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Introduction. Some studies have reported the occurrence of microorganisms isolated from water. Considering these microor-
ganisms, fungi are known to occur ubiquitously in the environment, including water, and some are pathogenic and may cause
health problems, especially in immunocompromised individuals. The aim of this study was to identify fungi in hospital water
samples and to correlate their presence with the concentration of free residual chlorine. Methods. Water samples (100 mL) were
collected from taps (n=74) and water purifiers (n=14) in different locations in a university hospital. Samples were filtered
through a nitrocellulose membrane and placed on Sabouraud dextrose agar and incubated for 24 hours at 30°C. Fungi were
identified according to established methods based on macroscopic and microscopic characteristics (filamentous) and physio-
logical tests (yeasts). Free chlorine residual content was measured at the time of sample collection. Results. Seventy species of fungi
were identified in the water samples and about 56% of the water samples contained culturable fungi. Cladosporium oxysporum,
Penicillium spinulosum, and Aspergillus fumigatus were the most common filamentous fungi. Aureobasidium pullulans and
Candida parapsilosis were the most common yeasts. Chemical analyses revealed that free residual chlorine was present in 81.8% of
the samples within recommended concentrations. Among samples from water purifiers, 92.9% showed low levels of free residual
chlorine (<0.2mg/L). There was no significant association between chlorine concentrations (either within or outside the rec-
ommended range) and the presence of filamentous fungi and yeasts. Conclusions. This study showed that hospital water can be a
reservoir for fungi, some of which are potentially harmful to immunocompromised patients. Free residual chlorine was ineffective
in some samples.
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1. Introduction

The guarantee of human health is related to several factors,
including water quality. To be in ideal conditions for con-
sumption, water must obey microbiological standards,
which work as indicators of contamination [1, 2]. Some
studies have reported the occurrence of microorganisms
isolated from different sources of water, indicating potential
risks to human health, especially when occurring in the
hospital environment, whose patients are immunocom-
promised, and making them susceptible to other diseases
[3-8].

In this context, fungi are known to occur ubiquitously in
the environment and some studies on hospital water samples
have revealed their presence [3, 4]. These, when found in
water for human consumption, can change the taste and
smell, which makes its aspect becomes unpleasant [9, 10].

Besides, some fungi are considered pathogenic and cause
several impacts on human health, such as allergies, respi-
ratory illness, life-threatening meningitis, mycoses, and
invasive and contagious infections [8, 11].

Others are capable of producing mycotoxins and other
secondary metabolites that are toxic, causing respiratory
problems, and can also be carcinogenic, reducing the im-
munity, mainly of immunocompromised patients, becoming
a threat to human health [7, 10, 12, 13].

In addition to microbiological parameters, chemical
parameters must also be monitored, in order to control
waterborne diseases. There are several disinfectant agents,
but in general, chlorine is the main product used for water
disinfection, because it is the most effective agent against the
growth of pathogenic organisms [2, 14].

Chlorine is a substance used in the water supply system
to oxidize organic matter from springs that can appear in the
distribution system [2, 14]. However, its consumption can be
harmful to health; thus, in households, water purifiers are
used to remove suspended solids and chemical elements,
such as chlorine, leaving the water clean and proper for
consumption, in addition to avoiding any kind of odor and
taste [15].

The Brazilian legislation that regulates the control and
surveillance procedures of the quality of water for human
consumption only contemplates potability in relation to
bacteriological parameters. [1]. In this sense, there is cur-
rently no specific legislation for fungi in water, as many of
them can cause several diseases as demonstrated above,
especially in immunocompromised individuals. Researches
involving drinking water quality, including fungi, are es-
sential for human health. Thus, the aim of this study was to
identify the presence of fungi in hospital water and to
correlate free residual chlorine concentrations with the
presence of these microorganisms.

2. Materials and Methods

2.1. Sample Collection. Water samples (100 mL) were col-
lected from taps (located in the bathrooms of the inpatient
bedrooms) (n=74) and water purifiers (n=14) (located in
the hospital corridors) in different floors in a university
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hospital in Sdo José do Rio Preto, Sdo Paulo, Brazil, between
April and June 2012 (Table 1). Eight water samples were
collected from each floor, except for the oncology depart-
ment and intensive care, with 16 samples each.

2.2. Filtering of the Samples and Microbiological Analysis.
Thus, after disinfection with 70% alcohol and a continuous
streaming flow of water for two minutes, 100 ml of water was
poured into Whirl-Pak® THIO bags with 1.8% sodium
thiosulfate to neutralize the disinfecting action of chlorine.
Immediately, the bags were transported in isothermal boxes
to a microbiology laboratory as specified by the World
Health Organization (WHO) and the American Public
Health Association (APHA) [2, 16].

Each sample was filtered through a nitrocellulose
membrane (47 mm diam., 0.45um pore size), placed on a
Petri dish with Sabouraud dextrose agar (containing
chloramphenicol) in the presence of the Bunsen burner
flame to maintain the sterile environment, and incubated for
24 hours at 30°C. Following that, the membrane was re-
moved from the dish, which was kept under similar incu-
bation conditions: 30°C for 15 days [16-18].

All morphologically distinct colonies were investigated;
however, only one isolate was considered if identical strands
were identified. Fungal isolates were identified according to
established methods based on macroscopic and microscopic
characteristics. Microculture was used to stimulate the de-
velopment of fruiting bodies: a small piece of potato dextrose
agar was placed on a sterilized slide on a sterilized Petri dish.
Fungi from a recent subculture were grown in all four sides
of the agar block, which was covered with a sterilized
coverslip. Following that, 2 mL of sterile distilled water was
added to the dish to prevent the desiccation of the growth
medium. The dish was topped and incubated at room
temperature for seven to ten days, until the development of
hyphae was detected. After fungal growth, the coverslip was
removed with tweezers and a drop of lactophenol cotton
blue stain was added to the material, so the spores and
hyphae could be visualized using an optical microscope [17].

Yeasts were analyzed based on their characteristics (the
size and color of colonies) and on the results of physiological
tests, such as the assimilation of different sources of carbon
and nitrogen. Yeast was grown using the pour plate tech-
nique: 2mL of a suspension of the colonies (distilled water
plus colonies was used until reaching Mcfarland scale 7) was
homogenized in each mixed medium (yeast nitrogen base
and yeast carbon base) distributed into two Petri dishes.
Small aliquots of different carbohydrates were added to the
surface of the carbon-free medium (at different points on a
single plate) to serve as carbon sources. Similarly, in another
dish, nitrogen sources were placed on the surface of the
nitrogen-free medium and incubated at 25°C for 24 to 48
hours. After this period, the results were read according to
the formation of a growth halo, which indicated assimilation
according to the carbon and/or nitrogen sources used. Thus,
the sources used allowed for the identification through
taxonomic identification keys according to Kurtzman and
Feel [18].
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TaBLE 1: Results of analysis stratified by the origin of the sample.

Number of
samples with

Number of positive samples

Number of free chlorine

Hospital sector samples Filamentous Yeasts residual
within the
limits

T p T P T P T P
Haemodialysis sector (ground floor) 7 1 2 0 1 0 7 1
Surgical centre (1** floor) 6 2 4 1 0 0 6 0
Infectious diseases department (2" floor) 6 2 2 2 4 1 4 0
Oncology department (3" floor) 13 3 5 1 1 2 13 0
Pediatrics department (4™ floor) 7 1 4 0 2 0 7 0
Cardiology department (5™ floor) 6 2 2 0 1 0 6 0
Postoperative room (6™ floor) 6 2 5 0 1 0 6 0
Intensive care (7™ floor) 15 1 7 0 1 0 14 0
Transplant unit (8™ floor) 8 0 7 0 1 0 8 0
Total 74 14 38 4 12 3 71 1

T: tap water; P: purifiers.

2.3. Chlorine Concentration Analysis. Free chlorine residual
content was measured at the time of sample collection. To
determine the free chlorine residual content in the water,
10mL of the sample and 0.5mL NN diethyl-p-phenyl-
enediamine (DPD) reagent were added to a cuvette (1). The
mixture was stirred for homogenization and measured with
an electronic colorimeter device (HI96711 C-Hanna In-
struments). To meet the standards required by Ordinance
2.914/2011 [1], the free residual chlorine concentration of
samples must range from 0.2 to 2 mg/L.

2.4. Statistical Analysis. The data analysis was performed
with the software Minitab, version 17. Fisher’s exact test was
used to analyze the association between the presence of
filamentous fungi and yeast, and chlorine levels (either
within or outside the recommended range). The significance
level was set at p<0.05.

3. Results

3.1. Presence of Fungi in Samples. Seventy species of fungi
were identified in the water samples. In total, 55.6% (49/88)
of samples were contaminated, of which 89.8% (44/49) were
from taps and 10.2% (5/49) were from water purifiers.
Filamentous fungi were more common than yeasts: 48
species were found in 47% (42/88) of water samples. Cla-
dosporium oxysporum was the most common fungus and
widely distributed across the hospital; followed by Penicil-
lium spinulosum, which was also distributed across the
floors; however, Aspergillus fumigatus was more common in
the transplant unit.

Table 1 shows the fungi distribution according to the
origin of the samples.

Table 2 shows the fungi species isolated in water from
taps and purifiers.

Twenty-two yeast species were found in 17% (15/88) of
water samples: the highest number of yeasts was found in the
infectious diseases department and the oncology

department. Aureobasidium pullulans and Candida para-
psilosis were the most prevalent yeasts; the first was found in
the postoperative room, oncology department, and pediat-
rics department, and the second, in half of the hospital’s
floors.

3.2. Presence of Chlorine in Samples. Chemical analyses
revealed that 81.8% (72/88) of the samples presented free
residual chlorine levels within the recommended parameters
(0.2 to 2mg/L). However, almost all water purifier samples
(92.9%; 13/14) had concentrations below 0.2mg/L. There
was no significant association between chlorine parameters
(either within or outside recommended levels) and the
presence of filamentous fungi (p=0.12) and yeasts

(p =0.10).

4. Discussion

The lack of limits of fungus quantification in water for
human consumption was relevant to the development of this
article, since pathogenic fungi are being isolated from dif-
ferent kinds of sources of water [3-8] and there is no leg-
islation to control and monitor this occurrence, both in
Brazil and in the world. In this study, most samples dem-
onstrated fungal growth regardless of the location in the
hospital (Table 1).

Many of these microorganisms are found in materials
that are directly in contact with water, such as soil, wood,
and decomposing materials, which explains their persistence
in aquatic environments [19]. This environment, together
with chemical-physical characteristics (turbidity, tempera-
ture, and pH) and organic compounds, is favorable to
microbial growth, making these environments human
health-threatening [18].

Another relevant point is that many elements that
compose water distribution systems, such as iron, hydrogen,
and phosphate compounds, favor microorganisms’ growth
[14]. These factors, together with the lack of maintenance of
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TaBLE 2: Fungi species isolated in hospital water from taps and purifiers.
n T P Hospital sector
Filamentous
Cladosporium oxysporum 8 7 1 1°, 3 5t 6™ and 7™ floor
Penicillium spinulosum 5 4 1 Ground floor, 1%, and 3™ floor
Aspergillus fumigatus 5 5 0 8" floor
Curvularia clavata 3 3 0 4" and 8™ floor
Penicillium citrinum 2 2 0 2" and 8™ floor
Trichoderma koningii 2 1 1 1* and 2" floor
Trichoderma harzianum 2 1 1 7™ and 8" floor
Acremonium hyalinulum 2 2 0 7" floor
Penicillium purpurogenum 1 1 0 3™ floor
Penicillium verruculosum 1 1 0 2™ floor
Cladosporium spaerospermum 1 1 0 7" floor
Alternaria alternata 1 0 1 2" floor
Nigrospora sphaerica 1 1 0 3" floor
Scytalidium dimidiatum 1 1 0 3" floor
Fusarium sacchari 1 1 0 6™ floor
Myecelia sterilia 12 12 0 1%t 37 4 5t 6 and 7™ floor
Total 48 44 4
Yeasts
Aureobasidium pullulans 5 4 1 37 4% and 6™ floor
Candida parapsilosis 5 4 1 Ground floor, 2 3" and 8™ floor
Candida famata 2 0 2 3™ floor
Trichosporon mucoides 2 2 0 2" and 5™ floor
Candida intermedia 1 0 1 3" floor
Candida lusitaniae 1 1 0 7" floor
Candida membranifaciens 1 1 0 2" floor
Candida globosa 1 1 0 2" floor
Candida pelicullosa 1 1 0 2" floor
Cryptococcus laurentii 1 0 1 2" floor
Rhodotorula minuta 1 1 0 7" floor
Sporobolomyces salmonicolor 1 1 0 5™ floor
Total 22 16 6

n: total of samples; T: tap water; P: purifiers.

water distribution systems, contribute to an increased risk of
microbial contamination. Therefore, monitoring those mi-
croorganisms is critical when assessing the integrity of
distribution systems [1, 14].

In this study, filamentous fungi and yeasts were more
common in tap water samples on all floors than in samples
from purifiers (Table 1). Previous studies have shown similar
results in hospital water and drinking water [3, 20]. In this
study, these fungal groups, considered opportunistic path-
ogens, were common in different hospital sectors, which
may pose a risk to immunocompromised patients, especially
if the microorganisms are inhaled [21-23].

The high prevalence of Cladosporium spp., Penicillium
spp., and Aspergillus spp. in this study has been reported in
other studies on the water supply systems of laboratories and
other locations [3, 20]. These fungi are considered dema-
tiaceous fungi responsible for causing mycoses and other
types of infections, such as cutaneous, subcutaneous, in-
vasive, and contagious infections [11]. Furthermore, the
genera are associated with the production of mycotoxin
[10, 13, 24]. A study by Paterson et al. [5] found mycotoxins
in cistern water and, if ingested, they may cause some health
problems, such as vascular and some types of mycosis [25].

Aspergillosis caused by Aspergillus spp. is very common in
immunocompromised patients and is the second most
frequent cause of nosocomial fungal infections [26], a
worrying datum when isolating this genus in the trans-
plantation unit, as demonstrated in the present study.
Yeast groups have been isolated from different water sources
such as rivers and lakes [27]. In this study, the high occurrence of
yeast in the infectious diseases department and oncology de-
partment is concerning because of the debilitated immune
systems of patients. Yeast species Aureobasidium pullulans and
Candida parapsilosis, which were found in several locations in
this study and in prior studies, are considered opportunistic
pathogens [27, 28]. For example, Candida spp. is the fourth
leading cause of nosocomial bloodstream infections in the
United States [29]. When ingested by immunocompromised
individuals, yeasts can travel through the gastrointestinal mucus
and enter the bloodstream, spreading to other organs [29].
Although rare, molecular studies have shown that the
fungal isolates from hospital waters presented the same
genotypic characteristics as isolated fungi obtained from
patients, which indicates that these water reservoirs are a
source of infections in patients, especially immunocom-
promised ones [4, 6, 10, 30]. Ingestion, inhalation, contact
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with skin, and mucous membranes are some routes by which
people can be exposed to fungi in drinking water [10].

In relation to the chlorine, in this study, free chlorine
residual levels of most tap samples were within the rec-
ommended standards (Table 1). However, only one purifier
water sample presented the 0.2 mg/L minimum (Table 1),
because water purifiers function by removing chlorine from
water to remove its flavor and odor, a mechanism that
contributes to microorganism’s growth in the end part of the
system [15]. Notably, the periodical maintenance of purifiers
was within the deadline.

However, we must emphasize that regardless of most tap
water samples presenting adequate concentrations of free
chlorine residuals, fungi were commonly present (all sam-
pling points). Although chlorine is widely used to remove
many harmful microorganisms in water, fungi were dis-
covered to be more resistant to chlorine inactivation than
bacteria [20].

Fungi produce secondary metabolites that can con-
tribute to microbiological corrosion in water pipes. Con-
sequently, changes in proper disinfection can occur and the
concentrations of residual chlorine in the treated distribu-
tion water system can be altered [10, 30].

Moreover, chlorine-resistant fungal spores can also
occur, thereby favoring the formation of biofilm in the inner
surfaces of pipes, debris, or sediments in the drinking water
distribution system, which favors cell survival even in the
presence of chemical products [14, 31].

In the present study, biofilm formation may have oc-
curred in the pipeline, since, in the infectious diseases,
oncology and intensive care departments presented the
highest fungal contamination of all floors.

Most of the fungal genera described in the study are
dematiaceous fungi that are capable of secreting melanin in
their cell walls, making them thick-walled species that can
resist water treatment [6, 10]. Another study also demon-
strated the resistance of Cladosporium spp., Aspergillus spp.,
and Penicillium spp. to chlorine in drinking water sources, so
that they remain in the distribution system for long periods
[20].

Yeasts can also be resistant to chlorine, which means that
they can survive and accumulate in water distribution
systems [10, 32]. In the present study, in the sample where
there was no fungal growth, the chlorine may have inhibited
the growth of those microorganisms, but, as previously
demonstrated, one cannot state that the chlorine efficacy was
proved, since the samples with chlorine also had no fungal
growth.

5. Conclusions

In conclusion, hospital tap water and purified water can be a
reservoir for fungi, some of which are opportunistic path-
ogens, which can put people’s health at risk, especially in
immunocompromised individuals. Free residual chlorine
was ineffective in some samples, allowing for the growth of
microorganisms. Therefore, the present study demonstrates
that more researches should be developed aiming to con-
template the monitoring of fungi in several water sources.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

Acknowledgments

The authors would like to thank Fernando Ferrari, Ph.D.,
from the Department of Computer Science and Statistics of
Sao Paulo State University, Sdo José do Rio Preto, Sdo Paulo,
Brazil, for the support provided in the statistical analyses.
This work was carried out with the support of the Federal
University of Mato Grosso do Sul (UFMS)/MEC Brazil and
financed in part by the Coordenagédo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES), Financial Code 001.

References

[1] M. S. Portaria, De 12 de dezembro de 2011 do Ministério da

Satide - Portaria de Potabilidade da Agua para Consumo

Humano, Didrio Oficial da Unido, Poder Executivo, Brasilia,

Brazil, 2011.

World Health Organization, Guidelines for Drinking-Water

Quality, WHO, Geneva, Switzerland, 2011, http://apps.who.

int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf,

4nd edition.

[3] S. Mesquita-Rocha, P. C. Godoy-Martinez, S. S. Gongalves
et al., “The water supply system as a potential source of fungal
infection in paediatric haematopoietic stem cell units,” BMC
Infectious Diseases, vol. 26, no. 13, p. 289, 2013.

[4] E.J. Anaissie, R. T. Kuchar, J. H. Rex et al., “Fusariosis as-
sociated with Pathogenicfusariumspecies colonization of a
hospital water system: a new paradigm for the epidemiology
of opportunistic mold infections,” Clinical Infectious Diseases,
vol. 33, no. 11, pp. 1871-1878, 2001.

[5] R. R. M. Paterson, J. Kelley, and M. Gallagher, “Natural
occurrence of aflatoxins and Aspergillus flaws (Link) in
water,” Letters in Applied Microbiology, vol. 25, no. 6,
pp. 435-436, 1997.

[6] M. N. Babic, N. Gunde-Cimerman, M. Vargha et al., “Fungal
contaminants in drinking water regulation? a tale of ecology,
exposure, purification and clinical relevance,” International
Journal of Environmental Research and Public Health, vol. 14,
no. 6, p. 636, 2017.

[7] N.Magwaza, E. N. Nxumalo, B. B. Mamba, and T. A. M. Msagati,

“The occurrence and diversity of waterborne fungi in African

aquatic systems: their impact on water quality and human

health,” International Journal of Environmental Research and

Public Health, vol. 14, no. 5, p. 546, 2017.

H. Oliveira, C. Santos, R. Paterson, N. Gusm3io, and N. Lima,

“Fungi from a groundwater-fed drinking water supply system

in Brazil,” International Journal of Environmental Research

and Public Health, vol. 13, no. 3, p. 304, 2016.

G. Hageskal, A. K. Knutsen, P. Gaustad, G. S. De Hoog, and

I. Skaar, “Diversity and significance of mold species in nor-

wegian drinking water,” Applied and Environmental Micro-

biology, vol. 72, no. 12, pp. 7586-7593, 2006.

[2

[8

[9


http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf
http://apps.who.int/iris/bitstream/10665/44584/1/9789241548151_eng.pdf

[10] P. Sonigo, A. De Toni, and K. Reilly, A Review of Fungi in
Drinking Water and the Implications for Human Health,
Vol. 107, Bio Intelligence Service, Paris, France, 2011.

[11] M. A. Pfaller and D. J. Diekema, “Rare and emerging op-
portunistic fungal pathogens: concern for resistance beyond
Candida albicans and aspergillus fumigatus,” Journal of
Clinical Microbiology, vol. 42, no. 10, pp. 4419-4431, 2004.

[12] R.Bhat, R. V. Rai, and A. A. Karim, “Mycotoxins in food and
feed: present status and future concerns,” Comprehensive
Reviews in Food Science and Food Safety, vol. 9, no. 1,
pp. 57-81, 2009.

[13] J. L. Pitt, J. C. Bacilico, M. L. Abarca, and C. Lopez, “My-
cotoxins and toxigenic fungi,” Medical Mycology, vol. 38,
no. 1, pp. 41-46, 2000.

[14] M. Ingerson-Mahar and A. Reid, Microbes In Pipe: The Mi-

crobiology of Water Distribution Systems. A Report on an

American Academy of Microbiology Colloquium, American

Academy of Microbiology, Boulder, Colorado, 2012.

C. Wendt, R. Ives, A. L. Hoyt et al., “Microbial removals by a

novel biofilter water treatment system,” The American Journal

of Tropical Medicine and Hygiene, vol. 92, no. 4, pp. 765-772,

2015.

[16] American Public Health Association, Standard Methods for

Examination of Water and Wastewater, American Public

Health Association, Washington, DC, USA, 2012, http://www.

standardmethods.org/AboutSM/.

G. S. Hoog, J. Guarro, J. Gené et al., Atlas of Clinical Fungi,

CBS, Utrecht, Netherlands, 2nd edition, 2000.

C. P. Kurtzman and J. W. Fell, The Yeast: A Taxonomic Study,

Elsevier Science, Amsterdam, Netherlands, 4th edition, 1998.

[19] A. R. Fox, K. H. Houser, W. R. Morris, and R. C. Walton,
“Dematiaceous fungal endophthalmitis: report of a case and
review of the literature,” Journal of Ophthalmic Inflammation
and Infection, vol. 6, no. 1, p. 43, 2016.

[20] V. J. Pereira, R. Marques, M. Marques, M. J. Benoliel, and
M. T. Barreto Crespo, “Free chlorine inactivation of fungi in
drinking water sources,” Water Research, vol. 47, no. 2,
pp. 517-523, 2013.

[21] A. S. Castro, A. Oliveira, and V. Lopes, “Pulmonary phaeo-
hyphomycosis: a challenge to the clinician,” European Re-
spiratory Review, vol. 22, no. 128, pp. 187-188, 2013.

[22] D. G. Kadaifciler and A. Cotuk, “Microbial contamination of
dental unit waterlines and effect on quality of indoor air,”
Environmental Monitoring and Assessment, vol. 186, no. 6,
pp. 3431-3444, 2014.

[23] A. Vojdani, A. W. Campbell, A. Kashanian, and E. Vojdani,
“Antibodies against molds and mycotoxins following expo-
sure to toxigenic fungi in a water-damaged building,” Archives
of Environmetal Health, vol. 58, no. 6, pp. 324-336, 2003.

[24] V. J. Pereira, D. Fernandes, G. Carvalho, M. J. Benoliel,
M. V. San Romaio, and M. T. Barreto Crespo, “Assessment of
the presence and dynamics of fungi in drinking water sources
using cultural and molecular methods,” Water Research,
vol. 44, no. 17, pp. 4850-4859, 2010.

[25] A. W. Campbell, J. D. Thrasher, M. R. Gray, and A. Vojdani,
“Mold and mycotoxins: effects on the neurological and im-
mune systems in humans,” Advances in Applied Microbiology,
vol. 55, pp. 375-406, 2004.

[26] J. Perlroth, B. Choi, and B. Spellberg, “Nosocomial fungal
infections: epidemiology, diagnosis, and treatment,” Medical
Mpycology, vol. 45, no. 4, pp. 321-346, 2007.

[27] A. O. Medeiros, B. S. Missagia, L. R. Brandao, M. Callisto,
F. A. R. Barbosa, and C. A. Rosa, “Water quality and diversity
of yeasts from tropical lakes and rivers from the rio doce basin

(15]

(17]

(18]

(28]

(29]

(30]

(31]

(32]

The Scientific World Journal

in Southeastern Brazil,” Brazilian Journal of Microbiology,
vol. 43, no. 4, pp. 1582-1594, 2012.

E. Otterholt and C. Charnock, “Microbial quality and nu-
tritional aspects of norwegian brand waters,” International
Journal of Food Microbiology, vol. 144, no. 3, pp. 455-463,
2011.

A. Y. Koh, J. R. Kohler, K. T. Coggshall, N. V. Rooijen, and
G. B. Pier, “Mucosal damage and neutropenia are required for
Candida albicans dissemination,” Plos Pathogens, vol. 4, no. 2,
p. €35, 2008.

A. Grabin’ska-toniewska, T. Koniltowicz-Kowalska,
G. Wardzyn "ska, and K. Boryn, “Occurrence of fungi in water
distribution system,” Polish Journal of Environmental Studies,
vol. 16, no. 4, pp- 539-547, 2007.

C. Mains, Biofilms Control In Distribution System, Tech Brief,
National Environmental Service Center (NESC) at West
Virginia University, Morgantown, WV, USA, 2008.

M. Sisti, G. Brandi, M. De Santi, L. Rinaldi, and
G. F. Schiavano, “Disinfection efficacy of chlorine and per-
acetic acid alone or in combination against aspergillus spp.
and candida albicans in drinking water,” Journal of Water and
Health, vol. 10, no. 1, pp. 11-19, 2012.


http://www.standardmethods.org/AboutSM/
http://www.standardmethods.org/AboutSM/

