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METROLOGICAL SUPPORT OF PULSE OXIMETERS

Abstract. The experience of the International Medical Device Regulators Forum in the use of products for oxygen
therapy based on the study of guidelines, international and European regulations on medical devices is considered. Emphasis is
placed on issues related to the metrological support of pulse oximeters. The global situation with the pandemic increases the
relevance of selected topics. Continuous monitoring of blood oxygen saturation is one of the most important elements in the
diagnosis and treatment of COVID-19. Despite the fact that the use of pulse oximeters does not require special medical
knowledge, calibration and special maintenance, it is still necessary to control their reliability and accuracy of measurement. The
study of pulse oximeter MD300M in accordance with the requirements of DSTU 8893:2019 "Metrology. Pulse oximeters. Calibration
Method” 2020. Analysis of MD300M pulse oximeter calibration results revealed that this pulse oximeter was calibrated by the saturation
and pulse measurement channel, as the maximum deviation of the measured saturation value from the pulse oximeter calibration
measure does not exceed the pulse oximeter measurement documentation specified in the operating documentation. The discreteness of
the MD300M pulse oximeter and the discreteness of the reference device MPPO-2, which are specified in the passports for the

respective devices, have the greatest influence on the measurement uncertainty.
Keywords: metrological support; pulse oximeter; COVID-19; verification; international standards.

Introduction

Pulse oximetry as a medical technology appeared
thirty years ago. More than fifteen years ago, pulse
oximeters have been introduced into a wide range of
clinical practice. Today, due to the spread of the
coronavirus pandemic, this portable medical device is at
its first stage of gaining popularity and is becoming an
integral part of both specialized medical institutions and
everyday life. The global situation with the pandemic
increases the relevance of selected topics. Despite the
efforts of scientists in many countries — a cure for the
disease has not yet been invented and the fight against
symptoms comes to the fore. Pulse oximetry is a non-
invasive method of measuring two parameters: blood
oxygen saturation and heart rate, which are most
important  during  anesthesia, intensive  care,
resuscitation, and coronavirus disease. Continuous
monitoring of blood oxygen saturation is a special
metric element in the diagnosis and treatment of
COVID-19. Despite the fact that the use of pulse
oximeters does not require special medical knowledge,
calibration and special maintenance, it is still necessary
to control their reliability and accuracy of measurement.

Many publications have been devoted to the study
of various problems related to the development and use
of pulse oximeters. This is a study of choosing the most
optimal location of the pulse oximeter sensor, which
was conducted on 20 respondents. Based on the results
obtained, the authors issued specific recommendations
for the use of portable devices [1]. Different designs of
portable pulse oximeters are presented in publications
[2-3]. An interesting study was conducted in 29
hospitals in the UK [4] based on the involvement of 847
pulse oximeters of different types and different
manufacturers.  Significant shortcomings in the
construction of the electrical circuit have been invented,
which has a significant impact on the accuracy of
measurements. It was found that 30.5% of the total
number of devices did not meet the manufacturer's
specifications. In addition, there is no system of periodic
calibration of devices. Evaluation of the pulse oximeter

based on the methodology of the international standard
ISO 80601-2-61: 2011 is presented in [5]. Based on the
results of experimental studies, it is proved that the
proposed device meets the requirements of the standard.
The issue of reliability and accuracy is covered in the
study [6]. The authors touched on the important
problem of measuring the accuracy of special pulse
oximeters, which are designed for very young children
and children with disabilities. Various issues of
metrological support and reliability of heart rate monitor
measurements have been studied in [8-12]. In
particular, in the publication [9] the authors proposed a
scheme for calibration of pulse oximeters and two
variants of devices for its implementation. An analysis
of the scientific literature on the identified problem
suggests that there is no separate study on the
metrological support of pulse oximeters and the state of
the regulatory framework for the use of these medical
devices in Ukraine.

The purpose of the article is to analyze the current
regulatory framework of Ukraine in the field of medical
devices and study the metrological support of the pulse
oximeter based on the involvement of DSTU 8893:2019
"Metrology. Pulse oximeters. Calibration method" 2020.

Presentation of the main material

According to the purpose, pulse oximeters are
divided into autonomous (compact, mounted directly on
the finger), portable (device with display, signal cable
and sensor for various purposes) and stationary
(designed for long-term monitoring of various
physiological parameters). Pulse oximeters are used
both for a single test, that is one measurement of SpO2,
and for long-term monitoring of SpO2 levels.
Established in 2011, the International Medical Device
Regulators Forum (IMDRF) has developed a number of
documents aimed at establishing global cooperation in
international trade, harmonizing activities in the field of
safety, efficiency and quality of medical devices. Within
the IMDRF there is a special group for the
harmonization of medical devices. The IMDRF includes
the following countries: Japan, the Russian Federation,
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the United States, Australia, Brazil, Canada, China and
the European Union. There are also branches of the
Asian Harmonization Group and the Pan American
Health Organization. IMDRF has created a number of
guidelines that summarize the different approaches to
the use of pulse oximeters. Technical specifications,

instructions for use of products for oxygen therapy are
given [13-17]. International legal documents, as well as
documents of IMDRF member countries and Ukraing,
applicable to the manufacturer, production technology
and conditions of use of medical devices, including
pulse oximeters, are summarized in table 1.

Table 1 — Regulatory documents applicable to pulse oximeters [13-19]

Level Regulatory documents
ISO 13485 Medical devices — Quality management systems — Requirements for regulatory purposes
ISO 14971 Medical devices — Application of risk management to medical devices
ISO 80601-2-61 Medical electrical equipment. Part 2-61: Specific requirements for basic safety and essential
performance of pulse oximeter equipment
IEC 80001-5-1 Health software and health IT systems safety, effectiveness and security. Part 5-1: Security —
Activities in the product life cycle
_ IEC 60601-1 Medical electrical equipment. Part 1: General requirements for basic safety and essential performance
g IEC 60601-1-1 Medical electrical equipment. Part 1-1: General requirements for safety — Collateral standard: Safety
= requirements for medical electrical systems
g IEC 60601-1-2 Medical electrical equipment - Part 1-2: General requirements for basic safety and essential
j= performance — Collateral Standard: Electromagnetic disturbances — Requirements and tests
IEC 60068-2-31 Environmental testing: Part 2-31: Tests. Test Ec: Rough handling shocks, primarily for equipment
type specimens
IEC 62366-1 Medical devices - Part 1: Application of usability engineering to medical devices
IEC 62133 Secondary cells and batteries containing alkaline or other nonacid electrolytes. - Safety requirements for
portable sealed secondary cells. Part 1: Nickel systems, Part 2: Lithium systems
ISO/IEEE 11073-10404 Health informatics. Personal health device communication. Part 10404: Device
specialization. Pulse oximeter
21 CFR Part 820 - QUALITY SYSTEM REGULATION (USA)
21 CFR § 868.5440 — Portable oxygen generator (USA)
MHLW Ministerial Ordinance No. 169 (2004) (Japan)
Regulation (EU) 2017/745
Ukraine
DSTU EN ISO 13485:2018 (EN 1SO 13485:2016+ EN 1SO 13485:2016 / AC:2016, IDT) Medical devices — Quality
= management systems — Requirements for regulatory purposes
IS DSTU EN ISO 14971:2015 Medical devices. Application of risk management to medical devices (EN 1SO
2 | 14971:2012, IDT; 1SO 14971:2007, IDT)
o DSTU EN ISO 11607-1:2015 (EN ISO 11607-1:2009, IDT; ISO 11607- 1:2006, IDT). Packaging for terminally
sterilized medical devices — Part 1: Requirements for materials, sterile barrier systems and
packaging systems
DSTU EN ISO 11607-2:2015 (EN 1SO 11607-2:2006, IDT; 1SO 11607- 2:2006, IDT) Packaging for terminally
sterilized medical devices — Part 2: Validation requirements for forming, sealing and assembly processes
Technical regulations for medical tests, approved by the decree of the Cabinet of Ministers of Ukraine Ne 753 dated
02.10.2013.

The analysis of normative-legal documentation
allowed to establish that a number of normative
documents in the field of medical devices have been
developed in Ukraine. According to the resolution of the
Cabinet of Ministers of 2019, pulse oximeters and 12
other categories of measuring instruments for medical
purposes were excluded from the Technical Regulations
of Legislatively Regulated Measuring Instruments.
Meanwhile, the instruments remain legally regulated
measuring instruments and are subject to periodic
verification as particularly important during the
COVID-19 pandemic. Of course, it is an indisputable
fact that the quality and safety of medical services
depends on the technical condition of medical devices.
Therefore, systematic metrological verification directly
affects the quality of medical procedures [18-19].

Since 2020, Ukraine has an updated regulatory
document DSTU 8893:2019 "Metrology. Pulse
oximeters. Calibration method". It applies to pulse
oximeters and pulse oximetric channels of medical

monitors, which allow to assess the degree of oxygen
saturation of human hemoglobin in non-invasive blood
by measuring the modulation coefficients of light flux
passing through human tissues in two bands and
wavelengths. Also this document establishes the method
of calibration of pulse oximeters: calibration operations,
calibration tools, personnel qualification requirements,
calibration conditions, safety requirements, preparation
for calibration, processing of measurement results and
registration of calibration results. This standard is used
for periodic verification, post-repair verification (which
does not change the type of measuring equipment), and
it can be used for extraordinary, inspection and expert
verification in accordance with the requirements [20].
Based on DSTU 8893:2019, the MD300M pulse
oximeter, which is widely popular in the Ukrainian
market of medical devices, was calibrated. This is a
high-precision instrument for professional use, which
has the following parameters when measuring oxygen
saturation SpO2: measuring range from 0% to 100%;
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measurement step — 1%; measurement accuracy: in the
range of 80 ... 100% — + 2%, in the range of 70 ... 79% —
+ 3%, in the range of <69% — not precisely defined.
Auxiliary equipment required for calibration is a
measure for calibration of pulse oximeters (MCPO).
The calibration conditions have been maintained, that is
the ambient temperature is (20 £ 5) °C; relative
humidity — from 30% to 80%; atmospheric pressure —

(100 = 6) kPa. An external inspection of the device was
carried out, no mechanical damage was detected, during
testing it turned out to be operational. The results of
experimental studies are summarized in table 2, 3.
Determination of metrological characteristics of the
pulse oximeter is performed for the saturation
measurement channel and the pulse rate measurement
channel.

Table 2 — Calculation of metrological characteristics of the saturation measurement channel

Ne | Smcro, % S, % AS, % Asmax%0 ASpo
1 2 3 4 5 1 2 3 4 5
1 99 98 98 97 98 100 -1 -1 -2 -1 1 2 2
2 95 96 96 93 97 96 1 1 -2 2 1
3 85 84 87 83 83 88 -1 2 -2 -2 3
4 75 75 72 75 75 77 0 -3 0 0 2 3 3
5 70 71 70 71 73 70 1 0 1 3 0
Table 3 — Calculation of metrological characteristics of the pulse rate measurement channel
N Fwmcro, min F, min-! AF, min AFmax, mint | AFpo, min
] ' 1 2 3 4 5 1 [ 23 4]s
1 40 41 40 39 41 41 1 0 -1 1 1
2 70 70 | 68 | 70 | 70 69 0 -2 0 0 -1
3 120 121 | 121 | 122 | 121 | 120 1 1 2 1 0 2 2
4 180 181 181 180 | 181 179 1 1 0 1 -1
5 240 238 | 240 | 241 | 240 | 241 | -2 0 1 0 1

The pulse oximeter is considered to have passed
the calibration according to this parameter, because the
maximum deviation of the measured saturation value
from the set for calibration of pulse oximeters does not
exceed the absolute error of saturation measurement
specified in the operating documentation for pulse
oximeters — +3%.

The pulse oximeter is considered to have passed the
calibration according to this parameter, because the
maximum deviation of the measured value of the pulse
rate from the specified measure for calibration of pulse
oximeters does not exceed the absolute measurement
error specified in the operating documentation — 2 min,

We will calculate the uncertainty when measuring
saturation with a pulse oximeter MD300M. The
equation for measuring the absolute error of saturation
has the form

ASpo=S; — Syicpos 1)

where S; — the result of the i-th measurement of
saturation PO, %; Sycpo — the reference value of
saturation reproduced by MCPO, %.

Uncertainty of measurement pulse oximeter
readings S; are estimated by type B uncertainty, given
the discreteness

Us(SD=77 - 2

Uncertainty of measurement Syno the readings
of the reference measuring instrument are evaluated by
two components of type B:

— taking into account the error of the reference
measuring instrument A,

®)

A
Ué (Smcpo)= \/—% ;

— taking into account the discreteness of the
reference measuring instrument a.

(4)

Total standard uncertainty of determining the main
error of saturation measurement

U (Swmcro)= % .

Uc(870)= U (8741 Suicro) U (Sucro)?. (6)

Extended uncertainty equals the product of the
total standard uncertainty u.(ASpp) and the coverage
factor k (k=2 at a given probability P=95%) and is
determined

U(ASpo )=k Uc(ASpo). (6)

Table 4 presents the budget of uncertainty in

determining the absolute error in measuring saturation.

Table 4 — Budget uncertainty in determining the absolute
error in measuring saturation

Inout EStimatio Stle\;:i" The
vaFI)ue n of input| Standard uncertainty coeff)i/- contribution of
value cient uncertainty
S S . 1 -
‘ : 2v3 2V3
S S a 1 o
MCPO MCPO = - T A A
23 23
Smcpo| Smcpo 23 -1 37
NII,?:SU Mﬁqzsnutre Total standard  |Coverag| Extended
g uncertainty eratio | uncertainty
value | result
U:(ASpg)=
AS AS 2 U(ASpg )=ku
Fo Po \/UB(Si)2+ulB(SMCPO (ASeo Jkee
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The MD300M pulse oximeter has the following
input characteristics specified in the passport (saturation
measurement mode): discreteness — 1%. The reference
measuring instrument (MCPO-2) has the following
input characteristics specified in the passport: error of

the reference measuring instrument A, —# 0,05%;
discreteness — 0,5%. The results of uncertainty
calculations in determining the absolute error in
measuring saturation at Syrmo = 85% presented as an
uncertainty budget in the table 5, ASp5=(3,00£0,64)%.

Table 5 — The uncertainty budget of the absolute error in measuring saturation Sy;cpo = 85%

Input value Estimation of input value Standard uncertainty Sensi_tiyity The contribytion
coefficient of uncertainty
Si 88 0,29 1 0,29
Smcro 85 0,014 -1 -0,014
Smcro 85 0,14 -1 -0,14
Measuring value Measurement result Total standard uncertainty Coverage ratio | Extended uncertainty
ASpo 3 Jo,292+(-o,o14)2+(-o,14)2=o,32 2 0,64

Analysis of the result of the uncertainty calculation
of the absolute error in measuring saturation allows us
to draw the following conclusion. The discreteness of
the MD300M pulse oximeter, which is indicated in the
passport for the device, has the greatest influence on the
measurement uncertainty. Thus, it is impossible to
reduce this contribution by repeated observations or in
any other way, and for a more accurate result you need
to choose a device with less discretion. Let's calculate
the uncertainty when measuring heart rate with
MD300M pulse oximeter. The equation for measuring
the absolute error of the heart rate has the form

AFpo=F; = Fyicpo, (7
where F; — the result of the i-th measurement of heart
rate PO, %; Fycpo — the reference value of pulse rate
reproduced by MCPO, %.

Uncertainty of measurement F, - readings of pulse
oximeters is estimated by uncertainty of type B,
considering discreteness

Ug(F)=575- (8)

Uncertainty of measurement
Fumcpo Of the reference measuring
evaluated by two components of type B:

— taking into account the error of the reference
measuring instrument A,

A
UJB(FMCPO): \/—%; 9)

— taking into account the discreteness of the
reference measuring instrument a.

of the readings
instrument are

ug (Fycpo)= 2% (10)

Total standard uncertainty for determining the main
error of saturation measurement

Uc(AFPO):JUB(Fi)Z'H"]é(FMCPO)Z'H"ZB(FMCPO)Z- (11)

The extended uncertainty is equal to the product of
the total standard uncertainty u,(AFpg) on the
coefficient of coverage k (k=2 at a given probability
P=95%) and is determined by the formula

U(AFpo)=k-Uc(AFpo). (12)

The uncertainty budget for determining the
absolute error in measuring heart rate is presented in
table 6.

The MD300M pulse oximeter has the following
input characteristics specified in the passport (pulse rate
measurement mode):

- discreteness — 1 min;

The reference means (MCPO-2) of measurements
has the following input characteristics which are
specified in the passport: limits of admissible absolute
error of values of pulse rate
A, —#0,2 min*; discreteness — 1 min™.

The results of calculations when measuring heart
rate at Fycpo=240 min? presented as an uncertainty
budget in the table 7: AFpr=(2,00+0,82) min’.

Conclusions

Thus, the study of international and European
experience in the use of oxygen therapy medical devices
indicates an increase in attention to these medical devices
in a pandemic. Over the past three years, the International
Organization IMDRF has developed more than 10
methodological ~ documents  containing  technical
recommendations, specifications, accompanying
guidelines for improving the availability of technologies
and the use of pulse oximeters.

Table 6 — Uncertainty budget in determining the absolute error in measuring heart rate

Input value Estimation of input Standard uncertainty Sen3|_t|y|ty The contrlb_utlon of
value coefficient uncertainty
Fi Fi 0/2\/5 1 0/2\/§
Fumcro Fumcro A, / 23 -1 -4, / 2.3
Fumcpo Fumcpo A / 23 -1 -8, / 23
Measuring value | Measurement result Total standard uncertainty Coverage ratio| Extended uncertainty
AFpo AFpo U (AFP0)=\/UB(Fi)Z"'U%;(FMCPo)Z*'U%(FMCPO) 2 U(AFpo )=k Uc(AFpo)
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Table 7 — Uncertainty budget in determining the absolute error in measuring heart rate Fycpo = 240 mint

Input value Estimation of input Standard uncertainty Sen5|_t|y|ty The contrlb_utlon of
value coefficient uncertainty

Fi 238 0,29 1 0,29
Fymcro 240 0,058 -1 -0,058
Fymcro 240 0,29 -1 -0,29

Measuring value Measurement result Total standard uncertainty Coverage ratio | Extended uncertainty
AFpo -2 J0,292+(-0,058)2+(-0,29)2:0,41 2 0,82

The study of pulse oximeter MD300M in documentation on the pulse oximeter — +2 min™.

accordance with the requirements of DSTU 8893:2019
"Metrology. Pulse oximeters. Calibration Method”
2020 Analysis of the MD300M pulse oximeter
calibration results revealed that this pulse oximeter
was calibrated by the saturation and pulse
measurement channel, as the maximum deviation of
the measured saturation value from the pulse oximeter
calibration measure does not exceed the pulse oximeter
+ 3%. The maximum deviation of the measured value
of pulse rate from the set measure for calibration of

Analysis of the result of calculating the uncertainty of
the absolute error in measuring saturation allows us to
conclude that the greatest influence on the uncertainty
of measurement have the discreteness of the pulse
oximeter MD300M and the discreteness of the
reference device MCPO-2, which are specified in the
passports.

Thus, it is impossible to reduce this contribution
by repeated observations or in any other way, and for a
more accurate result it is necessary to choose a device

pulse oximeters does not
measurement

10.

11.

12.
13.

14.

15.
16.

17.

exceed the absolute
specified in the operating

with less discreteness or not to consider this parameter

error as influencing the result when calculating.
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JIOKyMEHTIB 100 BHPOOIB MEAMYHOTO MpU3HAYEHHS. AKIEHTOBAHO yBary Ha IHTaHHS, IIOB’SI3aHI 3 METPOJIOTIYHHM
3a0e3neyeHHsIM ITyJbcOKCHMeTpiB. CBiTOBa CHTyalliss 3 TaHIEMI€l0 MiJCHIIOE aKTyaJbHICTH oOpaHo Temu. I[locriitamii
MOHITOPHHT PiBHS HACHYCHOCTI KPOBI KHCHEM TOOTO caTyparil € OJHUM 3 BayIIMBIIINX €IEMEHTIB JIIarHOCTHKH Ta JIIKyBaHHS
COVID-19. He3Baxaroun Ha Te, 10 BUKOPHCTAHHS ITyJI5COKCUMETPIB He MOTpedye CHeIialbHIX MEANYHNX 3HaHb, KaJiOpyBaHHS
Ta 0cOOMMBOTO OOCITYrOBYBaHHS, BCE-)K TaKH HEOOXiTHO KOHTPOJIOBATH iXHIO HaJIWHICTH 1 TOUHICTH BUMiptoBaHH:. [IpoBeneHe
nocnipkeHHs myascokeumerpy MD300M 3rigno BuMoram JICTY 8893:2019 «Metpomnoris. Ilynscokcumerpu. MeToauka moBipKm»
2020 p. AHami3 pe3yabTaTiB MOBipKH IMysibcokcumerpa MD300M BusBHB, 10 JaHUIA ITyJIECOKCUMETP MPOMIIOB MOBIPKY 32 KaHAJIOM
BUMIPIOBaHHS caTypauii Ta MyJbCy, OCKUIBKM MAaKCUMAIbHUN BIAXWMJI BHMIPSHOTO 3HA4YEHHS caTypaiii Bil 3aaHOTO MIpOIO AT
MIOBIPKH ITyJIbCOKCHMETPIB HE MEPEBHIIy€ 3a3Ha4eHOl B eKCIUTyaTaliifHii JOKyMeHTallii Ha IyJIbCOKCUMETPH aOCOFOTHOT MOXUOKH
BUMIpIoBaHHS caTypanii. HaifOinpmmii BITIMB Ha HEBH3HAYCHICTh BUMIPIOBAHHS MAlOTh JIWCKPETHICTH Imysbcokcumerpa MD300M Ta
JIICKPETHICTh eTasioHHoro npunany MIITIO-2, o 3a3Ha4yeHi B MacmopTax Ha BiIMOBI IHI TPIIaIH.

KawuoBi ciaoBa: merpornoriune 3abe3nedenns; myiscokcumerp;, COVID-19; noBipka;, Mi>XHapOIHI CTaHIAPTH.

Metposoruyeckoe odecneyeHue nyJjbCOKCMMETPOB
E. E. Teepurnuxosa, T. B. Ipo3nosa, 0. E. Jlemunosa, H. A. Ky3smenko

AnuHoTanus. Paccmorpen ombiT oprammsamum International Medical Device Regulators Forum mo mpumenenuro
W3ENUHA IS KUCIOPOAHON Tepalyy Ha OCHOBE HCCIIEOBAHHS METOMIECKUX PEKOMEHIANH, MEeX/[yHapOIHBIX U €BPOIEHCKIX
HOPMaTHBHBIX JOKyMEHTOB IO H3JEIHAM MEIMIIMHCKOTO Ha3HaueHus. AKIEHTHPOBAHO BHMMAHHE Ha BONPOCAX, CBA3AaHHBIX C
METPOJIOTHYECKUM O0OECTIEYeHHEM ITyJbCOKCUMETPOB. MupoBasi CHTyallls C MaHAEMHEH YCHIMBAeT aKTyalbHOCTh W30paHHOM
TeMbl. [10CTOSHHBIII MOHMTOPHHT YPOBHSI HACBILIEHHOCTH KPOBU KHCIOPOJOM, T.€. CAaTypalllH, SBISETCA OJHUM U3 BAKHEUIIHX
aneMeHToB AuarHocTHky u nederns COVID-19. HecMoTps Ha To, YTO UCTIONB30BaHUE ITyJILCOKCUMETPOB HE TPeOyeT CleHaIbHBIX
MEJIMIMHCKIX 3HAHUH, KaTMOPOBKU M 0COOOT0 0OCITy>KMBaHUS, BCE ke HEOOXOIMMO KOHTPOJIMPOBATh UX HAIEKHOCTb U TOYHOCTD
m3Mmepenns. [IpoBeneHo uccnenoBanue myiabcokcumerpa MD300M cormacHo TpeboBanmsm JICTY 8893:2019 «Merpomnorusi.
[Mymscokcumerpsl. Meromnka moBepkm» 2020 r. AHamu3 pe3ysbTaToB MOBEpKH IysbcokcuMmerpa MD300M oGHapykui, dTo
JIAHHBIA ITyJILCOKCHMETp IIPOLIEN IOBEPKY IO KaHATy W3MEpPEeHWs CaTypalMy W IyJbCa, HOCKOJBbKY MAaKCHMAIBHBIA OTKIOH
W3MEPEHHOTO 3HAYEHUs CcaTypaldd OT 3a[JaHHOM CTENeHH ISl TOBEPKHM IMyJbCOKCHMETPHM HE MPEBBIIAET YKAa3aHHOH B
sKkcmuyaTauuy. Hanbomnbliee BIMSHME Ha HEONPEACICHHOCTh M3MEPEHHS MMEIOT IHCKPETHOCTh Iysibcokcumerpa MD300M u
ICKPETHOCTH TATOHHOTO mprdopa MIIIIO-2, ykazaHHbIE B TaCOPTaX COOTBETCTBYIOLINX MPHOOPOB.

KamwueBblie ciioBa: Merponoruueckoe ooecredenue; myapcokcumerp; COVID-19; noBepka; MEKTyHAPOIHBIC CTAHAAPTHL.
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