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ABSTRACT

The aim of this study was to evaluate the species distribution, antibiotic-resistance profile and presence
of enterotoxin (SE) genes in staphylococci isolated from the Diluvio stream in South Brazil. Eighty-eight
staphylococci were identified, 93.18% were identified as coagulase-negative (CNS) and 6.82% coagulase-
positive (CPS). Fourteen Staphylococcus species were detected and the most frequently were Staphylococcus
cohnii (30.48%) and S. haemolyticus (21.95%). Resistance to erythromycin was verified in 37.50% of the
strains, followed by 27.27% to penicillin, 12.50% to clindamycin, 6.81% to trimethoprim-sulfamethoxazole,
5.68% to chloramphenicol and 2.27% to norfloxacin. None of the investigated strains showed gentamicin and
ciprofloxacin resistance. The strains were tested for the presence of seqa, seb, sec, sed and see genes by PCR and
only CNS strains (43.18%) showed positive results to one or more SE genes. The scientific importance of our
results is due to the lack of data about these topics in polluted waters in Brazil. In conclusion, polluted waters
from the Diluvio stream may constitute a reservoir for disseminating antibiotic-resistance and enterotoxin
into the community. In addition, the detection of staphylococci in the polluted waters of the Dilavio stream
indicated a situation of environmental contamination and poor sanitation conditions.

Key words: coagulase negative staphylococcus, coagulase-positive staphylococcus, antibiotic resistant
staphylococcus, enterotoxin genes, polluted water.

INTRODUCTION

Microbiological water contamination is one of the
biggest public health problems in the world. The
World Health Organization (WHO) estimates that
around one billion people drink unsafe water and
approximately three million people die each year
from waterborne diseases (Omari and Yeboah-
Manu 2012). The Dilavio is a polluted stream that
crosses the city of Porto Alegre, the state capital of

Correspondence to: Ana Paula Guedes Frazzon
E-mail: ana.frazzon@ufrgs.br

Rio Grande do Sul, the 10" most populous city in
Brazil, with approximately 1,500,000 inhabitants.
The Diltvio stream flows into the Guaiba Lake, the
main source of water supply to Porto Alegre which
is also used for water-based sports, such as sailing,
kayaking, canoeing, powerboating and windsurfing
(Devos 2009).
Staphylococcus  species are
distributed in nature (Varnam and Evans 1996) and
resistant strains have been isolated from diverse

ubiquitously

sources, such as foods, animals and healthy and
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hospitalized individuals (Malik et al. 2005, Sorum
and L'Abee-Lund 2002, Wisplinghoff et al. 2004).
Members of the Staphylococcus genus can express
a wide range of virulence factors, such as: cell wall
components, proteases, coagulase, hemolysins,
enterotoxins, toxic-shock syndrome (TSS) and
exfoliatins toxin (Novick et al. 2001).
Staphylococcal Enterotoxins (SEs) are part
of the pyrogenic proteins associated to many
human diseases (Pinchuk et al. 2010). These
proteins are resistant to thermal inactivation and
to gastrointestinal proteases, causing emesis and
diarrhae, and/or can act as superantigens (Balaban
and Rasooly 2000, Pinchuk et al. 2010). Although
more than 20 different enterotoxins were identified,
only the classical enterotoxins, like SEA, SEB,
SEC, SED and SEE were well studied (Goto et al.
2007). These enterotoxins are generally produced
by Staphylococcus aureus, but other species,
such as §. intermedius, S. hyicus, S. xylosus and
S. epidermidis can also express them (Bhatia and

Zahoor 2007).
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In Brazil, numerous studies have been published
about staphylococci, but so far there are no studies
that evaluate staphylococci in polluted water.
Therefore, the aim of this study was to evaluate
staphylococci species distribution, antibiotic resist-
ance profile and enterotoxin genes frequency in
Staphylococcus sp. isolated from polluted water
from the Diluvio stream in South Brazil.

MATERIALS AND METHODS

STUDY AREA AND SAMPLING OF WATER

The study sites were randomly selected within the
Diluvio stream in Porto Alegre, RS, Brazil (30° 1’
40" South, 51° 13" 43" West). The water samples
(500 mL) were collected at five different points
(Sites Ato E), as described by Nachtigall et al. 2013
(Figure 1). The samples were collected aseptically,
taken directly from the superficial water in sterilized
glass bottles and transported to the laboratory under
refrigeration (4°C). Aliquot of 1 mL were placed in
9 ml of sterile water in a sterile test tube, and initial
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Figure 1 - Map of the study areas and sampling sites into Dilivio stream in Porto Alegre, RS, Brazil: Site A:
headwaters in the Saint Hilaire Park; Site B: Ipiranga Av. corner Antonio de Carvalho Av.; Site C: Ipiranga Av.
corner Guilherme Alves St; Site D: Ipiranga Av. corner Ramiro Barcelos St and Site E: Ipiranga Av. corner Borges
de Medeiros Av. Source: Google Maps. [Accessed 05/12/2013].
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samples were further 10-fold diluted to obtain a
final dilution factor of 1/1000. From each dilution,
200 pl were inoculated into Salt-Mannitol agar and
incubated at 37°C for 24 h.

CONVENTIONAL PHENOTYPIC TESTING AND ANTIBIOTIC

SUSCEPTIBILITY TESTS

Twenty-four colonies from each water sample were
selected. Phenotypic criteria such as size/volume,
shape, color, Gram staining, growth in Salt-
Mannitol agar and catalase production were used
to confirm genus. Coagulase, Vogues-Proskauer
(VP) and sugar fermentation tests, detection of
urease and oxidase enzymes, nitrate reduction,
and susceptibility to Polymyxin B and Novobiocin
were used for species identification, according to
MacFaddin (2000). The samples were individually
stored in BHI broth 20% glycerol at -20°C. The S.
aureus ATCC 25923 and ATCC 19095 were used
as positive controls. The strains were individually
stored in BHI broth 20% glycerol at -20°C.

Antibiotic susceptibility tests were carried out
according to the Clinical and Laboratory Standards
Institute (CLSI12013) by the Disc-Diffusion Method
(Bauer et al. 1966). The following antimicrobials
were used: Penicillin (10 U), Erythromycin
(15 pg), Clindamycin (2 ug), Trimethoprim-
sulfamethoxazole (25 pg), Chloramphenicol (30 pg),
Ciprofloxacin (5 pg), Gentamicin (10 pg) and
Norfloxacin (10 pg). All tests were performed in
triplicates. The strain S. aureus ATCC 25923 was
used as control.

DETECTION OF STAPHYLOCOCCAL ENTEROTOXINS GENES

DNA extractions and polymerase chain reaction
(PCRs) for five classical staphylococcal entero-
toxins genes (sea, seb, sec, sed and see) were
performed as previously described by Moura et al.
2012. The S. aureus ATCC 13565, ATCC 14458,
ATCC 19095, ATCC 23235 and ATCC 27664
strains were used as positive controls for sea, seb,
sec, sed and see genes, respectively.

RESULTS AND DISCUSSION

Eighty-eight samples (73.33%) from a total of
120 strains were staphylococci, and of these, 82
(93.18%) were characterized as coagulase-negative
staphylococci (CNS) and 6 (6.82%) as coagulase-
positive staphylococci (CPS) (Table I). In the CNS
group, the 11 species most frequently detected
in polluted water were Staphylococcus cohnii
(30.48%) S. haemolyticus (21.95%), S. carnosus
(12.19%), S. saprophyticus (9.75%), S. sciuri
group (7.31%), S. hominis (3.65%), S. gallinarium
(3.65%), S. muscae (2.43%), S. caprae (2.43%), S.
cromogenes (2.43%), and S. felis (1.21%). In the
CPS group, S. aureus subsp. aureus (16.66%), S.
delphini (16.66%) and S. intermedius (16.66%)
were identified. Three CNS and 3 CPS isolates
could not be identified as a species level and were
classified as Staphylococcus sp.

Staphylococcus are a genre of bacteria
widespread in nature, being found in the air, soil,
water, food products and animals, including human
beings (Faria et al. 2009, Hou et al. 2012, Martins
et al. 2013). In this study the frequency to CNS
species was higher than CPS, this result agrees
with Serapicos (2008) and Faria et al. (2009) who
also demonstrated an elevated frequency of CNS in
wastewater. The presence of staphylococi species
in polluted waters of the Dilivio stream can be
justified, since members of the Staphylococcus
genus commonly inhabit the intestinal tract of
humans and warm-blooded animals and they
contaminate the surface waters through inadequate
septic tanks, wastewater effluents, and fecal
discharges (Orrett and Shurland 1998).

The distribution of staphylococci species
isolated from water samples obtained from different
sites of the Diluvio stream is shown in Table I.
A wide variety of staphylococci species was iso-
lated from Sites B, C, D and E, while from Site
A, no staphylococci were isolated. The region of
Site A is considered the headwaters of the Dilivio
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TABLE I
Distribution of staphylococci species isolated from polluted water samples
obtained from different sites of the Diliivio stream in South Brazil.

Number of staphylococci species isolates in Site:

Species A B C D E Total

Coagulase-negative

S. conhii 0 6 10 5 4 25

S. haemolyticus 0 6 6 3 3 18

S. carnosus 0 1 2 2 5 10

S. saprophyticus 0 2 0 2 4 8

S. sciuri group 0 2 1 2 0 5

S. hominis 0 0 0 1 2 3

S. gallmarium 0 0 1 2 0 3

S. muscae 0 1 1 0 0 2

S. caprae 0 0 2 0 0 2

S. cromogenes 0 1 1 0 0 2

S. felis 0 0 0 1 0 1

Staphylococcus sp. 0 0 0 1 2 3
Coagulase-positive

S. aureus subsp. aureus 0 0 1 0 0 1

S. delphini 0 0 0 1 0 1

S. intermedius 0 0 0 0 1 1

Staphylococcus sp. 0 1 0 2 0 3

Total 0 20 25 22 21 88

(%) 0%) (22.72%) (28.40%) (25%) (23.86%)

stream located in the Saint Hilaire Park, which is
the area with the lowest anthropic influence. Site
B is located in an urbanized area, where many
residential homes are not connected to a public
sanitary sewer system. In addition, Site B also has
domestic animals, such as cows, horses, chickens
and pigs, which are used for food or labor, and the
feces of these animals drain directly into the stream,
being a recognized source of contamination. Sites
C, D and E were located in a dense urban area, with
hospitals, schools, restaurants, universities and
residential homes. The occurrence of staphylococci
species in these sites, can be explained due to the
fact that the sanitary sewer system of many places
remain connected to the urban fluvial channel,
contributing significantly to the contamination of
the Diluvio’s stream (Nachtigall et al. 2013).

Table II shows the antibiotic resistance of
Staphylococcus species isolated from polluted

An Acad Bras Cienc (2014) 86 (4)

water. Resistance to erythromycin was verified
in 37.50% of the strains, followed by 27.27%
12.50% to clindamycin, 6.81%
5.68% to
chloramphenicol and 2.27% to norfloxacin. None

to penicillin,
to trimethoprim-sulfamethoxazole,

of the investigated Staphylococcus strains showed
gentamicin and ciprofloxacin. Isolates resistant
to two or more classes of antimicrobials were
classified as multiresistant and accounted for 10.2%
of all isolates.

The Dilavio’s stream receives contaminants
from both natural and anthropogenic sources. In
this study, staphylococci strains showed resistances
to antibiotics commonly used in human and
veterinary medicine to treat infectious diseases
caused by Gram-positive bacteria, like penicillin
and erythromycin. Penicillin is the antibiotic of
choice in most staphylococcal infections, and
clindamycin and erythromycin are alternative
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TABLE 1T
Number of antibiotic-resistant staphylococci isolates from polluted water.
Species (n) Number of resistant strains for each antibiotic
ERY PEN CLI SUT CHL NOR CIP GEN
S. conhii (25) 7 5 1 0 0 0 0 0
S. haemolyticus (18) 5 6 3 3 1 1 0 0
S. saprophyticus (8) 3 1 0 1 1 0 0 0
S. carnosus (10) 7 4 4 1 2 0 0 0
S. hominis (3) 1 2 0 1 0 0 0 0
S. muscae (2) 1 0 0 0 0 1 0 0
S. gallinarium (3) 1 0 0 0 1 0 0 0
S. caprae (2) 1 1 1 0 0 0 0 0
S. cromogenes (2) 0 0 0 0 0 0 0 0
S. aureus subsp. aureus (1) 0 1 0 0 0 0 0 0
S. delphini (1) 0 1 0 0 0 0 0 0
S. intermedius (1) 1 1 0 0 0 0 0 0
S. felis (1) 1 0 1 0 0 0 0 0
S. sciuri group (5) 3 1 0 0 0 0 0 0
CNS (3) 2 1 1 0 0 0 0 0
CPS (3) 0 0 0 0 0 0 0 0
Total 33 24 11 6 5 2 0 0
(%) (37.50%) (27.27%) (12.50%) (6.81%) (5.68%) (2.27%) (0%) (0%)

ERY: erythromycin (15 pg); PEN: penicillin (10 UT); CLI: clindamycin (10 pg); SUT: trimethoprim — sulfamethoxazole (25 pg);

CHL: chloranphenicol (30 pg); NOR: norfloxacin (10 pg); CIP: ciprofloxacin (5 pg); GEN: gentamicin (10pug).

agents in patients who are allergic to penicillin
(Dryden 2010). Previous studies, also reported
antibiotic resistance in staphylococci isolated
from wastewater, polluted and drinking water.
Kessie et al. (1998) also identified CNS resistant
to chloramphenicol and erythromycin isolated
from polluted water. Serapicos (2008) observed
a high frequency of staphylococci resistance to
lincomycin, eritrhomicyn and clindamycin, while a
low frequency of isolates were resistant to penicillin
in water collected from a wastewater treatment
plant. Faria et al. (2009) have encountered a high
frequency of CNS resistant to erythromycin,
beta-lactams, tetracycline, clindamycin and
erythromycin in wastewater and drinking water. In
sea water, freshwater and sediments samples from
the Lebanon coast, resistant staphylococci were also
isolated, where 51% of them were resistant to at

least one tested antimicrobial (Harakeh et al. 2006).

Multiresistant staphylococci were also detected in
potable water from Pakistan and from the United
States (Armstrong et al. 1981, Samra et al. 2009).
Recently, antibiotic-resistant staphylococci were
isolated after sewage treatment (Hep et al. 2013).

All strains were tested for the presence of seq,
seb, sec, sed and see by PCR, and only 43.18%
CNS strains showed positive PCR results to one or
more enterotoxins genes. The sec was present in
52.63% (20/38), followed by 18.42% to sea (7/38),
13.15 to see (5/38), 10.52% to sed (4/38) and 5.26%
to seb (2/38) (Table III). Two strains harbored two
genes simultaneously.

Staphylococcal enterotoxins (SE) constitute
a family of biologically and structurally related
toxins and the ingestion of these toxins results in
gastrointestinal effects such as nausea, vomiting,
diarrhea, and abdominal pain. The SE are the
main cause of bacterial food poisoning in human

An Acad Bras Cienc (2014) 86 (4)
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TABLE III
Distribution of enterotoxin genes in staphylococcus

isolated from polluted water in South Brazil.

Species Number of isolates positives for enterotoxin genes by PCR

(n=38) sea seb sec sed see
S. conhii 3 0 13 2 4
S. haemolyticus 1 1 3 1 0
S. saprophyticus 0 0 1 0 0
S. carnosus 2 0 1 0 1
S. muscae 0 0 0 1 0
S. caprae 1 0 0 0 0
S. sciuri group 0 1 2 0 0
Total 7 2 20 4 5

(%) (18.42 %) (5.26 %) (52.63 %) (10.52 %) (13.15 %)

beings and have been described as the cause of
many outbreaks of foodborne diseases (Lamaita et
al. 2005). All five classical enterotoxin genes were
detected in the present work, in which 43.18% CNS
strains were positive to one or more tested genes. The
SE frequency observed here was compared to food
samples, because until to date there are no studies
that evaluate the presence of SE in water. Some
studies have shown that CNS strains can harbor
enterotoxins genes. Moura et al. (2012) reported
the presence of enterotoxins genes in CNS strains
isolated from black pudding. The SE genes were
also detected in coagulase negative staphylococci
isolated from dairy products in Brazil (Rall et al.
2010). The same was observed by Cunha et al.
(2006) in a study that evaluated 88 CNS strains
isolates from different types of foods. The sec
gene was the most prevalent among staphylococci
isolated from polluted water in the Diluvio stream,
when compared to sea, see, sed, and seb genes. One
explanation for these results could be related to
the fact that the Diltivio stream receives discharge
from animal and human sewage and SEC toxin is
frequently isolated from animal and human sources
(Rosec and Gigaud 2002). Otherwise, SEA, SEB,
SEE and SED toxins are associated with food
poisoning (Pinchuk et al. 2010).

The scientific importance of our results is due
to the lack of data about these topics in polluted

An Acad Bras Cienc (2014) 86 (4)

water. The results, indicate that the occurrence of
staphylococci antibiotic resistant and harboring
enterotoxin genes in polluted waters from the
Dilivio stream, may constitute a reservoir for
disseminating antibiotic-resistance and enterotoxin
into the community, since Diluvio’s stream flows
into the Guaiba Lake, which is the main source of
water supply to Porto Alegre as well as being used
for water-based sports. In addition, the detection of
staphylococci in the polluted waters of the Diltivio
stream indicated a situation of environmental
contamination by fecal microorganisms of human
and animal origin and poor sanitation conditions.
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RESUMO

O objetivo deste estudo foi avaliar a distribuicdo das
espécies, perfil de resisténcia a antibidticos ¢ presenca
de enterotoxinas (SE) genes em estafilococos isolados do
arroio Diluvio no Sul do Brasil. Oitenta e oito estafilococos
foram identificados, 93,18% foram identificados como
coagulase negativa (SCN) ¢ 6,82% coagulase-positiva

(SCP). Quatorze espécies de Staphylococcus foram
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detectados e as mais frequentes foram Staphylococcus
cohnii (30,48%) e S. haemolyticus (21,95%). Resisténcia a
eritromicina foi verificada em 37,50% das cepas, seguido
por 27,27% de penicilina, 12,50% de clindamicina, 6,81%
de trimetoprim-sulfametoxazol, 5,68% a cloranfenicol e
2,27% a norfloxacina. Nenhuma das cepas investigadas
mostrou resisténcia a gentamicina e ciprofloxacina. As
cepas foram testadas para a presenga dos genes sea, seb,
sec, sed e see por PCR e somente as cepas SCN (43,18%)
apresentaram resultados positivos para um ou mais
genes SE. A importancia cientifica dos nossos resultados
¢ devida a falta de dados sobre esses temas em aguas
poluidas no Brasil. Em conclusdo, as aguas poluidas do
corrego Diliivio podem constituir um reservatorio de
disseminagdo de resisténcia a antibioticos e enterotoxina
na comunidade. Além disso, a detec¢do de estafilococos
em aguas poluidas do arroio do Diltivio indicou uma
situa¢do de contaminacgdo do ambiente e condi¢des ruins

de saneamento.

Palavras-chave: estafilococos coagulase negativo, esta-
filococos coagulase positiva, estafilococos resistente a

antibidticos, genes enterotoxinas, agua poluida.
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