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Abstract Most of the area of the globe is charac-

terized by a low temperature, and the ice being

formed constitutes a specific habitat for the growth of

psychrotolerant microbes. They are accompanied by

contaminants dripping from flat surfaces or falling

down from the atmosphere. The objective of this

study was, therefore, to detect the presence of

potentially pathogenic fungi in ice formations found

at the height of up to 2 m. The collected ice

formations were transported to the laboratory and

left for free melting. Yeast-like fungi were isolated

with the use of a standard research procedure, typical

of diagnostic mycological laboratories. The icicles

examined were found to contain a high number of

fungi, reaching 15,180 cfu/dm3 that originated from

12 species belonging to 2 genera: Debaryomyces and

Candida. The predominating fungi were these of the

genus Candida—constituting as much as 83.33% of

the isolates. The study revealed also potential patho-

gens—Candida krusei, C. tropicalis, and C. utilis.

The presence of fungi in the material examined

allows ice formations to be treated as a reservoir and

a vector of pathogenic factors and a temporary air

filter. It additionally enforces the significance of

health-promoting education that plays a key role in

developing epidemiological awareness of the society.

Keywords Icicle � Yeast-like fungi �
Epidemiological hazard

1 Introduction

A considerable part of the Earth biosphere is consti-

tuted by psychrosphere with temperatures under 5�C.

It encompasses over 90% of oceans volume and 70%

of land area (Häggblom and Margesin 2005; Święci-

cka et al. 1997). Ca. 20% of the Earth is a permanent

frozen ground—the cryosphere, covering 85% of the

area of Alaska, 55% of the area of Russia and Canada,

20% of the area of China, and majority of Antarctic

(Gilichinsky et al. 2003). The Antarctic and waters

surrounding it have been shown to be colonized by

psychrophilic and psychrotolerant yeast-like fungi

(Shivaji and Prasad 2009; Thomas and Dieckmann

2002). Bacteria with similar physiological properties

have also been detected in Lake Hańcza, the deepest

Polish lake, located in a moderate climate (Got-

kowska-Płachta 2008). Thus, the cold environments

are colonized by obligatory psychrophils and faculta-

tive psychrotolerants that are observed to grow at a

temp. of 0�C and less.

Microbes colonizing cold habitats are capable of

adapting to extreme environmental conditions. The
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extremophiles have developed some specific mecha-

nisms of, e.g. energy accumulation, sustaining the

homeostasis of intracellular environment and metab-

olism, production of b-galactosidase, stability of

structural and functional cell components under

conditions of an extreme biotope. However, one of

their most significant adaptation capabilities is devel-

opment of such a composition of fatty acids in

membraneous lipids that assures fluidity of cellular

membranes through increasing the contribution of

unsaturated fatty acids residues (Tkaczuk et al. 2005;

Turkiewicz 2006). The above adaptation capabilities

allow these microorganisms to survive in the state

of temporary anabiosis, which may be interrupted

with the appearance of conditions more favorable for

life.

In the moderate climate, ice may occur in the form

of Lake ice floe, sea ice, or icicles. An icicle is

formed when air temperature reaches slightly under

0�C, and the operating sun is heating up snow or ice

accumulated on roof slopes or tree branches, causing

them to melt. Water from the melting snow or ice, by

falling down upon gravitation, flows into the edge

and drips down. When the air temperature falls below

0�C, the inflowing drops are successively freezing,

thus causing the downward formation of the icicle.

The formation of icicles may be increased by

atmospheric water vapor, which at a high relative

humidity is observed to resublime on the surface of

ice and to create a special habitat for the growth of

microorganisms (Deming 2002) from various sys-

tematic groups, including yeast-like fungi potentially

pathogenic for men (Häggblom and Margesin 2005).

High plasticity of those organisms is reflected in,

among other things, resistance to fluctuations of

temperature, pH, or pressure, which allows them to

preserve high activity and often also expansiveness in

colonizing new habitats (Dynowska 1995; Dynowska

and Biedunkiewicz 2001; Dynowska et al. 2005). For

these reasons, they may become one of the sources of

epidemiological hazard.

Microbes colonizing cold habitats are capable of

adapting to extreme environmental conditions. The

extremophiles have developed some specific mecha-

nisms of, e.g. energy accumulation, sustaining the

homeostasis of intracellular environment and metab-

olism, production of b-galactosidase, stability of

structural and functional cell components under

conditions of an extreme biotope. However, one of

their most significant adaptation capabilities is devel-

opment of such a composition of fatty acids in

membraneous lipids that assures fluidity of cellular

membranes through increasing the contribution of

unsaturated fatty acids residues (Tkaczuk et al. 2005;

Turkiewicz 2006). The above adaptation capabilities

allow these microorganisms to survive in the state of

temporary anabiosis, which may be interrupted with

the appearance of conditions more favorable for life.

Contemporary literature addressing the above

issues lacks data on the survivability of potentially

pathogenic fungi in extremely cold conditions, hence

this study was undertaken in order to detect the

presence of potentially pathogenic yeast-like fungi in

icicles.

2 Materials and methods

The icicles (n = 100) originated from two experi-

mental seasons (winter of 2008/2009 and of

2009/2010). They were collected in a center of a

city with 200,000 inhabitants located in the north-

eastern Poland, in public places at the height of up to

2 m, alongside main pedestrian walkways. Having

measured the length of the icicle, it was collected to a

sterile container and transported to the laboratory

where it was weighed and left for free melting at a

room temperature. Owing to different specific gravity

of ice, the obtained number of colony-forming units

of fungi was expressed per 1 cm3 of water left after

its melting.

In order to isolate the fungi and to determine the

number of fungal colonies, use was made of the

method of membraneous filters (Millipore membrane

filters, diameter 0.47 lm) that were placed on dishes

with the solid Sabouraud’s medium and incubated for

48–72 h at a temperature of 37�C. After the incuba-

tion, colonies of yeast-like fungi differing macro-

scopically were counted, sieved onto Sabouraud’s

slants with chloramphenicol using inoculation loop,

and incubated again for 48–72 h at a temperature of

37�C. The diagnostics of the yeast-like fungi were

carried out based on their morphological and bio-

chemical characteristics (zymograms and auxano-

grams). The macroscopic evaluation was conducted

based on the macroscopic characteristics of the

colonies. The microscopic traits of the fungi were

analyzed in microcultures run on the Nickerson’s
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medium. Fungi were inoculated on slides, covered

with a thin film of the medium (ca. 2 mm). Two to

three drops of 1:1 dilution of serum broth were

dispensed onto the inoculation place (Ejdys 2003)

and incubated for 48, 72, and 144 h (Biedunkiewicz-

Ziomek and Dynowska 2004) at a temperature of

37�C. The cultures were incubated at 37�C, corre-

sponding to the body temperature of human a lowered

redox potential, i.e. temperature typical of infected

and damaged tissue (Richardson and Warnock 1993).

The systematic affiliation of the fungi was deter-

mined based on the keys of de Hoog et al. (2000),

Howard (2003), Kurtzmann and Fell (2000), as well

as Lodder and Kreger-van Rij (1967). The fungi

species determined in the study were classified to

BSL classes (biosafety classification) according to de

Hoog (1996).

3 Results

In total, 12 species of fungi belonging to 2 genera:

Debaryomyces and Candida were isolated from the

icicles examined. Species of fungi from the genus

Candida were isolated only in the anamorphic stage.

The predominating fungi were these of the genus

Candida—constituting as much as 83.33% of the

isolates. Candida krusei (38%) and Candida utilis

(25%) were found to predominate. They belong to

BSL-2 in the biosafety classification system. The

others are classified to BSL-1, i.e. Candida guillier-

mondii, C. intermedia, C. parapsilosis, C. robusta, C.

tropicalis, and Debaryomyces hansenii, while sapro-

phytic fungi were represented by Candida saitoana,

C. solani, C. tenuis, and Debaryomyces carsoni

(Table 1).

Table 1 Yeast-like fungi isolated from ice formations with prevalence and biosafety evaluation

No Species Prevalence

%

BSLa Habitatb

1. Debaryomyces carsonii (Phaff & Knapp)

Y. Yamada, Maeda, Banno & van der Walt

(1992d)

4 n Wine, soil

2. Debaryomyces hansenii (Zopf) Lodder &

Kreger-van Rij (1952)

6 1 Infected nail and hand, patient with angina,

sausage, sake, tobacco, skin lotion, wound,

salmon, rice vinegar, mash,

3. Candida guilliermondii (Castellani) Langeron &

Guerra (1938)

8 1 Alcohol strain, atmosphere, sputum, blood

4. Candida intermedia (Ciferri & Ashford)

Langeron & Guerra (1938)

3 1 Feces, beer, soil, skin, grape, fruit,

5. Candida krusei (Castellani) Berkhout (1923) 38 2 Fruit juice of berries, beer, tea, vaginitis,

feces

6. Candida parapsilosis (Ashford) Langeron &

Talice (1932)

2 1 Nail, skin, bladder, toe, olives, pickled

cucumbers, rotten tree trunk

7. Candida robusta Diddens & Lodder (1942) 1 1 Vineyard, soil, cavern soil, ginger beer,

brewery, beer, wine, distillery, sugar cane,

sherry, grape must

8. Candida saitoana Nakase & M. Suzuki (1985b) 3 n Atmosphere, fish food

9. Candida solani Lodder & Kreger-van Rij (1952) 1 n Potato-starch mill

10. Candida tenuis Diddens & Lodder (1942) 2 n Bark beetles, litter of coniferous forest

11. Candida tropicalis (Castellani) Berkhout (1923) 7 1 Human, interdigitale infection, infected nail,

child’s feces, blood, fodder yeast, kefyr,

soil, water, fermentation vats

12. Candida utilis (Hennenberg) Lodder &

Kreger-van Rij (1952)

25 2 Pus from human abscess, the udder of a cow

with mastitis, industrial fermentation

BSL Biosafety level
a de Hoog (1996), n undefined
b Kurtzmann and Fell (2000)
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Analyses demonstrated a high number of yeast-

like fungi per 1 cm3 of water left from melted icicles

that ranged from 4 to 15 colony-forming units

(4,600–15,180 cfu/dm3) Fig. 1.

4 Discussion

Fungi captured in an icicle may be released to

bioaerosol during the thaw. It is correlated in time

with springtime melts caused by stronger insolation,

which results in a change of the state of aggregation

into ice water, followed by water vapor. Cells of

yeast-like fungi drifting in the atmospheric bioaerosol

may penetrate to the respiratory or digestive tract of

humans, thus posing health hazard (Philips 2009). As

reported by Richardson and Warnock (1993), all

fungi capable of growing and developing at man’s

body temperature (37�C) and of surviving under

conditions of reduced redox potential occurring in

infected, damaged tissue, should be considered

potential pathogens. It is all the more important that

recently a successive decrease has been observed in

resistance to infections with various fungi as well as

an increase in the expansiveness of fungi until

recently considered to be saprotrophs.

A group at the highest risk in this respect is

children who treat icicles as ‘‘ice cream’’. Through

their oral cavity, they ingest fungi occurring in the

icicles. It results in local cooling of mucosa. For the

immune system of children is not fully developed yet

and does not constitute a mature defense barrier of

the body (Gołąb et al. 2007), cells of yeast-like fungi

may initially adhere to mucous membranes. The

temperature of a human body (37�C) is optimal for

the growth and proliferation of potentially pathogenic

fungi. At this temperature, colonies of yeast-like

fungi from as many as 12 species and from the icicles

examined appeared on the filters as quickly as after

24 h, which confirms the real risk they pose.

Literature data show that the genera of fungi noted

the most frequently in the cryosphere include as

follows: Torulopsis, Mrakia, Leukosporidium, and

Candida (Turkiewicz and Gromek 2000). In our

experiment, as much as 83.33% of the isolates were

fungi of the latter genus. Out of the isolated species,

there were some considered to be potential anthro-

popathogens as follows: Candida krusei, C. tropical-

is, and C. utilis (Dynowska 1995). They have often

been isolated from hospitalized patients and chron-

ically ill persons. A more numerous group at risk of

infections with yeast-like fungi from icicles are

mainly children (Ejdys 2003).

Apart from species diversity of fungi, another

important aspect to be considered is the count of their

cells. Similarly, high frequency of yeast-like fungi to

that reported in this study was noted in parallel

investigations conducted in a wastewater treatment

plant (Biedunkiewicz and Ozimek 2009). The water

originated from reed plots, where it was treated while

flowing from the sedimentation tank to the aeration

tank. The number of fungi on the plots examined

ranged from 4 to 16 colonies of yeast-like fungi per

1 cm3 (3,742–15,800 cfu/dm3). Insolation of a sim-

ilar number of fungal colonies from water of the

icicles points to considerable contamination of air at

sites of icicles collection. Cells of the fungi from the

previous vegetative season are bound in the first

icicles formed, which by these means become some

kind of a filter of atmospheric air.

Contaminants dripping down from flat surfaces of

roofs, window sills or falling down from the atmo-

sphere are bound in an icicle with freezing water and

constitute a winter reservoir of microorganisms,

including microfungi. Thus, the removal of ice

formations should be aimed not only at immediate

protection of people against getting physically hurt,

but also at diminishing the epidemiological hazard

posed by potentially pathogenic fungi accumulated in

them. Low awareness of the society regarding risks

posed by deposited snow and icicles as temporary

winter reservoirs of pathogenic factors should be

Fig. 1 Picture of the number of yeast-like fungi colonies on

the filter membrane after 24-h incubation (vector—one colony)
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minimized by completing their knowledge on that

type of hazards through trainings organized in their

work place by experts in work safety and hygiene and

through classes of health education organized at

schools (Woynarowska and Sokolowska 2001).

Those actions should be continuous, long standing,

and legally formalized.

5 Conclusions

1. Icicles should be treated as widely understood,

temporary reservoirs, and vectors of yeast-like

fungi potentially pathogenic to human.

2. Contaminants released during the melting of ice

complete seasonally the biota of external aerosol

rich in yeast-like fungi.
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