissue

and gastrointestinal tract. Results revealed
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total and thermotolerant coliforms and
Salmonella in one of the samples, without
any contamination by positive coagulase
Staphylococcus. It has been concluded that
fish may be a wvector of crossed
contamination since the skin and the
gastrointestinal tract may be a source of
contamination for the fish muscles
(LORENZON et al., 2010).

Santos et al. (2012) evaluated the
water’s microbiological quality and tissue
changes in the gills of the Nile tilapia
(Oreochromis niloticus) and of the hybrid
tambacu (Colossoma macropomum female
X Piaractus mesopotamicus male) in the
municipality of Itapecuru-Mirim  MA
Brazil. The microbiological analysis of
water revealed pollution by total coliforms,
Escherichia coli and heterotrophic
bacteria. Several Gram-positive and Gram-
negative bacteria were detected in the gills.
Monitoring of water quality is an important
factor to guarantee the production of fish
with hygiene and sanitary quality for
human consumption (LORENZON et al.,
2010).

5. Escherichia coli

Bacteria of the genus E. coli are
facultative Gram-negative anaerobes of the
Enterobacteriaceae family, rod-shaped,
motile or immotile by peritrichous flagella,
with  respiratory and  fermentative
metabolism. They trigger lactose, negative

oxidase, positive catalase, non-sporulating,
and grow in non-enriched media. The
gastro-intestinal tract of humans and hot-
blood animals are E. coli’s primary habitat.
Although the strains that colonize human
intestine tract are not harmful, some of
them are pathogenic to humans and may
cause diseases such as urinary infections,
diarrhea,  hemorrhage  colitis  and
hemolytic-uremic syndrome (FRANCO;
LANDGRAF, 2004; GERMANO &
GERMANO, 2008; SOUZA, 2008;
SANTIAGO et al., 2013).

E. coli strains are classified by
antigenic differences (serum type) and
virulence factors. Antigen O characterizes
the serum group and flagellum H
characterizes the serum type. Flagellum-
less strains are identified as non-motile
(NM). Some strains have the capsular
antigen K  for classification  too
(GERMANO & GERMANO, 2008).
Several research works have shown that
there are more than 180 different E. coli
serum groups. A co-relationship exists
between serum group and virulence
(MENG et al, 2001; FRANCO;
LANDGRAF, 2004; CAMOS;
FRANZOLIN; TRABULSI, 2004).

Although most E. coli strains are
harmless to the host, others are pathogenic
and cause diarrhea, classified according to
virulence, pathogenicity  mechanisms,
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clinical and serological symptoms. The
main E. coli pathotypes which cause
diarrhea in humans are enteropathogenic E.
coli (EPEC), enterotoxigenic E. coli
(ETEC), enteroinvasive E. coli (EIEC),
enteroaggregative E. coli (EAEC) and
enterohemorrhagic E. coli (EHEC),
including E. coli O157: H7, the main
groups of pathogenic E. coli associated
with food intake (FRANCO; LANDGRAF,
2004; GERMANO & GERMANO, 2008;
SILVEIRA et al., 2013; VOLKWEIS et
al., 2015).

In fact, Escherichia coli has been
used since 1892 as an indicator of fecal

contamination in water and food, and of

enteropathogens (FRANCO;
LANDGRAF, 2004). According to FAO
(2013), E. coli is a non-native

microorganism for fish and is not
considered a participant in fish microbiota.
Consequently, the microorganism’s
isolation in food may be associated with
fecal contamination of the site where fish
are caught, by crossed contamination
during transport and handling process and
by utensils or ice in contact with the fresh
fish. This boils down to the fact that its
presence indicates unsatisfactory hygiene
and sanitary conditions (AGNESE et
al.,2001; FRANCO; LANDGRAF, 2004;
FAO, 2010; SANTIAGO et al., 2013,
FERREIRA,2014;).

Ferreira (2014) analyzed fish and
ice samples in the state of Maranhdo,
Brazil, and detected E. coli and
thermotolerant coliform in the ice. The
presence of the microorganism in ice
shows that the water used had direct or
indirect contact with fecal contamination
and thus serious flaws during the
preparation of the product, due to
inadequate hygiene conditions, crossed
contamination  with utensils  and
equipments or their inadequate cleansing
and disinfection. The above is a health risk
factor for consumer since the bacterium
has five groups which are pathogenic to
humans. Another research in the town of
Cruz das Almas BA Brazil revealed
Escherichia coli in fish sampled in the
municipal marketplace, resistant to the
antibiotics  erythromycin 08  (100%),
amikacin 02 (25%), ampicillin, cephalothin
and tetracycline 01 (12.5%) (BARRETO et
al, 2012).

Enterohemorrhagic E. coli has
several serum types, particularly O157:
H7, widely known and of great relevance
for public health. In the 1980s, Escherichia
coli O157: H7 was classified as a food-
originating pathogen. Several outbreaks
caused by the etiological agent E. coli
0157: H7 occurred during this period
(KATSUYA et al., 1998). The serum type
0157: H7 is a highly relevant
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microorganism due to its association with
human pathologies. The infection caused
by the serum type is associated with the
development of hemorrhagic colitis,
diarrhea with blood, and uremic hemolytic
syndrome (SOUZA, 2008). Escherichia
coli O157: H7 is currently considered an
emergent pathogen which may be isolated
anywhere and is associated with food
contamination. Its resistance to adverse
environments has been widely discussed
(QUESADA; ARIAS; CHAVES, 2003).
6. Mesophilic aerobic microorganisms
Mesophilic aerobic microorganisms
are multiplying bacteria at temperatures
ranging between 10 and 45°C, with best
growth temperature at 30 and 40° C.
Psichrotrophic aerobic microorganisms
grow in food under refrigeration (0 — 7°C),
with best growth temperature above 20°C
(SILVA et al.,, 2007). Total counting of
mesophilic aerobic microorganisms on
plates is a method which fails to identify
species types and is a general indicator of
bacterial populations in food. Although
Brazilian law does not have any reference
for fish, the microorganisms should be
researched to warrant food quality. The
method is employed to obtain general
information on the quality of products,
production practices, quality of prime
matter used, processing and handling

conditions and products” shelf-life (SILVA
etal., 2007; LIBERATO, 2005.).

Tally of aerobic mesophylls is used
as a cleansing indicator and a control and
monitoring of production processes. In
other words, counts are a source of
evaluation on safe handling of the product
and food security. Counts of thermophile
microorganisms assess the deterioration
degree of refrigerated food or of thermal-
treated food (CARVALHO, 2005).

Ritter et al. (2012) studied the
hygiene-sanitary quality of barred sorubim
(Pseudoplatystoma fasciatum) from fish
farms and isolated Aeromonas strains and
mesophyll aerobic heterotrophic bacteria.
High Dbacteria counts of the genus
Aeromonas spp. were detected, with
increasing concern, since the genus is
implicated in human pathologies. The
authors have recommended control water
and fish quality for consumption.

7. Microorganism Staphylococcus aureus

Staphylococcus belongs to the
family  Micrococcaceae. The Gram-
positive bacteria, facultative anaerobic
agents, are sphere-shaped and may occur
isolated, in pairs and in irregular groups.
They are non-motile, non-sporulating and
chemo-organotrophic bacteria. Best growth
temperature ranges between 30 — 37°C. S.
aureus strain grow in pH =7, with best
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temperature at 3 (SANTOS et al., 2007). S.
aureus is a pathogenic agent which has
caused several food-originating
intoxication  outbreaks. ~ When  the
microorganisms are in favorable growth
conditions, they may be related to
opportunist  infections.  Staphylococcus
aureus causes food intoxication through its
enterotoxins  released  during  the
bacterium’s growth process in food.
Enterotoxins may occur anywhere since its
habitat is widely distributed in nature. The
microorganism endangers health due to its
toxin-infection
Landgraf, 2004; Germano PML; Germano,
2008).

Staphylococcus aureus is a human

potential (Franco;

pathogen which causes several diseases,
featuring intense intestine infection with
vomiting, diarrhea and even skin
infections. The bacterium is one of the
most relevant causes of food infection
worldwide. The intake of colonized food
with enterotoxin production triggers food
intoxications (DE SOUSA LIMA et al.,
2007). Staphylococcus aureus occurs in
animal-derived uncooked food. The latter
requires a strict handling process to
guarantee food safety. In fact, high rates of
staphylococci in uncooked food made from
animals foreground efficacious processes
for safety. Since humans are an important

reservoir for recontamination after an

infectious process, people may be the
cause of food contamination (SOUSA,
2008).

S. aureus, often pinpointed as the
main agent in outbreaks of staphylococci
diseases, has been isolated from skin
surface, human mucus and food. Industries
consider it a bio-indicator of a product’s
sanitary quality (FRANCO; LANDGRAF,
2004). 1t is, in fact, one of the most
discussed pathogens in research on food
microorganisms responsible for
intoxication outbreaks. Staphylococcus
enterotoxin differs from other
microorganisms due to its thermal stability.
Since it remains active even after cooking,
S. aureus favors the installation of
intoxication conditions due to food. It is an
issue in  public health (FRANCO;
LANDGRAF, 2004; ROCHA et al. 2013).

The literature and statistical data in
Brazil and worldwide abound with
registers on fish contamination by S.
aureus. Contamination indicates
inadequate handling and is directly related
to the handlers” personal hygiene and to
utensils used. Intoxication by
staphylococcus occurs by toxins released
in the organism. It develops on the food
surface and releases toxins, causing
nauseas, vomiting, belly aches and
diarrhea within a short incubation period, 1

- 6 h after the ingestion of contaminated
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food. Several studies have revealed that
good production practices, good sanitary
conditions and temperature control are
basic to avoid contamination, the
proliferation and production of toxins,
especially in pre-cooked fish (GERMANO
&GERMANO, 2008; ROCHA et al. 2013;
DE PAIVA SOARES et al., 2012.

Fish is a product with great
susceptibility to microbial proliferation due
to its physiological characteristics, such as
pH close to neutral, high water activity in
the tissues and great nutrient availability.
Consequently, inadequate hygiene
conditions during production phases
associated with favorable conditions may
provide the undesired growth of
microorganisms (DE PAIVA SOARES et
al., 2012; ROCHA et al. 2013). Rocha et
al. (2013) quantified positive coagulase
staphylococci in the fillets of tilapia
(Oreochromis niloticus) sold in the town of
Currais Novos RN Brazil, and registered
that all samples proved positive for S.
aureus. Moreover, counts were above
standards established by Brazilian law in
73.3% of cases. This fact proved
inadequate hygiene and sanitary conditions
of the material analyzed. Muratori et al.
(2007) evaluated Escherichia coli and
Staphylococcus aureus in fish farm
handlers and registered that they may
vector Escherichia

coli and Staphylococcus aureus to farmed
fish, premises and fishing environment.
Viana  (2016)

microbiological quality of 16 samples of

assessed  the

tambaqui sold in the fair of the town of
Ariguemes RO Brazil, and reported that all
samples were contaminated with total
coliforms. S. aureus was isolated in 37.5%
of samples, with higher rates than allowed.
The author concluded that the analyzed
tambaquis were exposed to contamination
due to deficient sanitary conditions.

8. Taxonomy and classification of the
genus Aeromonas

The species Aeromonas was
identified by Zimmermann some 120 years
ago and had several taxonomic
classifications. Although several new
species were described, identification
techniques were imprecise and it was
difficult to distinguish truly new species
(EUZEBY, 1998; IGBINOSA et al, 2012).
In fact, Aeromonas were classified
differently, such as Proteus, Escherichia,
Pseudomonas, Vibrio, genus Aeromonas,
family Pseudomonadaceae” (SILVA et al.,
2010).

The genus Aeromonas has recently
been subjected to an  extensive
nomenclature and taxonomic revision.
Aeromonas were first allotted to the family
Vibrionaceae.  After the rise of

phylogenetics coupled to genetic and
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molecular research, it became clear that the
genus did not have the same characteristics
as other microorganisms in this family.
Consequently, a new family called
Aeromonadaceae was established (JANDA
& ABBOT, 2010; SILVA et al., 2010).
There are currently 31 acknowledged
species of the genus Aeromonas, with 12
sub-species. A. veronii, A. caviae and A.
hydrophila are species usually related to
human  pathologies (PIOTROWSKA;
POPOWSKA, 2015; TAVARES;
CERESER; TIMM, 2015). One may
perceive that recently Aeromonas have
been subjected to different classifications.
At present they are taxonomically
classified as (CARNAHAN; JOSEPH,
2005).

° Domain Bactéria:
° Phylo XIV Proteobacteria,;
° Class 11

Gamaproteobacteria;

° Order XII Aeromonadales;
° Family | Aeromonadaceae ;
° Genus | Aeromonas

Bacteria of the genus Aeromonas
are classified according to multiplication
temperature and motility. The first group
comprises mesophyll heterogenic species.
A. hydrophila, A. caviae, A. sobria and

others are pathogenic agents to humans

and fish. They are motile species, with
multiplication temperature ranging
between 5 and 45°C, with best temperature
at 28°C (TAVARES; CERESER; TIMM,
2015; SILVA et al. 2010). The second
group comprises psychrophile non-motile
bacteria, with species A. salmonicida and
A. media. A. media fails to multiply at
37°C and A. salmonicida does not multiply
at temperatures lower than 22 and 25°C.
The latter is not pathogenic to humans but
may cause furunculosis in fish (SILVA el
al., 2010). Two new Aeromonas species of
clinical importance, Aeromonas sanarellii
and Aeromonas taiwanensis, were
discovered in 2010. They were classified
from strains isolated from the wounds of a
Taiwan patient. Whereas the species,
isolated from waste water and in
environmental  samples, were also
identified in Portugal, the A. taiwanensis
was isolated in Israel from the faeces of a
patient with diarrhea and in a residue lake
(SENDEROVICH et al., 2012).

Bacteria of the genus Aeromonas
are classified as anaerobic facultative
Gram-negative rods, 0.3-1.0 um diameter
and 1.5-3.5 um length. Isolated bacilli or
coccobacilli may be found in pairs or in
short chains, forming oxidase and positive
catalase reactions (SILVA et al., 2010,
RIBEIRO, 2008). The literature reveals

best growth temperature at 30°C, with
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ranges between 4°C and 45°C, respectively
minimum and maximum growth rates, and
pH between 4.5 and 9.0. (RIBEIRO, 2008;
CARNAHAN; JOSEPH, 2005).

As a rule, these bacteria are motile.
In fact, they are provided with either polar
monotrichous flagella or lateral flagella.
Several authors report that juveniles may
develop peritrichous flagella. Aeromonas
have other types of structure, such as pilli,
S layer and capsule, which cause their
pathogenicity (JANDA; ABBOTT, 2010;
CARNAHAN; JOSEPH, 2005; SILVA et
al., 2010).

Although most Aeromonas are
encapsulated and non-sporulating, they
produce a vast range of exo-enzymes
which  establish  their  degree  of
pathogenicity ~ and  virulence.  The
biochemical  factors  produced by
Aeromonas are glucose-fermenting
microorganisms, with the production of
acid, with or without gas, due to de-
nitrification. In the absence of oxygen,
bacteria transform nitrate into nitrite and
are not inhibited by the vibriostatic 2,4-
diamino-6,7-diisopropylpteridine agent
(0/129) (JANDA; ABBOTT, 2010;
CARNAHAN; JOSEPH, 2005; SILVA et
al., 2010).

The genus Aeromonas is associated
with water environments and bacteria

strains are isolated from rivers, lakes, sea

water (estuaries), fish tanks and every type
of drinking water, even underground ones.
They may also occur in residue and
sewerage water (CARNAHAN; JOSEPH,
2005; SILVA et al., 2010; JANDA;
ABBOTT, 2010; MARTINO et al., 2011).
Several studies have reported
Aeromonas spp. in drinkable water and in
river-sea waters and fish ponds. They are
mainly extant in the supply water system,
with serious issues in public health. In fact,
Aeromonas  indicates  environmental
quality  since several species are
pathogenic for humans. Other studies have
shown that Aeromonas strains may survive
in climatic variations and in different
physical and chemical water conditions
(FIORENTINI, C. et al., 1998; IGBINOSA
etal., 2012; RIBEIRO, 2008; SILVA et al.,
2010; JANDA; ABBOTT, 2010).
According to Ribeiro (2008), the
literature has few reports on the isolation
of Aeromonas spp. in the soil. Several
studies demonstrate that Aeromonas may
multiply and preserve their virulent
characteristics in the soil which, in turn,
may be a possible reservoir of the
bacterium, causing inflections in human
beings (BRANDI et al.,, 1996 RIBEIRO,
2008; JANDA; ABBOTT, 2010).
Aeromonas spp. may be isolated in
vertebrates and in insects. Specialized
literature shows that bacteria may cause
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serious diseases in animals and in human
beings. Consequently, animals involved
within the Aeromonas’s dissemination
cycle in the environment may transmit the
pathogens to humans. In fact, pathogenic
strains have been detected in carcasses and
animal meat consumed by humans. It may
also be associated to wound infections
from bites by infected animals or to
generalized infection (septicemia) in
immune-depressed patients (RIBEIRO,
2008; JANDA; ABBOTT, 2010).
However, several studies have
revealed that the pathogenicity mechanism
of Aeromonas ssp. is still to be defined.
Virulence  is  multifactorial  since

Aeromonas produces several extracellular

enzymes (amylase, hemolysin
(aerolisines),  cytotoxins, gelatinase,
enterotoxins, proteases, lipase,

leucocidines, phospholipases, chitinase,
nuclease, lecitinase, elastases, DNAses,
adesines, cholinesterase and endotoxines)
that affect the virulence degree of each
species. They are directly related to the
disease’s pathogenesis causing several
virulence factors (RODRIGUEZ et al.,
2007; NAM; JOH, 2007; PEIXOTO, et al.,
2012).

Several factors may cause the
development of diseases by Aeromonas
infection. They are capable of causing

diseases in humans. In fact, water and food

are important vector agents. Several
studies have shown that animal-originating
food is one of the main factors for the
epidemiology of pathogenic species for
humans (OTTAVIANI et al, 2011,
TAVARES; CERESER; TIMM, 2015).

A study conducted in Italy with 142
Aeromonas strains from patients suffering
from diarrhea caused by food and surface
water revealed that A. hydrophila and A.
caviae were the most detected species in
clinical samples, whereas A. salmonicida
was commonest in food. The authors
perceived that 86 strains were positive for
more than one virulence factor. Data show
that Aeromonas may cause disease in
humans and that food and water are the
main vectors for their development
(OTTAVIANI et al., 2011).

A study on water from a Spanish
water supply company was performed with
132 samples from which 35 isolates of A.
caviae and A. media were identified.
Identified strains revealed more than one
virulence factor correlated to genes with
high pathogenicity levels. The study also
showed that it was still possible to recover
Aeromonas strains at 14°C, indicating that
the proliferation of the bacterium may also
occur at low temperatures. Results
demonstrate the direct or indirect
transmission of the microorganism to the

population, or rather, by the intake of
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contaminated water or by using
contaminated water in food cooking
(MANUEL PABLOS et al., 2009; SILVA
et al.,2010).
9. Bacteria of the genus Aeromonas spp.
associated with human pathologies

Infections by Aeromonas is a public
health issue since outbreaks have
economic consequences and personal and
public costs associated with the impact of
contaminated water in the water
environment. Several studies show that the
prevalence of Aeromonas-caused
infections may be underestimated in
developing countries due to sub-
notification and that the exposure to
animal-derived pathogenic agents may
occur with great frequency (IGBINOSA et
al., 2012). According to Igbinosa et al.
(2012), Aeromonas species are bacteria
that may occur in land and water
environments. Several research works have
indicated that the microorganism is a
pathogen causing serious concern in public
health due to its resistance to antibiotics
and to several virulence factors associated
to infections and other human pathologies
such as gastroenteritis, soft tissue
disorders, muscle infections  and
septicemia.

A. hydrophila are pathogenic
Gram-negative bacilli for aquatic animals
and an opportunist pathogenic for humans.

Humans are infected through skin wounds
which are the entrance for the
microorganism, or through ingestion. The
latter cause gastroenteritis due to the intake
of contaminated water or food originating
from animals (fish, seafood, beef) or from
vegetals. Aeromonas is a microorganism
that occurs in all environments, or rather,
in sea water, waste water and fresh water
(FDA, 2009; GONCALVES, 2012; SILVA
et al.,2014; LATIF-EUGENIN; BEAZ-
HIDALGO; FIGUERAS, 2016).
Aeromonas are opportunist
pathogens with great relevance for public
health since they are potential causes of
gastroenteritis and extra-intestine
infections.  Aeromonas-caused  wound
infections develop into cellulitis which is
another public health concern related to
septicemia, associated with  wound
infection or secondary to systemic
diseases, such as hemolytic uremic
syndrome, peritonitis, pneumonia and
others (SILVA et al.,2014; CHAN, 2000).
Recent studies have revealed that extra-
intestine infections may also occur in
healthy people (IGBINOSA et al., 2012).
Aeromonas hydrophila, A. caviae
and A. veronii biovar sobria may be
underscored as human pathogens among
the clinical manifestations in Aeromonas-
caused infections. A. hydrophila is

associated with watery diarrhea and
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dysentery. The bacterium particularly
attacks immune-depressed people and may
develop into generalized infection.
Neonatal patients may develop a
gastrointestinal disease (FDA, 2009;
GONCALVES, 2012; JANDA; ABBOTT,
2010; LAVIAD; HALPERN, 2016).

Mukhopadhyay (2008) studied
Aeromonas as a pathogen which causes
extra-intestine infections and reported that
all Aeromonas-infected patients also had
subjacent diseases, such as hepatic disease,
diabetes mellitus and pneumonia. The
analysis also remarks on the relevance of
the isolation of A. hydrophila from extra-
intestinal  samples. In  fact, the
microorganism causes serious infections in
immunocompromised patients and in
immunocompetent people.

The literature shows divergent
views with regard to the etiology of several
types of gastroenteritis related to infection
by Aeromonas. In fact, there are only few
reports on the outbreak of gastroenteritis
caused by Aeromonas and their presence in
feces in asymptomatic individuals. On the
other hand, several research works have
reported that Aeromonas is the etiological
agent of gastrointestinal diseases and
remarks that this is due to certain virulence
characteristics of each species that cause
infection and disease (WU, et al., 2012;
JANDA; ABBOTT, 2010).

A study with 101 patients
hospitalized with diarrhea, performed in
Pudong, Shanghai, revealed that 71
patients had diarrhea caused by Aeromonas
infection. Moreover, there was a high
occurrence of Aeromonas-caused infection.
Most strains had virulent genes, with
highly varied species distribution (Wang et
al, 2016).

Pereira et al. (2008) investigated
the occurrence of Aeromonas in 2,323
samples of rectum swabs of newly born
children hospitalized in Rio de Janeiro, and
revealed a 94.6%

Aeromonas, featuring A. caviae, A. veronii

prevalence  of

biovar sobria, A. hydrophila, A. veronii
biovar veronii, A. sobria, A. jandaei and A.
scubertii. A. caviae was the most prevalent
sample (42.8%) among the species and
26.8% of strains were resistant to
antibiotics and antimicrobial drugs.

A gastroenteritis outbreak occurred
in a faculty in Xingyi, China, in 2012, and
notified at the Guizhou Center for the
Control and Prevention of Diseases. The
clinical examination of two hundred
students indicated Aeromonas hydrophila
as the etiological agent, possibly caused by
the intake of salads contaminated by water
(ZHANG et al., 2012).

The best way to avoid
contamination either by contaminated food
or by crossed contamination is good
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handling practices plus adequate sanitation
of utensils. Human exposure to these
diseases may be thus avoided or
minimized. People in direct contact with
fish, such as fish farm laborers, fish sellers
and amateur anglers, are greatly exposed to
the pathogenic agent since certain
Aeromonas species are pathogenic to
humans. The handling of the products
should be done with care since fish may be
infected by A. hydrophila strains that may
cause infections on the skin (GONZALEZ-
SERRANO et al.,, 2002: SILVA et al.,
2010).

Studies on frozen and fresh fish
have identified Aeromonas strains.
Consequently, strains of the bacterium may
be retrieved from frozen food. They also
reported that bacteria may be related to the
deterioration process of fresh and frozen
fish (GONZALEZ, SERRANO et al.,
2001). A research in the state of S&o Paulo,
Brazil, assessed the microbiology of
salmon by quantifying microorganisms in
the flesh of 31 frozen and cooled samples
and reported Aeromonas ssp. and other
microorganisms. Nespolo et al. (2012)
analyzed the retail market in towns of the
state of Sdo Paulo, Brazil, and detected
Aeromonas ssp. in 41.95% of the samples,
with a population variation ranging
between 2.0 x 102 and 8.0 x 103 CFU / g.
Further, another study in the state of Rio

Grande do Sul, Brazil, analyzed the
occurrence of Aeromonas hydrophila and
Campylobacter jejuni in fresh tuna
samples (Thunnus spp.), caught on the
coast of the state of Santa Catarina, Brazil.
The authors evaluated 85 tuna fillet
samples processed by bacteriological and
PCR analyses. Eleven (13%) out of 85
samples (13%) were positive for
Aeromonas spp., or rather, 10 (90.9%)
were Aeromonas hydrophila by PCR
(COSTA, 2016; NESPOLO, 2012). The
sawfish is contaminated by A. hydrophila
and may propagate the agent when
consumed (FERREIRA et al., 2014). The
assay collected 60 samples of live common
carps and frozen fish from 15 markets in
Bagdad, Irag, to isolate Aeromonas
hydrophila and determine the hemolytic
and cytotoxic activities of isolates and their
susceptibility to antibiotics. Further, 65%
of samples were positive for Aeromonas
hydrophila: 76.6% in samples of fresh fish
and 53.3% in frozen fish. Moreover,
94.87% revealed hemolysis a and ; 100%
of live fish showed B hemolysis, whereas
85.7% frozen fish revealed B hemolysis
and 14.3% o hemolysis; 97.43% of isolates
proved to be cytotoxic to vero cells, with
60.50% the highest frequency rate in fish
group isolates. All isolates were totally
resistant  to

penicillin,  ampicillin,

cloxacillin and bacitracin in the sensitivity
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tests, and resistant to other antibiotics, such
as oxytetracylin, with 56.5%, tetracyclin,
with  33.4%, cefoxetin with 30.8%,
chloramphenicol and canamycin 28.2%.
Isolates were resistant to streptomycin and
rifampicin respectively at 23.1% and
15.4%. Results showed the occurrence of
Aeromonas hydrophila with  multiple
resistance to antibiotics in fish from the
Bagdad markets (ALZAINY, 2011).
Belém-Costa & Cyrino (2006) isolated A.
hydrophila strains which were resistant to
antibiotics in fish samples and concluded
that excessive use of drugs in Brazilian
fish farms may contribute towards bacteria
resistance in native fish.

Four species of Aeromonas sp.,
namely, A. hydrophila, A. caviae, A.
veronii sobria, and A. schuberti, occurred
in all samples in catch-and-buy farms in
the state of Maranhdo, Brazil. The authors
concluded that fish farms may transmit
pathogenic Aeromonas and thus become a
risk factor for consumers of fish farmed on
the farms (SILVA et al., 2010). Aeromonas
are the cause of gastroenteritis. The disease
is transmitted to humans by contact with
the etiological agents and by the intake of
contaminated meat, vegetables and water.
Several studies have in fact related the
Aeromonas-caused infection

(gastroenteritis) as one of the causes of

traveler’s disease (VILA, et al., 2003,
TAVARES et al., 2015).

In Thailand, Aeromonas hydrophila
is a free bacterium which causes diseases
in fish. The organism is an opportunist
pathogen in man. It seems that the first
reported occurrences of A. hydrophila-
caused infections in animals and humans in
Thailand were respectively in 1976 and
1979, with fish mortality ranging between
0 and 20%. In the case of human infection,
diarrhea is predominant (SAITANU,
1986). Vila et al. (2003) reported that A.
veronii sobria  and  A. caviae are
Aeromonas species which are greatly
associated with traveler’s diarrhea. Pereira
et al. (2008) studied the presence of
Aeromonas in  newly born children
hospitalized in Rio de Janeiro and revealed
a 94.6% prevalence for Aeromonas, with a
42.8% prevalence for A. caviae.

Traveler’s diarrhea is one of the
commonest health problems  for
international travelers. Spanish studies at
the Unit for Tropical Medicine of the
Clinical Hospital of Barcelona during the
1999-2001 period, on 863 samples,
undertaken to determine the prevalence of
Aeromonas in patients suffering from
traveler's diarrhea, showed that the
pathogen was the cause of traveler’s

diarrhea in 2% (n=18) of the samples. The
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species A. veronii sobria, A. caviae, A.
jandai and A. hydrophila were isolated
from the samples (VILA, et al., 2003).

A Brazilian study on a diarrhea
outbreak in Sdo Bento do Uma PE Brazil,
in 2004, with 2,170 reported cases,
revealed that 145 (25%) out of 582 stool
tests were caused by the bacterial
enteropathogen, with 114 cases (19.5%)
caused by Aeromonas. When analyzed by
gender, Aeromonas spp. was prevalent in
females (54-59.3%), with the most hit age
bracket between 1 and 5 years (50-34.4%).
The species A. caviae (57; 9.8%), A.
veronii biovar sobria (23; 3.9%) and A.
veronii biovar veronii (15; 2.6%) were the
most isolated species of the genus
Aeromonas, greatly associated with
diseases in humans (HOFER, et al., 2006).
10. Virulence factors

Although

several toxins which generally cause

Aeromonas secrete

gastroenteritis, they may also damage the
skin of infected people. In intestine
infections, bacteria cause serious diarrhea
and may become fatal if other body
members, such as an open wound, are
infected. The occurrence of the genus
Aeromonas in animal-derived food has
shown that, even with hygiene-sanitary
control, its presence brings risk to the
consumer’s health (RIBEIRO, 2008;

PEIXOTO et al, 2012; JANDA; ABBOTT,
2010; STRATEV et al., 2015).

Bacteria of the genus Aeromonas
are relevant pathogenic microorganisms.
Since they are bacteria derived from water
and other environments, they may adapt
themselves to a great variety of
environments due to several virulence
factors. This fact is directly linked to the
microorganism’s pathogenicity for humans
(JANDA, 2010, MARTINELI, T. M. et al.,
2011, SILVA 2014).In fact, water and food
have an important role in the pathogen’s
propagation (PEIXOTO et al., 2012;
TAVARES, 2015).

Owing to the great diversity of
ecosystems in which Aeromonas may
occur, they have become resistant to
antimicrobials and demonstrate high
virulence levels. The latter feature is due to
the fact that several Aeromonas species
secrete extracellular proteins, such as
amylase, chitinase, elastase, aerolisin,
nuclease, gelatinase, lecitinase, lipase and
protease, known in the literature as
virulence factors that cause disease in fish
and humans (RODRIGUEZ et al.,2007;
NAM et al., 2007; MARTINELI et al.,
2011).

Aeromonas spp. are bacteria
capable of forming biofilms, which allows

them in the water distribution system and
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on the surface of food processing and,
finally, food (CRAVEIRO et al.,, 2015).
Several studies hold that biofilms adhere
efficiently to the gastrointestinal tract and
increase the
pathogenicity (SANTOS et al., 2011;
SCOARIS et al, 2008). Further,

Aeromonas also have the capacity of

microorganism’s

forming biofilms in stainless steel disks
from different origins. The above is
important in food processing milieus and
underscore the relevance of cleaning
procedures and disinfection of the sites
(CARNEIRO et al., 2006; SCOARIS et al.,
2008).

According to Puthucheary et al.
(2012), the pathogenicity of the genus
Aeromonas is related to several factors,
among which may be mentioned
thermolabile cytotonic enterotoxin (alt),
thermostable cytotonic enterotoxin (ast),
cytotoxic thermolabile enterotoxin (act),
aerolisin, flagella A and B, lipase, elastase
and serine, protease (PUTHUCHEARY et
al, 2012). Several studies have shown that
any factor will determine the development
of the
(TAVARES, 2015). Among 800 stool

specimens in  Spanish patients with

bacterium-caused infection

diarrhea and submitted to analysis, thirty-
two (4%) were positive for Aeromonas
spp. Most had one or more virulence
genes. Occurrence of genes alt, hlyA,

aerA, ast and laf was respectively 71.9,
28.1, 25.0, 18.8 and 9.4% (PABLOS et al.,
2010).

Research  on  virulence  of
Aeromonas has shown their capacity in
isolated strains from water and the
environment and from wounds and stool
from infected patients. A study on rats with
regard to the importance of flagella and
enterotoxins  for the virulence of
Aeromonas, evaluated 55 samples of
drinkable water and 9 clinical isolated and
reported 16 strains of Aeromonas
hydrophila and 7 strains of Aeromonas
veronii. Seven strains of Aeromonas caviae
demonstrated different gene combination
of the virulence factor in
immunocompromised rats. Only the strains
with one or more enterotoxins flaA, flaB
and flaG or IlafA revealed signs of
virulence. Since the above association has
been observed in 97% of the strains, one
may conclude that Aeromonas isolates in
water have pathogenic capacity for
immunocompromised specimens (SEN, &
LYE, 2007).

A study undertaken between 2004
and 2011 in southern Taiwan showed that
A. dhakensis is the species with the highest
rate of occurrence among isolates from
wounds. This type of Aeromonas is more
virulent than A. hydrophila. It may also be
said that A. dhakensis, frequently identified
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as A. hydrophila, phenotypically, is an
important human pathogen and both may
cause serious skin infection and on the soft
tissues (CHEN et al., 2014).

Aravena-Roméan et al. (2014)
reported that 96% of strains had at least
one virulent gene. General distribution of
virulent genes comprised aerA / haem
(77%), alt (53%), lafA (51%), ast (39%),
flaA (32%), aspA (29%), vasH (26%),
ascV 16%) and aexT (13%). Further, out
of the main species, 48% of A. hydrophila
and 42% of A. dhakensis isolated five or
more virulence genes, whereas 19% were
isolated in A. veronii bv. Sobria and none
in A. caviae isolates. Results show that in
West Australia, strains of A. dhakensis and
A. hydrophila are more virulent than those
of A. veronii bv. Sobria and A. caviae.

Manna et al (2013) remark that
gastroenteritis induced by Aeromonas ssp.
is common in India. Enterotoxigenous
Aeromonas in different uncooked and
ready-made food are a serious menace to
human health. Antimicrobial resistant A.
hydrophila in food is a real threat in the
health of land and aquatic animals
(STRATEV & ODEYEMI, 2015).
11. Resistance to antimicrobial agents in
bacteria of the genus Aeromonas

A. hydrophila is a Gram-negative
bacterium which have virulence factors,

such as hemolysins, aerolysins, adesins

and enterotoxins. Several studies have
demonstrated that A. hydrophila has been
isolated from beef, milk, milk derivates
and vegetals. The species is resistant to
commercial antibiotics, related to the
indiscriminate use of antibiotics in fish
farming and other aquatic food products by
genetic mutations through plasmids or
horizontal transference of genes. Since A.
hydrophila is resistant to antimicrobial
agents and it often occurs in food, it may
be considered a menace to public health
(STRATEV; ODEYEMI, 2015).

Martineli et al. (2010) evaluated
bull carcass in the state of Sdo Paulo and
reported that 38 out of 285 samples were
positive for Aeromonas spp. Antimicrobial
resistance tests were performed. All
isolates were resistant to ampicillin and
cephalothin. Resistance to antimicrobial
agents is a great concern since
indiscriminate use may develop a multi-
resistant bacterium in the case of
Aeromonas spp. This is more serious due
to the fact that some species are pathogenic
to humans. The authors of the above-
mentioned study warns on care that should
be taken and brings forth the species
A.caviae, prevalent in the assay, and one of
the species described in the literature as the
etiological agent of gastroenteritis in
humans. Research on cheese has revealed
all multi-resistant to the 15 antimicrobials
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tested in Aeromonas spp isolates. Results
pinpoint a deep concern for public health
(CERESER et al., 2013).

Assay performed in Malaysia have
proved the resistance of the genus
Aeromonas to antimicrobials. A 2015
study by Odeyemi & Ahmad on
Aeromonas strains derived from an aquatic
environment revealed a multi-resistant
pattern among isolates and 21 different
phenotypes. All isolates were resistant to
ampicillin, novobiocin, sulfametoxazol and
trimethoprim. They were also sensitive to
others, such as, tetracycline. Several
researches have shown that the
indiscriminate use of antibiotics may
produce multi-resistant bacteria of the
genus Aeromonas, or rather, a public
health issue due to the existence of
pathogenic species for humans and aquatic
animals (ODEYEMI; AHMAD, 2013,
2014, 2015). Other assays show that some
Aeromonas species are pathogenic and
may be causing diarrhea. They should be
included in routine bacteriologic tests
(SENDEROVICH et al., 2012).

A study performed in Israel,
featuring 1033 samples of diarrhea stool,
evaluated the prevalence and virulence of
Aeromonas by molecular methods. The
etiological agent of 17 samples was
Aeromonas spp. identified by sequencing
rpoD gene. The first case of clinical report

of diarrhea by Aeromonas taiwanensis was
identified among the species. The species
were resistant to beta-lactam antibiotics
and had a susceptibility level to third
generation antibiotics
(SENDEROVICH et al.,, 2012; RUIZ-
CASTILLO et al., 2016).

Several research works for the

cephalosporin

identification and characterization of
strains A. sanarellii and A. taiwanensis
identified chironomid egg masses in a
residue lake in the same region where
Senderovich et al. (2012) sequenced the
rpoD gene for identification. Data do not
forward the feature of virulence and
antimicrobial resistance of the new species
with pathogenicity for humans. Isolated A.
sanarellii and A. taiwanensis underwent
the susceptibility test for antimicrobial
agents and proved to be sensitive to
amicacin,

aztreonam, cefepime,

cephoxatime, cephthazidima,
ciprofloxacin, gentamicin, piperacilin-
tazobactam,

tigeciclina,  tobramycin,

sulfametoxazol, trimethoprim and
imipenem. According to the authors, the
factor reveals how infections caused by
these species could be attacked (BEAZ-
HIDALGO et al., 2012).
Evangelista-Barreto et al. (2010)
undertook a study on the river Coco CE
Brazil and detected Aeromonas, with the

identification of 60% of the 38 strains
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evaluated: A. caviae, A. veronii bv. sobria,
A. veronii bv. veronii, A. trota, A. media,
A. sobria, A. hydrophila and Aeromonas
sp. All strains were resistant to at least one
tested antibiotic. Several species proved to
be multi-resistant, with Aeromonas caviae
as the most resistant (four antibiotics).
Further, A. caviae is a pathogenic strain for
humans and its occurrence in contaminated
water and food may cause gastroenteritis to
people within the risk bracket, such as
children and immune-depressed people
(LAVIAD; HALPERN, 2016).

Between 2006 and 2008, 154
samples of food ready for consumption
were tested for Aeromonas spp in Mumbiai,
India. The study identified 18 (11.7%)
samples with 22 isolates of Aeromonas
belonging to 7 different species. Isolated
Aeromonas strains proved to be positive
for  virulence  factors with  high
antimicrobial resistance and thus a risk for
the health of people who intake the
uncooked or cooked contaminated food
(NAGAR et al., 2011).

Aeromonas strains are known for
their enhanced capacity in acquiring and
exchanging resistance genes against
antibiotics. There is a high correlation
between fish farming, Aeromonas diversity
and resistance to antibiotics. There is a
robust indication of links between the

prophylactic and systemic use of

antibiotics in fish farming and the spread
of resistance against antibiotics (PALU et
al., 2006; NAGAR et al., 2011).
12. Brazilian legislation on fish

Based on the microbiological
standards by Brazilian legislation, one may
perceive that the RDC n. 12 of 12/01/2001,
which determined the microorganism
standards for cooked fish and sea food,
fresh or frozen, mention standards for
positive coagulase staphylococci / g 10°,
with 5x10%, maximum at 10%; in the case of
Salmonella spp. with 25g, insisting on total
absence. This boils down to the fact that
Brazilian legislation fails to give a
microbiological standard for Aeromonas
spp for this type of food (BRASIL, 2001).
In fact, there is no microbiological
standard for this microorganism for any
type of food (RODRIGUES, 2007).

According to Lanzarin et al. (2011),
current legislation in Brazil does not define
any limits for counts of psychrotrophic
aerobic heterotrophic microorganisms for
fresh  fish.

legislation establishes the maximum limit

However, international
of 7.0 log/g. Further, several studies have
shown that there are no minimum
infectious doses for Aeromonas hydropila
(ASSEGURAMENTO, 1997).

Resolution 357, published in 2005,
determines that water for fish farming and
fishing activities should not have more
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than 1000 thermotolerant coliforms /100
mL (SILVA et al., 2010; BRASIL, 2005).
Although Brazilian legislation does not
have any limits for total coliforms in fish,
their presence in food should be
investigated to guarantee the fish’s sanitary
quality. Several studies have detected total
coliform rates above 50 and up to 100
MPN / g in fish, which is a matter of
concern. Control measures should be
undertaken  with regard to these
microorganisms (BRASIL, 2001;
AGNESE et al., 2001).

Aeromonas are pathogenic bacteria
which had been classified as emergent by
WHO. There is no legislation in Brazil that
establishes parameters for the
identification and quantification of the
genus Aeromonas in food and water
research. Other research works have shown
that the genus is not routinely investigated.
Even though it is not part of the roll of
microorganisms  specified by current
environmental and sanitary legislation, its
analysis on water and fish has great
economic and sanitary relevance. In fact,
the bacterium may cause liabilities for fish
farming and serious diseases to humans.
Damages are also associated with reduced
shelf life due to high concentration rates of
the bacteria (LANZARIN et al.,, 2011,

BARBOSA, 2013).

Aeromonas infecting dose for
humans has not been defined but research
has shown that cooking may inactivate the
bacteria. On the other hand, crossed
contamination offers high risks to health,
especially to people within the risk
bracket, such as children, elderly people
and immuno-depressed people. In fact, the

microorganism has been often detected in

stool from HGS-gastroenteritis
(GONZALEZ et al., 2001; SILVA et al.,
2010).
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