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Detection of Brucella spp., Campylobacter spp. and Listeria
monocytogenes in raw milk and cheese of uninspected production in
the metropolitan area of Sao Paulo
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Abstract

Foodborne discases are a major public health issue but their overall incidence is underestimated due to
insufficient report. The present study aimed to investigate the presence of Brucella spp., Campylobacter
spp. and Listeria monocytogenes in raw milk and cheese of uninspected production obtained from
cattle bred on the polluted banks of the Tieté River. Generally, milk from these animals is used to
prepare fresh cheese, which is then commercialized by the producers themselves or in local markets.
We analyzed 81 samples consisting of 38 samples of cheeses, 15 samples of raw milk and 28 samples
of water collected from the Tieté River. These samples were evaluated for the presence of the three
pathogens using bacteriological methods and the conventional polymerase chain reaction (PCR), with
primers specific for each bacterial genus. In the bacteriological examination, all samples were negative
for Brucella spp., Campylobacter spp. and Listeria monocytogenes. In the PCR test, Brucella spp. was
detected in 5/38 (13.16%) cheese samples. Campylobacter spp. was present in 18/38 (47.37%) cheese
samples, 1/15 (6.66%) raw milk samples and in 12/28 (42.86%) water samples. Listeria monocytogenes
was not detected by PCR. The detection of Brucella spp. DNA in cheese and Campylobacter spp. DNA
in cheese, milk and water may reflect inadequate animal sanitary management and deficiencies in good
manufacturing practices. The presence of these pathogens in the food and water may pose a threat to the
health of the consumer and increase the incidence of zoonosis.

Key words: Brucella spp. Campylobacter spp. Listeria monocytogenes. Informal cheese production.
Milk.

Resumo

As doengas transmitidas por alimentos (DTA) ainda sdo subnotificadas, sendo dificil estimar a
incidéncia global. O presente estudo objetivou detectar a presenga de Brucella spp., Campylobacter
spp. e Listeria monocytogenes em queijo de producdo informal e leite cru, provenientes de bovinos
criados as margens poluidas do Rio Tieté. O leite desses animais era utilizado na preparacdo de queijos
tipo frescal, comercializados pelos proprios produtores ou no comércio local. No total, 81 amostras
foram analisadas: 38 de queijos, 15 de leite cru e 28 aliquotas de agua do Rio Tieté. Os materiais foram
processados por métodos bacteriologicos e pela reacdo da polimerase em cadeia (PCR) convencional,
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especificos para cada género. Todas as amostras foram negativas no exame bacteriologico para Brucella
spp., Campylobacter spp. e Listeria monocytogenes. Pela PCR, Brucella spp. foi detectada em 5/38
(13,16%) queijos de produgao informal; Campylobacter spp. em 18/38 (47,37%) queijos, 1/15 (6,66%)
leite cru e em 12/28 (42,86%) amostras das aguas analisadas. Listeria monocytogenes nao foi detectada
pela PCR. A detecgdo da presenga de DNA de Brucella spp. no queijo e de DNA de Campylobacter spp.
no queijo, leite e agua, podem indicar manejo sanitario inadequado dos animais e deficiéncia nas boas
praticas de fabricacdo, com potencial risco para a saiide do consumidor e, aumentando assim, o risco da

dissemina¢do de zoonoses.

Palavras-chave: Brucella spp. Campylobacter spp. Listeria monocytogenes. Queijo de producao

informal. Leite.

Introduction

Food safety is a growing concern to public health.
While several countries have been investing in the
identification of risk factors, foodborne diseases are
still underreported, making it difficult to estimate
their overall incidence. In 2014, FoodNet identified
19,507 laboratory-confirmed cases of foodborne
infection, 4,476 hospital admissions and 75 deaths
in the United States of America (CDC, 2014;
CREMONESI et al., 2016).

According to the Food and Agriculture
Organization of the United Nations (FAO, 2009),
better monitoring and surveillance have helped
demonstrate that foodborne diseases are mainly
caused by microbiological pathogens of animal
origin. The prevention and control of foodborne
zoonosis are therefore essential and can be achieved
by preventing and controlling diseases and

conditions that affect animal health.

The Minas fresh cheese is a type of cheese
traditionally produced in the State of Minas Gerais,
Brazil. It is prepared with good quality whole
milk that has been previously cooked, pasteurized
and cooled, with or without the addition of lactic
acid, calcium chloride, and liquid rennet. After
coagulation, the cheese-making process includes
curd cutting, stirring, serum drainage and resting,
followed by shaping, pressing and salting.
The produced cheese lasts seven days under
refrigeration (EMBRAPA, 2004). Ideally, the entire
cheese-making process should follow strict hygiene
standards, and milk should originate from animals
bred under adequate sanitary conditions (CRESPO
et al., 2009).

In municipalities located in the metropolitan area
of Sdo Paulo (also known as Greater Sao Paulo),
dairy cows graze on the polluted banks of the Tieté
River (CETESB, 2015). The cattle owners are small
producers with herds ranging from 20 to 50 animals
per property who profit from this activity to increase
family’s income. Some properties are directly
connected to the Tieté River and the animals drink
the river’s water. Animals from more distant farms
are taken to the river banks by trucks, where they
are maintained in improvised stalls.

According to Salotti et al. (2006), although the
commercialization of fresh and soft cheese prepared
from raw milk is prohibited in Brazil, there is an open
clandestine marketing of these products. Among the
major diseases that can be transmitted by raw milk,
contaminated water or cheese from uninspected
production, Brucellosis, Campylobacteriosis and
Listeriosis are of particular importance.

The present study aimed to detect the presence
of three important zoonosis agents, Brucella spp.,
Campylobacter spp. and Listeria monocytogenes, in
samples of raw milk and cheese from uninspected
production obtained from dairy cows bred on the
banks of the Tieté River, as well as in water samples
from this river, whose water was used in these
properties.

Material and Methods

From March 2010 to March 2012, we collected
38 samples of fresh cheese and 15 samples of raw
milk every 15 days directly from 11 small producers
and two local shops. The municipalities surveyed

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 4, p. 1897-1904, jul./ago. 2017



Detection of Brucella spp., Campylobacter spp. and Listeria monocytogenes in raw milk and cheese of uninspected...

are located in the metropolitan area of Sao Paulo
(Barueri, Santana do Parnaiba and Pirapora do Bom
Jesus), on the banks of the Tieté River.

Milk was obtained straight from the producers
before it was commercialized or used for uninspected
cheese production. The rural properties to which
these animals belonged marketed cheese and
unpasteurized milk without any kind of municipal,
state, or federal inspection, and did not meet the
requirements of the Regulation for Industrial and
Sanitary Inspection of Animal Products — RIISPOA
(BRASIL, 1997). Milk and cheese were, therefore,
considered as food from uninspected production.

We also collected 28 water samples from a total
of ten locations along the Tieté River or its streams,
which supply these rural properties. The samples
were collected every 15 days so that each area was
represented at least once. There was no information
available on water treatment before its consumption
by the animals or its use in cheese preparation.

Cheese samples were kept in their original
commercial packages, and milk in the original
2-liter “PET” bottles. Water samples were stored in
80 mL sterile universal collectors. All materials were
transported in isothermal boxes with recyclable ice,
at a temperature of up to 8°C, and analyzed within
24 hours.

Cheese, milk and water samples were submitted
to bacteriological analysis to isolate and identify
Brucella ssp., Campylobacter spp. and Listeria
monocytogenes,according to Miyashiro etal. (2007),
Carvalho et al. (2010) and OIE (2008), respectively,
but with slight modifications. Briefly, milk and water
samples (50 mL each) were centrifuged at 14,000 x
g for 15 minutes to increase the concentration of the
target agent. The resulting pellet was resuspended
in 2 mL of the supernatant and plated directly
in culture plates. For Brucella spp, 100 uL of the
resuspended pellet was plated in duplicate in BBA
(Brucella Blood Agar) plates without antibiotics
and in BBA plates supplemented with an antibiotic
mixture (DUFTY, 1967) composed of Polymixin

B (1.000 UI/L), Cycloheximide (20 mg/L),
Novobiocin (5 mg/L) and Bacitracin (15.000 UI/L)
(CARVALHO etal., 2010). For Campylobacter spp,
the resuspended pellets were filtered with a 0.65
um pore cellulose ester membrane (Millipore®)
using a plastic support (swinex®-Millipore®) and
1 ml syringes to eliminate contaminants of larger
dimension. Then, 100 pL of this filtrate were
cultured in BBA plates with and without antibiotics
(MODOLO, 2000; CARVALHO et al., 2010). For
Listeria spp., the resuspended pellets were cultured
in selective PALCAM® medium plates (OIE, 2008).

Cheese samples (25 g) were resuspended in
100 mL of Brucella broth in sterile plastic bags
(Nasco®) and homogenized for up to four minutes
in a mechanical grinder (STOMACHER® 80 —
LAB SYSTEM). Then, 3 mL of the resulting
supernatant were centrifuged at 14,000 x g for
15 minutes and the pellet resuspended in 2 ml of
the supernatant and cultured in the same media
described above (MIYASHIRO et al., 2007, OIE,
2008., CARVALHO, 2010).

The plates were incubated at 37°C in a CO,
incubator (5%) for the detection of Brucella spp.,
Campylobacter spp. and Listeria monocytogenes,
and also in an aerobic incubator at 37°C for the
detection of Brucella spp. for ten days. After the
incubation period, colonies were identified with
presumptive methods (Gram staining, mobility
assessment with dark field microscopy and oxidase
test). We validated the presence of Brucella,
Campylobacter, or Listeria with biochemical
tests specific for each genus: catalase, urease, H,S
formation, and sugar fermentation in TSI medium
(Triple Sugar Iron — Difco®), hippurate hydrolysis,
tolerance to temperatures of 25°C and 42°C,
susceptibility to nalidixic acid and cephalothin (30
pg) (HOLT et al., 1994; OIE, 2008).

Other microbiota detected in the cultures were
subjected to Gram staining in addition to tests for
the identification of enterobacteria using a specific
kit and following the manufacturer’s specifications
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(EPM, MILI and Simmons Citrate — Enterokit B —
Probac®) (TOLEDO et al., 1982a; TOLEDO et al.,
1982Db).

We also performed PCR (polymerase chain
reaction) analysis to detect DNA of the target
microorganisms. DNA fromallsamples wasextracted
from the resuspended pellets prepared from cheese,
water, and milk samples using the commercial
DNAzol®-Invitrogen Kit (CHOMKZYNSKI,
1993) according to the manufacturer’s instructions.
For the detection of Brucella spp., the extracted
DNA was subjected to PCR amplification using
the protocol described by Baily et al. (1992). For
the detection of Campylobacter spp., we used the
protocol reported in Marshall et al. (1999), and
for the detection of Listeria monocytogenes, we
followed the instructions from Blais et al. (1995).
The standard strains Brucella abortus (ATCC 544),
Campylobacter jejuni (ATCC 33291) and Listeria
monocytogenes (4b) (ATCC 13932) were used as
positive controls, and ultra-purified water was used
as a negative control. The amplified DNA products
of the three pathogens were then analyzed in a 2%
agarose gel electrophoresis. The gel was stained with
ethidium bromide (0.5 pg/mL), photographed under
ultraviolet light (300-320 nm) using the Kodak®
Digital DC/120 Zoom Camera, and analyzed with
the 1D Image Analysis software (Kodak Digital
Science®).

Results and Discussion

In this study, we used both bacteriological and
molecular approaches to detect the presence of
Brucella spp., Campylobacter spp. and Listeria
monocytogenes in samples of raw milk and cheese
from uninspected production obtained from dairy
cows bred on the banks of the Tieté River, and in
water samples from this river.

PCR amplification of 223 bp DNA fragments
from Brucella spp. demonstrated the presence of
this pathogen in 5/38 (13.16%) cheese samples, but
not in milk and water samples. Also, we detected

1.004 bp DNA fragments of Campylobacter spp. in
18/38 (47.37%) cheese samples, 1/15 (6.66%) raw
milk samples and 12/28 (42.86%) water samples.
Listeria monocytogenes was not detected by PCR in
any samples of cheese, milk, or Tieté River water.

In this study, Brucella spp. was detected by PCR
in cheese samples. This result is similar to what was
reported by Miyashiro et al. (2007), who detected
the same pathogen in 19.27% of cheese samples
from clandestine origin in the States of Sdo Paulo
and Minas Gerais. Consistent to that study, the
pathogen was detected by PCR amplification but
not by pathogen isolation and culture. In a study
which analyzed cheese produced in Rio Grande
do Sul, Zaffari et al. (2007) failed to isolate and
culture Brucella spp., but PCR was not used as an
additional detection technique. Ongor et al. (2006)
also detected this pathogen using PCR in 5% of
cheese samples derived from Turkey, but detection
was lower than in our study. Namanda et al. (2009)
found no signs of Brucella spp. in milk samples in
Quenya with either method. However, Langoni et
al. (2000) isolated and cultured Brucella spp. from
30,61% milk samples obtained from serologically
positive animals in the States of Sao Paulo and
Minas Gerais.

Brucella and Listeria monocytogenes

Spp.
were not detected in the water samples by any of
the methods used in our study. However, disease
dissemination through the water cannot be ruled
out, as both pathogens may be excreted in the milk,
and Brucella spp. can also be excreted in the urine,
thereby contaminating the pastures and the river
itself. In addition, water pollution must be taken
into consideration during sample analysis, as it
may interfere with the viability of the cultures of
Brucella and Listeria and impair DNA extraction
and pathogen detection. Pacheco et al. (2012)
showed that the strain B19 of Brucella spp. was
excreted in the milk and urine of vaccinated cattle in
the State of Sdo Paulo. According to the authors, the
excretion of the B19 vaccine strain was predominant
at estrus, at 150 days of gestation and immediately

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 4, p. 1897-1904, jul./ago. 2017



Detection of Brucella spp., Campylobacter spp. and Listeria monocytogenes in raw milk and cheese of uninspected...

after delivery, persisting until the animals were nine
years old.

The presence of Listeria monocytogenes was
not identified in any of the samples analyzed in our
work, similar to what was reported by Barancelli
et al. (2011), who found no signs of these bacteria
in samples of fresh cheese and raw or pasteurized
milk from S3o Paulo, and Moraes et al. (2009),
who also obtained negative results in samples of
unpasteurized milk from Minas Gerais.

In our study, 18/38 (47.37%) cheese samples
were positive for Campylobacter spp., according
to PCR analysis. This number was higher than that
obtained by Hussain et al. (2007), who found this
pathogen in 3/26 (11.50%) samples of cheese from
Pakistan, and by Medeiros et al. (2008), who did
not detect Campylobacter in cheese samples from
Canada. Of note, neither of the studies used PCR as
a detection method.

Only one sample of raw milk (6.66%) was
positive for Campylobacter spp. in the PCR
analysis, which was lower than what was observed
by Hussain et al. (2007), who identified this
pathogen in 10,20% of the raw milk samples tested
in Pakistan, and by El-Zamkan and Hameed (2016),
who detected Campylobacter in 24,60% of samples
of raw milk and derivatives in Egypt. In contrast,
Medeiros et al. (2008) failed to isolate and culture
this pathogen from any of the collected samples of
raw milk in Canada.

Campylobacter spp. was also detected in Tieté
River water samples, but its detection was lower
than that observed by other authors investigating the
presence of these bacteria in rivers, such as Jokinen
etal. (2011) in Canada and Rechenburg et al. (2009)
in Germany, who reported a prevalence of 26.60%
and 86.00%, respectively.

It is important to note that in the present study,
water samples positive for Campylobacter spp. were
collected at different locations along the Tieté River,
which surrounded the rural properties of cheese and
milk production and where the animals grazed.

According to Germano and Germano (2008), the
surface waters of rivers, lakes and even the sea near
the coast, have a high amount of this bacterium. It
is of major concern that the contaminated water of
the Tieté River and its marginal vegetation are used
for cattle breeding. As the cattle ingest polluted
water from the river and the riverside vegetation,
it is possible that microorganisms can be excreted
in the milk and feces (CALIL et al., 2008), further
contaminating the property.

According to the Environmental Protection
Agency in Sdo Paulo (CETESB, 2015), in the stretch
of the Tieté River that crosses the metropolitan area
of Sdo Paulo, the quality of the water is classified
as “Bad and Poor” and as inappropriate for human
and animal consumption. Water pollution is caused
by the presence of biodegradable and inorganic and
organic pollutants (fertilizers, clandestine sewage,
feces, among others). In the present study, we report
an unprecedented PCR detection of Campylobacter
spp. in river water samples and the presence of other
contaminating microorganisms (mainly coliforms
and Gram-positive cocci), which led us to consider
that this water has potentially been used in critical
steps of the cheese-making process, including the
use of contaminated utensils and/or inadequate
handling by manipulators (VARNAM, EVANS,
1991).

All  tested
bacteriological

in
the spp-»
Campylobacter spp. and Listeria monocytogenes.

samples were negative

tests for Brucella
We observed the presence of colonizing microbiota
in all culture media, mainly coliforms (Escherichia
coli, Enterobacter spp. and Klebsiella spp.) and
Gram-positive cocci, which were not inhibited by

the filtration technique or the use of selective media.

A possible explanation for the negative
results obtained after isolation and culture of the
three pathogens is lactic antagonism (GUEDES
NETO et al., 2005; MARQUES et al., 2017). The
antagonistic action of lactic acid bacterial species
(LAB) against undesirable microorganisms in
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food products has been described in the literature.
Among LAB species, the genera Carnobacterium,
Lactobacillus,

Enterococcus, Lactococcus,

Lactosphaera, Leuconostoc, Oenococcus,
Pediococcus, Streptococcus Vagococcus e Weissella
are of particular importance (GUEDES NETO et
al., 2005; MARQUES et al.,, 2017). Lactid-acid
bacteria isolated from milk and cheese, such as
Staphylococcus spp., Listeria spp., Salmonella spp.,
Bacillus spp., Pseudomonas spp. and bacteria of the
coliform group, exerted an inhibitory action against
pathogens and spoilage (ALEXANDRE, 2002;
CARIDI, 2003; ESCOBAR-ZEPEDA et al., 2016;
GUEDES NETO et al., 2005; MARQUES, et al.,

2017).

Of note, the method of direct culture, post-
centrifugation and filtration may not have been
enough to properly isolate these zoonosis pathogens
and reduce the intense contamination by other
microorganisms. Therefore, modifications of the
method should be tested to optimize the detection
of these pathogens.

Importantly, the PCR technique was more
effective in detecting the three bacteria than the
microbiological analyses. This finding supports the
use of the PCR technique in laboratories responsible
for inspecting water or food of animal origin. Due
to its high sensitivity and specificity, this technique
should be adopted as a complementary tool to
conventional tests.

Conclusion

The detection of Brucella spp. in cheese samples
and Campylobacter spp. in cheese, milk and river
water samples renders these materials improper for
human and animal consumption, as they can pose
a serious threat to the health of consumers. Cattle
breeding near the polluted banks of the Tieté River
and, consequently, the marketing of raw milk and
cheese derived from these animals, are associated
with inadequate animal sanitary management and
poor hygiene in cheese and milk production. It is

therefore necessary to encourage the development
of governmental programs to guide small producers
to improve the quality and sanitary conditions
of their cheese-making processes. In addition,
inspection and monitoring of small producers
in rural properties should be regulated, from the
collection of raw material to the final processing of
the milk derivatives, in order to reduce the risk of
zoonosis dissemination.
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