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Abstract

Introduction. SARS-CoV-2 can be transmitted by infected people without or with mild symptoms of acute respira-
tory infection (ARI). Monitoring based on nucleic acid amplification techniques is used to measure the prevalence
of ARI pathogens and to assess the effectiveness of preventive measures.

The aim is to measure the prevalence of pathogens causing ARIs of viral etiology, influenza, and COVID-19
among individuals without ARl symptoms throughout age groups, to trace changes in the epidemic situation by
weekly monitoring pathogens during the inter-epidemic period and at the beginning of a typical ARI epidemic
season, to assess the effectiveness of medical masks for prevention of the above infections.

Materials and methods. A total of 14,119 people (including 4,582 children) without ARI symptoms went through
examination, including questionnaire surveys, in 26 regions of Russia from August to October 2020. Nasopharyn-
geal and oropharyngeal swabs were tested by using AmpliSens ARVI-screen-FL, AmpliSens Influenza virus A/B-
FL, and AmpliSens Cov-Bat-FL reagent kits (The Central Research Institute of Epidemiology of Rospotrebnadzor,
Moscow).

Results. 11.1% of the tested samples showed positive results; the rhinovirus prevailed (7.32%), while SARS-
CoV-2 was detected in 1.66%. In autumn, the proportion of SARS-CoV-2 infected cases increased from 0.49% to
4.02% (p < 0.001). The SARS-CoV-2 RNA concentration was up to 10'° copies/mL.

Conclusions. Differences in the prevalence of SARS-CoV-2 and rhinovirus among the age groups and over
time were found and analyzed. Using of medical masks reduced the risk of infection with respiratory viruses and
with SARS-CoV-2 by 51% and 34%, respectively. In case of prolonged exposure to a COVID-19 patient, healthy
people must use a respirator for more effective protection. The individuals whose work was associated with a high
level of social contacts were infected more rarely than other individuals in the same age group (p = 0.001); this
fact supports the importance of anti-epidemic measures and commitment to their adherence by people whose
profession entails frequent social contacts.
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AHHOMauus

BBepeHue. B pacnpoctpaHeHnn SARS-CoV-2 MoryT y4acTBoBaTb MH(PUUMPOBAHHbIE, Y KOTOPbLIX OTCYTCTBYHOT
unn cnabo BbIpaXeHbl CUMMNTOMbI OCTPOW pecnupaTtopHon uHdekunn (OPU). MOHUTOPUHT C MCNOMb30BaHMEM
METOAOB aMnnndUKaunmM HyKNeMHOBBLIX KUCMOT MO3BOMSIET ONpenenuTb pacnpocTpaHEHHOCTL BO3OyauTenen
OPW 1 oueHnTb 3hheKTUBHOCTb NPOIUNAKTUHECKMX MEP.

Llenn — onpegenuTb pacnpocTpaHéHHocTb Bo3byauTenen OPW BupycHon atuonoruu, rpunna n COVID-19 cpe-
oy nuy 6e3 cumntomoB OPW B BO3pacTHLIX rpynnax, NpocrneanTb U3MEHEHME 3NUAEMUYECKON CUTYaLun NyTEM
MOHMWTOPUHra B eXeHeAeNnbHOM pexvnmMme Bo3byauTenen B MEXaNnMAeMUYECKNA U B Havane TpagauLMoHHOro anu-
aemunyeckoro cesoHa OPU, oueHnTb 3hheKTUBHOCTE MEANLIMHCKUX MACOK AN NPOUNakTUKn STUX NHEEKLMIA.
Martepuanbl u metogbl. C aBrycta no okta6pb 2020 r. B 26 permoHax P® obcrnenoBaHo ¢ aHKETUpPOBaHMEM
14 119 nuy (u3 HUx 4582 peten), He umeBLLMX cumnTomoB OPW. Ma3sku 13 HOCO-pOTOrMOTKM TeCTUpoBanu Habopa-
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mu peareHToB « AMnnnCeHc OPBU-ckpnH-FL», « AMnnnCenc Influenza virus A/B-FL» n «kcAmnnnCeHc Cov-Bat-FL»
(LHWN 3nnpemunonorun PocnotpebHaasopa, Mockea).

Pesynbratbl. [onoxutenbHble pesynsratbl 66inm nonyyveHsl B 11,1% nccnenoBaHHbIX 06pas3uoB, NpeBanmpo-
Ban puHosupyc (7,32%), SARS-CoV-2 obHapyxeH y 1,66%. OceHblo gons cnyyaes uHdpuumposanus SARS-
CoV-2 Beipocna ¢ 0,49 po 4,02% (p < 0,001). KoHueHTpaumsa PHK SARS-CoV-2 coctaBnsana go 10'° konun
B 1 Mn o6pasua.

BbiBoAbIl. YCTaHOBMNEHbI pa3nuumsa pacnpoctpaHéHHocTn SARS-CoV-2 1 pMHOBMpYCca B BO3PACTHBIX rpynnax u
B AuHamMuke. MNprMeHeHne MeanNLMHCKUX MacoK CHUXKarno puck MHULMPOBaHMS peCNMPATOPHLIMU BUpYCaMU Ha
51%, puck 3apaxeHunst SARS-CoV-2 — Ha 34%. [Ins obecneyeHus 6onee addeKTMBHON 3aLUMThl NPpY NPOAON-
XUTENbHOM KOHTakTe ¢ 6onbHeiM COVID-19 300poBbIM NyuaM HeobxoaMmo ucnonb3oBaTtb pecnupatop. Jlnua,
Ybsl NPOdeCCHs CBA3aHa C BbICOKMM YPOBHEM COLIMANbHbIX KOHTAKTOB, MH(PMLMPOBANUCH peXe, Yem nuua 3ToNn
e Bo3pacTHon rpynnbl (p = 0,001), yTo noaTBEPXKAAET AENCTBEHHOCTb NPOTMBO3NNAEMUYECKUX MEP U NpUBEp-
YKEHHOCTb K MX cobnoaeHunto noabMu, Ybsi IPOdECCHst CBAI3aHa C YaCTbIMK COLManbHbIMU KOHTaKkTaMMm.

KnroueBble cnoBa: OPBU, COVID-19, 6eccumnmomHoe meyeHue, NLIP, meduyuHcKue macku

Amuyeckoe ymeepxxdeHue. VlccneqoBaHue NpoBoAMIoCh Npu 40O6POBOSILHOM UHPOPMMPOBAHHOM Cornacuy nauu-
eHToB. [MpoTokon uccnegoBaHuns ogobpeH ATndeckum komutetom LIHU Snupemmnonorumn PocnotpebHaasopa (npo-
Tokon Ne 106 ot 16.06.2020).

BnazodapHocmu. ABTOpPbI BblpaXatoT NpU3HATENbHOCTb COTpyAHWKaM YnpaeneHuin PocnotpebHagsopa u ®BY3
LIeHTpOB rurneHsl 1 anMaemMmnonorimn, opraHn3oBasLlMM obcnegoBaHve 1 NpoBeaeHe NabopaTopHbIX UCCIeA0BaHNUM,
B ocobeHHocTu: A.A. MenbHukoBon, U.A. Morapckon, M.B. 3y6osoi, A.C. UrHaweson, J1.A. MNo3gHsikoson, T.M. Ko-
necenkoson, [1.C. Banuesow, H.H. TonunuHon, U.B. LWpengep, O.H. Nopoxosow, E.J1. MNpoTtacoson, T.A. MaBpunoson,
A.A. lopoxKOBOWA, @ Takke BCEM y4acTHMKaM NuUoTHoro npoekTta PenepansHoi cnyxbbl No Hag3opy B cdepe 3aluTbl
npae notpebuTtenen n Gnaronony4usi Yernoseka «MccrnegoBaHue pacnpoctpaHéHHOCTH Bo3byauTenen OPBW, rpunna n
COVID-19 B MeXanuaemMmnyeckuin nepmog».

HUcmoyHuk ghuHaHcupoegaHusi. ViccnegoBaHve NPOBOAUINOCH B pamMKax rocyaapcreeHHoro 3aganus LUHUW Snugemu-
onorun PocnotpebHaasopa.

KoHgpbnnukm uHmepecoe. ABTOpbI AeKNapuUpyoT OTCYTCTBUE SIBHLIX M MOTEHUMANbHbLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauunern HacTosILLEeln cTaTbu.

Ansa yumupoearus: AubiumHa C.B., MamowwHa M.B., EnbkuHa M.A., Lapyxo I.B., Pacnonosa O.U., ®onbmep A.A.,
Aranos K.A., Bnagnmupos N.M., 3ybapesa O.B., Hosukosa N.C., BoHagapesa O.B., l'nb B.A., Kosnosckux [.H., Po-
maHoB C.B., QukoHckas O.B., NoHomapesa A.B., Ynctakosa W.B., KouHesa H.U., FOpoBckux A.W., KagHukosa E.I.,
Kunsunna A.C., JlyunHuna C.B., Kocapesa PP, Yupkosa I'l., BaneynnuHa H.H., Jlebenesa J1.A., etkoBckas T.H.,
Abbacosa E.N., PomaHoBa O.B., MateipoBa E.B., AkumkuH B.I. PacnpocTpaHéHHocTb Bo3byautenenr OPBW, rpunna
n COVID-19 y nuu 6e3 cuMnTOMOB pecnmpaTtopHon uHdpekumn. XKypHan Mukpobuonoauu, 3nudemuonoauu u UMMyHO-
6uonoeuu. 2021;98(4):383-396.
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Introduction SARS-CoV-2 is primarily transmitted through

The data collected over the year, starting from the
COVID-19 outbreak that took place in China at the end
of December 2019 and throughout its transition into the
pandemic demonstrate that the pathogen can be trans-
mitted by SARS-CoV-2 infected individuals without
or with mild symptoms of acute respiratory infection
(ARI). The results of meta-analyses [1, 2] show that as-
ymptomatic COVID-19 cases can account for 40—45%.
In the meantime, these data were generally obtained
from workers of healthcare facilities and restricted-ac-
cess groups; therefore, they do not reflect the preva-
lence of asymptomatic infection in a population.

The rapid global spread of SARS-CoV-2 made it
clear that extensive testing of population was of crucial
significance for projection, effective implementation
and correction of anti-epidemic measures. Nucleic acid
amplification techniques take center stage in labora-
tory diagnostics of COVID-19 and in detection of its
pathogen.

Based on the aforesaid, the area of special interest
is analysis of prevalence of the COVID-19 pathogen
among the healthy population and comparison with
other pathogens of acute respiratory virus infection
(ARVI]), and influenza.

respiratory droplets and contact routes, as the aerosols
and droplets resulting from cough and sneezing settle
down on objects and surfaces surrounding the infected
person [3]. SARS-CoV-2 can replicate in cells of the
gastrointestinal tract [4], therefore, the virus can be
transmitted through a fecal-oral route.

Using of personal protective equipment (PPE), in-
cluding medical masks, by both infected patients and
healthy people is among the measures of nonspecific
prevention of ARVI'.

Until recently, no broad-scale studies have been
conducted in Russia to assess the effectiveness of using
medical masks and other PPE in a population to prevent
ARVI, influenza, and COVID-19.

This study was intended to:

» measure and characterize the prevalence of AR-

VI, influenza and COVID-19 pathogens among
people without ARI symptoms in different age
groups during the inter-epidemic period and at
the beginning of a typical ARVI epidemic season
by using nucleic acid amplification techniques;

! Methodological Recommendation MR 3.1.0140-18, Nonspecific
Prevention of Influenza and Other Acute Respiratory Infections.
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* trace changes in the epidemic situation through
weekly monitoring of the prevalence of ARVI,
influenza, and COVID-19 pathogens among
people without ARI symptoms;

» assess the effectiveness of PPE for the purpose
of prevention of COVID-19, ARVI, and influ-
enza.

Materials and methods

The study was conducted as part of the pilot proj-
ect of the Federal Service for Surveillance on Con-
sumer Rights Protection and Human Wellbeing and
was focused on weekly analysis of the prevalence dy-
namics for ARVI, influenza, and COVID-19 pathogens
during the inter-epidemic period and at the beginning
of the typical ARVI epidemic season from 1/8/2020 to
16/10/2020 in 26 regions of Russia.

The study participants were individuals who did
not have any ARI symptoms within the last 2 weeks
and at the time of the testing, and who signed their in-
formed consent to participation in the study. The exclu-
sion criteria were applicable to those who had visited
other countries during the last 2 weeks as well as to
restricted-access groups (military personnel, workers of
long-term care facilities).

The laboratory tests were conducted by using the
PCR method with real-time detection. To detect nucle-
ic acids of 17 types of respiratory viruses: rhinovirus
RNA, adenovirus DNA, RNA of human coronaviruses
(229E, OC43, HKUI, NL63), bocavirus DNA, respi-
ratory syncytial virus RNA, metapneumovirus RNA,
parainfluenza virus RNA, influenza virus RNA, SARS-
CoV-2 RNA, we used AmpliSens ARVI-screen-FL,
AmpliSens Influenza virus A/B-FL, and AmpliSens
Cov-Bat-FL reagent kits (The Central Research Insti-

ORIGINAL RESEARCHES

tute of Epidemiology of Rospotrebnadzor). Nasopha-
ryngeal and oropharyngeal swabs served as the biolog-
ical material for the study; the swabs were collected in
accordance with the methodological recommendations
MR 3.1.0117-17 "Laboratory Diagnostics of Influenza
and Other ARVI by Using the Polymerase Chain Reac-
tion Method", MR 3.1.0169-20 "Laboratory Diagnos-
tics of COVID-19"; the informed consent was signed
by all the participants.

For statistical processing and visual presentation
of data, we used PASW Statistics 18 (SPSS) and Mic-
rosoft Excel 2010.

Results

The study included 14,119 individuals (including
4,582 children, 9,532 adult individuals; no age infor-
mation was available in 5 cases). For calculations and
their analysis, the participants were divided into groups
by age, social (schoolchildren and students) and profes-
sional criteria.

The age groups included:

¢ children under 6 years old (n =2,116);

e children aged 617 years (n = 2,466);

* individuals aged 18-25 years (n = 2,786);

* individuals aged 26—64 years (n = 4,609);

* people aged 64 years and over (n = 2,137).

During the monitoring period, the target patho-
gens (combined) were detected in 1,572 (11.1%) par-
ticipants. The absolute number and proportion of the
positive results are shown in Table 1. The prevalence of
SARS-CoV-2 as well as ARVI and influenza pathogens
in age groups is presented in Table 2.

At the beginning of the epidemic season, the target
pathogens (combined) were detected in 14.7% (689 out
of 4,674) of the people and during the inter-epidemic

Table 1. The number and proportion of the SARS-CoV-2, ARVI, and influenza infected among people without ARI symptoms

Entire observation period Interepidemic period Beginning of the epidemic
Pathogen 31-42 week (n = 14,119) (n=9,445) season (n = 4,674) P
n % n % n %

SARS-CoV-2 RNA 234 1,66 46 0,49 188 4,02 <0,001
Rhinovirus RNA 1033 7,32 624 6,61 409 8,75 <0,001
Adenovirus DNA 36 0,25 25 0,26 11 0,24 0,8
Human coronaviruses RNA 19 0,13 10 0,11 9 0,19 0,2
(229E, OC43, HKUI, NL63)
Bocavirus DNA 18 0,13 15 0,16 3 0,06 0,2
Human respiratory 21 0,15 17 0,18 4 0,09 0,2
syncytial virus RNA
Metapneumovirus RNA 27 0,19 16 0,17 11 0,24 0,4
Parainfluenza virus RNA 152 1,08 103 1,09 49 1,05 0,9
Influenza A RNA 24 0,17 20 0,21 4 0,09 0,1
Influenza B RNA 8 0,06 7 0,07 1 0,02 0,3
Total 1572 11,1 883 9,35 689 14,74 <0,001
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Table 2. Prevalence of SARS-CoV-2, ARVI, and influenza pathogens in age groups
Age groups, years
Pathoaen 0-2 3-5 6-17 18-25 26-64 >64
9 (n=532) (n=1584) (n = 2466) (n=2786) (n = 4609) (n=2137) p
n % n % n % n % n % n %

All pathogens 80 1504 299 18,88 341 13,83 262 940 389 844 154 7,21 <0,001
SARS-CoV-2 RNA 5 0,94 15 0,95 41 1,66 35 1,26 94 2,04 44 2,06 <0,01
Rhinovirus RNA 61 11,47 248 1566 258 10,46 170 6,10 222 4,82 74 3,46  <0,001
Adenovirus DNA 9 1,69 9 0,57 2 0,08 4 0,14 9 0,20 3 0,14  <0,001
Human coronaviruses RNA 2 0,38 2 0,13 3 0,12 7 0,25 4 0,09 1 0,05 0,2
(229E, OC43, HKUI, NL63)

Bocavirus DNA 1 0,19 0,13 0,20 0,14 0,09 2 0,09 0,8
Human respiratory 1 0,19 4 0,25 0,12 0,07 0,13 5 0,23 0,6
syncytial virus RNA

Metapneumovirus RNA 2 0,38 7 0,44 2 0,08 5 0,18 8 0,17 3 0,14 0,2
Parainfluenza virus RNA 5 0,94 18 1,14 32 1,30 30 1,08 43 0,93 24 1,12 0,8
Influenza A RNA 1 0,19 2 0,13 4 0,16 0,22 7 0,15 4 0,19 1
Influenza B RNA 1 0,19 1 0,06 0,00 4 0,14 1 0,02 1 0,05 0,2

period they were detected in 9.35% (883 out of 9,445)
of the people (p < 0.001).

Most of the detected cases of infection (7.32%)
were caused by the rhinovirus. The proportion of indi-
viduals with rhinovirus infection was quite high both
during the inter-epidemic period and at the beginning
of the epidemic season — 6.61 and 8.75% of the partic-
ipants, respectively.

SARS-CoV-2 was detected much less frequently:
During the observation period, the virus was detected
in 1.66% of examined persons. Yet, in autumn 2020, a
statistically significant increase (8.3 times) in the pro-
portion of the detected cases of SARS-CoV-2 infection
(from 0.49 to 4.02%; p < 0.001) was recorded among
the participants (Table 1) as compared to the proportion
in August 2020.

The proportion of the detected cases with rhino-
virus infection at the beginning of the epidemic season
increased only 1.3 times as compared to the proportion
in the inter-epidemic period (Table 1).

Parainfluenza viruses were detected equally fre-
quently both during the inter-epidemic period and at
the beginning of the epidemic season (1.09 and 1.05%).
The prevalence of the other ARVI pathogens and influ-
enza A and B viruses did not exceed 1% (Table 1).

Differences were found in the SARS-CoV-2 and
rhinovirus detection dynamics. The chart of weekly dy-
namics (Fig. 1) shows an increase in the number of cases
of rhinovirus infection starting from the 35" week and its
decrease from the 40™ week. During that time, the num-
ber of positive SARS-CoV-2 cases increased uniformly
from the 35" week to the 42" week (the increase over
the 41 and 42" weeks was 39 and 21%, respectively).

The prevalence of other target pathogens did not exceed
1%; any spread was within the margin of error.

Our data on the dynamics of rhinovirus infection
and SARS-CoV-2 prevalence among individuals with-
out ARVI symptoms are in agreement with the data
published in the National Weekly Bulletin issued by
the Smorodintsev Research Institute of Influenza of the
Ministry of Health of Russia regarding the frequency
of diagnosis of rhinovirus infection and COVID-19 in
people with ARVI symptoms?. Based on the data from
the Smorodintsev Research Institute of Influenza, the
proportion of positive cases of rhinovirus infection
starts decreasing, while the SARS-CoV-2 detection rate
starts increasing from the 39" week.

When making prognoses for the dynamics of an
epidemic process, the priority attention should be giv-
en to the proper sample of participants, first of all,
to the size of the sample to be able to identify statis-
tically significant differences in detection rates of a
pathogen.

To calculate the size of a sample group of partici-
pants, we used the following equation [5]:

Z’pq
A2

n=

where:
n — the size of the sample required for the study;

2 Smorodintsev Research Institute of Influenza of the Ministry of
Health of Russia. The National Weekly Bulletin for Influenza and
ARVI for the 22" Week of 2021. (31/5/21-6/6/21). Available at:
https://www.influenza.spb.ru/system/epidemic_situation/labora-
tory diagnostics
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Fig. 1. Weekly dynamics of the number of the infected.
The vertical axis shows the proportion of positive cases in the total number of participants, %.

Z — the critical value for Student’s t-test at the respec-
tive level of significance (when o = 0.05 Z = 1.96);

p — the proportion of cases with the target sign in a
population;

g — the proportion of cases without the target sign
(100 — p) in a population;

A — the maximum permissible error.

During the first weeks of monitoring, we identified
prevalence rates for ARVI, influenza, and COVID-19
pathogens, which were used in calculations of the sam-
ple size. The minimum size of the sample for pathogens
with the prevalence exceeding 1% was at least 1,961
people. This size of the sample is sufficient for iden-
tification of statistically significant differences in vari-
ables when conducting monitoring focused on weekly
dynamics. These sample sizes stayed almost unchanged
till the end of the study.

The questions regarding what age groups were
involved in the ARVI epidemic process and if there
were any special features attributable to COVID-19
were of special interest. In other words, it was import-
ant to analyze changes in the detection of different
pathogens of ARVI, influenza, and COVID-19 in peo-
ple of different age.

During the monitoring period, the maximum pro-
portion of detection of the target pathogens (combined)
was recorded in the age group of 3-5 years (18.9%).
The rhinovirus was detected in most of the cases; it was
detected in 15.66% of participants in the age group of
3-5 years; then, in the decreasing order, there were the
group of children under 2 years (11.5%) and the group

of children aged 617 years (10.5%); in adult groups,
rhinovirus was detected significantly less frequently
(» <0.001; Table 2).

On the contrary, SARS-CoV-2 was detected more
frequently in adult participants over 26 years of age and
more rarely in younger children (2.0% vs 0.95%) (p <
0.01). In the groups of participants aged 6—17 years and
18-25 years, SARS-CoV-2 was detected in 1.66 and
1.26% of participants, respectively.

The proportion of adenovirus-infected children
under 2 years old was significantly higher than that of
the older children (6—17 years): 1.69 and 0.08% (p <
0.05; Table 2).

There were also differences in the dynamics of de-
tection of SARS-CoV-2 and rhinovirus in different age
groups (Fig. 2, 3).

The 40" week demonstrated an increase in SARS-
CoV-2 infection among the school-aged children
(6-17 years), adult individuals aged 18-25 years and
individuals aged over 64 years. A week later, we ob-
served an increase in the proportion of infected adults
aged 26—64; by the 42" week, this proportion reached
maximum values exceeding 2 and 3 times the propor-
tion of SARS-CoV-2 infected children aged 6—17 and
individuals aged 18-25, respectively. In the group of
preschool children (0-5 years), no significant increase
in the SARS-CoV-2 infection frequency was found in
autumn (Fig. 2).

As for rhinovirus, on the contrary, individuals
aged 26—64 years and over, as compared to other age
groups, demonstrated the minimum infection level
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Fig. 3. Dynamics of rhinovirus detection rates in age groups.
The vertical axis shows the proportion of positive cases in the total number of participants, %.

throughout the monitoring period. At the same time,
children and individuals aged 18-25 demonstrated a
significant increase in the rhinovirus detection rate by
the 40" week and a decrease to the initial level by the
42 week (Fig. 3).

Discussion

Thus, the study found that in autumn 2020, the
epidemic process of SARS-CoV-2 spread initially af-
fected schoolchildren (6—17 years), young adults (18—
25 years), and elderly people (>64 years) followed by
adult people (26-64 years). Preschool children were in-

volved in the epidemic process of SARS-CoV-2 spread
to a lesser extent.

The prevalence of pathogens among students was
estimated separately. At the beginning of the epidem-
ic season, the students were infected with the above
pathogens more rarely than children in total (11.5 and
19.7%; p < 0.001) and schoolchildren (11.5 and 18.9%;
p < 0.001). Rhinovirus infection was detected in the
students more rarely than in the children and school-
children (7.3, 15.5 and 13.2%; p < 0.001). At the same
time, SARS-CoV-2 was detected in all 3 groups almost
with the same frequency: 2.3, 2.4, and 3.7%. Thus, the
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obtained data cannot characterize students as a group of
particular risk for ARI, including COVID-19.

It was found that preschool children contributed
most heavily to spread of ARVI, while they are in-
volved in spread of SARS-CoV-2 to a lesser extent as
compared to other groups of the population.

To assess the PPE effectiveness, we conducted a
survey among the participants who were asked to an-
swer the following questions:

* "Do you use PPE?";

* "What PPE do you use (choose from the list)?";

* "Did you have close contact with an ARI patient

within the last 2 weeks?".

The close contact with an ARI patient within the
last 2 weeks was confirmed by 443 people. The list of
PPE and the number of people who used the above PPE
are shown in Table 3.

The analysis of the effectiveness of PPE (medi-
cal masks, gloves, antiseptic handwashing, respirator,
protective shield, and their combinations) found that
among the individuals who used PPE, the number of

Table 3. PPE combinations used by the study participants

ORIGINAL RESEARCHES

the infected with the target pathogens (ARVI, influen-
za, and COVID-19) generally was significantly small-
er than among those who did not use PPE (9.6% vs
18.0%; p < 0.001) (Table 4). Using of PPE decreased
the risk of infection with the target pathogens by 52%:
the odds ratio (OR) = 0.48; 95% confidence interval
(CI) 0.43-0.55.

It was found that using of PPE reduced the risk
of infection with SARS-CoV-2 by 53% (p < 0.001;
OR =0.47; 95% ClI, 0.35-0.63) and with rhinovirus —
by 50% (OR = 0.5; 95% CI, 0.43-0.58) (Table 4).

Using of medical masks reduced the likelihood
of being infected with any of the target pathogens 1.9
times; the risk of being infected when using medical
masks decreased by 51% (18.0% vs 9.6%; p < 0.001;
OR = 0.49; 95%, CI 0.41-0.57). When only medical
masks were used, the likelihood of being infected with
SARS-CoV-2 decreased by 34% (OR = 0.66; 95% CI,
0.47—-0.93); the risk of rhinovirus infection decreased
by 51% (OR = 0.49; 95% CI, 0.41-0.59). Using med-
ical masks together with other PPE reduced the risk

Full sample (n = 12,059)

Combinations of PPE
n %
Medical mask 3650 30,27
Gloves 8 0,07
Respirator 7 0,06
Hand sanitizers 295 2,45
Medical mask, hand sanitizers 3302 27,38
Medical mask, gloves, hand sanitizers 2854 23,67
Medical mask, gloves 1485 12,31
Medical mask, face shield, gloves, hand sanitizers 145 1,20
Medical mask, respirator, gloves, hand sanitizers 38 0,32
Medical mask, face shield, hand sanitizer 22 0,18
Pecnupatop, cpeactea aeavHdekumm pyk / Respirator, hand sanitizers 8 0,07
Medical mask, respirator, face shield, gloves, hand sanitizers 102 0,85
Respirator, gloves 12 0,10
Face shield, gloves, hand sanitizers 1 0,01
Respirator, face shield, gloves 1 0,01
Medical mask, face shield, gloves 37 0,31
Medical mask, respirator, gloves 8 0,07
Medical mask, respirator, face shield, gloves 2 0,02
Medical mask, respirator, hand sanitizers 13 0,11
Medical mask, respirator 15 0,12
Respirator, gloves, hand sanitizers 41 0,34
Face shield, hand sanitizers 1 0,01
Respirator, face shield, gloves, hand sanitizers 5 0,04
Gloves, hand sanitizers 7 0,06




KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMUONOTU N UMMYHOBUOJIOTUI. 2021; 98(4)
DOI: https://doi.org/10.36233/0372-9311-152

391

OPUTVHANbBbHbBIE NCCITIEAOBAHNA

of infection with the target pathogens by 54% (18.0%
vs 9.2%; p < 0.001; OR = 0.46; 95% CI, 0.41-0.53).
Among different combinations of using PPE, the most
frequent one was the combination of medical masks

p, OR

and gloves. Using of gloves together with medical
masks demonstrates an advantage as compared to med-
ical masks alone (7.1 vs 9.6% of infected; p = 0.007).
For the other PPE or their combinations, no statistically
significant difference in the groups was found, though
it can be explained by small numbers of the compared

%

not infected

Infected with Rhinovirus

samples.

The obtained data are in agreement with the results
of the meta-analysis [6]. Liang et al. found that medical
masks had a significant protective effect against ARVI

infected

pathogens: the risk of infection reduced by 65% (OR =
0.35; 95% CI, 0.24-0.51).

The protective properties of medical masks used
for prevention of COVID-19 were demonstrated by

p, OR

experiment. Ueki et al. simulated the process of air-
borne transmission of SARS-CoV-2: They placed two
mannequin heads facing each other in a tightly sealed
test chamber. The distance between the heads was 50
cm. One of the mannequin heads mimicked a SARS-
CoV-2 source (it exhaled a mist of virus suspension

%

not infected

containing SARS-CoV-2); the other mannequin head
mimicked a recipient. The presence and viral loads in
the recipient mannequin was detected and measured by
using the PCR method and virus isolation in the cell
culture [7]. When a medical mask was attached to the

Infected with SARS-CoV-2

infected

recipient mannequin, the number of viral particles re-
duced by 50% as compared to the situation when the
recipient had no medical mask. When a medical mask
was attached to the mannequin head exhaling a mist of

p, OR

virus suspension, the number of viral particles in the
recipient reduced by 60%. During the experiment, the
medical mask was attached most tightly to the "face" of
the mannequin head.

In our study, among the participants who con-

%

not infected

firmed their close contact with ARI patients within the
last 2 weeks, 24% of the participants had one of the
target pathogens, though no statistically significant dif-
ferences in the level of infection between the PPE us-
ers and non-users were found (p = 0.06). These results

Infected with any of the pathogens

infected

demonstrate that in addition to PPE, all the anti-epi-
demic measures must be instituted in the focus of in-
fection, the most crucial of them being isolation of the
infected’. If the sick person cannot be isolated, healthy
people should use a respirator to have more effective
protection during the prolonged exposure®.

In our study, we kept a strong focus on prevention
of ARVI and COVID-19, in particular, among people
whose professional activities are associated with a high

Combinations of PPE

* MR 3.1.0140-18 Nonspecific Prevention of Influenza and Other
Acute Respiratory Infections
4 MR 3.1.0140-18 Nonspecific Prevention of Influenza and Other

Table 4. Effectiveness of using PPE

Acute Respiratory Infections

93,5

6,5 11278

781

98,6

1,4 11887

172

90,4

9,6 10904

1155

used

All PPEs

0,5

p < 0,001
95% Cl

OR

0,47

p < 0,001
95% Cl
0,35-0,63

OR

0,48

p < 0,001
95% Cl

OR

12,2 1808 87,8

252

3,0 1998 97,0

62

1690 82,0

18,0

370

not used

0,43-0,58

0,43-0,55

6,4 3416 93,6

234

8,0

2,0 3577 9

73

90,4

9,6 3299

351

Medical mask

p < 0,001

OR

p=0,02

OR

p < 0,001

OR

0,49

0,66

0,49

used

95% ClI
0,41-0,59

95% ClI

0,47-0,93

95% ClI
0,42-0,57

1808 87,8

12,2

252

1998 97,0

3,0

1690 82,0

18,0

370

not used

1,4 11507 98,6 p < 0,001 724 6,2 1808 87,8 p < 0,001
OR OR

66

1

9,2 10596 90,8 p < 0,001
OR

1077

used

Medical mask combined

with other PPEs

0,47

0,47

0,46

0,
10949 92,8 95% Cl

12,2

252

1998 97,0

3,0

0,
1690 82,0 95% CI

18,0

370

not used

0,41-0,55

95% ClI
0,35-0,63

0,41-0,53




392

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2021; 98(4)

DOI: https://doi.org/10.36233/0372-9311-152

level of social contacts. This group included 2,552 par-
ticipants: checkout cashiers/sales staff from chain gro-
cery stores, public transport employees (cab-drivers,
ticket checkers, and conductors), security and passport
control personnel at airports. It was found that during
the onset of the epidemic season, the individuals whose
work is associated with a high level of social contacts
became infected more rarely than representatives of the
same age group: SARS-CoV-2 was detected in 3.4%
and 6.8% (p = 0.001), rhinovirus was detected in 4.0%
and 5.7% (p = 0,09), all the pathogens collectively — in
9.0% and 13.8%, respectively (p = 0.001). Most likely,
the lower level of infection is connected with stricter
adherence to the anti-epidemic measures by employees
whose work is associated with a higher risk of infec-
tion.

The data on the viral RNA load in individuals with
COVID-19, but without ARI symptoms were of special
interest.

Based on our data and with reference to amplifica-
tion threshold cycle values and their dispersion (Fig. 4),
the RNA loads in the tested participants ranged widely
from the limit of detection to ~10!°RNA copies per mL
of a sample.

Thus, individuals with asymptomatic COVID-19
infection and having high concentrations of SARS-
CoV-2 can become a dangerous source of infection, es-
pecially when they do not wear medical masks, as even
a short-term contact with them can trigger airborne
transmission of the pathogen.

40

ORIGINAL RESEARCHES

Conclusion

This study made it possible to measure the prev-
alence of ARVI, influenza and COVID-19 pathogens
among individuals without ARI symptoms; its findings
were instrumental in assessment of the effectiveness
of medical masks in a population for prevention of the
above infections.

Throughout the monitoring period, the above
pathogens dominated by rhinovirus were detected in
11.1% of the participants; the SARS-CoV-2 RNA was
detected in 1.66% of the participants; the other viruses
accounted for maximum 1%. It should be remembered
that among the detected individuals with infection,
there could be "presymptomatic" individuals, i.e. those
who could have ARI symptoms displayed later, since
the design of the study did not imply any subsequent
monitoring of the infected.

The study found differences in SARS-CoV-2 and
ARVI frequencies in different age groups: At the begin-
ning of the epidemic season, the spread of the COVID-19
pathogen involved school-aged children, young adults,
and individuals over 64 years of age; adults aged 2664
were the last to join. Preschool children participated in
the epidemic process of SARS-CoV-2 spread to a lesser
extent. Preschool children contribute most heavily to
ARVI spread; among individuals over 26 years old, the
level of rhinovirus infection throughout the monitoring
period was the lowest. SARS-CoV-2, on the contrary,
was detected more frequently in adults over 26 years
old.

35
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Fig. 4. Threshold cycle values in real-time PCR with fluorescent detection in SARS-CoV-2 infected individuals
without ARI symptoms.

The horizontal axis shows the number of the sample positive for COVID-19; the vertical axis shows PCR threshold cycle values.
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Our study has demonstrated that individuals with-
out ARVI symptoms can have a high concentration of
SARS-CoV-2 RNA (up to 10" RNA copies per mL of a
nasopharyngeal swab sample); therefore, they can be a
dangerous source of infection, especially when they do
not wear medical masks, as airborne transmission of the
pathogen can occur even during a short-term contact
with the above individuals.

It was found that among the people using PPE,
the number of those who were infected with the above
pathogens was significantly smaller than among those
who did not use PPE (9.6% vs 18.0%; p < 0.001); us-
ing of medical masks reduced the risk of infection by
51% (OR = 0.49; 95% CI, 0.41-0.57). Medical masks
combined with other PPE reduced the risk of infection
with the above viruses by 54% (OR = 0.46; 95% CI,
0.41-0.53).

As for SARS-CoV-2, using of PPE reduced the risk
of infection by 53% (OR = 0.47; 95% CI, 0.35-0.63);
among individuals who used medical masks, the likeli-

hood of being infected with SARS-CoV-2 decreased by
34% (OR = 0.66; 95% CI, 0.47-0.93).

Thus, wearing of medical masks in public places
is a mandatory and effective anti-epidemic measure, as
masks when worn by the infected, including individ-
uals without ARI symptoms, reduce the virus spread,
while masks worn by healthy people reduce the likeli-
hood of their infection.

Healthy people should use a respirator for more
effective protection during the long contact with a pa-
tient, for example, at a COVID-19 focal site.

It was found that individuals whose work is associ-
ated with a high level of social contacts became infected
more rarely than other representatives of the same age
group: At the beginning of the epidemic season, SARS-
CoV-2 was detected in 3.4% and 6.8% of the tested
people, respectively (p = 0.001), thus proving the effec-
tiveness of anti-epidemic measures and demonstrating
the commitment to their adherence by people whose
work is associated with a higher risk of infection.
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