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Abstract
Many Solidarity Economic Venture (SEV) are family farmers who seek to add value to production through artisanal 
processing, which can lead to food contamination. Thus, this study aimed to genotypically characterize thermotolerant 
coliforms (TtC) strains from food produced by local agribusinesses of SEV during January to April 2019. Samples from 
thirteen production units (PU) from the SEV were submitted to a microbiological analysis of thermotolerant coliforms 
(AFNOR 3M1/2 – 09/89), using a fast count method in Petrifilm™ dishes. The Polymerase Chain Reaction (PCR) 
technique was used to verify the following virulence genes (VGs) associated with Escherichia coli: stx, typical from 
enterohemorrhagic E. coli (EHEC); bfpA typical from entheropathogenic E. coli (EPEC) and elt and slt, typical from 
entherotoxigenic E. coli (ETEC). The results showed that two samples of queijadinha (typical Brazilian candy made 
with eggs and coconut) and one sample of cassava cake presented characteristic colonies TtC. This way, three strains 
were isolated in order to perform the PCR technique. However, the genes used in the reaction were not detected in the 
isolated strains. Therefore, it is suggested that the isolated strains are from E. coli pathotypes with different virulence 
genes than the ones analyzed belong other types of TtC, such as Enterobacter and Klebsiella. Although the virulence 
of genes has not been confirmed, the presence of TtC on food indicates hygiene flaws during production and, therefore, 
measurements to control and prevent contamination should be taken.

Keywords: Enterobacteriaceae, microbial genetics, polymerase chain reaction, food and nutritional safety, foodborne illness.

Caracterização genotípica de coliformes termotolerantes isolados de 
alimentos produzidos por um Empreendimento Econômico Solidário

Resumo
Muitos Empreendimentos Econômicos Solidários (EES) são formados por agricultores familiares que buscam agregar 
valor à produção por meio do beneficiamento artesanal, que pode ocasionar a contaminação dos alimentos. Desta forma, 
este estudo objetivou caracterizar genotipicamente coliformes termotolerantes (CT) isolados em alimentos produzidos por 
agroindústrias de um EES no período de janeiro a abril de 2019. Então, foi realizada análise microbiológica de coliformes 
termotolerantes (AFNOR 3M1/2 – 09/89), utilizando um método contagem de contagem rápida em placas Petrifilm™, em 
amostras de alimentos de treze Unidades de Produção (UP) do EES. Foram coletadas assepticamente cinco amostras de cada 
UP, totalizando 65 amostras. Utilizou-se a técnica de Reação em Cadeia de Polimerase (PCR) para verificação dos seguintes 
genes de virulência de Escherichia coli: stx, característico de E. coli enterohemorrágica (EHEC), bfpA, característico de 
E. coli enteropatogênica (EPEC) e elt e stI, característicos de E. coli enterotoxigênica (ETEC). Os resultados demonstraram 
que duas amostras de queijadinha e uma amostra do bolo de aipim apresentaram colônias características de coliformes 
termotolerantes. Desta forma, foram isoladas três cepas para a realização da PCR, no entanto os genes utilizados nas reações 
não foram identificados nas cepas isoladas. Portanto, sugere-se que as cepas isoladas sejam de patótipos de E. coli com genes 
de virulência diferentes dos analisados ou de outro membro dos CT, como Enterobacter e Klebsiella. Apesar de não serem 
confirmados os genes de virulência analisados, a detecção dos CT nos alimentos indica falhas na higiene durante a produção, 
portanto medidas para controlar e prevenir a contaminação dos produtos devem ser tomadas.

Palavras–chave: Enterobacteriaceae, genética microbiana, reação em cadeia da polimerase, segurança alimentar e 
nutricional, doenças transmitidas por alimentos.
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1. Introduction

Solidary Economic Ventures (SEVs) adopt initiatives 
that favor the generation of new ways of production, labor 
and income. Its main characteristics are self-management, 
results sharing and a horizontal structure, in which the 
entrepreneurs have the autonomy to make their own 
decisions (Bella et al., 2018). There was an increase in 
the number of cooperatives in Brazil and agricultural 
production cooperatives increased from 1,548 in 2010 to 
1,613 in 2018 (OCB, 2019). Many of these groups seek to 
add economic value to their agricultural production through 
processing. However, many times the processing of the 
raw materials is made in an artisanal fashion (Ribeiro, 
2017; Rodrigues et al., 2015).

Artisanal food processing may be a risk to the 
occurrence of Foodborne Diseases due to the presence of 
microorganisms in food, utensils and/or manufacturers. 
Thus, the adoption of Good Manufacturing Practices during 
the processing of products is essential (Silva et al., 2017).

Among the etiological agents that cause foodborne 
illness, Escherichia coli, a bacteria part of a group of 
microorganisms called thermotolerant coliforms, stands 
out. It presents the characteristic of fermenting lactose 
with gas production when incubated at 44.5 - 45.5 °C. 
Enterobacter and Klebsiella are genders that are also 
part of this group of coliforms. However, generally under 
these conditions around 90% of the cultures are positive 
for E. coli, whilst only a few strains of Enterobacter and 
Klebsiella maintain this characteristic (Macedo et al., 2016). 
In Brazil, E. coli is amongst the main etiological agents 
identified in foodborne illness outbreaks (Pombo et al., 
2018). The natural habitat of this microorganism is the 
intestines of humans and other warm-blooded animals. 
While most strains are harmless, some can cause severe 
foodborne disease. E. coli infection is usually transmitted 
through consumption of contaminated water or food, such 
as undercooked meat products and raw milk. Thus, the 
presence of E. coli in food indicates fecal contamination, 
probably due to poor hygiene during manipulation and/or 
use of contaminated water (WHO, 2019)

In addition, there is a growing concern regarding 
the prevalence of multi-drug resistance in coliforms, as 
Escherichia coli, which makes antibiotic therapy incompetent 
(Mishra et al., 2018).

There are six pathogenic E. coli pathotypes, collectively 
known as diarrheagenic E. coli (DEC). They have a 
predilection for the host’s enteral cells, causing intestinal 
infection and they are classified as: enteropathogenic E. coli 
(EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive 
E. coli (EIEC), enterohemorrhagic E. coli (EHEC) or 
Shiga toxin-producing E. coli (STEC), enteroaggregative 
E. coli (EAEC) and diffusely adherent E. coli (DAEC) 
(Souza et al., 2016). EPEC cause childhood diarrhea and 
its action mechanism is through the destruction of small 
intestine microvillus. The main symptoms observed in 
infections caused by EIEC are high fever and watery 
diarrhea, that may progress to ulceration of the host’s 

epithelium. The disease known as traveler’s diarrhea is 
caused by ETEC and occurs from the consumption of water 
or food contaminated with fecal material. EAEC strains 
cause acute and chronic diarrhea in children. The symptom 
observed in DAEC infections is watery diarrhea, especially 
in children between 1 and 5 years old. And finally, EHEC 
is responsible for causing watery diarrhea, hemorrhagic 
colitis and hemolytic uremic syndrome (Rosa et al., 2016). 
The research for E. coli in foods reveals safe information 
about the hygienic and sanitary conditions of the products, 
as it is an indicative of fecal contamination. Furthermore, 
these microorganisms have pathogenic strains that can 
lead to outbreaks of foodborne illness.

Therefore, the investigation of virulence genes 
in Escherichia coli isolates is necessary to identify 
pathogenic strains, as was done by Barbosa et al. (2019) 
in a research carried out with mussel (Mytella guyanensis) 
commercialized in Cachoeira, Bahia, Brazil, and the elt 
gene, typical from enterotoxigenic infection, was detected 
in 75% of the 24 isolates.

Considering the scarcity of studies involving the 
research of virulence genes in food isolates from family 
agriculture and the importance of E. coli as an etiological 
agent of foodborne illness, the objective of this work was 
to genotypically characterize the isolates of TtC from foods 
produced by farms and processing facilities from a SEV.

2. Material and Methods

The venture headquarters was located in Valença (Bahia 
State, Brazil) and developed as its main economic activity 
the retail of fresh produce and, as secondary economic 
activities, the commercial manufacturing of compotes, 
jams, candy bars, dehydrated fruits, seasonings, cassava 
flour and its derivatives, biscuits and cookies, cakes, beijus 
(delicacy based on cassava starch), breads and various 
savory dumplings.

This study was conducted during the period of January 
to April 2019. The samples were aseptically collected from 
all production units that benefited food, totaling 13 units, 
involving 52 family farms. Due to the great diversity of 
food produced, it was decided to collect and analyze the 
bestselling product of each production unit. Five sample 
of each food were collected, corresponding to the batch, 
and totaling 65 samples, which were collected in their 
commercial packaging in the production unit. The samples 
were transported refrigerated in an isothermal container and 
sent to the Multidisciplinary Health Studies and Research 
Complex of the Federal University of Recôncavo da Bahia 
(UFRB) in Santo Antônio de Jesus, Bahia State, Brazil, 
where the microbiological analysis of the product samples 
was immediately performed.

The selected products were: banana biscuit, cocoa 
jam, queijadinha (candy based of eggs and coconut), 
gluten-free cassava biscuit, beiju, chicken seasoning, 
coconut biscuit, banana chips, sugar-free banana candy 
bar, jenipapo (edible berry from the Genipa americana 
tree) candy, cassava cake, cocoa cocada (treat based of 
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coconut) and puba (fermented cassava) cake wrapped in 
banana leaves.

The quantification of thermotolerant coliforms (AFNOR 
3M1/2 – 09/89) was achieved through Petrifilm™ rapid 
plates (3M Company), according to the manufacturer’s 
instructions.

The reading was performed with the assistance of a 
CP600 Plus (Phoenix ) colony counter, in which the red 
colonies accompanied by gas bubbles were considered 
typical of TtC. Afterwards, the results were expressed in 
colony-forming-unit (CFU/g).

The colonies with typical characteristics of TtC were 
isolated using wire looping, coded and stored in brain heart 
infusion broth with 15% glycerol and kept at -20 °C, for 
posterior extraction of bacterial DNA, using the technique 
described by Silva et al. (2011).

In sequence, the polymerase chain reaction was 
performed in order to verify the following E. coli virulence 
genes: stx, typical of enterohaemorrhagic E. coli (EHEC), 
the bfpA gene, typical of enteropathogenic E. coli (EPEC), 
and the genes elt and stl, both typical of enterotoxigenic 
E. coli (ETEC).

The amplification reactions were realized in an 
Amplitherm TX96 Plus thermocycler. The reagents 
and enzymes utilized for the gene amplification were: 
sterile milli-Q water, PCR buffer (10x) with magnesium 
chloride (MgCl2) at 2x final concentration, deoxynucleotide 
triphosphate mixture (dNTPs 10 mmol/L) at 0.2 mmol/L 
final concentration, primers (forward and reverse) at 
0.8 pmol/uL final concentration each. Taq DNA polymerase 
at final concentration of 2U and DNA template (3 uL). Final 
volume for each PCR reaction was 25 uL. As a positive 
control, an ATCC 11105 strain was utilized for the elt gene, 
an ATCC 43895 strain for the stx gene, a CDCO 111ab 
strain for the bfpA gene and an ATCC 11105 strain for 
the stl gene. The byproducts were separated through 2% 
agarose gel electrophoresis, dyed with SYBR Green , using 
an Electrophoresis Power Supply EV 243 TM – Consort. 

Then, they were observed at the ultraviolet transilluminator 
Loccus L-PIX (BDH). The PCR conditions, the primers 
sequences and the size of the amplified fragment for each 
observed gene are described on Table 1.

The study was approved by the UFRB Research Ethics 
Committee (CAAE 09931612.6.0000.0056), as determined 
by Resolution 466/2012 of the National Health Council 
(Brasil, 2012). Participants received explanations about 
the purpose of the research and gave their consent through 
the Informed Consent Form.

3. Results and Discussion

Out of the 65 analyzed samples, two samples from 
the queijadinha batch and one sample from the cassava 
cake batch presented colonies that are consistent with 
bacteria from the TtC group (Figure 1). Thus, three strains 
were isolated in order to perform the PCR. The genes 
used in these reactions were not identified in the isolated 
strains (Figure 2). It is suggested that the isolated strains 
are from E. coli with different virulence genes than the 
ones analyzed, or from another group of the TtC, such as 
bacteria like Enterobacter or Klebsiella. However, for the 
elt and sti genes the positive controls were not amplified 
(data not shown). The probable causes for non-amplification 
of the positive controls genes are degradation of the primers 
used or, most likely, degradation of standard strain DNA 
to ETEC, or both.

The pathogenicity from E. coli pathotypes is dependent on 
virulence factors. These, in its turn, help the microorganism 
to settle and to cause damage to the host cells. The factors 
are encoded by virulence genes that can be detected by 
molecular methods such as PCR, as this method enables 
the amplification of characteristic genes for each pathotype 
(Moreira et al., 2018).

In determining the prevalence of diarrhogenic E. coli 
(DEC) in Peruvian children, Ochoa et al. (2011) described 
the genetic variability of isolated strains and observed a 

Table 1. Conditions utilized in the Polymerase Chain Reaction for the detection of Escherichia coli genes associated to 
virulence.
Gene/ serotype Primer sequence (5’ - 3’) (bp) PCR’s conditions

stx / EHEC TTT ACG ATA GAC TTC TCG AC
CAC ATA TAA ATT ATT TCG CTC

227 5 minutes at 94 °C/35 cycles at 94 °C 
for 1 minute, 3 minutes at 48 °C and 
4 minutes at 72 °C/10 minutes at 72ºC

bfpA /EPEC AAT GGT GCT TGC GCT TGC TGC
GCC GCT TTA TCC AAC CTG GTA

330 5 minutes at 94 °C/29 cycles at 94 °C 
for 30 seconds, 1 minute at 56 °C and 
2 minutes at 72 °C/10 minutes at 72 °C

elt / ETEC GGC GAC AGA TTA TAC CGT GC
CCG AAT TCT GTT ATA TAT GTC

696 5 minutes at 94 °C/30 cycles at 94 °C 
(desnaturation) for 1 minute, 1 minute 
at 56 °C (annealing) and 1 minute 72 °C 
(extension)/10 minutes at 72 °C

stI / ETEC TTA ATA GCA CCC GGT ACA AGC AGG
CTT GAC TCT TCA AAA GAG AAA ATT AC

147 5 minutes at 94 °C/30 cycles at 94 °C 
for 1 minute, 1 minute at 55 °C and 
1 minute 72 °C/10 minutes at 72 °C

(bp): Size of the amplified fragment in base pairs; PCR: Polymerase Chain Reaction. Source: Adapted from Silva et al. (2011).
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great variability of virulence genes for each pathotype. 
For example, it’s been determined the presence and allelic 
variation for three virulence genes, eae, bfpA and perA 
in 120 EPEC samples. These findings justify what may 
have occurred on this present study: even though each 

pathotype is characterized by a specific gene, it may still 
occur heterogeneity within the same group.

The result of this present study differs from the one 
performed by Cavalin et al. (2018), that aimed to identify 
the virulence genes eae, bfp, stx1, stx2, hlyA, ipaH, elt, 
est, aggR, aap and AA probe from the isolated E. coli 
strains in sausage samples produced and commercialized 
in the region of Londrina, Paraná State, Brazil. Forty-six 
samples were analyzed and one calabresa sausage (a type 
of spicy sausage) sample was contaminated with atypical 
enteropathogenic E coli, from the serotype O108:H9, in 
which it was possible to identify the virulence genes eae 
and hlyA.

Similar results were presented in a study that aimed 
to investigate the occurrence of virulence genes (eagg, 
eaeA, stx1, stx2, ST, LT, rfb, O157 and ial) from E. coli 
strains isolated from raw milk commercialized at the south 
of Piauí State, Brazil. Fifty-two samples were analyzed 
and the genes eaeA and LT were found at one sample, 
which characterized the analyzed milk as a carrier of 
virulent strains with potential to harm consumer’s health 
(Fonsêca et al., 2017).

Since some strains of E. coli present a variety of 
genetic modifications (virulence genes) that increase 
their pathogenicity to humans and animals and that the 
ingestion of contaminated water and food with such strains 
may put consumer’s health at risk, it is important to note 
that ventures that process food have full responsibility to 
assure the hygiene to all the production line, in order to 
keep the food free from any pathogenic agent or its toxins 
(Peter et al., 2016; Ávila et al., 2016).

The emergence of multi-resistant strains may occur 
as antimicrobials are increasingly used indiscriminately. 
Suboptimal concentrations of these antimicrobials are 
accidentally unintentionally but regularly dispensed through 
the environment, increasing the number of antimicrobial 
resistance genes (Mishra et al., 2018).

Figure 1. Photograph of Petrifilm™ CC plate (3M Company) 
after incubation at 44.5 °C showing characteristic colonies 
of thermotolerant coliforms from food (cassava cake) 
produced by local agribusinesses of a Solidarity Economic 
Venture of Valença, Bahia, Brazil. 2018.

Figure 2. Photograph of 2% Agarose Gel of Polymerase Chain Reaction for Escherichia coli stx (EHEC) and bfpa (EPEC) 
genes. PM = 100pb DNA Ladder RTU; stx+ = positive control for the stx gene, ATCC 43895 strain; bfpa+ = positive control 
for the bfpa gene, CDCO 111ab strain; stx- and bfpa- = negative control for stx and bfpa genes, respectively; stx1, 2, 3 and 
bfpa1, 2, 3 = E. coli samples (Lab. Code - 3A, 3B and 11D, respectively).
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Even though the proposed E. coli virulence genes have 
not been confirmed, the detection of TtC on the analyzed 
food indicates hygiene flaws during the food manufacturing, 
therefore, measures to control and to prevent product 
contamination should be taken.

In addition, the presence of TtC in food may indicate 
faecal contamination, as demonstrated by Trmčić et al. 
(2016) which detected that the most E. coli isolated from 
cheese samples were of faecal origin.

To summarize it is recommended that the food 
processing ventures are aware of the principles of Good 
Manufacturing Practices. It is specially recommended 
that they use hygiene practices, which should be followed 
and maintained as a strategy to ensure that products are 
consistently produced and controlled according to quality 
standards and to prevent contamination by TtC.
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