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Abstract

Background. The effectiveness of the vaccines used in Russia against COVID-19, caused by Delta variant
of SARS-CoV-2 is unknown.

Objective. The goal of the study was to evaluate the epidemiological effectiveness of Sputnik V and
EpiVacCorona vaccines against COVID-19 caused predominantly by the SARS-CoV-2 Delta variant. We
were interested in the ability of the vaccines to protect against disease of different severity, including
lethality, in different age groups.

Method. This work is a retrospective cohort study of COVID-19 patients. The cohort created by the
Moscow Health Department included more than 300,000 infected people who sought medical care in
Moscow in June and July 2021. The relevant dataset became available in the Telegram group "COVID-19
Vaccine News: 2021" and is in the public domain. The dataset includes patients’ vaccination status,
specifically whether they were immunized with the Sputnik V or EpiVacCorona vaccine. Reported cases
of infection and diseases are also categorized according to age, and severity of COVID-19, including death.
We used two control comparison groups in our studies. The first group consisted of unvaccinated Moscow
residents and the second group included seronegative city residents, that is, those who had no detectable
antibodies to SARS-CoV-2.

Results. Analysis of data using both control groups revealed a tendency for the effectiveness of the Sputnik
V vaccine to increase as the severity of the disease the vaccine protects against increases. Protection was
lowest for mild disease, it was more pronounced for severe disease, and finally, the vaccine provided
maximum protection against COVID-19-related death. At the same time, we observed a decrease in the
vaccine effectiveness (VE) with age. The results obtained with the first control group are as follows. For
the youngest (18-50 years old), the estimated VE in preventing death in June 2021 was 95% (95% CI 64-
100), and for the older generation (50+), it was 74% (95% CI 67-87). Estimated protection against a severe
form of the disease in the group of 18-50 years old in June-July 2021 was above 81% (CI 95% 72-93), and
in the group over 50 years old it was above 68% (CI 95% 65-82). The VE values were higher with the
second comparison control group. According to our analysis, EpiVacCorona proved to be an ineffective
vaccine and therefore cannot protect against COVID-19.

Interpretation. Sputnik V vaccine effectiveness against the Delta variant of SARS-CoV-2, was higher for
severe disease or death and its protective effect was more pronounced in younger age groups. There may
be more people with comorbidities among the vaccinated elderly than among the unvaccinated, so estimates
of VE are lower for older age groups. Other biological or social factors may contribute to the observed age
bias. EpiVacCorona is an ineffective vaccine for any age group.
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Introduction

A wide range of effective vaccines for the prevention of COVID-19 is now available worldwide.
The effectiveness of these vaccines has been demonstrated in both clinical and retrospective studies [1-
4]. However, the SARS-CoV-2 viral genomes continue to evolve, giving the virus more and more
advantages in evading the immune response. In this regard, the effectiveness of vaccines based on
antigens of the ancestral variant needs to be re-evaluated for new successful viral variants that can cause
new epidemic waves.

COVID-19 vaccine platforms in Russia

There are 4 vaccines that have been approved for use in Russia. Two of them are viral vector vaccines
(Sputnik V and Sputnik Light, one is a peptide-based vaccine (EpiVacCorona), and the fourth is an
inactivated virus-based vaccine (Covivac).

Sputnik V. Sputnik V (Gam-COVID-Vac) is a viral vector vaccine based on two recombinant
replication-defective human adenoviruses: Ad26 (serotype 26) and AdS (serotype 5). Both Ad26 and
AdS5 are used as vectors for the expression of the SARS-CoV-2 spike protein (S-protein). Immunization
with Sputnik V occurs with two doses of the vaccine, one of which is a primer (rAd26) and the other is
a booster (rAdS5). There is another vaccine Ad26.COV2. S. This vaccine was developed by
Janssen/Johnson & Johnson and based on the rAd26 adenovirus vector. It encodes a full length,
stabilized S-protein of SARS-CoV-2 and is used in a one-time, single-dose immunization regimen [5].

According to a randomized, double-blind, placebo controlled, multicenter Phase 3 trial that took
place in Russia, the protective efficacy of the Sputnik V vaccine is 91.6% [6]. In Hungary, a large
retrospective cohort study has been carried out to compare the efficacy of vector-based and mRNA-
based vaccines. In this study, almost all the data analysis was done before the Delta variant. Hungarian
researchers estimate the protective effectiveness of Sputnik V in preventing symptomatic infection at
86%, and its ability to prevent deaths associated with COVID-19 at 97% [7]. Analysis of data from
retrospective case-control studies conducted in Bahrain shows that the ratio of the risks of death in the
group of vaccinated and unvaccinated is 1/15. Accordingly, the vaccine's effectiveness in preventing
deaths exceeds 90% [8]. Unfortunately, the publication indicates that during the time, which the study
was conducted in the country, the dominant variants of the virus changed, so it is not possible to link the
estimated vaccine efficiencies to a specific variant of SARS-CoV-2.

Unfortunately, we do not know how long the Sputnik V vaccine has a high degree of protection.
How quickly it weakens and how its protection depends on the dominant variant of the coronavirus
circulating in the human population. In this regard, a cohort prospective study done in Argentina is of
interest. This study analyzed the dynamics of changes in the antibody’s levels in vaccinated. It turned
out that the level of antibodies decreases relatively quickly. Six months after vaccination, antibodies to
the receptor-binding domain of the S-protein are not detected in 69% of vaccinated [9]. How this relates
to the duration of the vaccine's protective effect remains to be studied.
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Sputnik Light. Sputnik Light is a single-dose vaccine based on the adenovirus rAd26 [10], that is, the
first component of the Sputnik V vaccine. The effectiveness of this vaccine in protecting against
COVID-19 caused by the Delta variant of SARS-CoV-2 was evaluated using data from a retrospective
cohort study conducted in Moscow in July 2021. A single immunization with the first component of the
Sputnik V vaccine demonstrated 86% and 75% efficacy in young and middle-aged people, respectively.
The overall average vaccine efficacy was 69.85% (95% CI 64-75). The result is obtained from the
analysis of data collected within a period limited to 3 months after vaccination [11].

According to research that took place in Argentina, Sputnik-Light effectiveness for preventing
COVID-19 infections was 78% (95% CI 75-83) 78+6% and for the prevention of hospitalizations and
deaths - 88% (CI 95% 80 - 92) and 85% (CI1 95% 75 - 90), respectively. The study was conducted based
on data collected for adults in the 60 - 79 age range within a short time interval limited to 83 days after
vaccination, before the Delta viral variant became dominant [12]. It can be assumed that with other
dominant viral variants, the vaccine will be less effective.

The efficacy of the similar vaccine Ad26COV?2.S (Johnson & Johnson/Janssen) against COVID-
19 infection, based on results of phase 3 clinical trials, is like that of Sputnik Light at 67% (95% CI 59-
73). The efficacy of the vaccine against severe COVID-19 is slightly higher at 85% (95% CI 54-97) [5].
However, these trials were conducted before the Delta-virus variant became dominant. It can be assumed
that in a situation with the dominant viral variant Delta or Omicron, the result would be somewhat worse.

Interestingly, in Venezuela, on a relatively small sample of several dozen people, it was shown
that after vaccination with the first dose of Sputnik V, which is equal to the full Sputnik Light
vaccination, 42% of those vaccinated did not develop antiviral antibodies. However, complete
seroconversion occurred in everyone observed after two doses of the vaccine. At the same time, after
the first dose of the vaccine, all previously infected seropositive individuals developed a humoral
response with an antibody level ~ 40% higher than previously seronegative individuals who received 2
doses of the vaccine. Thus, a second dose of vaccine in previously seropositive patients does not
significantly increase antibody levels [13].

These data from Venezuela demonstrate that Sputnik Light may be a good booster vaccine, but
is ineffective in triggering complete seroconversion in most people and therefore is unlikely to provide
the same effective immune protection as Sputnik V. In addition, these data show that hybrid immunity,
immunity in those who have had COVID-19 and have been vaccinated with at least one dose of the
vaccine, may protect better than a complete vaccination with Sputnik V.

However, Sputnik Light as a booster dose of the vaccine is highly valuable for the prevention of
the Omicron variant virus infection. A 12-fold decrease in neutralizing antibodies to this variant was
demonstrated in the sera of people vaccinated with Sputnik V 6-12 months earlier. Nevertheless, analysis
of sera of individuals vaccinated with Sputnik V and then vaccinated with Sputnik Light showed that 2-
3 months after revaccination the decrease in the level of neutralizing antibodies against Omicron variant
was only 7 times. In addition, boosting dose increases the titer of antibodies capable of neutralizing
Omicron by an average of 16 times [14]. Thus, it appears that the protective effectiveness of the Sputnik
V vaccine can and should be enhanced by an additional booster dose of Sputnik Light.

EpiVacCorona. The vaccine representing the second platform in Russia is the peptide vaccine
EpiVacCorona. It consists of three peptides of SARS-CoV-2 virus' S-protein conjugated to a carrier
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protein. The carrier protein in EpiVacCorona is a two-part chimeric protein, one of which is a viral
nucleocapsid protein (N-protein) and the other is a bacterial maltose-binding protein. The carrier protein
is expressed in E. coli, and peptides are also expressed in E. coli or chemically synthesized. The three
peptides of the vaccine are the following amino acid sequences: CRLFRKSNLKPFERDISTEIYQAGS,
CKEIDRLNEVAKNLNESLIDLQE, and CKNLNESLIDLQELGKYEQYIK [15]. It is worth noting
that these three peptides do not overlap with the mapped antigenic linear epitopes of the S-protein of
SARS-CoV-2 [16-21].

EpiVacCorona has been in use in Russia since December 11, 2020. By the time large-scale
immunization with this vaccine began, even the first phase of clinical trials had not been completed. So,
the representative of the State Research Center "Vector" on January 22, 2021, told the RIA-Novosti
correspondent: “Clinical trials of phases I-1I have not yet been completed. There are only intermediate
results."[22]. Later the trials were finished, and preclinical and clinical Phase I/ II trial results have been
published [15,23].

However, in the scientific community, these publications, and the design of the vaccine itself
have come under serious criticism. For example, the lack of important controls in published experiments
[24] was criticized. In addition, the vaccine has been criticized for the lack of overlap between the three
peptides and the experimentally determined linear antigenic epitopes of SARS-CoV-2 S-protein B-cells
[24].

Only 3,000 participants were enrolled in the EpiVacCorona phase III clinical trial [25]. It was
planned that 25% (750 of 3,000) of the participants would receive a placebo. The total number of
participants is very small. Therefore, it is difficult to imagine that any statistically significant information
can be extracted from the trial data. The trial was registered with ClinicalTrial.gov on March 3, 2021.
There have been no updates of the clinical data since that date. We know nothing about the progress of
the trial.

After an injection of EpiVacCorona, a vaccinated person can develop antibodies not only to the
S-protein peptides of the coronavirus, the protective function of which has not been established, but also
to the chimeric protein antigens present in the vaccine. In particular, the viral N-protein and bacterial
maltose-binding protein. The antiviral immune-protective function of the latter has not been
demonstrated either.

Independent studies, results of which were presented on the preprint server in Russia, did not
confirm the presence of neutralizing antibodies in the plasma of those vaccinated with EpiVacCorona
[26]. At the time of this writing (December 2021), the results of phase III clinical trials showing the
epidemiological efficacy of the vaccine have not been published. Thus, in our work, we present the first,
as far as we know, data on vaccine effectiveness.

Covivac. Finally, the vaccine, which represents the third platform in Russia, is inactivated SARS-CoV-
2 [27]. Data confirming the epidemiological effectiveness of this vaccine have not yet been published.
We did not conduct a retrospective analysis of the effectiveness of this vaccine due to the lack of
sufficient data.

Viral variant Delta (B.1.617.2)



The viral variant Delta (B.1.617.2) was first detected in patient samples from India, but quickly
spread and became dominant in other countries [28 10]. This viral variant can circulate efficiently at
current vaccination levels in most countries [29-31]. In addition, the effectiveness of vaccines against
the disease caused by the SARS-CoV-2 Delta variant is reduced [32-34].

In the summer of 2021, in Moscow, the Delta variant replaced all other variants and became
dominant [11,32,35]. In June, it averaged more than half of COVID-19 infections, and in July it was
already more than 90%. However, most of the cases in June corresponded to the second half of the
month, when the Delta variant of the coronavirus became dominant [36 44]. Among the variants of
B.1.617.2 the following representatives AY .4, AY.5, AY.6, AY.10, AY.12, AY.20, AY.23, AY.24 were
encountered in Moscow, however, two variants prevailed: B.1.617.2 and AY.12 [11,37]. The genomes
of these variants have several characteristic mutations in the S-protein, which significantly reduce the
neutralizing potential of antiviral antibodies directed to this protein [38]. Variable molecular
mechanisms have been described that make the virus-Delta variants easier to overcome the human
immune defenses.

The need to evaluate the effectiveness of vaccines against new SARS-CoV-2 variants

It is of interest to conduct retrospective cohort studies that can reveal the vaccine effectiveness
against different dominant virus-variants in Moscow. Such an analysis is a new challenge of the time
since vaccines were developed against one (Wuhan) ancestral variant of SARS-CoV-2, while they
should protect against other rapidly appearing virus-variants with different antigenic properties. It is also
important to evaluate the effectiveness of other vaccines registered for use in Russia, especially those
with no published results from phase III clinical trials, such as EpiVacCorona and Covivac. One research
method that can help answer the question of whether a vaccine against the new dominant variant of
SARS-CoV-2 is effective is a retrospective cohort data analysis. It is based on data collected in June and
July 2021 in Moscow, Russia. During this period, the viral variant Delta dominated in Moscow [35].

Results
The effectiveness of Sputnik V and EpiVacCorona vaccines against severe COVID-19

The results of the VE analysis of Sputnik V and EpiVacCorona vaccines against severe COVID-
19 are shown in Fig. 1 (left panel). The upper left histogram shows the result of the VE estimation with
the control group of unvaccinated individuals, and the lower left with the control group of seronegative
ones. The Materials and methods section below shows how the numbers of Moscow residents
constituting both control groups were estimated.



Vaccine efficiency (July 2021) Incidence rate (June 2021)
with the control group represented by in 10-thousands persons/year
90 - unvaccinated COVID-19 deaths
g 100 78
<> 60
E 50
£ 30 6.4 0.17 13
S ' age 18-50 51+
e
5 -30 - -
: age 18-50 51-100 W seronegative M vac. Sputnik V
2 - seronegative
y severe cases
% 90 93
E- 60 79 300 255
&
3 30 ‘ 150
g 0 40 , 51
o , =t Ha
L
£ age 18-50 51-100 age 18-30 51+
m
> : :
‘ . W seronegative mvac. EJiullay

Fig.1: Characterization of immune protection with COVID-19 vaccine. Data obtained in Moscow,
summer 2021. The left panel with two histograms shows the effectiveness of Sputnik V and
EpiVacCorona vaccines in preventing severe forms of COVID-19. The analysis is based on data from
July 2021. The upper histogram in the left panel shows the results of the data analysis performed with
a control group represented by unvaccinated Moscow residents, and the lower histogram in the same
left panel corresponds to the data analysis performed with a control group represented by seronegative
individuals. The VE estimates for Sputnik V vaccine are positive and highly significant (p<<0.001)
according to the chi-square test, p<<0.001. The VE values for EpiVacCorona vaccines are negative,
non-significant (p>0.05) for the age group 18-50 and negative, significant for the age group 50+
(p<<0.001). The right panel shows the number of deaths and severe cases of COVID-19 among fully
vaccinated or seronegative Moscow residents, normalized per 10,000 person-years. An estimate of the
number of seronegative individuals was obtained in a June 2021 serosurveillance study, the results of
which are presented in a recently published preprint [11].

Comparison of the results in the upper and in the lower left histograms of Fig. 1 suggests that
regardless of the definition of the control group, the estimated VE of the Sputnik V to prevent severe
COVID-19 is high and its value is statistically significant. The histograms also show the presence of an
age-related decrease in the Sputnik V vaccine effectiveness. The older the person is, the lower the
estimated VE is.



More detailed information on the age related VE of Sputnik V is presented in Table 1. Because
the use of any control group definition is not completely satisfactory in all necessary aspects of VE
estimation, it may be appropriate to use a combination of calculated 95% confidence intervals to
determine the upper and lower limits of VE. The combination obtained from two control groups is
presented in the last column under the title "95% CI of both control groups” in Table 1. Based on this
95% CI combination, we can say that the vaccine protects against severe forms of the disease with an
effectiveness of over 81% in the group under 50 years of age and over 32% in the group over 70 years
of age.

In Figure 1 (left histograms), instead of positive estimates of EpiVacCorona vaccine
effectiveness, we see negative ones. Despite the wide confidence intervals of these negative values, a
comparison with the estimates of the VE of the Sputnik V vaccine allows us to say with confidence that
the EpiVacCorona vaccine does not protect against the severe form of COVID-19.

Table 1: Effectiveness of the Sputnik V vaccine to prevent severe form of COVID-19 with
confidence intervals. Data obtained in Moscow, in July 2021.

Control group - unvaccinated Control group - seronegative Cl 95% of both

Age VE % Cl 95% VE % Cl 95% control groups
lower upper lower upper lower upper

18-50 89 81 94 93 88 96 81 96

51-70 76 70 81 84 80 87 70 87

70+ 42 32 51 63 56 69 32 69

Comparative effectiveness of the Sputnik V vaccine in preventing COVID-19 of varying severity

In June in Moscow, there were practically no immunizations with two doses of any vaccines
other than Sputnik V (at the end of the month, the number of those immunized with other vaccines was
less than 3% of the total number). Therefore, the incidence of COVID-19 among all those vaccinated
this month coincides with the incidence among those vaccinated with this vaccine. It is interesting to
compare the number of Moscow residents in whom COVID-19 resulted in serious illness or death in
categories of people differing in age and vaccine status.

Table 2 shows the number of Moscow residents in these different categories per 10,000 person-
years. The data were normalized using an estimate of the number of seronegative city residents (control
group 2). In addition, the same table demonstrates the calculated odds ratios of COVID-19 outcomes
among vaccinated or seronegative individuals. Although all calculations were based on data collected
in one month (June or July), we introduced a time parameter into our estimates to compare our results
with those of other studies that use time normalization.



Table 2. Estimation of deaths and severe COVID-19 cases. Data obtained in Moscow, in June 2021.

Normalized data (10-thousands

erson per year) 5% Cl
P Pery Odds Ratio
Age deaths severe form of deaths severe form of
COVID-19 COVID-19
severe

unvacc. vacc. unvacc. vacc. deaths form lower upper lower upper

18-50 6.4 0.17 40 4 0.03 0.1 0 0.21 0.07 0.15

51+ 78 13 255 51 0.17 0.2 0.13 0.22 0.18 0.23

Estimates of the number of deaths and severe COVID-19 among the vaccinated or seronegative
people in Moscow, are plotted on the histograms shown in the right panel of Fig. 1. We clearly see that
the risk of either outcome is drastically reduced in vaccinated individuals. At the same time, note that
among those who received the vaccine but are older than 51, the number of deaths and serious illnesses
is significantly higher compared to those who are younger than 50.

Perhaps in older age groups, vaccinated people may have more people with comorbidities
compared to unvaccinated people of the same age group. It is likely that people with chronic diseases
are much more motivated to be vaccinated. Thus, the observed difference in estimated VE values across
age groups may be the result of a bias in the characteristics of follow-up cohorts.

Sputnik V efficiency (June 2021)
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Fig.2: Protective effectiveness of the vaccine (Sputnik V) against COVID-19 disease of varying
severity or death (%). The upper histograms represent calculations with control group 1 and the lower
histograms with control group 2. All positive VE estimates in all histograms are highly significant
according to the chi-square test, p<< 0.001. Data obtained in Moscow, in June 2021.



For clarity, we also created histograms showing the VE of the vaccine Sputnik V in preventing
COVID-19-related deaths (Fig. 2, left panel). A comparison of the upper, and lower histograms in the
left panel of Fig. 2. shows that the estimate of VE in preventing COVID-19 deaths is almost independent
of how the control group is defined. More detailed results of the estimated VE of the Sputnik V against
COVID-19 disease of varying severity are shown in the right panel of Fig.2.

Both the June and July data shown in the histograms of Fig. 1 and Fig.2 reveal a decreasing trend
in estimated VE values as age increases. And this trend is independent of which control group was used
for the analysis. According to this estimation breakthrough infections occur more frequently in the older
age group.

The trend of decline in estimated VE as age increases also characterizes diseases of varying
severity, namely severe, moderately severe, mild, and asymptomatic (Fig.2. right panel). The highest
protection is seen in the 18 to 50 age group, regardless of whether we are dealing with a severe or mild
form of the disease. In the groups of those over 51, protection is worse. We observe no protection against
the milder form of the disease for the group of those over 71 years of age. However, this result must be
interpreted with consideration that in older age groups, vaccinated people may have more representatives
with comorbidities compared to unvaccinated people of the same age group. It is likely that people with
chronic diseases are much more motivated to be vaccinated. Thus, the observed difference in estimated
VE values in different age groups may be the result of sampling bias in the number of people with
chronic diseases in the observation cohorts.

In addition, the histograms of Fig.2. also reveal a correlation: the more severe the disease, the
better the vaccine protection observed. We notice a tendency for vaccine effectiveness to increase as the
severity of the disease increases, so that the vaccine protects particularly well against the most severe
form of the disease or even death. Conversely, the milder the disease, the weaker the apparent protection.

Assessment of seropositivity levels in Moscow

The number of individuals with antibodies to SARS-CoV-2 can be estimated in different ways.
We used three different approaches, which are described in the Materials and Methods section. The
results of a comparative analysis of these approaches from February to October 2021 are shown in Fig.3
A. We observe a monotonic, almost linear increase in the number of seropositive city residents over
time, which can be seen irrespective of the method of assessing the antibody presence. In January, the
number of people with antibodies was estimated to be in the range of 20-30%, and in September, it was
already in the range of 60-80%. The Moscow Department of Health (MDH) estimate of 46%
seropositivity in June corresponds to the estimate obtained when calculating seropositivity using the
Infection Fatality Rate (IFR) [39] for the same month. At the same time, Invitro's ("Invitro” is one of
the largest medical companies in Russia, specializing in laboratory diagnostics and medical services)
estimates are slightly higher than other estimates [40]. We believe that the reason for this is the general
bias of the Invitro sample towards a higher frequency of positive results, arising from the methodology:
only those who want to measure antibody levels contact the company and get tested. Accordingly, people
after vaccination, or after COVID-19 disease, are more likely to want to determine antibody levels
compared to those who did not get disease and/or were not vaccinated.



>

Seropositivity percentage of Moscow population was estimated using
[ - Infection Fatality Ratio calculation (IFR)

100 - B - «invitrox serosurveillance data
- serosurveillance data of Moscow Health Department 23 82 86
) | 74 61 64 66
9\:’ %0 59 o 46 °° >
>
£ 607 40 3 46
= 34 41 37 38
w40 -
[}
a
g 20
v
o
February March April May June July August  September October
B The vaccine effectiveness was evaluated using control group
- of seronegative people - of seronegative people or immunized with EpiVacCorona vaccine
=S 3 84 o 94
100 54 100 =100 93 87
e 77 62 63 ® - 79
o075 7l = X
] = c 75
=~ 50 s0 S Y
= > a
5 25 25 & Y1 50
5)‘ age 18-50 51-70 71-100 age 18-50 51-100
[ sputnik Light against COVID-19 B _control group - seronegative pecple
B sputnik V againstsevere form of COVID-19 [ -control group — people, immunized with inefficientvaccine

Fig.3: Percentage of Moscow residents with antibodies to SARS-CoV-2, effectiveness of Sputnik
V and Sputnik Light vaccines. 4. Percentage of seropositive individuals calculated based on excess
mortality data, on “Invitro” data [40], and serosurveillance by the Moscow Department of Health. B.
Protective efficiencies of Sputnik V and Sputnik Light vaccines. Left histogram shows VE of Sputnik V
and Sputnik Light [11] vaccines to prevent COVID-19 that were estimated using seronegative individuals
as controls. Right histogram shows the protective effectiveness of Sputnik V estimated by using two
different control groups. One of them represented by seronegative city residents, and another one by
those who got the EpiVacCorona vaccine. All positive values in the lower histograms are highly
significant according to the chi-square test, p<< 0.001. Data obtained in July 2021 in Moscow.

Comparison with Sputnik Light

It is interesting to compare the VEs of Sputnik V and Sputnik Light vaccines. To estimate the
VE of the Sputnik V we considered categories of patients with severe form COVID-19 in Moscow in
July 2021. As a control group, we used the number of seropositive individuals estimated at the end of
June in the preprint [11]. It should be noted that the calculations of the VE of the Sputnik-Light were
made based on the data collected by our colleagues in July and presented recently [11].

We evaluated the effectiveness of the Sputnik V and Sputnik Light vaccines for three age groups.
The comparison result shown in Fig. 3B left histogram illustrates a general pattern evident for both
vaccines: the estimated effectiveness of protection against COVID-19 weakens as the age of the patients
increases. Unfortunately, we cannot directly compare the VEs of Sputnik V and Sputnik Light in our
study. This is because we do not have data on the timing of immunization of each vaccine. This timing
could significantly affect VE (see below). In addition, we do not know how COVID-19 patients were
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defined in the publication describing the effectiveness of Sputnik Light. Were those who were mildly or
asymptomatically ill included?

Unfortunately, we cannot directly compare the VE of Sputnik V and Sputnik Light in our study
because of the lack of data on the timing of immunization in each case. This timing could significantly
affect the calculated VE (see below). In addition, we do not know how COVID-19 cases were defined
in the publication describing the efficacy of Sputnik Light and whether cases of mild or asymptomatic
infection were included. To emphasize that the VE of Sputnik V and Sputnik Light vaccines cannot be
compared directly, we used two different vertical axes in Fig.3B left histogram. The left axis corresponds
to the histogram illustrating the Sputnik Light and the right axis to the histogram of Sputnik V.

Evaluation of VE Sputnik V using individuals immunized with an ineffective vaccine as a
comparison control group

In our study, we found that those vaccinated with EpiVacCorona had no advantage over
unvaccinated or seronegative individuals in their chances of getting COVID-19. Therefore, we used
EpiVacCorona-vaccinated individuals as an additional control group to evaluate VE of Sputnik V. The
advantage of using this control group is the greater similarity in behavior of those who have been
vaccinated with one vaccine or the other compared to those who have not been vaccinated. The
proportion of people with chronic diseases or comorbidities among those vaccinated with a particular
vaccine should also be more similar compared to the proportion of such people among the unvaccinated.

The comparative results of the VE evaluation using the seronegative control group or the
EpiVacCorona vaccinated control group are shown in Fig. 3B, right histogram. The histogram
demonstrates that the difference in VE estimates between the two age groups becomes smaller when the
EpiVacCorona vaccinated control group is used instead of the seronegative group. Moreover, the CI
intervals for VE estimated using the EpiVacCorona control group overlap for the two age groups.

Discussion
Limitations of our study

Our cohort retrospective study has many limitations. We must deal with a dataset that is missing
a lot of important information about those who got COVID-19. We don't know the demographics, except
for the age of COVID-19 patients, we don't know the timing of vaccination, and we can't connect each
vaccinated and unvaccinated person so that their characteristics match each other. Limitations related to
the nature of the data analyzed do not allow us to answer many important questions about the vaccines
used in Russia, such as: has the effectiveness of Sputnik V changed in the spread of the viral variant
Delta? What is the relationship between the effectiveness of the single-dose vaccine (Sputnik Light) and
the two-dose Sputnik V vaccine?

EpiVacCorona is inefficient vaccine

So far, the developers of EpiVacCorona have not published the results of their phase III study.
This means that we are the first to publish an analysis of the morbidity data of those who have been
vaccinated with this vaccine. The results of this analysis indicate a lack of protective VE. Previously,
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independent researchers found no neutralizing antibodies in the sera of those vaccinated with
EpiVacCorona [26].

Perhaps there are more people with comorbid chronic conditions in the vaccinated elderly groups

Perhaps the vaccinated elderly groups had many more people with comorbid chronic conditions
than the other groups, simply because people with chronic conditions were more motivated to get
vaccinated and received the vaccine more often. As a result, despite vaccination, groups of older people
with more comorbidities had more COVID-19 infections compared to groups that were not vaccinated
but had a lower proportion of chronically ill people. This difference can significantly underestimate the
VE in certain age groups of people or even make it negative. Perhaps for this reason, and because there
are more people with comorbid chronic diseases in the vaccinated elderly groups than in other groups,
morbidity after EpiVacCorona is somewhat more common among vaccinated individuals and results in
negative vaccine effectiveness values. It is possible that this may also explain the low or even negative
effectiveness values of Sputnik V for preventing non severe forms of COVID-19 disease in the older
age groups.

This hypothesis is consistent with the results of the VE evaluation for the Sputnik V using those
immunized with the ineffective vaccine (EpiVacCorona) as a control group (Figure 3B, right histogram).
The histogram demonstrates that the difference in VE estimates between the two age groups becomes
smaller if a control group with the EpiVacCorona vaccinated is used instead of a seronegative control

group.

Moreover, the Cl intervals for VE, estimated using EpiVacCorona data, overlap for two different
age groups. These results show that differences in VE estimates between age groups can be minimized
by using a more appropriate control group.

Perhaps vaccinated people behave more risky

Is the VE related to the behavior of those who have been immunized? Could there be a decrease
in VE due to social rather than biological factors? It is possible that yes. The negative vaccine
effectiveness in some age groups in our studies could presumably be partly due to the behavior of those
vaccinated who feel more secure after vaccination neglecting social distance, masks, and other means
of protection.

Biological factors may be contributing to the decrease in VE in older age groups

In addition to social and behavioral factors, features of the immune system of the elderly may
contribute to the age-related decline in VE. Below is a detailed description of the specific functioning
of the immune system in the elderly.

Recurrent SARS-CoV-2 infections and their relationship with age

Interestingly, the ability of the human immune system to protect against COVID-19 re-infection
also appears to depend on age. For example, a study of 4 million PCR-positive cases in the first and
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second wave of infections in Denmark showed that protection against reinfection was stronger in the
younger generation: 81% in the under-65 group versus 47% in the over-65 group [41].

USA-UK

Perhaps the weaker protection against the virus even for vaccinated older people and their greater
susceptibility to breakthrough infections is related to the level of neutralizing antibodies. After
vaccination, it is either immediately lower or falls faster in the elderly than in the younger generation.
For example, U.S. researchers observed an inverse correlation between age and the level of virus-
neutralizing antibodies after BNT162b2 vaccination [42]. BNT162b2 is BioNTech, a Pfizer vaccine.
Notably, in a study by British scientists as well, increased age correlated significantly with decreased
neutralizing antibodies in those observed [43].

Germany

Similar effects were observed by scientists in Germany, who studied antibody levels in those
immunized with the BNT162b2 vaccine. In their study they found that in those over 75 years of age the
vaccination causes a low level of antibodies, on average corresponding to a value of 52 BAU/ml. Many
people of this age, however, did not produce any antibodies at all after vaccination [44]. Another study
examined antibody levels to SARS-CoV-2 after natural COVID-19 infection. It showed that the rate at
which antibody levels fell was related to age. Antibodies disappeared particularly quickly in those over
60 years of age [45].

Argentina

Researchers in Argentina have shown that antibody levels after immunization with Sputnik V
first rise, peak between 28 and 60 days after the second dose of vaccine, and then fall. After six months,
only 31% of those immunized [9] have antibodies. This decrease in antibody levels to the coronavirus
S-protein may correlate with a drop in protection against symptomatic COVID-19 infection.

Correlation of antibody levels with antiviral protection

Several papers have shown that antiviral neutralizing antibody levels correlate with the degree
of immune protection against symptomatic SARS-CoV-2 infection [46-50]. Accordingly, it has been
found that a drop in the level of antibodies to viral S-protein as time passes after vaccination, correlates
with a drop in the protective effectiveness of the vaccine [51,52]. Although there are many other factors
besides neutralizing antibody levels that may influence worse protection against viral infection in older
people [53]

Protective immunity may decline faster in older people

The decrease in the VE of the Sputnik V with increasing age was not detected in clinical trials
[6 6]. Also, such a decrease was not observed in retrospective cohort studies of several vaccines,
including BNT162b2 in Israel [54] and Sputnik V, in Hungary [7]. Moreover, in a case-control study of
two vaccines BNT162b2 and ChAdOx1 nCoV-19 in Scotland, it was shown that the protective
effectiveness of the vaccine even increases with age, but most breakthrough infections leading to death
occur in old age among people at risk of comorbidity [55].
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Our retrospective cohort analysis revealed a consistent decline in the estimated vaccine
effectiveness with age. In the elderly, vaccine-induced protective immunity can weaken more quickly
because their antibody levels decrease faster [42,43,45]. A rapid drop in antibody levels has also been
reported for Sputnik V in Argentina [9]. Therefore, clinical, or retrospective trials that were carried out
at a time close to vaccination did not document such a drop in protection, however, it manifested itself
in other retrospective studies, which included categories of vaccinated with a long period of
immunization.

The need for a booster dose for everyone, but especially for the elderly

In the U.S., people over the age of 60 or those who are younger but have serious comorbidities
were offered a booster third dose of the vaccine earlier than other populations [56,57]. It is worth noting
that Israeli scientists have shown that a third booster dose of the vaccine can greatly reduce the likelihood
of severe COVID-19, including in the elderly. For example, participants in the Israeli study had tens of
times less morbidity after the third vaccination compared to people in the same age group who received
only two shots and were followed for a similar period [58-60]. Significant improvements in the
protective effectiveness of the same vaccine after a booster dose, including in people over 50 years old,
have also been reported in the United Kingdom [61]. Preliminary analysis of the results of booster dose
ChAdOx1 nCoV-19 vaccination suggests a relatively low number of side effects and safety of this
immunization [62].

Revaccination in a form of the booster dose of the vaccine is especially important for the
prevention of COVID-19, which results from infection with the Omicron variant. A 12-fold decrease in
neutralizing antibodies towards this virus variant has been demonstrated in the sera of individuals
vaccinated with Sputnik V 6-12 months ago. At the same time, analysis of serum of persons vaccinated
with Sputnik V and then vaccinated with Sputnik Light showed that 2-3 months after revaccination the
decrease in the level of neutralizing antibodies against Omicron variant was only 7 times. Moreover,
boosting dose increases the titer of antibodies capable of neutralizing this virus variant by an average of
16 times [14]. Thus, it appears that the protective efficacy of the Sputnik V vaccine can and should be
enhanced by additional revaccination.

Comparison with retrospective studies of vaccine effectiveness estimates in different countries

In general, we can say that our VE estimate of the Sputnik V vaccine in preventing COVID-19
related deaths or severe disease is comparable to the VE estimates of vaccines from other developers.
However, VE that is estimated by us, decreases as the age of the individual increases. The reasons for
this trend may be related to deficiencies in the cohort study design that does not consider large
differences in the characteristics of people in the observation groups. In addition, differences in the
immunological and behavioral characteristics of people in different age cohorts may be contributing to
this effect. Does the same tendency appear in the studies of other authors? In some, yes, and in some,
no. Table 3 summarizes the results of the studies.
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Table 3. Studies demonstrating the presence or absence of an association between VE and age.
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Below is more information about some of the studies listed in Table 3.

Sweden

An interesting retrospective cohort study of the duration of vaccine protection against infection
was conducted in Sweden [63]. All vaccinated people in the observation cohort were matched for
comparison at the individual level with people in the control cohort who were not vaccinated and did
not have COVID-19. Comparisons were made using several demographic and medical criteria. It was
found that the effectiveness of the vaccine in protecting against COVID-19 infection decreased faster
among men and the elderly. The observations of this study, in terms of decreasing vaccine efficacy with
age, are consistent with our findings. In the Swedish study, however, special emphasis was placed on
examining the duration of the protective effect of the vaccine. It was shown that, on average, over a
period slightly longer than six months, vaccine effectiveness in preventing symptomatic COVID-19 for
the BNT162b2 vaccine dropped from 92% to zero. Also, over an even shorter period (four months), the
effectiveness of the ChAdOx1 nCoV-19 vaccine dropped from 66% to zero. Slightly more stable was
the effectiveness of the mRNA-1273 vaccine (Moderna). It dropped from 96% to 59% in half a year
[63]. However, the average effectiveness of all vaccines to prevent symptomatic COVID-19 for those
under age 50 was still positive, although not high (~34%) even after half a year. On the contrary, for
those over 50 years of age, vaccine effectiveness in just over half a year had waned to zero [63].

US4

Interestingly, in a retrospective cohort study in the United States, results were found that showed
a slightly slower decline in the effectiveness of the BNT162b2 vaccine compared to the decline found
by scientists in Sweden. The protective effectiveness (against infection with the Delta variant of SARS-
CoV-2) in the United States fell from 93% to 53% in five months [64], and not to zero as in Sweden
[63]. VE was age-dependent; against COVID-19 infection, it decreased from 88% to 47% in those
younger than 65 and from 80% to 43% in those older, within five months of vaccination. However, the
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VE against Delta-related hospitalizations was overall high 93% and did not decline for at least 6 months
[64].

Qatar

Similar information is shared by researchers from Qatar, who performed a case-negative control
study [65]. According to their analysis, the VE of BNT162b2 and mRNA-1273 vaccines against the
Delta variant was lower, for those over 50 years of age. However, the paper notes that this result should
be seen in the context of the fact that people over 50 years of age received the second dose an average
of one and a half months earlier than those younger. As a result, the longer period following vaccination
may have led to a decrease in VE [65].

UK-USA

Finally, it is worth mentioning a preprint by British researchers that is based on a retrospective
cohort study [67] presenting an analysis of a large database obtained mainly from the United States. In
this database, the researchers identified more than 10,000 vaccine breakthrough COVID-19 cases, which
were matched with those of unvaccinated controls. The work showed that from death and intensive care
units’ hospitalization, the vaccine protected those under 60 years of age significantly better compared
to those who were older. In fact, authors of the study didn’t detect any positive effects of vaccination
for those over-60s [67]. Unfortunately, the type of vaccine was not specified in the study.

Similar results were obtained in a case-control study in the UK VE against symptomatic disease
caused by the Delta viral variant dropped to 70% for BNT162b24 and 47% for ChAdOx1 nCoV-19 over
20 weeks, respectively, but did not fall as much for hospitalizations. The decline in the effectiveness of
these vaccines was more noticeable in people over 65. The authors conclude that the VE declines much
faster in older people than in younger people [68].

Another already published case-control study done in the UK shows a decrease in vaccine
effectiveness when moving from the 18-34 age group to the 35-64 age group. This decrease for the
BioNTech mRNA vaccine was 10% and for the adenovirus vector ChAdOx1 nCoV-19 almost 20% [66].
It is worth noting, though, that the study authors are cautious about these kinds of findings, suggesting
that young people are more sociable and could be much more likely to be infected with the virus by
carrying the disease asymptomatically. Therefore, vaccination in this age group seems to be more
effective, but effectiveness is achieved by combining natural immunity with vaccine immunity. This
kind of immunity is called hybrid immunity. The authors of the same study show a higher effectiveness
of such immunity compared to just vaccine immunity [66]. Thus, the authors of the study are not
convinced that the effectiveness of vaccines, per se, declines with age.

Israel

Scientists from Italy, analyzing data from Israel and comparing them with data obtained by
mathematical modeling, hypothesized that the main reasons for breakthrough COVID-19 infections in
immunized people were a drop in the effectiveness of protection for six months and the low effectiveness
of the BNT162b2 vaccine in the elderly [69]. It is possible that the latter, namely the lower VE in the
elderly, is a consequence of the former, namely, the drop in vaccine protection over time.
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Since older Israelis were vaccinated in the first place, the fact of the poorer protection can be
directly related to the earlier time of vaccination compared to young people. The incidence of severe
COVID-19 among those over 60 and fully vaccinated in January was 0.34 cases per 1000 people over
the study period. It fell to 0.26 cases among those who were fully vaccinated in February. Further, the
incidence dropped to 0.15 cases per 1000 people for those who were fully vaccinated in March, and to
0.12 cases for those who received the vaccine between April and May. Thus, the more recently a person
was vaccinated, the better the vaccine protected him [70].

Perhaps the very short time interval between vaccination and evaluation of BNT162b2 vaccine
effectiveness in Israel is the reason for the lack of detectable differences in VE estimates in different age
groups [54].

Concluding remarks

Our research shows that those vaccinated with EpiVacCorona have no advantage over
unvaccinated or seronegative individuals in their chances of getting COVID-19. The vaccine was
introduced into civilian circulation without sufficient testing, has not proven itself and should therefore
be withdrawn from production. At the same time, all those immunized with this pseudo-vaccine should
be given the opportunity to be vaccinated with a modern, effective vaccine.

We find that the estimated VE of the Sputnik V vaccine to prevent deaths and severe forms of
disease caused by the Delta variant of SARS-CoV-2 is comparable to the estimated VE of this vaccine
against COVID-19 caused by other viral variants that have previously appeared in circulation.

Our observations are consistent with those of other scientists who have evaluated the VE of the
Sputnik V vaccine in clinical trials or retrospective studies [6,12,39,65]. However, due to several factors,
and primarily due to the limitations of the database with which we worked, it was impossible to directly
compare the estimated VE values in our work with VE estimates from published papers.

In our study, we found that the estimated VE of the Sputnik V vaccine decreases with age and
reaches a minimum in the age cohort over age 70. We do not know the reasons for this decrease in
effectiveness, but we discuss several hypotheses in the Discussion section above. Among them are those
based on 1) limitation in design of our database, 2) biological factors, and 3) social factors.

Our database does not allow us to normalize the analyzed groups by the number of people with
chronic diseases, as well as by other important demographic characteristics. If there are more people
with comorbidities among the vaccinated elderly than among the unvaccinated, then the VE calculations
will underestimate the effectiveness of the vaccine.

Biological hypotheses relate to the immune characteristics of the elderly. These characteristics
may manifest as lower antibody levels that appear after vaccination in the elderly and/or a more rapid
decline in antibody levels. The protective effect of the vaccine may be shorter. These hypotheses are
partially supported by the literature [42-45].

A hypothesis based on social factors links the decrease in vaccine effectiveness to behaviors
leading to additional risks of COVID-19 infection predominantly in the elderly group. Perhaps members
of this group feel more protected and spend more time in public places where the risk of infection is
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higher, such as on public transportation. The opposite hypothesis can also be considered, which has been
proposed by researchers from Great Britain [66]. These researchers believe that young people, because
of their busier social lives compared to older people, are more likely to be infected with COVID-19 in
an asymptomatic form and after vaccination they develop hybrid immunity, which protects better than
just vaccine immunity in older people. Hybrid immunity forms in those who have had the disease and
have been vaccinated [66].

In any case, we are not the only researchers who have found a pattern of decreasing estimated
VE with increasing age. Similar observations for other vaccines have been made in various countries in
Sweden [63], Israel [69], Qatar [65], UK [66,68 86], and the United States [64,67]. Finally, such a pattern
is shown for Sputnik Light [11].

No matter how the nature of the detected effect is explained, it might indicate that elderly people
get sick more often compared to younger ones, which means they need to protect themselves to a greater
extent, e.g., by booster doses of vaccines, in addition, by masks, social distance and all other means.

The value of boosting vaccine doses is especially high during COVID-19 epidemics associated
with Omicron. Preliminary data show that additional vaccination with Sputnik Light significantly
increases the level of antibodies capable of neutralizing the Omicron variant [14].

Conclusions

Summarizing the results of our analysis, we can state the following:

1) The EpiVacCorona vaccine does not protect against COVID-19.

2) The more severe the COVID-19 disease, the better the vaccine protects against it.

3) The estimated VE of Sputnik V was lower in the elderly compared to the young.

Materials and methods
Dataset of COVID-19 infected individuals

We conducted our analysis using the dataset created by the Moscow Health Department that
included people who sought medical care for COVID-19 in Moscow in June and July 2021. The dataset
was published in the Telegram group "COVID-19 Vaccine News: 2021" and is in the public domain
[71]. In this dataset the number of COVID-19 cases are divided into categories according to patient age
and vaccination status. All cases, among those vaccinated, are further divided into subcategories
according to the type of vaccine (Sputnik V, EpiVacCorona, and Covivac) and the number of doses (one
or two) patients received. In addition, COVID-19 cases are categorized according to the severity of
patients' illnesses or deaths.

It should be noted that EpiVacCorona vaccination only began in Moscow in April, and in June
there were still few individuals who had already received two doses of the vaccine. Also in June, there
were very few people who were fully immunized with Covivac. Therefore, in June, the main
contribution to the number of people who received two doses of vaccine and fell ill was made by those
who were immunized with Sputnik V. In fact, at the end of the month, the number of those immunized
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with other vaccines was less than 3% of the total number. In July, there were more of those immunized
with EpiVacCorona or Covivac among those who got COVID-19. In our work, only those vaccinated
with two doses of each vaccine were counted.

Therefore, to estimate the VE values of the Sputnik V vaccine, data on the number of COVID-
19 cases and deaths for different age groups for June 2021 were used [71]. To compare the VE of the
Sputnik V and EpiVacCorona vaccines, data characterizing the number of severe COVID-19 cases for
July were employed. These limitations in the use of the data were since the number of people vaccinated
with Sputnik V and diagnosed with COVID-19 for July was available only for the severe COVID-19
case category [71]. The rest of the cases in the database, we were given, were not categorized by
individual vaccines, so the groups of vaccinated less severe COVID cases included people immunized
with different vaccines. It was not possible to separate the protective effect of different vaccines for less
severe cases.

Control groups

In our work a few methods were used to count the number of people in a control group. From
the total number of city residents in each age group, we subtracted 1) the number of vaccinated ones or
2) the number of seropositive individuals. The first control group was formed by subtracting vaccinated
city residents from the total population of the same age group. The second control group was formed by
subtracting seropositive city residents from the total population of the same age group.

To calculate the number of fully vaccinated by the time the number of cases was estimated, we
used data from the Ministry of Health registry created for the registration and issuance of vaccine
certificates in Russia [72]. A representative sample of the registry contents was generated by computer
polling of vaccine certificate issuance service url addresses from the space of all possible unique registry
record numbers. Data from this registry on those who received Sputnik V or EpiVacCorona vaccines
were grouped into the same age categories used to estimate COVID-19 cases.

The 2021 demographics were used to normalize the data and estimate the total number of
Moscow residents in different control age groups [73]. The study also used estimates of the total number
of vaccinated and COVID-19 infected city residents at various dates in June and July 2021[36,74].

We calculated the number of seropositive city residents in each age group based on Department
of Health of Moscow data in the published preprint [11]. The details are below in the section: Estimation
of the percentage of city residents with antibodies.

An additional control group, which was used to evaluate the effectiveness of the Sputnik V
vaccine, was represented by the group that included immunized with the inefficient vaccine
EpiVacCorona. This control group has many advantages because people with similar behavior and
people with comorbidities should be equally represented between those who received the Sputnik V and
those who got EpiVacCorona vaccine. Therefore, the comparison vaccine group of those that got
Sputnik V with such a control group should yield more reliable results.

Estimation of the percentage of Moscow residents with antibodies
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The estimate in the preprint [11] is based on monitoring a representative sample of Moscow
residents, which evaluates that just under half of them had antibodies to SARS-CoV-2 by the end of
June 2021. This number is based on the results of continuous serological studies. For this seroprevalence
study, samples were formed among patients from those who were admitted to the hospital for routine
treatment, with a disease not related to COVID-19. The average number of patients tested for SARS-
CoV-2 antibodies was 10,000 per week. The presence of IgG antibodies in the serum venous blood was
evaluated in all patients wusing a Mindray Medical International Limited (China)
immunochemiluminescent analyzer. This estimation was used to form a second control group by
subtracting seropositive city residents from the total population.

For comparison we also estimated the percentage of Moscow residents with antibodies based on
the city's infection/fatality ratio (IFR) [39]. It is hypothesized that the ratio between the number of
COVID-19 cases and excess mortality within an urban metropolitan population is stable over time. For
St. Petersburg, those who died were 0.86% of those seropositive in the city (C1 95% 0.66-1.05) according
to data published in the preprint [39]. On the hypothesis that Moscow has the same ratio, we calculated
the percentage of seropositive individuals for each past month in 2021 based on excess mortality data
[75]. To estimate the number of seropositive people in the current month, we took the excess mortality
of the previous month and all preceding months, starting in February 2020.

In addition, we estimated this number based on data from “Invitro”, which monitors
seroprevalence of antibodies against SARS-CoV-2[40] among the company clients. ("Invitro” is one of
the largest medical companies in Russia, specializing in laboratory diagnostics and medical services).
However, IFR values and “Invitro” estimates, which are shown in Fig.3 were used only for comparison
with estimates presented in the preprint [11].

Calculating the VE of Sputnik Light

The first dose of Sputnik V corresponds to the Sputnik Light vaccination. We evaluated the VE
of Sputnik Light regrouping the data from published preprint by other age categories [11]. The study
counted the number of people who got the first dose of the Sputnik V vaccine and did not get a second
dose by the time they got sick.

Method of VE calculation

The calculations were based on the algorithms described in the literature [76,77]. The
significance values for VE estimations were calculated using the chi-square method [78]. In case
outcome in the population being studied is rare, as with COVID 19 cases among vaccinated or
unvaccinated, Odds Ratio obtained accurately estimates Risk Ratio (RR).

axd
bxc’

Odds Ratio (OR) was calculated as follows: OR =

95% OR = exp (In (OR) + 1.96 * /%+%+%+§)

considering;:

a- number of COVID-19 cases among vaccinated people in Moscow
b-number of vaccinated in Moscow

c-number of COVID-19 cases among unvaccinated people in Moscow
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d-number of Moscow residents in the control group. To calculate the number of individuals in the control
group, two variants of numerical estimation were used for each age group 1) the number of unvaccinated
Moscow residents 2) the number of seronegative city residents.

Vaccine Effectiveness (VE) % was calculated as follows: VE=100*(1-OR)

The data for the calculations were obtained from the following sources:

The total number of Moscow residents in each age group was calculated based on the city's 2021
demographics [73].

a and c- [71] and Supplemental Table 1.
b-register of vaccinations in Moscow, with data aggregated for the same age groups [72] and [74].

d- a numerical estimate of the number of individuals in each age group of the control group was made
by subtracting the number of vaccinated or seropositive citizens from the number of Moscow residents
in each age group.

Confidence intervals for vaccine effectiveness estimates

In this paper, we estimate vaccine effectiveness using two types of assumptions about the control
group. Because of this, we can only estimate a vaccine's effectiveness value as a value within a
confidence interval whose width is determined by our assumptions. Thus, the lower end of the interval
for estimating effectiveness can be used as the minimum among all estimates derived from assumptions
about the size of the control group, and the upper end as the maximum. The confidence intervals for the
effectiveness of the Sputnik V vaccine in preventing severe disease, calculated using this algorithm, are
shown in the Results section of Table 1 in the last column.
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Supplemental Table 1. COVID-19 cases in Moscow categorized according to age and vaccination status of
patients (June-July 2021).

The outcome and form of COVID-19 infection in Moscow
Age completed vaccination month death severe form moderately severe light form asymptomatic vaccin. seronegative population
unvac. vac. unvac. vac. unvac. vac. unvac. vac. unvac. vac. by the 1st of the month 2021
June 158 1 974 26 10463 368 88075 5703 14623 1027 711347
Sputnik V
18-50 13 879731 2947963 5760116
July 645
EpiVacCorona 7 27529
June 2429 103 10009 | 833 | 27525 | 4726 | 4202 ‘ 751 512338
Sputnik V
51-70 92 580664 1790209 3284276
July 1819
EpiVacCorona 24 17910
June 3153 174 5151 | 606 6221 | 1701 | 1398 ‘ 364 129466
Sputnik V
71+ 151 138974 831713 1422425
July 2418
EpiVacCorona 30 3206
50+ Sputnik V June 1700 70 5582 277 15160 | 1439 33746 | 6427 | 5600 ‘ 1115 879731 4706701
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