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Abstract

Introduction. Most of healthcare-associated infections (HAIs) develop through colonization of patients’ loci with
hospital-associated pathogenic strains.

The aim of the research is to study an additional reservoir of microorganisms at healthcare facilities.

Materials and methods. A total of 28 samples of hospital environment dust were examined by using scanning
electron microscopy and dynamic light scattering, energy dispersive X-ray spectrometry and high-temperature
catalytic oxidation techniques; to study microbial diversity, 97 samples were examined by using a polymerase
chain reaction and a VITEK®2 Compact microbial identification system. Biological films (n = 29) were detected
with a catalase indicator; the total number of microorganisms in one cubic meter of air was estimated.

Results. The dust from ventilation grilles was contaminated in 71.13% of cases; antibiotic-resistant bacterial
strains were detected in 69.44% of cases; biofilm-forming bacteria were present in 48% of cases. The biodiversity
is represented by 21 genera of microorganisms persisting for 6 months. All the samples contained a nanosized
fraction. The organic compound is represented by carbon (16.26—-50.69%), nitrogen (1.59-25.03%), hydrogen
(2.03-6.67%), sulfur (0.15-2.38%), and oxygen (20.02-37.50%). The total microbial counts before and after
the doors and windows were opened - 276 and 462 CFU/m? respectively (p = 0.046). The mineral component
contained sodium (0.07-1.86%), magnesium (0.11-1.40%), aluminum (0.36—1.78%), silica (0.21-4.64%),
phosphorus (0.04-0.81%), chlorine (0.05-2.83%), potassium (0.04-0.85%), calcium (0.19-7.49%), and iron
(0.08-1.61%).

Discussion. A wide range of microorganisms, the presence of an organic substrate and trace elements suggest
that HAI-causing pathogens can persist, accumulate, and return to the hospital environment.

Conclusion. At healthcare facilities, exhaust ventilation and air-duct grilles can serve as an additional reservoir of
microorganisms causing HAls and can contribute significantly to persistence of a HAI epidemic process.
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JlONONHNTENbHbIN pe3epByap rocNnTasibHbIX MUMKPOOPraHN3mMoB
B MeAUNLNHCKNX OpraHn3aumnax

YesraHoBa E.A."™, EpumoBa 0.C.2, Caxaposa B.M.3, EpumoBa A.P4,
Co3unHos C.A.2, Ucmarnnos 3.P2, bpycuHa E.B.

'KeMepoBCKIMIA rocylapCTBEHHbIN MeAMLNHCKII YHUBepcuTeT, KemepoBso, Poccus;

2QepepanbHbli NCCNiefoBaTENbCKUN LEHTP yria 1 yrnexumun Cnbrnpckoro otaeneHmsa Poccniickon akageMmm Hayk,
KemepoBo, Poccus;

3HayuHo-nccnenoBaTenbCKUN MHCTUTYT KOMIMJIEKCHBIX MPO6/ieM cepfieuHO-COCYAUCTbIX 3aboneBaHunii, Kemeposo,

Poccus;

‘LleHTp rurveHbl 1 anugemmnonorum B Kemeposckoi obnactu, Kemeposo, Poccusa

BeepeHue. Nogaenstowee 60MbLUMHCTBO MHGEKLMIA, CBA3AHHBIX C OKazaHnem meguumHckon nomolm (MCMIM),
pa3BMBalOTCS B pe3yrbTaTe KONMoHM3aLMM JTIOKYCOB NaLMEHTOB rocnuTanbHbIMU LWTaMMammy Bo3byauTenein.
Llenb uccnenoBaHns — n3yyeHue JOMNONMHUTENBLHOIO pesepByapa MYKPOOPraHM3MoB B MEANLIMHCKMX OpraHm3a-
LUSIX.

Matepumansi u metoabl. iccnegosaHo 28 06pa3uioB 60MbHUYHON NbINY METOAAMMW CKaHUPYHOLLIEV SNIEKTPOHHOMN
MUWKPOCKOMWMN 1 MHAMWNYECKOrO paccesiHnsi CBETa, 3HEProanCrnepCMOHHON PEHTIEHOBCKON CNEKTPOCKOMNNUY U Bbl-
COKOTEMMEPAaTYpPHOTro KaTanuTu4eckoro okucneHns, 97 npob — nonumepasHow LenHon peakumen n Ha bakTte-
puonorudeckom aHanusatope «VITEK®2 Compact» ¢ Lenbsto nccrnegoBaHusi MMKpOGHOro pasHoobpasusi. MNpose-
[OeHbl HAVKaums Bruonorndecknx nréHok (n = 29) ¢ NoMoLLbl0 KaTanasHoro HauKaTopa, onpeaeneHve obuero
KonuyecTBa MUKpoopraHnamos B 1 m* Bo3gyxa.

Pesynbrathl. [Mbifb BEHTUNALUMOHHBIX PELLETOK KOHTaMuHUpoBaHa B 71,13% cnydvaes, Jons Pe3NCTEHTHbIX K
aHTMOMOTMKaM wTammoB Gaktepuin — B 69,44%, GakTepuin, obpasytowmx buonneHkn, — B 48%. BuopasHo-
obpasve npeacraeneHo 21 pooom MUKPOOPraHM3MOB, COXpaHsSBLUMMCSA B TedeHue 6 mec. Bo Bcex obpasuax
npucyTcTBoBana HaHopa3mepHas dpakums. OpraHudeckuin cybecTpaT npeactaeneH yrnepogom (16,26-50,69%),
asotom (1,59-25,03%), Bopoponom (2,03-6,67%), cepon (0,15-2,38%) v kncnopogom (20,02-37,50%). ObLiee
MUKpPOBHOE YMCIOo 40 U Nocne OTKpbIBaHWSA ABepert n okoH — 276 1 462 KOE/M® cootBeTcTBeHHO (p = 0,046). Mu-
HeparbHbIN KOMMNOHEHT cogepxan HaTpun (0,07-1,86%), marHun (0,11-1,40%), antomunnia (0,36—1,78%), kpem-
Hu (0,21-4,64%), docdop (0,04-0,81%), xnop (0,05-2,83%), kanui (0,04-0,85%), kanbunii (0,19-7,49%),
xerneso (0,08-1,61%).

O6cyxaeHue. LLNpokMin cnekTp MUKPOOPraHM3MOB, HanuMyMe opraHu4eckoro cybcrpata U MUKPOSNEeMEHTOB
CBWUIETENbCTBYIOT O BO3MOXHOCTU COXPaHEHUs, HAKOMMEHMs 1 Bo3BpaTta B GOMbHUYHYHO cpeny Bo3Oyautenen
MCMTT.

3aknoueHune. Ha peluetkax BbITSXKHbIX BEHTUISILMOHHBLIX CUCTEM U MpUMeXalux Yyacten BO34yXOBOAOB B yC-
NOBUAX MEAMLMHCKUX OpraHn3auuini MoXeT (hopMmnpoBaTbCst JOMOMNMHUTENbHbBIN pe3epByap MUKPOOPraHU3mMoB —
B0o30yauTenen MCMIT, urparowuin 3HauMmMyto posb B NogaepXaHum anungemmuydeckoro npouecca MCMIT.

KnioueBble cnoBa: pe3epsyap, MUKPOOP2aHU3MbI, Mbliesble Yacmuybl, UHGhEeKUUU, C8s3aHHbIE C OKa3aHUeM
MeduUyUHCKOU rnomMouju.

EnaeodapHocmb. PeSyﬂbTaTbl nony4yeHbl C UCNosb3oBaHNEM o6opy,q0|3ava KeMepOBCKOFO LleHTpa KOJITeEKTUBHOIO
nonb3oBaHua PegepanbHOro UccreaoBaTenbCKoro LeHTpa yma un yrnexmmuun CVI6I/1pCKOFO oTtaeneHus Poccunckon
akagemMummn Hayk.

UcmoyHuk ¢puHaHcupoeaHusi. ViccnegoBaHue BbIMOMIHEHO Npy onHaHCoBoW nogaepxke POPU n Kemeposckoin 06-
nacTtu B pamkax Hay4Horo npoekta Ne 20-415-420004 p_a «OueHka ponu Nbinn yronbHOW NPOMbILLAEHHOCTU B hopmu-
poBaHWK pe3epByapa MynbTUPE3UCTEHTHBIX TOCNUTamNbHbBIX LUITAMMOB MUKPOOPraHN3MoB B BOMNbHUYHON cpeaey.
KoHgbnnukm uHmepecoe. ABTOpbI ieKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHbIX KOH(MIMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnvkaunen HacTosLLEen CTaTbu.

Ans yumupoeaHus: YesraHosa E.A., Edpumoa O.C., Caxaposa B.M., Ec¢oumosa A.P., CoauHos C.A., icmarunos 3.P,
Bpycuna E.B. [lononHutenbHbIN pesepByap rocnutanbHbIX MUKPOOPraHN3MOB B MEAMLIMHCKUX OpraHnsaumnsx. XKypHar
mukpobuornoeuu, anudemuonoauu u ummyHobuonoauu. 2021;98(3):266—275.
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Introduction most (60%) of HAIs develop through colonization of

The intensive development of medical techno-  patients’ and healthcare workers’ loci with hospital-as-
logies is inextricably entwined with the importance of  sociated pathogen strains (clones) [1]. The body of pa-
efficient control measures for preventing healthcare-as-  tients is the main reservoir of HAI-causing pathogens,
sociated infections (HAIs). In a present-day facility,  providing selection and accumulation of epidemic vari-
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ants of pathogens. In the meantime, 30% of all HAIs
are caused by sapronotic pathogens with their reservoir
supported by a hospital environment [2]. Such micro-
organisms (MOs) are characterized by high tolerance
to unfavorable factors; they multiply and accumulate
in water, solutions, and moist environments [3, 4]; they
can persist on equipment [5] and even on dry surfaces
for a long time [6]. The role of airborne dust trans-
mission in the spread of multi-resistant MOs has been
poorly studied and is controversial [7].

The aim of the work is to study an additional res-
ervoir of MOs at healthcare facilities.

Materials and methods

The study was performed at various healthcare fa-
cilities in the Kemerovo Region: in surgery, resuscita-
tion, pediatric care, and infectious diseases departments.
Dust was collected in operating, treatment, dressing,
examination rooms, and sterilization centers; intensive
care units, wards of purulent, general and pediatric sur-
gery departments, oncology, chemotherapy, pulmonary
departments, divisions of pediatric infectious diseases,
and the COVID-19 specialized hospital.

Dust samples (n = 97) were collected with sterile
gloves in sterile containers from the inner side of vent
grilles and adjacent air ducts of exhaust ventilation sys-
tems at different healthcare facilities.

The shape, size, and elemental composition of
dust particles (n = 28) were examined with a Jeol JSM-
6390 LA microscope (Jeol) by using scanning electron
microscopy. The high-temperature catalytic oxidation
technique (a CHNSO analysis) performed with a Flash
2000 elemental analyzer (ThermoScientific) was used
for estimating the content of elements (C, H, N, S) in
the organic matter. The average size and size distribu-
tion of dust particles in the solution (n = 28) were mea-
sured with a Zetasizer Nano ZS laser analyzer (Malvern
Instruments) by using a dynamic light scattering tech-
nique. Prior to the photography, the examined particles
were resuspended in filtered (220 nm) sterile bi-dis-
tilled water and were exposed to ultrasound for 20 min
until stable disperse systems were obtained. Then, large
particles were removed by filtration through a paper fil-
ter and filtering cartridges with 450 and 220 nm pore
diameter. 10-50 measurements were made for each
sample until at least 5 convergent results were obtained.
During the measurement process, the temperature was
set at 25°C (with preliminary 20-minute thermostating).

For detection of the RNA of rotaviruses group A,
astroviruses, and noroviruses genotype Il in all samples
(n =97), we used a polymerase chain reaction (PCR)
with hybridization-fluorescence detection with an Am-
pliSensRotavirus/Norovirus/Astrovirus-FL kit (Central
Research Institute of Epidemiology, Russian Federal
Service for Surveillance on Consumer Rights Protec-
tion and Human Wellbeing). The similar technique was
used for identification of RNA of enteroviruses (n =97,

ORIGINAL RESEARCHES

the AmpliSens Enterovirus-FL kit), RNA of hepatitis
A virus (n = 97, the AmpliSens HAV-FL kit), RNA of
SARS-CoV-2 (n=22, the RealBest RNA SARS-CoV-2,
Vector-Best), and for identification of DNA of Shigella
spp., enteroinvasive E. coli, Salmonella spp. and ther-
mophilic Campylobacter spp. (n = 97, AmpliSens Shi-
gella spp. and EIEC/Salmonella spp./Campylobacter
spp.-FL kits).

The authors’ unique method was used to examine
the bacterial composition: Dust samples (n = 97) were
seeded in 1% sugar broth and incubated for 24 hours at
37°C. Then, the cultures were reseeded on blood agar,
Candida agar, Orientation agar, and further incubated
at the same temperature during the same time. For dif-
ferential diagnosis of gram-negative MOs (enterobac-
teria and non-fermenting bacteria), the cultures were
reseeded on the Kligler medium to be further grown
in an incubator following the protocol. The species
identification was performed with VITEK®*2 Compact,
a bacteriological automated analyzer (BioMerieux),
and VITEK®2GN cards designed for identification of
clinically significant fermenting and non-fermenting
gram-negative rods and including 47 individual bacte-
riological tests as well as VITEK®2GP cards designed
for identification of 120 gram-positive MOs. To fill out
the respective instrument cards, the obtained cultures
were used to prepare a suspension with an optical den-
sity of 0.50-0.63 McFarland standard in accordance
with the manufacturer’s instructions (BioMerieux). The
antimicrobial susceptibility was tested with a VITEK®*2
Compact analyzer.

The indication of biological films on surfaces of
29 grilles of exhaust ventilation systems was performed
with a BFR peroxyfilm catalase indicator (BFR labo-
ratories) in accordance with MR 4.2.0161-19, Indica-
tion Techniques for biological films of MOS on abiotic
items.

The total number of MOs in one cubic meter of
air (CFU/m?) was measured in different functional divi-
sions of a healthcare facility, within 1 m from the ven-
tilation grilles, before and after the windows and doors
were opened; the measurements were made by using
the aspiration technique, including the Flora-100 mi-
crobial air sampler (n = 18). The specified air volume
was 250 dm’.

The results were statistically processed with the
GraphPad Prism7 program (GraphPad Software).
Two independent groups were compared by using the
Mann-Whitney U test. The differences between the
variables were assessed by using the Wilcoxon test, y?
at the confidence parameter p < 0.05.

Results
It was found that 69 dust samples contained
MOs (71.13%). Bacteria (68.04%) were identified in
66 samples out of 97 samples; viruses (13.4%) were
identified in 13 samples. 11 samples (the sixth of all
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MO-containing samples) had both viruses and bacteria
(11.3%). Only 5 samples had mold fungi (5.15%). The
bacterial diversity is represented by 21 genera and sig-
nificant prevalence of gram-negative bacteria (76.74%)
over gram-positive (23.26%) bacteria; the examina-
tion detected 69.44% of antibiotic-resistant strains by
the bacterial composition; development of biofilms
was detected in 48% of cases. Sporous types of bac-
teria accounted for 41.1%. The examination identified
Staphylococcus  pseudintermedius, — Staphylococcus
hominis ssp. hominis, Micrococcus spp., Enterococcus
faecium, Enterococcus faecalis, Enterococcus durans,
Moraxella lacunata, Raoultella ornithinolytica, Rhi-
zobium radiobacter, Klebsiella pneumoniae, Kluyvera
intermedia, Pantoea, Pasteurella canis, Pasteurella
testudinis, Pseudomonas aeruginosa, Pseudomonas lu-
teola, Aeromonas sobria, Sphingomonas paucimobilis,
Brevundimonas diminuta, Acinetobacter baumannii,
Acinetobacter haemolyticus, Acinetobacter Iwolffi, She-
wanella putrefaciens, Serratia plymuthica, Bordetella
bronchiseptica, Salmonella spp., Campylobacter spp.,
Chromobacterium violaceum, Cronobacter dublinen-
sis. The most frequent dust contaminants were Entero-
coccus spp. (16.28%). Bacteria of the sapronoses group
accounted for 51.16%; Sphingomonas paucimobilis
(13.96%) and Acinetobacter spp. (6.98%) demonstrat-
ed the highest occurrence.

The RNA of rotaviruses A group was detected in
13 (13.40%) dust samples out of 97 samples; the RNA
of noroviruses genotype 2 was found in 3 (3.09%)
samples. Viruses were identified at pediatric in-pa-
tient facilities (p = 0.0004). SARS-CoV-2 RNAs were
not detected in any of the examined samples (n = 22)
collected at the COVID-19 hospital and at non-infec-
tious healthcare facilities having the imported cases of
COVID-19.

The re-examination (in 6 months) of the micro-
flora of the inner surface of identical ventilation grilles
and adjacent air ducts detected bacteria in all cases,
though no presence of viral nucleic acids was detected.

It was found that the total microbial count during
the window and door opening was 20-736 CFU/m’,
the mean values before and after windows and doors
were opened amounted to 276 and 462, respectively.
The total microbial count during the window and door
opening changed from a few numbers to 10 times, p =
0.046 (Fig. 1).

In surgery departments, the occurrence of bacteria
in dust was 4 times as high as in non-surgery depart-
ments (p = 0.0001), while no significant differences in
the occurrence of duct contaminated with viruses were
found (p = 0.361).

The dust in medical technology areas was contam-
inated with MOs 2.45 times more rarely than the dust in
patients’ area (wards), p = 0,0001.

The examined samples had two morphological
types of dust (Fig. 2): Those with globular particles

(60.71%) and micro-sized fibers (39.29%) regardless
of the specialization of departments and the location
of healthcare facilities. Although the occurrence rate
of MO contamination of dust with micro-sized fibers is
higher (OR =1.78 [0.23—15.06]; ¥*=0.431; p = 0.512),
its statistical significance was not confirmed.

All the samples had a nanosized fraction of dust.
The dependence between sizes of dust particles and de-
partment specialization has not been found.

The examination confirmed the presence of an
organic substrate in the samples; the proportions of
elements were as follows: carbon (16.26-50.69%), ni-
trogen (1.59-25.03%), hydrogen (2.03—-6.67%), sulfur
(0.15-2.38%) and oxygen (20.02-37.50%); the dust
collected in resuscitation and pediatric care depart-
ments contained a higher weight percentage of nitro-
gen than the dust collected in surgery departments (p =
0.003). The dust collected in wards contained a higher
weight percentage of nitrogen than the dust collected in
operating rooms (p = 0.05; Fig. 3).

The examination of the mineral constituent of dust
samples revealed the presence of sodium (0.07-1.86%),
magnesium (0.11-1.40%), aluminum (0.36—1.78%),
silica (0.21-4.64%), phosphorus (0.04—0.81%), sul-
fur (0.19-2.58%), chlorine (0.05-2.83%), potassium
(0.04-0.85%), calcium (0.19-7.49%), and iron (0.08—
1.61%). A high weight percentage of potassium (p =
0.05) and carbon (p = 0.02) was found in resuscitation
and pediatric care departments (Fig. 4). The dust con-
taining adsorbed viruses had a higher weight percent-
age of oxygen (p = 0.003) in the inorganic portion and
a higher weight percentage of nitrogen (p = 0.04) in the
organic portion than virus-free dust (Fig. 5).

The summarized characteristics of the correlation
relationships are shown in the heat map (Fig. 6).
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Fig. 1. The total microbial count in the wards of healthcare
settings before and after opening doors and windows.
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Fig. 2. Morphological characteristics of dust samples with micro-sized fibers (a) and globular particles (b).

Discussion

The hospital facility is a specific environmental
system characterized by continuous selection of strains,
which are able to compete efficiently with other MOs
and to form hospital clones possessing a high epidemic
potential as well as the ability to cause severe forms
of infections and persist in a hospital environment for
a long time [1]. At present, there have been a lot of
studies addressing the risk, conditions of retention, and
accumulation of HAI pathogens on different items in
a hospital environment, equipment, drug, and disinfec-
tant solutions. It has been found that the retention of
viable MOs depends on the environmental temperature,
humidity [8], and pH as well as on the presence of other
MOs, chemical substances, and surface materials (me-
tal, plastic, rubber, etc.) [9]. Detailed studies have been
performed regarding different transmission factors such

as water, hands, tools [10], solutions, and structural
parts of devices and instruments [11, 12].

It is assumed a priori that the presence of dust at
healthcare facilities is very low and, subsequently, its
role in transmission of HAI pathogens is insignificant.
However, in recent years, the aerosol transmission of
HAI pathogens has attracted increasing attention. In
their studies, Bourouiba et al. convincingly demonstra-
ted the turbulent nature of the aerosol flow propagation
resulting from physiological and pathological respira-
tory acts, and its directed movement not only in sag-
ittal plane, but also into upper layers of the indoor air,
including air ducts, as well as indefinitely long circula-
tion of nanosized particles and the ability of the aerosol
cloud fraction to move over large distances [13]. Air
ducts are subject to regular disinfection. However, in-
ner surfaces of ventilation grilles and adjacent air-duct
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sectors are frequently contaminated with dust, as they
are inaccessible for regular cleaning, dust removal and
disinfection. As a result, a reservoir for MOs is created,
and these MOs forming the dust particle-MO complex
can be redelivered along with air flows into patients’
breathing zone, entering the patients’ nasal pharynx and
respiratory tract. The discovered wide range of MOs,
including multi-resistant strains of bacteria, RNAs
of rota- and noroviruses, and high occurrence of dust
contamination on ventilation grilles, suggests the pos-

sibility of not only retention, but also accumulation
and redelivery of actual HAI pathogens to the hospi-
tal environment. The experiment involving opening of
windows and doors confirmed a significant increase in
the microbial content of the ward air within 1 m un-
der the ventilation grille, thus proving the possibility
of contamination both of a patient’s breathing zone
and surfaces in the hospital setting as well as the risk
of colonization of a patient’s loci. Such redelivery of
rotaviruses into the hospital environment can lead to
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Fig. 5. The content of ovigen (a) and nitrogen (b) in the dust with and without adsorbed viruses (weight percent).
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Fig. 6. Heatmap. The color indicates the correlation coefficients.

group incidence of nosocomial rotavirus infection, as
the infecting dose for disease development can be very
small. The nanosized fraction (< 5 pm) found in all the
examined dust samples confirmed the risk of longtime
circulation of the particle-MO complex in the air en-
vironment and its penetration to the lower respiratory

tract, which, at minimum, opens the way to coloniza-
tion of this locus. The obtained data correlated with the
findings of other researchers [14].

Apparently, unfavorable conditions typical of dry
dust shaped the selectivity of MO retention: A signifi-
cant proportion of the bacteria isolated from dust were
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gram-negative (76.74%) and demonstrated antibio-
tic resistance (69.44%), nearly half of them belonged
to the sapronoses group, were of sporous type, and
formed biofilms, thus contributing to the role of dust
in retention of MO strains characterized by widespread
occurrence. However, bacterial survival on items of
a hospital environment cannot be seen as a sufficient
criterion of existence of an additional reservoir in hos-
pital-associated dust. In the meantime, the lifetime of
HALI pathogens in dust (6 months), the confirmed pres-
ence of an organic substrate (carbon, hydrogen, nitro-
gen, sulfur, and oxygen), and the observed diversity of
trace elements (sodium, magnesium, aluminum, silica,
phosphorus, potassium, calcium, and iron) imply that
the dust accumulated on inner surfaces of ventilation
grilles and adjacent air-duct sections of exhaust sys-
tems can be seen as an additional reservoir of resistant
hospital-associated MO strains. Previously, we demon-
strated a trigger role of carbon microparticles present
in dust in retention of HAI pathogens [15]. As for the
relationship between the morphology of dust particles
and the frequency/type of MO contamination, it needs
further exploration. At the moment, we can assert that
the significance of this additional reservoir is different
for different structural and functional divisions of an
in-patient facility as well as for MO types.

Conclusion

At healthcare facilities, exhaust ventilation and
air-duct grilles can serve as an additional reservoir of
microorganisms causing HAIs and contribute signifi-
cantly to persistence of a HAI epidemic process.
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