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APRESENTACAO

Amicrobiologia tem sido um assunto recorrente nos Gltimos anos, desde os corredores
universitarios aos locais informais, as conversas vao desde as bactérias multirresistentes,
passando por novas espécies de fungos descobertos até chegar no atual momento de
pandemia viral que marcara na historia o ano de 2020. Esse campo de estudo amplo inclui
0 estudo dos seres vivos microscépicos nos seus mais vaiados aspectos como morfologia,
estrutura, fisiologia, reproducéo, genética, taxonomia, interagdo com outros organismos e
com o ambiente além de aplicagdes biotecnoldgicas.

Como ciéncia, a microbiologia iniciou a cerca de duzentos anos atras, e tem passado
por constantes avangos gracas a descobertas e inovacdes tecnolbgicas. Sabemos que
0s microrganismos sdo encontrados em praticamente todos os lugares, e a falta de
conhecimento que havia antes da invencdo do microscéopio hoje ndo é mais um problema
no estudo, principalmente das enfermidades relacionadas aos agentes como bactérias,
virus, fungos e protozoarios.

A grande importancia dessa tematica se reflete no material de qualidade ja publicado
na Atena Editora e mais uma vez recebe os nossos holofotes com o tema “Projetos
Inovadores e Produgdo Intelectual na Microbiologia” contendo trabalhos e pesquisas
desenvolvidas em diversos institutos do territorio nacional contendo analises de processos
biol6gicos embasados em células microbianas ou estudos cientificos na fundamentacéao
de atividades microbianas com capacidade de interferir nos processos de saude/doenca.

Temas ligados a inovagé@o e tecnologia microbiana s@o, deste modo, discutidos
aqui com a proposta de fundamentar o conhecimento de académicos, mestres e todos
aqueles que de alguma forma se interessam pela saide em seus aspectos microbiologicos.
Deste modo, propomos aqui uma teoria bem fundamentada nos resultados praticos obtidos
em diferentes campos da microbiologia, abrindo perspectivas futuras para os demais
pesquisadores de outras subareas da microbiologia.

Desejamos a todos uma excelente leitura!

Benedito Rodrigues da Silva Neto
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BRAZIL

ABSTRACT: The northern coast of Brazil in the
state of Para is at second place in the national
ranking of volume of fish and the production of
bivalve mollusks. Outbreaks diarrhea associated
with fresh consumption of mollusks is common
around the world, but these data are scarce
in Brazil. In the present work we carried out
the research of bacteria (Enterobactereacea,
Vibrionaceae and Aeromonadacea) in bivalve
mollusks produced on the north coast of Brazil
in the State of Para. The samples were obtained
from five producing regions. The identifications
were made by classical methods and by Multiplex
PCR for diarrhea E. coli and monoplex PCR for
Vibrio. All samples showed positive results for
one or more agents, with a higher prevalence
of Escherichia coli (100%), with atypical
enteropathogenic  Escherichia coli (aEPEC),
present in two pools. Klebsiella was present in
42.8%. The Vibrionaceae family was identified
in 57.1%, of these Vibrio parahaemolyticus with
42.8%, Vibrio alginolyticus with 42.8%, followed by
Vibrio fluvialis with 28.6%. The Aeromonadaceae
family was identified in 57.1% of the samples, of
these Aeromonas sobria with 42.8%, followed by
Aeromonas salmonicida 28.6%. The genotypic
characterization of Vibrio corroborates the results
of phenotypic analysis, with the tlh gene present
in 100% of Vibrio parahaemolyticus isolates, as
well as amplified gyr B in all isolates of Vibrio
alginolyticus, the cth gene amplified in the Vibrio
vulnificus isolate. The results obtained indicate
that there is microbiological contamination of
bivalve mollusks produced on the northern coast
of Brazil, in the State of Para. Evidencing the need
for greater attention in the area of food security,

Capitulo 6


http://lattes.cnpq.br/4294679098531496
http://lattes.cnpq.br/4130647351782773
http://lattes.cnpq.br/4308364152963260

especially when it comes to bivalve mollusks.
KEYWORDS: Mollusks, Contamination, Vibrionaceae, Enterobacteriaceae, Aeromonadaceae.

AVALIAGAO DA CONTAMINAGAO DE MOLUSCOS BIVALVES, DESTINADOS
AO CONSUMO HUMANO, PRODUZIDOS EM AGUAS COSTEIRAS DO NORTE
DO BRASIL

RESUMO: O litoral norte do Brasil no Estado do Para ocupa o segundo lugar no ranking
nacional de volume de pescado e na produgdo de moluscos bivalves. Os surtos diarreicos
associados ao consumo in natura de moluscos sao comuns ao redor do mundo, porém esses
dados sédo escassos no Brasil. No presente trabalho realizamos a pesquisa de bactérias
(Enterobactereacea, Vibrionaceae e Aeromonadacea) em moluscos bivalves produzidos na
costa norte do Brasil no Estado do Para. As amostras foram obtidas de cinco regides produtoras.
As identificagbes foram por métodos classicos e por PCR Multiplex para E. coli diarreiogénica
e PCR monoplex para Vibrio. Todas as amostras apresentaram resultados positivos para
um ou mais agente, com maior prevaléncia da Escherichia coli (100%), com Escherichia
coli enteropatogénica atipica (aEPEC), presente em dois pools. Klebsiella esteve presente
em 42,8%. A familia Vibrionaceae foi identificada em 57,1%, destes Vibrio parahaemolyticus
com 42,8%, Vibrio alginolyticus com 42,8%, seguido por Vibrio fluvialis com 28,6%. A familia
Aeromonadaceae foi identificada em 57,1% das amostras, destas Aeromonas sobria com
42,8%, seguida por Aeromonas salmonicida 28,6%. A caracteriza¢cdo genotipica de Vibrio
corroboram com os resultados da analise fenotipica, com o gene tlh presente em 100% dos
isolados de Vibrio parahaemolyticus, assim como gyr B amplificado em todos os isolados
de Vibrio alginolyticus, o gene cth amplificado no isolado de Vibrio vulnificus. Os resultados
obtidos indicam que ha contaminag@o microbiolégica de moluscos bivalves produzidos no
litoral norte do Brasil, no Estado do Para. Evidenciando a necessidade de maior atengéo na
area de seguranga alimentar, principalmente quando se trata de moluscos bivalves.
PALAVRAS - CHAVE: Moluscos, Contaminagdo, Vibrionaceae, Enterobacteriaceae,
Aeromonadaceae.

11 INTRODUCTION

In several Brazilian coastal states, bivalve molluscs, such as mussels and oysters,
guarantee the subsistence of part of the population linked to artisanal fishing in both terms
of consumption and trade (Valle & Proenca, 2000). The State of Para ranks second in terms
of the volume of fish landed, since extractive fishing is an important activity in the North of
Brazil (Brasil, 2010).

Feldhusen (2000), described the existence of three groups of pathogenic bacteria,
which are closely related to diseases caused by the consumption of marine products,
including bivalve molluscs. The group of bacteria naturally present in the aquatic ecosystem
(such as Aeromonas hydrophila, Clostridium botulinum, Vibrio parahaemolyticus, Vibrio
cholerae, Vibrio vulnificus and Listeria monocytogenes), the group of bacteria in the
environment as a result of contamination by animal feces (such as Escherichia coli, Shigella
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spp. and Salmonella spp.) and the group of bacteria that arrive in these products during their
handling and processing (such as Staphylococcus aureus).

In addition to the existence of fecal contamination indicators used in the quality
analysis of bivalve molluscs, different species of the Vibrio genus occur naturally in marine,
coastal and estuarine environments, with some species, such as Vibrio parahaemolyticus,
Vibrio vulnificus and Vibrio cholerae being pathogenic to the human, they can be found in
undercooked or partially raw foods such as fish and shellfish (Thompson et al., 2004).

The importance of marine foods as a vehicle for foodborne diseases is conditioned
by some factors, such as the diet of the consuming population, care after collecting mollusks
and the traditional way of preparing food. Thus, due to the high consumption of fresh fish,
Japan has a higher proportion of outbreaks when compared to countries such as the United
States and Canada (Huss et al., 2000).

Although there are few references on the incidence of Vibrio parahaemolyticus in
intestinal infections (Magalhées et al., 1991) and skin infections (Rodrigues el al., 2001) in
Brazil, the detection of Vibrio parahaemolyticus with potential for virulence of a pandemic
clone from two outbreaks and several isolated cases of gastroenteritis in northeastern Brazil,
highlighting the need for the development of routine tests to monitor diarrheal outbreaks and
isolated cases (Leal et al., 2008), particularly in coastal areas and when there is a history of

a patient who handled or consumed products of marine origin.

2| MATERIAL AND METHODS

2.1 Genotypic Caracterization of Escherichia coli.

In the present study, multiplex PCR was used to detect diarrhogenic Escherichia coli.
Escherichia coli was detected in the seven analyzed pools, of these, two Sample Pools 4 and 5
(28.6%) were positive for the eae gene that correspond to the atypical Escherichia coli
(aEPEC), as shown in figure 1. The other genes researched were not detected in the analyzed
isolates.

2.2 Processing Of Samples

The fresh samples were packed in properly identified plastic bags, stored
under refrigeration and sent to the laboratory. Subsequently, they were washed
individually with sterile distilled water and 70% alcohol under sterile conditions, in a
laminar flow hood. To open the valves, knives and/or scalpels were used to remove the
soft tissue, followed by grinding the tissue with the aid of grail and pistil. For
bacteriological analyzes, between 25 and 75g of each pool were used.
2.3 Bacteriological Analysis

Isolation and biochemical characterization methods were used to identify
enterobacteria. The 25 grams of the macerate were added in 225 ml of Buffered Peptone
Water (BPW pH 7.0), homogenized and incubated at 35°C for 18 hours.
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Forthe research of Salmonellaan aliquot (0.1 mL) of the culture in BPW was inoculated
in Rappaport-Vassiliadis (RV) broth and incubated at 42.2 °C for 18 hours. Another aliquot of
the BPW (0.1 mL) was inoculated in EC broth and incubated at 35 °C for 18 hours, aiming
at the isolation of E. coli. Subsequently, the cultures of the RV and EC broths were sown in
selective and indicators media: SS agar and Mac Conkey agar, respectively. The suspected
colonies of Salmonella and Escherichia coli were submitted to the Triple Sugar Sugar (TSI)
culture medium and biochemically identified. For Vibrio research, 75g of the samples were
diluted in APW 1% NaCl, APW 3% NaCl and BPW and subsequent isolation in SS, MC and
TCBS media. About 5 to 10 suspicious colonies were sown in the TSI and Kligler screening
media, followed by biochemical and serological identification.

2.4 Molecular Research Of Diarrheal Escherichia Coli And Vibrio Sp

The samples of Escherichia coli previously biochemically identified were grown on
nutrient agar (Difco) at a temperature of 35-37 °C for 18—24 hours. The DNA of the isolates
phenotypically characterized as Escherichia coliwere extracted by the DNA 1Q kit (Promega)
following the manufacturer’s recommendations. Subsequently, the samples were amplified
by PCR Multiplex, using the primers described by Aranda et al. (2007) (Table 1).

Primers Primers Sequence (5'- 3') Amplicon  Target Reference
pb gene

eae-1 CTGAACGGCGATTACGCGAA 917 eae Aranda et al.
coe-2 CGAGACGATACGATCCAG (2004)
BFP-1 AATGGTGCTTGCGCTTGCTGC 326 bfpA Aranda et al.
BEP.2 GCCGCTTTATCCAACCTGGTA (2004)
aggRks-1 GTATACACAAAAGAAGGAAGC 254 aggR Toma et al.
aggRksa-2 ACAGAATCGTCAGCATCAGC (2003)

LT-f GGCGACAGATTATACCGTGC 450 elt Aranda et al.
LT-r CGGTCTCTATATTCCCTGTT (2004)

ST+ ATTTTTMTTTCTGATTTRTCTT 190 est Aranda et al.
ST-r CACCCGGTACARGCAGGATT (2004)
IpaH-1 GTTCCTTGACCGCCTTTCCGATACCGTC 600 ipaH Aranda et al.
IpaH-2 GCCGGTCAGCCACCCTCTGAGAGTAC (2004)
VTcom-u GAGCGAAATAATTTATATGTG 518 stx1/st Toma et al.
VTcom-d TGATGATGGCAATTCAGTAT x2 (2003)

Table 1: Primers that were used in multiplex PCR of diarrheal E. coli and their respective
amplification products.

The Multiplex PCR reaction was performed from 2 pL of each extracted DNA and 23
L of the mix solution, containing between 0.5 to 1.5 pyL according to each primer (Invitrogen,
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Brazil), 10 mM dNTP mix dATP , dCTP, dGTP, dTTP (Invitrogen, Brazil Invitrogen, USA),
0.5 U of Taq DNA polymerase platinum, Taq 1X buffer, 50 mM MgCI2 (Invitrogen, Brazil)
and ultra-pure sterile water for a final volume of 25 pyL. The multiplex PCR reactions were
incubated in a Veriti ™ 96-Well Thermal Cycler gradient thermocycler (Applied Biosystems
— USA), with the program with the specific amplification cycles that consisted of 1 step of 2
min at 50 °C (Hot-Start ), 1 step of 5 min. at 95°C (initial denaturation) followed by 40 cycles
of 1 s at 95°C, 50°C and 72°C and 1 7 min extension final step at 72°C. The amplicons were
analyzed by electrophoresis on 2% agarose gel and visualized under UV light with the help
of a transluminator (Vilber Lourmat, France).

The genotypic confirmation of Vibrios was performed by PCR by detecting the tdh
(thermostable direct hemolysin) and trh (thermostable direct hemolysin-related hemolysin)
genes, in addition to the search for the tlh (thermolabile hemolysin) gene, which is a species-
specific marker for Vibrio parahaemolyticus and gyr B for Vibrio alginolyticus and cth for
Vibrio vulnificus (Table 2). The amplifications were made in a thermocycler, programmed
for 30 cycles of 1 minute at 94 °C, 60 °C and 2 minutes at 72 °C, a final stage of 3 minutes
at 72 °C.

Primers Primers Sequence (5°-3’) Amplicon Target
pb gene
tdh GTAAAGGTCTCTGACTTTTGGAC 269 pb tdh

TGGAATAGAACCTTCATCTTCACC

trh TTGGCTTCGATATTTTCAGTATCT 450 pb trh
CATAACAAACATATGCCCATTTCCG

tth AAAGCGGATTATGCAGAAGCACTG 450 pb tih
GCTACTTTCTAGCATTTTCTCTGC

cth CGAATCCTTGAACATACGCAGC 386 pb cth
CGCCGCTCACTGGGGCAGTGGCTG

gyr8 GAGAACCCGACAGAAGCGAAG 337 pb gyr B
CCTAGTGCGGTGATCAGTGTTG

Table 2: Primers that were used in genotypic identification using the Vibrio sp PCR technique.

31 RESULTS

3.1 Analysis Of Surveyed Bacteria

All samples analyzed in the present study showed positive results for one or more
agents, with a higher prevalence of Escherichia coli, present in the seven pools analyzed,
as described in table 3.
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SAMPLE FAMILY ORIGIN
*
Enterobacteriacea Vibrionacea Aeromonadaceae
Sample Escherichia coli; Klebsiella  Vibrio fluvialis Aeromonas sobria; Maracana
Pool 1 spp, Edwardsiella tarda; Aeromonas
Morganella morganii hydrophila
Sample  Escherichia coli. Salindpolis
Pool 2
Sample  Escherichia coli; Aeromonas sobria Curuga
Pool 3 Morganella Vibrio parahaemolyticus;
morganii; Vibrio alginolyticus
Edwardsiella tarda.
Sample Escherichia coli; Vibrio Aeromonas S3o Caetano
Pool4  Enterobacter spp; parahaemolyticus; salmonicida; de Odivelas
Klebsiella spp; Vibrio Aeromonas sobria
Proteus mirabilis. alginolyticus; Vibrio
fluvialis; Vibrio
Cholerae
Sample Escherichia coli Vibrio Aeromonas S&o Caetano
Pool 5 parahaemolyticus; salmonicida de Odivelas
Vibrio alginolyticus:
Vibrio vulnificus
Sample Escherichia coli; Salinopolis
Pool 6  Klebsiella spp
Sample  Escherichia coli; Primavera
Pool 7 Klebsiella spp;

Citrobacter spp;

Table 3: Results of laboratory analysis to detect bacteria belonging to the Enterobacteriaceae,

Vibrionaceae and Aeromonadaceae families in the samples of bivalve molluscs.

* Samples 1 to 3 made up of oysters, samples 4 to 7 made up of mussels.

3.2 Genotypic Caracterization Of Escherichia Coli.

In the present study, multiplex PCR was used to detect diarrhogenic Escherichia

coli. Escherichia coliwas detected in the seven analyzed pools, of these, two Sample Pools

4 and 5 (28.6%) were positive for the eae and bfpA genes that correspond to the atypical

Escherichia coli (aEPEC), as shown in figure 1. The other genes researched were not

detected in the analyzed isolates.
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Poals C+ Ladder
4 5

FIGURE 1: Visualization of the amplified product in a 2% agarose gel, confirming the presence of the
atypical Escherichia coli (aEPEC) eae gene (917 bp). DNA Ladder (L) 1Kb.

3.3 Genotypic Caracterization Of Vibrios

Of the seven Pools analyzed, three (42.8%) were positive for species-
specific Vibrio genes (tlh- Vibrio parahaemolyticus gene; gyr B- Vibrio alginolyticus and
cth- Vibrio vulni icus gene) (Figure 2).

In researching the five genes (tdh, trh, tlh, cth e gyr B), it was observed that the tih
and gyr B genes were amplified in sample pools 4 and 3, in sample pool 5 in addition to
the amplification of the t/h and gyr B genes, the cth gene was identified. The remaining
genes tdh and trh, were not detected in any of the analyzed pools.

Sample Ladder 1kb Sample Ladder 1kb Sample Ladder 1kb

gene tih
450 pb

Figure 2: Visualization of the product amplified in agarose gel at 2%, in a) tlh gene (450 pb), b)
gyr Bgene (337 pb) and in ¢) cth gene (386 pb), DNA Ladder (L) 1Kb.

Projetos Inovadores e Produgéao Intelectual na Microbiologia Capitulo 6 “



4| DISCUSSION

Of the seven samples analyzed, 100% showed contamination by one or more species
of bacteria from the Enterobacteriaceae family. The species most frequently isolated was
Escherichia coli, present in the seven samples analyzed (100%), followed by Klebsiella,
present in three samples (42.8%). Some species of Escherichia coli are pathogenic, such
as atypical Escherichia coli (aEPEC), isolated in the present study (Sample Pools 4 and
5). Similar data were found in northeastern Brazil where samples of mussels obtained in
the Vaza Barris estuary in Sergipe showed pathogenic strains of Escherichia coli (EPEC
and EIEC) (Farias, Trindade & Alcantara (2010), demonstrating that the contamination can
extend for the Atlantic coast from the north of the Brazilian Amazon to the northeast of the
country.

Diarrhea cases associated with the consumption of bivalve molluscs are reported
worldwide (Westrell et al., 2010; Fong & Lipp 2005), however, the findings of atypical Escherichia
coli (aEPEC) of the present study in samples of bivalve molluscs for human consumption, may
trigger, in addition to diarrhea, other disorders such as hemorrhagic colitis, meningitis, uremic
syndrome and septicemia (Jafari et al., 2012) emphasizing the need for greater control in the
production of these animals in northern Brazil.

In the analysis of Vibrionaceae family bacteria, four (57.1%) of the samples showed
contamination by potentially pathogenic vibrio species (sample pool 1, 3, 4 and 5), such as
Vibrio parahaemolyticus present in three (42.8%) of the samples (sample pool 3, 4 and 5).
With this pathogen, according to Garcia-Lazaro et al. (2010), having been responsible for
outbreaks of diarrhea worldwide, being related to up to 20% of cases of acute dysentery in
underdeveloped countries, such as those observed in northern Brazil, and to 24% of food
poisoning in Japan. The contamination observed in the present study reflects what occurs
in other countries in America and Asia, with raw oysters consumed as the main transmission
vehicles not only of Vibrio parahaemolyticus, but also of Vibrio alginolyticus, which were the
most isolated species, being present in 3 ( 42.8%) of the samples (sample pool 3, 4 and 5),
followed by Vibrio flluvialis, present in two (28.6%) of the samples (sample pool 1 and 4) that
are also associated with diarrhea cases (Thompson et al., 2004,Garcia-Lazaro et al. (2010).

For the Aeromonadaceae family, four (57.1%) of the samples (sample pool 1, 3,
4 and 5) presented contamination, where the species Aeromonas sobria was the most
isolated, present in three (42.8%) of the samples (pool of samples 1, 3 and 4), followed by
Aeromonas salmonicida, in two samples (pool of samples 4 and 5) (28.6%), the percentage
of mollusk contamination by Aeromonas spp found in the present work was similar to those
observed by Evangelista-Barreto et al., 2006, who isolated samples of Aeromonas spp in
50% of the analyzed molluscs, unlike the findings by Melo Silva et al (2014) who detected
Aeromonas spp in 98.3% of its isolates. Such percentage difference in the analyzed samples
and the literature may be due to the fact that the estuaries in the north of the Brazilian

Projetos Inovadores e Produgéao Intelectual na Microbiologia Capitulo 6 “



Amazon suffer the action of rain and tides. Which, depending on the time of year, would lead
to a concentration or dilution of particles of pathogens in the water, which would affect the
contamination due to the molluscs being filters (Carver & Mallet 1990; Pereira et al., 2007;
Marinho et al 2018).

The tlh, cth and gyr B genes are species-specific markers for vibrio confirmation,
where the results of the genotypic characterization corroborate with the results of the
phenotypic analysis, the tlh gene was present in 100% of Vibrio parahaemolyticus isolates,
as well as the gyr B gene was amplified in all Vibrio alginolyticus isolates, the cth gene
was also amplified in Vibrio vulnificus isolate. Regarding the presence of virulence genes
in Vibrio parahaemolyticus, the tdh and trh genes were not found in any of the analyzed
samples. These findings are similar to those of Rojas (2011), who identified the tdh gene in
two (10.5%) of the isolates analyzed, while the frh gene was not identified, a result similar to
that of other studies. (Nishibuchi e Kaper, 1995; Bates e Oliver, 2004).

51 CONCLUSION

The results obtained in the present study indicate the existence of microbiological
contamination of bivalve molluscs produced in northern Brazil (State of Para). It was
observed that several microorganisms are presented as a potential risk to the population’s
health. The contamination found either by the lack of basic sanitation in the region and/or
sanitary hygienic failures during the processing of the samples, shows the need for greater
attention in the area of food safety, especially when it comes to bivalve molluscs, as a way
to prevent the food outbreaks occurrence.
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