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3 Koipewiz Pecnybnukaceinoazel Copoc @ondy, buwkek, Koipewiz Pecnyoiukacet

4 «Anovin anyyuy Meouyunay urumMuii-oHOypyumyk oupukmecu, buwxex, Kvipeviz Pecnybaukacol
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KopyTtynay. 2020-xbU11bIH asTbIHAH TapTa JyiHe xKy3y 6oroHua agamaapasl COVID-19ra kapiisl sMIee uitepy Oari-
Tasabl. BUpOK pecypcTapsl UEKTENTreH eJIKOIopAe BaKIIHA KETUILICH3 OONTOHAYKTaH, SMIOOHYH HaTHIIDKAIyy cTpare-
TUsIapbIH aHBIKTOO YuyH eikenery COVID-19 6oroHua MaanbIMaTTap TajllaHTaH.

Makanana sxamr Kypakka ke3 kapanasl SIERS Mozenun konoHyy MEHEH dMI00HYH TOPT TUIIOTETUKAIBIK CTPATETUACKHI
kaHa anapabiH KelpreI3cTanmars! SMUIeMUsITa TAUTH3TeH TAACUPU CaJIbIIITHIPHUITaH.

Omenturn, 2022-KbUTIBIH MapThIHA KapaTa KOOMAYK CalaMaTThIKTEI cakToo cuctemackl COVID-19 yuypnapein xana
aHbl MEHEH OaiiylaHbIIIKaH eJIyMIepAY a3aiTa ajart, srepje TOOOKEeIAUKTUH XKOTOpKY KamTarsl TontopyHa (50 sxarr
JKaHa aHJaH yiyy) KeHYJI OypyJica skaHa IMJI06 OpTO JKalll KypaKTarsl agaMaapra sxkasaica (20-49 xamr). OuoHaoii sie,
BaKLMHALUSAHBI Japbl-1apMEKCH3 KUMIUTUIYYJIOp MEHEH alKalIbIIITHIPYYHYH MaaHMITYYJIYTYH Oenruieid KeTyy Kepek
(OeTkarn kuityy »aHa apanbIKThl caktoo). byn COVID-191an oopyHyH jkaHa ©JyMIYH aHJaH apbl TOMOH/IOLITYHO aJIbIIl
KeJIeT )kaHa Oallka cebenTepaeH O0JIroH eyMAY KblibIp Typae azaiitar. Omentul, srepae Oyl cLieHapui 6alikaica, cu-
My Mesrmwinaae (2020-xbputasiH MapThiHaH 2022-KbUIIBIH MapThIHA YCHIH) OJIKOJIOTY 6JIYMIYH KOpCOTKy4dy 27
000zen 16 000re ueiinH KbICKapBIIIbl MYMKYH.

CuMyIISLUSHBIH HaThliKalapbiHa biTalbIK, 3M1ee COVID-191an kopronyyHyH 3¢ ¢GeKTHBIYY Yapackl OOIyI caHaar,
OMpOK Taacupu OeTKarl KUilyy KaHa apaibIKThl CAKTOO CHISKTYY Japbl-JapMEKCU3 KUITUTUITYYIIOpAY M166 MEHEH aii-
KaJIBIIIKAH 1 JKoropyaaTar. ToOOOKeNANKTHH JKOTOPKY TONTOPYHA KOHYJ Oypy/iraHzia oopyy a3ast, aHJaH KUHHH eIyM.
OILIEHTHII, CalTaMaTThIKThI CAKTOO CHCTEMACBIHBIH XKYT'Y a3aiT. BUpok oopyynapabIH jKaHa eJyMIepIyH KHHHHKA YOKY-

CYHYH a3aiiTyy MakcaTbhIH/Ia, DMJI06 WIITEPUH JKalll Kypak agamaapabia (20-49 sxair) apacklHaa KOTopysaryy 3apbul.
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MaTtemaTu4yeckoe mogenmpoBaHue cTpaternm BakuyumHauyum COVID-19 B
KblprbizcTaHe n CMepPTHOCTb

A.O. MouagokmaroBa “1.6, A.JK. loopondexosa 2, U.K. Kymanuena 24, A.C. MykamoOeToB 3,
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6 Meouyunckas accoyuayus, Buwkex, Koipevisckas Pecnybnuxa

7 MeowcOoynapoonas evicuias wikona meduyunsl, Buwikex, Keipevizckas Pecnyonuka

Pesrome. C konna 2020 roga Bo BceM MUpe Hadanach pabora 1o BakiuHaiuu jiroziei or COVID-19. Ho B cBsi3u ¢ Heto-
CTaTOYHBIM OOBEMOM BaKLMH B CTPaHaX C OIPaHUYCHHBIMHU pecypcamu, ObLIH ITpoaHaIu3upoBaHbl 1aHHble o COVID-
19 B crpane st onpesenieHus YPPEKTUBHBIX CTPATEIHd BAKIIMHAIMH.

C nomosto aerepmuHupoBanHoi Mozaenu SIERS, 3aBucsieii oT Bo3pacta, B CTaThe CPABHUBAIOTCS YETHIPE TUIIOTETHU-
YeCKHE CTPATeruy BaKIMHALIMH, 3aBUCSIINE OT BO3PACTa, M UX BIMAHHE Ha snuueMuio B Kelprezcrane.

Tak, 1o mapra 2022 rona, oOLIECTBEHHOE 3/IpaBooXpaHeHue MokeT cHU3UTh ciydan COVID-19 u o6ycnoBieHnyo ¢
HHUM CMEPTHOCTb, B CIy4ae MOBBIILICHHOTO BHUMAHUS TPyNIIaM BEICOKOTO pucka (50 JIeT u crapiie) 1 yMEpEeHHOH BaKIIH-
HaIMel JIMI ¢ BBICOKOH 3a0oseBaemMocThio (20-49 siet). Takxke, HEOOXOIUMO OTMETUTH O B)KHOCTU COYETAHHS BAaKIIU-
HallU ¢ HEMEIMKAMEHTO3HBIMHM BMEIIATEIbCTBAMH (HOLICHWE MAcOK M JUCTAaHIMPOBAHME), KOTOPbIE MPHUBEAYT K
JaJibHeHIeMy CHHXKEHHUIo 3abosieBaeMocT U cMepTHOCTH 0T COVID-19 1 KOCBEHHO CHU3UTH CMEPTHOCTH OT APYIHX
NpUYUH TOXe. TakuMm 006pa3oM, MpU COOMIONCHNH JTaHHOTO CLIEHAPHUs, CMEPTHOCTh TI0 CTPaHe MOXKET ObITh CHIKEHA C
27 000 o 16 000 3a nepuon monenuposanus (Mapt 2020 roga-mapt 2022 rona).

CoracHo pe3ysbraTaM MOJICTUPOBaHHsI, BAKIUHALMS sBIsieTcs 3¢ dexTrBHON Mepoii 3auutel o COVID-19, Ho addexr
MTOBBIIIACTCS NIPH COYETAHUH C BaKIIMHAIMEH HEMEIMKAMEHTO3HBIX BMEIIATEIbCTB, TAKMX KaK HOLICHHE MAcOK U JHC-
TaHLMpoBaHue. [Ipy cocpenoToueHNY BHUMAHHUS Ha IPYIIIBI BEICOKOTO PHCKA, CHIKAETCs 3a001€BaeMOCTb, Jlajiee CMepT-
HOCTh. M TakuMm 00pa3oMm, CHIDKAaeTCs Harpy3ka Ha cucTeMy 3apaBooxpaHenus. Ho mist moctrkenus sddexra Tombl
CHIepKUBAHUS 0YEPEAHOTO0 MHKa 3a00JIeBAeMOCTH U CMEPTHOCTH, HEOOXOIMMO YBEIMUHUTE OXBAT IPYIII C BEICOKOH 3a00-
neBaeMoctsb (20-49 ner).

Knrueswvie cnosa: COVID-19, mooenuposanue, saxyuna, Keipevizckaa Pecnyonuka.

Mathematical modelling of COVID-19 vaccination strategies in Kyrgyzstan and
mortality
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Abstract. Since the end of 2020, work has begun around the world to vaccinate people against COVID-19. But due to
the insufficient supply of vaccines in resource-limited countries, data on COVID-19 in the country were analyzed to de-
termine effective vaccination strategies. Through age-dependant SIERS deterministic model, the paper compares four
hypothetical age-dependant vaccination strategies and their impact on the epidemic in Kyrgyzstan.
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So, by March 2022, public health can reduce cases of COVID-19 and the resulting mortality, in the case of increased at-
tention to high-risk groups (over 50 years old) and moderate vaccination of people with a high incidence (20-49 years
old). It should also be noted the importance of combining vaccination with non-pharmaceutical interventions (wearing
masks and distancing), which will lead to a further decrease in morbidity and mortality from COVID-19 and indirectly
reduce mortality from other causes too. Thus, if this scenario is observed, the mortality rate in the country can be reduced
from 27,000 to 16,000 over the simulation period (March 2020 - March 2022). According to the simulation results, vac-
cination is an effective measure of protection against COVID-19, but the effect is increased when combined with vacci-
nation of non-pharmaceutical interventions. When focusing on the high-risk group, morbidity decreases, then mortality.
And thus, the burden on the health care system is reduced. But to achieve the effect of crowd control of the next peak in
morbidity and mortality, it is necessary to increase coverage with high morbidity (20-49 years).

Key words: COVID-19, vaccination, modelling, Kyrgyz Republic.

Introduction

The emergence of COVID-19 vaccines may now
change the course of the pandemic. However, it is un-
likely that all countries will immediately have sufficient
vaccine supply due to a high worldwide demand that
will initially exceed manufacturing capacities.

In 2020, GAVI jointly with the World Health Or-
ganisation and Coalition for Epidemic Preparedness In-
novations (CEPI) initiated COVAX, an international
platform, to ensure global equitable access to COVID-
19 vaccines and help countries in mitigating the negative
impacts on their national health systems and economics.
This initiative will enable the countries with limited re-
sources to vaccinate about 20% of their populations by
pooling the resources of participating countries and
economies (1).

At the time of writing the article, in addition to
226,000 dozes of AstraZeneca provided by COVAX (2)
the Kyrgyz Republic received an additional supply of
about 1.5 million doses of Sinopharm from China (3)
and 80,000 doses of Sputnik-V vaccines from Russian
Federation (4). This amount will cover about 30% of the
adult population or only 19% of the total population. As
of August 9, 2021, about 2.7% of the population in Kyr-
gyzstan are reported as fully vaccinated and 5,6% as
partially vaccinated (5).

This limited amount of vaccines puts the govern-
ment into a dilemma which groups to prioritize for a bet-
ter protection of the entire population and lessening of
the pressure on the national health system. Currently, the
country is going through the third wave of the epidemic
with higher incidence compared to the previous periods
due to the emergence of the new variants (6). Though
the death rates are not that high as in the previous waves,
the health system is still overwhelmed with an intensive
flow of patients. Thus, during July, almost all COVID-
19 attributable hospitals in the capital city Bishkek re-
ported about reaching the capacity threshold of general
wards and intensive care unts (7,8).

The existing evidence suggests that disease severity
and mortality differ by age (9-12), so that age-dependant

vaccination can be considered as an important and pri-
ority strategy (13). To date, some countries, mostly with
higher incomes and better COVID-19 vaccine coverage,
have already shown the effectiveness of vaccination
strategies both in regards to morbidity and mortality
(5,14-18). Our study adds a Kyrgyz specific perspective
to the existing evidence on potential effects of the vac-
cination on the course of the epidemic in low- and mid-
dle-income countries (LMIC) (19-24). Specifically, we
modelled four hypothetical age-dependant vaccination
strategies to seek for the optimal options in reducing
mortality and healthcare demand in Kyrgyzstan. For the
practical rational, the national health system’s capacity
and vaccines availability have been taken into consider-
ation.

Methods

We applied the web-based interface of the dynamic
Susceptible-Exposed-Infectious-Recovered (SEIRS)
age-structured model, developed by COVID-19 Model-
ling (CoMo) Consortium in collaboration with Oxford
Modelling for Global Heath (OMGH) Group for the pur-
pose to examine the effect of various intervention pack-
ages on the course of the COVID-19 pandemic and
related burden on national health systems in more than
150 countries (25,26). The details of the CoMo model
framework, equations and parameters can be derived
from “COVID-19 Pandemic Modelling in Context:
Uniting People and Technology” by R.Aguas and col-
leagues (27).

Model parameters

The values of the model parameters describing the
disease natural history and clinical course of infection
were applied as default for Kyrgyzstan due to unavail-
ability of relevant country specific evidence (25). We
applied 16 age groups, defined in the CoMo model, with
the probability of contacts within and between age
groups based on the social contact matrices for 152
countries by Prem and colleagues (28). For the demo-
graphic parameters we used the 2019 United Nationals
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KG intervention timeline, baseline NPIs (2020-2021)

01/03/2020 01/06/2020 01/09/2020

-#-Handwashing
School Closures
-@-Self-isolation if Symptomatic

-#-Social Distancing
-®-International Travel Ban
-#-(*Self-isolation) Screening

— ———
-

01/12/2020

01/03/2021 01/06/2021

-0-Working at Home
--Mask Wearing
-#-(*Self-isolation) Household Isolation

Figure 1. Timelines of government’s chosen NPI strategies and actual behavioural patterns (baseline scenario).

World Population Prospects Report (29) and data from
the Kyrgyz National Statistics Committee (30). The in-
formation of the COVID-19 daily new and death cases
were derived from the official National COVID-19 on-
line resource (31).

Hospital capacity parameters included the availabil-
ity of surge and ICU beds and ventilators. We applied
internal reports of the Ministry of Health on health sys-
tem preparedness for the COVID-19 epidemic for the
simulation. As for the duration of hospitalised infection
for each subcategory (surge, ICU and those under ven-
tilation), we consulted with the Republican Hospital of
Infectious Diseases, National Hospital, and the Ministry
of Health.

Baseline interventions

Since at the time of model implementation the vac-
cination coverage in Kyrgyzstan reached only about 2%,
in the baseline scenario we included only non-pharma-
ceutical interventions (NPIs), which formed a bulk of
responses to the COVID-19 epidemic in the country, in-
cluding self-isolation of symptomatic or laboratory con-
firmed cases, case tracing, voluntary home quarantining
of individuals who contacted with COVID-19 cases, so-
cial distancing, hand hygiene, mask wearing, schools
closure, working from home, travel ban, and lockdown.
The timeline of indicated interventions are shown in the
Figure 1 below.

We defined the parameter values for Kyrgyzstan
based on the estimated population behavioural patterns
and prevention measures implemented in the country
starting from the epidemic onset up to June 15, 2021.
Reports and internal documents of the Ministry of
Health, Ministry of Education, and Disaster Response
Coordination Unit in the Kyrgyz Republic were applied
to estimate and define the values for the school closure,

travel ban, screening, household quarantining and self-
isolation. Due to unavailability of direct parameter val-
ues for the social distancing and working from home we
applied Google Community mobility report for Kyr-
gyzstan (32) as a proxy data. The data for mask wearing
hand hygiene was based on consultations with local
health experts and sociologists.

The model assumes that the isolation of COVID-19
cases and those contacted with them would have lower
transmission rate compared to non-isolated cases and
their contacts. The changes in social distancing as well
as school closure and working from home assume the
reduction of social contacts within and between age-
groups, while travel ban would reduce the number of im-
ported cases.

Hypothetical intervention scenarios

Four hypothetical scenarios for vaccination were re-
viewed in the simulation: 1) Vaccination [65+: 70%, 50-
64: 40%, 20-49: 15%] and baseline NPIs ; 2)
Vaccination [65+: 70%, 50-64: 40% , 20-49: 15%] and
improved NPIs [mask wearing:70% and social distanc-
ing:25%]; 3) Improved vaccination [65+: 70%, 50-64:
60% , 20-49: 25%] and baseline NPIs; 4) Improved vac-
cination [65+: 70%, 50-64: 60% , 20-49: 25%] and im-
proved NPIs [mask wearing:70% and social distancing:
25%]. In these scenarios we measured potential reduc-
tions of new reported and unreported cases, deaths, and
burden on the health system compared to the baseline
scenario. In addition, we estimated how NPIs could im-
prove the effect from the vaccination.

The vaccination coverage is based on the existing
evidence on age-related severity and mortality of the dis-
ease, planned supply of vaccines in the country (33) and
the population structure, which is characterised by a
comparatively smaller number of people of older ages

27



2021, Ne4

Maremarudeckoe MOJCIMPOBAHUC CTPpATCT Wit BaKIIMHAIIUK

(29). After consulting with local experts we also consid-
ered the change of two NPIs in the model, mask wearing
and social distancing, as affordable and less disruptive
changes in terms of economic and social life of the peo-
ple. As shown in Figure 1, currently the mask wearing
and social distancing are barely followed in Kyrgyzstan.
The vaccination coverage is based on the existing
evidence on age-related severity and mortality of the dis-
ease, planned supply of vaccines in the country (33) and
the population structure, which is characterised by a
comparatively smaller number of people of older ages
(29). After consulting with local experts we also consid-
ered the change of two NPIs in the model, mask wearing
and social distancing, as affordable and less disruptive
changes in terms of economic and social life of the peo-
ple. As shown in Figure 1, currently the mask wearing
and social distancing are barely followed in Kyrgyzstan.
It is important to note that the efficacy of mask
wearing, assumed in the model, constitutes 35% only
considering the comparatively low level of the availabil-
ity and affordability of masks in the country and the peo-
ple’s masks wearing behaviour.

A)

Data fitting: predicted vs. actual cummulative deaths

17/03/2020 17/08/2020 17/01/2021 17/06/2021 17/11/2021

—Predicted cummulative cases

w— Actual cummulative deaths

Model validation

Model validation is implemented in two stages: 1)
initial visual fitting and 2) particle filtering data fitting
(PFDF). The fitting considers the above specified dis-
ease and hospitalisation factors, intervention parameters,
transmission probability given contacts, proportion of
symptomatic and asymptomatic reported cases, hospi-
talisations reported, and the simulation starting date. The
details of PFDF analysis and estimated parameter values
are given in Annex 1.

Since the reported death cases are assumed to be
more reliable compared to confirmed new cases due to
low testing capacity and issues with the quality of tests
in the country, the fitting is carried out primarily against
reported death cases though we applied the fitting
against new cases as well. Below are the charts of the
predicted data calibrated against actual reported cumu-
lative death cases and daily new cases (Figure 2 A and
B):

B)

Data fitting: predicted vs. actual daily new cases

2500
2000
1500
1000

500

0

17/03/2020 17/08/2020 17/01/2021 17/06/2021 17/11/2021

= Predicted reporte ew cases per day

w— Actual reported n cases per day

Figure 2. Particle filtering data fitting of the projected epidemic curve against actual reported cumulative death

cases (A) and daily new cases (B) as of June 15, 2021.

Limitations

One of the major limitations is that the model ac-
counted for the preliminary COVID-19 variant only,
since at the time of the modelling the option of project-
ing the scenarios with new variants was not available in
the web based application. Accordingly, the actual effect
on the epidemic and related health outcomes from the
vaccination may have different outcomes from the pre-
diction depending on which variant(s) will prevail in the
country.

The other limitation is that due to the limited avail-
able information for the Kyrgyz context we used some
key parameter values based on the assumptions and es-
timations for the simulations. As mentioned earlier, in
such cases we applied either the existing global evidence
or proxy national data, or estimated the values in con-
sultation with local experts.

Results

The results below reflect the model projections of
the impact of baseline and the above four hypothetical
scenarios on the course of the epidemic, burden on the
health system and mortality in Kyrgyzstan. The model
assumes that the vaccination in all hypothetical scenar-
ios starts on July 1, 2021, thus, the potential changes in
the epidemic are projected starting from this period.

New daily reported and estimated unreported
cases

As shown in Figure 3B, prioritizing the high-risk
groups (50-64, and 65+ years old) for the vaccination
significantly decreases symptomatic and laboratory con-
firmed cases in all scenarios. The improvement of mask
wearing and social distancing (scenario 2 and 4) may
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B)

Baseline scenario: Reported + unreported new cases

o ¥ §

My 20 Sep'20 Jan'21 May 21 Sep'21 jan'22

Baseline scenario: Reported new cases

May 20 Sep'20 han'2y May 21 sep'21 an22

Hypothetical scenario 1: Reported + unreported new cases

200k

150k

:

May 20 Sep'20 a2 May 21 Sep'21 22

Hypothetical scenario 1: Reported new cases

May 20 Sep'20 a2 sy 21 sep 21 Jan22

Hypothetical scenario 2: Reported + unreported new cases

. 5 B

May 20 Sep"20 a2 My 23 Sep 21 Jan22

Hypothetical scenario 2: Reported new cases

. % 8 8§ §

May 20 Se9°20 Jan 21 My 21 Sen'21 22

Hypothetical scenario 3: Reported + unreported new cases

200k

150k

. % &

May 20 Sep'20 hn21 May 21 Sep'21

Hypothetical scenario 3: Reported new cases

May 20 5¢9°20 R May 21 Sep'21 n22

Hypothetical scenario 4: Reported + unreported new cases

200k

150k

:

May 20 Sep°20 Jan21 May 21 Sep21 n22

Hypothetical scenario 4: Reported new cases

. 8 § 8 & 3

ay 20 Sep'20 Jan21 way 21 Sep'21 san'22

Figure 3. Baseline and hypothetical scenarios (1-4) of projected new daily reported and unreported cases. Actual

new daily reported cases (red curve).

accelerate the decrease of new cases in the current wave
and flatten the peaks of potential subsequent waves com-
pared to alternative scenarios with baseline NPIs (sce-
nario 1 and 3).

However, the small coverage of high-incidence

groups (20-49 years old) does not significantly change
the volume of unreported and asymptomatic cases in all
scenarios (Figure 3A), though the inclusion of improved
two NPIs slightly reduces the peak of the next potential

wave in October 2021 with an increase of the potential
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Figure 5. Baseline and hypothetical scenarios (1-4) of projected COVID-19 attributable deaths and all-cause
mortality.

wave in February 2022 assuming that the indicated vol-  Mortality

umes of the vaccination will be completed by the end of

the current year and no other roll-out will be expected The model predicts that at the current level of NPIs
after that. In addition, as with reported cases, the im- and without vaccination (baseline scenario), the number
proved NPIs may also accelerate the reduction of new of COVID-19 attributable deaths will reach 7,700 cases
unreported cases in the current wave. by the end of the model simulation period.
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Figure 6. CFR change during the course of the epidemic.

Vaccination and the followed reduction of the pres-
sure on the health system, will decrease the number of
COVID-19 attributable deaths. As shown in Figure 5,
the curve of the cumulative mortality of treated and un-
treated patients will flatten after the launch of the vacci-
nation (all hypothetical scenarios).

The vaccination alone (scenarios 1 and 3) may re-
duce the number of deaths by 2040 — 2260 cases respec-
tively, and in combination with improved mask wearing
and social distancing (scenarios 2 and 4), it may de-
crease the mortality by 2480- 2500 cases relatively. In
all scenarios, the patients aged 65+ years old will con-
stitute the majority of COVID-19 related deaths (about
75%), followed by those aged 50-64 years old (about
17%). This trend may be explained by the preliminary
higher CFR in these age groups with a further increase
during intensive phases of the epidemic (Figure 6).

The vaccination with improved NPIs may decrease
all-cause mortality from 27,000 cases (baseline) up to
16,000 (scenario 4), since hospitals and wards re-
arranged for COVID-19 patients will resume their work
on preliminary designation (Figure 5).

Discussion

This study suggests a potential positive impact of age-
specified vaccination in reducing the level of sympto-
matic cases, burden on the health system and mortality
in the short-term horizon. According to the model, pri-
oritization of high-risk groups may help in reducing the
COVID-19 attributable mortality and will potentially
have an indirect positive effect on declining the deaths
from other reasons as a result of lessened burden on the
health system.

It should be noted that the national health system, al-
ready deteriorated in the last 30 years, experienced a
tremendous pressure during the course of COVID-19
epidemic. As in many other countries with limited re-
sources, during the intensive phases of the epidemic,

most of available medical and human resources were re-
arranged and allocated to treat COVID-19 patients. In
result, the MoH reported about 6430 cases of excess
mortality (19.2%) in 2020, the majority of which were
attributable to cardiovascular, COVID-19, lung diseases,
followed by other causes (34,35). Accordingly, the de-
crease of the number of COVID-19 patients may im-
prove the current situation in other health areas.

On the other hand, considering the fact that the popula-
tion in Kyrgyzstan is young, the primary focus of the
vaccination on high-risk groups with lower coverage of
the people of younger ages may have less effect in re-
ducing the incidence level. Thus, the herd effect in de-
laying another peak may only be achieved by reaching
high-incidence groups more broadly.

Moreover, the model predicts that stopping of the vac-
cination after reaching the indicated coverages will later
trigger a wave equivalent to the baseline scenario since
the majority of the population will still not be protected
and the spread will continue.

And finally, the model suggests that the lower vaccina-
tion coverage with improved NPIs may have a compar-
atively similar effect as the increased vaccination
coverage with basic NPIs. In this model we increased
the coverage for mask wearing and social distancing
only, as they are considered as less disruptive interven-
tions compared to school closure or working from home.
Apparently, the combination of comparatively less dis-
ruptive interventions with vaccination may improve the
effect from the vaccination. Considering the fact that
most countries with limited resources are not likely to
receive enough vaccine supply in the nearest future
(1,36), such approach could be of benefit for controlling
the epidemic, at least in a short-term perspective.

Kazyyuynap ap kanjaii KbI3bIKUbLIBIKTAPABIH YbIP KOK-
TYTYH KapbIsiIaiT.
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