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INTRODUCTION

Microbiological contamination is part of gen-
eral environmental pollution, having an active 
impact on the negative consequences that “con-
tamination” causes in general to humans, water, 
vegetation, and other biological ecosystems. The 
contamination with microorganisms results from 
several factors, such as polluted air, waters con-
taminated with organic substances, industrial pol-
lution, human activities, and does not exclude 
the increase of the presence of natural contami-
nants, carriers of pathogenic and saprophytic 

microbiological loads, etc. Together with urban 
development, change and modernization of clas-
sical building structures, as well as population 
growth due to the migration and immigration phe-
nomena, researchers have focused their attention 
on different types of pollution such as acid rain, 
poisonous and/or potentially poisonous gas depo-
sition, contaminants from medicines used in agri-
culture or industrial waste chemicals, etc. Later, 
important research studies were expanded with 
the coexistence of microbial contaminants with 
other forms of pollution. These types of pollut-
ants, which belong to taxonomically well-studied 
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ABSTRACT
Nowadays, one of the most important and essential aspects of having a healthy and safe life is the air safety and its 
quality in indoor and outdoor environments. In the air, there are not only chemical pollutants but also biological 
ones, with specific impacts. Hospital environments are among the most likely to be affected by the microbiological 
contamination of the air; therefore its quality is particularly important. Pathogenic microorganisms, which may 
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ing the period of 2009–2018, performing evaluations every three years, in the same area and the same time of the 
year. In order to build a database for understanding the impact of developmental changes on the air microbiologi-
cal loads, results of similar studies conducted earlier, during 2007 and 2008 were also taken into consideration. 
The above-mentioned period was selected because of the changes in the infrastructure and indoor environments 
of the monitored area, where many patients have been treated for years. Changes have been made over the years 
to hospital structures and surroundings, including recreational facilities, clinical service units, as well as main and 
connecting roads, etc. The obtained results, which were compared over the years, provided a clear view of the 
changing microbiological air loads, influenced by the improvements of indoor and outdoor areas. The morphologi-
cal studies of the observed, isolated, purified and identified microorganisms revealed the presence of specific mold 
loads, with the dominance of the species of Aspergillus genus and those of the group Fungi imperfecti. Over the 
years, a decrease in the total number was observed (from 103 to 101), together with a smaller number of bacteria 
(1012), in the monitored environments.
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microorganisms, are extending their pollutant 
character by being organized in the form of bio-
films, well-organized multi-cell layers, much 
more active and stable species compared to the 
segregated cells. Thus, nowadays, their destruc-
tion requires a combination of classic methods 
with new techniques, such as the use of ultra-
sound or pulsed electric fields. The potential risk 
of contamination by clustered microorganisms 
has required the identification of environmental 
microbial contaminants and selection of those 
cases, where microorganisms are organized in the 
form of biofilms. Due to their high resistance to 
destruction, biofilms prevent the cleaning of the 
environment, where they are located.

Microbial contamination of the environment 
includes the air pollution caused by specific gen-
era and species. From the air, they are dispersed to 
the water, surfaces, soils, human beings, etc. Vari-
ous factors affect the microbiological air pollu-
tion, for example the transfer of microorganisms 
from one environment to another, climatic chang-
es in the places under monitoring, etc [Bekkari et 
al. 2016, Ekhaise et al. 2012, Prifti et al. 2004].

Hospital environments are sources for the 
distribution of contaminating microorganisms, 
which are transferred to nearby areas or vice 
versa. The minor spread of infections within the 
areas where patients are undergoing therapy and 
rehabilitation procedures is also associated with 
the attempts to contain the infections from mi-
croorganisms, polluted environments, polluted 
air, visitors, or contaminated zones around health 
institutions.

The hospital-acquired infections, also called 
hospital-associated infections (nosocomial infec-
tions), are associated clinically (or not) with some 
microorganisms:
 • in the patient upon admission to hospital as a 

result of the health care he has received
 • as a result of a preliminary treatment outpatient,
 • transmitted by hospital staff during the prac-

tice of the professional activity, etc. [Kika et 
al. 2014]

The airborne microorganisms can be trans-
mitted through aerosols and can survive for a long 
time [Pallabi 2018], especially if they are capable 
of forming the adhesion phase, in the formation 
of biofilms.

In different countries, hospital infections are 
not in the same rate [Bekkari et al. 2016, Du-
cel et al 2012, Kika et al. 2014, Pallabi 2018, 

Qudiesat et al. 2019, Troja 2014]. Overall de-
velopment, application of modern medical tech-
niques, population awareness for personal hy-
giene, and community cleanliness, are important 
factors that can reduce these infections and their 
damage. Currently, Albanian specialists in the 
medical field, including hygienists and micro-
biologists are working hard to control hospital 
infections (according to Protocol for the Control 
and Prevention of Hospital Infections–Albania 
2012, air evaluation will be performed with 
sedimentation method-IMA plates Rodak with 
blood agar media and plates with SDA, total 
load 1x102–5x102 microorganisms/m3 air; ultra-
clean air 10CFU/m3)

We are conscious that there is still a lot to be 
done to determine the levels of microbiological 
pollution in the areas that can be monitored (IMA 
in surroundings and indoors) [Grisoli et al. 2019, 
Syed et al. 2016, Traistaru et al 2013].

SAMPLING AND METHODS OF ANALYSIS

The study protocol and methodology were fo-
cused on appropriate sampling and selection of 
the methods of microbiological analysis.

Sampling

The assessment of microbiological air pollu-
tion, as an integral part of its overall pollution, 
is an appropriate way to show the extent of the 
pollution and define the appropriate intervening 
time, to prevent and eliminate it. In this study, 
the air in some healthcare environments was 
analyzed in detail. Our objective was to provide 
an overview of the microbiological air pollution 
degree in such environments, where microbial 
content must be minimal, resulting in that the 
infections by airborne microorganisms could be 
considered impossible. The research also aimed 
to show the current situation regarding the air in 
general terms, and its possible consequences in 
healthcare units. In 2018, three encoded hospitals 
in University Hospital Center “Mother Teresa” 
and University Obstetric & Gynecologic Hospital 
“Queen Geraldine”, in Tirana, Albania, were se-
lected for sampling:
 • Hospital 1: garden-M001; reception hall-

M002; hospital ward-M003; reanimation-M004
 • Hospital 2: hospital ward 1-M011; patient 

room 1-M012;
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 • Hospital 3: hospital ward 1-M111; patient 
room 1-M112;

 • Hospital 4: garden 1-M1; garden 2-M2; re-
ception hall-M3; hospital ward-M4; patient 
room (at that moment full of people)-M5.

Over the years, comparative studies were 
performed by considering some similar environ-
ments (comparative studies for gardens, reception 
hall and hospital ward of Hospital 4 (renovated).
 • Hospital 4: garden 1-M1–19; garden 

2-M2–19; reception hall-M3–19; hospital 
ward-M4–19; patient room-M5 (year 2019).

 • Hospital 4: garden 1-M1–10; garden 
2-M2–10; reception hall-M3–10; hospital 
ward-M4–10; patient room M5 (year 2010).

The following samples were selected to de-
tect pathogens:
 • Hospital 4: garden 1-M1; garden 2-M2; re-

ception hall -M3; hospital ward-M4 (year 
2018 – incubation in 37°C);

 • Hospital 4: garden 1-M1–19; garden 
2-M2–19; reception hall -M3–19; hospital 
ward-M4–19 (year 2019-incubation in 37°C).

Methods of analysis

The microbiological evaluation of the air can 
be performed with different analytical methods, 
each of them with its own specific advantages 
and disadvantages. The methods of aspiration, 
filtration and sedimentation are among the most 
important ones. The first two methods determine 
the microflora in known volumes of air, in spe-
cial equipment, where the working principle is air 
flow’s the shock effect of the air flow [Frashëri et 
al. 1997, Prifti et al. 2004].

Many authors have conducted comparative 
studies on two selected methods or used some of 
them, providing their respective evaluations [Na-
poli et al. 2012, Pallabi et al. 2018].

The comparison of results with different 
methods used was not part of this study. Only 
one method was applied, and the obtained re-
sults were compared over the years. The selected 
method was that of “passive sampling” [Index 
of Microbial Air Contamination (IMA)], which 
corresponds to the number of CFU counted on 
Petri dishes with a diameter of 9 cm, 1hour/1/m 
above the floor/1 m away of all obstacles. This 
scheme was selected based on the publications 
of the authors from neighboring countries, con-
sidering similarities in the ecological, geographic 

and infrastructure conditions in monitoring sites 
[Napoli et al. 2012, Pasquarella et al. 2000]. The 
selected method derives from the old classical 
method of sedimentation “rain of microbes”, con-
sidering it an easy, inexpensive applicable meth-
od and with good results. The above-mentioned 
conditions were modified by changing the time 
of air falling and performing it with IMA 20 min-
utes/1 m above the floor/the surrounding area-
radius 1 m free. The modification was related 
to monitoring sites in general outdoor environ-
ments [Frashëri et al. 1997, Napoli et al. 2012, 
Pasquarella et al. 2000]. During the research, 6 
IMA Petri dishes-9 mm diameter were used for 
each selected sample: 4 IMA Petri dishes with 
PCA (Plate Count Agar) media for TVC (Total 
Viable Count) of microorganisms were used for 
2 parallel trials for each sample & 2 IMA Pe-
tri dishes with SDA (Sabouraud Dextrose Agar) 
media for the determination of molds and yeasts 
were used for 2 parallel trials for each sample 
[Frashëri et al. 1997, Prifti et al. 2004, Stet-
zenbach et al. 2004]. Plate incubation was per-
formed as follows:
 • 2 IMA Petri dishes with PCA (Plate Count 

Agar) media for TVC (Total Viable Count) of 
microorganisms were incubated in 28–30°C, 
to develop the total number (not pathogens).

 • 2 IMA Petri dishes with PCA (Plate Count 
Agar) media were incubated in 37°C, for 
pathogenic bacteria, mentioned in the above 
description of sampling (comparison of 
results).

 • 2 IMA Petri dishes with SDA were incubated 
at 28–30°C, to develop the total number of 
molds and yeasts (from the adapted theoreti-
cal information [Frashëri et al. 1997, Kurtz-
man et al. 2011], an insignificant number of 
yeasts were expected).

RESULTS AND DISCUSSIONS

The microbiological analysis of 8 monitored 
environments, using the methodological scheme 
detailed above, was presented in the following 
chart (TVC in CFU/Pd, with calculated average 
values found) (Fig. 1).

The results above confirm the values of the 
total number of microorganisms in order of 101, 
and the number of molds and yeasts in order of 
100; in all the cases, the mold presence is about 
10 times smaller than those of TVC values. The 
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situation had improved substantially compared to 
the results obtained from the previous studies (pe-
riod 2000–2010), where the air had to be quali-
fi ed microbiologically polluted when the loads 
exceeded the second order.

Gram positive cocci and Bacillus spp. domi-
nated the identifi ed bacterial loads. Bacillus mega-
terium was the dominant species of bacilli (29% 
of total bacilli load). It is gram+, rod-shaped and 
aerobic, derived and spread out from the soil. It is 
classifi ed as nonpathogenic, but in some cases, it 
is responsible for cutaneous infections [Fu-Ping 
et al. 2015]. It was present in the garden samples 
and maybe spread out by the dust rising in the 
air. Only one Escherichia coli was identifi ed and 
there was no Streptococcus spp. In SDA media, 
the dominant molds were those of the genus As-
pergillus, about 48% of the total number of molds 
detected. About 80% of the molds from this genus 
belonged to Aspergillus niger, 10% to Aspergillus 
terreus, 1% to Aspergillus fl avus, 9% other spe-
cies of Aspergillus genius (Fig. 2).

Aspergillus fl avus was found in Hospital 
1-garden M001 (sampling of 2018). It is a high-
risk strain because it produces afl atoxins and 
can spread rapidly in neighboring environments.
The presence of Aspergillus niger was expect-
ed because, in earlier works, it has also been 

detected in vegetation areas and indoor surfaces.
It is responsible for the so-called disease “black 
mold” on grapes and apricots. It was found in 
Hospital 2: hospital ward 1-M011 and Hospital 
3: hospital ward 1-M111 (sampling of 2018). 
The fruits brought by visitors to the ward, could 
have been the source of this mold. It was located 
in the air due to the spores spread out. For the 
people who have weakened immune systems, 
breathing in the Aspergillus spores can cause 
an infection in the lungs or sinuses; therefore, 
it may be necessary to implement the measures 
for “controlled entry and exit” [Back et al. 2005, 
Raper et al. 1965].

Hospital 4 was heavily exposed to a construc-
tion area, with greater car traffi  c and population. 
The results of the microbiological air control of 
the samples of this hospital are detailed in the 
Table 1.

The maximum TVC value was found in Hos-
pital 4-reception hall-M3. A dominance of Asper-
gillus species was noticed again. Hospital 4-pa-
tient room-M5 was the host of Rhodotorula spe-
cies, not harmful, but important for biomolecules 
and carotene production (in rare cases, it causes 
allergic skin reactions).

The above-mentioned results of TVC from 
monitored environments of Hospital 4 (year 2018) 
were compared with those of the same period and 
of similar temperature values, in the years 2010 
and 2019. The situation is presented in Figure 3.

As seen from the graph, the environments 
monitored over the years represent changes, 
depending on the infl uencing factors. High val-
ues of TVC were confi rmed by a microbiologi-
cal analysis of 2010 samples, where second-
order TVCs were also found (garden 1-M1–10; 
garden 2-M2–10). Meanwhile, the calculated 
TVC values for 2018 and 2019 are substantial-
ly lower and comparable between them. Both 

Figure 2. The presence of molds 
Aspergillus in SDA Petri dishes

Figure 1. TVC in 8 analyzed hospital environments (series 2)
The determined number of yeasts and molds (series 1)



36

Journal of Ecological Engineering 2021, 22(5), 32–38

samples of Hospital 4: garden 1-M1–19 & gar-
den 2-M2–19 (year 2019) provided high values 
of microorganisms, which can be explained by 
the infrastructural changes that were imple-
mented in the vicinity of sampling sites, where 
an in-depth work was currently being done on 
the structure of roads (earthworks involving the 
removal of topsoil, along with vegetation). The 
results of Figure 4 show that the number of in-
door microorganisms did not depend on exter-
nal environmental pollution, when the preven-
tive measures were taken. It was at a very low 
level (the fi rst order), even in highly populated 
indoor environments. There are apparently 
positive changes coming from the precautions 
taken indoors (periodic ventilation, cleaning, 
disinfection, increased responsiveness to pa-
tients and visitors, etc.).

CONCLUSIONS

1. The comparative study results over the years 
(2010–2018/2019) confi rmed an improve-
ment in the factors aff ecting the spread of 
saprophytic and pathogenic microorganisms 
in the Tirana hospital areas, by reducing the 
risk of hospital infections originating from 
the microbiological air pollution. In the ex-
periments of 2010, the order of the loads of 
microorganisms present in the hospital areas 
was over 102 (in some cases a very large mi-
crobial pollution-order 103), while in 2019 the 
order was 101.

2. Bacillus dominance was confi rmed in our hos-
pital settings, as expected from previous simi-
lar studies. This is due to their high resistance 
and because of no need for specifi c develop-
ment conditions.

Figure 4. TVC of the monitoring 
environments of Hospital 4

Series 1 – Year 2010; Series 2 – Year 2018; 
Series 3 – Year 2019

Figure 3. The counting of colonies in PCA/Pd, 
sample: Hospital 4 - hospital ward-M4

(Petri dish in an automated colony counting device).

Table 1. Microbiological air evaluation in the samples selected in Hospital 4 (Year 2018)

Sample Code Selected 
Media

CFU/Pd 
average value

Molds
Colony/ Pd Identifi ed microorganisms

M1 PCA 3.6x101 9
Aspergillus fl avus -7 colonies,
Aspergillus terreus- 2 colonies,
Pigmented Bacilli- 3 colonies.

M2 PCA 3.3x101
Dominant colonies:
Aspergillus terreus,

Bacillus cereus.

M3 PCA 7.6x101

Dominant colonies:
Aspergillus terreus,
Aspergillus fl avus,
Bacillus cereus.

M4 PCA 5.1x101 2 Aspergillus fl avus-2 colonies,
Bacillus cereus.

M5 PCA 4.05x101 3
Rhodotorula specie,
Aspergillus fl avus,
Aspergillus terreus.

The taxonomic study of molds – Molds (Colony/Pd) for the samples M1 and M2 -Hospital 4 was focused only on 
the strains mentioned above.
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3. Various species such as Bacillus megaterium 
live and develop well in dusty environments 
and waste materials. Even in this case, Bacil-
lus megaterium was estimated dominant, with 
29% of total isolated bacilli. Clean open envi-
ronments strongly reduce the presence of ba-
cilli and prevent them from spreading within 
the hospital areas.

4. The lack of pathogens is associated with much 
more improved hygienic-sanitary conditions 
than the assessment from the past decade.

5. Referring to a large number of experiments 
over the years, a very negligible presence of 
yeasts was found. Their reduced presence has 
been identified only in the cases of microbio-
logical evaluation of populated hospital en-
vironments, where foods or beverages such 
as fruit juice were consumed, or where their 
packaging materials were left. Evaluation of 
the presence of microbiological loads in ran-
dom packaging materials, taken as the samples 
during microbiological air evaluation of the 
nearby hospital environments, confirmed the 
presence of yeasts.

6. The dominance of Aspergillus spp. was ob-
served, but the presence of Aspergillus flavus 
(although only in 1% of total isolated Aspergil-
lus microorganisms), poses an increased risk, 
because this mold (together with Aspergillus 
parasiticus) produces aflatoxins. An in-depth 
study is suggested to reveal the origin of its 
presence in our observed hospital settings.

7. High prevalence of Aspergilus niger, (respon-
sible for otomycosis – a microbial ear infec-
tion), compared with other observed species of 
the same genus was expected (about 80% of the 
total Aspergillus spp. isolated during the mi-
crobial evaluation of environments). The same 
results were obtained even in the previous ex-
periments. This is also related to its multiple 
sources, as a usual contaminant of soil, dust, 
food and indoor environments. In the indoor 
hospital areas, the decrease of its presence is 
also related to the hygienic-sanitary measures, 
that reduce the growth of mold spores.

8. Referring to the experimental results of one 
of the hospitals under monitoring (H4), the 
impact of external infrastructure changes, has 
been clearly observed at the hospital and its 
indoor environments. In these cases, a prelimi-
nary plan is suggested, which should consider 

the location of the medical center, in order to 
minimize the damage caused by the infrastruc-
ture modifications to the external environment, 
even when they do not last for a long period 
of time and bring improvements to the existing 
infrastructure situation. In these cases, addi-
tional measures are suggested for cleaning and 
disinfection of the internal environments.
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