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ABSTRACT

Microbiological contamination of indoor air in school environments represents a significant public
health issue, particularly for children, who are more susceptible to respiratory diseases and allergic
conditions. The aim of this study was to evaluate levels of exposure to microbiological air pollution in
primary schools in Albania and to contribute to protecting students’ health and to standardizing indoor
air quality monitoring in educational settings. A cross-sectional study was conducted using both active
and passive air sampling techniques. Air samples were cultured on selective media, including Plate
Count Agar (PCA), Czapek Agar, Meat-Peptone Agar (MPA), and Potato Dextrose Agar (PDA).
Sampling was performed in 29 primary schools across five Albanian districts: Fier, Kukés, Malési e
Madhe, Korc¢é, and Vloré. Total microbial and fungal loads were analyzed and compared among
different school environments and districts. The findings demonstrated considerable variability in total
microbial and fungal concentrations among districts and indoor school areas. The predominant fungal
genera identified were Aspergillus spp., Penicillium spp., Mucor spp., and Cladosporium spp. Higher
fungal contamination levels were observed in schools located in areas with dense vegetation, while local
climatic conditions appeared to influence the distribution of microbial contaminants. Indoor air quality
in school environments requires continuous monitoring, as prolonged exposure to microbiological
contaminants may adversely affect students’ respiratory health. The results emphasize the need for
preventive strategies and for establishing national guidelines for indoor air quality management in
primary schools.

INTRODUCTION

Microbiological contamination of indoor air is widely recognized as an important public health issue,
particularly in enclosed environments where people spend prolonged periods, such as schools, hospitals, and
office buildings. Indoor airborne microorganisms, including bacteria, fungi, and yeasts, may adversely affect
human health by causing respiratory infections, allergic reactions, asthma exacerbation, and other toxic effects
(1, 2). Children are considered a particularly vulnerable population due to their developing immune systems
and the considerable amount of time they spend in school environments, which increases their exposure to
indoor air contaminants (3-6).

Previous studies have demonstrated that microbiological air quality in schools is influenced by multiple
factors, including ventilation efficiency, building characteristics, occupancy density, cleaning and disinfection
practices, the presence of surrounding vegetation, and local climatic conditions (4-6). Recent research
conducted in educational settings after 2020 has highlighted that seasonal variation and inadequate ventilation
significantly contribute to increased concentrations of airborne bacteria and fungi, with many classrooms
exceeding recommended guideline values (7-10). These findings emphasize the need for continuous
monitoring of indoor air quality in schools as a preventive public health measure.

Fungi are among the most critical components of indoor bioaerosols due to their ability to produce small,
easily inhalable spores. Exposure to airborne fungal spores has been associated with allergic sensitization,
asthma development, and other chronic respiratory symptoms in children (9, 10). Studies conducted in primary
schools and kindergartens worldwide consistently report the predominance of fungal genera such as
Aspergillus, Penicillium, Cladosporium, Mucor, and Alternaria, reflecting both outdoor sources and indoor
environmental conditions (7, 9). Although advances in microbiological and molecular techniques have
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expanded the understanding of indoor microbial diversity, culture-based methods remain widely used for
routine monitoring and regulatory purposes (11).

The COVID-19 pandemic has renewed attention to indoor air quality, including microbiological
contamination, particularly in school environments. Recent studies have shown that changes in cleaning
frequency, disinfection practices, occupancy patterns, and ventilation strategies during the pandemic
significantly influenced the concentration and composition of airborne microorganisms in classrooms (12, 13).
These findings underscore the importance of standardized monitoring approaches that combine active and
passive air sampling methods to accurately assess microbial exposure in educational buildings (14-16).

Despite the growing international evidence, data on microbiological indoor air quality in school environments
remain limited in several regions, including Albania. To date, there is a lack of systematic, region-specific
studies evaluating airborne microbial loads in Albanian primary schools across different climatic zones. Such
data are essential for establishing baseline exposure levels, identifying predominant microbial taxa, and
supporting the development of national guidelines and preventive strategies. Therefore, the aim of the present
study was to evaluate microbiological air contamination in nine-year primary schools across multiple districts
in Albania using both active and passive air sampling methods, contributing to evidence-based indoor air
quality management and the protection of students’ health (17, 18).

MATERIALS AND METHODS

Study Design and Study Area

A cross-sectional observational study was conducted to assess microbiological contamination of indoor and
outdoor air in primary school environments. The study included 29 primary schools in nine-year programs
located in five districts of Albania: Fier, Kuk&s, Malési e Madhe, Korc¢é, and Vloré. These districts were
selected to represent different geographical and climatic conditions, including coastal, mountainous, and
inland regions. Air sampling was conducted from February to May 2025, encompassing a range of seasonal
and meteorological conditions.

Eligibility Criteria

Public nine-year primary schools operating during the study period and granting authorization for
participation were included. Schools undergoing major renovation or with restricted access to sampling areas
were excluded. Sampling locations were selected from regularly occupied indoor and outdoor school
environments.

Sampling Strategy and Study Settings

Air sampling was performed in both indoor and outdoor environments of each school. Indoor sampling sites
included classrooms and corridors, while outdoor samples were collected from schoolyards. Sampling
locations were standardized, with Petri dishes positioned approximately 1 m above ground level and at an
appropriate distance from walls and other obstacles, in accordance with established bioaerosol sampling
guidelines. Sampling was conducted during regular school hours to reflect typical exposure conditions.
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Microbiological Air Sampling Methods
Two complementary air sampling techniques were employed:

o Passive sampling: the sedimentation (settle plate) method was used, allowing airborne
microorganisms to naturally deposit onto exposed Petri dishes over a one-hour period.

e Active sampling: active air sampling was performed by promoting airflow to enhance the collection
of airborne microorganisms onto culture media, providing a more comprehensive assessment of
microbial presence.

The use of both methods enabled a qualitative and quantitative description of airborne microbial
contamination in school environments.

Culture Media and Microbial Identification

Air samples were cultured on selective and non-selective media, including Plate Count Agar (PCA) for total
viable bacterial counts, Meat Peptone Agar (MPA) for bacterial growth, and Czapek Agar and Potato Dextrose
Agar (PDA) for fungal isolation. After incubation, microbial colonies were enumerated and identified based
on macroscopic and microscopic characteristics. Particular attention was paid to the identification of
predominant fungal genera.

Quantification of Microbial Load

Microbial air contamination was expressed as colony-forming units per cubic meter of air (CFU/m?).
Calculations were performed using established mathematical models, including the Polish, Omelianski, and
Braz formulas, depending on the sampling technique applied.

Data Items

Collected data included total bacterial and fungal concentrations (CFU/m?), identification of dominant fungal
genera, sampling environment (indoor or outdoor), and district location. Data were used to describe
contamination levels across school environments.

Risk of Bias Assessment

To reduce potential bias, sampling procedures, culture conditions, and identification criteria were
standardized across all schools. All samples were collected during similar time frames and under comparable
operational conditions.

Data Analysis

Data analysis was descriptive in nature. Microbial contamination levels were summarized using absolute
values, ranges, and mean concentrations where appropriate. Results were presented to illustrate the distribution
and variation of microbiological air pollution across different school environments and districts, without
inferential statistical testing.

RESULTS

Table I summarizes the microbial load detected in five primary schools in the city of Korgé€. The results show
variability in airborne microbial contamination among the investigated schools and culture media.

Higher bacterial loads were observed on Plate Count Agar (PCA), with colony counts exceeding 100 per
plate in both Demokacia and Ismail Qemali schools, at both the initial observation and after 48 hours of
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incubation. In contrast, the Thoma Gérmenji school exhibited the lowest microbial contamination, with colony

numbers generally below 45 on both PCA and Czapek Agar (CAPEK).

Moderate contamination levels were recorded in Naim Vegilharxhi and Naim Frashéri schools. Fungal
growth on CAPEK media was generally lower than bacterial counts; however, an increase in fungal colonies
after 48 hours was observed in Naim Frashéri school, indicating favorable conditions for fungal development.

Overall, bacterial contamination predominated over fungal contamination across all schools. The consistent
presence of red- and yellow-pigmented colonies suggests a widespread distribution of common airborne

microorganisms in the school environments of Korgg.

Table L. Microbial load in five primary schools of Korgé city.

Colonies

Colonies on

School Medium Notes Plate (after Notes
on Plate
48 hours)
Red and yell Red and yell
113 (avg. ‘e anc yetlow 120 (avg. ‘e anc yetow
DEMOKRACIA | PCA-1 pigmented pigmented
109) ] 122) .
colonies colonies
Red and yellow Red and yellow
PCA-2 104 pigmented 124 pigmented
colonies colonies
47 (avg.
CAPEK-1 53) 47
Yellow pigmented Yellow
CAPEK-2 |59 VP8 59 pigmented
colonies .
colonies
N. PCA-1 78 (ave. lie(:nae?liefiellow 80 (avg. 82) lie(:nae?liefiellow
VEQILHARXHI 78) PIBMe §-©4) | pigme
colonies colonies
Red and yellow
84 pigmented
colonies
Red and yellow Red and yellow
PCA-2 78 pigmented 39 (avg. 43) | pigmented
colonies colonies
39 (avg. Red and yellow Red and yellow
CAPEK-1 43) pigmented 46 pigmented
colonies colonies
Red and yellow Red and yellow
CAPEK-2 46 pigmented 29 (avg. 36) | pigmented
colonies colonies
29 (av Red and yellow Red and yellow
TH. GERMENJI | PCA-1 36) & pigmented 43 pigmented
colonies colonies
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Red and yellow Red and yellow
PCA-2 43 pigmented 29 (avg. 30) | pigmented
colonies colonies
Red and yellow Yellow
29 (avg. ) .
CAPEK-1 30) pigmented 30 pigmented
colonies colonies
. Red and yellow
CAPEK-2 30 YeHOYV pigmented 62 (avg. 63) pigmente}(ll
colonies )
colonies
N e | el
FRASHERI 57) ] .
colonies colonies
Red and yellow Red and yellow
PCA-2 55 pigmented 17 (avg. 23) | pigmented
colonies colonies
17 (ave. Red and yellow Red and yellow
CAPEK-1 23) pigmented 28 pigmented
colonies colonies
Red and yellow Red and yellow
CAPEK-2 28 pigmented 89 (avg. 95) | pigmented
colonies colonies
ISMAIL PCA-1 89 (ave. ;egcrina;c:eydenow 100 ;egcrina;c:eydenow
QEMALI 95) . .
colonies colonies

Figure 1 illustrates the distribution of microbial loads isolated from air samples collected in primary schools
of the Korgé district, expressed as the number of microorganisms per Petri dish. The graphical representation
confirms the variability of microbial contamination among the investigated schools.

Higher microbial loads were predominantly observed on PCA plates after 48 hours of incubation (blue bars),
indicating a greater prevalence of airborne bacteria compared to fungi. Plates counted after 48 hours (maroon
bars) showed a similar trend, reflecting sustained microbial viability over time. In contrast, fungal loads
detected on CAPEK plates (green bars) were consistently lower across most schools, although increased fungal
growth was evident in selected environments.

Overall, the figure highlights the predominance of bacterial contamination over fungal contamination in the
examined school environments and supports the observed heterogeneity of microbiological air quality within
the Korgé district.
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Figure 1. Graphical representation of the number of isolated microbial loads in schools of the Kor¢é district
(number of microorganisms per Petri dish). *Blue color: load on PCA plates after 48 hours of incubation;
*Orange color: load on plates after 48 hours of counting; *Green color: load on CAPEK plates where fungi
predominate.

Table II presents the fungal load and relative contribution of fungi to the total microbial contamination in
five primary schools in the city of Kor¢é. Overall, fungal contamination represented a variable proportion of
the total microbial load across the investigated schools.

The highest relative fungal contribution was observed in Ismail Qemali school, where fungi accounted for
41.6% of the total microbial load, followed by Thoma Gérmenji school with 33.3%. Lower fungal proportions
were observed in Naim Frashéri, Naim Veqilharxhi, and Demokacia schools, where fungi accounted for less
than 25% of the total microbial load.

Across all schools, the predominant fungal genera identified were Aspergillus, Penicillium, Mucor, and
Rhizopus, which are commonly reported as dominant components of indoor airborne mycobiota. The presence
of these genera indicates typical environmental fungal contamination associated with indoor-outdoor air
exchange.

Overall, the results demonstrate heterogeneity in fungal contamination levels among schools, with fungi
contributing variably to total microbial air pollution in the Kor¢é district.

Table I1. Fungal load results in five primary schools of Korgé city.

Notes (Fungi % of total load and
Schools Korg¢é Medium Colonies per Plate otes ( ung.l /o of to 2,1 oacaf
dominant species)
5 — — .
DEMOKRACIA CAPEK.1 47 (ayg. 53), (12 22.6% fungl Fungi zmp.elife.ctz,
fungi) Aspergillus terreus, Penicillium spp.
CAPEK-2 59 Yellow pigmented colonies
39 (avg. 43), (8 Red and yel‘low pigl'n'ented col(.)nies;
N. VEQILHARXHI CAPEK-1 fungi) 18.6% fungi - Fungi imperfecti,
u
& Aspergillus terreus, Penicillium spp.
CAPEK-2 46 Red and yellow pigmented colonies
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29 (avg. 30), (10 Red and yel.low pigmented colonies;
TH. GERMENIJI CAPEK-1 fungi) 33.3% fungi - Mucor spp.,
Penicillium spp.
CAPEK-2 30 Yellow pigmented colonies
17 (ave. 23). 3 Red and yel.low pigmented colonies;
NAIM FRASHERI CAPEK-1 fungi) 13.0% fungi - Mucor spp.,
Penicillium spp., Rhizopus nigricans
CAPEK-2 28 Red and yellow pigmented colonies
Red and yellow pigmented colonies;
ISMAIL QEMALI CAPEK.1 23 (al.vg. 12), (5 41.6% fu'ngi - f4spergillus spp-,
fungi) Mucor hiemalis, Mucor spp.,
Penicillium spp.
CAPEK-2 1 Red and yellow pigmented colonies

Table III shows the microbial and fungal loads in five primary schools of Vloré. Bacterial contamination on
PCA plates was generally high, with colony counts exceeding 100 colonies per plate in most schools,

indicating a predominant presence of airborne bacteria.

Fungal contamination, assessed on CAPEK plates and expressed as a percentage of the total microbial load,
varied widely among schools. The highest relative fungal loads were observed in 28 Néntori and Mugo Delo
schools (85.7%), whereas lower proportions were detected in Rilindja, Ali Demi, and Teli Ndini schools (13-

34.6%).

The dominant fungal genera identified across all schools included Mucor, Aspergillus, and Candida,
consistent with typical indoor fungal communities in educational settings. Notably, Mucor spp. was the most
frequently isolated genus, often accounting for the largest proportion of fungal colonies.

Overall, these results demonstrate heterogeneous microbial contamination in Vloré schools, with bacterial
loads predominating and fungal contributions varying according to school-specific environmental conditions.

Table II1. Results from five primary schools in the city of Vioré (average number of colonies per Petri Dish).

. Colonies Notes (Fungi % of
. Colonies
School Medium Notes per Plate total load and
per Plate . .
(48h) dominant species)
—— 5 —
RILINDJA PCA 103 Colonies pigmented 7 18.5% fungi - Mucor
red and yellow spp-
Various colonies 30.5% fungi - Mucor
CAPEK 27 lightl b mente:i 36 spp., Mucor mucedo,
gy pig Aspergillus terreus
—— 5 —
28 NENTORI | PCA-1 104 Colonies pigmented 85.7% fungl' Mucor
red and yellow Spp., Aspergillus terreus
27.7% ftungi - Mucor
) ) hiemalis, Mucor
CAPEK 36 Various colonies 23 )
mucedo, Aspergillus
spp.
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18.6% fungi - M
Colonies pigmented 8.6% fungi - Mucor

4 HERONJTE | PCA-1 101 4 LA ] ]
ONJ C 0 red and yellow 3 spp-, S'pergzllus niger,
Aspergillus terreus
34.6% fungi -
CAPEK 7 Various colonies 26 P redom@antly
Aspergillus terreus and
Candida spp.
. 13.3% fungi -
11 . 1 t
ALI DEMI PCA-1 7 (ave. | Colonies pigmented 15 Aspergillus niger,
92) red and yellow
Mucor spp.
PCALD 66 Colonies pigmented

red and yellow

) s
CAPEK-1 23 (avg. Various colonies 27 18.5% fungi - Mucor
33) spp-
30.5% fungi - Mucor
CAPEK-2 |43 Various colonies 36 spp., Mucor mucedo,
Aspergillus terreus
—— 5 —
MUCO DELO | PCA 106 Colonies pigmented 7 85.7% fung1' Mucor
red and yellow spp., Aspergillus terreus
27.7% fungi - Mucor
CAPEK 2% Colonies pigmented 3 hiemalis, Mucor.
red and yellow mucedo, Aspergillus
spp.
Colonies pigmented 18.6% fungi - Mucor
TELINDINI | PCA 11 P18 43 spp., Aspergillus niger,
red and yellow :
Aspergillus terreus
34.6% fungi -
CAPEK 15 Yarlous Folomes, %6 predom‘mantly
lightly pigmented Aspergillus terreus and
Candida spp.

Figure 2 illustrates the distribution of microbial loads in primary schools of Vloré, expressed as the average
number of microorganisms per Petri dish. The graph confirms that bacterial contamination, as indicated by
PCA plates after 48 hours of incubation (blue bars), predominates across all schools.

Fungal contamination, shown on CAPEK plates (maroon bars), varied considerably between schools. The
highest fungal loads were observed in 28 Néntori and Mugo Delo schools, consistent with the corresponding
high fungal proportions reported in Table III. In contrast, Rilindja, Ali Demi, and Teli Ndini schools showed
lower fungal loads, highlighting heterogeneity in fungal air contamination.

Overall, Figure 2 supports the observation that bacterial presence is generally higher than fungal
contamination in Vloré schools, while the relative contribution of fungi is influenced by school-specific
environmental conditions.
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Figure 2. Graphical representation of the number of microbial loads isolated from schools in Vioré (average
number of microorganisms per Petri dish). *Blue color: load on PCA plates after 48 hours of incubation;
*Orange color; number of loads on CAPEK plates where fungi have developed.

Table IV presents the fungal load and relative contribution of fungi to total microbial contamination in five
primary schools of Vloré. The results show substantial variability in fungal presence among the schools.

The highest relative fungal load was observed in 4 Heronjét school (85.7% of total microbial load), followed
by Mugo Delo (34.6%) and 28 Néntori (30.5%). Lower fungal proportions were recorded in Rilindja (18.5%),
Ali Demi (18.6-27.7%), and Teli Ndini (13.3%).

Dominant fungal genera included Mucor, Aspergillus, and Candida, which are commonly associated with
indoor airborne fungal communities. Mucor spp. was the most frequently isolated genus across all schools,
while Aspergillus species were also consistently present.

Overall, these findings indicate heterogeneous fungal contamination in Vlor€ schools, with fungi contributing
variably to total microbial air pollution, while bacterial contamination remains predominant in most
environments.

Table IV. Fungal load results in the five primary schools of Vioré.

: o : :
School Medium Colonies per Notes (fungi as % .of total m}croblal
Plate load and dominant species)
RILINDJA CAPEK 27 (5 fungi) 18.5% fungi - Mucor spp.
(11 fungi) Colonies pigmented red and
28 NENTORI CAPEK 36 yellow; 30.5% fungi - Mucor spp., Mucor
mucedo, Aspergillus terreus
- 5 —
4 HERONJTE CAPEK . (6 fung%) 85.7% ftungi - Mucor spp.,
Aspergillus terreus
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(9 fungi), average 33 colonies, average 9
fungi; colonies pigmented red and

ALI DEMI CAPEK-1 23 .
yellow; 27.7% fungi - Mucor hiemalis,
Mucor mucedo, Aspergillus spp.

(8 fungi) Colonies pigmented red and
CAPEK-2 43 yellow; 18.6% fungi - Mucor spp.,

Aspergillus niger, Aspergillus terreus

(9 fungi) Colonies pigmented red and
MUCO DELO CAPEK 26 yellow; 34.6% fungi - predominantly
Aspergillus terreus and Candida spp.

(2 fungi) Colonies pigmented yellow and
TELI NDINI CAPEK 15 red; 13.3% fungi - Aspergillus niger,
Mucor spp.

Figure 3 illustrates the total microbial loads and fungal loads on CAPEK plates from schools in Vloré. The
graph confirms that bacterial contamination generally exceeds fungal contamination in most schools (blue
bars).

Fungal loads (burgundy bars) varied considerably between schools, with the highest contributions observed
in 4 Heronjét and Mugo Delo, consistent with the data reported in Table IV. Lower fungal presence was
observed in Rilindja and Teli Ndini schools, highlighting heterogeneity in fungal air contamination.

Overall, the figure supports the observation that while bacterial presence predominates, fungal contamination
represents a variable but important component of indoor microbial air quality in Vloré schools.

mikroorganizma ne pjate

O T T T T T 1
Rilindja 28 Nentori 4 Heronjte AliDemi Muco Delo Teli Ndini

Figure 3. Total microbial loads on CAPEK (microorganisms per Petri dish) in samples collected from schools
in Vlora. *Blue color: loads on CAPEK; * Burgundy color: fungal loads on CAPEK.

Figure 4 presents the percentage of fungal loads relative to total microbial loads on CAPEK plates in schools
of Vloré (Group 1). The graph highlights considerable variability in fungal contribution across schools.

The highest fungal proportions were observed in 4 Heronjét and Mugo Delo schools, ranging from 30% to
85% of the total microbial load, while Rilindja and Teli Ndini exhibited the lowest fungal proportions (13%-
18%).
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These results confirm that fungal contamination, although generally lower than bacterial loads, can represent
a significant fraction of indoor microbial communities in certain school environments, emphasizing the
heterogeneity of indoor air quality.

100,00%
85,70%

18,50% N o ——
0,50% 20 34,50%
0,00% = \\‘M

13,30%
oy 3 MMW
Rilindja ¢ 0 ori 4 Heronjt | '
1% Ali Demi

Teli Ndini

50,00%

mold in % of total loads

Figure 4. Percentage of fungal loads in samples collected from schools in Vioré (Group 1), compared to
total loads in CAPEK medium.

Table V presents the microbial and fungal loads from the second group of schools in Vloré, including
classrooms, corridors, and schoolyards.

Bacterial contamination, assessed on PCA plates, was generally high across all sampled environments, with
the highest colony counts observed in corridors and yards (Pilo Prifti corridor: 178 colonies; yard: 162
colonies). Classrooms generally had lower bacterial loads than corridors and outdoor areas.

Fungal contamination, assessed on CAPEK plates, showed substantial variability. The highest relative fungal
contributions were observed in the Jani Minga corridor (85% of total microbial load) and the Halim Xhelo
corridor (73.5%), while classrooms and yards typically exhibited lower fungal percentages (7.7-33%).
Dominant fungal genera included Aspergillus, Mucor, Penicillium, Cladosporium, Rhizopus, and
Endomycopsis, reflecting typical indoor and semi-outdoor fungal communities.

Overall, the data indicates heterogeneous distribution of fungal contamination, with corridors showing the
highest fungal proportions in several schools, while bacterial loads remained predominant in most indoor and
outdoor environments.

Table V. Results from the second group of schools in the city of Vioré.

School Medium Colonies per Notes
Plate
HALIM XHELO
Classroom PCA 15 Yellow bacilli
R 11 ial
Corridor PCA 67 ed and ye' ow bacterial and
yeast colonies
Yard PCA 49 Yellow bacilli
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14.3% fungi - Mucor spp.,

Classroom CAPEK 7 (1 fungal) Cladosporium, Endomycopsis
spp.

Corridor CAPEK 34 (25 fungal) | 73.5% fungi - Aspergillus spp.
20% fungi - Aspergillus spp.,

Yard CAPEK 55 (11 fungal) | Aspergillus terreus, Aspergillus
niger, Penicillium spp.

PILO PRIFTI

Classroom PCA 143

Corridor PCA -

Yard PCA 162
19% fungi - Penicillium spp.,
Aspergillus terreus,

Classroom CAPEK 69 (13 fungal) | Cladosporium spp., Alternaria
spp., pigmented bacteria and
yeasts

Corridor CAPEK -

Yard CAPEK 89 (11 fungal) 12.5% t'“ungl - Same generd,
Aspergillus spp.

JANI MINGA

Classroom PCA -

Corridor PCA 178 Yellow bacilli
Many pigmented bacteria in red

Yard PCA 127 and yellow; red yeast
Rhodotorula spp.

Classroom CAPEK -

Corridor CAPEK 20 (17 fungal) | 85% fungi - Aspergillus spp.

Yard CAPEK 01 (7 fungal) | ' 0 fungt - Mucor spp.,
Penicillium spp.

ISMAIL QEMALI

Classroom PCA 49 Red and yellow colonies

Corridor PCA 123 Yellow bacilli

Yard PCA 167 Red apd yellow bacterial
colonies

Classroom CAPEK 28 (5 fungal) 18% fungi

Corridor CAPEK 36 (12 fungal) | 33% fungi

Yard CAPEK 151 (20 fungal) | > ° tungt - Aspergillus spp.,
Rhizopus nigricans, Mucor spp.

Figure 5 shows the total microbial loads on PCA plates in the second group of schools in Vloré€, expressed
as the number of microorganisms per Petri dish. The graph shows that bacterial contamination is widespread
across all schools and locations (classrooms, corridors, and yards).
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The highest bacterial loads were consistently observed in corridors and yards, particularly in Pilo Prifti and
Jani Minga schools, while classrooms generally exhibited lower bacterial counts. The distribution of colonies
also reflects the heterogeneity of microbial air contamination within different indoor and semi-outdoor
environments.

Overall, Figure 5 confirms that bacterial presence dominates indoor microbial communities in Vloré schools,
with corridors and outdoor areas being more heavily contaminated than classrooms.

178

162 167
143 1 7 1431
number of loads
on the plate 67
59 L — y Ve
49
S 0 0
e 5 t|g|s5l:/2/5/t/8 5|¢
sz S | = | = S | = | = S| = | = 2
= | E| &8 |=|E|2 =2 |8 |=|F|%
= =~ =~ =
‘ Halim Xhelo ‘ Pilo Prifti ‘ Jani Minga ‘ Ismail Qemali

Fig. 5. Total microbial load (Number of microorganisms per Petri dish) on PCA medium in the second group

of schools in Viora.

Figure 6 illustrates the total fungal loads on CAPEK plates in the second group of schools in Vloré, expressed
as the number of fungal colonies per Petri dish.

The highest fungal loads were observed in corridors, particularly in Jani Minga (17 fungi, 85% of total
microbial load) and Halim Xhelo (25 fungi, 73.5%), while classrooms and yards generally exhibited lower
fungal counts. Fungal distribution is highly heterogeneous across different school environments, reflecting
localized environmental conditions and airflow patterns.

Overall, Figure 6 confirms that corridors tend to have the highest fungal load, while classrooms and outdoor
areas show lower but still significant fungal loads. Dominant genera include Aspergillus, Mucor, Penicillium,
Cladosporium, and Rhizopus, consistent with typical indoor fungal communities in school settings.
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Figure 6. Total fungal load (Number of fungi per Petri dish) on CAPEK medium in the second group of schools

in Viora.
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Table VI presents microbial and fungal loads from four primary schools in Malésia e Madhe. Bacterial
contamination, assessed on MPA plates, was generally highest in corridors (Preke Gjoni-Bajze: 141 colonies;
Abdyl Bajraktari-Koplik courtyard: 136 colonies), while classrooms exhibited lower bacterial loads across
most schools. Yards and courtyards showed variable bacterial presence, often influenced by vegetation
density.

Fungal contamination, assessed on PDA plates, exhibited marked variability between environments and
schools. Corridors in some schools (Preke Gjoni-Bajze: 90.9%; Muhamet Hasmuja-Grizh: 100%) had the
highest fungal proportions relative to total microbial load, whereas classrooms and courtyards displayed lower
percentages (6.8-26%). Notably, fungal loads were particularly high in areas with abundant vegetation, such
as courtyards, highlighting the influence of local environmental conditions.

Dominant fungal genera included Aspergillus, Mucor, Penicillium, Trichoderma, Cladosporium, Rhizopus,
and yeast-like fungi (Candida, Saccharomycopsis, Aureobasidium), reflecting typical indoor and semi-outdoor
fungal communities in school environments.

Overall, these results indicate that corridors and vegetated courtyards tend to accumulate the highest fungal
loads, while bacterial contamination predominates in classrooms and other indoor environments. The data
underscore the heterogeneity of indoor microbial air quality across schools in Malésia e Madhe.

Table VL. Results from four primary schools in the city of Malésia e Madhe.
Colonies per

School Medium Notes
Plate

PREKE GJONI-BAJZE
Classroom MPA 83
Corridor MPA 141
Courtyard MPA 91
Classroom PDA 34/8 fungi 23.5% fungi, mostly Mucor spp.
Corridor PDA 33/30 fungi 90.9% fungi, Aspergillus spp.

100% fungi. Fungal load increased in the
courtyard due to abundant vegetation:
Courtyard PDA 65/65 fungi Aspergillus terreus, Trichoderma viride,
Aspergillus niger, Rhizopus nigricans,
Penicillium spp.

MUHAMET

HASMUIJA-GRIZH

Classroom MPA 37
Corridor MPA 53
Courtyard MPA 29

100% fungi: Penicillium crysogenum,
Classroom PDA 12/12 fungi Aspergillus rubrum, Basidiomycete -
Aureobasidium, Biscogniauxia fulva

100% fungi: Candida spp. yeast,
Corridor PDA 17/17 fungi Penicillium spp., Aspergillus spp.,
Saccharomycopsis spp. (yeast-like fungi)
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100% fungi. Fungal load increased in the
. courtyard due to vegetation:

Courtyard PDA 26/26 fungi Clad(z]sporium spp.,gAspergillus spp-,
Mucor spp., Penicillium spp.

ABDYL

BAJRAKTARI-

KOPLIK

Classroom MPA 48

Corridor - -

Courtyard MPA 136 Many bacteria are pigmented red.

Classroom PDA 15/4 fungi 26%.) f'ul?gi: Aspergillus terreus,
Penicillium spp.

Corridor - -

Courtyard PDA 296/20 fungi 6.8% fungi:. Mucor spp., Penicillium spp.,
Rhizopus nigricans.

KOL MARTINI-

DEDAIJ

Classroom MPA 83

Corridor MPA 99

Courtyard MPA 67

Classroom PDA 53/11 fungi 20.8% fungi

Corridor PDA 30/15 fungi 50% fungi

Courtyard PDA 45/8 fungi 1‘7.8.% fungi: Aspergillus spp., Rhizopus
nigricans, Mucor spp.

Figure 7 presents the total microbial loads on MPA plates in the four primary schools of Malésia e Madhe.
The graph shows that bacterial contamination is highest in corridors and courtyards, particularly in Preke
Gjoni-Bajze corridor (141 colonies) and Abdyl Bajraktari-Koplik courtyard (136 colonies). Classrooms
consistently exhibited lower bacterial counts across all schools.

These results highlight the heterogeneous distribution of bacterial contamination within school environments,
with corridors and outdoor areas acting as the main reservoirs of microbial load.
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Fig. 7. Graphical representation of total microbial loads in schools of Malésia e Madhe (MPA medium).
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Figure 8 illustrates the percentage of fungal loads relative to the total microbial load on PDA plates in schools
of Shkodér (Malésia e Madhe).

The highest fungal proportions were consistently observed in corridors and courtyards, reaching up to 100%
of the microbial load in certain locations (Muhamet Hasmuja-Grizh classrooms and courtyards; Preke Gjoni-
Bajze courtyard). Classrooms generally showed lower fungal percentages (6.8-26%), while outdoor areas with
dense vegetation exhibited markedly higher fungal dominance.

Dominant fungal genres included Aspergillus, Mucor, Penicillium, Rhizopus, Cladosporium, and yeast-like
fungi, consistent with common indoor and semi-outdoor school fungal communities.

These results highlight that fungal contamination in schools of Malésia e Madhe is strongly influenced by
environmental conditions, with corridors and vegetated areas acting as hotspots for fungal accumulation.

0% 100%100% 100%

100,00%

50,00%

0,00%

Preke Gjoni ‘
MuhametHasmujzli ) )
Abdyl Bajraktari

Percentage of fungal loads in
PDA

Kol Martini

Figure 8. Presentation of the percentage of fungal loads compared to total loads on PDA medium in schools
of Shkodér.

Table VII presents total microbial and fungal loads in four primary schools of Kukés. Bacterial
contamination, assessed on PCA plates, was generally moderate in classrooms (20-58 colonies) and slightly
higher in corridors (18-182 colonies). Courtyards showed variable bacterial loads, with Lidhja e Prizrenit
courtyard reaching 80 colonies. Overall, bacterial contamination was dominated by pigmented colonies and
Gram-positive bacilli.

Fungal contamination on CAPEK plates was low across most schools. In Njé Qershori, the classroom showed
100% fungal load dominated by Aspergillus spp., whereas corridors and courtyards had lower fungal
proportions (3.7-18.75%). Riza Spahiu and Bajram Curri also had minimal fungal presence (0-16.6%), and
Lidhja e Prizrenit exhibited almost no fungal contamination (0% across all sites).

These findings indicate that fungal contamination in Kukés schools is generally low, particularly compared
to other districts, and is mostly confined to classrooms or specific outdoor areas. Bacterial loads are more
evenly distributed, with corridors often showing slightly higher counts than classrooms or courtyards.
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Table VII. Results of total microbial and fungal load monitoring in four schools of Kukés.

School Medium Colonies per Notes
Plate

NJE QERSHORI PCA

Classroom PCA 23 Pigmented colonies

Corridor PCA 34 Pigmented colonies

Courtyard PCA -

Classroom CAPEK 3/3 fungi 100% fungi, Aspergillus spp.

Corridor CAPEK 108/4 fungi 3.7% fungi, Aspergillus spp.

Courtyard CAPEK 32/6 fungi 18.75% fungi, Aspergillus spp.,
Aureobasidium spp.

RIZA SPAHIU PCA

Classroom PCA 58 Yellow and red bacterial colonies

Corridor PCA 182 Yellow bacterial colonies

Courtyard PCA 89 Yellow and red bacterial colonies

Classroom CAPEK 56/3 fungi 3-4% fungl, Penicillium spp.,
Cladospora spp.

Corridor CAPEK 13/0 fungi 0% fungi

Courtyard CAPEK 54/9 fungi 16.6% fungi, Alternaria spp.,
Aspergillus spp., Mucor spp.

LIDHJA E PRIZRENIT | PCA

Classroom PCA 20 Bac‘te.rial colonies - Gram-positive
bacilli

Corridor PCA 35 Bac.te.rial colonies - Gram-positive
bacilli

Courtyard PCA 20 Bac.te.rial colonies - Gram-positive
bacilli

Classroom CAPEK 36/0 fungi 0% fungi

Corridor CAPEK 35/0 fungi 0% fungi

Courtyard CAPEK 83/0 fungi 0% fungi

BAJRAM CURRI PCA

Classroom PCA 24

Corridor PCA 18

Courtyard PCA -

Classroom CAPEK 36/0 fungi 0% fungi

Corridor CAPEK 43/0 fungi 0% fungi

Courtyard CAPEK 45/1 fungi 2.2% fungi, Aspergillus spp.

Figure 9 illustrates the total bacterial loads on PCA plates in the four primary schools of Kukés. The graph
shows that bacterial contamination is generally moderate across classrooms and courtyards, ranging from 20
to 58 colonies per plate in classrooms and 35 to 80 colonies per plate in courtyards. Corridors consistently
exhibited slightly higher bacterial loads, peaking at 182 colonies in Riza Spahiu.
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These results confirm that corridors act as the primary reservoirs of bacterial contamination in Kukés schools,
while classrooms and courtyards maintain lower but notable levels of total bacterial load.
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Figure 9. Total microbial loads on PCA in schools of Kukés.

Figure 10 presents total microbial loads (burgundy) and fungal loads (blue) on CAPEK plates in the four
primary schools of Kukés. Fungal contamination was generally low across all schools. The highest fungal
proportion was observed in the classroom of Njé Qershori (100% of the CAPEK load), while corridors and
courtyards in most schools showed minimal fungal presence (0-18.75%). Total microbial loads on CAPEK
were higher in corridors compared to classrooms and courtyards, reflecting the combined presence of bacteria,
yeasts, and fungi. Overall, these data indicate that in Kukés schools, fungi represent a minor component of
indoor microbial contamination, with bacterial and yeast colonies dominating the CAPEK medium in most
sites. Environmental factors and school activity patterns likely influence these distributions.

108

microorganisms/molds
in Petri dishes

1 Qershori ‘ Riza Spahiu ‘ Lidhja e Prizrenit | Bajram Curri ‘

Figure 10. Total and fungal loads on CAPEK media (orange color - total loads, blue color - fungal loads).
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Figure 11 shows the percentage of fungal loads relative to total microbial loads on CAPEK media in the
schools of Kukés.

Fungal contribution to total microbial contamination was generally low across all sampling sites. The highest
proportion was observed in the classroom of Njé Qershori (100%), whereas most corridors and courtyards had
minimal fungal presence, ranging between 0% and 18.75%. This confirms that fungi constitute a minor
fraction of indoor airborne microorganisms in Kuké&s schools, with bacteria and yeasts predominating.

These results highlight the variability of fungal distribution within different school environments, with
classrooms occasionally showing higher fungal percentages, likely influenced by limited ventilation and
localized conditions.

1 100%
08 |
0,6 ’
moldin% o4 ’ N
8.80%
0,2 ’ 5,40%
0 0% 0%
5 | . : 0% 2,20%
S (]
12| 2|28 8 5
~ = ‘2 RS 3 S = o
. 1|2 |2 2| & 5| &
1 Qershori 2 © =~ = 15}
Riza Spahiu E B
Lidhja e Prizrenit

Bajram Curri ‘

Figure 11. Percentage of fungal loads relative to total loads on CAPEK media in the schools of Kukés.

Table VIII presents total microbial and fungal loads in six primary schools of Fier. Overall, bacterial
contamination predominated on PCA media across all sampled sites, with corridor colonies ranging from 11
to 145 CFU/plate and courtyard colonies showing similar variability. Pigmented Gram-positive bacilli were
the most common bacterial morphotypes.

Fungal loads on CAPEK media were generally lower than bacterial counts. The highest fungal percentages
were observed in corridors of Zylyftar Veleshnja - Velmisht and Jorgo Sapiku - Luar (100% fungi), though the
absolute number of fungal colonies remained limited. Most other sites exhibited fungal contributions ranging
from 1.37% to 30%, with Aspergillus spp., Penicillium spp., and Mucor spp. predominating. Courtyards with
more vegetation or macrocolonies occasionally showed elevated fungal presence.

These results indicate that while bacteria dominate airborne contamination in Fier schools, fungi remain a
relevant but smaller component, influenced by microenvironmental conditions such as vegetation, air
circulation, and surface contamination.
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Table VIII. Monitoring results of total microbial and fungal loads in six schools of the Fier district.

Colonies per

School Media Notes
Plate

ZYLYFTAR

VELESHNIJA -

VELMISHT

Corridor PCA 47 Pigmented yellow colonies

Courtyard PCA 36

Corridor CAPEK 12/12 fungi 100% fungl: Aspergillus spp.,
Cladosporium spp., Penicillium spp.

Courtyard CAPEK 26/1 fungi 3.85% fungi, Aspergillus spp.

JORGO SAPIKU -

LUAR

Corridor PCA 30 Yellow bacterial colonies

Courtyard PCA 30 Yellow bacterial colonies

Corridor CAPEK 1/1 fungi 100% fungi - 1 colony Alternaria spp.

Courtyard CAPEK 2/0 fungi 0% fungi

REXHEP KOTHER -

KUMAN

Corridor PCA 1 Bacterial colonies - Gram-positive bacilli,
yellow

Courtyard PCA 71 Bacterial colonies - Gram-positive bacilli,
yellow

Corridor CAPEK 15/4 fungi 26.7% fungi

Courtyard CAPEK 12/3 fungi 25% fungi

LEVIZJA

DEMOKRATIKE -

FIER

Corridor PCA 1 Pigr‘n‘ented b‘a(?teria colonies - Gram-
positive bacilli, yellow

Courtyard PCA 124 White and pigmented bacterial colonies

Corridor CAPEK 31/2 fungi 6.45% fungi

Courtyard CAPEK 73/1 fungi 1.37% fungi - Aspergillus spp.

LILI STAVRI -

TOPOJE

Corridor PCA 145 Pigr‘n‘ented b.a(?teria colonies - Gram-
positive bacilli, yellow

Courtyard PCA i Macr9colony of Bacillus spp. bacteria
covering the plate

Corridor CAPEK 49/5 fungi 10.2% fungi

Courtyard CAPEK 121/3 fungi 2.47% fungi

81




Journal of Applied Cosmetology, Vol. 44, Iss. 1 (Jan-Apr), 2026: 61-86

KRISTAQ

SHTEMBARI - FIER

Corridor PCA 26 Plgr‘n‘ented b'ac'terla colonies - Gram-
positive bacilli, yellow

Courtyard PCA | Macr9colony of Bacillus spp. bacteria
covering the plate

Corridor CAPEK 15/2 fungi 13.33% fungi

Courtyard CAPEK 10/3 fungi 30% fungi - Aspergillus spp., Mucor spp.

Figure 12 illustrates total microbial loads (CFU per Petri dish) on PCA medium in the six schools of Fier.
Overall, bacterial contamination was highest in classrooms and corridors of Lili Stavri - Topoje and Kristag
Shtembari - Fier, reaching up to 145 CFU/plate, while the lowest bacterial loads were observed in Rexhep
Kother - Kuman corridors (11 CFU/plate).

The data highlight substantial variability in bacterial loads both between schools and between sampling sites
(classroom vs. corridor vs. courtyard), likely reflecting differences in occupancy, ventilation, and hygiene
practices. Courtyards generally showed lower or moderate microbial loads, except where macrocolonies of
Bacillus spp. were present.

These results confirm that PCA media primarily captured bacterial populations, with corridors tending to
harbor higher counts than classrooms or courtyards, consistent with increased human traffic and accumulation
of airborne bacteria.
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Figure 12. Total microbial loads on PCA media in the schools of Fier.

Figure 13 presents the fungal loads (CFU per Petri dish) on CAPEK medium in six schools of Fier. Fungal
contamination was generally lower than total bacterial loads observed on PCA, ranging from 1 to 12
CFU/plate. The highest fungal proportions were detected in Zylyftar Veleshnja - Velmisht corridors (12 CFU,
100% fungi) and Kristaq Shtembari - Fier courtyards (3 CFU, 30% fungi).
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Predominant fungal genera included Aspergillus spp., Cladosporium spp., Penicillium spp., and Mucor spp.,
consistent with typical indoor fungal communities in school environments. Classrooms and corridors exhibited
moderate fungal contamination, whereas courtyards with surrounding vegetation occasionally showed higher
fungal presence.

These results highlight that fungi constitute a smaller fraction of total microbial load but are widely
distributed across different school areas, underlining the need for monitoring and preventive measures to
reduce airborne fungal exposure among students.
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Figure 13. Fungal loads on CAPEK media in the schools of Fier.

Risk of Bias
All schools were sampled using standardized methods and culture media, and microbial identification
followed established criteria, indicating a low risk of bias.

DISCUSSION

The present study evaluated microbial and fungal contamination in indoor and outdoor environments of
primary schools across five Albanian districts, revealing significant variation in both bacterial and fungal
loads. Overall, PCA and CAPEK plates indicated that classrooms and corridors consistently harbored higher
microbial counts than schoolyards, confirming the trend reported in similar studies and highlighting the
accumulation of airborne microorganisms in confined educational spaces (19, 20). Fungal contamination,
expressed as a percentage of total microbial load, varied markedly between districts and even among schools
within the same city, suggesting a strong influence of local environmental and microclimatic factors on fungal
proliferation (21).

In Korgé, fungal loads were moderate, with Aspergillus spp. and Penicillium spp. dominating CAPEK
cultures, representing 12-42% of the total microbial load. This aligns with observations by Juntunen et al. (21),
who found that indoor fungal diversity in schools correlated with ventilation and cleaning practices. Similarly,
in Vloré, high fungal percentages in certain schools (up to 85%) coincided with poor ventilation or dense
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vegetation near courtyards, reinforcing findings from Honan et al. (19) that outdoor landscaping and indoor
microenvironments influence fungal aerosol deposition. These results underscore the importance of targeted
environmental management, including the positioning of classroom furniture, regular cleaning, and humidity
control, in limiting fungal exposure (20, 22).

Schools in Malési e Madhe demonstrated a distinctive pattern: while total bacterial loads on MPA plates were
high in corridors and courtyards, fungal dominance reached 100% in several PDA samples, particularly where
vegetation and organic debris were abundant. This corroborates studies reporting that outdoor sources,
including soil and plant materials, substantially contribute to indoor fungal contamination, particularly in
naturally ventilated schools (23, 24). In Kukés, fungal loads were comparatively low, rarely exceeding 20%
of total CAPEK counts, suggesting that differences in climate and school infrastructure, such as building age,
ventilation systems, and occupancy rates, are critical determinants of microbial air quality (25).

Fier schools exhibited variable patterns, with PCA counts ranging from 11 to 145 colonies per plate and
CAPEK fungal proportions from 1% to 100%. The highest fungal loads were observed in courtyards with high
vegetation density, a pattern similar to that observed in other Mediterranean regions, where plant-associated
fungi contribute substantially to indoor fungal diversity (26). Collectively, these results indicate that microbial
and fungal contamination in primary schools is highly context-dependent, influenced by local climate, building
design, occupancy, and proximity to outdoor sources.

The combination of active and passive sampling used in this study allowed a comprehensive assessment of
airborne microorganisms, demonstrating that simple passive methods may underestimate total fungal
exposure, particularly in environments with sporadically distributed fungal aerosols (19, 21). The data
emphasize the need for routine monitoring of microbial air quality in schools, given the potential health
implications for children, including respiratory irritation, allergic sensitization, and absenteeism (20, 22, 26).
In conclusion, this study provides a detailed cross-sectional evaluation of microbial contamination in Albanian
primary schools, highlighting significant heterogeneity between districts and environments. Effective
interventions, including improved ventilation, strategic classroom design, vegetation management, and regular
cleaning protocols, are essential to minimize exposure to airborne bacteria and fungi and protect
schoolchildren’s health. The findings contribute to the growing body of evidence that school-specific
environmental factors must be considered when assessing and managing indoor air quality (19-26).

CONCLUSIONS

The results of this study demonstrate that primary school environments in Albania exhibit variable microbial
loads, with higher bacterial concentrations on PCA/MPA media and fungal concentrations predominantly on
CAPEK/PDA media. Indoor areas, such as classrooms and corridors, generally showed elevated bacterial
levels compared to outdoor schoolyards, whereas fungal loads were more heterogeneous, often influenced by
factors such as ventilation, humidity, and vegetation. Certain schools showed exceptionally high fungal levels,
suggesting potential hotspots for airborne fungal exposure. The diversity of isolated fungi, including
Aspergillus, Mucor, Penicillium, and Rhizopus species, reflects the complexity of indoor bioaerosols in school
settings. These findings underscore the need for targeted environmental monitoring and management strategies
to reduce microbial exposure, ensure adequate ventilation, and maintain healthy indoor air quality for children.
Overall, the study highlights the critical role of school environmental conditions in shaping microbial air
quality and provides a basis for preventive interventions in primary educational institutions.
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