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Abstract

Objective: The aim of the present study was to evaluate the
hygienic-sanitary aspect of artisan and industrial ice creams
and to analyze genetic variability and antimicrobial resistance
in Escherichia coli isolates. Methods: Twenty-seven ice cream
samples were purchased, detecting total coliforms at 30-35
°C by fermentation in multiple tubes. The positive tubes were
inoculated in EC broth and in SS agar for the detection of
Escherichia coli and Salmonella spp, respectively. To antimicrobial
tests, the disk diffusion technique was used, discriminating
levels of resistance. Genetic variability was diagnosed by the
RAPD-PCR and ERIC-PCR techniques through the degree
of polymorphism determined by the band pattern. Results and
Discussion: From the microbiological samples, there was positivity
for E. coli (48%) and Salmonella spp (22%). The antimicrobial
resistance tests in E. coli diagnosed resistance to 85% of the
obtained samples, and of these, 34% were multiresistant. A high
degree of polymorphism was found in the RAPD-PCR and ERIC-
PCR assays, demonstrating the great genetic variability among
the bacteria. Conclusion: The samples presented unsatisfactory
conditions, offering risks to consumers’ health. The antibiotic
sensitivity test expressed resistance and multiresistance, while
the RAPD-PCR and ERIC-PCR assays indicated great genetic
variability among the bacteria, considering multiple sources of
contamination. Therefore, measures to control contamination
prevention are considered important.

Keywords: Feeding. Enterobacteria. Mutation. Antibacterial.
Ice cream.
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Resumo

Objetivo: O presente trabalho teve como objetivo avaliar o
aspecto higiénico-sanitario de sorvetes artesanais e industriais e
analisar a variabilidade genética e a resisténcia a antimicrobianos
em isolados de Escherichia coli. Métodos: Foram compradas 27
amostras de sorvetes, detectando coliformes totais a 30-35 °C por
fermentagdo em tubos multiplos. Os tubos com positividade foram
inoculados em caldo EC e em dgar SS para deteccao de Escherichia
coli e Salmonella spp, respectivamente. Para testes antimicrobianos,
utilizou-se técnica de difusdo em placas, discriminando niveis
de resisténcia. A variabilidade genética foi diagnosticada pelas
técnicas PCR-RAPD e ERIC-PCR através do grau polimoérfico
determinado pelo padriao de bandas. Resultados e Discussdo: A
partir das amostras microbioldgicas, houve positividade para
E. coli (48%) e Salmonella spp (22%). Os testes de resisténcia a
antimicrobianos em E. coli diagnosticaram resisténcia para 85%
das amostras obtidas, sendo que destas, 34% apresentaram-se
multirresistentes. Encontrou-se um alto grau de polimorfismo
nos testes PCR-RAPD e ERIC-PCR, demonstrando a grande
variabilidade génica entre as bactérias. Conclusdo: As amostras
apresentaram condigoes insatisfatérias, oferecendo riscos a satde
dos consumidores. O teste antibiograma expressou resisténcia e
multirresisténcia, enquanto os testes PCR-RAPD e ERIC-PCR
indicaram grande variabilidade genética entre as bactérias,
considerando multiplas fontes de contaminagio. Portanto,
medidas para controlar a prevengao da contaminagao sao tidas
como importantes.

Palavras-chave: Alimentacdo. Enterobactérias. Mutacio.
Antibacteriano. Sorvete.

Introduction

Ice cream is an edible iced food obtained by the emulsion of fats and proteins, with or without
the addition of other ingredients and substances, subjected to freezing.' Ice creams may be
classified as: creamy, popsicles and special iced products and must be preserved under appropriate
temperature during transportation and storage, to maintain product quality.*?

Ice creams may have dairy products and/or eggs in their composition, in which case they
should be subjected to heat treatment, as described in Resolution SAA - 03 of January 10, 2008,
since they may cause outbreaks of foodborne illnesses (FBI), since they present a potential risk of
biological contamination.***7
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Outbreaks of FBI may be caused by bacteria of the enterobacteriaceae family, such as Salmonella spp
and Escherichia coli, gram-negative bacteria that are potential biological risks. These microorganisms
are responsible for severe food poisoning and outbreaks in several countries. In addition, they
may cause potentially lethal manifestations to the individual, and immunocompromised and
debilitated people, children, elderly, and pregnant women are highly susceptible to them.* !

Among the most common bacteria isolates in clinical samples, enterobacteria are the main
responsible for localized or systemic hospital, intestinal and extraintestinal infections, as well as
the involvement of the urinary tract, lungs, central nervous system, skin, mucous membranes
and meninges."” Because they naturally inhabit the human intestine, the presence of these
microorganisms in foods indicates fecal contamination, revealing the deficiency of hygienic-

sanitary conditions.®!#15

After the discovery of antibiotics, the treatment of infectious diseases with a high degree
of morbidity and mortality had a great therapeutic advance. However, the prolonged or
indiscriminate use of these drugs has favored the increase of bacterial resistance and the advances
of pharmaceutical industries are not fast enough to discover new drugs. This interferes in the
effective treatment and control of infections by these agents.>!°

Bacteria have the ability to adapt to the environment, which is associated with genomic structure,
allowing the exchange of genes among them, thus originating an allelic diversity determined as
genetic variability."” From laboratory assays such as Random Amplification of Polymorphic DNA
- Polymerase Chain Reaction (RAPD-PCR) and Enterobacterial Repetitive Intergenic Consensus
- Polymerase Chain Reaction (ERIC-PCR), which seek to establish genetic parameters that allow
the grouping of isolates, it is possible to detect means of reproduction, migration levels, evolution

and dispersal of a species, as well as their ability to adapt to environmental changes.'"

Based on the aforementioned, the objective was to evaluate the hygienic-sanitary aspect of
artisan and industrial ice creams and to analyze the genetic variability and antimicrobial resistance
in Escherichia coli isolates.

Material and Methods

Twenty-seven samples of artisan and industrial ice creams were purchased at random: 22 of
the creamy type and five of the popsicle type. The ice creams were obtained between March and
September 2016 at commercial establishments in Aragatuba, Promissao, Piacatu, Rindpolis and
Gabriel Monteiro, in the State of Sao Paulo.

Obtaining the samples: The creamy ice creams were obtained in establishments such as malls,
ice cream parlors and self-service snack bars, and the popsicle were taken directly from freezers of
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convenience stores. The utensils and containers offered by the establishment were used, depicting
the conditions with which the consumer receives the product. The ice creams were transported
in isothermal boxes to the laboratory of microbiology and molecular biology of the Centro
Universitario Catélico UniSalesiano Auxilium (Catholic Salesian Auxilium University Centre),
Aracatuba-SP, where the analyzes were carried out.

Research with total coliforms (30-35 °C), thermotolerant (45 °C) and E. coli: It was performed
by the fermentation technique in multiple tubes.* From the sample in the liquid state, 1 mL was
pipetted in tubes containing Peptone water 1% (ACUMEDIA), thus obtaining the concentrated
sample; after homogenization, I mL of it was transferred to another tube, obtaining the dilution
10, and from it, a 1 mL aliquot was used to obtain the dilution 10. Aliquots of 1 mL of the
concentrated sample and its dilutions 10" and 10# were serially pipetted from three threaded
tubes containing 9 mL of the culture medium Brilliant Green Bile Broth 2% (BGBB) (KASVI)
with inverted Durham Tubes for detecting coliforms at 35 °C. Positivity was confirmed by gas
capture inside the Durham tubes released during bacterial fermentation.

From the positive tubes, 1 mL of the Escherichia coli Broth (EC) (KASVI) sample was collected to
detect coliforms at 45 °C, following the same fermentation technique in multiple tubes. The tubes were
placed in a bacteriological oven at 35 °C £2 (BGBB) and water bath at 45 °C =2 (EC) for 48 hours.

Known E. coli and Salmonella spp isolates were inoculated together with the samples as positive
control, and the negative control was achieved by inoculation of the culture medium without
sampling. Non-standard tests were remade.

The Most Likely Number (MLN) per milliliter of each ice cream sample was quantified in
accordance with the standards established by the RDC’s Resolution No. 12 of January 2, 2001,
which provides for maximum acceptable food standards of 10%/g for coliforms at 35 °C, and 5.0x10
for coliforms at 45 °C.*!

Detection of Salmonella spp: The BGBB medium was used to select only gram-negative bacteria.
Therefore, only the tubes that showed positivity were transferred into Petri dishes containing
Salmonella-Shigella agar (SS) (HIMEDIA) medium. The dishes were placed in a bacteriological
oven at 37 2C %2 for 24 hours. Black colonies indicated positivity.?

Isolation and storage of E. coli: The positive samples in the EC broth were transferred into
solid culture medium Eosin methylene blue (EMB) (KASVI). The dishes were maintained in a
bacteriological oven at 37 °C 2 for 24 hours. Metallic green colonies indicated positivity.

Antimicrobial resistance profile: The samples that showed positivity in the EC broth were
inoculated on MacConkey agar (KASVI) and maintained in a bacteriological oven at 37 2C +2
for 18-24 hours. Isolated rosy colonies, indicative of E. coli, were transferred into tubes containing
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Lyptone Soya Broth (HIMEDIA) to adjust the inoculum pattern using a turbidimeter at 0.5 of the
McFarland scale (1.5 x 10® CFU/mL). Using the disk diffusion technique, the samples were seeded
in Mueller Hinton agar medium (KASVI), where DME Sensi-Discs of the following antibiotics
were placed: Cephalothin (30 pg), Imipenem (10 pg), Gentamicin (120 pg), Ciprofloxacin (05
mcg), Nalidixic acid (30 pg), Chloramphenicol (30 pg) and Nitrofurantoin (300 pg)."*#*** The
dishes were stored at 37 °C = 2 for 24 hours. The reading was performed according to the
manufacturer’s recommendations (DME), measuring the diameter in millimeters of the obtained
halos and classifying the sample as resistant, intermediate and sensitive to each antibiotic used.

Analysis of the genetic variability of E. coli isolates: Two isolated colonies were removed from
MacConkey agar and suspended in 200 pl of ultrapure water.?” From this suspension, 2 pl were
withdrawn for the RAPD-PCR and ERIC-PCR reactions in order to analyze genetic variability.

For a final volume reaction of 25 pl, 2 pl of cell suspension were used as template DNA, 2.5
mM of each dNTP, 1.75 mM MgCl,, 1X Taq DNA polymerase buffer, 1U Taq Polymerase, 400 ng/
pl of OPAI2 primer (5" CAATCGCCGT 3’) or Ecoli-2 (’PAGAAGCGATG 3’) for the RAPD assay
and 400 ng/pl of each of oligonucleotides ERICIR (5 TGTAGGCTCCTGGGATTCAC 8’) and
ERIC2R (’AAGTAAGTGACTGGGGTGAGCG 3) for the ERIC-PCR technique.”

The amplification reaction for RAPD was started with denaturation at 94 °C for three
consecutive minutes of 45 cycles of 1 minute at 94 °C, 1 minute at 30 °C and 2 minutes at 72 °C,
ending with an extension of 72 °C for 5 minutes. For the ERIC-PCR technique, the reaction had
an initial denaturation cycle at 94 °C for 7 minutes, followed by 30 denaturation cycles at 94 °C
for 1 minute and 30 seconds, annealing at 51 °C for 1 minute, extension at 72 °C for I minute and
30 seconds and a final extension cycle at 72 °C for 15 minutes. The amplification reactions were
carried out in an “Amplitherm thermal cycler”. The amplification products were separated on
agarose gel (1.5%) using a 100 bp ladder molecular weight marker as reference. The fragments
were viewed in an ultraviolet light transilluminator.?

The bands visible on the agarose gel were converted into binary matrix, establishing 1 for
present bands and 0 for absent bands. The degree of similarity (Jaccard) was determined by the
simple matching coefficient, relating the presence (1) and absence (0) of band, and the respective
dendrograms were constructed with the aid of the software Past 2.17, version 2013.

Results and Discussion

The presence of total coliforms was observed in 25 samples (93%), of which 20 were creamy
ice cream and five were popsicle. Of these samples, 16 (61%) had thermotolerant coliforms. In
general, 44% and 7% of the samples presented non-standard counts for coliforms at 35 °C and
45 °C, respectively (Table 1).
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Table 1. Microbiological aspects of ice cream samples from Aragatuba-SP and region in 2016.

Microorganism Unit Federal Count No. of %
standard* samples

Total coliforms <10 10 37

NMP/g .

(35 °C) 10%/g 11' -10? 5 19

112- >112 12 44

0 10 37

Th.ermotolerint NMP/g 5.0x10 1 to 49 15 56

coliforms (45 °C) 50 to >110 9 7

Salmonella spp In 25 ¢ Negative Positi?fe 6 22

Negative 21 78

* Microbiological standards according to RDC No. 12 of January 2, 2001 and Ordinance No. 451 of September
19, 1997.

Because these are food samples, the high index of such bacteria may lead the consumer to an
infectious condition.?” Contamination may be due to a poor hygienic-sanitary condition throughout
the ice-cream manufacturing process, as well as during thermal treatment, especially in small
artisan trades, where handlers are rarely made aware through an efficient quality policy on the
risk of contamination.?* Presuming that E. coli is one of the main causes of diarrhea, and that,
according to the Organizagao Mundial da Satde (World Health Organization - WHO), almost
2 million children die every year in the world due to this dysfunction, of which 200,000 alone
are in Brazil, its presence in ice creams generates an alarming concern about the public health

situation.?*3?

Similar results were found in Araraquara-SP, where, of the 24 unpasteurized ice cream samples,
66.6% were not in accordance with the standards established by the Regulamento da Inspe¢ao
Industrial e Sanitaria de Produtos de Origem Animal (RIISPOA - Regulation of Industrial and
Sanitary Inspection of Products of Animal Origin).”"*? In Arapongas-PR, 21 samples of analyzed
ice cream (industrial and artisan) were contaminated by coliforms at 30-35 2C.°

Regarding the qualitative tests for Salmonella spp, this was found in six (22%) of the samples
(Table 1). In addition, fly larvae were observed in one of the culture dishes, indicating a possible
contamination with eggs in the ice cream collector utensil, since it was inserted in an unprotected
reservoir with water containing ice cream remains from previous washes.
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It is estimated that E. coli and Salmonella spp have diversified from the same ancestor, this
explains the similarity in the symptomatology of the diseases caused by these bacteria. About
100 million years ago, mutations and gene selections have naturally occurred, giving rise to the
current distinct microorganisms.***

Positive results for Salmonella spp were found in Fortaleza-CE, where 75% of the ice cream
samples were in disagreement with ANVISA’s Resolution No. 12, dated January 2, 2001, which
provides for the absence of bacteria in any food product.?"** Strains of Salmonella spp may be
destroyed during pasteurization, however, food may be recontaminated by materials, equipment
and poorly washed hands of handlers.”

In the United States, the Centro de Comunicacio de Doengas (Centers for Disease Control and
Prevention - CDC) estimates that 95% of Salmonella spp contamination is from food sources. The
Rede de Vigilancia Ativa de doengas de origem alimentar (Foodborne Diseases Active Surveillance
Network - FoodNet) believes that out of 1.4 million annual cases of salmonellosis, 1.3 million are
due to the consumption of food contaminated with Salmonella spp. This type of contamination
classifies the product as potentially capable of causing foodborne illness (FBI), denominating it
as inappropriate for human consumption.**%-%7

Between 1993 and 1997, in the countryside of the State of Sao Paulo, 23 outbreaks of Salmonella
were analyzed, in which 95.7% of the cases were associated with the ingestion of foods containing
eggs, 87% of which were linked to the ingestion of foods based on raw eggs, as in the case of some
emulsifiers used in ice cream.*

Contamination by Salmonella spp may not have occurred due to imprudence of the ice cream
manufacturer, but rather by the raw material purchased from the external environment, especially
the in natura egg. To ensure that the product does not become contaminated, the ideal would be
that manufacturers make sure of the quality of the products offered by their suppliers.

Regarding the antimicrobial resistance test, 27 (85%) E. coli samples showed resistance to at
least one of the antimicrobial agents, three (9%) presented intermediate resistance and only 2 (6%)
were sensitive. An infection caused by a sensitive organism may be treated with the recommended
dose of the drug, on the other hand, when caused by an agent that demonstrates intermediate
resistance, the treatment should be administered at maximum dose if possible, and in case of
resistant bacteria, the microorganism will not be inhibited by the antimicrobial agent.**’

The most efficient antibiotics were Chloramphenicol and Gentamicin, inhibiting 100%
of bacterial growth, followed by Ciprofloxacin (94%), Nalidixic Acid (78%), Imipenem (79%),
Nitrofurantoin (37%) and Cephalothin (31%), as seen in Figure 1.
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Resistant Intermediate Sensitive

CLO10 CIPO5 GENTO
IPM10

CFL30
NIT300
NAL30

CLO10- Chloramphenicol, CIP05- Ciprofloxacin, GEN- Gentamicin, IPM10- Imipenem,
CFL30- Cephalothin, NIT300- Nitrofurantoin and NAL30- Nalidixic Acid.

Figure 1. Efficiency of antimicrobials in Escherichia coli isolated from ice cream samples from
Aracatuba-SP and region, 2016.

Furthermore, 11 samples (34%) presented multiresistance to antimicrobials, a disturbing factor,
since these microorganisms appear with several factors, including abusive and inappropriate use
of antibiotics by the population.*#*

The analyzed Gram-negative bacilli were from samples that showed positivity at any
concentration and triplicate repetition. Bacteria of the same sample origin presented different
resistance profiles, according to the examples of Table 2.
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Table 2. Antimicrobial resistance profile of bacteria of same sample origin isolated from ice
cream samples from Aragatuba-SP and region, 2016.

Sample Concentration IPM10 CFL30 NIT300 NAL30
2 10 S R I S
2 10 S R S R
2 10 S R R S
13 10 S R R R
13 102 S R S S
14 10 S I S S
14 10 I R S S
19 10 I R R S
19 10 S R R S
19 102 S S R I
23 10 I S I R
23 10 I R R 1
23 10 S S S S
23 102 R R I S
23 102 I R S S
24 10" S R R S
24 10" S S R I
24 10 I R S S

Genetic mutation develops when the microorganism acquires resistance to an antimicrobial or
adapts to a different medium. This mutation is stable and is transmitted to successive generations.
Resistance to antibiotics is already a global problem, as the higher risk infections are caused by
“superbugs”, which are uncontrollable to the drugs often used.*

Resistant microorganisms have resistance phenotype marked by a minimum inhibitory
concentration (MIC) for a certain type of antibiotic.** The bacterium may be resistant to an
antimicrobial just because it does not have the structure on which it exerts its activity. The acquired
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resistance alludes to the development of the resistance structure obtained by mutation of existing
genes or of materials from other microorganisms (transformation, transduction and conjugation)
by mutation of the acquired genetic material.*

Divergent results were obtained by analyzing the antimicrobial resistance of E. coli isolated
from suckling pig feces, which showed high levels of resistance, such as 97% for Chloramphenicol
and 86% for Gentamicin.” A 2001 study showed the prevalence of E. coli O157: H7 resistance in
Cephalothin and Chloramphenicol.*®

The genetic variability test demonstrated a high degree of polymorphism from the two
primers tested in RAPD-PCR and the amplification revealed a total of 20 bands, all of which were
polymorphic, indicating the wide and considerable gene variability among the isolated bacteria
(Figure 2). Nine bands were obtained with the Ecoli2 primer with a size between 400 bp and 2,080
bp and a Jaccard similarity coefficient of 0.85. A strong similarity is considered for correlations
above 0.80. The use of OPA12 primer revealed the presence of 11 distinct bands, also ranging
between 400 bp and 2,080 bp and a correlation coefficient of 0.87. The dendrograms referring to
these results were obtained through the PAST software and are shown in Figure 3A.

2080 pb I
—_—
500 pb

100 pb

* MW-Molecular weight. Pools 1 to 5 refer to sample 23 and pools 6 to 9 indicate sample 24.

Figure 2. Genetic divergence of the same origin and presence of Escherichia coli conservative

bands in ice cream samples from Aracatuba-SP and region, 2016.
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Figure 3A. RAPD assay using Ecolil and OPA12 primers, respectively.

Different bands were also obtained by studying E. coli samples isolated from the water of the
Lagoa dos Patos-RS, the bands patterns provided a great genetic variability, with 5 to 15 fragments
from 150 bp to 1,800 bp.*

For the ERIC-PCR assay, 16 bands were obtained which, when compared directly with the 100
bp molecular weight ladder, had fragments ranging from 100 bp to 1,500 bp and a correlation
coefficient of 0.78 (Figure 3B), the samples being distributed into four groups. The genetic
variability present in a bacterial species may be demonstrated by the study of DNA fragments of
different sizes (ERIC-PCR), generated from an amplification of repetitive sequences existing in
its genome, through the use of specific oligonucleotides by PCR.**
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Figure 3B. ERIC-PCR assay.

The use of the ERIC-PCR technique was also effective, demonstrating the genetic variability
and characterization of Leishmania chagasi samples, obtaining reliable, sensitive and specific
results, being able to be used in diagnostic and differentiation situations, in addition the results
are easily obtained."

Figures 3 (A and B) represent, respectively, dendrograms referring to the RAPD-PCR and
ERIC-PCR genetic variability test of E. coli isolated from ice cream samples from Aracatuba-SP
and region, 2016.

The conservation of bands, common in the RAPD-PCR assay in similar species, appears only in
some samples with the same origin (Figure 2), differentiating only the concentrations of the media
in which they were isolated, however, when compared to the rest of the samples, the persistence
was absent. The gene profile found in all samples was extremely diverse.

An occurrence to be also considered is the gene difference among bacteria isolated from culture
medium in differentiated concentrations, however, they all come from the same sample, assuming
a heterogeneous strains contamination.
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Conclusion

The samples showed a high contamination index by coliforms at 30-35 °C and coliforms
at 45 °C, and positivity to Salmonella spp, making the food a threat to the consumer’s health.
The antimicrobial susceptibility test of E. coli isolated from ice cream showed resistance and
multiresistance, in addition to differentiated results for bacteria from the same sample. A discordant
aspect in a same sample was also found in RAPD-PCR, which detected a polymorphism index,
indicating great genetic variability among bacteria, considering different sources of contamination.
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