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The occurrence of yeast-like fungi in the most important infection portals of the respiratory
system in 200 randomly chosen students of biology and veterinary medicine was examined.
The students come into direct contact with plants and animals that may be colonised by fungi
belonging to various systematic groups.

Nine species of yeast-like fungi, including 7 species determined in the biologists, were
recorded in the subjects. Candida tropicalis and C. albicans were the most frequently isolated
fungi. The greatest number of fungi was isolated from the oral cavity (124 isolates), fewer
from the throat (79 isolates), and the smallest number from the nose (8 isolates). Fungi
occurred more frequently in autumn and slightly less frequently in spring, and were isolated
more frequently from women than from men.
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INTRODUCTION

A continuous increase in fungal infections has been recorded in recent years
(Baran 1998). It is believed that they affect ca. 40% of the world population
(Maddin 1992). However, studies on the occurrence of yeast-like fungi mostly
concentrate on compromised or hospitalised individuals under 20 or over 40 years
of age (Biedunkiewicz 1999, 2001; Dynowska 1990, 1993, 1995) while yeast-
like fungi can also occur as commensals in various ontocoenoses in healthy individu-
als(Batura-Gabryel, Firlik, Wieczorek 1994; Baran 1998; Richardson,
Warnock 1995). They colonise the oral cavity, mucous membranes, the skin, diges-
tive system or genitourinary system. Plants and animals can also be reservoirs of fun-
gi(Bieganska, Dworecka-Kaszak 2004; Dynowska 1995; Kurnatowska
1999). Therefore mycological studies were conducted on a group of healthy students
of biology and veterinary medicine who come into direct contact with plants or ani-
mals, both living and dead, that may be colonised by fungi.
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MATERIAL AND METHODS

A group of 200 randomly selected students in the age bracket between 20 and
26 (76 men and 124 women) at the Faculty of Biology and the Faculty of Veterinary
Medicine, Warmia and Mazury University in Olsztyn, was examined. Swabs form
the oral cavity, the atrium of the nasal cavity and the throat were collected in au-
tumn and spring in the period between 2002 and 2004. The subjects were generally
healthy.

The subjects were asked to complete a questionnaire on the life environment,
diet, use of substances, possible treatment with antibiotics, use of hormonal agents,
and susceptibility to various types of infections.

Cultures were initially incubated on Sabouraud medium at 37°C for 72 hours
and were examined according to the procedure used in mycological laboratories
(Dynowska 1995; Kurnatowska 1995). Macroscopic features (colour, shape,
surface structure, shine) of the isolated strains were analysed. The number of cul-
tured colonies was used to assess the intensity of fungal growth in a five-point scale
(0-4). Microculture incubation time on Nickerson agar, incubated at 37°C, was pro-
longed to 144 h (Biedunkiewicz-Ziomek, Dynowska 2004). Microscopic fea-
tures (shape and size of blastospores and chlamydospores, presence or absence of
the pseudomycelium) were analysed next. Photographic documentation was made
throughout the observations of macro- and microcultures.

Fungi were identified using the following studies: Kreger-van Rij (1984),
Barnett, Payne and Yarrow (1990), Howard (2003), the atlas by De
Hoog, Guarro and Figuerras (2000), studies by Dynowska (1995) and
Kurnatowska (1995).

RESULTS
Nine species of yeast-like fungi belonging to 3 genera: Candida, Saccharomyces
and Saccharomycopsis, were recorded in the subjects. Among these nine, seven spe-
cies were isolated from the biologists. Nine mould species of 4 genera: Aspergillus,

Penicillium, Scopulariopsis and Trichophyton, isolated in the students of veterinary
medicine will be discussed in a separate study.
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Fig. 1. Percentage participation of individual genera of yeast-like fungi in the students.



Yeast-like fungi 143

Candida albicans
Candiaa dubliniensis
Candiaa glabrata
Candiaa guilliermondii

Candiaa parapsilosis

JERREL

av

8% g 9%

Candiaa tropicalis

Fig. 2. Percentage participation of species of the genus Candida.

Candida tropicalis (83 isolates) and Candida albicans (77 isolates) were the most
frequently isolated yeast-like fungi. Candida dubliniensis (18), C. guilliermondii (15)
and Saccharomyces cerevisiae (10 isolates) were isolated less frequently. Saccharo-
mycopsis capsularis (4), Candida glabrata (3) and C. parapsilosis (1) occurred spo-
radically (Figs 1, 2). The greatest number of fungi was isolated from the oral cavity
(124 isolates), fewer from the throat (79 isolates), and the smallest number from the
nose (8 isolates). Candida tropicalis (41.5%) and Candida albicans (38.5%) domi-
nated in the ontocoenosis of the oral cavity. C. dubliniensis (9%), C. guilliermondii
(7.5%) and Saccharomyces cerevisiae (5%) were recorded less frequently. Candida
dubliniensis (1%), C. tropicalis (0.5%), Candida glabrata (0.5%) and Saccharomyc-
opsis capsularis (0.5%) were recorded in the nasal cavity in the autumn period, and
C. tropicalis, C. guilliermondii and C. parapsilosis in the spring period. These were
individual isolates that altogether constituted 1.5% of the total number of isolates.
Candida tropicalis (total 17.5%) and C. albicans (13.5%) dominated in the throat
both in spring and autumn. Other species constituted a slight percentage of the iso-
lates (C. guilliermondii 3.5%, C. dubliniensis 2.5%, Saccharomycopsis capsularis 1%,
Saccharomyces cerevisiae 1%, and C. glabrata —0.5%) (Tab. 1).

Fungal species occurred individually or in groups of two and, less frequently,
three. Groups recurring most frequently were as follows: Candida tropicalis and C.
guilliermondii, C. albicans and C. tropicalis, C. tropicalis and C. dubliniensis as well as
C. albicans and C. dubliniensis.

Fungi occurred more frequently in autumn and slightly less frequently in spring.
They were usually characterised by poor growth (113 isolates) (Tab. 2). Fungi were
isolated more frequently from women (autumn 73.26%, spring 63.41%) than from
men (autumn 26.74%, spring 36.59%) (Tab. 3).

The analysis of questionnaire data shows that the occurrence of fungi in the on-
toceonoses studied was influenced by the use of substances (alcohol, cigarettes, cof-
fee) (Tab. 4). The highest percentage of positive results was recorded in the subjects
reporting excessive coffee consumption among the biology students (30%), and ciga-
rette smoking (63.6%) and excessive alcohol consumption (51.7%) among the veter-
inary students. Questionnaire data did not reveal any direct correlation between the
occurrence of fungi and the type of diet. A slight increase in the number of positive
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Table 2
Growth intensity of yeast-like fungi in autumn and spring

Study season/ Number of ontocoenoses

. faculty | aytumn B autumn spring B | spring VM | autumn spring
Growth intensi VM sum sum
Poor 31 22 32 28 53 60
Moderate 10 12 6 6 22 12
Abundant 5 7 4 8 12 12
Very abundant 3 7 2 6 10 8
Sum 49 48 44 48 97 92

Explanations: autumn B - number of isolates obtained from the students of biology in autumn; autumn
VM - number of isolates obtained from the students of veterinary medicine in autumn

Table 3
Number of positive cultures in men and women in autumn and spring
Study season/ Number of positive cultures
faculty autumn spring autumn spring
Sex B | % |VM| % | B| % |VM| % |Sum| % |Sum| %
Women 36 |7347| 27 |71,05| 27 |61,36| 25 |65,79| 63 |73,26| 52 |63.41
Men 13 126,91| 11 |28,95| 17 |38,64| 13 |34,21| 23 |26,74| 30 |36,59
Sum 49 | 100 | 38 | 100 | 44 | 100 | 38 | 100 | 86 | 100 | 82 | 100
Table 4
Occurrence of fungi in coffee drinkers, alcohol drinkers and smokers
Type of substance Positive cultures (%)
Biology Veterinary medicine
Alcohol 12,0 25,0
Coffee 30,0 51,7
Cigarettes 19,5 63,6
Table 5

Occurrence frequency of diseases preceding sampling

disease rarely often very often total
throat diseases 21 28 13 62
sinus diseases 13 9 5 27
bronchial diseases 22 5 2 29
pneumonia 10 - 1 11
rhinitis 29 42 20 91
ear infection 11 4 1 16
asthma 1 2 - 3
allergies 6 3 14
tuberculosis - - -
diabetes - - - -
vitamin deficiencies 3 3 1 7
internal mycoses. 5 4 - 9
cutaneous mycoses 7 1 - 8
thyroid diseases - - - -
renal diseases 8 1 - 9
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results was shown only among the subjects preferring animal foodstuffs (among the
biology students: 79%) and the subjects preferring dairy products (among the veteri-
nary students: 46.9%). Diets rich in carbohydrates were not reported. Questionnaire
data also show that infections of the throat, bronchii and sinuses, and catarrhal con-
ditions were the most frequent disorders preceding the examination (Tab. 5).

DISCUSSION

Yeast-like fungi that commonly occur in human environments colonise various
ontocoenoses relatively easily. They enter the human body via the oral or nasal cavi-
ties when ingested or inhaled. The increase in fungal infections recorded world-
wide is caused by the growing number of predisposing factors and the simultaneous
decrease in natural immunity of healthy individuals (Ghannoum, Abu-Elteen
1990; Szymaniak et al. 2005). As a result, permeability of the epithelium changes,
allowing fungi to enter the body and penetrate the tissues (Dynowska, Biedun-
kiewicz, Sucharzewska 2002).

Fungi isolated in such portals of infection as the oral cavity can be causal agents of
the development of fungal infections although they do not have to. Kurnatowski
and Raczynska-Witonska (2004) recorded fungi in the oral cavity of 65.6%
of the individuals studied. They detected: Candida albicans (43.8%), C. tropicalis
(15.7%), C. krusei (9.7%), C. kefyr (9.7%), C. guilliermondii (4.9%), C. parapsilosis
(4.3%), C. glabrata (5.9%) and Geotrichum candidum (5.9).

Yeast-like fungi, mostly Candida albicans, are recorded asymptomatically in the
oral cavity in 40-60% of individuals (Katowski 1964). Darwazeh, Al-Refai
and Al-Mojaiwel (2001) believe that fungi of the genus Candida are part of
the normal, commensal mycoflora of the oral cavity, present in 30-70% of gener-
ally healthy individuals. In mass studies, Kowszyk-Gindifer and Sobicze-
wski (1986) recorded fungal infections in the oral cavity in 44% of students and
46% of individuals across various occupational groups. In the studies conducted by
Kurnatowska (2003) on individuals suffering from conditions of the oral cavity,
as many as 6 species of the genus Candida were isolated: C. albicans — 146 strains
(74.6%), C. tropicalis — 18 (9.2%), C. krusei — 10 (5.1%), C. guilliermondii — 6 (3.1%),
C. famata — 5 (2.6%), C. zeylanoides — 2 (1.0%). Candida albicans was also the most
frequently recorded fungus in studies by Majewska et al (2000) who additionally
observed a high frequency of C. glabrata, C. parapsilosis and C. tropicalis. The dif-
ferences in the frequency of occurrence of these fungi may be related to the season,
time of day, type of diet, oral hygiene, as well as sampling and test methods.

Candida tropicalis was one of the most frequently isolated species of yeast-like
fungi: 52% among the biology students and 31% among the veterinary students.
This finding is corroborated in studies by Ejdys and Dynowska (2004) conducted
on a group of healthy children. The majority of species recorded in the present study
are classified as biosafety level 2 (BSL2): they may cause severe, opportunistic infec-
tions in immunocompromised individuals (de Hoog 1996).

The occurrence of fungi in the nasal cavity or paranasal sinuses in healthy indi-
viduals is reported very rarely. Their presence in these ontocoenoses is mostly re-
lated to chronic inflammatory conditions of mucous membranes caused by bacteria,
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allergy, asthma, polyps or deviated nasal septum (Hofman, Skrobisz and Hof-
man 2004; Jankowska-Konsur, Pre§ and Baran 2005).

Kowszyk-Gindifer and Sobiczewski (1986) recorded fungi in 69% of the
students examined by them. Kurnatowski and Raczynska-Witonska (2004)
report that fungi occur on the mucous membrane of the throat in 24.5-53.6% of pa-
tients suffering from chronic pharyngitis, in ca. 2/3 of conditions of palatine tonsils
and only in 1/5 of those of the pharyngeal tonsil.

Fungi are recorded in one or a few ontocoenoses in the same person. The present
results correspond to those obtained by Ejdys and Dynowska (2004), who ob-
served this correlation in a group of healthy children in their study on environmental
preconditioning of fungal infections.

The occurrence of potentially pathogenic fungi in individuals who consider
themselves to be generally healthy may be related to a decrease in their immunity.
Sources of fungal infection should thus be considered. As reported in the litera-
ture, generalised or multifocal infections caused by fungi of the genus Candida are
mostly endogenous, which does not exclude their exogenous origin (Bieganska,
Dworecka-Kaszak 2003).

Animals can also be a source of infection. Students of biology and veterinary
medicine come into direct contact with animals, both healthy and ill, during classes.
Some, especially veterinary students, may work in veterinary clinics where they deal
with animals that are living or dead (in anatomy laboratories). The occurrence of
fungi of the genus Candida is recorded in many animal species and diseases caused
by these fungi are not rare. The literature published so far does not show whether
interspecific transmission of Candida infection is possible and what the particular
character of biotypes of individual species of these yeast-like fungi in relation to
the host is. Bieganska and Dworecka-Kaszak (2003) examined 230 Candida
strains isolated from animals between 1998 and 2002. They noticed an increase in
the number of infections caused by these fungi in animals, and the number of all
positive results exceeded 15% in 2002. This means that Candida sp. is an important
aetiological factor of infection, also in animals. Candidiases were detected mostly in
dogs, horses and birds, and affected the respiratory system (nose and throat), repro-
ductive system, skin and its products (Bieganska, Dworecka-Kaszak 2003).
As can be seen, no great differences exist in specific places of isolation of Candida
sp. between people and animals.

Zoonoses may in many cases be treated as occupational diseases. Particularly
exposed occupational groups include veterinarians, veterinary technicians, students
of these subjects, technicians specialising in animal husbandry, animal farmers, staff
in vivaria, zoological gardens, abattoirs and utilisation plants, etc. (Dutkiewicz,
Jabtonski 1989; Fijatkowska 1983).

Isolating potentially pathogenic fungi in healthy individuals indicates decreasing
immunity. Commensal fungi can become causal agents of a number of diseases. This
shows the need for a greater emphasis on mycological tests and analyses, also in
outpatients, to increase immunoprevention or, directly, antifungal prevention (Mo -
chon, Cutler 2005).
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CONCLUSIONS

1. Nine species of yeast-like fungi belonging to 3 genera: Candida, Saccharomyces
and Saccharomycopsis, were recorded in healthy students. Candida tropicalis (83
isolates) and Candida albicans (77 isolates) were the most frequently isolated fungi.

2. The greatest number of fungi were isolated from the oral cavity (124 isolates),
fewer from the throat (79 isolates), and the smallest number from the nose (8 iso-
lates).

3. The greatest percentage of positive results was recorded in the subjects report-
ing excessive coffee consumption among the biology students (30%), and cigarette
smoking (63.6%) and excessive alcohol consumption (51.7%) among the veterinary
students.

4. Isolating potentially pathogenic fungi in healthy individuals in the 20-30 age
bracket indicates their decreasing immunity. It shows the need for a greater empha-
sis on mycological testing to increase antifungal prevention and help identify carriers
of fungi among students.
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Grzyby drozdzopodobne izolowane od studentow

Streszczenie

W pracy przeanalizowano wystepowanie grzybéw drozdzopodobnych w gtéwnych wrotach
zakazenia ukladu oddechowego, dwustu losowo wybranych studentéw biologii i medycyny
weterynaryjnej, majacych w trakcie studiéw bezpoSredni kontakt z roslinami i zwierzgtami,
ktoére moga by¢ zasiedlane przez grzyby z réznych grup systematycznych.

W przeprowadzonych badaniach u wszystkich studentéw stwierdzono 9 gatunkéw grzy-
béw drozdzopodobnych, z czego 7 u biologdw. Najczesciej izolowano: Candida tropicalis (83
izolaty) i Candida albicans (77 izolatéw). Najwiccej grzybow wyizolowano z jamy ustnej (124
izolaty), mniej z gardla (79), najmniej z nosa (8). Grzyby czgsciej wystepowaly jesienia, nie-
co rzadziej wiosna, u kobiet niz u me¢zczyzn. Ogélem najwyzszy odsetek wynikéw dodatnich
odnotowano u 0séb zgtaszajacych naduzywanie kawy (30%), palacych papierosy (63,6%) i
naduzywajacych alkoholu (51,7%).

Izolowanie grzybéw potencjalnie chorobotworczych od zdrowych studentéw wskazuje na
obnizony stan ich odpornosci i sktania do potozenia wigkszego nacisku na analizy i badania
mikologiczne w celu zwigkszenia profilaktyki przeciwgrzybicznej w grupach oséb zdrowych.
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