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ABSTRACT

Objectives: to carry out the microbiological analysis of drinking taps at a public university in the city of Teresina,
Piaui. Methodology: Samples were collected from the faucets of 59 water fountains, inside the campus. Results: The
results showed that all drinking water analyzed showed microbial growth, except one. Microorganisms such as Candida
sp, Escherichia coli, Salmonella, Shigella, Staphylococcus (including S. aureus) and other enterobacteria were found. In
order to verify the antimicrobial activity of S. aureus isolated populations, 5 different antimicrobial types were used,
which showed 98% vancomycin resistance and 100% oxacillin resistance. Conclusion: microorganisms found as biofilms
in taps are potentially pathogenic, especially S. aureus, which is heavily involved in community and hospital infections.
The pattern of antimicrobial resistance found in isolated populations requires further studies and control measures to
avoid its propagation.

Descriptors: Drinkers; Biofilm; Antimicrobial resistance.

RESUMO

Objetivos: realizar a analise microbioldgica das torneiras dos bebedouros de uma universidade publica na cidade de
Teresina, Piaui. Metodologia: As amostras foram coletadas das torneiras de 59 bebedouros, dentro do campus.
Resultados: Os resultados mostraram que todos os bebedouros analisados apresentaram crescimento microbiano,
exceto um. Foram encontrados micro-organismos como Candida sp, Escherichia coli, bactérias do género Salmonella,
Shigella, Staphylococcus (incluindo a espécie S. aureus) e outras enterobactérias. Para verificar a atividade
antimicrobiana das populacoes isoladas de S. aureus foram utilizados 5 tipos de antimicrobianos diferentes, o que
mostrou haver 98% de resisténcia a vancomicina e 100% de resisténcia a oxacilina. Conclusdo: os micro-organismos
encontrados como biofilme nas torneiras sao potencialmente patogénicos, em especial S. aureus, que esta bastante
envolvido em infeccdes comunitarias e hospitalares. O padrao de resisténcia antimicrobiana encontrada nas populacdes
isoladas requer maiores estudos e medidas de controle para evitar sua propagacao.

Descritores: Bebedouros; Biofilme; Resisténcia antimicrobiana.

RESUMEN

Objetivos: realizar el analisis microbiologico de los grifos de los bebederos de una universidad publica en la ciudad de
Teresina, Piaui. Metodologia: Las muestras fueron recolectadas de los grifos de 59 bebederos, dentro del campus.
Resultados: Los resultados mostraron que todos los bebederos analizados presentaron crecimiento microbiano, excepto
uno. Se encontraron microorganismos como Candida sp, Escherichia coli, bacterias del género Salmonella, Shigella,
Staphylococcus (incluyendo la especie S. aureus) y otras enterobacterias. Para verificar la actividad antimicrobiana de
las poblaciones aisladas de S. aureus se utilizaron 5 tipos de antimicrobianos diferentes, lo que mostré que el 98% de
resistencia a la vancomicina y el 100% de resistencia a la oxacilina. Conclusion: los microorganismos encontrados como
biofilm en los grifos son potencialmente patégenos, en particular S. aureus, que esta bastante involucrado en
infecciones comunitarias y hospitalarias. El patron de resistencia antimicrobiana encontrada en las poblaciones aisladas
requiere mayores estudios y medidas de control para evitar su propagacion.

Descriptores: Bebedores; Biofilm; Resistencia antimicrobiana.
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INTRODUCTION

Water is an essential chemical substance that
is part of the structure and metabolism of all
living things. It is present in approximately
two-thirds of the planet's surface, and can be
found in the form of rivers, lakes, seas,
oceans, and glaciers. Of all the water on the
surface of the planet, 98% is salty and the
other 0,002% is freshwater, where only 2% is
considered to be drinkable'.

The human being uses water in
different ways, for example, in personal or
household hygiene, preparation of meals,
agricultural production, energy production and
also for ingestion’. In order for it to be
ingested, it must be considered potable and
must undergo physical-chemical processes that
eliminate solid impurities and microorganisms,
since if the water is not treated properly, it
can become a transmission vehicle of
pathogens and substances toxic to the body.
2914/2011  of the

Ministry of Health determines the norms and

Ordinance No.

standards of water potability that must be
ensured by the water supply companies 3. The
water intended for human consumption should
be absent from total and thermotolerant
coliforms (in 100 mL samples), which has the
bacterium Escherichia coli as the main
representative and which is present exclusively
in the intestinal tract of homeothermic
animals, which also includes the human being,
in a way that does not pose a risk to
consumers®.

In the state of Piaui, the processes of
abstraction, treatment and distribution of
water are made by the Water and Sewage
- AGESPISA,

which has the Parnaiba River as its main

Company of the State of Piaui

supplier of raw material. In the capital
Teresina, the stretch traveled by the river is

close to culverts and sewage pipes that
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discharge waste in it. For this and other
reasons it is necessary the frequent monitoring
and analysis of water quality and potability®.

In addition to the presence of
microorganisms found in free-living form, there
are those that have the ability to form clusters
on different types of moist surfaces and share
nutrients with each other. These aggregates
are known as Dbiofilms, which secrete
extracellular polymer matrix substances in
order to enhance the attachment of a cell to
the surface, present multiple layers and be
formed by different types of microorganisms.
This type of training represents a functional
and coordinated community development
action in order to increase the survival rate®.

The formation of biofilms is very
common on surfaces that are in constant
humidity, for example, in the walls of
swimming pools, water reservoirs, pipes,
drinking fountains, etc. These conglomerates
are more resistant to common disinfection
methods and to antibiotics when compared to
their effects on free microorganisms’. It is
believed that about 65% of bacterial infections
in humans come from the formation of
biofilms.

The water available to the academic
community of the University where the
research takes place is redistributed and
stored in reservoirs to be consumed in six
centers and other areas redistributed within
the Campus, and most of the students use it
mainly for ingestion through the drinking
fountains scattered throughout the entire
university.

Because it is a place with an intense
flow of people, these drinking fountains must
be cleaned, monitored and replaced every six
months, and the records of the operation must
be shown when there is a resquest, since
untreated water and the accumulation of

organic matter and microorganisms in drinking
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fountains and pipes themselves become a
means of propagation of pathogens.

From this perspective, the main
objective of the present study was to analyze
the quality of the water provided in the
drinking fountains of a public university in
Piaui, through the qualitative evaluation of

microbiological tests.

METHODS

The study was carried out in the Campus of a
public University of Piaui (UFPI) located in the
eastern part of the capital of Piaui, Teresina.
The Campus chosen is considered the seat unit
from the other campuses present in the state
where the teaching, research and extension
are developed in six academic units: Center for
Agricultural Sciences - CAS; Center of
Educational Sciences - CES; Center for Human
Sciences and Letters - CHSL, Center for Natural
Sciences - CNS; Center for Health Sciences -
CHS and Technology Center -TC.

The collections were carried out
between May and June 2017, where samples
were collected from a total of 59 drinking
fountains from the Campus. The distribution
and organization took place according to the
departments, rooms and reference points
present in each center and also in the adjacent
areas, which include the University Restaurants
(UR), the Central Directory of Students (CDS),
the Community Library and the Center of
Natural Sciences 2 (CNS2).

For collection, sterile wooden rod
swabs were used which were used to collect
inside the drinking taps that had previously
drained water for 1 minute, and then the
material was filled into sterile 15 ml conical
plastic tubes previously identified in the tube
and protocol of the research, to be packed in
shelves and placed in styrofoam in order to

maintain the ambient temperature (36-37°C)
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and transported within a maximum time of 1
hour after the collection to the Nucleus
Laboratory of Studies in Microbiology and
Parasitology of the Department of Parasitology
and Microbiology of the UFPI. Drinking
fountains found disconnected had no samples
collected. All the steps of collection,
packaging and transportation took place
according to the protocols in force in the
Practical Manual of water analysis’ produced
by the National Health Foundation (FUNASA).
All samples were placed in test tubes
with 1 mL of sterile saline solution (0.9% NaCl
in distilled water) + 2 mL of soybean casein
and taken to the greenhouse for 18-24 hours
growth at 37 ° C. After growth, 200 pL of the
inoculums were pipetted into Petri dishes with
Miller Hinton agar medium, spread with sterile
Drigalski loops and brought to the greenhouse
for colony growth of fungi and bacteria again

for 18-24 hours'”

Graph 01 - Quantity (%) of samples obtained

according to the academic unitys of the

university.
Adjacencies I
TC
CAS I
CH5L
CoH I —
CHNS I
CES
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Note: Center for Agricultural Sciences - CAS; Center
of Educational Sciences - CES; Center for Human
Sciences and Letters - CHSL, Center for Natural
CNS; Center for Health Sciences - CHS
and Technology Center -TC.

Sciences -

The raised colonies were differentiated
by the different morphologies presented and
seeded in sterile test tubes with 1 mL of saline
solution and 2 mL of soybean casein broth and
placed again for growth at 37° C for 18-24

hours. The cultured cultures were seeded (100
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different solid culture mediums

pb) in
(Salmonella-Shigella, Salty Mannitol, Hektoen,
Simmons Citrate, Brilliant Green, Sabouraud,
McConkey and Bile esculin agar). The colonies
that showed positivity in mannitol agar, later
cultured in BHI, were analyzed for colony
morphology by Gram staining, and those
samples that actually had morphology
corresponding to S. aureus were submitted to
confirmatory tests of catalase (hydrogen
peroxide), Gram stain and coagulase test
(Laborclin, Vargem Grande, Pinhais, Parana).
With  the

identification of S. aureus antibiotic tests were

confirmation of the

performed with paper discs of antibiotics, such
as: Nalidixic Acid (NAL, 30 mcg), Amoxiline +
Clavulanic Acid (30 m cg), Azithromycin (15
mcg), Vancomycin 30 mcg) and Oxacillin (1
mcg). The test was also carried out with the
ATCC (American Type Culture Collection)®
25923 - S. aureus strain as a positive control
sample (owned by the Research Laboratory in
Microbiology of the Federal University of
Piaui), since it has standards of references to

sensitivity to known antibiotics.

RESULTS AND DISCUSSION

The 59 samples were ordered according to the
centers, as can be seen in Table 1. However,
the quantity of samples refers to the number
of drinking fountains used for the collection.
After the beginning of the microbial cultivation
in Miller Hinton agar and colonies distinction
by morphology, a total of 82 cultured colonies.

The results showed different
microorganisms (Table 1) present in all
drinking  fountains analyzed, with the
exception of a single device located in the
Biophysics Department, within the CCS: this
one did not present microbial growth, resulting
in microbial growth in 98% of drinking

fountains.
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Table 1: Distribution of the quantity of samples

obtained in each center, in the university

researched.

Centers N:ar:‘b;;?f
CCS 13
CCN 7

CCE 1
CCHL 4

cT 8

CCA 8
Adjacencies 8
TOTAL 59

Note: Center for Agricultural Sciences - CAS; Center
of Educational Sciences - CES; Center for Human
Sciences and Letters - CHSL, Center for Natural
CNS; Center for Health Sciences - CHS

and Technology Center -TC.

Sciences -

The results showed different
microorganisms (Table 1) present in all
drinking  fountains analyzed, with the
exception of a single device located in the
Biophysics Department, within the CCS: this
one did not present microbial growth, resulting
in microbial growth in 98% of drinking
fountains.

Among the microorganisms identified, it
was possible to find Candida sp, which had
growth of 96.25% among the colonies grown in
Sabouraud medium, and the remaining 3.75%
did not grow. The genus Candida is common
among the human microbiota, and its presence
in water is not a real danger to public health,
except in cases where there is variation in the
individual's immune system, since it's
infections are considered opportunistic’'.

There was also growth of bacteria of
the genera Salmonella and Shigella, which had
growth of 18.75% among the colonies grown in
Samonella-Shigella medium. The genus

Salmonella has two species: Salmonella
enterica and Salmonella bongori, and is part of
the Enterobacteriaceae family, commonly

known as enterobacteria, which are

characterized by being short and gram
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negative rods'?. Other enterobacteria, such as
Escherichia coli.

Colonies of bacteria of the genus
Staphylococcus were found, which are
abundantly distributed both on the body
surface of humans and other animals, in water,
soil, plants and objects. Chart 1 shows the
main pathogens found and the main diseases
caused by them.

Chart 1 - Quantity (in absolute number and¥%)
of drinking taps samples from university with
presence of pathogens present and the main

characteristic of infection caused by them.

Category DR e Infection characteristic Reference
species samples

Dfarrhea, which may vary
from mild and watery to
severe and bloody;
abdominal cramps, pain or
spasm; nausea and vomiting.
Acute infectious
endocarditis, septicemia,
necrotizing pneumonta, toxic
shock syndrome,
gastroenteritis, scalded skin
syndrome, septic arthritis, )
staphylococcal endocarditis, s ol

and peumonia. Biofilm
forming colonies.

0% Fisher K, 2009
G Escherfchia coli

(33,69%) Pell, G 2015 ™

Pastacaldf, C, 20111

Staphylococeus /s

dureus (18,64%)

1715 Feasey, A, 20127

Fever, abdominal pain,
diarrhea, nausea and
vomiting.

Ge Salmonella
(28,81%) Santes RL, 2001
18/5
Diarrhea, fever and stomach
(30,50%) cramps.

G Shigella WHO, 2006

It usually causes localized
fnfection of the skin, nails of
the hand or feet
(onychomycosts), or mucous
membranes, including the
oral cavity and pharynx,
esophagus and genital
organs, less common fn
healthy individuals,
gastrointestinal tract, urinary
tract, and the afrways are
places of colontzation.
Biofilm forming colonies.

Schlecht LM, 20152

0%
Fngs  Candide

(37,28%) Marting N, 20147

S. aureus is one of the main agents of
infection in health services and its importance
is also related to mechanisms of virulence and
ability to resist the action of antimicrobials,
besides the rapid dissemination among people
and in diverse environments.

Patients colonized or infected with

methicillin-resistant S. aureus (MRSA) are
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environmental dispersants 22.

Currently the
species is one of the great risks to the public
health, since it has become recurrent the
appearance and lines resistant to the
vancomycin, antibiotic considered like the last
bactericidal line of defense administered in
hospitals®.

Of the total number of cultured
colonies, 11 colonies of S. aureus were found,
through Manitol agar and coagulase and
catalase tests. These samples were cultured
and scattered on Muller Hinton agar and
antibiotic paper discs were used to test the
isolated

antimicrobial activity of these

colonies, as shown in Table 2.

Table 2 - Results of antimicrobial activity tests

evaluated by disc-diffusion technique in agar.

Strains 5. Degree of resistance to antibiotics

aureus

Malidiic  Amowicillin +  Azithromyom  Owacdlin~ Vancomyein

Acid Clawukamic

Acid
CHS 1 5 R 5 R 5
€HS 2 R R 5 R R
€HS 5 [ 5 R R
€45 1 5 [ R R R
71¥] 5 R R R R
€453 5 5 5 R R
T 5 5 [ R R
€N 1 5 R R R R
€ 2 5 5 5 R R
£e 5 g 5 R R
LERARY R g 5 R R
ATCC 5 5 5 5 5

Note: | - intermediate phenotype; R - resistant

phenotype; S sensible phenotype. Center for
Agricultural Sciences - CAS; Center of Educational
Sciences - CES; Center for Human Sciences and
Letters - CHSL, Center for Natural Sciences - CNS;
Center for Health Sciences - CHS and Technology
Center -TC.

In view of the first results in which
almost all isolates of S. aureus presented
resistance to vancomycin, it was necessary to
test in a control sample (strain ATCC), because
it was believed that the discs could be
unviable for the antibiogram. However, it was

observed that the ATCC strain was sensitive to
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all the antimicrobial discs tested (Table 2),
proving that the strains of S. aureus used and
coming from the fountain taps were
approximately 91% resistant to Vancomycin and
9% referring to the drinking fountain of the
sample "CCS 1" did not present resistance to
the antimicrobial. Oxacillin, a methicillin
analog indicative of methicillin resistant S.
aureus (MRSA) populations was also used in the
experiments, and the results show a 100%
resistance to this antimicrobial tested.

This is surprising given that it is an
antimicrobial used only in hospitals and clinics.
Studies in the USA have shown a higher
prevalence of S. aureus and MRSA in the
emergency department than in other sectors of
a hospital, which makes their high
pathogenicity even more dramatic?2.

Previous studies have already indicated
that Nursing students from a public university
in Teresina were examined for the presence of
S. aureus in their nasal cavity and an average
of 40% of students infected with ORSA
(Staphylococcus aureus Resistant to Oxacillin)
and 42% with S. aureus with intermediate
resistance to oxacillin'™.

Therefore, finding isolated populations
of S. aureus in the environment presenting as
ORSA is of concern and suggests the need for a
follow up of the quality of the cleaning
performed in university drinking fountains. It
should also be taken into account that many
health students who study in Teresina hospitals
attend these drinking fountains, serving as
dispersing agents of these microorganisms, as

well as dispersers in and out of hospitals.

CONCLUSION

Through the study it was possible to show the
presence of different types of microorganisms
in the internal part of the taps of the drinkers,

due to the growth of biofilms on the internal
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surfaces of the apparatus that has contact with
water, becoming a means of transmission of
pathogens and increasing the risk of
transmission of waterborne diseases. Isolated
populations of S. aureus resistant to the
antimicrobials tested, in particular vancomycin
and oxacillin, are extremely dangerous to
human health, since they are organisms often
implicated in serious community and hospital
infections.

It is therefore imperative that
university management make provision for the
monitoring and cleaning of appliances to occur
more frequently in order to prevent the spread
and development of water-borne diseases in

the academic community.
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