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Abstract

Informal fish marketing is an important source of food and income for many
families. However, it is also a public health issue, since the quality of fish can
be compromised during marketing. The microbiological quality of fish sold
in town fairs in the municipalities of the Bahia Reconcavo region, Brazil, was
assessed to characterize isolates based on antimicrobial susceptibility and to
investigate gene virulence. Samples of mullets (Mugi/ sp.), mussels (Mytella
sp.), and mollusks (Anomalocardia brasiliana) were collected in town fairs in
the municipalities of Cachoeira, Cruz das Almas, and Santo Antonio de Jesus.
The presence of mesophylls, molds and yeasts, total coliforms, Escherichia
coli, and Staphylococcus aureus was evaluated. E. coli and S. aureus isolates
were subjected to antimicrobial susceptibility tests and the presence of the
gene stx in E. coli isolates was investigated. Total coliforms and S. aureus
ranged between 0 and 9.50 log CFU/g, while high counts of mesophylls,
molds, and yeasts were detected. E. coli had greater resistance (76.8%) to
amoxicillin and S. aureus had greater sensitivity to gentamicin. The stx gene
was not identified in any of the samples studied. Results showed that some
fish sold in the town fairs of the three municipalities possessed unsatisfactory
microbiological quality, which may pose risks to consumer health, and may
be vectors for the dissemination of bacteria resistant to different antimi-

crobial agents.
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1. Introduction

Fishing is an economic activity that promotes social benefits worldwide, and fish
is an important food source. Fish is rich in protein and contains all the basic
amino acids needed for growth and maintenance in humans [1]. However, fish
intake may be a health risk for consumers since, after capture, fish quality dete-
riorates gradually with high bacterial proliferation. Fish intake is frequently as-
sociated with food borne illnesses (FBIs) [2], a serious public health issue. In
fact, millions of people are infected with FBIs every year. Fish can transmit pa-
thogenic microorganisms to people, mostly due to environmental contamination
[3].

Fish is mainly sold in town fairs, which is a source of great concern because
this sort of market can have serious issues related to hygiene and sanitary condi-
tions [4]. Another issue is growing antimicrobial resistance, which involves an
increasing number of bacterial species and new resistance mechanisms [5]. The
presence of resistant bacteria in food of animal origin may cause the exchange of
genetic factors that codify antimicrobial resistance, triggering the dissemination
of resistance genes among bacteria [6].

This study evaluates the microbiological quality of fish sold in town fairs in
the municipalities of Cachoeira, Cruz das Almas, and Santo Antdonio de Jesus,
Brazil, tests the sensitivity of Escherichia coli and Staphylococcus aureus to
commercial antimicrobial factors, and investigates the presence of the gene stx

in E. coliisolates.

2. Materials and Methods

Sample collection was undertaken in weekend town fairs in Cachoeira, Cruz das
Almas, and Santo Anténio de Jesus, Brazil between April and June 2018 (Figure
1). Samples were obtained by buying fish wrapped in the same manner as when

consumers buy it.
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Figure 1. The Reconcavo region of Bahia, Brazil.
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Three collections were performed in each town, consisting of two samples of
mullets (Mugil spp.), two samples of mussels (Mytella spp.), and two samples of
mollusks (Anomalocardia brasiliana), with 54 samples total. Samples were kept
in thermal boxes with ice and transported to the Laboratory of Microbiology and

Animal Parasitology of the Universidade Federal do Reconcavo da Bahia.

2.1. Microbiological Analysis

Mesophyll heterotrophic bacteria were counted via depth plaques on Plate
Count Agar (KASVI), and mold and yeast counts were performed via surface
plaques on Agar Sabouraud Dextrose (KASVI). Total coliforms and Escherichia
coli were counted via depth plaques on Chromocult® Coliform Agar (Merck).
Staphylococcus aureus was counted using 3M™ Petrifilm™ Staph Express. All
the detections were done with the help of a colony contactor and using three re-

petions.

2.2. Antimicrobial Sensitivity Test

Strains were first recovered in Brain Heart Infusion (BHI) at 37°C for 24 h. The
inoculum was spread on medium Agar Mueller-Hinton (KASVI) with a sterile
swab, and antimicrobial discs were added. Plates were incubated at 37°C for 24 h
and inhibition haloes were measured using a millimeter ruler. Results were read
according to parameters described by the Clinical and Laboratory Standards In-
stitute [7]. Antimicrobials tested on Staphylococcus aureus were gentamicin (10
ug), cefoxitin (30 pg), ciprofloxacin (5 pg), chloramphenicol (30 pg), erythromy-
cin (15 pg), penicillin (10 pg), oxacillin (1 pg), clindamycin (2 pg), vancomycin
(30 pg), and sulfametoxazol (25 pg). Gentamicin (10 pg), cefoxitin (30 ug), ci-
profloxacin (5 pg), chloramphenicol (30 pg), nitrofurantoin (300 ug), tetracyc-
line (30 pg), ampicillin (10 pg), amoxicillin (30 ug), amikacin (30 pg), and ceph-
thazidim (30 ug) were tested on Escherichia coli.

2.3. DNA Extraction and PCR

Escherichia coli isolates were kept in BHI broth with 20% glycerol and main-
tained at —20°C for DNA extraction and Polymerase Chain Reaction (PCR).
DNA was extracted by centrifuging 1mL bacterial culture suspension in BHI
broth at 13,200 rpm for 5 min. The supernatant was discarded and 800 pL of ste-
rile milli-Q water was added. After homogenization, samples were centrifuged
once more as previously described. The supernatant was discarded and 80 uL of
sterile milli-Q water was added. Samples were incubated in a warm bath at 96°C
for 10 minutes. The supernatant was removed and maintained at —20°C until
analysis.

DNA underwent PCR to isolate the stx virulence gene. The following reagents
and volumes were used: 3.0 uL DNA; 2.5 uL PCR buffer with MgCl,; 0.5 uL
dNTP; 1.0 uL each of primer 1 and 2; and 0.1 uL Taq DNA polymerase. The final

volume was adjusted to 25 pL with sterile milli-Q water.
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The positive control consisted of a standard strain of enterohemorrhagic E.
coli (EHEC) (ATCC 43895), provided by the Oswaldo Cruz Foundation (Fio-
cruz) in Rio de Janeiro, Brazil. Amplification reactions were performed in an
Amplitherm® TX96 Plus thermocycler. Table 1 shows PCR conditions, primer
sequences, and amplified fragment size.

Amplified PCR products underwent 2% agar gel electrophoresis using a hori-
zontal electrophoresis system with a 50 bp size and molecular weight marker.
Electrophoresis was run using a digital source GSR® 200STD. Loading Dye 6X
Promega® and SYBR Green Life Technologies® were used to visualize PCR prod-

ucts in ultraviolet Loccus L-PIX photodocumentation.

2.4. Statistical Analysis

CFU/g rates were transformed by log CFU/g, and means underwent analysis of
variance by Tukey’s at p < 0.05. Analyses were performed with the statistical

program R 3.4.1 [8].

3. Results
3.1. Microbiological Analysis

Mean mesophyll, mold, and yeast counts in mullet samples were not significant-
ly different in different towns, and there were no differences among microor-
ganisms (Table 2). Total coliform counts ranged between 0 and 9.5 CFU/g.

E. coli was detected in 20.4% (11/54) of mussel samples in the three towns
(Table 3). In the case of Staphylococcus aureus, 16.7% (9/54) of samples had a
contamination rate higher than 10° CFU/g (3 log CFU/g), the upper safety limit
established by RDC n.12. Mussels had the highest count rate, ranging between 0
and 3.95 log CFU/g. The town of Cruz das Almas had the greatest average rate
for this pathogen.

Table 1. Primer sequences, amplified fragment size, and PCR conditions used for gene detection associated with virulence.

Fragment

Gene/pathotype primer 5’-3’ sequence size (pb) PCR conditions
5 min 94°C/35 cycles of
stx/EHEC TTT ACG ATA GACTTC TCG AC CAC ATA TAA ATT ATT TCG CTC 227 1 min 94°C; 3 min 48°C and

4 min 72°C/10 min 72°C

Table 2. Mean rates of microbiota (in log CFU/g) in mullet samples (Mugil sp.) from three towns in the Recéncavo da Bahia re-

gion, Brazil.

Total coliforms
Escherichia coli
Mesophylls
Molds and yeast

Staphylococcus aureus

Cachoeira Cruz das Almas Santo Antonio de Jesus
3.17 aA 5.68 bB 4.32bB
2.53 bA 3.01 bA 1.05 aA
6.46 aB 7.94 aB 6.08 aB
6.78 aB 6.28 aB 5.88 aB
2.68 aA 2.69 aA 1.49 aA

Rates with the same lowercase letter in each row and the same uppercase letter in each column do not differ statistically by Tukey’s test with 5% probability.
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Table 3. Mean rates of microbiota (in log CFU/g) in mussel samples (Mytella sp.) from
three towns in the Recdncavo from Bahia region, Brazil.

Cachoeira Cruz das Almas Santo Antonio de Jesus
Total coliforms 4.92aB 6.43 bB 6.43 bB
Escherichia coli 1.79 aA 4.00 bA 2.68 aA
Mesophylls 6.28 aC 7.09 bC 7.99 bC
Molds and yeasts 6.45aC 7.91bC 6.84 aB
Staphylococcus aureus 1.13aA 3.91bA 1.22 aA

Rates with the same lowercase letter in each row and the same uppercase letter in each column do not differ
statistically by Tukey’s test with 5% probability.

The mean rate of Escherichia coli occurrence was detected in mollusks, and
no statistical difference was detected between Cruz das Almas and Santo Ant6nio
de Jesus (Table 4).

3.2. Antimicrobial Sensitivity

Results of the antimicrobial sensitivity test reveal that 85.4%, 72.9%, and 54.2%
of the 48 isolates were resistant to Staphylococcus aureus, penicillin and oxacil-
lin, and sulfametoxazol, respectively (Table 5).

All 69 Escherichia coli strains tested were resistant to at least one of the ten

antimicrobial agents (Table 6).

3.3. Virulence Gene Research

For Escherichia coli O157: H7, 55.6% (30/50) of the samples were presumably
positive on fluorocult Escherichia coli O157:-H7 Agar. However, no stx gene was

identified in any of the samples studied (Figures 2-4).

4. Discussion

An upper limit of 5 x 10 CFU/g or 1.70 log CFU/g of thermotolerant coliforms
has been established for cooked, industrialized, cooled, or frozen bivalve mol-
lusks [9]. In this study, Escherichia coli was detected in 31.5% of mollusk sam-
ples, indicating a breach of this limit. In fact, E. coli was the main agent detected
from this group of investigated contaminants, indicating fecal contamination.

Current legislation does not establish parameters for the analysis of mesophyll
heterotrophic bacteria, even though counts are very important for estimating
microbial load. In fact, most food borne pathogenic microorganisms are meso-
phyll agents. Furthermore, high mesophyll counts may indicate problems in
handling and storage.

Evangelista-Barreto et al [10] evaluated the hygiene and sanitary conditions
of fish sold in the town of Cruz das Almas, Bahia, Brazil and detected mesophyll
counts ranging between 6.67 and 6.83 log CFU/g in fresh fish. Sousa et al. [11]
reported a maximum count of 7.96 log CFU/g in tilapia samples from sport

fishing in Salinas, MG, Brazil.
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2% agarose

Figure 2. PCR and run performed on 11/28/2018/Gene stx_EHEC/2% Agarose Gel/run 80 V/65 mA/2 hours.
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Figure 3. PCR performed on 11/29/2018/Gene stx_EHEC/Race performed on 11/30/2018-2% Agarose Gel/80 V run/65 mA/1 h
and 20 min-FOTO_GEL 1.
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Figure 4. PCR performed on 12/04/2018/Gene stx_EHEC/Race performed on 12/05/2018-2% Agarose Gel/80 V run/65 mA/1 h
and 20 min.
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Table 4. Mean rates of microbiota (inlog CFU/g) in mollusk samples (Anomalocardia
brasiliana) from three towns in the Recdncavo from Bahia region, Brazil.

Cachoeira Cruz das Almas Santo Antonio de Jesus
Total coliforms 4.83bB 3.79 aB 3.37 aB
Escherichia coli 0.72 aA 2.36 bA 1.71 aA
Mesophylls 4.67 aB 6.14bC 6.85bC
Molds and yeasts 4.67 aB 6.18 bC 6.76 bC
Staphylococcus aureus 1.48 aA 2.92bA 1.49 aA

Rates with the same lowercase letter in each row and the same uppercase letter in each column do not differ
statistically by Tukey’s test with 5% probability.

Table 5. Antimicrobial sensitivity of Staphylococcus aureus isolates in fish, mussel, and
mollusk samples from three towns in the Reconcavo from Bahia, Brazil.

Fish (16) Mussel (14) Mollusk (18)
Antimicrobial agents
R I S R I S R I S
F-lactam antibiotics
Penicillin 81.3 0 18.7 87.5 0 12.5 88.9 0 11.1
Oxacillin 68.8 6.2 25 100 0 0 55.6 0 444
Cefoxitin 18.7 12.5 68.8 50 143 357 22.2 5.6 72.2
Glycopeptides
Vancomycin 31.2 0 68.8 50 0 50 22.2 0 77.8
Aminoglycosides
Gentamicin 0 0 100 7.1 0 92.9 0 11.1 88.9
Phenicols
Chloramphenicol 0 125 875 7.1 0 929 167 111 722
Quinolone
Ciprofloxacin 6.2 18.7 75 7.1 0 92.9 0 27.8 72.2
Lincosamides
Clindamycin 68.8 6.2 25 100 0 0 22.2 66.7 11.1
Macrolides
Erythromycin 31.2 31.2 37.5 28.6 57.1 14.3 22.2 50 27.8
Sulfonamides
Sulfametoxazol 50 0 50 71.4 0 28,6 444 0 55.6

R—resistant; I—intermediate; S—sensitive. Numbers indicate percentages.

According to the Sanitation Protection Agency, fungi may cause deterioration
at slightly lower levels (6 - 7 log CFU/g) than gram-negative bacteria due to the
production of gas and acid, [12]. In fact, 39.26% (32/54) of the fish in this study
were undergoing a fungal deterioration process that would, in turn, trigger aller-
gic reactions. Consequently, high microbial load may indicate subpar hygiene
conditions for utensils, failure in processing and/or storage conditions, or exces-

sive contamination of the primary matter.

DOI: 10.4236/fns.2019.109077 1078 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2019.109077

S. S. Damacena, L. S. S. e Barros

Table 6. Antimicrobial resistance of Escherichia coli isolates in fish, mussels, and mollusk
samples from three towns in the Recdncavo from Bahia region, Brazil.

Fish (27) Mussel (30) Mollusk (12)
Antimicrobial agents
R I S R I S R I S
F-lactam antibiotics
Cefoxitin 77.8 7.4 14.8 66.7 6.7 26.7 91.7 8.3 0
Ampicillin 81.5 7.4 11.1 70 10 20 75 8.3 16.7
Amoxicillin 81.5 11.1 7.4 73.3 6.7 20 75 25 0
Cephthazidim 7.4 14.8 77.8 6.7 6.7 86.6 8.3 0 91.7
Tetracyclins
Tetracycline 48.2 11.1 40.7 233 10 66.7 50 8.3 41.7
Aminoglycosides
Gentamycin 0 0 100 0 0 100 0 0 100
Amikacin 3.7 11.1 85.2 0 0 100 8.3 16.7 75
Phenicols
Chloramphenicol 11.1 148 741 13.3 0 86.7 0 25 75
Quinolones
Ciprofloxacin 0 0 100 33 6.7 90 0 0 100
Nitrofurantoins
Nitrofurantoin 59.3 11.1 29.6 50 6.7 43.3 41.7 25 333

R—resistant; [—intermediary; S—sensitive. Numbers indicate percentages.

Pinheiro et al. [13] reported contamination with filamentous fungi in 63% of
fish retrieved from fish farms in the municipality of Sdo Luis-MA. Furthermore,
Alves et al. [14] detected 60 CFU/g of molds and yeasts when they analyzed
samples of Nile tilapia in naturain the state of Parana, Brazil.

RDC n. 12 of the Brazil Agency for Sanitation Vigilance [9] fails to establish
limits for total coliforms in food, even though coliforms may indicate unsatis-
factory hygiene conditions and food contamination.

Total coliforms in food do not necessarily indicate fecal contamination or the
occurrence of enteropathogens, but do indicate hygienic faults throughout the
preparation process or even post-industrialization contamination [15].

The presence of Escherichia coli in in natura food demonstrates recent fecal
contamination and the possible presence of other enteric pathogens, such as
Kilebsiella, or poor hygienic conditions. Pathogenic strains may cause diarrhea,
hemorrhagic colitis, meningitis, uremic syndrome, and septicemia [16]. Similar
results were obtained by Farias et al [17], who analyzed mussel samples at the
mouth of the river Vaza Barris in Sergipe, Brazil, and detected pathogenic strains
of E. coli. Mafra et al. [18] corroborated this finding when they analyzed mollusk

samples commercialized in the municipal market of Maragogipe BA Brazil; they
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detected E. coliin 66.7% of the samples.

E. coliis a non-indigenous microorganism in fish and is not part of its normal
biota. In other words, the isolation of this microorganism in food may be asso-
ciated with fecal contamination when the fish were caught, cross-contamination
during transport and handling, or contamination of utensils used or of the ice
that comes in contact with fresh fish. All of these occurrences reflect poor hy-
giene and sanitary conditions [19] [20].

Freitas et al [21] analyzed mussels industrialized by the Maroon community
in the Baia do Iguape and reported that 33.33% of unshelled samples were con-
taminated with 8. aureus. In fact, unwashed mussels had the highest contamina-
tion rates. According to the authors, contamination occurred because of human
handlers who were asymptomatic bearers of S. aureus, and by recontamination
from contact with badly washed utensils, putting consumers at risk for food in-
toxication.

Lack of information on Good Handling Practices contributes to worsening
mollusk contamination, especially with regard to time-temperature and crossed-
contamination involving utensils. Furthermore, bivalve mollusks feed by filtra-
tion, which leads to greater microbial density in mollusks compared to fish.
They accumulate several microorganisms in their tissues when they are extracted
from areas polluted by domestic sewage. There is an almost guaranteed lack of
hygiene and sanitation conditions when the valve removal process is undertaken
at workers’ homes [22].

Staphylococcus aureus showed the greatest resistance to penicillin and oxacil-
lin, which belong to the f-lactam antibiotics class. There are several bacterial
protection strategies against f-lactam antibiotics, including the destruction of
this drug group through the production of beta-lactamase, decreasing the anti-
biotics’ penetrative ability, and reducing affinity for PBP (penicillin binding
proteins) [23].

Resistant bacterial strains vectored in food are of great concern, particular
those resistant to antimicrobial agents in the S-lactam antibiotics group, which
are highly employed in the control of infectious diseases [24]. The sensitivity of
Staphylococcus aureus isolates to ciprofloxacin, which belongs to the quinolones
class, has been reported. There are also drugs in veterinary medicine used to
treat bacterial infections in fish [25].

Costa et al. [26] analyzed the resistance profile of S. aureus isolates in acoupa
fish (Cynoscion acoupa) sold in the town fair in Macapd, Brazil. They were re-
sistant to penicillin (100%), vancomycin (86.7%), clindamycin (66.7%), and
erythromycin (33.3%). According to the authors, resistance may be due to the
contamination of the C. acoupa’s natural habitat with drugs or antimicrobial
compounds, or the contamination of fish by handlers with S. aureus resistant to
the tested antimicrobial agents. Resistance may have been caused by horizontal
gene transfer between bacterial populations within the natural environment.

All Escherichia coli isolates were sensitive to gentamicin, which belongs to the

aminoglycoside class, employed either alone or combined with beta-lactam anti-
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biotics for the treatment of infections in fish farming, even though the nephro-
toxicity of these antimicrobial agents for fish has not been fully examined [27].
However, a study conducted by Dias et a/ [28] led to different results. When the
authors analyzed antimicrobial resistance in E. coli strains isolated from mussels
in the municipality of Niteroi, Brazil, they found that less than 20% of isolates
were sensitive to gentamicin.

Laroche et al [29] reported that E. coli strains isolated from anaqueous envi-
ronment had greater antimicrobial resistance to chloramphenicol and tetracyc-
line.

Escherichia coli is a common bacterium that lives in the intestinal tract of
homeothermal animals. It is an important microorganism for the study of the
prevalence of intestinal bacteria resistant to antimicrobial agents. Products of
animal origin have high occurrences of E. coli from fecal contamination. Micro-
organisms and their antimicrobial resistance genes may be transmitted to hu-
mans if food is not properly cooked [10].

Antimicrobial resistance against five antimicrobial agents from the S-lactam
family of antibiotics, primarily ampicillin and amoxicillin, may be due to the
worldwide employment of these antimicrobial agents to control infectious dis-
eases [30].

Increases in resistant bacteria in environmental areas have been attributed to
water contamination, the launching of antimicrobial wastes from domestic ef-
fluents, and the presence of animal farming. These conditions have led to the in-
stallation, maintenance, and propagation of resistance among bacterial popula-
tions within the aquatic environment [31].

There are two classes of Shiga toxins, namely Stx1 and Stx2. This study focus-
es on the gene stx1, although stx2-producing strains are more connected to he-
moragric uremic syndrome (SHU) than stxl-producing strains [32]. The ab-
sence of the gene stx1 does not exclude the possibility of detecting stx2.

Cardozo et al. [33] analyzed fish intended for human consumption and de-
tected the genes stxl, stx2, and eae in 6.06% (6/99) of fish feces samples. No
muscle or water samples were positive for the Shiga toxin producing Escheri-
chiacoli (STEC) or Enteropathogenic Escherichiacoli (EPEC) markers investi-
gated.

5. Conclusion

The quality of fish sold in town fairs in the towns of Cachoeira, Cruz das Almas,
and Santo Antonio de Jesus was found to be subpar due to high microbial load
and a pronounced deterioration stage. This jeopardizes the safety of the food and
puts consumers’ health at risk due to the contamination indexes of fecal origin
and of Staphylococcus aureus, which is pathogenic for humans. Furthermore,
the resistance of S. aureus and E. coli to several antimicrobial agents demon-
strates that the environment they were retrieved from was subjected to antimi-

crobial agents or resistant microorganisms, affecting resident microbiota.
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