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There is a pressing issue related to biological factors that influence medical workers’ health and cause risks of
hospital-acquired infections including those occurring among patients. Given that, we applied conventional techniques
to perform microbiological examinations aimed at detecting and identifying microorganisms that circulate in the air
inside hospitals. Microorganisms detected in the air in areas where medical personnel performed their working tasks
were identified with chromogenic nutrient media and microbiological analyzers. To fully characterize microorgan-
isms, we performed certain tests that allowed determining how sensitive the detected strains were to common anti-
bacterial preparations.

As a result, we revealed that priority strains detected in the air inside medical organizations were those belong-
ing to Staphylococcaceae and Micrococcaceae families. These microorganisms caused high risks of purulent septic
infections. We also detected bacteria that belonged to normal human microflora such as Acinetobacterspp. and Strep-
tococcusspp., as well as gram-negative bacteria, notably Stenotrophomonasmaltophilia, Ochrobacteriumspp., Pan-
toeaspp., and Pausterellaspp.

Staphylococcusspp. and Micrococcusspp. turned out to be resistant to oxacillin and erythromycin; gram-negative bac-
teria, to ceftazidime and amikacin, non-fermentative bacteria and Enterobacteriaceae family, to a combination of anti-
bacterial preparation. It proves there is a necessity to examine qualitative properties of biological factors existing in medical
organizations. We revealed that Streptococcusspp. were strongly resistant to ampicillin, clindamycin, imipenem, and ce-
fepime,; Acinetobacterspp., strongly resistant to cephalosporin (ceftazidime, cefepime), and they were moderately resistant to
monobactam (aztreonam); Stenotrophomonasmaltophilia, to ceftazidime and aztreonam, and in certain cases, to cefepime,
amikacin, imipenem, gentamicin, and ciprofloxacin; Ochrobacteriumspp., to cefepime, aztreonam, ciprofloxacin, amikacin,
gentamicin, imipenem, and ceftazidime; Pantoeaspp. and Pausterellaspp. tended to have various resistance. All it means that
the given strains circulating in the air inside medical organizations are more resistant than they are considered to be ac-
cording to literature data.
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Biological factor or a biological agent is
a spectrum of microorganisms, pathogenic
and opportunistic pathogenic bacteria, vi-
ruses, fungi, helminthes, protozoa, live cells,
spores, etc., that exert adverse impacts on
human health.

Microbiological monitoring over species
of infectious agents and their resistance to
antibacterial preparations that is performed
in medical organizations is a reliable tool for
assessing this biological factor and its quali-
tative properties; it should be done in order
to determine its influence on medical per-
sonnel and to select proper antimicrobial
therapy for patients in a specific medical or-
ganization [1].

In the past antibacterial preparations were
frequently used rather irrationally (they were
admitted to be prescribed to patients unrea-
sonably in 50-70 % in Canada, the USA, and
Vietnam) [2]; antibiotics have been widely
used in animal breeding; there has been an ac-
tivation of adaptation mechanisms in in-
hospital bacterial communities as they mutate
and transfer extrachromosomal in heritance
factors to each other. All these events result in
a persistent growth in resistance of various in-
fectious agents and circulation of resistant
strains in medical organizations causing occu-
pational diseases among medical personnel
and hospital-acquired infections among pa-
tients [3, 4].

Over the last years there have been a lot
of changes in the structure of etiologically
significant agents that cause infections, puru-
lent diseases, and postoperative diseases; at
present a number of such species is growing,
and there are changes in microorganisms’
properties that cause postoperative and post-
injection complications; poly-etiologic dis-
eases are becoming more and more widely
spread among purulent and septic infections
including hospital-acquired ones [1].

Circulation of resistance to antibiotics
among opportunistic pathogenic in-hospital
strains i1s becoming more and more pressing
in spite of certain activities being accom-
plished at the moment [5, 6]. Nowadays resis-
tance to antibacterial preparations is consid-
ered to be an objective sign of genotypic and
phenotypic peculiarities of a specific micro-
organism that causes a biological risk of hos-
pital-acquired infections and occupational
diseases [3].

Data and methods. Our goal was to ex-
amine properties of a biological factor exist-
ing in medical organizations. To do that, we
accomplished microbiological examinations
of air inside medical organizations in Kazan
within state surveillance performed by the
Federal Service for Surveillance over Con-
sumer Rights Protection and Human Well-
being. Air samples were taken prior to a
working shift started and during it according
to MG 4.2.2942-11 “Procedures for sanitary-
bacteriological examinations of environ-
mental objects and air and for controlling ste-
rility in medical organizations™'. Microorgan-
isms extracted from air inside treatment
rooms in different medical organizations were
identified up to their species (n = 62). Identi-
fication was performed with chromogenic nu-
trient media produced in India and Spain and
tests with microbiological analyzers produced
in Czech Republic and France. We applied
the disk diffusion test to check how sensitive
microorganisms were to antibacterial prepara-
tions according to MG 4.2.1890-04 “Deter-
mining sensitivity of microorganisms to anti-
bacterial preparations™.

Results and discussion. Figure 1 shows
the structure of microorganisms that were ex-
tracted from air inside medical organizations.

The given data make it obvious that mi-
croorganisms from Staphylococcus species
prevailed in microflora existing in medical

"' MG 4.2.2942-11. Procedures for sanitary-bacteriological examinations of environmental objects and air and for
controlling sterility in medical organizations. Moscow, The Rospotrebnadzor’s Federal Center for Hygiene and Epidemi-

ology, 2011, 12 p.

MG 4.2.1890-04. Determining sensitivity of microorganisms to antibacterial preparations. Methodical guidelines.
Moscow, The Federal Center for State Sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry,

2004, 91 p.

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

123



G.G. Badamshina, V.B. Ziatdinov, L.M. Fatkhutdinova, B.A. Bakirov, S.S Zemskova, M. A. Kirillova

1616
5 1818

6.5

45,2

Micrococcus spp.
Kocuria spp.
Staphylococcus spp.
Dermococcus spp.

Stenotrophomonas spp.

Ochrobacterium spp.

Pantoea spp.

Acinetobacter spp.
& Streptococcus spp.

= Pasteurella spp.

Figure 1. The structure of microorganisms that were extracted
from air inside medical organizations (%)

organizations in Kazan as there were totally
28 strains such as S.hominis (11.3 %), S. epi-
dermidis (9.7 %), S. haemolyticus (8.1 %),
S.saprophyticus (4.8 %), S.aureus (1.6 %) and
some others (6.4 %). Data on Staphylococcus
resistance were different for different medical
organizations; in most cases such difference,
as Afanasiev et al. think (2014), is due to
a policy on how to apply antibacterial prepa-
rations.

When we characterize a biological factor
in a medical organization, we should note that
Staphylococcus spp. were resistant to Eryth-
romycin (in 50 % cases), Oxacillin (in 28.6 %
cases), and to Fluoroquinolones (up to 7.1 %
cases). It results in a high risk of infections
caused by resistant strains including Methicil-
lin-resistant Staphylococcus aureus (MRSA).
Catalase-positive cocci belonging to this stem
were the most sensitive to Vancomycin, Clin-
damycin, and Gentamicin (96.4-100 % cases).
Our data are consistent with research works
accomplished by most authors in the field who
established that Staphylococcus spp. is resis-
tant to Erythromycin and Oxacillin and sensi-
tive to Vancomycin and Clindamycin [7-10].
Resistance to Oxacillin that has been examined
by many experts is a marker showing that a
Staphylococcus has a Penicillin-binding pro-
tein. There is an assumption based on research
data that there are genetic data reservoirs for
S.aureus coagulase-negative S.haemolyticus
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and S.epidermidis due to genes determining
resistance to antibiotics being widely-spread in
the population [3].

High resistance of Staphylococci to Ox-
acillin as a marker showing there is MRSA
(Methicillin Resistant Staphylococcus Aureus)
proves that all B-lactams are inefficient for
treating infections caused by the given micro-
organisms and that it is necessary to develop
more efficient therapeutic and anti-epidemic
activities accomplished in medical organiza-
tions [1, 10].

Together with Staphylococcus spp., bacteria
from Micrococcaceae family accounted for a
considerable share among detected microorgan-
isms (40.4 %). Micrococcusspp., that are fre-
quently extracted from objects located inside
medical organizations according to foreign ex-
perts [11-13], in all cases were sensitive to
Ciprofloxacin and Clindamycin, not so fre-
quently to Vancomycin, Levofloxacin, and Gen-
tamicin (in 92.3 % cases), and Erythromycin
(84.6 %) and they were resistant to Oxacillin
(69.2 % strains). This fact proves that microflora
circulating inside medical organizations is nor-
mal and highly resistant to Oxacillin; it requires
further investigations of biological risks related
to infections caused by Micrococcusspp.

There are representatives from Kocuri-
aspp. family that, in foreign researchers’ opin-
ion, cause -catheter-associated endocarditic,
urinary tract infections, peritonitis, and other
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Figure 2. Specific weight of certain microorganisms’ strains extracted
from air that are resistant to antibacterial preparations (%)

purulent and septic infections and are resistant
to [14-16] Fluoroquinolones, Tetracycline,
Oxacillin, and Cefazoline and intermediately
resistant to Cefotaxime [17]; in our research
they turned out to be the most resistant to Ox-
acillin (62.5 % cases), Erythromycin (37.5 %
cases), and were rarely resistant to Fluoroqui-
nolones (12.5 % to Levofloxacin). Occurrence
of Oxacillin-resistant strains inside hospitals
creates a biological risk of infections caused
by Methicillin-resistant microorganisms.

Other bacteria from Micrococcaceae—
Dermacoccusspp. family extracted from air in
4 cases were also the most resistant to Oxacil-
lin (resistance in all 4 cases), Erythromycin (in
1 case), and Levofloxacin (in 1 case). Data on
Dermacoccus being sensitive to antibiotics are
rarely found in literature sources available to
us; however, there was a research work ac-
complished in Poland (2003) where the author
showed that bacteria from this stem were resis-
tant to Erythromycin [18].

Similar to other researchers’ results, Strep-
tococcusmitis, extracted from air in one case,
was resistant to Ampicillin, Clindamycin,
Imipenem, and Cefepime and sensitive to
Vancomycin and Levofloxacin [3, 7]. As per
data acquired by Afanasiev et al (2014), vari-
ous resistances to Penicillin preparations as
well as to Cephalosporin develop in Strepto-
coccus due to lower affinity of Penicillin-
binding proteins caused by mutations in bacte-
ria’s genome. It has been proven that interspe-
cies transfer of genetic material occurring be-
tween commensal species of Streptococcus
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and S. pneumonia stems contributes to selec-
tion and creation of Penicillin-resistant strains
of the latter [3].

Over the last years, gram-negative non-
fermenting bacteria have been occupying the
second place among agents causing different
infections, including hospital-acquired ones,
right after gram-positive cocci as it has been
confirmed by our research [19].

When we characterize a biological factor
that can cause HAI occurrence, we should note
that gram-negative organisms that are a part of
normal human microflora, such as Acineto-
bacterspp., extracted from air inside medical
organizations, were sensitive to Ciprofloxacin
(57.1 %), Amikacin, Imipenem, and Gen-
tamicin, were moderately resistant to Mono-
bactam (Aztreonam) and highly resistant to
Cephalosporin (Ceftazidime and Cefepime).
Research works performed by many authors
prove that Acinetobacterspp. Extracted from
human biological materials are the most resis-
tant to Cephalosporin [19, 20]. We didn’t re-
veal resistance to Carbapenem and Monobac-
tam in this stem though it was previously de-
tected by various authors in 35.6 % — 70.5 %
bacteria belonging to various human biotopes
[1, 6,9, 19, 21]. Occurrence of resistant mi-
croorganisms from the given stem can cause
infections both among medical personnel and
patients.

Other gram-negative non-fermenting bac-
teria such as Stenotrophomonasmaltophilia that
have been examined in multiple foreign re-
search works are agents that cause hospital-
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acquired infections and are poly-resistant to
antibiotics, including Cephalosporin [22]. In
both cases in our research they turned out to
be resistant to Ceftazidime and Aztreonam; in
one case, to Cefepime, Amikacin, Imipenem,
Gentamicin, and Ciprofloxacin. As opposite
to the research accomplished by HuangY.W.
et al. (2017), we revealed that in both cases
this microorganism was sensitive only to
Erythromycin [23].

Ochrobacteriumspp., that have low viru-
lence for healthy people and high one for those
with weak immunity [8, 24], were extracted
from air in medical organizations in tow cases.
One strain was resistant to antibacterial prepa-
rations in all cases (Cefepime, Aztreoname,
Ciprofloxacin, Amikacin, Gentamicin, Imipe-
nem, and Ceftazidime); the other was resistant
only to Amikacin. Pantoeaspp. and Pausterel-
laspp. that cause various diseases have been
given a lot of attention by researchers in
Europe and America; in our research they
were revealed to have different resistance to
antibacterial preparations. In one case we de-
tected that Pantoeaspp. was resistant to Ampi-
cillin, Ceftazidime, Amikacin, and Imipenem
[25, 26]. The fact that the given strains are
poly-resistant proves it is necessary to perform
further investigations of this biological factor
that exerts its influence on medical personnel
and patients in hospitals.

Conclusions

1. Priority microorganisms extracted from
air in medical organizations in Kazan in 2016
were bacteria from Staphylococcaceae (45.2 %)
and Micrococcaceae (40.4 %) families;

2. Staphylococcusspp. and Micrococ-
cusspp. were most resistant to Oxacillin
(28.6 % — 100.0 % cases) and Erythromycin
(5.4-50.0 %). Gram-negative bacteria ex-
tracted from air in medical organizations in
rare cases were most resistant to Cef-
tazidime (Acinetobacterspp., Stenotropho-
monasspp., and Pantoeaspp.) and Amikacin
(Ochrobacteriumspp and Pantoeaspp.); sev-
eral non-fermenting bacteria and bacteria
from Enterobacteriaceae family tended to be
resistant to different combinations of anti-
bacterial preparations;

3. Occurrence of strains that are resistant
to various antibacterial preparations and circu-
late in air inside medical organizations causes
a high biological risk of hospital-acquired in-
fections and occupational diseases among
medical personnel including infections caused
by MRSA (Methicillin-resistant Staphylococ-
cus aureus).
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