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Abstract

The study is determined by the high relevance of the study of a biological factor that affects the health status of medical work-
ers and determines the risk of the development of hospital infections, including the number of patients. By well-known methods, 
microbiological studies have been carried out aimed at the isolation, identification of microorganisms circulating in the hospital 
environment. Microorganisms isolated from the working area of medical workers were identified using chromogenic nutrients and 
microbiological analyzers. For a complete characterization of microorganisms, tests were carried out to determine the sensitivity of 
the isolated strains to the main antibacterial drugs. As a result of the research, it was revealed that the priority microorganisms iso-
lated from the air of medical organisms were representatives of the families Staphylococcaceae and Micrococcaceae, causing a high 
risk of the development of purulent-septic infections. Representatives of normal human microflora - Acinetobacter spp. and Strepto-
coccus spp., game-negative bacteria - Stenotrophomonas maltophilia, Ochrobacterium spp., Pantoea spp., Pasteurella spp. The noted 
resistance of Staphylococcus spp. and Micrococcus spp. In relation to oxacillin and erythromycin, gram-negative bacteria - ceftazidime 
and amikacin, representatives of non-fermenting bacteria and representatives of the Enterobacteriaceae family - the combination of 
antibacterial drugs indicates the need to study biological and qualitative characteristics. Resistance identified for Streptococcus spp. 
campicillin, clindamycin, imipenem, cefepime; Acinetobacter spp. cephalosporins (ceftazidime, cefepime) and moderate resistance 
to monobactam (aztreonam); Stenotrophomonas maltophilia - ceftazidime aztreonam, in some cases, cefepime, amikacin, imipenem, 
gentamicin or ciprofloxacin; Ochrobacterium spp. cefepime, aztreonam, ciprofloxacin, amikacin, gentamicin, imipenem, ceftazidime; 
Pantoea spp. and Pasteurella spp. - different degrees of resistance - indicates a greater resistance of the indicated strains circulating 
under the conditions of a medical organization, in comparison with data from literary sources. 
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Introduction

Biological factor, or biological agent - the spectrum of microorganisms, pathogenic and opportunistic bacteria, viruses, fungi, hel-
minths, protozoa, living cells and spores, etc. which have a harmful effect on human health. Microbiological monitoring of the species 
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composition of pathogens of infectious diseases, the resistance of microorganisms to antibacterial drugs in medical institutions can be a 
reliable tool for assessing the biological factor, its qualitative characteristics, in order to establish its effect on the body of medical person-
nel and select adequate anti-microbial therapy. for patients in a specific medical institution [1]. Inappropriate use of antibacterial drugs 
(in Canada, USA, Vietnam, 50 - 70% of prescribing these drugs to patients was found unjustified) [2]; the use of antibiotics in animal 
husbandry, the activation of adaptive mechanisms in nosocomial bacterial communities (mutations, transmission of extrachromosomal 
hereditary factors) - lead to an ever-increasing resistance of microorganisms - causative agents of various infectious diseases and the cir-
culation of resistant strains on the territory of medical organizations that determine the development of professional diseases in medical 
workers and infections associated with the provision of medical care [3,4]. Over the past years, there have been changes in the structure 
of etiologically significant pathogens of infections, purulent, surgical diseases, today there is an increase in the number of species and 
changes in the properties of microorganisms that cause postoperative and post-injection complications, the prevalence of poly-etiological 
diseases in the structure of purulent septic is increasing. -infections, including nosocomial infections [1].

The problem of circulation of resistance to antibiotics of hospital strains of opportunistic flora, despite a number of ongoing measures, 
is becoming more and more urgent [5,6]. Currently, resistance to antibacterial drugs is considered as an objective indicator of the geno-
typic and phenotypic characteristics of a certain microorganism, which determines the biological risk of developing infections associated 
with the provision of medical care (HAI) and occupational diseases [3]. 

Materials and Methods

To study the characteristics of the biological factor in medical organizations (MO) of the city of Kazan, carried out microbiological 
studies of the air environment within the framework of the state supervision of the Federal Service for Supervision of Consumer Rights 
Protection and Human Welfare. Air sampling was carried out before and during work in accordance with MUK 4.2.2942-11 “Methods for 
sanitary and bacteriological studies of environmental objects, air and sterility control in medical institutions” 1. Microorganisms isolated 
from the air of treatment rooms and manipulation rooms of various medical organizations were identified to a species (n = 62). Identifi-
cation was carried out using chromogenic nutrient media produced in India and Spain, tests produced in the Czech Republic and France 
with the use of microbiological analyzers. The sensitivity of microorganisms to antibacterial drugs was investigated by the disk-diffusion 
method according to MUK 4.2.1890-04 “Determination of the sensitivity of microorganisms to antibacterial drugs” 2. 

Results and its Discussion

The structure of microorganisms isolated from the air of medical organizations is shown in figure.

Representatives of the genus Staphylococcus, identified in the amount of 28 strains and represented by the species S. hominis (11.3%), 
S. epidermidis (9.7%), S. haemolyticus (8,1%), S. saprophyticus (4.8%), S. aureus (1.6%) and other species (6.4%). The data on the resis-
tance of staphylococci in institutions of various types differed significantly, which in most cases, according to Afanasyev., et al. [2], is deter-
mined by the policy of using antibacterial drugs. Characterizing the biological factor in medical organizations (MO), it should be noted that 
Staphylococcus spp. were resistant to erythromycin (in 50.0% of cases), oxacillin (in 28.6%) and fluoroquinolones (up to 7.1%). This leads 
to a high risk of developing infections from resistant strains, including MRSA. Catalase-positive cocci of this genus were most sensitive to 
vancomycin, clindamycin and gentamycin (96.4 - 100% of cases). Our data are consistent with the studies of most authors, in which it was 
found that Staphylococcus spp. possesses resistance to erythromycin and oxacillin and sensitivity to vancomycin and clindamycin [7-10]. 
Oxacillin resistance, studied by many studies, is a marker of the presence of penicillin-binding protein in Staphylococcus. There is a state-
ment based on research data on the reservoirs of genetic information for S. aureus coagulase-negative S. haemolyticus and S. epidermidis 
due to the spread of antibiotic resistance genes in the population [3]. 

The high degree of resistance of staphylococci to oxacillin as a marker of the presence of MRSA (Methicillin Resistant Staphylococcus 
aureus) indicates the ineffectiveness of all β-lactams in infections caused by this microorganism, and the need to improve the therapeutic 
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and anti-epidemic measures carried out in the MO [1,10]. Along with Staphylococcus spp. significant place in the structure of identified 
microorganisms in our study belonged to bacteria of the Micrococcaceae family (40.4%). Micrococcus spp., According to foreign research-
ers [11-13], they, often isolated from objects of the hospital environment, were sensitive in all cases to ciprofloxacin and clindamycin, 
less often to vancomycin, levofloxacin, gentamycin (92.3% cases of sensitivity) and erythromycin (84.6%) and are resistant to oxacillin 
(69.2% of strains). This circumstance indicates the circulation in the territory of medical organizations of representatives of normal air 
microflora, which has a high degree of resistance to oxacillin, which requires further study of the biological risk of developing infections 
from Micrococcus spp. Kocuria spp. - one of the representatives of the family, which, according to foreign scientists, cause the development 
of catheter-associated endocarditis, urinary tract infections, peritonitis and other purulent-septic infections and are resistant [14-16] 
to fluoroquinolones, tetracyclines, oxacillin and cefazolin and intermediate resistance to cefotaxime [17], in our study they were most 
resistant to oxacillin (62.5% of cases), erythromycin (37.5%) and, rarely, to fluoroquinolones (12.5 % to levofloxacin). The presence in 
the hospital environment of strains resistant to oxacillin determines the biological risk of developing infections from methicillin-resistant 
microorganisms. 

Other members of the Micrococcaceae family, Dermacoccus spp., Isolated from the air in four cases, were also the most resistant to 
oxacillin (resistance in all four cases), erythromycin (one case), and levofloxacin (one case). The data on the antibiotic susceptibility of 
dermaccocci in the literature available to us were poorly covered, however, a study by a Polish scientist (2003) showed that representa-
tives of this genus were resistant to erythromycin [18]. Streptococcus mitis, in one case identified from the air, as in the studies of other 
scientists [3,7], was resistant to ampicillin, clindamycin, imipenem and cefepime and is sensitive to vancomycin and levofloxacin. 

The development in Streptococcus of various types of resistance to drugs of the penicillin series, as well as to cephalosporins, accord-
ing to Afasyev., et al. [3], the authors associate it with a decrease in the affinity of penicillin-binding proteins due to the development of 
mutations in the genome of bacteria. It has been proven that the interspecies transfer of material observed between commensal species 
of the genus Streptococcus and S. pneumonia plays a role in the selection and formation of penicillin-resistant strains of the latter [3]. In 
the structure of causative agents of various infectious diseases, including nosocomial infections, in recent years, the second place after 
gram-positive cocci is occupied by gram-negative non-fermenting bacteria, which is confirmed by our studies [19]. 

Characterizing the biological factor as a source of the development of HAI, it is worth noting that the gram-negative representatives of 
the normal human microflora - Acinetobacter spp., Isolated from the air of medical and prophylactic institutions (HCI), showed sensitivity 
(57.1%) to ciprofloxacin, amikacin, imipenem and gentamicin, moderate resistance to monobactam (aztreonam) and high resistance to 
cephalosporins (ceftazidime, cefepime). Studies carried out by many authors indicate the highest resistance of Acinetobacter spp. Isolated 
in human biomaterial to cephalosporins [19,20]. We did not find resistance to carbapenems and monobactams, revealed by the authors 
in 35.6 - 70.5% of bacteria of various human biotopes, in this genus [1,6,9,19,21]. The presence of resistant microorganisms of this type 
can lead to the development of infections in both medical personnel and patients. 

Other gram-negative non-fermenting bacteria - Stenotrophomonas maltophilia, to which a large number of studies abroad are devoted, 
are often multi-resistant, including to cephalosporins, causative agents of nosocomial infections [22], in both cases studied by us, they 
were resistant to ceftazidime and aztreonam, in one - to cefepime, amikacin, imipenem, gentamicin and ciprofloxacin. The sensitivity of 
this microorganism, contrary to the studies of Y.W. Huang., et al. [23], in both cases it was identified only for erythromycin Ochrobacterium 
spp. 

With a low degree of virulence in healthy people and more - for people with weakened immunity [8,24], stood out from the air of 
medical institutions in two cases. One strain showed resistance to antibacterial drugs in all cases (cefepime, aztreonam, ciprofloxacin, 
amikacin, gentamicin, imipenem, ceftazidime), the other - only to amikacin. Pantoea spp. and Pasteurella spp., causing various diseases, a 
considerable number of studies in European countries and countries of the American continents have been devoted, in our study they had 
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varying degrees of resistance to antibacterial drugs. 

For Pantoea spp. in one case, resistance to ampicillin, ceftazidime, amikacin and imipenem was found [25,26]. The presence of multi-
drug resistance of these strains indicates the need for further study of the qualitative characteristics of the biological factor that affects 
the medical staff and patients in the MO.

Conclusion

1.	 Priority microorganisms isolated from the air of medical organizations in Kazan in 2016 were representatives of the families 
Staphylococcaceae (45.2%) and Micrococcaceae (40.4%). 

2.	 The greatest resistance of Staphylococcus spp. and Micrococcus spp. showed to oxacillin (28.6 - 100.0% of cases) and erythromy-
cin (5.4 - 50.0%). Gram-negative bacteria isolated from the air of medical organizations in isolated cases were most resistant to 
ceftazidime (Acinetobacter spp., Stenotrophomonas spp., Pantoea spp.) And amikacin (Ochrobacterium spp. and Pantoea spp.); 
some non-fermenting bacteria and members of the Enterobacteriaceae family are characterized by resistance to various combi-
nations of antibacterial drugs. 

3.	 The presence of strains resistant to various antibacterial drugs circulating in the air of medical organizations causes a high bio-
logical risk of nosocomial infections and occupational diseases of medical workers, including the development of infections from 
MRSA (methicillin-resistant Staphylococcus aureus). 
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