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Abstract The air in public facilities contains

microorganisms which may cause a wide variety of

clinical syndromes in humans. This is particularly

important in primary healthcare units, where patients

with reduced immunity and staff are directly exposed

to microbial pathogens. Air samples were collected

from dispensing areas (customer areas) of five phar-

macies using MAS-100 air sampler. The concentration

of particular groups of microorganisms was deter-

mined with the use of selective media. The taxonomic

analysis of mannitol-positive bacteria was conducted

using the BIOLOG� method, based on metabolic

characteristics of analyzed strains. The isolated molds

were identified based on their macroscopic and

microscopic features according to available keys.

The antimicrobial susceptibility of identified staphy-

lococci was tested using the disk diffusion method in

accordance with The European Committee on Antimi-

crobial Susceptibility Testing recommendations. The

highest average concentrations of heterotrophic bac-

teria and staphylococci were recorded in two hospital

pharmacies. The highest average concentrations of

molds were recorded in the pharmacies located in

shopping centers. Taxonomic analysis indicated that

Cladosporium and Penicillium spp. predominated

among the isolated molds while Staphylococcus

haemolyticus and Staphylococcus aureus, among

mannitol-positive bacteria. Antibiograms showed that

the majority of Staphylococcus strains (68.2%) were

resistant to erythromycin. There was a statistically

significant correlation between the concentration of

investigated bacteria and the season of the year as well

as the size and location of the pharmacies. The results

demonstrate that there is a range of factors affecting

air quality in public spaces and emphasize the fact that

pharmacies can be a source of potentially pathogenic,

drug-resistant bacteria.

Keywords Airborne bacteria � Staphylococci � Mold

fungi � Antimicrobial resistance � Public health

1 Introduction

Air, a mixture of gases, is not a natural habitat for

microorganisms, because it fails to provide them with

necessary nutrients; their presence in the air is

frequently associated with humans. Constantly

exposed to microorganisms in the environment, peo-

ple contribute to their transmission. Moreover, owing

to air circulation, bacteria, fungi, and fragments of

their cells can travel over long distances, which may
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increase the risk of spreading infectious diseases and

allergies (Brągoszewska et al. 2018a). Therefore, the

monitoring of air microbial quality in public spaces is

necessary.

In pharmacies, hospitals and other types of health-

care units staff members and other non-patients with

different immunity are unguarded against biological

contaminants from infected people. (Veysi et al.

2019). In addition, inadequate cleaning and disinfec-

tion procedures have been identified as the main

contributors to the spread of infections (Shiferaw et al.

2016).

Bacterial bioaresols contain abundant gram-posi-

tive cocci. Recent reports have warned that antibiotic

resistance in staphylococci and other bacteria is

increasing at an alarming rate. This disturbing phe-

nomenon is caused mainly by the overuse and misuse

of antibiotics (Alhomoud et al. 2018, Lenart-Boroń

et al. 2017). The acquisition of drug resistance also

results from bacteria’s ability to adapt to different

environmental conditions by creating biofilms that

facilitate the transfer of resistance genes (Brągos-

zewska and Biedron 2018). To cope with antibiotic-

induced stress, bacteria change their gene expression

patterns and activate latent defense mechanisms

(Palmer et al. 2018). Increased resistance to available

drugs poses a serious threat to human health and is a

major challenge to modern medicine (Labi et al.

2018).

Moreover, molds, identified as powerful air pollu-

tants, produce spores which can colonize furniture,

equipment, ventilation and air-conditioning systems

and can survive harsh environmental conditions

(Kobza et al. 2018). Allergens from these fungi cause

mainly respiratory and skin symptoms (Twaroch et al.

2015), particularly in immunocompromised persons.

Good air quality is therefore of paramount importance

in preventing hospital-acquired infections (Cho et al.

2018).

There is abundant literature on air quality in various

public facilities. However, pharmacies have not been

sufficiently investigated. So far the research on

bioaerosol concentration and quality in these facilities

has been very limited and the available data seem

insufficient. For that reason, it seems justified to

examine the issue more thoroughly, contributing to

better understanding of microorganisms in this envi-

ronment. Aware of the fact that pharmacies may be a

source of potentially pathogenic microorganisms, the

authors attempted to provide a comprehensive analy-

sis of microbial population in these places.

The analyses were aimed at the following: (1)

determining bioaerosol concentration in dispensing

areas in pharmacies, (2) determining the impact of

selected factors on the concentration of specific groups

of airborne microorganisms, (3) examining the taxo-

nomic diversity of molds and staphylococci, (4)

preparing the drug resistance profile of the identified

Staphylococcus strains. The results may help to

develop relevant standards and control methods

regarding acceptable bioaerosol concentrations in

pharmacies and other primary health care institutions.

2 Materials and methods

2.1 Sampling sites

Air samples were collected from dispensing areas of

five pharmacies located in the city of Bydgoszcz,

Poland. Sampling was conducted in a seasonal cycle:

in spring (23 April 2018), summer (10 July 2017),

autumn (30 October 2017) and winter (22 January

2018), in three parallel repetitions, using the MAS-100

air sampler (Merck, Germany). Replicates were used

to determine the arithmetic mean, which was used in

statistical analysis. The collected material was imme-

diately transported in isothermal containers to the

laboratory and placed in thermostats. The character-

istics of all sampling sites are presented in Table 1.

2.2 Microbiological analysis

Nutrient agar (BioMaxima, Poland) was used for

quantitative analysis of heterotrophic bacteria. The

total concentration of mannitol-positive staphylococci

was determined using Mannitol Salt Agar (BioMax-

ima, Poland). Bacterial cultures were incubated at

37 �C for 48 h. Mannitol-positive bacteria were Gram

stained and identified by their morphological features

under the microscope as gram-positive cocci. Quan-

titative analysis of molds was carried out using

Czapek-Dox Agar (BTL, Poland). Plates with the

collected material were incubated at 26 �C for 5 days.

The results were corrected using the table of statistical

corrections according to Feller (1950) and expressed

as colony forming units per cubic meter of air

(CFU m-3).
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2.3 Taxonomic analysis

The BIOLOG� semi-automatic system was used for

the identification of gram-positive cocci. Bacteria

were streaked over the surface of BUG agar medium

(Biolog Universal Growth agar, BIOLOG�, USA) and

incubated at 37 �C for 18–24 h. Subsequently, a single

colony was transferred to IF-A liquid inoculum of

95–98% turbidity. The volumes of 0.1 ml of the

bacterial suspension were transferred to the wells of

GEN III MicroPlateTM and incubated at 37 �C for

24 h. Reading was performed using Gen III MicroS-

tation ID System/MicroLog 3TM software.

The isolated molds were inoculated and identified

based on their macroscopic and microscopic features,

using 40 9 magnification microscope and appropriate

keys (Fassatiová 1983; Samson et al. 2004).

2.4 Evaluation of antibiotic resistance

Antibiotic resistance of identified staphylococci was

evaluated using the disk diffusion method. Bacterial

strains were suspended in sterile physiological saline

solution (0.85%). This bacterial inoculum was diluted

to an optical density equivalent to 0.5 McFarland

standard. The volumes of 0.1 ml were placed on Petri

plates with Mueller–Hinton II Agar (BioMaxima,

Poland). Subsequently, paper disks impregnated with

selected antibiotics (Table 2) were placed on the

inoculated medium and incubated for 18 h at 37 �C.

After this time, zones of inhibited growth were

measured and the results were interpreted in accor-

dance with the guidelines of The European Committee

on Antimicrobial Susceptibility Testing (EUCAST

2018).

2.5 Statistical analysis

Statistica 13.1 software was used for statistical

analysis of the results. After log transformation, the

distributions of the results in the analyzed groups were

normally distributed, determined by using the Sha-

piro-Wilk test. The ANOVA test of the main effects

was then performed to analyze the influence of

independent factors on the data group (dependent

variable). Tukey’s test was also performed for multi-

ple comparisons of inter-group differences. In order to

analyze the relationship between the studied param-

eters, Spearman correlation coefficient was deter-

mined. Statistical tests were carried out at the

significance level p B 0.05.

3 Results

The air temperature in the majority of the investigated

pharmacies was constant and ranged from 21 to

21.5 �C. The only exception was the pharmacy located

in the shopping center (sampling site II), where the

temperature was 23.5 �C. The hospital pharmacy

(sampling site IV) had natural ventilation while the

remaining facilities had mechanical ventilation.

The highest average concentration of heterotrophic

bacteria (1277.5 CFU m-3) was recorded in one of the

hospital pharmacies, i.e., at sampling site V, while the

lowest (452.5 CFU m-3), in the pharmacy located in

the shopping center, i.e., at sampling site III. Molds

were the most abundant (648.8 CFU m-3) in the

pharmacy in the shopping center, sampling site II, and

the least abundant (186.3 CFU m-3), in the pharmacy

in the residential area, sampling site I. Table 3 shows

that the highest average concentrations of staphylo-

cocci were recorded in the hospital pharmacies

(sampling site IV—17.9 CFU m-3, sampling site

Table 1 Characteristic of sampling sites

Sampling sites Type of pharmacy Cubic capacity (m3) Type of ventilation Temperature (�C)

I Pharmacy in a residential area 161.9 Mechanical 21.5

II Pharmacy in the shopping center 174.98 Mechanical 23.5

III 245.63 Mechanical 21

IV Hospital pharmacy 126.74 Natural 21.5

V 98.91 Mechanical 21
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V—15.1 CFU m-3), while the lowest, in the phar-

macy in a residential area (sampling site I—

7 CFU m-3) and the pharmacy in the shopping center

(sampling site III—7.3 CFU m-3). The results of

microbiological air analysis are presented in Tables 3

and 4.

The concentration of heterotrophic bacteria

depended on the season of the year: in winter their

concentration decreased to 509 CFU m-3, in spring,

increased sharply to 950 CFU m-3, to reach the

maximum in summer (1054 CFU m-3). In autumn it

decreased again to 638 CFU m-3. On the contrary, the

Table 2 List of antibiotics

used in the study (Oxoid,

UK)

Group of Antibiotics Antibiotics Disk symbol Disk content (lg)

Penicillins Benzylpenicillin P1 1

Cephalosporins Cefoxitin FOX30 30

Fluoroquinolones Levofloxacin LEV5 5

Aminocoumarin Gentamicin CN10 10

Macrolides Erythromycin E15 15

Tetracyclines Tetracycline TE30 30

Drugs against mycobacteria Chloramphenicol C30 30

Rifampicin RD5 5

Table 3 The concentration of microorganisms in 1 m3 of air at all sampling sites (N = 4)

Type of pharmacy Sampling site Heterotrophic bacteria Mold fungi Staphylococci

M ± SD, range (CFU m-3)

Pharmacy in a residential area I 672.5 ± 283.8 186.3 ± 109.5 7.0 ± 2.1

(265–920) (120–350) (5–10)

Pharmacy in the shopping center II 742.5 ± 381.6 648.8 ± 514.6 11.1 ± 7.0

(255–1080) (90–1320) (3–20)

III 452.5 ± 160.1 248.8 ± 117.6 7.3 ± 5.5

(265–640) (115–380) (1.5–13.5)

Hospital pharmacy IV 793.8 ± 99.6 268.4 ± 104.1 17.9 ± 4.4

(680–900) (130–356.5) (13.5–23)

V 1277.5 ± 610.3 235.4 ± 73.2 15.1 ± 3.6

(620-2070) (165–306.5) (12–20)

M mean, SD standard deviation

Table 4 The concentration

of microorganisms in 1 m3

of air in pharmacies

depending on the season

(N = 5)

M mean, SD standard

deviation

Research season Heterotrophic bacteria Mold fungi Staphylococci

M ± SD, range (CFU m-3)

Spring 950 ± 286.4 250 ± 255.0 14.4 ± 5.7

(745–1365) (115–705) (6.5–20)

Summer 1054 ± 597.7 222 ± 130.8 11.6 ± 6.3

(780–2070) (90–380) (3–20)

Autumn 638 ± 322.9 314.6 ± 122.7 11.8 ± 7.8

(265–1055) (140–480) (4–23)

Winter 509 ± 230.4 483.4 ± 471.4 8.9 ± 5.0

(255–725) (247–1320) (1.5–13.5)
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highest average concentrations of molds were

recorded in autumn (314.6 CFU m-3) and winter

(483.4 CFU m-3), while the lowest, in summer

(222 CFU m-3) and spring (250 CFU m-3). The

highest concentration of staphylococci was recorded

in spring (14.4 CFU m-3), and the lowest, in winter

(8.9 CFU m-3).

The total concentration of heterotrophic bacteria

was correlated with the size of the pharmacies

(Fig. 1a). Pharmacies of smaller cubic capacity were

characterized by a higher total bacterial concentration

(r = - 0.9, p\ 0.05). A similar relationship was

observed for staphylococci (Fig. 1c): there was a

negative correlation between their concentration and

the size of the investigated facilities (r = - 0.6,

p[ 0.05). However, this result was not statistically

significant. In contrast, the concentration of molds was

not correlated with the size of the pharmacies

(Fig. 1b).

Analysis of variance showed that the concentration

of the studied bacterial groups depended on the

sampling site and the season of the year. Significant

differences in the concentration of heterotrophic

bacteria were found between sites III and V and

between summer and winter. The concentration of

staphylococci was determined only by the location of

the sampling sites; significant differences were noted

between sites I and IV. In all these cases the

significance level was p\ 0.05. However, no signif-

icant spatiotemporal differences in the concentration

of molds were observed.

As many as 675 species of molds belonging to 11

genera were isolated from the collected air samples

(Fig. 2). The results indicated that Cladosporium

Fig. 1 The relationship between a the size of the pharmacies and the total number of heterotrophic bacteria, b the size of the

pharmacies and the total number of molds, c the relationship between the size of the pharmacies and the total number of staphylococci
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genus were the most abundant in the air of the

examined pharmacies in spring (71%), summer (89%),

and autumn (81%) (Fig. 2a–c). In winter, the fungal

community was dominated by Penicillium genus

(50%). Moreover, in winter the taxonomic diversity

of airborne molds was the highest, while particular

genera had a low percentage share (Fig. 2d). Other

genera of molds occurred sporadically.

The collected air samples contained 11 species of

mannitol-positive bacteria and 10 species of staphy-

lococci, with the dominance of Staphylococcus

haemolyticus (38%) and Staphylococcus aureus

(13%). The results of the taxonomic analysis of the

isolated strains are presented in Table 5.

All isolated Staphylococcus strains (n = 22) were

susceptible to chloramphenicol (100%), 68.2% were

resistant to erythromycin, 36.4% were resistant to

cefoxitin, 18.2%, to tetracycline, and 13.6%, to

gentamicin. Only 4.5% of all isolates were resistant

to both rifampicin and levofloxacin.

Two of the three studied strains of S. aureus

(33.3%) were susceptible to benzylpenicillin, a b-

lactam antibiotic. There were no multidrug-resistant

strains. The antibiotic resistance of iolated staphylo-

cocci is presented in Table 6.

Fig. 2 Percentage share of the isolated molds in all research seasons a spring (N = 212), b summer (N = 74), c autumn (N = 245),

d winter (N = 144)
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Table 5 Taxonomy of isolated strains (N = 24) based on Bergey’s Manual of Systematic Bacteriology (Vos et al. 2009)

Phylum Class Order Family Genus/species Percentage (%)

Firmicutes Bacilli Bacillales Staphylococcaceae Staphylococcus haemolyticus 38

Staphylococcus aureus 13

Staphylococcus capitis 9

Staphylococcus warneri 8

Staphylococcus epidermidis 4

Staphylococcus hominis 4

Staphylococcus lentus 4

Staphylococcus saprophyticus 4

Staphylococcus sciuri 4

Staphylococcus xylosus 4

Macrococcus equipercicus 8

Table 6 Antibiotic

resistance of staphylococci,

determined by the disk

diffusion method

(R)—resistant, (–)—

susceptible

P1 benzylpenicillin, E15
erythromycin, RD5
rifampicin, CN10
gentamicin, FOX30
cefoxitin, TE30
tetracycline, C30
chloramphenicol, LEV5
levofloxacin

No. Species Antibiotic resistance

P1 E15 RD5 CN10 FOX30 TE30 C30 LEV5

1. S. haemolyticus R – – – – – –

2. S. haemolyticus R – R R R – –

3. S. haemolyticus R – – R – – –

4. S. haemolyticus R – – R – – –

5. S. haemolyticus R – – R – – –

6. S. haemolyticus R – – – – – –

7. S. haemolyticus R – R R – – –

8. S. haemolyticus R – – R R – R

9. S. haemolyticus R – – R R – –

10. S. aureus – R – – – – – –

11. S. aureus R – – – – R – –

12. S. aureus – – – – – – – –

13. S. capitis R – – – – – –

14. S. capitis R – – – – – –

15. S warneri – – – – – – –

16. S warneri R – – – – – –

17. S. epidermidis R – R R R – –

18. S. hominis – – – – – – –

19. S. lentus – – – – – – –

20. S. saprophyticus R – – – – – –

21. S. sciuri – R – – – – –

22. S. xylosus – – – – – – –

Percent of resistance 33.3% 68.2% 4.5% 13.6% 36.4% 18.2% 0% 4.5%
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4 Discussion

Microbiological assessment of indoor air quality has

become quite common due to the diversity of airborne

microorganisms, Air analyses have been conducted in

public facilities, workplaces and residential homes,

i.e., where people are regularly exposed to microbial

contaminants (Augustowska and Dutkiewicz 2006;

Brągoszewska and Pastuszka 2018; Brągoszewska

et al. 2018a, b; Kubera et al. 2015; Małecka-

Adamowicz et al. 2019; Miletto and Lindow 2015).

4.1 Bacterial bioaresol concentration

Our results indicated that heterotrophic bacteria were

the most abundant microorganisms in the air of the

investigated pharmacies. Similar results were obtained

by Bolookat et al. (2018) investigating hospital in

Tehran: the average concentration of bacteria

(919 CFU m-2) was higher than the average concen-

tration of molds (796 CFU m-2). The highest average

concentration of heterotrophic bacteria was recorded

in summer (1054 CFU m-3) and the lowest, in winter

(509 CFU m-3). Brągoszewska and Pastuszka (2018),

who also observed lower bacterial concentrations in

winter, attributed that to low temperatures. The

highest concentrations of heterotrophic bacteria were

recorded in the hospital pharmacies. In the investi-

gated pharmacies the average concentration of hetero-

trophic bacteria ranged from 452.5 CFU m-3 to

1277.5 CFU m-3. The highest concentration was

recorded in the hospital pharmacy (sampling site

V—1277.5 CFU m-3), and the lowest, in the phar-

macy in the shopping center (sampling site III—

452.5 CFU m-3). Augustowska and Dutkiewicz

(2006) recorded lower concentrations of these bacteria

at a pulmonology ward in Lublin.

At present there are no effective methods of

monitoring microbial air pollution. What is more,

standards for microbial air quality control have been

withdrawn. Brągoszewska and Pastuszka (2018)

maintain that this is due to a huge variety of airborne

bacteria and the use of a many different measuring

methods.

4.2 Concentration and identification of molds

The highest average concentration of molds was

recorded in winter (483.4 CFU m-3), while the

lowest, in summer (222 CFU m-3) and spring

(250 CFU m-3). Different results were obtained by

Cho et al. (2018), who noted the highest concentra-

tions of molds in spring and summer. At the same time

Park et al. (2013) recorded higher mold concentrations

in hospital halls in autumn than in summer and winter,

which partly confirms our observations. The highest

concentration of molds was recorded in the pharmacy

located in the shopping center (sampling site II), with

the average concentration of 648.8 CFU m-3, and the

lowest, in the district pharmacy (sampling site I—

186.3 CFU m-3). The highest contamination with

mold fungi at Sampling Site II may be connected with

the fact that this facility did not have an air

conditioning system for a prolonged period of time

when the owners were waiting for the replacement of

the damaged air conditioner. Mechanical ventilation

systems without appropriate filters or when the filters

are dirty (e.g., covered with dust) can also be a source

of molds (Mensah-Attipoe and Toyinbo 2019). In

addition, poor or damaged ventilation can lead to

moisture accumulation and mold growth. D’Amato

et al. (2018) emphasize that the increased use of air-

conditioners affects human health. Plaskowska et al.

(2011) state that proper maintenance of air condition-

ing systems protects against the negative impact of

fungal contamination. Poor air quality can lead to lung

diseases and allergies and induce non-specific symp-

toms (sick building syndrome) (Pallabi 2018). Augus-

towska and Dutkiewicz (2006) obtained much lower

mold concentrations in the air (9.9–96.1 CFU m-3) at

a respiratory ward.

In spring, summer, and autumn Cladosporium

species were predominant among molds in the air of

the dispensing areas of the investigated pharmacies.

Similar results were obtained by Kubera et al. 2015 in

kindergartens (67.5%). Karimpour et al. (2019) noted

the dominance of Penicillium spp. (45.86%) and

Cladosporium spp. (31.92%) at the Children’s Med-

ical Centre in Tehran. Similar results were obtained by

Ökten et al. (2014) examining indoor air quality at the

cancer centre in Trakya, where Penicillium spp. were

the most abundant, followed by Cladosporium spp. At

the same time Dehghani et al. (2018) recorded a

significantly lower concentrations of Cladosporium in

the operating blocks in hospitals. The difference may

result from different amount of outside air entering the

rooms. Moreover, in our study the concentration of

Cladosporium was lower in winter, while Penicillium
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species were the most abundant. That partially corre-

sponds to the observations of Azimi et al. (2013) that

Penicillium species predominated in winter and

spring. In addition, studies by Pląskowska et al.

(2011, 2012) demonstrated that Cladosporium were

more abundant in summer. In the pharmacy that the

authors investigated they accounted for over 80% of

all molds. Antón et al. (2019) report that the most

abundant sporulation of Cladosporium occurs in

summer and early autumn. In other studies Aspergillus

spp. were the most common molds isolated from the

hospital environment, constituting 49.9% (Bolookat,

et al. 2018) and 47% (Cho et al. 2018) of all molds.

4.3 Staphylococcus concentration

and identification

The highest average concentration of staphylococci

was recorded in summer (14.4 CFU m-3) and the

lowest, in winter (8.9 CFU m-3). The highest con-

centrations of these microorganisms were recorded in

two hospital pharmacies i.e., at sampling site IV

(Bydgoszcz Research Hospital and Polyclinic—

17.9 CFU m-3) and V (University Hospital—

15.1 CFU m-3), while the lowest, in the district

pharmacy (sampling site I—7.0 CFU m-3). Staphy-

lococcus strains are commonly associated with noso-

comial infections. Furthermore, Boada et al. (2018)

report that approximately 20% of human population,

predominantly children, may carry S. aureus. Results

obtained by Sapkota et al. (2016) showed that

Staphylococcus aureus was the most common bacte-

rial contaminant on objects in many hospital wards in

Nepal. Rings, watches and bracelets worn by medical

staff may also be the source of microorganisms

(Khodavaisy et al. 2011). Research carried out by

Lis et al. (2009) confirmed that people connected with

the hospital environment (staff, patients and visitors)

may contribute to the spread of staphylococci via air.

High concentrations of these bacteria were also

recorded in kindergartens (Kubera et al. 2015), which

indicates the possible presence of potentially harmful

microorganisms in other public places. Air contami-

nation with staphylococci in the investigated pharma-

cies was significantly lower than that recorded by

Karwowska et al. (2013) in a health center in Warsaw,

where the concentration of staphylococci ranged from

10 to 305 CFU m-3. In the investigated pharmacies

the highest concentration of staphylococci was noted

in spring (14.4 CFU m-3), and the lowest, in winter

(8.9 CFU m-3). Our results correspond to those

obtained by Kępa et al. (2008) in the operating block

in the hospital in Sosnowiec, where the average

concentration of these microorganisms was lower in

November than in March.

Particular attention should be paid to staphylococci.

They are commonly found on the skin and mucous

membranes of humans (Tršan et al. 2019). In our

study, Staphylococcus haemolyticus strains were the

most abundant in the airborne bacterial community.

The results differed from those obtained by Lenart-

Boroń et al. (2017) in the apartments of Cracow, where

S. haemolyticus accounted only for a small percentage

of all isolated strains. Pinheiro et al. (2015), who

examined isolates from blood cultures, states that S.

haemolyticus is among microorganisms responsible

for severe device-associated infections. Although S.

haemolyticus has a rather low potential to cause

serious nosocomial infections, it may contribute to the

emergence of antibiotic and antimicrobial resistance

due to the high plasticity of the genome (Czekaj et al.

2015).

4.4 Resistance profile of identified

Staphylococcus strains

Increased antimicrobial resistance of bacteria poses a

serious threat to public health (Peterson and Kaur

2018). The lack of new antimicrobial drugs, easy

access to antibiotics, and rapid growth of multidrug

resistance create the need for an interdisciplinary

approach to alternative therapies (preventive and

supportive) (Aslam et al. 2018; Horumpende et al.

2018).

The analysis demonstrated that chloramphenicol,

rifampicin and levofloxacin were the most effective

antibiotics for selected bacterial isolates. Susceptibil-

ity to levofloxacin was most likely caused by increased

levofloxacin activity against Gram-positive bacteria

(May et al. 2014).

A high percentage of the isolated staphylococci

exhibited resistance to erythromycin (macrolide

antibiotic). This observation coincides with that of

Frı́as-De León et al. (2015) and Lenart-Boroń et al.

(2017), whose Staphylococcus isolates were also

frequently resistant to erythromycin.

As recommended by the EUCAST, susceptibility to

penicillin was tested only in S. aureus, due to the low
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reliability of penicillinase detection in coagulase-

negative staphylococci. Lowy (2003) emphasized that

over 80% of staphylococci isolated from hospital

environments were resistant to penicillin, which

resulted from their ability to produce penicillinase.

More than 90% of staphylococci are able to produce

this enzyme, which ensures their resistance to most

penicillins (EUCAST 2018).

Since many pathogens can be easily transmitted

through the air, antibiotics are frequently used to

prevent the spread of infections, and this leads to the

emergence of multidrug-resistant strains (Nahaei et al.

2015). Many initiatives are being launched in efforts

to reduce or slow down the rate of increase in

resistance. Since rational use of antibiotics is so

important, targeted antibacterial therapies, consistent

with the antibiotic susceptibility profiles of bacterial

strains, have been suggested very recently, (Mit-

sakakis et al. 2018). Finally, there are many ways to

maintain good air quality including regular microbi-

ological testing (Pallabi 2018).

4.5 The impact of selected factors

on the concentration of microorganisms

According to ASHRAE 170 standards, temperature in

healthcare facilities should range from 21 to 24 �C
(ASHRAE 2008). All the investigated pharmacies

complied with this requirement (temperature range

21–23.5 �C) Mousavi et al. (2019), examining the

impact of several factors on bioaerosol concentration

in hospitals, discovered that temperature had no

significant effect on microbial concentration. In our

study four pharmacies had mechanical ventilation and

only one (sampling site IV) had natural ventilation.

However, this fact did not cause any significant

differences in temperature and microbial growth.

Different observations were made by Stockwell et al.

(2019), who recorded significantly higher bioaerosol

concentrations (201 CFU m-3) in areas with natural

ventilation as compared to areas with mechanical

ventilation (20 CFU m-3) in hospitals.

The results indicated that the smaller cubic capacity

of a facility may contribute to a higher concentration

of airborne bacteria. In addition, in popular/busy

pharmacies the spread of pathogenic bacteria

increases. This is particularly important in primary

health care units, where visitors, mainly patients, emit

microorganisms while coughing or sneezing (Lenart-

Boroń et al. 2017).

Meteorological and environmental conditions also

affect bacterial concentration in the air (Fang et al.

2018). Our results confirmed the observations of

Krajewska-Kułak et al. (2010) and Pląskowska et al.

(2011) that the following factors contribute to air

quality: season of the year, type of premises (open,

closed), its function (laboratory, factory, health care

facility), its size (cubic capacity), air conditioning, and

number of people (working and visiting). Brągos-

zewska and Pastuszka (2018) report that the concen-

tration of airborne bacteria also depends on the

geographical location of the premises and seasonal

variations in bacterial composition. In many countries

these factors are analyzed and monitored regularly

(Gola et al. 2019).

5 Conclusions

1. The highest concentration of heterotrophic bacte-

ria and staphylococci was recorded in pharmacies

located in hospital buildings. The highest concen-

tration of molds was recorded in pharmacies

located in shopping centers.

2. Higher temperature in spring and summer was the

likely cause of the increased concentration of

heterotrophic bacteria and staphylococci in the air

of the investigated facilities.

3. There was a statistically significant relationship

between the size of the examined rooms and the

concentration of the studied groups of microor-

ganisms. Higher concentration of heterotrophic

bacteria and staphylococci was recorded in phar-

macies with a smaller cubic capacity.

4. Taxonomic analysis indicated that Cladosporium

spp. were the most abundant molds in spring–

summer–autumn season and Penicillium, in win-

ter. Staphylococcus haemolyticus and Staphylo-

coccus aureus were the most abundant among

mannitol-positive bacteria.

5. Staphylococcus strains showed the highest sus-

ceptibility to chloramphenicol and highest resis-

tance to erythromycin.
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Brągoszewska, E., & Pastuszka, J. S. (2018). Influence of

meteorological factors on the level and characteristics of

culturable bacteria in the air in Gliwice, Upper Silesia

(Poland). Aerobiologia (Bologna), 34(2), 241–255. https://

doi.org/10.1007/s10453-018-9510-1.

Cho, S. Y., Myong, J. P., Kim, W. B., et al. (2018). Profiles of

environmental mold: Indoor and outdoor air sampling in a

hematology hospital in Seoul, South Korea. International
Journal of Environmental Research and Public Health,
15(11), 2560. https://doi.org/10.3390/ijerph15112560.

Czekaj, T., Ciszewski, M., & Szewczyk, E. M. (2015). Sta-
phylococcus haemolyticus—An emerging threat in the

twilight of the antibiotics age. Microbiology, 126,
2061–2068. https://doi.org/10.1099/mic.0.000178.

D’Amato, M., Molino, A., Calabrese, G., et al. (2018). The

impact of cold on the respiratory tract and its consequences

to respiratory health. Clinical and Translational Allergy, 8,
20. https://doi.org/10.1186/s13601-018-0208-9.

Dehghani, M., Sorooshian, A., Nazmara, S., et al. (2018).

Concentration and type of bioaerosols before and after

conventional disinfection and sterilization procedures

inside hospital operating Rosom. Ecotoxicology and
Environmental Safety, 164, 277–282. https://doi.org/10.

1016/j.ecoenv.2018.08.034.

EUCAST—European Committee on Antimicrobial Suscepti-

bility Testing. (2018). Breakpoint tables for interpretation
of MICs and zone diameters. Version 8.1 2018. Retrieved

May 15, 2018 from http://www.eucast.org.

Fang, Z., Guo, W., Zhang, J., & Lou, X. (2018). Influence of heat

events on the composition of airborne bacterial commu-

nities in urban ecosystems. International Journal of Envi-
ronmental Research and Public Health, 15(10), 2295.

https://doi.org/10.3390/ijerph15102295.
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