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ASSESSMENT OF COVID-19 CLINICAL COURSE IN PATIENTS VACCINATED WITH SPITNIK V, SARS-COV-2 S
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The COVID-19-associated mortality remains high. Studying the features of the COVID-19 course in vaccinated patients, who have got ill on different dates after vaccination,
compared to unvaccinated individuals is relevant. The study was aimed to assess clinical and immunological features of the COVID-19 course, as well as to assess humoral
immunity (virus neutralizing activity, VNA) and SARS-CoV-2 S protein RBD domain variation in the groups of patients, previously vaccinated with Sputnik V, and unvaccinated
patients. A total of 251 patients with confirmed diagnosis of COVID-19 were enrolled, of them 116 individuals were previously vaccinated with one or two Sputnik V vaccine
components, and 135 patients were not vaccinated (comparison group). Individuals over 50 years of age prevailed (82.8%). The patients, who received two vaccine
components, had mild to moderate COVID-19 (92.1%). In the group of unvaccinated patients, 11 individuals received treatment in the ICU, 10 of them died. The viral load
was significantly lower in vaccinated patients. Mutations of SARS-CoV-2, such as S477N, S477N+A522S, E484K and E484K+S494P, were identified both in vaccinated
and unvaccinated patients. Assessment of the neutralizing activity of sera revealed no significant differences in VNA against different variants of SARS-CoV-2 mutations. The
data obtained demonstrate that the lack of vaccination is an aggravating factor and is capable of increasing the risk of severe course and death in patients with COVID-19.
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OLIEHKA KITMHUYECKOI'O TEMEHUA COVID-19 Y NALUMEHTOB, BAKLUIMHNPOBAHHbBIX «CIMTYTHUK V»,
W3MEHYMBOCTU RBD-AOMEHA S-BEJIKA SARS-COV-2 1 BAPYCHEUTPAJTU3YIOLLINX
CBOWCTB CbIBOPOTKU
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[Mokazatenb cmepTHocT oT COVID-19 coxpaHsieTcs AOCTATOYHO BbICOKMM. AKTyanbHO M3ydeHne ocobeHHocTeln TedeHust COVID-19 y BakUMHUMPOBAHHbIX
nawuveHToB, 3ab0NeBLUMX B pa3Hble CPOKM MOC/e MPUBMBKM, MO CPABHEHWIO C HEBaKLMHMPOBaHHbIMM. Lienbto paboTbl Oblno OLEHUTL KIMHUKO-MMMYHONOMMHECKVE
0cobeHHocTH TedeHna COVID-19, npoaHannanpoBaTb AaHHbIE FyMOPanbHOrO MMMYHUTETA (BUPYCHENTPanm3ytoLLen aktnsHoctn, BHA) n namenusoct RBD-
nomeHa S-6enka SARS-CoV-2 B rpynnax nauneHToB, paHee BakUMHNPOBaHHbIX «CnyTHUKOM V», 1y HEBaKUMHUPOBaHHbIX. B nccnenosaHve BktoUnnm 251
naupeHTa ¢ BepndrumpoBaHHbiM ararHo3oMm COVID-19, 13 Hx 116 Oblnn paHee BakKLMHMPOBaHbI OAHUM U ABYMS KOMMOHeHTaMu npenapata «CnyTHuK V»
1 135 HeBakUMHMPOBaHHbIX (Fpynna cpaBHeHns). [MNpeobnagann nuua ctapile 50 net (82,8%). MauneHTbl, nony4umBLIMe 06a KOMMNOHEHTa BaKLMHbI, MEPEHECN
COVID-19 B nerkon 1 cpepHeTsykenon dopme (92,1%). B rpynne HeBakLMHMPOBaHHbIX NauneHToB 11 Yenosek neqnnmn B ycnosusx OPUT, 10 13 HX ymepnu.
BupycHas Harpyska Oblna JOCTOBEPHO HIKE Y BAKLIMHMPOBaHHbIX NaumeHToB. MyTaummn SARS-CoV-2, Brtodas S477N, S477N+A522S, E484K n EA84K+S494P,
OblNN BbISIBNEHbI Y NALWEHTOB Kak BakLMHMPOBAHHbBIX, Tak M HEBAKLMHUPOBAHHbIX. 10 pesynsraTtaM aHanvsda HemTpanmaytollein akTVBHOCTU CbIBOPOTOK He
obHapy>keHa [oCToBepHas pasHumLa ypoBHs BHA NpoTne padnnyHbix BapraHToB MyTaumii SARS-CoV-2. MNMonyyeHHble faHHble CBUOETENbCTBYIOT, YTO OTCYTCTBUE
BaKLHaLMW SBASIETCHA OTAM4aIoLLMM (HhaKTOPOM U1 YBENMHMBAET PUCK TSHXKENOrO Te4eHns 1 cMepTuy naupneHtos ¢ COVID-19.
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The COVID-19 pandemic, declared by the World Health
Organization in 2020, swept across the world. In the majority
of cases (80%), COVID-19 is subclinical, and the patients
do not require hospitalization. Many factors associated with
severe course of the disease are well understood, however, the
COVID-19-associated mortality remains rather high, especially
in unvaccinated individuals of the older age groups [1].

The history of medicine demonstrates that the pandemic
can be stopped by successful vaccination and reaching the
herd immunity threshold of at least 70-80%. Furthermore,
vaccination reduces the risk of severe disease and death [2].

To date, credible levels of protection against the infection
(over 90%) and severe course have been achieved for all the
vaccines against COVID-19 [3]. In the countries, being the
leaders of the universal immunization programme, a downward
trend in morbidity and mortality is observed [4]. Official statistics
indicates the decrease in COVID-19-associated morbidity
and mortality in the countries, being the leaders in terms of
vaccination coverage (50 vaccine doses per 100 individuals),
such as Israel, United Arab Emirates, USA and United Kingdom [5].

The results of assessing the vaccine efficacy within the
framework of post-registration trials confirm the results of
clinical trials on vaccine safety and efficacy [6, 7].

Sputnik V vaccine, providing high neutralizing antibody titers
and substantial cellular immune response, has been developed,
tested and put into practice in the Russian Federation (RF) [8].
The vaccine mechanism of action is based on the use of two
adenovirus serotype Ad26 and Ad5 vectors, which are unable
to replicate in the human body, but are capable of delivering the
gene, encoding the SARS-CoV-2 S glycoprotein. According to
the results of the phase Il clinical trials conducted in Russia,
Sputnik V vaccine efficacy was 91.6% [3]. However, clinical
practice in many countries around the world confirm the risk
of COVID-19 infection even after vaccination with two vaccine
components [9]. The importance of this issue and the need for
monitoring the COVID-19 cases in the population of vaccinated
individuals emphasize the existence of the SARS-CoV-2 virus
mutations, their potential clinical significance, and the risk
of emerging new strains, which could potentially evade the
immune response.

The study was aimed to assess the features of the
COVID-19 clinical course in the groups of patients, previously
vaccinated with Sputnik V, compared to unvaccinated patients.

METHODS
Patients

A total of 251 patients with confirmed novel coronavirus
infection were enrolled. Inclusion criteria: RNA of SARS-CoV-2,
detected by PCR. Exclusion criteria: no SARS-CoV-2 RNA in
biological material.

In order to assess the features of COVID-19 clinical course
in patients, previously vaccinated with Sputnik V, the patients
who were staying in the Infectious Clinical Hospital No. 1 were
December 2020 to April 2021 were randomized into two groups
(n = 251). Of them 116 patients were admitted to hospital on
various dates after vaccination with Sputnik V; the comparison
group was represented by 135 unvaccinated patients. The
disease severity was assessed using the NEWS scale [10] on
the day of admission and on the day of enrollment (bed-days).

The group of vaccinated patients was divided into
three subgroups based on the dates of vaccine component
administration and the date of the disease onset. A total of
46 individuals, who got ill on days 1-7 after the first vaccine
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component administration, were included in the first subgroup;
the second subgroup included 32 patients, who got ill on days
8-14 after the first vaccine component administration. The
third subgroup included 38 patients, who got ill on days 1-132
after administration of two Sputnik V vaccine components.
There were 121 males (48.3%) and 130 females (51.7%)
(Table 1). Persons over the age of 50 prevailed (82.8%;
n = 208), individuals aged 30-50 accounted for 17.1% (n = 43)
of patients.

The algorithm for etiological confirmation of COVID-19
involved testing the nasal swab for SARS-CoV-2 RNA by PCR,
assessing blood serum to detect the antibodies against SARS-
CoV-2 by ELISA, and identifying the protective antibodies by
neutralization assay.

Viral load determination method

Nasopharyngeal swab samples were assessed using the
reagent kit for SARS-CoV-2 coronavirus RNA extraction and
qualitative analysis by RT-PCR, SARS-CoV-2 FRT (Gamaleya
National Center of Epidemiology and Microbiology; Russia).
Laboratory differential diagnosis of COVID-19 and other
respiratory infections was performed by RT-PCR.

The relative quantities of SARS-CoV-2 RNA were defined
using the calibration line, plotted for each analysis by the
calibration standards testing. The latter were represented by
recombinant constructs, containing the known concentration
of the SARS-CoV-2 genome fragment to be amplified. Since
the relative quantities of the fragments were compared, no
RNA fragments were used. The step of reverse transcription
was controlled by PCR passage through the internal control
RNA provided by the system.

RNA/DNA of influenza viruses and viruses, causing
ARVI, were identified using the AmpliSens Influenza viruses
A/B, AmpliSens Influenza virus A/H1-swine-FL, AmpliSens
Influenza virus A-type-FL, AmpliSens ARVI-screen-FL reagent
kits (Central Research Institute of Epidemiology; Russia) in
accordance with the manufacturer's guidelines using the PCR
systems, working in the real-time mode: Rotor Gene 6000
(Corbett Research; Australia) and DT-96 (DNA-Technology;
Russia).

Quantification of IgG against SARS-CoV-2 RBD

The recombinant RBD antigen No. 8COV1 (HyTest; Russia)
was used for assessment of IgG antibodies against the SARS-
CoV-2 spike protein S1 receptor-binding domain (RBD). We
added 100 pL of RBD in phosphate buffered saline PBS
(Amresco; USA) with a concentration of 1 pg/mL to each well
of the 96-well ELISA microplate Costar High Binding (Corning;
USA) and subsequently incubated the microplates for 24 hours
at +4 C°. On the next day we removed the antigen solution and
blocked the microplates overnight at +4 C° by incubation with
the blocking buffer S002X (Xema; Russia), containing 0.5%
casein.

The studied sera were diluted 1 : 100 with the ELISA buffer
S011 (Xema; Russia), 100 yL were added to each well and
incubated for 1 h in the thermo-shaker at a temperature of +37
°C in the 600 rpm mixing mode. Then the microplates were
washed three times with PBS, containing 0.1% Tween 20, and
100 pL of the goat anti-human IgG horseradish peroxidase-
conjugated antibody (Novex; USA) diluted at a ratio of 1 :
40,000 were added to each well. After an hour of incubation
at a temperature of +37 °C and mixing in the 600 rpm mode,
the microplates were washed six times. We added 100 pL of
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Table 1. General characteristics of patients

Total number of patiets n =251
Vaccinated
Parameters . Subgroup 1 Subgroup 2 Subgroup 3
Unvaccinated n=46 n=32 n=38
n=135
Dates of disease onset after vaccination
1-7 days after V1 8-14 days after V1 1-132 days after V1+V2
Males 61 29 10 21 )
(45.20%) (63.0%) (31.3%) (55.3%) 0.039
(Pearson's x?
Females 74 17 22 17 test)
(54.80%) (37.0%) (68.8%) (44.7%)
Male to female ratio 01:01.0 01:01.0 01:02.0 01:01.0
Average age (years) 649+1.2 0.335
M + SE (min-max) (30-89) 64.5 + 2.1 (31-84) 68.9 + 2.1 (46-89) 67.7 + 1.9 (37-90) (P'rie_atrs;)t? s
Age. years 28 8 3 4
30-50 (20.7%) (17.4%) (9.4%) (10.5%)
0.656
54 20 16 19 oo
51-70 (40.00%) (43.5%) (50.0%) (50.0%) (Peatr:;’t')‘ SX
71-90 53 18 13 15
(39.30%) (39.1%) (40.6%) (39.5%)
6.92 + 0.20 7.5+0.5(2-19) 6.5 + 0.4 (2-13) 8.3+ 0.8 (1-28) 0.014*
Dates of admission to hospital. days (1-13) 7.5 [4-9] 6.5 [5-8] 7[6-10] (Mann-
M + SE (min-max). Me [Q,-Q,] 7.5+ 0.4 (1-28) Whitney U
6 [5-8] Ty ['5_9] Test)
Disease severity evaluation upon admission to hospital
5 17 13 19
; (36.90%) (40.60%) (50.0%)
Mild (38.50%)
49 (42.2%)
35 16 9 9
0 0 0,
Moderate (30.00%) (34.8%) (28.10%) (23.70%) 0.498 (Pearson's x? test)
34 (29.3%)
18 13 10 10
(28.3%) (31.30%) (26.3%)
Severe (35.50%)
33 (28.4%)
Of them transferred to ICU 11 2 2 0
Deaths in ICU 10 2 0 0
8.03 + 0.4
10.35 + 0.8 (4-36) 9.0 + 1.5 (2-53) (4-14)
Le”(?;';;’;;}ﬁgp;t: |ty (days) 11.12 0.6 (4-52) 8 [7-12] 8 6.5-9] 8 [7-9] <0.001*
° Y 10 [7-13] (Mann-Whitney U Test)
M + SE (min-max). Me [Q,-Q,] 0.02 £ 0.5 (2-59)
8 [7-9.5]

Note: * — significant differences between groups (o < 0.05).

the single-component TMB containing substrate buffer R055
(Xema; Russia) to each well, incubated for 10 minutes at room
temperature, and terminated the reaction by adding 100 pL of
10% HCI per well. Absorbance was measured at a wavelength
of 450 nm. When recording the results, the cutoff absorbance
value was defined (the sum of the negative control mean
absorbance and the experimentally determined coefficient),
then the positivity rate was calculated for each sample, being
the ratio of sample absorbance to cutoff absorbance value.
The results were interpreted based on the following criteria:
the test for IgG antibodies was considered positive with the
studied sample positivity rate = 1.1, and negative with the
positivity rate < 0.9. The results of the test for IgG antibodies
were considered inconclusive with 0.9 < positivity rate < 1.1.
For these values, the laboratory system was validated using
the reference sera. The previously characterized sera of

convalescent subjects with confirmed diagnosis were used as
a positive control, and the archived sera, collected in the first
half of 2019, from the collection of deliberately negative sera
were used as a negative control.

Cells and viruses

The VERO E6 cells (ATCC, CRL-1586) were cultured in
complete DMEM medium (PanEco; Russia), supplemented
with 10% FBS (HyClone; USA), 1x GlutaMAX (Gibco;
USA) and penicillin/streptomycin (100 1U/mL; 100 pg/mL)
(PanEco; Russia). SARS-CoV-2 strains PMVL-4 (GISAID EPI_
ISL_470898), PMVL-38 (GISAID EPI_ISL_1710856), PMVL-47
(GISAID EPI_ISL_1710865) were isolated from nasopharyngeal
swabs. PMVL-38 and PMVL-47 carry mutations in the RBD
domain (S477N and E484K respectively).
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Table 2. Assessment of dynamic changes in COVID-19 course severity in vaccinated and unvaccinated patients

Patients (n = 57)
Checkpoints for severity Vaccinated n =22 Unvaccinated n = 35
P
assessment (bed-days) Disease severity evaluation (NEWS)
Mild Moderate Severe Mild Moderate Severe
- . 7 . ,
Upon adrplsswn to hospital 10 (45.5%) 13 (37.1%) 10 (28.6%) 12 (34.3%) 0.699 (Fischer's
(checkpoint 1) -31.80% _22.70% exact test)
Average bed-days 3.5 + 1.2 )
5 6 0.184 (Fischer's
- 0 0 0,
(1-7 days_) 15 (68.2%) _92.70% _9.10% 15 (42.8%) 14 (40.0%) _17.20% exact test)
(checkpoint 2)
Average bed-days 22 (100%) 0
92+14 8 0.002* (Fischer's
(8-12 days) All patients were digcharged by day 12 of 22 (62.8%) 5(14.3%) —22.90% exact test)
(checkpoint 3) hospital stay

Assessment of the patients' sera virus
eutralization activity

The VERO EB6 cells were seeded in the 96-well plate, 0.2 x 10°
cells per well, one day before the experiment. The following
day 100 TCID,, of the corresponding SARS-CoV-2 variant were
incubated with serial dilutions of sera for one hour at + 37 °C,
and subsequently added to the 96-well plates with the Vero
E6 cells. After 72 h the virus-induced cytopathic effect (CPE)

Vaccinated

B vid

Severity of hospitalization
(1 point)

the first smear (2 point)

Severity at the time of taking

Severity for 9 hospital days
(3 point)

B Moderate

was asessed by MTT assay [11]. The percentage of inhibition
of CPE was normalized and converted into percentage of
neutralization. NT_, was calculated with the GraphPad Prism 7
software (GraphPad Software; USA).

Assessment of the virus variation in the RBD region

Total RNA was extracted from the patients' swabs and/
or SARS-CoV-2 isolates using the RIBO-prep kit (Central

Unvaccinated

B Severe

Fig. 1. Patients' distribution based on the disease severity for the assessed checkpoints (bed-days)
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Table 3. Viral load in vaccinated and unvaccinated patients

Viral load, Ct
Groups of patients N Me [Q,-Q,] p
Unvaccinated 34 31,45 [27,20-33,72]
0.026" (Mann-Whitney U test)
Fully vaccinated 8 34,78 [31,41-36,48]

Note: * — significant differences for the sample (vaccinated n = 22, unvaccinated n = 35) (p < 0.05).

Research Institute of Epidemiology; Russia) in accordance with
the manufacturer's instructions. Amplification was performed
by the one-step RT-PCR method with the use of the reaction
mixture, containing (per one reaction) 10 pmol of each primer,
0.025 mM of each dNTP (Evrogen; Russia), 5 pL of 5X buffer
(100 mM Tris-HCI (pH 8.3 at 25 °C), 150 mM KCI, 10 mM
MgCl2, 8 mM DTT), 0.25 pL of M-MLV reverse transcriptase
(200 U), 0.25 pL of intrinsic Tag polymerase (10 U) and 10 pL
of RNA (about 0.5 pg). The total volume of one reaction mixture
was 25 pL. The following olygonucleotides were selected
for amplification of the SARS-CoV-2 fragment: upstream
primer  5-AACTTTAGAGTCCAACCAACAGAA-3"  and
downstream primer 5'-TGAAGTTGAAATTGACACATTTG-3'.
Olygonucleotides make it possible to obtain the fragment of
spike glycoprotein, beginning at amino acid 334 and ending
at amino acid 538. Amplification was performed in the T100TM
Thermal Cycler (Bio-Rad; USA). The protocol for one-step RT-
PCR was as follows: 50 °C for 60 min, 95 °C for 5 min, then 35
cyclesat 95 °Cfor 15s, 55 °Cfor 10s, and 72 °C for 30 s, then
72 °C for 5 min. After amplification some of the product was
applied to agarose gel, and the target fragment was detected
by electrophoresis. Then the amplified products were purified
to remove primers and nucleotides using the ExoSAP-IT™
PCR Product Cleanup Reagent (Thermo Fisher Scientific;
USA), and the concentration was measured with the Qubit
Fluorometer (Thermo Fisher Scientific; USA) in accordance with
the manufacturer's instructions. Sequencing of the fragments
obtained was performed with the Applied Biosystems 3500
genetic analyzer (Thermo Fisher Scientific; USA). The obtained
sequences structure was analyzed using the Unipro UGENE
v37.0 software.

Statistical methods

Statistical processing and plotting the curves were performed
with the IBM SPSS Statistics software, version 26. Distributions
were tested for normality using the Shapiro-Wilk test (when
n < 50) or Lilliefors corrected Kolmogorov-Smirnov test (when
n > 50). The significance level was defined as p = 0.05. For
distributions other than normal, the intergroup comparisons
were performed with the Kruskal-Wallis test with subsequent
post hoc analysis using the Mann-Whitney U Test with
Bonferroni correction for multiple comparisons or using the
Mann-Whitney U Test (for a number of groups n = 2). Analysis
of contingency tables was carried out using the chi-squared
(x?) test or Fisher's exact test. When performing the analysis
of multi-field tables, a posteriori pairwise comparisons were
performed, and the multiplicity problem was solved using the
Benjamini-Hochberg procedure. The impact of vaccination and

the existence of mutations on the viral load was assessed by
multivariate ANOVA.

RESULTS

Comparative analysis of the vaccinated and unvaccinated
groups' age structure revealed no significant differences in age
(o = 0.656). There were also no differences in the average age
between groups (p = 0.335 (Pearson's chi-squared test)).

No significant differences in the rates of comorbidity
between vaccinated and unvaccinated patients with COVID-19
were revealed: arterial hypertension — 79.0 and 72.4%,
cardiovascular diseases — 43.0 and 26.7%, diabetes mellitus —
27.0 and 16.4%, obesity — 47.4 and 39.6% respectively.

All the patients enrolled (n = 251) were hospitalized on
days 1-28 after the symptom onset. There were significant
differences in admission dates after the disease onset between
vaccinated and unvaccinated patients: the patients, who
had received at least one vaccine dose, were hospitalized
significantly later (o = 0.014). The median time between disease
onset and hospitalization was 7.5 days in vaccinated and 6
days in unvaccinated patients.

To perform clinical characterization of COVID-19, all patients
(n = 251) were divided based on the disease severity on the day
of admission as follows: in the vaccinated group (n = 116), 49
(42.2 %) patients had mild, 34 (29.3%) had moderate, and
33 (26.5%) had severe disease; in the unvaccinated group
(h = 135), 52 (38.5%) patients had mild, 35 (30.0%) had
moderate, and 48 (35.5%) had severe disease. It should be
emphasized that there were no significant differences in the
number of patients with different disease severity within each
group both in the unvaccinated group and in individuals, who
had received at least one vaccine component (o = 0.498).

During treatment, the trend towards worsening was
recognized in 2 (4.5%) vaccinated patients: both patients of
the 1st subgroup were transferred to ICU, and died on days
17 and 36 of hospital stay. It is important that both patients got
il during the first week (days 1 and 7) after administration of
the first vaccine component, and couldn't have any protective
antibodies. Two patients (6.3%) of the 2™ subgroup also
needed intensive care management. They were provided
noninvasive respiratory support. One of these patients had
lymphogranulomatosis, he was transferred to the other hospital
on day 10 of hospital stay with the large right gluteal hematoma
spreading onto the inguinal region and pelvic retroperitoneal
space, posthemorrhagic anemia. The other patient had
hypertension in combination with obesity, he stayed in ICU for
32 days and was discharged from the hospital on day 56. Both
patients had not received the second vaccine component.

Table 4. Comparison of anti-RBD antibody levels in vaccinated and unvaccinated patients

positivity rate RBD
Groups of patients n p
Me [Q,-Q,]
Unvaccinated 17 0,34 [0,22-0,48]
< 0.001* (Mann-Whitney U test)
Fully vaccinated 22 7,75 [2,30-10,80]

Note: * — significant differences (o < 0.05).
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Table 5. RBD domain mutation rate in the groups being compared
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Groups of patients

No mutations in RBD domain (n = 9)

Mutations in RBD domain (n = 10)

Unvaccinated
(n=11)

8 (72.7%)

3(27.3%)

Vaccinated
(n=8)

1(12.5%)

7 (87.5%)

Note: *— p = 0.020 (Fisher's exact test).

No deaths were observed in the 2™ and 3 subgroups of
vaccinated patients; in the unvaccinated group, 11 individuals
needed intensive care management, 10 of them died.

The median length of hospital stay was 8 days in vaccinated
patients (including those, who received single vaccine
component), and 10 days in unvaccinated patients (o < 0.001).

In addition, to evaluate the dynamic changes throughout
the clinical course of the disease, the disease severity was
assessed on days 1-7 and 8-12 of hospital stay in patients,
who had received both vaccine components (n = 22) and got ill
after 14 days, compared to the group of unvaccinated patients
(n = 35), who got ill within the same period (Table 2; Fig. 1).

Thus, it has been shown that based on the Fisher's exact
test there were no significant differences in the number of
patients with different disease severity in the vaccinated and
unvaccinated groups upon admission to hospital (checkpoint 1)
(o = 0.699). During the first week of hospital stay (checkpoint 1,
days 1-7 of hospital stay) no significant differences were
revealed as well (p = 0.184). However, assessment of
checkpoint 3 (days 8-12 of hospital stay) showed that 100%
of vaccinated patients had a mild disease; the proportion of
patients with a mild disease in the unvaccinated group was
significantly lower (63%, p = 0.002) (see Fig. 1). Comparative
analysis of checkpoints in the studied groups based on the
disease severity (with the use of Friedman test for related
samples) showed that there was a significant decrease
(o < 0.001) in the disease severity in the vaccinated group; in
the unvaccinated group this trend was of borderline significance
(p = 0.058).

The further research tactics was defined by the search
for the desease severity criteria taking into account the RBD
domain mutations, viral load levels and humoral immune
response in the patients.

The viral load in the vaccinated and unvaccinated groups
was low, however, significant viral load was lower in the group
of vaccinated patients (p < 0.05) (Table 3).

Assessment of the humoral immune response in the studied
groups showed that the IgG antibody levels were significantly

1
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Fig. 2. Distribution of mutations in the RBD domain of SARS-CoV-2 viruses
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(p < 0.001) higher in the vaccinated group compared to
unvaccinated group (Table 4). Further research is needed to
evaluate the duration of the protective immune response.

The spread of the virus involves introduction into the human
population, high host mortality, and the ability of the virus to
mutate in order to survive in biological environment.

Identification of the SARS-COV-2 RBD domain mutations in
biological samples, obtained from the patients (n = 19), showed
that the virus mutated in RBD region both in the vaccinated
and unvaccinated groups, however, mutations occurred more
frequently in the vaccinated group (Table 5; Fig. 2). The presence
of mutations demonstrates the need for monitoring the disease
clinical features in vaccinated patients and sequencing the virus
in order to upgrade the specific preventive measures in a rapid
and timely manner.

Viral load testing showed that vaccination reduced viral
load in the infected individuals. It has been found that in case
of the disease development, the downward trend in viral load in
the samples containing the virus, carrying mutations in the RBD
domain, was observed both in vaccinated and unvaccinated
patients. Multivariate ANOVA revealed a significant correlation
between the viral load and the fact of being vaccinated/
unvaccinated (p < 0.001), the variance contribution was 39.0%.
Correlation with the presence of mutations also appeared to
be significant (p = 0.038), the variance contribution was 8.0%.
The relationship between vaccination and the presence of
mutations was not significant (o = 0.650) (Fig. 3).

Differential assessment of virus neutralization activity
(VNA) in sera of the patients, vaccinated with two doses of
vaccine, although infected with COVID-19, was performed in
order to investigate the possible mechanisms of the new virus
variants evading protective antibodies in vaccinated individuals.
Since there were RBD domain mutations in the majority of
samples (n = 6), including S477N, S477N+A522S, E484K and
E484K+S494P, VNA was assessed in all the samples provided
in relation to the original variant of the virus, containing D614G
substitution, and two variants with mutations S477N and
E484K, available from our collection of viral isolates.

%

Unvaccinated

E484K ] E484K, S494P [ T385I
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Fig. 3. Comparative assessment of viral load in biological samples of vaccinated and unvaccinated patients, carrying mutations in the RBD domain

Table 6 presents the VNA levels against different variants of
SARS-CoV-2 virus mutations in the samples, obtained from the
patients (n = 6). The neutralizing titers (NT50) were calculated
using the GraphPad Prism 7 software.

Then the comparative assessment of the VNA levels
against different variants of SARS-CoV-2 virus mutations was
performed. Fig. 4 (upper row) demonstrates p-values with 95%
confidence interval (Wilcoxon test).

No significant differences in VNA of sera with different
SARS-CoV-2 variants were revealed both when assessing
all sera and when assessing single sera, obtained from the
patients carrying characteristic mutations.

DISCUSSION

The results obtained show that, like any other immunobiological
preparation, Sputnik V vaccine, developed and successfully
used in healthcare practice as a preventive medicine, is not
100% effective, especially during the ongoing pandemic.
However, the use of vaccines in such an extraordinary situation
would enable to reduce both the number of patients with
severe diasease and the number of deaths.

Currently, Sputnik V is successfully used in more than 67
countries around the world [12]. A total of 39,589,464 people
(27.11%) have been fully vaccinated in the Russian Federation
before September 11, 2021 [13].

Consequently, studying the factors, which result in
COVID-19 infection in vaccinated individuals, as well as
monitoring the clinical course of the disease would provide
practical healthcare and society in general with additional
information on vaccination.

In this study we tried to assess the clinical and laboratory
parameters in patients, vaccinated with Sputnik V, on various
dates after administration of the first and second doses of
vaccine compared with the group of unvaccinated patients.

Assessment of dynamic changes in COVID-19 severity
in fully vaccinated individuals, who had got ill 14 days after
administration of the second component, and unvaccinated
patients, who had got ill within the same time period, showed
that 100% of vaccinated patients had mild disease on days
8-12 of hospital stay. There were no cases of transfer to ICU or
deaths in the group of fully vaccinated individuals, possessing
protective immunity against SARS-CoV-2.

In addition to the clinical course severity assessment, testing by
RT-PCR and real-time RT-PCR, viral RNA RBD region sequencing,
differential monitoring of neutralizing antibodly titers, and evaluation of
IgG-response towards the S protein RBD domain were performed.

The viral load levels in the studied groups were diverse. As
could be expected, the viral load in fully vaccinated patients
(who had got ill 14 days after administration of the second
vaccine component) was significantly (o = 0.026) lower
compared to unvaccinated group. Reduced viral load in the
group of individuals, vaccinated with Sputnik V, makes this
group less contagious with high probability.

The significant level of anti-RBD IgG antibodies in the group
of fully vaccinated patients exceeded the values, obtained in the
unvaccinated group (o < 0.001). The results obtained showed
that full-fledged specific immune response was formed within two
weeks after administration of the booster Sputnik V vaccine dose.

IgG antibody levels (positivity rate 4.72 [1.47-9.88]) in
the subgroups of incompletely vaccinated individuals were
rather low, which could partly explain COVID-19 infection

Table 6. Levels of virus neutralizing antibodies (VNA) against the variants of SARS-CoV-2 mutations

NT,,
Ne Sample name
PMVL-4_D614G PMVL-38_S477N PMVL-47_E484K

1 3222_S477N 373.8 452.6 451.9

2 4003_S477N, A522S 186.7 293.5 1563.2

3 4310_E484K,S494P 452.3 452.6 451.6

4 573_E484K,S494P 256.2 202.5 452.6

5 4267_E484K 226.5 > 640 > 640

6 4160_E484K 65.52 29.26 320
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Fig. 4. Comparative assessment of the titers of neutralizing antibodies against different SARS-CoV-2 variants. * — upper row is represented by p-values with 95%

confidence interval (Wilcoxon test)

in the enrolled vaccinated patients. Furthermore, a number of
researchers point out that a significant proportion of people
demonstrates insufficient specific response to infection, which
is probably due to insufficient B cell maturation [14].
Assessment of the virus mutations in RBD region,
performed in the limited number of biological samples, showed
that mutations in RBD domain occurred both in vaccinated
and unvaccinated patients. Mutations were more frequent
in the vaccinated group. However, it should be recalled that
vaccination itself has no effect on mutations or mutation rate,
which provides the basis for preventive vaccination.
Experimental design showed no apparent differences
in VNA of antibodies in the studied patients. No significant
differences in VNA of sera with different SARS-CoV-2 variants
were revealed both when assessing all sera and when assessing
single sera, obtained from the patients carrying characteristic
mutations. It is worth noting that the average VNA against the
viruses carrying mutations was a little higher compared to VNA
against the wild-type virus. However, a significant decline in the
neutralizing activity of antibodies and sera against the chimeric
SARS-CoV-2 strains or isogenic variants containing mutations [15].
Research findings point to protective properties of Sputnik V.
The fully vaccinated individuals are at lower risk of COVID-19 infection
compared to unvaccinated individuals, especially in the context
of the ongoing pandemic. The data on the vaccine assessment,
obtained by foreign researches, are in line with our data [2].
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