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Aim: The aim of the study was to investigate the relationship between the concentration of

psychrophilic bacteria, mesophilic bacteria and mold fungi in bioaerosols, and the number of

new cases of type 1 diabetes mellitus (T1DM) in children.

Methods: Air samples from the Lubelskie and Pomeranian voivodeships in Poland were

collected from January 2015 to December 2016 in winter, spring, summer and autumn.

Thirty-three samples were collected in the Pomeranian and 27 in the Lubelskie voivodeship.

The air samples were collected on the first day of each month at 1:00 pm for 10 mins at

a height of 1.5 m above the ground. The number of mesophilic bacteria was detected after

24–48 hrs incubation at 37°C on tryptone soya agar (TSA; Merck, Darmstadt, Germany).

The number of psychrophilic bacteria was detected after 72 hrs incubation at 22°C on TSA.

The number of fungi was detected by a 5-day long incubation at 28°C on chloramphenicol

yeast glucose agar.

Results: In the Lubelskie voivodeship, the mean concentration of psychrophilic bacteria was

significantly higher than in the Pomeranian voivodeship (2739 vs 608 CFU/m3, respectively),

the mean concentration of mesophilic bacteria was significantly higher (2493 vs 778/m3,

respectively) and the concentration of fungi was significantly higher (3840 vs 688 CFU/m3,

respectively). We also showed a statistically significant relationship between the number of

children with recently diagnosed T1DM and the mean concentration of psychrophilic and

mesophilic bacteria in the Pomeranian and Lubelskie voivodeships (P<0.001). Moreover, we

found a significant relationship between the number of new cases of T1DM in children and

the mean concentration of fungi in bioaerosols in the Lubelskie voivodeship (P<0.001), but

not in the Pomeranian voivodeship (P=NS).

Conclusion: The results of our research showed that there is a higher concentration of

microbial particles in the Lublin voivodeship. Therefore, we recommend changes in climate

for children (trips to the sea, mountains, etc) as often as possible.

Keywords: psychrophilic bacteria, mesophilic bacteria, mold fungi, children, incidence of

type 1 diabetes mellitus

Introduction
Primary biological aerosols (PBA) are a subset of atmospheric particles released

directly from the biosphere to the atmosphere. They consist of both living and non-

living organisms including fungi, bacteria, viruses, pollens and their metabolic

products (eg, endotoxins, mycotoxins). The term “bioaerosol” is commonly used

synonymously with organic dust.1–3 Bioaerosols can be emitted from the ground, soil,

forests, desert dust, farming and composting, rural areas, marshy areas, inshore areas
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and maritime areas.4,5 Modern industrial activities, includ-

ing the storage and sorting of organic waste, composting,

agricultural production, food processing, animal husbandry

and wastewater treatment systems also emit large volumes

of bioaerosols, which leads to a significant exposure to

biological factors.6,7 The first studies devoted to the occur-

rence and spread of microorganisms and spores in the air

date back to the beginning of the 19th century.8 Since that

time, studies on bioaerosols have gone through a long way

and air samples collected by planes, balloons and racquets

showed that PBA released from the land and ocean can be

transferred over long distances and to great heights. Some

types of fungi, such as Aspergillus fumigatus, can be trans-

ported to more than 200 m from the composter and at

concentrations higher than locally, near the composter.9

The elements contained in bioaerosols can differ in respect

to size and do not necessarily have to occur in the air as

independent particles. As early as 20 years ago, Shaffer and

Lighthart showed that most bacteria living in inland areas

bind with particles with an aerodynamic diameter of more

than 3 μm.10 Bacteria can form cell agglomerations or can

be dispersed in the air, on plants or animal skin, soil, pollen

or on spores in the air. Anemophilous plant pollens are

typically 17–58 μm in diameter, fungal spores 1–30 μm,

bacteria 0.25–8 μm, and viruses usually not more than 0.3

μm.11,12

The extent to which biological particles suspended in

the air are inhaled greatly depends on their ability to

penetrate the respiratory system and their deposition

within it. Particles larger than 10 μm in diameter can

form deposits in the upper respiratory tract, nose and

throat, causing hay fever. Particles smaller than 5 μm in

diameter penetrate the alveoli, causing allergic alveolitis

and asthma. Bound and non-bound fungal allergens, ultra-

small particles measuring <0.1 μm can deeply penetrate

the human respiratory system. Their size and shape also

determine their removal from the airways.13,14

Bacteria, fungal spores, pollens and other bioparticles

are transported by the air, and on the one hand, they are

essential for the reproduction and spread of organisms in

various ecosystems, but on the other hand, they may con-

tribute to and/or aggravate many diseases in plants, ani-

mals and humans.15,16 Healthy persons are usually adapted

to the presence of bioaerosols in the natural environment.

However, for people in high-risk groups, a high concen-

tration of organic dust can pose an additional health threat,

causing cardiovascular diseases, chronic obstructive pul-

monary disease neoplasms and diabetes.17,18

Until 1998, the Polish population was one among

nations with low incidence of type 1 diabetes mellitus

(T1DM). Within the last 30 years, there has been

a dynamic increase in the number of new cases of

T1DM in Poland – a trend moving this country up to the

medium level19,20 in the classification of countries accord-

ing to incidence of this disease. The prevalence of T1DM

is constantly increasing worldwide and it is not always the

genetic predispositions that contribute to the initiation and/

or propagation of abnormal immune response leading to

the loss of beta cells. T1DM is more and more often

diagnosed in people who do not present high-risk genetic

alleles.21 This indicates that it is the environment that may

be the main factor contributing to T1DM.22,23 Because so

many environmental factors have changed in the last 3

decades, it would be helpful to narrow down the change

for environmental exposures. Studies carried out so far

showed the negative effect of bacteria and mold fungi in

the course of diabetes.16,24,25 Dayal et al described mucor-

mycosis in children with T1DM aged 3–12 years.24 The

acute onset of T1DM has been reported in a child with

toxic shock syndrome due to Staphylococcus aureus.25

Thus, we made an attempt to check whether there was

any relationship between the concentration of psychrophi-

lic bacteria, mesophilic bacteria and mold fungi in the

bioaerosol, and the number of new cases of T1DM in

children in the Pomeranian and Lubelskie voivodeships.

Selection of sampling sites
The geographical situation of the Lubelskie

and Pomeranian voivodeships, Poland
The Pomeranian voivodeship is located in the north of

Poland, by the Baltic Sea. It borders Russia through the

Gulf of Gdansk. The total area of the Pomeranian voivode-

ship is 18,310 km2 and is inhabited by more than 2.4 million

people. It consists of 16 districts, including the Tricity an

agglomeration of Gdansk, Gdynia and Sopot. In the Tricity,

there are industrial plants producing fuels and petroleum-

derived products, factories producing chemical fertilizers,

feed manufacturing companies, heat and power stations

and thermal power stations and shipyards. There are also

two ports (in Gdansk and Gdynia) which are the most

important transport chain link connecting Scandinavia with

the countries of Southern Europe. The natural resources in

the region include a vast green area. Over 46% of the surface

of the Pomeranian voivodeship is covered by the forest

(Figure 1). The area of the Lubelskie voivodeship is
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25,000 km2 and is inhabited by more than 2.1 million peo-

ple. It consists of 20 districts. Due to the presence of fertile

soils, the Lubelskie voivodeship is an important agricultural

region in Poland, including the cultivation of wheat, sugar

beet, fruits, vegetables, hops and tobacco. Agricultural land

covers 56% of the voivodeship area (the average for Poland:

48%). Forests in the Lubelskie voivodeship show consider-

able diversity in terms of distribution and size of forest

complexes and most of all in terms of habitats and phytoso-

ciology. According to official statistics by Zgłobicki, forests
cover only 23% of the area (the average for Poland: 30%)26

(Figure 1).

Sampling methods
Air samples from the Lubelskie and Pomeranian

voivodeships were collected from January 2015 to

December 2016 in winter, spring, summer and autumn.

Thirty-three samples were collected in the Pomeranian

voivodeship and 27 in the Lubelskie voivodeship. The air

samples were collected by impaction with a SAS Super

ISO 100 (Milan, Italy) sampler. The samples automatically

collected 100 L of air. The samples automatically collected

100 L of air. The maximum efficiency of collection is for

particulate matter with a d50=2–4 μm. The flow rate is 90

lpm. All removable parts of the air sampler were sterilized

by autoclaving before sampling and sterilized sampler

head between samples with 70% ethanol. Sucked air was

then transported through small holes to a head with a Petri

dish containing an agar medium appropriate for each type

of microorganisms. The air samples were collected on the

first day of each month at 1:00 pm for 10 mins at a height

of 1.5 m above the ground. If there was any rainfall or

snowfall approx. 2–3 hrs before scheduled we collected

them on the following day at 1:00 pm. The air tempera-

ture, humidity, wind speed and direction were recorded

using a Beurer Termohygrometer HM55 (Ulm, Germany).

The air temperatures in the Lubelskie voivodeship during

the tested seasons ranged from 2ºC to 13ºC (winter), from

12ºC to 19ºC (spring), from 11ºC to 27 (summer), and

from 4ºC to 15ºC (autumn). Relative humidity in the

winter ranged from 40% to 72%, from 55% to 61% in

the spring, from 47% to 93% in the summer, and from

67% to 77% in the autumn. The wind speed was

15–16 km/hr in the winter, 11–15 km/hr in the spring,

2–22 km/hr in the summer and 6–8 km/hr in the autumn.

The air temperatures in Pomeranian voivodeship during
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Figure 1 A map showing the Pomeranian and Lubelskie voivodeships in Poland.
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the tested season ranged from 1ºC to 14ºC (winter), from

8ºC to 24ºC (spring), from 15ºC to 24ºC (summer), and

from 2ºC to 9.6ºC (autumn). Relative humidity in the

winter season ranged from 44% to 86%, from 40% to

88% in the spring, from 41% to 80% in the summer, and

from 81% to 99% in the autumn. The wind speed was

15–24 km/hr in the winter, 9–35 km/hr in the spring,

2–22 km/hr in the summer and 4–11 km/hr in the autumn.

Themicrobiological assessment of air in the

Lubelskie and Pomeranian voivodeships
The mesophilic bacteria were counted after a 24–48

hrs incubation at 37°C on tryptone soya agar (TSA;

Merck, Darmstadt, Germany). In order to culture psychro-

philic bacteria, we used TSA. Incubation was carried out at

22°C for 72 hrs. To culture fungi, we used the chloramphe-

nicol yeast glucose agar medium by Merck. The plates with

growth medium were incubated at 28°C for 5 days.

Chapmann agar (Merck) was used for culturing

Staphylococcus sp. Staphylococcus sp. was differentiated

from Micrococcus sp. species in terms of the oxidase and

coagulase activity. Mannitol egg yolk polymyxin agar

(Merck) was used for culturing and enumeration of

Bacillus cereus. Agar plates were incubated at 30°C for

24–28 hrs and examined for typical B. cereus colonies.

Trypticase soy 5% sheep blood agar (Graso Biotech,

Starogard Gdański, Poland) was used for the determination

of hemolytic reactions.

Isolation of the Enterobacteriaceae Gram-negative bac-

teria was performed on the McConkey agar (Merck) and

on TSA (Merck) by 24–48 hrs incubation at 37°C. All

Enterobacteriaceae bacteria were biochemically identified

using the API 20E system for (BioMerieux, Paris, France)

according to the manufacturer’s instructions. Bacteria of

the genus Pseudomonas were determined using Cetrimide

Agar (Merck), incubated at 37°C for 24–48 hrs. The pro-

duction of pyocyanin and fluorescein pigments was

observed on Pseudomonas agar P and Pseudomonas

agar F.

Bacterial identification
The isolated bacteria were divided into Gram-positive

cocci, Gram-positive aerobic bacilli and Gram-negative

aerobic bacteria. The bacteria were identified based on

their morphological features in a microscopic preparation

stained with Gram’s staining method.27,28 Cells from the

stain were viewed under an oil immersion at 1000×, using

a Nikon Eclipse E2000 microscope (Tokyo, Japan). We

used the properties from the Bergey’s manual of systema-

tic bacteriology and the textbooks on microbiological

diagnostics.29

Mold fungi identification
Mold fungi were identified based on their macro- and

microscopic features, with use of a Nikon Eclipse E2000

microscope at 400×, 600×, 1000× magnification and a key

for the identification of fungi.30,31 Mold colonies were

identified on the basis of color, texture, topography of

the culture surface, smell of the colony, color of the

reverse of the colony and the presence of the diffuse

pigment. Microscopic features of the fungal colonies

were identified based on their microscopic features, ie

the presence of macroconidia and microconidia, their

shape and appearance.30,31

Sample analysis
The number of colonies of bacteria and fungi were

expressed as a colony-forming unit (CFU) per 1 m3 of

the air (CFU/m3). When applying the impact method, we

used the Feller table attached to the manual of the air

sampler.32 The colonies collected should be revised by

the equation:

Pr ¼ N½1=Nþ 1=N� 1þ 1=N� 2þ 1=N� rþ 1�;
where Pr is the revised colony in stage, N is the number of

sieve pores, and r is the number of viable particles counted

on the agar plate.

The number of colonies of bacteria and fungi (CFU/m3)

was calculated using the following equation:

CðCFU=m3Þ ¼ T� 1000

tðminÞ � FðL=minÞ ;

where C – airborne bacterial concentration; CFU – colony-

forming unit; T – total colonies after application of the Pr

statistical correction; t – sampling time and F – airflow

rate.

Incidence of type 1 diabetes mellitus in

children and adolescents in the Pomeranian

and Lubelskie voivodeships
The number of new cases incidence of T1DM was

obtained from the Clinic of Pediatric Endocrinology and

Diabetology of the Medical University of Gdansk and the

Clinic of Endocrinology and Pediatric Diabetology of the

Medical University in Lublin. The number of children of
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0–18 years rate in 2015 and 2016 in the Pomeranian and

Lubelskie voivodeships was acquired from the statistical

yearbooks by the Polish Central Statistical Office

(GUS).33,34 The study was approved by the Ethics

Committee of the Medical University of Gdańsk (no.

NKBBN/314/2016) and the investigation was carried out

in accordance with the principles of the Declaration of

Helsinki as revised in 1996.

Statistical analysis
The results were generated using R statistics language (a

language and environment for statistical computing) 2018

version.35 The main procedure in the calculation is

a generalized linear model – glm. Due to the high flex-

ibility of the glm function, we have applied it to the

creation of a model basedon the Poisson's distribution

of errors and the natural logarithm as the link function.

For the data collected in the work, the Poisson error

distribution and the natural logarithm as a link function

have been determined. The model chosen in this way is

suitable for data counting. Moreover, Chi-square test for

independence was used for qualitative variables. The

assumed significance level is α=0.05.

Results
Assessment of microbiological bioaerosol

in the Pomeranian and the Lubelskie

voivodeships
In the Lubelskie voivodeship, the mean concentration of

psychrophilic bacteria was higher (2739 vs 608 CFU/m3)

than in the Pomeranian voivodeship (P<0.0001), the mean

number of mesophilic bacteria was higher (2493 vs 778

CFU/m3) than in the Pomeranian voivodeship (P<0.0001),

and the mean concentration of fungi was higher (3840 vs

688 CFU/m3) than in the Pomeranian voivodeship

(P<0.0001) (Figure 2).

Qualitative assessment of bacteria in the

air in the Lubelskie voivodeship
From the samples of the air collected in the Lubelskie voivode-

ship, we isolated Gram-positive cocci (20.97%), including

Micrococcus luteus 8.97%, Micrococcus lylar 0.96%,

Sarcina lutea 2.29%, Kocuria rosea 1.17%, Staphylococcus

aureus 0.93%, Staphylococcus epidermidis 3.42% and

Staphylococcus saprophyticus 3.23%. We also isolated Gram-

positiveBacillus (78.51%), includingBacillus subtilis 16.76%,

B. cereus 5.27%, Bacillus mycoides 18.94%, Bacillus

macerans 37.55% and Gram-negative bacilli (0.52%), includ-

ing Pseudomonas aeruginosa 0.32%, Citrobacter freundi

0.07% and Enterobacter aerogenes 0.13%.

Qualitative assessment of bacteria in the

air in the Pomeranian voivodeship
From the samples of air collected in the Pomeranian voi-

vodeship, we isolated Gram-positive cocci (33.19%),

including Micrococcus luteus 16.17%, Micrococcus

lylar 2.20%, Sarcina lutea 6.48%, K. rosea 1.21%,

Staphylococcus aureus 3.69%, Staphylococcus epidermi-

dis 1.53% and Staphylococcus saprophyticus 1.90%. We

also isolated Gram-positive Bacillus (65.33%), including

B. subtilis 17.17%, B. cereus 3.25%, B. mycoides 13.48%,

B. macerans 31.44% and Gram-negative bacilli (1.48%),

including Pseudomonas aeruginosa 1.17%, C. freundi

0.11%, Enterobacter aerogenes 0.10%, Escherichia coli

0.05% and Aeromonas hydrophila 0.06%.

Qualitative assessment of mold fungi in

the air in the Lubelskie voivodeship
From the air samples collected in the Lubelskie voivodeship,

we isolated 9 types of mold fungi and 1 yeast-like fungus

(Rhodotorula mucilaginosa) (14.8%). The most commonly

P-value<0.0001
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Mold fungi
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Figure 2 The concentration of bacteria and mold fungi in outdoor air in the

Lubelskie and Pomeranian voivodeships.

Abbreviation: CFU/m3, colony-forming unit per cubic meter of air.
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isolated types of mold fungi included Penicillium chryso-

genum (31.7%), Aspergillus niger (20.7%) and Penicillium

viridicatum (7.7%). Less common were Alternaria alternata

(6.3%), Paecilomyces sp. (6.3%), Aspergillus flavus (6.0%),

Chrysosporium sp. (4.9%) and Mucor mucedo (1.5%). The

least common was Rhizopus nigricans (0.2%).

Qualitative assessment of mold fungi in

the air in the Pomeranian voivodeship
From the air samples collected in the Pomeranian voivode-

ship, we isolated 8 types of fungi and 1 yeast-like fungus

(Rhodotorula mucilaginosa) (0.12%). The most commonly

isolated types of fungi included Penicillium chrysogenum

(44.2%), Aspergillus niger (32.2%) and Mucor mucedo

(12.4%). Rhizopus nigricans (6.7%), Geotrychum sp.

(2.5%), Alternaria alternata (1.2%), Chrysosporium sp.

(0.8%) were less common. The least common was

Biopolaris sp., isolated only once (0.01%).

The number of children aged 0–18 years

in the Pomeranian voivodeship and the

Lubelskie voivodeship vs the number of

new cases of T1DM
In the years 2015–2016, the number of children of 0–18 years

old amounted to 947,362 in the Pomeranian voivodeship, and

the number of new cases of T1DM was 219. In the Lubelskie

voivodeship, there were 809,235 children at that time and the

number of new cases of T1DM amounted to 152. T1DM

incidence in the Pomeranian and Lubelskie voivodeships in

years 2015 and 2016 is presented in Figure 3.

Concentration of psychrophilic bacteria,

mesophilic bacteria and mold fungi

(CFU/m3) in the air vs the number of

new cases of T1DM in the Pomeranian

and Lubelskie voivodeships
Map of Pomorskie voivodeship (Figure 4) and Lubelskie

voivodeship (Figure 5) presents districts in which air out-

door samples were taken and marked with red color –

highest mean concentrations of psychrophilic, mesophilic

bacteria, mold fungi (CFU/m3) to the lowest concentration

of psychrophilic bacteria, mesophilic bacteria, mold fungi

(CFU/m3) with violet color.

The relationship between the number of

new cases of T1DM and the

concentration of psychrophilic bacteria,

mesophilic bacteria and mold fungi in the

air in the Lubelskie and Pomeranian

voivodeships
In the Lubelskie voivodeship, there was a relationship

observed between the number of new cases of T1DM

and the number of psychrophilic bacteria (β=2.860;
P<0.001), mesophilic bacteria (β=2.824; P<0.001) and

mold fungi (β=2.923; P<0.001). In the Pomeranian voivo-

deship, there was a relationship observed between the

number of new cases of T1DM and the mean number of

psychrophilic bacteria (β=2.960; P<0.001) and mesophilic

bacteria (β=2.898; P<0.001), but not with mold fungi

(β=2.756, P=NS).

Discussion
The microbiological study of bioaerosol in the Lubelskie

voivodeship revealed a higher mean concentration of psy-

chrophilic bacteria, mesophilic bacteria and mold fungi

(CFU/m3) compared to the concentrations revealed in the

bioaerosol in the Pomeranian voivodeship. The higher con-

centration of bacteria and mold fungi in the Lubelskie

voivodeship may result from unfavorable meteorological

conditions, including temperature inversion and lack of

wind. Horticulture, fruit farming, hops and tobacco
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Figure 3 The number of new cases of T1DM in the Pomeranian and Lubelskie

voivodeships.

Abbreviations: Col, column; T1DM, type 1 diabetes mellitus.
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cultivation are widely practiced in the Lubelskie voivode-

ship. Poland has a long-standing tradition of tobacco culti-

vation and is one of its largest producers in the European

Union.36 What is specific to tobacco cultivation is its high

labor intensity, low level of mechanization and significant

amount of manual work, which leads to a significant expo-

sure to biological aerosols.26,37,38 Another factor increasing

the concentration of bacteria and mold fungi in the air in the

Lubelskie voivodeship may not be anthropogenic bioaerosol

exclusively from farming but also naturally occurring from

forests, parks and meadows. Our results are consistent with

the ones of the study by Lymperopoulou et al. The authors

concluded that in the air collected directly above vegetation

the concentration of microorganisms was 2–10-fold higher

than that in the air collected simultaneously in an adjacent

non-vegetated area.39

In the next stage of the study, we made an attempt to

identify the types of bacteria present in the bioaerosol. The

most common genus found in the air samples detected in

the Lubelskie and Pomeranian voivodeships was Gram-

Figure 4 Concentration of psychrophilic bacteria, mesophilic bacteria and mold fungi in air outdoor [CFU/m3] in the Pomeranian voivodeship and number of children with T1DM.

Notes: W – district wejherowski (n=32), T – district Gdańsk, Gdynia, Sopot (n=63), Sm – district Słupsk (n=8), Sp – district słupski (n=6), P – district pucki (n=9), L –

district lęborski (n=8), Kw – district kwidzyński (n=6), Ko – district kościerski (n=10), Ka – district kartuski (n=16), G – district gdański (n=8), B – district bytowski (n=11),

n=number of new cases of T1DM in the Pomeranian voivodeship.

Abbreviations: CFU/m3, colony-forming unit per cubic meter of air; T1DM, type 1 diabetes mellitus.
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positive bacteria, including Micrococcus luteus and B.

macerans. Micrococcus luteus is believed to be an oppor-

tunistic pathogen. It tends to be responsible for recurrent

bacteremia, septic shock, arthritis, meningitis, suppuration

and pneumonia.40,41 In the literature, there are cases

described of infective endocarditis caused by Micrococcus

luteus and of leukocytosis caused by Micrococcus luteus

and Streptococcus intermedium.42

The results obtained in our study indicate that Gram-

positive Bacillus sp. is dominant in the air in both voivo-

deships. Similar results were obtained in studies conducted

by other authors, where the dominating bacteria in the air

Figure 5 Concentration of psychrophilic bacteria, mesophilic bacteria and mold fungi in air outdoor [CFU/m3] in the Lubelskie voivodeship and number of children with T1DM.

Notes: Zp – district zamojski (n=9), Pu – district puławski (n=9), Lp – district lubelski (n=20), Lm – district Lublin (n=25), Cp – district chełmski (n=7), n=number of new

cases of T1DM in the Lubelskie voivodeship.

Abbreviations: CFU/m3, colony-forming unit per cubic meter of air; T1DM, type 1 diabetes mellitus.
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turned out to be the bacteria of the Bacillus genus.7,11,43

Bacillussp. are characterized by their ability to adapt to

changes in environmental conditions. They are typical

saprophytes living mainly in soil and water.44,45 Many of

them can be opportunistic pathogens, able to cause an

illness in people with compromised immunity, especially

small children.44 Less common were Gram-positive cocci,

mannitol-negative of the Staphylococcus sp. genus. In

most studies Staphylococcus saprophyticus found in ani-

mals and Staphylococcus epidermidis being part of the

human flora. However, there are reports stating that they

may be the cause of peritoneal dialysis in immunocom-

promised patients.46,47 The types of bacteria Pseudomonas

sp. that were found in the investigated samples are mainly

bacteria living in the natural environment and are an

opportunistic pathogen. It often causes chronic lung infec-

tions associated with respiratory failure, clinic deteriora-

tion or burn patients.48,49 However, it should be pointed

out that they are a source of endotoxins too. Endotoxins,

being an element of the cell wall of the Gram-negative

mesophilic bacteria, are biologically active lipopolysac-

charides causing inflammatory reactions. When released

into the environment they take on a form of spherical

particles of 30–50 nm (respirable fraction). Inhalation of

endotoxins contained in the polluted air can lead to toxic

pneumonisis and consequently to adult respiratory distress

syndrome, as well as to increased incidence of neoplasms

or diabetic neuropathy.50,51 Pathogenic mold fungi found

in the air samples collected in the Pomeranian and

Lubelskie voivodeships included Penicillium chryso-

genum, Aspergillus niger, Mucor mucedo, and Rhizopus

nigricans. Studies carried out so far showed the negative

effect of fungi, including Aspergillus flavus, Aspergillus

niger and Alternaria alternata in the course of

diabetes.24,52 Mucormycosis affecting the maxilla is rare

because of rich blood vessel supply to maxillofacial areas

although more virulent fungi such as Mucor can overcome

this difficulty.

A common form of this infection is seen in the rhino-

maxillary region and in patients with immunocompro-

mised state such as diabetes.24,52 In studies, the authors

reported a case of a 62-year-old man with diabetes, who

was admitted to hospital due to painful ophthalmoplegia

caused by Aspergillus niger.53 Additionally, there was

a case of a 56-year-old gardener with type 2 diabetes

mellitus and an infection with Penicillium capsulatum.54

Exposure to fungi can result in allergies, most commonly

manifested as rhinitis and asthma, as well as allergic

alveolitis (AZPP).55 Infection with mold spores is possible

through inhalation, wound contamination or damage of the

mucous membrane.55,56 In several studies, it was observed

that inhalation of toxins can even have a tenfold stronger

toxic effect than exposure through the skin and digestive

tract, where most of defensive reactions of the human

body take place. It is associated with the ease with which

mycotoxins penetrate through the barrier of capillaries in

the alveoli directly into the bloodstream. It is believed that

for intoxication through the respiratory tract much lower

dose of mycotoxin is needed and the symptoms appear

when the number of spores in the inhaled air amounts to

1000 (CFU/m3).37,57,58 The mechanism by means of which

air pollutants (biological aerosols and particulate matter)

contribute to the occurrence of diseases and premature

death is not fully known. The in vivo and in vitro studies

conducted so far showed that even exposing healthy

volunteers for short periods to pollutant particles in the

air triggers an inflammatory reaction on several different

levels.59–61 The immune system recognizes the antigens

via toll-like receptors that are stimulated directly or indir-

ectly. Microbial infections have long been considered as

an important modulator of T1DM risk. One of the mechan-

isms leading to the disease development is the direct

damage and destruction of the pancreatic β-cells by the

viruses and other microbes.62,63 However, in most of the

cases, a diabetogenic influence of the infection is of non-

direct character, aimed rather at the induction of an auto-

immune process directed against pancreatic β-cells and

therefore leading to their destruction.61,62 The persistent

destruction of the β-cells by active cytotoxic

T lymphocytes, natural killer and K cells, as well as

some of the cytokines (IL1, tumornecrosis factor-α, inter-
feron-γ) probably releases new autoantigens that induce

new cellular reactions and formation of new antibodies,

thus augmenting the process of destruction β-cells.64 The

increase in T1DM incidence in children and adolescents is

worrying and not yet fully explored. Biological aerosols,

including viruses, molds fungi, bacteria and their meta-

bolic products, eg endotoxins, mycotoxins may be one of

the main factors contributing to the autoimmunity.62,64

In the current research, the relationship between the

number of psychrophilic bacteria, mesophilic bacteria and

mold fungi in Lubelskie voivodeship have been demon-

strated. In the Pomeranian voivodeship, we detected

a relationship between the number of new cases of T1DM

and the concentration of psychrophilic bacteria and meso-

philic bacteria but not mold fungi. The lower number of
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microorganisms in the air in the Pomeranian voivodeship

compared to the Lubelskie voivodeship may result from the

geomorphological diversity of the Pomeranian voivodeship.

The close proximity to the Baltic Sea and location within

the influence of atmospheric centers both contribute to the

distinct diversity of climatic conditions in the Pomeranian

voivodeship. In the coastal region, the most significant

factor affecting the quality of the air is the force and direc-

tion of wind, which can decrease the number of bacteria and

mold fungi in the bioaerosol.65,66

In summary, we conclude that in the Pomeranian

and Lubelskie voivodeships the most commonly occur-

ring bacteria in the air were Gram-positive ones,

including Micrococcus luteus and B. macerans.

However in the Lubelskie voivodeship, we found

a relationship between the number of new cases of

T1DM and the concentration of psychrophilic bacteria,

mesophilic bacteria and mold fungi. We suggest that

children living in the Lubelskie voivodeship should

spend holidays by the sea or in the mountains as fre-

quently as possible. In this way, they could avoid

significant exposure to bacteria and molds occurring

in the air in areas where they live.

Abbreviations list
CFU, colony-forming unit; CFU/m3, colony-forming unit

per cubic meter of air; Col, column; GUS, Polish Central

Statistical Office; T1DM, type 1 diabetes mellitus; TSA,

tryptone soya agar; PBA, primary biological aerosols.
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