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Vlerésimi i ekspozimit té ndotjes sé ajrit té brendshém né shkollat 9-vjecare né
Shqipéri - Véshtrim i pérgjithshém i projektit

Nilena Eriksen, Rialda Xhizdari, Elida Mataj, Erda Qorri, Ivana Sulaj

Abstrakt

Cilésia e ajrit t€ brendshém né shkolla ndikon drejtpérdrejt né shéndetin fizik,
performancén njohése dhe aftésit€ pérgendruese t€ nxénésve. Fémijét jané mé té
ndjeshém pasi marrin frymé mé shpejt dhe sistemi 1 tyre respirator €shté né zhvillim.
Ndérsa né vendet peréndimore ka studime té€ shumta, né¢ Shqipéri mungojné t€ dhénat
sistematike pér ajrin e brendshém né shkolla. Q&llimi 1 kétij projekti lidhet me njé
vlerésimi té detajuar té€ ekspozimit ndaj ndotjes sé ajrit t€ brendshém veganérisht te
ndotjes mikrobiologjike né shkollat 9-vjegare né Shqipéri. Metodologjia: Né projekt u
pérfshiné 50 shkollave 9-vjecare té shpérndara gjeografikisht né 6 rrethe: Tirané (20),
Vloré (10), Fier (7), Korgé (5), Kukés (4) dhe Malési ¢ Madhe (4). U pérdorén 5 lloj
pyetésorésh dhe formularésh inspektimi (pér administratorét, kushtet fizike, praniné e
mykut, kontrollin e klasave dhe tualeteve. Kampionet e ajrit né klasa, korridore dhe
tualete u analizuan né laborator pér numrin total t€ baktereve aerobe mezofile dhe
kérpudhave/myqeve. Rezultate: Infrastruktura paraget sfida t¢ médha ku 38% e
ndértesave jané mbi 50 vjeg. 76% e shkollave kané tualete t€ lidhura me tubacion, por
tualetet e jashtme (né rastet kur ekzistojn€) vuajné nga mungesa e ndrigimit (vetém 6%
kané drita funksionale) dhe aksesi 1 véshtiré né ¢do mot. Trafiku dhe parkimi 1 makinave
brenda 100 metrave (32% e rasteve) jan€ burimet kryesore té ndotjes prané shkollave,
ndérsa burimet industriale mungojné né zonat e studiuara. Shumica e shkollave pérdorin
soba ose ngrohése individuale. U vértetua njé lidhje statistikisht e réndésishme (p=0.032)
midis pérdorimit t€ sobave individuale dhe pranisé mé té larté€ t&€ mykut brenda ndértesés.
Pér shumicén e baktereve (Pseudomonas, Staphylococcus, Bacillus spp.) dhe myqeve
(Aspergillus, Penicillium), prania e tyre nuk tregoi lidhje direkte statistikisht t&
réndésishme (p > 0.05) me shkallén e lagéshtis€ sé sipérfageve apo démtimin e
materialeve ndértimore. Kjo sugjeron se shpérndarja e tyre ndikohet nga njé¢ kompleks
faktorésh (ventilimi, temperatura, etj.). Pérfundime: Ndotja e ajrit t€ brendshém dhe
prania e mykut pérb&mné njé rrezik real né shkollat shqiptare, 1 cili lidhet shpesh me
vijetérsin€ e ndértesave dhe sistemet e papérshtatshme t€ ngrohjes e ventilimit.
Mirémbajtja e rregullt e infrastrukturés, eliminimi 1 rrjedhjeve t€ ujit dhe pérmirésimi i
sistemeve t€ ngrohjes jané hapa emergjenté. Rekomandohet monitorimi i vazhdueshém
duke pérdorur mikroorganizmat tregues (si Alternaria dhe Candida) pér té kapur herét
problemet e lagéshtis€ dhe mykut pérpara se ato té kthehen né rrezik pér shéndetin e
nxénésve

Fjalé kyc: ndotje mikrobiale, ajér i brendshém, shkolla, lagéshti, myk



Ndotja mikrobiologjike e ajrit né shkollat 9-vjecare né Shqipéri: njé studim
transversal

Elida Mataj, Nilena Eriksen, Erda Qorri, Rialda Xhizdari, Ivana Sula;j

Abstrakt

Ky studim vlerésoi ndotjen mikrobiologjike té ajrit t&€ brendshém dhe té jashtém né
mjediset e shkollave 9-vjecare né€ pesé qarqe té Shqipérisé (Fier, Kukés, Malési e Madhe,
Kor¢é dhe Vloré). U pérdor njé dizajn studimi transversal observacional, ndérsa
kampionimi 1 ajrit u realizua nga shkurti deri né maj 2025 né 29 shkolla publike 9-
vjecare, t&€ pérzgjedhura pér té pérfaqésuar kushte t€ ndryshme gjeografike dhe klimatike.
Mostrat u morén né klasa, korridore dhe oborre shkollore duke pérdorur metoda pasive
(sedimentimi me pllaka Petri) dhe aktive t€ kampionimit té ajrit. Pér izolimin bakterial
dhe fungal u pérdorén mjedise kultivimi si Plate Count Agar (PCA), Meat Peptone Agar
(MPA), Czapek Agar dhe Potato Dextrose Agar (PDA). Ngarkesa mikrobiale u shpreh
né CFU/m? ndérsa identifikimi i mikroorganizmave u krye bazuar né karakteristika
makroskopike dhe mikroskopike. Analiza e t€ dhénave ishte pérshkruese. Rezultatet
treguan ndryshueshméri t€ madhe t€ ndotjes mikrobiologjike midis shkollave dhe
qargeve. Mjediset e brendshme, vecanérisht klasat dhe korridoret, shfaqén né pérgjithési
ngarkesé mé té larté bakteriale krahasuar me oborret e shkollave. Ndotja fungale paraqiti
variabilitet mé té theksuar, me dallime t€ rénd€sishme si midis qargeve, ashtu edhe
brenda shkollave té€ sé njéjtés zoné. Gjinit€ mé té shpeshta fungale té€ identifikuara
pérfshiné Aspergillus, Penicillium, Mucor dhe Rhizopus. Shkollat né Vloré dhe Malési e
Madhe shfagén pérqindjet mé té larta té kérpudhave, ndérsa Kukési paraqiti nivele mé té
uléta t€ ndotjes fungale. Faktorét mjedisoré si ventilimi, lagéshtia, karakteristikat e
ndértesave dhe prania e vegjetacionit pérreth duket se ndikuan ndjeshém né
shpérndarjen e mikroorganizmave. Pérdorimi i kombinuar 1 metodave pasive dhe aktive
mundésoi njé vlerésim mé té ploté té€ ekspozimit ndaj bioaerosoleve, duke treguar se
metodat pasive mund t€ nénvlerésojné praniné e kérpudhave né ajér. Né pérgjithési,
studimi thekson se cilésia e ajrit né shkollat fillore ndikohet fugimisht nga kushtet lokale
mjedisore dhe infrastrukturore, me implikime té réndésishme pér shéndetin respirator té
fémijéve dhe rrezikun alergjik. Rezultatet nénvizojn€ nevojén pér monitorim té rregullt té
ajrit né shkolla dhe pér zbatimin e masave parandaluese si pérmirésimi 1 ventilimit,
pastrimi i1 rregullt dhe menaxhimi 1 mjedisit pérreth.

Fjalé ky¢: Cilésia e ajrit t€ brendshém; bioaerosole; shkolla 9-vjecare; ndotje fungale;
ngarkes€ bakteriale; Shqipéri



Pércaktuesit strukturoré dhe mjedisoré té ndotjes mikrobiologjike né shkollat 9-
vjecare né Shqipéri: njé studim transversal

Erda Qorri, Elida Mataj, Nilena Eriksen, Rialda Xhizdari, Ivana Sulaj

Abstrakt

Ky studim kishte pér géllim vlerésimin e pércaktuesve strukturoré, higjieno—sanitaré dhe
mjedisoré té€ ndotjes mikrobiologjike né mjediset e shkollave 9-vjecare né Shqipéri.
Metodologjia: U realizua njé studim transversal né 50 shkolla publike 9-vjegare né
gjashté qarqe té vendit, duke pérfshiré zona urbane, suburbane dhe rurale. Pérzgjedhja e
shkollave u bé né ményré rastésore pér té siguruar variacion né kushtet e ndértesave,
praktikat higjieno—sanitare dhe karakteristikat mjedisore. T¢ dhénat u mblodhén pérmes
intervistave t€ strukturuara me drejtuesit e shkollave, listave standarde té inspektimit té
ndértesave dhe vlerésimit t& drejtpérdrejté t€ klasave, tualeteve dhe hapésirave té
pérbashkéta. Parametrat mjedisoré si temperatura, lagéshtia relative dhe efikasiteti 1
ventilimit u regjistruan né ¢do vend kampionimi. Mostrat mikrobiologjike t€ ajrit dhe
sipérfageve u morén sipas protokolleve standarde dhe u analizuan pér ndotje bakteriale
dhe fungale, té€ shprehura né CFU/m* dhe CFU/cm?.] Rezultatet treguan se kushtet e
papérshtatshme strukturore dhe praktikat e dobéta higjieno—sanitare lidhen ngushté me
rritjen e ndotjes mikrobiologjike. Problemet e lidhura me lagéshting, si muret e lagura,
rrjedhjet e ujit dhe démtimet e tavanit, rezultuan si faktoré té réndésishém té pranisé sé
baktereve dhe kérpudhave. Efikasiteti 1 ventilimit u identifikua si njé pércaktues kryesor 1
cilésis€ sé ajrit t€ brendshém, ku klasat me ventilim t€ pamjaftueshém shfagén ngarkesa
mé té larta mikrobiale dhe nivele té rritura t€ CO,, duke treguar garkullim té
pamjaftueshém té ajrit. Krahasimet urbane dhe rurale treguan ndryshime né¢ modelet e
ndotjes, ku shkollat rurale shfagnin mé shpesh probleme strukturore dhe lagéshtie.
Analizat multivariate konfirmuan lidhje statistikisht t€ réndésishme midis variablave
mjedisoré dhe ngarkesés mikrobiale, duke evidentuar ventilimin, lag€shtiné dhe
integritetin e ndértesave si faktorét mé ndikues. Pérfundim: studimi tregon se manggsité
né infrastrukturén shkollore, higjiené dhe ventilim kontribuojné ndjeshém né€ ndotjen
mikrobiologjike né shkollat 9-vjegcare né Shqipéri. Ndérhyrjet e synuara pér pérmirésimin
e mirémbajtjes s€ ndértesave, kontrollin e lagéshtis€é dhe pérmirésimin e ventilimit jané
thelbésore pér uljen e ekspozimit mikrobial dhe mbrojtjen e shéndetit té fémijéve.

Fjalé kyg: Cilésia e ajrit t€ brendshém; ndotja mikrobiologjike; shkolla 9-vjegare;
ventilimi; lagé€shtia; Shqipéri



Vlerésimi i mikroflorés sé ajrit né shkollat e Tiranés

Luljeta Pinguli, Laura Shabani, Rozana Troja, Ilirjana Boci, Eltion Dhamo,
Elena Muca

Abstrakt

Cilésia mikrobiologjike e ajrit né mjediset shkollore pérbén njé faktor té€ réndésishém qé
ndikon né shéndetin respirator dhe mirégenien e fémijéve dhe stafit. Ky studim kishte pér
géllim té vlerésonte variacionin sezonal té ngarkesés mikrobiale te ajrit, dinamikén e
transferimit t€ mikroorganizmave nga ambienti 1 jasht€ém né até t€ brendshém dhe
rreziget e mundshme pér shéndetin né shkollat e rajonit t€ Tiranés. Monitorimi u krye né
15 shkolla gjaté Pranverés 2025 dhe Dimrit 2025, duke pérdorur metodén pasive té
sedimentimit ne pjata Petri. Né tre shkolla referencé (KSV, MSU dhe SHBD) u kryen
matje edhe né korridore dhe klasa pér té€ analizuar transferimin jashté-brenda, ndérsa u
zhvillua gjithashtu njé model proporcional linear pér parashikimin e ngarkesés
mikrobiale né ambientet e brendshme. Rezultatet treguan se oborret e shkollave pérbénin
burimin kryesor té kontaminimit mikrobial, me ngarkese bakteriale deri né 9,964
CFU/m? dhe mykore deri né 750 CFU/m?, duke tejkaluar né disa raste vlerat referente té
rekomanduara ndérkombétarisht. Pranvera u karakterizua nga rritje t€ ndjeshme té
pérgendrimeve bakteriale dhe mykore, ndérsa korridoret funksionuan si zona tranzitore
me amplifikim bakterial, pérpara uljes graduale t€ ngarkesés né klasa. U identifikuan
gjini me réndési si Alternaria, Aspergillus, Cladosporium, Fusarium, Pseudomonas dhe
Bacillus spp., té lidhura me alergji, irritime respiratore dhe infeksione oportuniste.
Pérfundim: Studimi konfirmon se cilésia mikrobiologjike e ajrit né shkolla ndikohet
kryesisht nga kushtet lokale t& mjedisit, lagéshtia, aktiviteti njerézor dhe mirémbajtja e
ambienteve, mé shumé sesa nga pozicioni gjeografik. Gjetjet theksojné€ nevojén pér
monitorim té vazhdueshém sezonal, pérmirésim té ventilimit, kontroll té lagéshtisé¢ dhe
zbatim t€ masave parandaluese pér mbrojtjen e shéndetit té nxénésve dhe stafit.

Fjalé kyc: mikroflora e ajrit, bioaerosole, monitorim sezonal, mjedise shkollore,
CFU/m?, rrezik respirator, baktere, myqe, transferim jashté—brenda.



Vlerésimi i mikroflorés sé ajrit né shkollat e rretheve

Rozana Troja, Luljeta Pinguli, Laura Shabani, Ilirjana Boci, Eltion Dhamo,
Elena Muca

Abstrakt

Vlerésimi 1 pranis€é sé mikroorganizmave endemiké, por edhe ndotés, né mjediset
shkollore pérbén njé interes jo thjesht né aspektin shkencor té aplikimit t€ metodave té
izolimit dhe identifikimit té mikroorganizmave specifiké, por edhe né aspektin social té
mbrojtjes dhe sigurisé sheédetésore t& fémijéve né shkolla. Ata géndrojné né mjediset e
pérbashkéta pér njé kohé té gjaté dhe prania e ndotjes mikrobiale pérbén pér shéndetin e
tyre njé risk serioz. Né kuadér t€ kétij projekti, monitorimi i ndotjes mikrobiale né
mjediset shkollore indoor dhe outdoor éshté njé vleré dhe njé ményré se si specialistét
mikrobiologé€ dhe stafi i shkollave béhen bashké, duke patur pér qéllim krijimin e
mjediseve t€ pastra, ku nxénésit mésojné, shoqérizohen me njéri tjetrin pérmes
aktiviteteve shogérore e sportive dhe ku kujdesi éshté celési pér t'i rritur té forté e té
shéndetshém. Qéllimi 1 studimit ka qéné pikérisht krijimi 1 njé tabloje mbi ngarkesat e
pérgjithéshme t€ pranishme né oborret dhe mjediset e brendshme té shkollave té Tiranés
dhe rretheve - koridore dhe klasa si dhe selektimi, duke pérdorur metodat standarde té
evidentimit t€ ngarkesave mikrobiologjike, 1 mikroorganizmave té démshém, qé pérbéjné
pikérisht riskun shéndetésor t€ pérmendur mé sipér. Sigurisht qé ka shumé faktoré qé
ndikojné né praniné dhe zhvillimin e mikroorganizmave indoor dhe outdoor, si
lokalizimi gjeografik, prania e bimésis€, higjena kolektive dhe kujdesi 1 pastertisé né
mjediset e monitoruara, stina dhe klima stinore ku jané béré matjet, dendésia e nxénésve
né mjediset e pérbashkéta, zgjidhja e ajrimit né mjediset indoor, etj. Kéta faktoré
ndikojné ndryshém né kryeqytet me shkolla t€ médha, klimé shumé té ndryshueshme
stinore, lokalizime gjeografike t€ ndryshém, etj., nga shkollat e rretheve ku numri i
nxénésve &shté mé i vogél dhe ku shpesh zona gjeografike €shté ndikuese direkte né
pastértiné mikrobiologjike mjedisore. Kjo ishte edhe arsyeja qé puna eksperimentale e
projektit u nda né dy pjesé, fillimisht monitorimi e studimi né stinén e vjeshtés dhe dimrit
st dhe marrja e rezultateve krahasuese me kontrollin mikrobiologjik té t€ njejtave mjedise
né Tirané dhe rrethe né€ periudhén e Majit dhe Qershorit. Studimi i pranisé sé ngarkesave
mikrobiologjike né shkollat e rretheve reflektoi né pérgjithési njé situaté t€ ndryshme nga
monitorimet né kryeqytet. Zbulimi dhe identifikimi i1 ngarkesave totale dhe mykore né
periudhén e dimrit pérbénte njé bazé t&€ miré t&€ dhénash pér t€ vazhduar mé tej me
kontrollin mikrobiologjik té ajrit né mjediset e shkollave por edhe né mjedise té tjera té
pérbashkéta té fémijéve. Rezultatet e marra né Dhjetor treguan qarté, gé me ndryshimet
stinore ka njé luhatje shumé t€ dukshme té ngarkesave. Studimi i kryer né té dy stinét 1
hapi rrugén pérfundimeve dhe propozimeve té vlefshme lidhur me studimin e faktoréve
g€ beéen shtysé pér ndryshime mikrobiale jo vetém né sasi, por edhe pér té gjykuar mbi
popullimin e mjediseve té pérbashkéta me shtame psikrofile apo mezofile rezistente. Nga
1 gjithé mostrimi vlen té theksohet qé né té gjitha rastet pa pérjashtim, duke patur
parasysh qé mostrimi dhe vlerésimi i ndotjes s€ ajrit indoor/outdoor nuk ishte i
paralajméruar, shkalla e higjenés dhe pastértisé né shkollat e monitoruara ishte e larté
edhe né dimér, né klasa e oborre. Cdo shkoll¢ kishte stafe shumé té pérkushtuara edhe



lidhur me higjenén dhe pastértin€. Situatat shumé pozitive né mjediset e pérbashkéta té
nxénésve jané té lidhura ndér té tjera edhe me pérkujdesin individual dhe prindéror té
nxénésve. Ngarkesat né térési rezultonin té rendit té€ paré, brenda normave té lejuara me
ligj, duke reflektuar gjithé kujdesin, higjenén dhe pérkushtimin e stafeve pedagogjike.
Krahasuar me ngarkesat totale té periudhés sé¢ Majit reflektohej rénie qé lidhej me
klimén, erérat, periudhén e shirave, etj.. Kryesisht dominonin ngarkesat e pigmentuara té
majave dhe baktereve, kryesisht Serratia spp, Bacillus spp. dhe shumé pak ngarkesa
bakteriale t€ tjera, té evidentuara si té tilla me mikroskopi dhe ngjyrosje sipas Gramit.
Vlen té€ theksohet se prania e kokéve ishte pothuaj inekzistente. Ngarkesat mykore ishin
shumé té pakta né numér dhe epifite pér ajrin, referuar edhe studimeve teorike dhe té
tjerave eksperimentale pér myqet e pranishém né ajér. Dominonin gjinit€ Mucor,
Aspergillus, Penicillium. Gjinia Aspergillus me shumé specie t€ saj ishte pothuaj kudo e
pranishme né ngarkesén mykore. Vlen té theksohet gjithashtu qé né asnjé rast, nuk u
evidentua prania e Aspergillus flavus apo Aspergillus fumigatus g€ njihen si pathogjené
té€ rrezikshém. Kryesisht dominonte ndotési mjedisor Aspergillus terreus. Materiali 1
detajuar jep t€ dhéna shumé té plota pér ¢do shkoll€, pérfshiré edhe krahasimin e nivelit
té ngarkesave dhe pércaktimin e specieve karakteristike né stinét n€ monitorim.

Fjalé kyc: mikroflora e ajrit, monitorim sezonal, mjedise shkollore, rrezik respirator,
baktere, transferim jashté-brenda.
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Assessment of Exposure to Indoor Air Pollution in 9-Year Schools in Albania —
Project Overview

Nilena Eriksen, Rialda Xhizdari, Elida Mataj, Erda Qorri, Ivana Sulaj

Abstract

Indoor air quality in schools directly affects students' physical health, cognitive
performance, and concentration abilities. Children are more susceptible because they
breathe faster and their respiratory systems are still developing. While numerous studies
exist in Western countries, systematic data regarding indoor air quality in schools is
lacking in Albania. The purpose of this project was to conduct a detailed assessment of
indoor air pollution exposure, with a specific focus on microbiological pollution, in 9-
year elementary schools across Albania. Methodology: The project included 50
elementary schools geographically distributed across 6 districts: Tirana (20), Vlora (10),
Fier (7), Korga (5), Kukés (4), and Malési ¢ Madhe (4). Five types of questionnaires and
inspection forms were utilized (covering administrators, physical conditions, presence of
mold, and classroom/restroom inspections). Air samples collected from classrooms,
corridors, and restrooms were laboratory-analyzed for the total count of aerobic
mesophilic bacteria and fungi/molds. Results: The infrastructure presents significant
challenges, with 38% of the buildings being over 50 years old. While 76% of the schools
have piped indoor restrooms, outdoor toilets (where present) suffer from a lack of
lighting (only 6% have functional lights) and poor accessibility during harsh weather.
Traffic and car parking within 100 meters (32% of cases) are the main sources of
ambient pollution near the schools, whereas industrial sources were absent in the studied
areas. Most schools utilize individual stoves or heaters. A statistically significant
association (p = 0.032) was confirmed between the use of individual stoves and a higher
presence of mold within the building. For the majority of bacteria (Pseudomonas,
Staphylococcus, Bacillus spp.) and molds (Aspergillus, Penicillium), their presence did not
show a direct, statistically significant correlation (p > 0.05) with surface moisture levels
or damage to building materials. This suggests that their dispersion is influenced by a
complex combination of factors (ventilation, temperature, etc.). Conclusions: Indoor air
pollution and the presence of mold pose a real risk in Albanian schools, often linked to
the age of the buildings and inadequate heating and ventilation systems. Regular
infrastructural maintenance, eliminating water leaks, and improving heating systems are
urgent steps. Continuous monitoring using indicator microorganisms (such as Alternaria
and Candida) 1s recommended to detect moisture and mold issues early, before they
escalate into health hazards for students.

Keywords: airborne microbial load, indoor air, primary schools, moisture, fungi



Microbiological Air Pollution in Primary Schools in Albania: A Cross-Sectional
Study

Elida Mataj, Nilena Eriksen, Erda Qorri, Rialda Xhizdari, Ivana Sula;j

Abstract

This study investigated microbiological contamination of indoor and outdoor air in
primary school environments across five districts of Albania (Fier, Kukés, Malési e
Madhe, Korgé, and Vlor€). A cross-sectional observational design was applied, and air
sampling was conducted from February to May 2025 in 29 nine-year public schools
representing diverse geographical and climatic conditions. Sampling was performed in
classrooms, corridors, and schoolyards using both passive (settle plate) and active air
sampling methods. Culture media included Plate Count Agar (PCA), Meat Peptone
Agar (MPA), Czapek Agar, and Potato Dextrose Agar (PDA) for bacterial and fungal
isolation. Microbial loads were expressed as colony-forming units per cubic meter
(CFU/m?), and microbial identification was based on macroscopic and microscopic
characteristics. Data analysis was descriptive. The results demonstrated considerable
variability in microbial contamination across schools and districts. Indoor environments,
particularly classrooms and corridors, generally exhibited higher bacterial loads
compared to outdoor schoolyards. Fungal contamination showed greater heterogeneity,
with marked differences between districts and even within schools in the same region.
Predominant fungal genera included Aspergillus, Penicillium, Mucor, and Rhizopus.
Schools in Vlora and Malési e Madhe showed the highest fungal proportions,
occasionally reaching dominance over total microbial load, while Kukés generally
exhibited lower fungal contamination levels. Environmental factors such as ventilation,
humidity, building characteristics, and surrounding vegetation appeared to significantly
influence microbial distribution patterns. The combined use of passive and active
sampling methods provided a more comprehensive assessment of airborne microbial
exposure, highlighting that passive methods alone may underestimate fungal presence.
Overall, findings indicate that school indoor air quality is highly influenced by local
environmental and infrastructural conditions, with potential implications for children’s
respiratory health and allergy risk. The study underscores the importance of routine
monitoring of bioaerosols in school settings and supports the implementation of
preventive strategies such as improved ventilation, regular cleaning, and environmental
management to reduce microbial exposure.

Keywords: Indoor air quality; bioaerosols; primary schools; fungal contamination;
airborne microbial load; Albania



Structural and Environmental Determinants of Microbiological Contamination in
Primary Schools in Albania: A Cross-Sectional Study

Erda Qorri, Elida Mataj, Nilena Eriksen, Rialda Xhizdari, Ivana Sulaj

Abstract

This study aimed to evaluate structural, hygienic—sanitary, and environmental
determinants of microbiological contamination in primary school environments in
Albania. A cross-sectional study was conducted in 50 public nine-year schools across six
districts, representing urban, suburban, and rural settings. Schools were randomly
selected to ensure variability in building conditions, sanitation practices, and
environmental characteristics. Data collection included structured interviews with school
administrators, standardized building inspection checklists, and direct assessment of
classrooms, restrooms, and common areas. Environmental parameters such as
temperature, relative humidity, and ventilation efficiency were recorded at each sampling
site. Air and surface microbiological samples were collected using standardized protocols
and analyzed for bacterial and fungal contamination, expressed as colony-forming units
(CFU/m? and CFU/cm?). The results indicated that inadequate structural conditions and
poor hygiene practices were strongly associated with increased microbial contamination.
Moisture-related problems, including damp walls, water leaks, and ceiling damage, were
significant predictors of bacterial and fungal presence. Ventilation efficiency emerged as
a key determinant of indoor air quality, with poorly ventilated classrooms showing
higher microbial loads and elevated CO, levels, indicating insufficient air exchange.
Urban and rural comparisons revealed variability in contamination patterns, with rural
schools more frequently affected by structural deficiencies and moisture issues. Common
microbial isolates included bacteria (pigmented and non-pigmented colonies), fungi such
as Aspergillus spp., Penicillium spp., Alternaria spp., and Mucor spp., as well as
opportunistic yeasts. Multivariate analyses confirmed significant associations between
environmental variables and microbial loads, highlighting ventilation, humidity, and
building integrity as the most influential factors. The combined findings emphasize that
microbiological contamination in schools is driven by interacting infrastructural and
environmental conditions rather than isolated factors. Conclusion: this study
demonstrates that deficiencies in school infrastructure, hygiene, and ventilation
significantly contribute to microbial contamination in Albanian primary schools.
Targeted interventions focusing on building maintenance, humidity control, and
improved ventilation systems are essential to reduce exposure risks. The findings provide
important baseline evidence for public health policies aimed at improving indoor
environmental quality and protecting children’s health.

Keywords: Indoor air quality; airborne microbiological load; primary schools;
ventilation; humidity; Albania



Assessment of Air Microflora in Schools of Tirana

Luljeta Pinguli, Laura Shabani, Rozana Troja, Ilirjana Boci, Eltion Dhamo,
Elena Muca

Abstract

The microbiological quality of air in school environments is an important factor
affecting the respiratory health and overall well-being of both students and school staff.
This study aimed to evaluate the seasonal variation in airborne microbial load, the
dynamics of microorganism transfer from outdoor to indoor environments, and the
associated potential health risks in schools located in the Tirana region. Air quality
monitoring was conducted in 15 schools during the spring and winter of 2025 using the
passive Petri dish sedimentation method. In three reference schools (KSV, MSU, and
SHBD), additional sampling was performed in schoolyards, corridors, and classrooms to
investigate the outdoor-to-indoor transfer of airborne microorganisms. Furthermore, a
proportional linear model was developed to predict indoor microbial load based on
outdoor contamination levels. The results showed that schoolyards represented the
primary source of microbial contamination, with bacterial concentrations reaching up to
9,964 CFU/m? and fungal concentrations up to 750 CFU/m?, in some cases exceeding
internationally recommended reference values. Spring was characterized by significantly
higher bacterial and fungal concentrations compared with winter. Corridors functioned
as transitional zones where bacterial contamination increased before gradually declining
within classrooms, indicating the influence of occupant movement and indoor air
circulation on microbial distribution. Several microbial genera of public health
importance were identified, including Alternaria, Aspergillus, Cladosporium, Fusarium,
Pseudomonas, and Bacillus spp., all of which have been associated with allergic reactions,
respiratory irritation, and opportunistic infections. Conclusions: The study confirms that
the microbiological quality of indoor air in schools is influenced primarily by local
environmental conditions, humidity, human activity, and building maintenance rather
than geographical location alone. These findings highlight the importance of continuous
seasonal monitoring, improved ventilation, effective moisture control, and the
implementation of preventive measures to protect the health of students and school
personnel.

Keywords: airborne microflora; bioaerosols; seasonal monitoring; school environments;
CFU/m?; respiratory risk; bacteria; fungi; outdoor-to-indoor transfer.



Assessment of Air Microflora in Schools in diferent Albanian cities

Rozana Troja, Luljeta Pinguli, Laura Shabani, Ilirjana Boci, Eltion Dhamo,
Elena Muca

Abstract

The assessment of the presence of endemic, but also contaminating microorganisms in
school environments is of interest not only in the scientific aspect of applying methods
for the isolation and identification of specific microorganisms, but also in the social
aspect of the protection and health safety of children in schools. They stay in shared
environments for a long time and the presence of microbial contamination poses a
serious risk to their health. Within the framework of this project, monitoring microbial
contamination in indoor and outdoor school environments is a value and a way for
microbiological specialists and school staff to come together, aiming to create clean
environments, where students learn, socialize with each other through social and sports
activities, and where care is key to growing them strong and healthy. The purpose of the
study was precisely to create a real view of the general loads present in the courtyards
and indoor environments of schools in Tirana and the surrounding areas - corridors and
classrooms, as well as to select, using standard methods of identifying microbiological
loads, the harmful microorganisms that constitute precisely the health risk mentioned
above. Of course, there are many factors that influence the presence and development of
indoor and outdoor microorganisms, such as geographic location, the presence of
vegetation, collective hygiene and cleanliness in the monitored environments, the season
and seasonal climate where the measurements were made, the density of students in
common environments, the ventilation solution in indoor environments, etc. These
factors have different effects in the capital with large schools, very variable seasonal
climates, different geographic locations, etc., from district schools where the number of
students is smaller and where often the geographic area has a direct impact on
environmental microbiological cleanliness. This was also the reason that the experimental
work of the project was divided into two parts, initially the monitoring of the study in
the autumn and winter seasons and obtaining comparative results with the
microbiological control of the same environments in Tirana and the districts in the
period of May and June. The study of the presence of microbiological loads in the
district schools generally reflected a different situation from the monitoring in the
capital. The detection and identification of total and mold loads in the winter period
constituted a good data base to continue further with the microbiological control of the
air in school environments, but also in other common environments of children. The
results obtained in December clearly showed that with seasonal changes there is a very
noticeable fluctuation in the loads. The study conducted in both seasons paved the way
for valuable conclusions and proposals regarding the study of factors that drive
microbial changes not only in quantity, but also to judge the presence in common
environments of resistant psychrophilic or mesophilic strains. From the entire sampling,



it is worth noting that in all cases without exception, taking into account that the
sampling and assessment of indoor/outdoor air pollution was not pre-announced, the
level of hygiene and cleanliness in the monitored schools was high even in winter, in the
classrooms and courtyards. Each school had very dedicated staff also regarding hygiene
and cleanliness. The very positive situations in the common areas of the students are
related, among other things, to the individual and parental care of the students. The
overall loads resulted in the first order, within the norms allowed by law, reflecting all the
care, hygiene and dedication of the pedagogical staff. Compared to the total loads of the
May period, a decrease was reflected that was related to the climate, winds, rainy season,
etc.. Pigmented loads of yeasts and bacteria dominated, mainly Serratia spp, Bacillus
spp. and very few other bacterial loads, evidenced as such by microscopy and Gram
staining. It is worth noting that the presence of cocci was almost non-existent. The
fungal loads were very few in number and epiphytes characteristics for the air, referring
also to theoretical and other experimental studies on the molds present in the air. The
genera Mucor, Aspergillus, Penicillium were dominated. The genus Aspergillus with its
many species was almost everywhere present in the fungal load. It is also worth noting
that in no case was detected the presence of Aspergillus flavus or Aspergillus fumigatus,
which are known as dangerous pathogens. The environmental pollutant Aspergillus
terreus was the predominant one. The detailed material provides very complete data for
each school, including a comparison of the level of loads and the determination of
characteristic species in the seasons under monitoring.

Keywords: airborne microflora, seasonal monitoring, school environment respiratory
risk; bacteria; fungi; outdoor-to-indoor transfer.
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