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Pesitome. PacnipocTpaHeHue HoBoli kopoHaBupycHoit nHbekuuu COVID-19 nenaeT akTyaabHBIM MOUCK HOBBIX (-
(bexTUBHBIX yTe# MpenynpexaeHus MHGekuu. B kauecTBe 0JHOTO 13 BO3MOXHBIX MOAXO0A0B HEAABHO ObLIO Mpe-
JIOXKEHO MPOBEICHUE BaKLIMHALIMU YSI3BUMBIX Tpynn HaceaeHus BakuuHoi bLZK. BLIK (Mycobacterium bovis, Bacillus
Calmette—Guérin), uBas BaKIIMHa IPOTUB TyOepKye3a, IPUMEHSIETCS BO MHOTMX CTPaHaX ¢ BHICOKMM OpeMeHeM
TyOepKyie3a U yBeIUYMBACT MPOTEKIIUIO y AETEil, B IIEPBYIO OYepeab, OT MUJIMAPHOTO TyOepKyne3a U TyOepKyie3-
HOTro MeHMHTHUTa. Borpoc, MoXeT i BaKIIMHA OT TyOepKyJie3a YBeIMYUTh yPOoBeHb IpoTekuu npotus COVID-19,
SIBIISICTCS IIPEAMETOM HayIHBIX CIIOPOB. B 0030pe paccMaTpuBaroTCs HAyIHBIE TTPEAITOCHUIKY BO3MOKHOTO BIMSTHUS
BII2K Ha mpOTeKTUBHBI MMMYHUTET IIPOTUB BUpyca, Be3biBatonero COVID-19. Bakuuna BL2K cocobHa nHIY-
LIMUPOBATh TETEPOJIOTUUHBIN U «TPEHUPOBAHHBII» UMMYHUTET, €€ CIIOCOOHOCTh CTUMYJTMPOBAThH MIPOTUBOBUPYCHBI
MMMYHHBIH OTBET TIOKa3aHa B 9KCIIEpMMEHTaX Ha XKMBOTHBIX M B KIIMHUYECKUX MccaenoBanusx. [IpoeneHHOe HAMU
CpaBHEHME JMHAMUKU pocTa 3a0ojeBaeMocTu U cMepTHOCTU OT COVID-19 B cTpaHax ¢ pa3HOii MOJUTUKONI MO BaK-
uuHauuu BIIZK nmokaszano 6onee 6naronpusitHoe TeueHue COVID-19 (6ojee MensieHHY0 AMHAMUKY pocTa 3aboJie-
BaeMOCTH M CMEPTHOCTU) B cTpaHax ¢ obs3atenbHoit BIIK-BakiinHaiueir Bcero HaceaeHusl. OqHaKo accoldanus
Mexny BakuuHauueit BI2K u 6onee msrkum teueHueM COVID-19 MoxeT ObITh HempsiMoii. B ctaTbe obcyxaaloTcs
Ipyrue ¢hakTopsl, KOTOPbIe MOTYT OOYCJIOBIMBATh HAJWUME TON accoLMAllMy, TaAKHe KaK YPOBEHb TECTUPOBAHUS,
KECTKOCTb M CKOPOCTb IPUHATUSA KAPAHTMHHBIX Mep U ApyTHe. BaxXHbiM aprymMmeHToM npotus yyactus BLIZK B ipo-
tekuuu mpotuB COVID-19 sBnsieTcs To, 4TO BaKI[MHA UCTIOJIB3YETCS B IETCTBE M BPSI JIM MOXKET 00€CIIeUBaTh AT~
TeJIbHOE TTOAAepXKaHe UMMYHUTeTa. [TocKombKy monuTuKa oos3aTenbHol BLI2K-BakiinHAIIMY TPUMEHSIETCS B CTpa-
Hax ¢ BBICOKUM OpemMeHeM Th 1 ITocKoIbKy B 3THX CTpaHaX paclpocTpaHeHa JaTeHTHasl TyOepKyine3Hass HHDeKIus,
MBI TIpeiaraeM THIIOTe3Y, COTJIACHO KOTOPOIi B MOAAepKaHMe TeTePOJOTHUYHOTO/TPEHUPOBAHHOTO TIPOTHUBOBUPYC-
HOTO UMMYHUTETa B cTpaHax ¢ obs3areinbHON monutukoil BIIJK-BakiimHAIIMM MOXET BHOCUTH BKJIaJ JJATEHTHAS
TyOepKyJae3Hass nHbeKIns. B dyeTbipex cTpaHax HelaBHO ObLIM HAYaThl KJIMHUYEeCKHE UCCIIENOBAHUS 110 N3YyUEHUIO
BO3MOXHOCTH MOBBILIEHUS YPOBHS NpoTekiuu npotuB COVID-19 B ys3BUMBbIX I'pyTIIiax HAaCEJEHUS MyTEM BaKIIU-
Hauu BLI2K. Pe3ynbTaTel 3TUX UCCIEIOBAHUIA, a TaKXXe MuaAeMuoaornyeckoe Mmoaearposanue COVID-19 momoryT
onleHUTh BausiHue BLI2K Ha ypoBeHb MPOTUBOBUPYCHOTO UMMYyHHUTeTa. [IpoBeneHue MOTOOHBIX KIMHUYECKUX UC-
caenoBaHuil B Poccuu mpeacrasisercs 1eaecooopa3HbIM U HAyYHO 00OCHOBAHHBIM.
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COVID-19 AND BCG VACCINE: IS THERE A LINK?
Lyadova L.V.2", Staricov A.A.?

 Koltzov Institute of Developmental Biology of Russian Academy of Sciences, Moscow, Russian Federation
b Pirogov Russian National Research Medical University, Moscow, Russian Federation

Abstract. The spread of the novel coronavirus infection (COVID-19) makes the search for new approaches to prevent
the infection of great importance. As one of the relevant approaches, the vaccination of risk groups with BCG vaccine has
recently been suggested. BCG (Mycobacterium bovis, Bacillus Calmette—Guérin) is a live vaccine for tuberculosis, which
is used in many countries with a high tuberculosis prevalence and helps preventing childhood tuberculosis, primarily,
military disease and tuberculosis meningitis. Whether BCG may be used to increase the protection against COVID-19
is currently a question of debates. The review considers scientific background underlying possible impact of BCG in in-
creased protection against COVID-19. BCG is able of inducing the heterologous and trained immunity, and its capacity
to stimulate antiviral immune response has been demonstrated in experimental animals and humans. Our comparison
of the dynamics of COVID-19 morbidity and mortality in countries with different BCG vaccination policies has demon-
strated a milder course of COVID-19 (i.e., a slower increase in disease cases and mortality) in countries where BCG vac-
cination is mandatory for all children. However, an association between BCG vaccination and a milder COVID-19 course
is not obligatory direct. Other factors that may affect the association, such as the level of virus testing, the rigidity and
the speed of quarantine implementation and others are discussed. An important argument against a role of BCG in the
protection against COVID-19 is that BCG is given in childhood and may hardly induce long-lasting immunity. Because
mandatory BCG vaccination is implemented in countries with high TB burden and because in these countries latent
tuberculosis infection is widely spread, we suggest a hypothesis that latent tuberculosis infection may contribute to the
maintenance of heterologous/trained antiviral immunity in countries with mandatory BCG vaccination. Four countries
have recently initiated clinical trials to investigate whether BCG vaccination can increase the level of protection against
COVID-19 in risk groups. The results of these studies, as well as COVID-19 epidemiological modeling will help under-
standing the impact of BCG in the level of the protection against COVID-19. Performing analogous clinical trials in Rus-
sia seems appropriate and scientifically sound.

Key words: COVID-19, BCG vaccine, heterologous immunity, trained immunity, vaccination.

There is currently a lively debate across research
and public communities regarding a possible contri-
bution of the BCG vaccination towards protection
against the new COVID-19 coronavirus infection
(coronavirus disease 2019), caused by the corona-
virus SARS-CoV-2 (severe acute respiratory syn-
drome-related coronavirus 2). This article discusses

B mocnenHee BpeMsi B HayYHBIX M OOIIECTBEH-
HBIX KpyTrax M POKO AUCKYTUPYETCS BOIIPOC O BO3-
MOXHOM BKJane BakuuHauuu bBI2K B 3amuty
OT HOBOI KopoHaBupycHol napekuum COVID-19
(3aboJyieBaHMEe, BBI3BIBAEMOE KOPOHABHPYCOM-19,
coronavirus disease 2019), BrI3BIBacMOII KOpOHa-
BupycoM SARS-CoV-2 (severe acute respiratory

syndrome-related coronavirus 2). B cratse paccmar-
pUBaIOTCS JIUTEpaTypHbIE JaHHbBIE, PE3yJIbTAThI
COOCTBEHHOTO aHajimu3a, a TakKe MMMYHOJIOTH-
YyecKue TMPEeANOChIIKA K CITOCOOHOCTU BaKIIMHBI
BL2K BiIMSTH HA MPOTUBOBUPYCHBI UMMYHUTET
¥ BO3MOXHBIE TTPAaKTUUECKHE BHIBOIBI.

ANMOEMMNONOTrMYECKME AaHHbIE.
Pa3nunyHasa guHamumnka 3aboneBaeMocTu
N CMEPTHOCTN B CTPaHax C pa3Hou
nonuntukon bLK-BakumHaumm

Merolmecs K HACTOSIIIIEMY BPEMEHU CBEACHU ST
o 3abosieBaeMocTu U cMmepTHoctu ot COVID-19
B pa3HbIX cTpaHax [7] U O CTpaHOBOM TIOJIUTHKE
no BakuuHauuu BII2K [24] mo3BOJSIIOT TTPOBECTH
aHaJIM3 B3aUMOCBSI3U MEX Y dTUMU MOKa3aTeJIsIMU.
Psanom aBTopoB [1, 19; Barteneva, Lyadova, Vorobjev,
nomaHa B TIedyaTh| Oblla MoOKa3aHa Oojee HU3-
Kasi 3a0oyieBaeMOCTb U cMepTHOCcTh oTr COVID-19
B CTpaHax C TIIOJUTUKON obs3arenbHoi bILIXK-

the research data available in this area, the results
of our own analysis, as well as the immunological
prerequisites for the ability of the BCG vaccine to af-
fect antiviral immunity and possible practical con-
clusions.

Epidemiological data. Different dynamics
of morbidity and mortality in countries
with different BCG vaccination policies

The currently available data on COVID-19 mor-
bidity and mortality in different countries [7] and
on the respective national BCG vaccination poli-
cies [24] allow us to analyze the relationship be-
tween these indicators. A number of authors [1, 19;
Barteneva, Lyadova, Vorobjev, submitted for pub-
lication] showed a lower COVID-19 morbidity and
mortality in countries with a mandatory BCG vac-
cination policy for the entire population (BCG™*
countries), compared to countries using the BCG
vaccination for certain population groups only
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BakIIMHAIlMU Bcero HacejgeHust (ctpaHbl BILIXKY)
10 CPaBHEHUIO C APYTUMHU CTPaHAMU — ITPUMEHSI IO -
mmu Bl 2K-BakIIMHAIINIO TOJTBKO IUIST OTIEIBbHBIX
rpynmn HaceaeHus (ctpaHbl BI2K™) nau panee npu-
MEHSBIIMMU o0s13aTenbHy0 bBLZK-BakumHaluo
BCETro HaceJeHMsI, HO OTMEHUBIIUMU €€ (CTpaHbl
BILI2K7-). B yactHoctu, Miller u coasr. [19] moka-
3aau 6ojee BbICOKYIO cMepTHOCTh oT COVID-19
B cTpaHax BIZXK~ mo cpaBHeHUIO CO cTpaHamMu
BLI2K". A. MUnnapuoHoB [1] mpoaHalu3upoBa 3a-
00JIeBaEMOCTh M CMEPTHOCTb B TIpyIlNax CTpaH,
00BEIMHEHHBIX 10 OOIIUM IIPUHIIAIIAM TTOJTUTUKH
BII2K-BakuuHauuu. Ilpennonarasi, 4To YpOBEHb
3a00J1eBa€MOCTH CBSI3aH C YPOBHEM MOIMYJISIIIUOH-
HOr0 MMMYHUTETa, a CMEPTHOCTU — C YPOBHEM
WHAWBUIYAJILHOTO UMMYHHUTETa, aBTOP Ha OCHOBE
MPOBEAEHHOI0 aHajJu3a caejaj 3akKJIoJyeHue, 4To
obs3aTtenbHass BakuuHauusga BI2K, mpoBonumas
B HacTosileM, odecrnieyrBaeT Haubosee BBICOKUNA
YPOBEHb TIOIMYJSIIIMOHHOTO W WHIWBUAYaJIbHOTO
WUMMYHUTETA; o0s3aTejibHass UMMYHU3alUsI Hace-
JIEHU I, TIPOBOMMAs B IIPOILJIOM, HO 3aTEeM MpeKpa-
IIIEHHAas, HE CO3/1aeT YCTOMYMBOIO UMMYHUTETA JJISI
BCell monyasiiMu, HO 00ecrieurBaeT OorpeaeeHHbI
YPOBE€Hb UHAUBUAYAJIbHOIO UMMYHUTETA, a CEJIeK-
THUBHAas BaKIIMHAIIAS TOJbKO OTAEAbHBIX T'PYIII Ha-
CeJIeHUsI, TpoBOAMMAasl B HACTOSIIIEM, HE CO3daeT
YCTOMYMBOTrO MMMYHUTETa HU Ha MOMYISIIIUOHHOM,
HU Ha UHIMBUYaJIbHOM YPOBHE.

Mbl mpoBeaM aHaJAU3 AUHAMUKU 3a0ojieBae-
MocTu U cMmepTHocTu oT COVID-19 uHnuBuay-
aJlbHO IO cTpaHaM. B aHanu3 ObLIM BKJIIOYEHbI
CTpaHbl, B KOTOPBIX 00lllee KOJIUYECTBO CAy4yaeB
COVID-19, 3aperucTpupoBaHHbIX IO COCTOSIHUIO
Ha 21 anpens 2020 r., nocturaso 2000 u 6osee (59
cTpaH, [7]). JlaHHBbIe 110 3a00J1eBaeMOCTU U CMEPT-
HOCTHM B pa3HbIX CTpaHaxX ObIJIM HOPMHMPOBAHBI
OTHOCUTEJIbHO MEePBOro AHS, B KOTOPbIA KOJUYe-
CTBO 3apeructpupoBaHHbIX ciaydyaeB COVID-19
npesbicuio 0,7 Ha 1 MJIH HacejleHUs («<HOPMUPO-
BaHHBIN 1eHb 0»). OTHOCUTEIBHO TOTO THS OBLINU
NpoaHaJU3UPOBaHbl KPUBBIE 3a007€Ba€MOCTU
U CMEpPTHOCTU. B aHanu3 BKJIIOYAJIU JaHHBIE, T10-
JIy4eHHbIe B TeueHue 24 nHeil OT HOpMUPOBAHHO-
ro s 0, 4To MO3BOJMUJIO 0OECNEUUTh OAMHAKO-
BYIO JUIMTEJIbHOCTh HAaOMIOAEHU S 3a BCEMU CTpa-
HaMM (MCKJIIOUEeHUE cocTaBuJ baHriagemn, Ajs
KOTOporo mo coctosiHuto Ha 21 ampens 2020 .
UMETUCh HaOIIOJEHUS TOJBKO B TeueHUe 16 qHei
OT HOpMUpoBaHHOTro AHA 0). AHaJIU3 KPUBBIX 3a-
0osileBaeMOCTHU MoKa3aJjl, YTO MeIJIeHHasI TUHaAMU-
Ka mpupocTa KoJauyecTBa 3a00JeBIIMX OTMeva-
Jach ToJabkKo B cTpaHax BI2K" (3a uckiaouyeHuem
ABCTpaJuu, KOTOpasli TaKXe XapakTepu3oBasach
MEJJIEHHO AMHaMUKOU pocTa 3a00JieBaeMOCTH,
HO B KoTopoii obs3aTtenbHast BL2K-BakuuHauus
Oblyla mpekpauieHa B 1985 r., puc., A, BKJeiika,
c. IIl). CpenHuii TemMn pocta 3a0071€Ba€MOCTU OT-
MeuaJics MOUTH UCKITI0UUTEbHO B cTpaHax BII2K"

(BCG~ countries) or countries previously applying
a mandatory BCG vaccination to the entire popula-
tion, but subsequently canceling this policy (BCG*/~
countries). In particular, Miller et al. [19] showed
a higher COVID-19 mortality rate in BCG~ coun-
tries compared to BCG™* countries. A. Illarionov [1]
analyzed morbidity and mortality in groups of coun-
tries united by the general principles of their re-
spective BCG vaccination policies. Assuming that
the morbidity rate is related to the level of popula-
tion immunity and that the mortality rate is linked
to the level of individual immunity, the author con-
cluded, on the basis of his analysis, that a mandatory
BCG vaccination currently administered provides
the highest level of population and individual im-
munity; a mandatory immunization of the popula-
tion in the past, which was subsequently terminat-
ed, does not create a stable immunity for the entire
population, but provides a certain level of individual
immunity; while a selective vaccination of specific
population groups only, currently carried out, does
not create a stable immunity either at the population
level or at the individual level.

We have analyzed the dynamics of COVID-19
morbidity and mortality for individual countries.
The analysis included countries in which the total
number of COVID-19 cases recorded as of April 21,
2020 reached 2,000 or more (59 countries, [7]). Data
on morbidity and mortality in different countries
were normalized relative to the first day on which
the number of reported cases of COVID-19 exceed-
ed 0.7 per one million people (“normalized day 07).
In relation to this day, the morbidity and mortality
curves were analyzed. The analysis included data ob-
tained within 24 days from normalized day 0, which
allowed for the same monitoring period for all coun-
tries (with the exception of Bangladesh, for which,
as of April 21, 2020, there were data only for 16 days
from normalized day 0). An analysis of the morbid-
ity curves showed that a slow increase in the num-
ber of disease cases was observed only in BCG™
countries (with the exception of Australia, which
was also characterized by a slow morbidity growth,
but in which the mandatory BCG vaccination was
discontinued in 1985, fig., A, color plate, p. III).
A moderate morbidity growth was observed almost
exclusively in BCG* and BCG™~ countries. Almost
all the countries of the BCG~ group had a fast mor-
bidity growth (4 out of 5 countries, Canada was clas-
sified as a BCG~ country, although a mandatory
BCG vaccination was used in some of its provinces
before 1965). Similar results were obtained when an-
alyzing the dynamics of the increase in COVID-19
mortality (fig., B, color plate, p. I1I).

The obtained results convincingly indicate
the existence of a relationship between a relatively
low COVID-19 morbidity and mortality and a man-
datory BCG vaccination policy (hereinafter referred
to as the COVID-BCG association). However, mor-
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u BLI2K™~. TToutu Bce cTpanbl rpymnbl BLI2K- nme-
JIM OBICTPBIA TEMII pocTa 3abojeBaeMocTu (4 us 5
ctpaH, KaHnana Oblia oTHeceHa K ctpaHam BLI2K—,
XOTs 10 1965 r. B yacTu ee NPOBUHLIMI ITPUMEHSI-
nach obs3arenbHas b 2K-BakiiuHanus). bauskue
pe3yJbTaThl ObLJIM MOJYYEeHbl M MMPU aHaIu3e AU-
HaMHMKM yBeJqndeHus cMepTHocTH oT COVID-19
(puc., b, Bkaetika, c. I1I).

IMonyueHHbBIE pe3yJbTaThl yOSAUTEIbHO CBUIE-
TEJBCTBYIOT O CYILIECTBOBAHUU CBSI3U MEXIY OT-
HOCHUTEJIbHO HU3KMM YyPOBHEM 3a00JeBacMOCTU
n cmeptHOCTH OT COVID-19 11 monnTuKoOi1 00s13a-
TeabHoU BII2K-BakuuHanuum (manee ob6o3HaAUE€HO
kak accoumanusa «COVID-BCG»). OnHako 3a60-
JIEBAa€MOCTb U CMEPTHOCTBH SIBISIIOTCSI MHOTO(daK-
TOPHBIMHU TTOKa3aTelasIMU. BeposTHO cylllecTBOBa-
HUE psija IpyTux (aKTOpPOB, BIUSIONIMX Ha 3a00-
JieBaeMoCTb U cMepTHOCTh oT COVID-19, koTophie
MOT'YT OBITb KOCBEHHO CBSI3aHHBI C ITOJUTUKOU
no BL2K BakuumHauuu u co3naBaTh BUAMMOCTb ac-
couunauuu «COVID-BCG».

OmHUM U3 TakuxX (PAKTOPOB SIBISETCS YpO-
BEeHb U KauyecTBO TecTupoBaHusa Ha SARS-CoV-2.
Mmuorue ctpaHbl, B KoTopbix BLI2K-BakuuHauus
BXoOUT B HalmmoHanmpHBIe KajJeHIapW ITPUBUBOK,
OTHOCSTCSI K CTpaHaM ¢ HU3KUM U HUXKE CpeITHE-
ro ypOBHEM JIOXOJa Ha AYIIY HaceJIeHUsI. DTO MO-
KeT HaXOOUTh OTpakeHUe B 00Jce HU3KOM OXBaTe
TECTUPOBAaHMWEM W CO3lIaBaTh BUIUMOCTH OoJjiec
osaronosiyyHoi cutyauuu no COVID-19 B cTpa-
Hax BII2XK". D10 00BsIcCHEHUE, OJHAKO, HE MOXKET
JIeXXaTh B OCHOBE MEIJICHHOW MMHAMUKHU 3a00je-
BacMOCTH M CMEPTHOCTH B TaKMX CTpaHax, Kak,
HampuMmep, CuHTamyp, rae oxXBaT TECTHPOBAHU-
eM Ha | MJIH HaceJeHMSs COINOCTaBUM C TaKOBBIM
B CIIIA n benbrum [7] n He moaTBep>KAaeTCS JaH-
HBIMU Miller n coasT. [19].

JdpyrumM BaXHBIM (DaAKTOPOM SIBJISETCS CKO-
POCTb IMIPUHSATUS U XKECTKOCTb KApaHTUHHBIX MEP.
Henb3st MCKIIOUNUTh HATUYKUE CBSI3U MEXKAY ITUM
nmoxkasarejeM U moJinTukoii 1o b 2K-Bakuinuauuu,
MOCKOJbKY 00a moka3zaTessl 3aBUCIT OT UCTOpUYE-
CKM CJOXHMBIIMXCSI OCOOEHHOCTEU OpraHu3aluu
SMUAESMUOJOTUUYECKUX CIYKO M CUCTEM 3IPaBOOX-
paHEHUS.

Eme omHuM (pakTOpOM MOTYT SIBISTBCSI MEX-
CTPaHOBBIE pa3JIM4YMs IO PacHpoOCTpPaHEHHOCTU
KOMOPOUAHBIX 3a00JIeBaHN, BIUSIOIINX HAa TeUe-
Hue COVID-19, B 9acTHOCTHU, OXKMpPEHUS, Cepaey-
HO-COCYIVCTBIX, OHKOJIOTMUECKUX 3aboJieBaHUN
[5, 17]. dns yacTu 3TUX 3a00JeBaHUI (Hampumep,
IJs1 OHKOJOIMYEeCKHX) TMoKa3aHa 3aBHUCHUMOCTb
pacnpoCcTpaHEHHOCTH OT YPOBHS IOXOAa Ha AYIIY
HaceJeHUs (acCOLMUPOBAHHOTO C paclpocTpa-
HEHHOCTBIO TyOepKye3a, a CIeoBaTebHO, U C MO~
nautukoii no BIIZK-BakumHauum) [22], 4TO KOCBEH-
HO MOXET BHOCUTD BKJa/ B 3aBucuMocTb « COVID-
BCG». CBa3b npyrux 3a00j1eBaHUN C YPOBHEM JI0-
xopa 0oJiee ciioxxHas [12].

bidity and mortality are multifactorial indicators.
It is likely that there are a number of other factors
affecting COVID-19 morbidity and mortality, which
may be indirectly related to BCG vaccination poli-
cies and which may merely present the appearance
of a COVID-BCG association.

One of such factors is constituted by the level and
quality of testing for SARS-CoV-2. Many countries
where the BCG vaccination is included in National
Vaccination Calendars are countries with low and
lower middle per capita income. This may be reflect-
ed in a lower test coverage and create the appearance
of a more favorable COVID-19 situation in BCG™
countries. This explanation, however, cannot un-
derlie the slow dynamics of morbidity and mortality
in countries such as, for example, Singapore, where
test coverage per million people is comparable to that
in the USA and Belgium [7] and is not supported by
data from Miller et al. [19].

Another important factor is constituted by
the speed and rigor with which quarantine measures
are implemented. It cannot be ruled out that there
is a connection between this indicator and BCG vac-
cination policy, since both indicators depend on the
historical features of the way epidemiological servic-
es and health systems are organized.

Another factor may be cross-country differences
in the prevalence of comorbid conditions that af-
fect the course of COVID-19, in particular, obesity,
as well as cardiovascular and oncological diseases
[5, 17]. For some of these conditions (for example,
for oncological diseases), the prevalence is shown
to be dependent on per capita income (the latter
is associated with the prevalence of tuberculosis and,
therefore, with BCG vaccination policy) [22], which
may indirectly contribute to the COVID-BCG asso-
ciation. The relationship between other diseases and
income is more complex [12].

In general, there is a clear connection between
a mandatory BCG vaccination policy and a more fa-
vourable COVID-19 course. Does BCG play a direct
role in the formation of antiviral immunity? Clinical
trials (CT), mathematical modeling of the epidemio-
logical process with the inclusion of various factors,
in addition to the BCG vaccination, as well as an
analysis of fundamental data on the effect of BCG
on the immune response are of great importance
in answering this question.

Scientific background. The effect of BCG
on antiviral immunity

It is well known that the protective ability of vac-
cines results from the induction of the formation
of antigen-specific immune memory cells, which
ensure the development of a faster and more pro-
nounced immune response during a subsequent in-
fection of the host with the corresponding pathogen.
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B menom, nmpocaexuBaeTcs yeTKasl CBI3b MEX-
ny noJuTukou ods3arenbHoit bLI2K-BakuinHauuu
u Oosee OaaronpusTHbIM TedeHuem COVID-19.
Urpaet nu BL2K HemocpeacTBEHHY IO poJib B (hop-
MHUPOBAaHUU TIPOTHUBOBHUPYCHOTO WMMYyHUTETa?
bonbiiioe 3HaueHue A OTBETa Ha 3TOT BOIPOC
MMeeT MPOBeICHNE KINHNISCKUX UCCICTOBAHUNA
(KH), matemaTuyeckoe MOJeIUPOBaHUE DMUAC-
MMOJIOTUYECKOTO Mpoliecca ¢ BKIIOUYCHUEM B MO-
Jesib pa3HooOpa3HbIX pakTopoB, momMmumMo BII2K-
BaKIIMHAIIMM, a TakKxke aHaau3 (pyHIaMEHTaJb-
HBIX JaHHBLIX O BausgHuu BII2K Ha MMMyHHBI
OTBET.

Hay4Hble npeanoceuikun. BansHue BLK
Ha NPOTMBOBUPYCHbIN UMMYHUTET

XopolI0 U3BECTHO, YTO MPOTEKTHUBHAS CITIOCOO-
HOCTb BaKIIMH OOYyCJIOBJIE€HAa MHIAYKIIMENH obpa3o-
BaHUSI aHTUTEHCIELUUDUUHBIX KJETOK UMMYHO-
JIOTUYECKOM MaMsITHU, 00eCIIeYNBAIOIINX Pa3BUTHE
0oJiee OBICTPOrO U BBIPA’KEHHOI0 UMMYHHOTO OT-
BeTa TP IIOCJIenylolleM WHPUINPOBAaHUU Opra-
HU3Ma COOTBETCTBYIOLIUM maToreHoM. OmHaKo
HUCCIEIOBaHUS TIOCACIHUX JET IMOKa3bIBalOT, YTO
BaKIMHBI (M OIpeAlIeCTBYONIMEe NHOEKIIMU) MOTYT
BJIUSTH HA UMMYHHBIM OTBET U UBMEHSITh TeUCHUE
MHQEKIIMOHHBIX 3a00JIeBaHU, BBI3BAHHBIX IIPY-
TUMMU, «<TIOCTOPOHHUMM» MaTOreHaMU, TO €CTb UH-
IYyIMPOBATh TaK HA3bIBAEMBIN TETEPOJTOTUIHBII
MMMYHHBII OTBET. B OCHOBE Te€TEepOJIOTMUHOTO
UMMYHHUTETAa MOTYT JeXaTh pa3HbIe MEXaHU3MBI.
Ha ypoBHe T-1uM@OLIMTOB OHU BKJIIOUYAIOT KPOCC-
pEaKTUBHOCTh 00pa3yeMbIX T-TUM@POLUTOB, U3ME-
HEHUE MepapXxru UMMYHOJIOMWUHAHTHBIX SITUTOTIOB
npy mnocjienyoileM WHGUUIUPOBAHUU, (HPOHOBYIO
(«bystander») nmuTokmHONocpemoBaHHyio n TCR-
HE3aBUCUMYIO aKTUBALUIO JUM@POIUTOB, CIEIU-
(GUYHBIX K «[IOCTOPOHHUM» aHTuUreHam [18]. Bce
nepeuyucieHHble 3¢ dekTh onucaHbl 1 BLIK.
BILI2K obnagaet BeIpaskeHHBIM aIbIOBAaHTHBIM (-
(GEeKTOM M CIIOCOOHOCTBIO CMEIlaTh WMMYHHBIN
OTBET B cTOpOHY T-xennepHoro orBeTa 1 Tuma. 3T1o
SBJISIETCSI OCHOBOM 17151 «(OHOBOW» CTUMYJISLIUU
T-nuM@GOLMTOB TIOCTOPOHHEN CHEHUPUUYHOCTHU.
TTokazaHo, yto BII2K MoxXeT nHayLupoBaTh oOpa-
3oBaHue JuMdonutoB Thl u Thl7, cneuuduaHbIx
K «ITOCTOPOHHMM» maroreHam [6, 14]; y MbImeni
BakuuHauus BI2K mHaynupoBaiga retTepoaoruy-
HBII MMMYHUTET II0 OTHOIIEHUIO K WHMEKIIUU
Vaccinia virus, KOTOpPbIIi TIPOSBJISJICS B CHUXKE-
HUM BUPYCHOM HArpy3ku IpU HHGOUIKMPOBAHUU
JXHWBOTHBIX BUPYCOM M ObLI omnocpenoBaH [FNy-
nponyuupyoimumMu JuMdbornutamu CD4 [18].

JdpyruM MexXaHM3MOM SIBISIETCS WHIYKIIWS
TaK Ha3blBa€MOro TPEHUPOBAHHOIO WMMYHMU-
tera (trained immunity) [21]. Konmenmumsa Tpe-
HUPOBAaHHOIO MMMYHUTETa OMNpeAesiseT ero Kak

However, various studies of recent years show that
vaccines (and previous infections) can affect the im-
mune response and change the course of infectious
diseases caused by other, “unrelated” pathogens, i.e.
induce a so-called heterologous immune response.
Heterologous immunity can be based on different
mechanisms. At the level of T-lymphocytes, these
mechanisms include cross-reactivity of the formed
T-lymphocytes, a change in the hierarchy of immu-
nodominant epitopes upon subsequent infection,
and background (bystander) cytokine-mediated
and TCR-independent activation of lymphocytes
specific for “unrelated” antigens [18]. All of these
effects have been described for BCG. BCG has
a pronounced adjuvant effect and the ability to shift
the immune response towards the type 1 T helper re-
sponse. This is the basis for a “background” stimula-
tion of T-lymphocytes of unrelated specificity. It was
shown that BCG can induce the formation of Thl
and Thl7 lymphocytes specific for “unrelated”
pathogens [6, 14]; in mice, the BCG vaccination in-
duced a heterologous immunity against a Vaccinia
virus infection. This type of immunity manifested
itself in a decrease in viral load upon the infection
of the animals with the virus and was mediated by
IFNy-producing CD4 lymphocytes [18].

Another mechanism is the induction of the so-
called trained immunity [21]. The concept of trained
immunity is defined as the body’s ability to develop
an enhanced immune response mediated by cells
of innate immunity in a secondary infection caused
by the same or another microorganism. It has been
shown that in adults after BCG vaccination, mono-
cytes acquire the characteristics of “trained” cells,
which is manifested in the form of an increased
expression of a number of surface markers (CD14,
TLR4) and the production of pro-inflammatory cy-
tokines [4, 9, 15, 27]. In experimental mice models,
BCG provided a protective response to “unrelated”
infections [15, 27], although not to all of them [9].
An increase in the level of pro-inflammatory cyto-
kine production after the BCG vaccination has
also been shown for NK cells [16]. It is customary
to associate these effects of BCG with epigenetic
reprogramming of innate immune cells, in par-
ticular, with the modification of histones associated
with TNFa, IL-6, IL-1B and TLR4 genes, as well
as with metabolic shifts in cells, in particular, with
a shift in metabolism from oxidative phosphoryla-
tion to aerobic glycolysis [3, 6]). In clinical studies,
the BCG vaccine reduced the viral load upon in-
fection with an attenuated strain of the yellow fever
virus. The protective effect was associated with epi-
genetic reprogramming of innate immune cells and
the induction of a “trained” immunity; a decrease
in viremia was associated with an increased produc-
tion of IL-1P [4].

Epidemiological studies provide evidence for the
ability of BCG to increase the level of protection
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CIIOCOOHOCTh OpraHu3Ma pa3BUBATh YCUJIEHHBIN
UMMYHHBIA OTBET, OIIOCPEIOBAHHBIN KJIETKaAMM
BPOXIEHHOT0 MMMYHUTETA, NP BTOPUIHOMN MH-
deKIInH, BRI3BAHHON TeM Xe MJIA IPYTUM MUKPO-
opraHusmoM. IlokazaHo, 4TO y B3pOCJBIX JitoAeh
nocJyie BakiuuHauuu BILI2K MoHOLMTHI MpuobpeTa-
IOT XapaKTEePUCTUKU «TPEHUPOBAHHBIX» KIIETOK,
YTO MPOSIBIISICTCS B BUJE MOBBIIIICHUS SKCIIPECCUU
psaa moBepxHOCTHBIX MapkepoB (CDI14, TLR4)
U NPOAYKIIMU TPOBOCHAIUTEIbHBIX ITUTOKMHOB
[4, 9, 15, 27]. B sKkcnepuMeHTAJIbHBIX MOICISIX
Ha mbimax Bl 2K oka3biBajia HpOTEKTUBHBIN OTBET
MO OTHOIIEHUIO K «MOCTOPOHHUM» WHOEKIHUIM
[15, 27], xoTs1 1 He Ko BceM [9]. [ToBbIIeHHE YPOB-
HS TIPOAYKIIMHU ITPOBOCHATUTEIbHBIX IMTOKMHOB
nocne BakuumHauum BILI2K mokazaHo Takxke miist
NK-kietok [16]. Dt addexktor BLI2K npuHsTO
acCOLIMMPOBATh C AMUITeHETUUYECKHUM perporpam-
MHUPOBAaHUEM KJETOK BPOXICHHOTO UMMYHM-
TeTa, B YaCTHOCTH, ¢ MomuUdUKaImeil TUCTOHOB,
accounupoBaHHbIX ¢ reHamMmu TNFo, 1L-6, IL-1f,
TLR4, a Tak:Xe ¢ MeTabOIMYECKMMU CIABUTaMu
B KJIETKaX, B YaCTHOCTH, CO CMEIleHUeM MeTabo-
Jn3Ma OT OKHCJIHUTEIBbHOTO (hochOopUIMpPOBaAHMSI
K a’poOHOMY INIMKOJIU3Y [3, 6]. B KIMHUYECKUX
uccaegoBanusax BakumHa BL2K cHuxana Bupyc-
HYIO Harpy3ky nOpu MHGUIMPOBAHUU aTTECHYU-
pOBaHHBIM IITAMMOM BHpYyCa KEJITON JIUXOpaml-
ku. [IpoTrekTuBHBIN 2D HEKT ObLI CBSA3aH C AMU-
TeHEeTUYESCKUM pelrporpaMMUpPOBaHUEM KJIETOK
BPOXJIEHHOr0 MMMYHHUTETAa U MHAYKIIMEH «Tpe-
HUPOBAHHOTO» UMMMYHMTETA; CHUXCHUE BUPEMUU
OBILJIO ACCOIMMPOBAHO C MOBBIIIIEHHON MPOAYKIIH-
eir [L-1PB [4].

ONuaeMUoI0rndecKre UCCAeNOoBaHUSI CBUOC-
TeJIbCTBYIOT B MoJib3y cnocodHocTtu BLI2K yBenu-
YUBaTh YPOBEHB MPOTEKIHUH IIPOTUB «IIOCTOPOH-
HUX» TaTOMeHOB, IMOCKOJbKY MOKa3bIBalOT, YTO
BII2K-BakuyHaLusl HOBOPOXIEHHBIX CHUXKAaeT
JIETCKYIO CMEPTHOCTS [2, 8, 10]. UMetoTcs cBeneHU S
0 CHU:KCHUHU PUCKa Pa3BUTHUS MEJIAaHOMBI U JICiKe-
MUU y IeTei, BakimHUupoBaHHBIX BLI2K [20].

Takum obpazom, cnocobHocTh BLI2K nHayuum-
poOBaTh IeTEPOJOTUYHBIA U TPEHUPOBAHHBIN WM-
MYHUTET ITOKa3aHa BO MHOTHMX HCCIICIOBAHUSX.
KiioueBbIM BOMPOCOM, OAHAKO, SIBIASIETCS BOIIPOC
o ahauteabHocTu BIZK-uHayumpoBaHHON npo-
TeKnuu u crocoobHoctu BLI2K-BakLmHBI, TTpuMe-
HEHHO B IETCTBE, BIUSATH HAa YPOBEHB IIPOTEKIIUN
MPOTUB BUPYCHOI MH(PEKIINU Yepe3 MHOTO JIeT.

BIL2XK npencraBasier cobOoii XKMBYIO BaKIlIU-
HY UM NMOTEHIIMAJIbHO CIOCOOHA K TEePCUCTECHIIUU.
OnHako nOauTenbHOCTh mnepcucteHuuu  BII2K
u noagaepxaHus BII2K-uHAyLIMpOBaHHOTO UMMY-
HUTEeTa TOYHO He Mu3BeCTHBI. C OgHOI CTOPOHBHI,
nokazaHo nogjaepxanue BLI2K-nHayumupoBaHHOTro
T-xieTouHoro orBeTa B TedeHUe 14 JeT Irociie
BakKLMWHALUU, a C APYroll — €ero CylIeCTBEHHOE
yMeHbIIIEHUEe B Iepuoj1 OT 3 MecsLeB 0 roja U 3a-

against “unrelated” pathogens, since they show that
administering the BCG vaccination to newborns re-
duces infant mortality [2, 8, 10]. There is evidence
of a decrease in the risk of developing melanoma and
leukemia in children vaccinated with BCG [20].

Thus, the ability of BCG to induce heterologous
and trained immunity has been shown in many stud-
ies. The key question, however, is the question of the
duration of BCG-induced protection and the ability
of the BCG vaccine used in childhood to influence
the level of protection against viral infection many
years later.

BCG is a live vaccine and is potentially capa-
ble of persistence. However, it is not known exactly
for how long BCG persistence may last and for how
long a BCG-induced immunity may be maintained.
On the one hand, it was shown that BCG-induced
T-cell response was maintained for 14 years after
vaccination, and on the other hand, there are also
data demonstrating a significant decrease in this re-
sponse in the period from 3 monthsto 1 year and then
over 3 years from the moment of vaccination [25].
According to experts, the duration of BCG-induced
protective immunity is unlikely to exceed 7—15 years
(which explains, in particular, the timing of BCG
revaccination in Russia (7 years) and in several other
countries (6-15 years)). The duration of protection
against “unrelated” pathogens is most likely shorter
than of that against specific ones. At the same time,
heterologous protection based on the formation
of cross-reactive clones may last longer than the pro-
tection associated with the induction and mainte-
nance of trained immunity [18]. Indeed, in studies
carried out on volunteers, the heterologous response
of Th1/Th17 lymphocytes was preserved for a year
after the BCG vaccination, while the same authors
recorded an increased production of pro-inflam-
matory cytokines by innate immune cells only
for 3 months [14].

Thus, the question arises whether BCG vaccina-
tion of newborns can affect COVID-19 morbidity
and mortality, which are recorded mainly in the adult
population. In this regard, it is important to note that
the BCG vaccination is carried out in countries with
a higher burden of tuberculosis. These countries are
characterized by the spread of latent tuberculosis
infection (LTBI). It can therefore be assumed that
the spread of LTBI (and not the BCG vaccination it-
self) ensures the maintenance of long-term heterolo-
gous/trained immunity in countries with a high bur-
den of tuberculosis and thus underlies the “COVID-
BCG?” association. At the same time, it is significant
that the lungs are the main localization site of both
SARS-CoV-2 and M. tuberculosis. In contrast, BCG,
which is administered subcutaneously, is not detect-
ed in the lungs [13].

In this regard, the important question is whether
BCG revaccination can boost antiviral immunity
in the current epidemiological situation.
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TeM — mocJjie 3 JIeT ¢ MOMeHTa BaKLuHauuu [25].
Ilo MHeHUIO cieuuaaucToB, AAUTeabHOCTL BLI2K-
UHIYLIUPOBAHHOTO MPOTEKTHBHOIO MMMYHUTETA
BpsIA JIU TIpeBbIIaeT 7—15 jeT [c YeM, B YaCTHOCTH,
CBSI3aHbI CPOKM MpoBeAeHU s peBaknHauu bL2K
B Poccuu (7 neT) u psine npyrux crpas (6—15 net)].
CpoKM TIPpOTEKIIMM 10 OTHOIIEHUIO K <«IIOCTO-
pPOHHUM» MAaTOreHaM, CKOpee BCero, HHUXe, YeM
K creuudumdeckuM. IIpx 3TOM reTeposioruaHas
MPOTEeKIIMSI, OCHOBaHHAsI Ha 00pa30BaHUU KPOCC-
PCaKTUBHBIX KJIOHOB, MOXKET OBITH OOJIee IIUTEIIb-
HOM, 4eM IIPOTEKIIWs, CBSI3aHHAsI C WHIYKIIUCH
" TIOOAepKaHUEeM «TPEHUPOBAHHOTO» MMMYHUTE-
Ta [18]. JleiicTBUTENbHO, B UCCIIEIOBAHUSIX HA 100-
poOBOJIbLIAX OBIJIO MOKA3aHO COXPAHEHUE TeTEPOJIO-
ruyHoro otBeTa AuMmdonuToB Thl/Thl7 B TeueHue
roaa nocie BakuuHauuu BII2K, Torna kak yBenu-
YEHHYI0 IMTPOAYKIIMIO KJIeTKaM1 BPOXIEHHOI'O UM-
MYHUTETa MPOBOCTAJUTEIbHBIX IINTOKUHOB TE K€
aBTOPbI PETUCTPUPOBAJIN TOJBKO B TeUeHUE 3 Me-
caues [14].

Takum o0Opa3oM, BO3HUKAET BOMNPOC, MOXET
au BI2K-BakumHanums HOBOPOXIECHHBIX BIUSTH
Ha 3a0oJjieBaeMOCTb U cMepTHOCTh oT COVID-19,
perucTprupyemMbie, B OCHOBHOM, BO B3POCJIOi II0-
noyasuuu. B 3Toil ¢BSI3M BaKHO OTMETUTH, YTO
BLI2K-BakuimHauusi MpoBOAUTCSI B cTpaHax ¢ 0o-
Jjiee BBICOKUM OpeMeHeM Tybepkynesa. Hdas 3Tux
CTpaH XapaKTepHO pacHpocTpaHECHHE JTaTeHTHOU
Tyo6epkyae3Hoi uHpekuuu (JITH). [ToaTomy Mox-
HO MPEeANojOXUTh, YTO UMEHHO pacHpoCTpaHe-
Hue JITU (a He cobcTBeHHO BakuuHauus BLI2K)
obecrieynBaeT MNoAAepXkaHWE JJIUTEIbHOIO IO-
NYJASILUOHHOIO  T'eTePOJOrMYHOro/TPEeHUPOBaH-
HOro UMMYHUTETa B CTpaHax C BBICOKMM Opeme-
HeM TyOepKyse3a U JeXKUT B OCHOBE acCollMalluu
«COVID-BCGy». Cy11ecTBEHHO ITPU 3TOM, UTO JIeT -
KHe SIBJISIFIOTCSI OCHOBHBIM MECTOM JIOKaJIM3alluu
1 SARS-CoV-2, u M. tuberculosis. BLI2K, HanpoTus,
MPU TIOJIKOKHOM BBEASHUU B JISTKUX HE OITpeaesi-
ercs [13].

B cBsI3M ¢ 3TUM BaXXHBIM SIBJISICTCSI BOIIPOC
o ToM, MoxeT au peBakuuHauus BIIXK ycunuts
NPOTUBOBUPYCHBIM HNMMYHUTET B TEKYIIEH dTTMIC-
MHOJIOTUYECKOM CUTYaIlNH.

Ncnonb3osaHue BLK gna ctumynaumm
NPOTEKTMBHOIO UMMYHUTETA B YCIIOBUAX
pacnpocTtpaHeHus COVID-19

23 mapra 2020 r. Ha UHTEepHET-pecypcax mo-
SIBUJIOCHh OOBSIBJICHHE O HAMEPCHMH YeThIPEX CTpaH
nposBecTu paHgoMusupoBaHHble KW sddekTun-
HocTu BakuuHauuu BL2K ni1sa 3ammuThl MeauIMH-
ckoro mepconana or COVID-19 [11]. ITo cocTos-
HUIO Ha 7 ampens Ha caidte clinicaltrials.gov 6bL1U
3apeructpupoBanbl ABa KW, 3amiaHupOBaHHBIE
K mnpoBeaeHuio B Apctpanuu (NCT04327206)

The use of BCG to stimulate protective
immunity during the spread of COVID-19

On March 23, 2020, an announcement appeared
in Internet resources about the intention of four coun-
tries to conduct randomized clinical trials testing
the effectiveness of the BCG vaccination in protecting
medical personnel from COVID-19 [11]. As of April 7,
two clinical trials, scheduled to be carried out
in Australia (NCT04327206) and the Netherlands
(NCT04328441), were registered on clinicaltrials.gov.
As of April 22, two more clinical trials were registered,
aimed at studying the possibility of reducing the mor-
bidity and severity of COVID-19 by BCG vaccina-
tion (NCTO04350931, Egypt; NCT04348370, USA).
The intention of the studies is to boost the antiviral
immunity of the most vulnerable groups of the popu-
lation, specifically, medical workers and the elderly,
through BCG vaccination. According to the WHO,
however, there is no evidence that BCG has the abil-
ity to enhance antiviral immunity [26]. The question
arises about the feasibility and advisability of conduct-
ing clinical trials to revaccinate vulnerable groups
in Russia. In our opinion, there are several grounds
for conducting such trials.

First, such clinical trials will provide accurate
data on the presence of heterologous protective activ-
ity of BCG in relation to the SARS-CoV-2 infection.
Given that, according to experts, the spread of SARS-
CoV-2 cannot be completely stopped quickly and that
40—70% of the world’s population are expected to get
COVID-19, while the infection may become season-
al, obtaining this information may become crucial
for containing the spread of the SARS-CoV-2 infec-
tion (as well as other infections) in the future.

Second, if there is a protective effect, as expected,
revaccination will immediately protect at least some
of the people in the most vulnerable groups of the pop-
ulation. Given BCG’s adjuvant effect and the relative-
ly low prevalence of LTBI in Russia (according to our
data, the level among people without contact with tu-
berculosis patients is less than 15% [23]), the chances
that revaccination will increase heterologous/trained
immunity in the population are quite high.

Third, in Russia, there is an established system
for the production of the BCG vaccine, which makes
it possible to organize such clinical trials fairly quickly.

It should be noted that BCG vaccination (revac-
cination) cannot be considered as a means of treating
patients already infected with SARS-CoV-2, but only
as a method of increasing protective antiviral popu-
lation immunity in non-infected people. The latter
point is important due to the high adjuvant activ-
ity of BCG and the risk of stimulating an undesir-
able inflammatory response in people with severe
COVID-19 forms. It is also important to emphasize
that quarantine measures currently remain the most
effective and necessary mechanism for preventing
the spread of the infection.
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n Hugepnangax (NCTO04328441). Ilo coctos-
HUIO Ha 22 ampelisd 3aperucTpUpOBaHBI €lle aBa
KW, HampaBJIeHHBIX Ha HW3y4YE€HHE BO3MOXKHO-
CTU CHUXEHUS 3a007eBaE€MOCTU M TSIKECTU Te-
yeHuss COVID-19 nyrtem BakuuHauuu BII2K
(NCTO04350931, Erumet; NCT04348370, CIIA).
WccnenoBaHusl HampaBJeHbl Ha MOBBIIIIEHUE MPO-
TUBOBUPYCHOTO UMMYHUTETA Haubojee ysi3BUMBbIX
TPYMI HacejleHUs — MEAUIMHCKUX PabOTHUKOB
M TIOXUJIBIX J1ojeii — myTeM npoBeaeHust BLI2K-
BakuuHauuu. ITo muenunio BO3, onHako, gokasa-
TeJbHBIX JaHHBIX 0 HaMu4Yuu y BII2K cmocobHOoCTH
MOBBIIIATH TIPOTMBOBUPYCHBII MMMYHHMTET HET
[26]. BcTaer Bompoc O BO3MOXKHOCTU U 1IeJIeCO-
obpasHoctu npoBeneHusi KM mo peBakuuHauu
ySI3BUMBIX Ipynn HacejaeHus1 B Poccuu. Ha Ham
B3IJISI1, K IPOBEACHU IO TAKUX UCITBITAHUS €CTh He-
CKOJIBKO MPEaIIOChLIOK.

IlepBoe. IlpoBeneHue KM mo3BoOJUT MOAYUYUTH
TOYHBIE JTaHHBIE O HAJITUYUU TETEPOJOTUYHOU NMpo-
TeKTUBHOU akTuBHOCTU BIL2K mo oTHolleHu1o
K nHdpekuuunm SARS-CoV-2. C yyeToM TOro, 4To,
M0 MHEHUIO CIEeLMAaTIUCTOB, IOJHOCThIO Mpe-
KpatuTh pacnpoctpaHeHue SARS-CoV-2 6bicTpo
He ymactcsa U oxupgaercs, uyto 40-70% HacelleHUs
3emuu nepedosietror COVID-19, a nungexkumuss Mo-
XKET CTATh «CE30HHOM», MOJyYEHUE ITUX CBEAECH U
MOXET 0Ka3aThCs CYIIECTBEHHBIM IIJIS1 CIEpKHBa-
HU$S pacripocTpaHeHuss MHbekuuu SARS-CoV-2
(a Takxe Ipyrux MHGEKI i) B OyayIIeM.

Btopoe. B cinyyae Hanuuus mpearosaraeéMoro
NPOTEKTUBHOTO 2 deKkTa peBaKIMHAIMS MO3BO-
JIUT yXe ceiiyac 3allMTUTh XOTsI Obl YacTh JIlOAEH,
BXOISIIIMX B Haubosee ysi3BUMbBIE TPYIIIbI Hace-
neHus. C yyetoM Hanuuus y BL2K agbroBaHTHO-
ro addexTa 1 OTHOCUTEIbHO HEBBICOKOI'O YPOBH S
pacnpoctpaHeHus B Poccuun JITU (mo HamuuMm gaH-
HBIM, Y JItoJieit 6€3 KOHTaKTa ¢ 60J1bHBIMU TYOEPKY-
J1e3oM — MeHee 15% [23]), mIaHChl, 9TO peBaKIIMHA-
U] TIOBBICUT TOIYJISIIIMOHHBIM TeTepOJIOTUUHBI I/
TPEHUPOBAHHBIA UMMYHUTET JOCTATOYHO BEJIUKU.

Tpetbe. B Poccuu ecTh HaJlaxkeHHasi cUCTeMa
npousdBoacTBa BakLMHbI BI2K, yTo mno3Bomasier
B IOCTaTOYHO KOPOTKHE CPOKM OPraHU30BaTh IMO-
nooHbsle KU.

CiienyeT OTMETUTh, UYTO BaKIMHALMUS (peBakK-
nuHanus) BL2K He MoxXeT paccMarpuBaTbhbCcs Kak
CPEeICTBO Tepanuu yxKe MHpUuirupoBaHHbIX SARS-
CoV-2, a TOIbKO KaK METOJl MOBBIIIEHU ST TTPOTEK-
TUBHOTO  MOMYJSIIMOHHOTO MPOTUBOBUPYCHO-
ro UMMYHUTETa y HEUH(PUIMPOBAHHBIX JIOACH.
IlocnenHee BaXXHO B CBSI3U C BBICOKOM a/IbIOBAHT-
HOU akTuBHOCTBHIO BLI2K M puCKOM CTUMYNSILIUU
HeXeJaTeJIbHOTO BOCHAJMTEJIbHOTO OTBETa Y JIIO-
neit ¢ TaxenabiMmu ¢opmamu COVID-19. BaxHo
TaK>Xe MOAYEPKHYTh, UTO HA CErOAHSIIHUN TEeHb
KapaHTUHHBIE Mepbl OCTalOTCs Haubojee aei-
CTBEHHBIM U HEOOXOIMMBIM MEXaHU3MOM IIpeay-
MpeXIeHUS paclpoCTpaHEeHU S UH(pEeKIIUU

Conclusion

1. BCG has an adjuvant effect, the ability to stim-
ulate a type 1 response and to induce heterologous
and trained immunity, in particular, against viruses.
BCG revaccination can potentially stimulate protec-
tive antiviral population immunity.

2. Existing data show a link between mandatory
BCG vaccination and a relatively more favorable
COVID-19 course in different countries. This rela-
tionship may be due to the direct effect of BCG, as
well as to other factors, including those related to the
induction of heterologous/trained immunity (for ex-
ample, the incidence of LTBI) and those not related
to it (such as cross-country differences in test cov-
erage, the objectivity of the information provided,
the rigor and speed of quarantine measures, etc.).

3. The answer to the question about the factors
underlying the “COVID-BCG” association can be
given by mathematical modeling of the epidemio-
logical process, which must include various factors
in addition to the BCG vaccination, as well as by
the results of clinical trials on BCG vaccination/re-
vaccination for vulnerable population groups. Con-
ducting such clinical trials in Russia is advisable.

3ak4yeHme

1. BLI2K oGnamaeT agblOBaHTHBIM 3(P@deKTOM,
CITOCOOHOCTBIO cTUMyaupoBaTh Th oTBeT Tnma 1,
WHIYIUPOBATh TeTEPOJOTUUYHBINT U TPCHUPOBAH-
HBIH UMMYHUTET, B YaCTHOCTH, ITO OTHOIICHUIO
K BupycaM. PeBakuunanusa BL2K nmoreHumnanbHO
MOXKET CTHUMYJMPOBATHh ITPOTEKTUBHBINA TIOITYJISI-
LIMOHHBIN MTPOTUBOBUPYCHBII UMMYHUTET.

2. CyuiecTByoIIMe JaHHbIE MOKa3bIBalOT Ha-
JINYUE CBSI3U MEXKAY 00s3aTeIbHOIM BaKIIMHAIIMENH
BLI2K 1 oTHOCUTEIbHO O0Jiee OJIaronpUsITHBIM Te-
genrueM COVID-19 B pa3HBIX cTpaHax. DTa CBI3b
MOXET ObITb OOYCJOBJIEHA HENOoCPeACTBEHHbBIM
sddextom BIIK, a Takxke npyrumu ¢pakTopamu,
KaK CBSI3aHHBIMU C MHAYKIIMEN reTepOoJIOTMYHOr0/
TPEHUPOBAHHOIO UMMYHUTETa (HapuMmep, ypPOB-
HeM pacripocTpaHeHust JITHW), Tak u He cBSI3aHHBbI-
MU C HUM (MEXCTpPaHOBBIE pa3IMuus MO YPOBHIO
TECTUPOBaHUSI, OOBEKTUBHOCTD ITPEACTaBISIEMOIt
NHGOPMAIINHU, KECTKOCTh U CKOPOCTh MPUHSITUS
KapaHTUHHBIX MEp U Ip.).

3. OTBeT Ha Bomnpoc o (pakTopax, Jiexxalmux B oc-
HoBe accouuauuu «COVID-BCG», mMoxeT mathb
MaTeMaThu4eckKoe MOJeJUPOBaHUE SITUAEMUOJIOTU-
YeCKOro ITpoliecca ¢ BKJIIOUYeHUEM B aHaIU3 Pa3HO-
00pa3HbIX (aKTOPOB, TOMUMO BakmHauu bBLI2K,
a Takxe pe3yabraThl KM mo BaknmmHanuum/peBak-
OWHAWK YSI3BUMBIX Tpynn HacejaeHus. [Iposeme-
Hue cooTBeTcTBYOIIMX KW B Poccuu npeacrasisi-
eTcd 11eJ1eCO00pa3HbIM.
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Figure. Cross-country dynamics of COVID-19 morbidity (A) and mortality (B)

B aHann3 BKOYEHbI CTPaHbl ¢ 06WMM konnyecTeom cnyyaes 6onee 2000 no coctosHuio Ha 21 anpens 2020 r. [laHHble HOPMMPOBaHbI OTHOCK-
TENbHO NEPBOrO AHS, B KOTOPLINA KonnMyecTBo cnydaeB COVID-19 B ctpaHe npeBbicuno 0,7 Ha MunnnoH nonynsuum. KpacHbiii LBET — CTpaHbl,
He NpUMeHsBLUME NoNUTKKY oba3aTtenbHol BLIXK-BakuuHaumm Ans BCEro HaceneHus; CUHWI LBET — CTPpaHbl, paHee NpUMeHsIBLUNE, HO OTMEHMB-
e nonnTrky obsizatensHoi BLIXK-BakumHaumm (B ckobkax ykasaH rof, npekpaLleHus BakLMHALMK); 3eNeHbli LBET — CTPaHbl, MPUMEHSIoLLne
nonmTuky o6a3atensbHoit BLK-BakumHaumm B HacToswee BpemMs. CTpaHbl nepeyncneHsl B nopsiake yobiBaHMs KOMYecTBa cryyaes (CMepTHO-

cTun) COVID-19 B KaxZi.0M 13 TPEX CErMEHTOB CTPaH.

Included in the analysis are countries with > 2000 cases of COVID-19 (as of April 21, 2020). Data are normalized to the first day when the number
of COVID-19 cases exceeded 0.7 per million population. Red, countries that have never implemented national BCG vaccination policy for all. Blue,
countries that stopped national BCG vaccination policy for all (year when BCG vaccination was stopped is indicated in the brackets). Green, coun-
tries with current national BCG vaccination policy for all. Within each of the three groups, countries are listed in decreasing order.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


