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SUMMARY

Introduction/Objective The duration of vaccine-induced protection against SARS-CoV-2 is shown to
be limited.

The aim of this study was to assess vaccine effectiveness (VE) of a third dose of four different COVID-19
vaccines during Delta variant predominance in Serbia.

Methods The data for the period from August 18, to October 1, 2021 were used to estimate the incidence
rates (IR) of the SARS-CoV-2 infection, COVID-19-related hospitalization, and intensive care unit (ICU)
admission. The study included 41,186 fully vaccinated subjects, of which 13,589 had received the third
dose. VE was estimated based on the IR ratio following vaccination with three vs. two doses.

Results We found that a third dose of all investigated vaccines reduces the incidence of both SARS-CoV-2
infection and severe illness that requires hospitalization or ICU admission. The highest VE against infection
demonstrated BNT162b2, followed by Gam-COVID-Vac and BBIBP-CorV. Third dose vaccination reduced
the risk of hospitalization (IR = 0 for Gam-COVID-Vac and BBIBP-CorV), and ICU admission (IR = 0 for all
vaccines). The hazard distributions for SARS-CoV-2 infection and hospitalization following vaccination
with three versus two doses were significantly different.

Conclusion These findings indicate that an additional, third dose of studied vaccine boosters protection
against all investigated outcomes.
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INTRODUCTION infected with the SARS-CoV-2 so far (https://co-

) vid19.who.int/), and the virus continues to spread
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In March 2020, the World Health Organization
declared the pandemic of coronavirus disease
2019 (COVID-19), caused by severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2).
During the last two years, the multiple waves
of COVID-19 pushed healthcare systems to the
breaking point; lockdowns and mobility restric-
tions left severe consequences on the economy;
and social distancing and isolation heavily dis-
rupted human physical and mental wellbeing.
The world has been witnessing the magnitude, the
extent and the continuance of the perturbations
COVID-19 brought on to all spheres of human
life, yet, only less than 10% of humanity has been

globally.

The virus spreading can be stopped only by
achieving herd immunity - either by infection
or by vaccination. SARS-CoV-2 infection, unlike
vaccination, enables virus transmission to non-
immune people, and in those who are infected
could take severe form, lead to hospitalization or
intensive care unit (ICU) admission, and end fa-
tally. Hence, the safest and the most effective way
to achieve protection against COVID-19 is vac-
cination. Up to now, about 11.3 billion doses of a
COVID-19 vaccine have been administered glob-
ally, and 64.6% of the world population has re-
ceived at least one dose [1]. Although vaccination



Effectiveness of a third dose of COVID-19 vaccines in Serbia

reduces the possibility of infection and lessens the risk of de-
veloping severe form of the disease, it has been reported that
the SARS-CoV-2 specific response, even after receiving the
second dose of vaccine, diminishes over time [2, 3].

Since the waning immunity, especially in the presence of
new viral strains, warrants booster immunization, data on a
third dose vaccine effectiveness (VE) are of great importance.
The main aim of this study was to assess VE of the third
dose of four different COVID-19 vaccines, namely BNT162b2
(Comirnaty®, Pfizer-BioNTech, Tokyo, Japan), BBIBP-CorV
(Vero Cell®, Sinopharm Group Co. Ltd., Shanghai, China),
Gam-COVID-Vac (Sputnik V*, Gamaleya Institute, Moscow,
Russia) and ChAdOx1-nCoV-19 (Vaxzevria®, University of
Oxford/AstraZeneca, Cambridge, United Kingdom), during
Delta variant predominance in Serbia.

METHODS
Study design

This retrospective comparative cohort study was conducted
among the resident population of the city of Kragujevac,
Serbia, between August 18, 2021 (start of the third dose of
COVID-19 vaccines rollout in Serbia) and October 1, 2021. To
be included in the study, subjects needed to be older than 16
years of age and completely vaccinated against SARS-CoV-2
(i.e., to have received at least two doses of either BBIBP-CorV,
Gam-COVID-Vac, BNT162b2, or ChAdOx1-nCoV-19 vac-
cine) by the end of the study follow up. However, as the
neutralizing antibody levels, which are highly predictive of
vaccine efficacy against SARS-CoV-2 infection [4], decrease

substantially until three months after vaccination [5], recipi-
ents of only two doses were included only if the second dose
was received at least three months before the beginning of the
study. Subjects were excluded from the analyses if the data
on sex, age, vaccination status, and COVID-19 test results
were not available, but also if infection with SARS-CoV-2
took place prior to vaccination, or within the first seven days
after receiving the vaccine (Figure 1).

The data on vaccination coverage was extracted from the
Serbian National Immunization Registry. The Reports of the
Primary Health Centre and the University Clinical Centre
in Kragujevac provided information on the study outcomes,
namely RT-PCR or antigen test confirmed SARS-CoV-2 in-
fection, hospitalization due to COVID-19 and COVID-19-
related ICU admission. Subjects were followed up either from
the beginning of the study (if they had been vaccinated ear-
lier), or from the day of receiving the last dose of the vaccine;
until the end of the study, or until they had been diagnosed
with COVID-19. According to available data [6], the Delta
variant was the most predominant (if not the sole) circulat-
ing strain of SARS-CoV-2 in Serbia during the study period.

The study was approved by the Ethics committee at the
University Clinical Centre and the Primary Health Centre,
Kragujevac, Serbia (approvals No 01/20-405, No 01/20-497
and No 01-1148/1, obtained on April 3, 2020, May 5, 2020 and
February 24, 2021, respectively), and conducted in accordance
with the Declaration of Helsinki and its subsequent revisions.

Statistical analysis

SPSS Statistics, version 20 (IBM Corp., Armonk, NY, USA)
and Stata Statistical Software, release 16 (StataCorp LLC,
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Figure 1. The cohorts’selection process;

*since the launch of the COVID-19 vaccines roll out in Serbia, until October 31, 2021
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Table 1. Demographic characteristics, vaccination status, and the total length

of the follow-up of subjects involved in the study

Vaccinated with | Vaccinated with

Parameters three doses two doses? o
n % n % n %

Total 13,589 33 27,597 67 41,186 100
Age groups (years)
Upto 24 36 0.26 464 1.68 500 1.21
25-34 180 1.32 1769 6.41 1949 4.73
35-44 807 5.94 4527 16.4 5334 12.95
45-54 1327 9.77 4692 17 6019 14.61
55-64 2502 | 18.41 5807 | 21.04 | 8309 | 20.17
65-74 5888 | 4333 | 6882 | 2494 | 12,770 | 31.01
75 and over 2849 | 2097 | 3456 | 1252 | 6305 | 15.31
Sex
Male 6538 | 48.11 | 12,639 | 458 | 19,177 | 46.56
Female 7051 | 51.89 | 14,958 | 54.2 | 22,009 | 53.44
Type of vaccine
BBIBP-CorV 8477 6238 | 17,270 | 62.58 | 25,747 | 62.51
Gam-COVID-Vac 1139 8.38 5022 18.2 6161 14.96
BNT162b2 944 6.95 4536 16.44 5480 13.31
ChAdOx1-nCoV-19 0 0 768 2.78 768 1.86
Mix-and-match 3,029 | 22.29 1 0 3030 7.36
Total person time
In days 315,033 1,179,279 1,494,312
In years 863.1 3,230.9 4094

2Second vaccine dose received at least three months before the beginning of the

study follow-up

Dordevic N. et al.

College Station, Texas, USA) were used for statistical analy-
ses. The frequencies of the COVID-19-related events were
expressed as incidence rates (IR). VE against all study out-
comes was determined based on the sex- and age-adjusted IR
ratio (IRR) among those vaccinated with either two or three
COVID-19 vaccine doses. Vaccine-preventable disease inci-
dence, the parameter that more directly presents an impact of
the vaccines on reducing infection, hospitalization, and ICU
admission, is a measure of the difference in the incidence of
any particular outcome between vaccinated and unvaccinated
populations, and was calculated according to Gessner and
Feikin [7]. The number needed to vaccinate, i.e., the number
of people or vaccine doses needed to prevent the investigated
outcomes, was calculated according to Tripepi et al. [8]. To
compare hazard distributions for the study outcomes follow-
ing vaccination with three versus only two doses, the Kaplan-
Meier method and a Logrank (Mantel-Cox) test were used. P
values of less than 0.05 were considered significant.

RESULTS

Demographic characteristics, type of vaccine received, and the
total length of follow up of all subjects involved in the study,
stratified according to the vaccination status, are presented in
Table 1. As subjects participating in the study were followed
for different lengths of time, a cumulative amount of time
(Total person time) was calculated as the sum of the total
time contributed by all subjects.

Table 2. The effectiveness of the third dose of COVID-19 vaccinea as compared to two vaccine dosesb in terms of SARS-CoV-2 infection, hospi-
talization due to COVID-19, and COVID-19-related ICU admission

1CU scmisson | thwee dosest two doses® | "RO6C) | VE(5% 1% NNV VPDI (95%
SARS-CoV-2 infection
Any type of vaccine 164 (190) / 1684 (521.2) | 0.394 (0.334;0.464) 60.6 (53.6; 66.6) 3 289.9 (248.7; 329)
BBIBP-CorV 139 (256)/ 1164 (577.7) | 0.494(0.413;0.591) 50.6 (40.9; 58.7) 4 265.7 (210.1; 321.4)
Gam-COVID-Vac 7 (154.5) / 299 (507.4) 0.335(0.159;0.707) |  66.5 (29.3; 84.1) 3 310.2 (182.7; 437.7)
BNT162b2 1(22.7) /180 (335.7) 0.074(0.011;0.510) |  92.6 (49.0; 98.9) 3 295.2 (227.9;362.7)
ChAdOx1-nCoV-19 0(ND)/ 41 (454.3) ND
Mix and match 17 (73.6) / 0 (0) ND

Hospitalization due to COVID-19
Any type of vaccine 8(9.3)/126(39) 0.154 (0.073; 0.235) 84.6 (67.5;92.7) 21 42.2 (34.8;59.7)
BBIBP-CorV 8(14.7) / 113 (56.1) 0.190 (0.090; 0.398) 81.0(60.2;91.0) 21 47.6 (35.6; 59.5)
Gam-COVID-Vac 0(0)/8(13.6) ND 74 13.6 (4.2; 23)
BNT162b2 0(0)/5(9.3) ND 108 9.3(1.2;17.5)
ChAdOx1-nCoV-19 0(ND)/0(0) ND
Mix and match 0(0) /0 (0) ND

COVID-19-related ICU admission
Any type of vaccine 0(0)/7(2.2) ND 455 2.2(0.6;3.8)
BBIBP-CorV 0(0)/6(3) ND 333 3.0 (0.6;5.4)
Gam-COVID-Vac 0(0)/0(0) ND
BNT162b2 0(0)/1(1.9 ND 526 1.9(1.8;5.5)
ChAdOx1-nCoV-19 0(ND)/0(0) ND
Mix and match 0(0)/0(0) ND

IR - crude incidence rate (per 1000 person-years); IRR - incidence rate ratio adjusted for age and sex; VE - vaccine effectiveness; NNV - number needed to vac-
cinate; VPDI - vaccine-preventable disease incidence (per 1000 person-years);
23rd vaccine dose received at any time during the study follow-up;

2nd vaccine dose received at least three months before the beginning of the study follow-up;
< heterologous prime-boost strategy applied;
NA - not applicable; ND - not determined (due to zero vaccinated or zero event count)

DOI: https://doi.org/10.2298/SARH221217082D
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The third dose of any vaccine, as compared to only two
doses, decreased the overall IRs of SARS-CoV-2 infection,
hospitalization due to COVID-19, and COVID-19-related
ICU admission. The frequencies of COVID-19-related study
outcomes in both cohorts (overall and per vaccine type), and
the measures of VE against SARS-CoV-2 infection and hos-
pitalization in subjects vaccinated with three doses, are pre-
sented in Table 2.

The complete absence of ICU admission among subjects
vaccinated with three doses of any vaccine, as well as hos-
pitalization among those who have received three doses of
Gam-COVID-Vac or BNT162b2, precluded VE estimation
against these outcomes. The VE of ChAdOx1-nCoV-19 could
not be assessed due to the lack of subjects receiving this type
of vaccine in three doses. Similarly, only one recipient of only
two doses received two different vaccine types, preventing as-
sessment of heterologous prime-boost strategy effectiveness.

Cumulative hazard functions comparing the incidence of
the study outcomes following vaccination with three versus
only two doses of any of the four available COVID-19 vac-
cines are presented in Figure 2. The hazard distributions for
SARS-CoV-2 infection and hospitalization due to COVID-19
were significantly different (x*(1) = 150.468, p < 0.0001 and
X*(1) = 21.404, p < 0.0001, respectively). The comparison
could not be made for ICU admission, due to the lack of this
event among subjects vaccinated with the third dose.

DISCUSSION

Our main finding is that the third dose of any of the four
investigated COVID-19 vaccines, as compared to the second
dose received at least three months prior, significantly reduces
the incidence of Delta variant SARS-CoV-2 infection, but
also the incidence of hospitalization due to COVID-19, and
COVID-19-related ICU admission. Our results support the
recommendation of administration of a booster dose in gen-
eral adult population to restore protection against COVID-19
and its complications.

In terms of infection, the highest VE of a third versus two
doses in our study reached almost 93% in those vaccinated
with BNT162b2, with as little as three subjects that needed
to be vaccinated with a booster dose of BNT162b2 or Gam-
COVID-Vac to prevent one case of COVID-19. To prevent
one hospitalization, a third dose of any of the COVID-19 vac-
cines investigated in our study had to be given to 21 subjects
fully vaccinated at least three months prior, and VE of the
booster reached almost 85%. On the other hand, rare admis-
sions to ICU after receiving two doses, and none in a third
dose group, precluded assessment of third dose VE and NNT.
In line with our findings, a retrospective cohort study from
Israel, comparing infection rates among nearly a million sub-
jects vaccinated with either two or three doses of BNT162b2
vaccine, reported third dose VE of 89.1% [9]. Another Israeli
study on almost 1 and a half million participants estimated VE
of three versus two BNT162b2 doses to be 93% for hospital
admission [10]. Similarly, a large study from United States,
conducted on almost half a million veterans, reported 84%
and 77% VE of three as compared to two doses of BNT162b2

Srp Arh Celok Lek. 2023 Sep-Oct;151(9-10):518-524

0,087 &

002 e

-

35 [ e— 4

0,0101 b)

0,0081
0,0087
0,0041 Rt

0,0021 o

Cumulative hazard

00007 SesbaqastiT

0,0107

0,0081

0,0067

0,004

0,0021

ittt

0,0007

|l T ) T

0 10 20 30 40

Time of the follow up (days)

Figure 2. Cumulative hazard function comparing the incidence of
a) SARS-CoV-2 infection, b) hospitalization due to COVID-19, and ¢)
COVID-19-related Intensive Care Unit admission, following vaccina-
tion with three (green) versus only two (blue) doses of any of the four
available COVID-19 vaccines; the dashed vertical line indicates day
seven, when the analyses began

vaccine against symptomatic SARS-CoV-2 Delta strain infec-
tion and COVID-19-related hospitalization, respectively [11].
Among more than a million subjects from California, who
were vaccinated with either two or three doses of BNT162b2,
VE of a third dose reached 75% against infection and 70%
against hospital admission [12]. Again, study from United
States, conducted during Delta predominance across 10 states
and more than 250 hospitals, estimated BNT162b2 vaccine
third-dose effectiveness against hospitalization and ICU ad-
mission due to COVID-19, when compared to unvaccinated
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population, to reach 94% [13]. In the limited number of stud-
ies concerning the effectiveness of three versus two doses of
SARS-CoV-2 vaccines, the BNT162b2 vaccine, as the first one
approved by WHO, was clearly by far the most investigated
[9, 10, 13, 14, 15]. Yet, there are several other vaccines against
COVID-19 deployed worldwide [16], calling for the future
research to widen the scope, and include not only other inter-
nationally available vaccines, but also both available concepts
of vaccination - homologous and heterologous [17].

As for the BBIBP-CorV vaccine, while the large-scale ef-
fectiveness studies are lacking, strong SARS-CoV-2 specific
immunity after the third dose has been reported [18, 19, 20].
Similarly, it has been observed that a third dose of ChAdOx1-
nCov-19 boosts T-cell response and increases antibody titers
[21]. On the other hand, there were no available reports on
Gam-COVID-Vac vaccine boosting. In our study, consider-
able effectiveness of a booster dose of the same vaccine type
against of SARS-COV-2 infection was confirmed for three out
of four investigated vaccines. Namely, due to the specific dosing
regimen and the relatively short follow-up, our study did not
include subjects who had received three doses of ChAdOx1-
nCov-19. Also, we were unable to calculate third dose VE of
a mix-and-match prime-boost strategy, as the only subject in
the two-dose group who was vaccinated with different vaccine
types did not get infected with SARS-CoV-2. Nevertheless, it
is worth noting that among over 3000 subjects, whose third
dose of the vaccine differed from the previous two (mix and
match approach), only about 0.5% got COVID-19 during the
follow-up, and none were hospitalized or admitted to the ICU.
Our results correspond well to the previous reports showing
that the immunogenicity of a heterologous third dose boost was
as good as, or better than homologous [22-25], especially in
fighting against newer SARS-CoV-2 variants of concern [26].
However, after the third vaccine dose, the same level of protec-
tion was achieved in both the homologous and heterologous
COVID-19 vaccination regimens [27, 28].

The Omicron variant, first identified in South Africa in
November 2021 as highly transmissible, has become a globally
dominant strain. The Omicron has raised significant global
concern due to its large number of mutations, which may im-
pact the effectiveness of vaccines and therapeutics. According
to emerging real-world data, the VE of COVID-19 vaccines
against symptomatic infection due to Omicron is lower than
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EdektuBHOCT Tpehe fo03e BaKuMHe NpOTUB AeNTa BapujaHTe Bupyca SARS-CoV-2 -
KOXOpPTHA CTyAuja 3aCHOBaHa Ha noaauuma us Cpbuje
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CAXETAK

YBoa/Uwm Mokasano ce Aa je 3alITnTa Kojy Npy»a BaKkLMHa
npoTnB SARS-CoV-2 BpeMeHCKM orpaHmnyeHa.

Linrb oBe cTyamje 6o je pa ce npoLeHy epeKTUBHOCT YeTupu
pasnuuuTe BaKLMHe NPOTUB KoBrAa 19 nocne npumara Tpehe
pose. Mictpaxusame je cnposefeHo y Cpbujyi TOKOM AOMYHA-
unje penta BapujaHte SARS-CoV-2.

MeTtoge Nogauu 3a nepuog of 18. aBrycta o 1. okTo6pa 2021.
KopuwheHu cy 3a npoueHy cTone NHuMaeHunje nHdexumje
SARS-CoV-2, xocnuTanu3sauuje 36or KoBraa 19 v npujema y
jeanHnLy nHTeH3uBHe Here. CTyawja je obyxsatina 41.186 cy-
6jekaTta BaKLMHMCaHWX Ca HajMakbe fiBe [03€, Of Kojux je 13.589
npumuno u Tpehy fo3y. EeKTMBHOCT BaKLMHE je mpoLereHa
Ha OCHOBY OfjHOCa CTOMe MHLUMAEHLMje Noc/e BaKUMHaLuje ca
TPpW y OAHOCY Ha [iBe A03e.

DOI: https://doi.org/10.2298/SARH221217082D

Pesynratu Tpeha f03a CBMX MCNUTUBAHUX BaKLMHa CMatbina je
yyecTanoct v uidekuuje SARS-CoV-2 1 Tewkor obnnka 6onectu
KOj¥ 3axTeBa XoCnuTanv3aLmjy Win npujem y UHTEH3VBHY Hery.
Hajsehy edeKTrBHOCT MPOTHB UHEKLMje NoKa3ana je BaKLMHa
BNT162b62, a 3atum Gam-COVID-Vac v BBIBP-CorV. Tpeha fo3a
BaKL\He CMatblina je pu3rK of XocnuTanusayuje (ctona MHUKW-
aeHumje IR = 0 3a Gam-COVID-Vac v BBIBP-CorV) n npujema y
MHTEH3MBHY Hery (IR = 0 3a cBe BakLMHe). Pacnogena pusnka 3a
nHdekuujy SARS-CoV-2 1 xocnutanusauujy nocne BakuyHaumje
Ca TpW y OAHOCY Ha ABe A03€ 3HaYajHO Cy ce pa3nnKoBare.
3ak/byyak [lobujeHn pe3ynTaTi yKasyjy Ha TO fia [OAATHa,
Tpeha fJ03a UCNUTBaHMX BaKLMHa MojayaBa 3alUTUTY Of CBUX
UCTMINTUBAHVX NCXOfa.

KmbyuHe peun: kosug 19; epektBHOCT BakuuHe; BBIBP-CorV;
Gam-COVID-Vac; BNT162b2; ChAdOx1-nCoV-19
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