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For the period of predominance of SARS-CoV-2 Omicron
variant in Slovenia, February to March 2022, we esti-
mated mRNA vaccine effectiveness (VE) against severe
acute respiratory infection (SARI) COVID-19 using sur-
veillance data. In the most vulnerable age group com-
prising individuals aged 65years and more, VE against
SARI COVID-19 was 95% (95%Cl: 95-96%) for those
vaccinated with three doses, in comparison to 82%
(95%Cl: 79-84%) for those vaccinated with two doses.
Such levels of protection were maintained for at least
6 months.

We estimated vaccine effectiveness (VE) of corona-
virus disease (COVID-19) vaccines used in Slovenia
against hospitalisation due to severe acute respira-
tory infection (SARI) COVID-19 for the period with Delta
variant predominance in October 2021 [1]. Emergence
of the severe acute respiratory syndrome coronavirus
2 (SARS CoV-2) Omicron variant that became predom-
inant in Slovenia in January 2022 [2] has raised con-
cerns about the effectiveness of COVID-19 vaccines
used in the country. Our objective was to estimate
the VE of the second and third dose of mRNA vaccines
against SARI COVID-19 hospitalisation from February to
March (weekss5—12) 2022, by age groups and by time
since the last dose.

Case definitions and data sources

A SARI case was defined as any case of acute respira-
tory infection of such severity that it resulted in hospi-
tal admission [3]. A SARI COVID-19 case was defined
as an individual with SARI and a positive SARS-CoV-2
PCR or rapid antigen test (RAT) result at hospital
admission [3]. A case with a previous COVID-19 diag-
nosis was defined as an individual with a record of a
positive SARS-CoV-2 PCR (or a positive RAT only, dur-
ing two periods, from 21 December 2020 to 12 February
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2021 and from 1 February 2022 to 27 March 2022) in
the national COVID-19 database that had occurred
more than 2weeks before the week under observa-
tion. Individuals vaccinated with two or three doses
were those who received the primary recommended
vaccination schedule (two doses) or booster or addi-
tional dose (three doses) of mRNA vaccines used in
Slovenia: Comirnaty (BNT162b2, BioNTech-Pfizer,
Mainz, Germany/New York, United States) or Spikevax
(mRNA-1273, Moderna, Cambridge, United States)
more than 2weeks before the week under observation.
Unvaccinated individuals were defined as individuals
who had not received any dose of any vaccine.

Three different sources were used to obtain the data for
the analysis: weekly numbers of SARI COVID-19 cases
admitted to all hospitals in Slovenia were extracted
from EPISARI database [3], vaccination status of all
individuals vaccinated in Slovenia was obtained from
the national electronic registry of vaccinated individu-
als and adverse events following immunisation (eRCO)
[4] and information on previous diagnosis of COVID-19
was retrieved from the national COVID-19 database.
Detailed description of the three databases used is
available in the Supplement to this manuscript. By
using unique identifiers, we linked the data from the
three databases to ascertain the vaccination status
of SARI COVID-19 cases admitted to hospitals and
previous diagnosis of COVID-19.

Estimating vaccine effectiveness

To estimate VE against hospitalisation due to SARI
COVID-19 for the second and third dose of mRNA vac-
cines by age groups and by time since vaccination, we
used (i) the respective rates of SARI COVID-19 cases
among individuals vaccinated with the second or third



SUIMO]]0} SJUBAS 9SIDAPE pPUR S|BNPIAIPU] PajeuIIIBA JO A11SISal 21U01}I9)d |eUOlIRU

135189y uone|ndod |eJIUD) UBIUDAO]IS pue }aselep 61-QIAQ)D Jeuolleu ‘[7] suoljeulddea
‘[€] @due))19AINS 6T-QIAQD dAISUBYAIdWOd UIYIIM suol3dajul Alojelidsal 9Inde 319A3S JO IUR)|IBAINS [YYS|dT :S2IN0S ele(

*sjelidsoy 03 uoissiwpe je 3s33 uasijue 10 ¥Ydd Aq 2-A0)-SYVYS 10} 9A13IS0d SullISa) SASEI |YYS |8 SB pauljap 319m sased 6T-qIA0D UVS »
*61-QIA0QD 1suleSe aupddeA Aue Jo asop Aue paAladal 10U peY OYM S|BNPIAIPUL SB PaUIJdp d13M S|BNPIAIPU PaleuldIeAUf 5
*UOIIBAIDSO I9PUN 333M B} 910J3( SHIaMT UBY] dI0W ((S93BIS paliun ‘@SpLique) ‘eutapoy ‘€LzT-yNYyw) xeAdy1ds 1o (S91els panun
“Y10A MaN/Auewlan ‘zuje|y 49z1yd-YIaINolg ‘YNYW 2qz9TINg) A1eUI[WOD) SAUIIIBA YNYW JO SISOP 931y} 10 OM] PIAIdIAL PeY OYM S|ENPIAIPUI SB PAUIJSP S13M SISOP 931} JO OM] Y}IM PaJRUIIIBA S|BNPIAIPU| ¢
‘[€] 14VSId3 Se umous| aseqelep adUR||IDAINS [YYS Y} UIY}IM UOIIBAIDSQO J3PUN 333M 3} 910J9( SHIaMz Uey} diow aseqeiep 61-QJAQD Jeuolleu ay} uj (zzoz ydie|y Lz 03 zzoz Aleniqal
1 Wolj pue 1zoz Aleniqaq ZT 0} 020z J1aqwiada( Tz woly |y aAlisod e Ajuo 10) ¥dd 2-A0D-SYVYS dA13S0d e Jo p10dal B INOYIIM S|ENPIAIpUL SB paulyap alam sisouSelp 61-qIAQD SNoiAald INOYHM S|eNPIAIPU] .

*Z SNJIABUO010D dwolpuAs A10lea1dSal 91nde 319A3S 2-A0D-SYVYS uoildajul

A101e11dSal 91NJ. 2I9AIS :|YVS (%O00T JO SDIRWIIS JA |]B 10} PaUIWIDISP JOU IIM S|) %S6) PaUIWIdIdP J0U QN ‘PIde J13]dNUOQLI J9SUISSAW YNYW DSBISIP SNIIABUOIOD :6T-JAQD |BAIDIUI IUSPIJUOD :|)

66-06 96 | 98-8/ z8 f7'zov‘e 1€0‘92 179 8956 Ll1Y 14 R4/ €16‘7€ St 99 2
an oot | £8-09 24 7°71t7e 98999 €91 00 9.6 o] 7°¥79 £geele Y7z 79-09
an 00T | 06-€€ . S'ge L91‘%741 44 00 688 o] 9/ z/1‘99 S 6%7-g1

08e SYyjuow 9ASop ise

S6-26 %6 | 98-9/ 18 f7'zoh‘e 1€£0‘92 179 1°Q41 gEvgl ezt 8'99% G269t 6/ 99 =

z6-15 og | L6-S/ 16 7172 98999 €91 S6% 601‘01 S 6'ce €05/t 14 79-0S
an oor| Z/g-o z9 q'ge 191‘%741 s 0'0 gil'y o] /ot zTele 4 6%7-g1

oSe syjuow S—¥ asop jse]

16-596 96 | 88-// €8 frzol‘e 1€0°92 19 €€6 9g5‘eht €€t 6°€1l 1816 g€ G99 =

66-596 86 19-0 [43 7172 98999 €91 1Y 969°‘c/ € 8991 Shi7¢g 71 79-0S

/8-0t 89 z6-0 19 q'ge 1914741 717 6 0T0°SS S €6 6zhte 4 6%7-g1

oSe syjuow £s593sop 1seq

96-96 96 | %78-61 z8 f7'zoh‘e 1€0‘92 179 6°G11 661‘Gze 19¢ /:0S% 61019 Gle G99 2

86-26 96 | 18-29 €/ 7-1hre 98999 €91 9'6 18268 8 ¥7°99 1€2¢€9 [4/4 79-09

6g-Lt 1/ | %g-of 69 S8z L9141 4/ €3 /z9‘09 S '8 zz6rer 1T 6%7-g1

1D %56

%

4S9S0p 231y}
U}M pajeujddea
S|enpliAlpu|

SSQUDAI}IRYD AUIDIBA

1D %56

%

4S9S0p 0M]

Y}IM pajeulddeA

S|enplAIpu|

000°001
19d ajey

uoljendod
pajeuiddoeAun

»S3SED

61-AIAOD INYS
Jo Jsqunpn

,S|ENPIAIPUI PajeUIddBAUN

000°001
1ad ajey

4S950p 3931y}
YliM paleulddea
uolye|ndogd

pS9SBI 6T-JIAOD  000°00T
1YVS Jo J1aquny  J1ad ey

4S9SOP 931y} Y}IM pajeuiddeA sjenpi

4S9S0p 0M] pS9SEI 61

Ylim pajeuldder  -dIAOD I4VS
uolyejndod Jo JaquinN

1e9A) dnois a8y

4S9SOP 0OM} Y}IM pajeulddIeA S|enpIAIpU|

7707 YoTeN—AIeNIqa,] “eTUdA0[g @sop 1se[ aouts aw) pue dnoid a8e £q ‘@oueurwopaid
ot Surmp < sisouserp ¢1-IAQD snoraaxd noyim spenprarpur Juoure suonesieidsoy 6I-AIAOD [YVS ISureSe sauroes YN YW JO SISOP 391Y} PUB OM] JO SSIUIATIIYJ

ERELAN

www.eurosurveillance.org

N



dose who had not had a previous diagnosis of COVID-
19 and (ii) the respective rates of SARI COVID-19 cases
among unvaccinated individuals without previous diag-
nosis of COVID-19.

VE was calculated using the formula: (1—-RR)x100,
where RR was the ratio of the SARI COVID-19 cases rate
among those vaccinated with second/third dose, to the
SARI COVID-19 cases rate among those unvaccinated.

To obtain estimates of weekly denominators (for each
Monday during 8 weeks under observation) we counted
individuals vaccinated with a second or third dose and
without previous diagnosis of COVID-19. To obtain esti-
mates of weekly denominators for unvaccinated indi-
viduals without previous diagnosis of COVID-19, we
subtracted the number of individuals who have received
at least one dose of any vaccine against COVID-19, and
the number of individuals with previous COVID-19 diag-
nosis by each Monday for all weeks under observa-
tion, from the total number of individuals in the Central
Population Registry on 1 January 2021. Then average
numbers of respective weekly estimates for all these
denominators were used to estimate VE for the 8-week
period under observation.

Effectiveness of the second and third dose
of mRNA vaccines against SARI COVID-19
During February and March (weekss-12) 2022, the
period of Omicron predominance [2], the overall SARI
COVID-19 admissions to Slovenian hospitals among
individuals aged 18years and more was 98/100,000
population. Respective rates varied substantially by
age and vaccination status. Among unvaccinated, SARI
COVID-19 admissions were 343/100,000, among vacci-
nated with two doses of mRNA vaccines 132/100,000,
and among those vaccinated with three doses
74/100,000.

For individuals without previously confirmed COVID-
19, the Table shows SARI COVID-19 admission numbers
and rates according to vaccination status with mRNA
vaccines (two, three doses and no dose of any vaccine),
age groups, and time since the last vaccine dose.
Respective estimates of mRNA VE are shown.

Both older age groups (aged 50 to 64years and 65years
and more) were better protected against hospitalisa-
tion due to SARI COVID-19, if they had already received
three dose of mMRNA vaccine in comparison to those who
had received only two doses of mRNA vaccines. In the
more vulnerable age group, aged 65years and more,
VE against SARI COVID-19 was 95% (95% Cl: 95—96%)
for those vaccinated with three doses in comparison to
82% (95% Cl:79-84%) for those vaccinated with two
doses. For both these groups (two doses and three
doses received), such level of VE was maintained for at
least 6 months after the last dose.
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Discussion

The emergence of SARS CoV-2 Omicron variant resulted
in the fifth wave of the COVID-19 pandemic in Slovenia
and by the end of January 2022 the predominance of
Omicron was almost 100% [2].

The risk of severe outcome following SARS-CoV-2 infec-
tion is substantially lower for Omicron variant vs Delta
variant [5]. Recent studies reported lower effective-
ness of current vaccines in preventing infections with
the Omicron variant in comparison to previous variants
[6-8]. However, while breakthrough infections with
SARS-CoV-2 Omicron variant are quite common even
after a booster dose [9], several studies reported that
protection against hospitalisation was maintained, and
mRNA vaccine boosters offered a high level of protec-
tion against hospitalisation and death [5,8,10-12].

Our results also showed high effectiveness of two
doses of mRNA vaccines and very high effectiveness
of three doses against SARI COVID-19 hospitalisations
across all age groups studied. To receive the third dose
of mRNA vaccine is especially important for elderly
people, aged 65years or more, who are at the highest
risk for serious disease that may result in hospitalisa-
tion. In this group, VE against SARI COVID-19 was 82%
(95%Cl: 79-84%), if vaccinated with two doses of
mRNA vaccine, and 95% (95% Cl: 95-96%) with three
doses. It should be noted that for both groups, those
who received two and those who received three doses,
such high VE lasted for at least 6 months after the last
dose received. This was unlike the SARI COVID-19 wan-
ing immunity we observed during the period of Delta
predominance, in a previous VE study using the same
methodology and data sources [1]. Understanding how
much longer the high protection against Omicron-
related SARI COVID-19 hospitalisation will last, will
only be possible in the future, when the number of peo-
ple vaccinated with the third dose more than 6 months
ago will accumulate. Similar results with respect to pro-
tection against hospitalisation due to Omicron-related
COVID-19 for elderly individuals (aged 7oyears and
older) were reported from Finland (VE of 91% and 76%,
14—90 and 91-18odays after second dose, and 95%,
14-60days after third dose) [11].

In contrast to our results, waning of protection against
Omicron-related COVID-19 hospitalisation with time
since vaccination with either two or three doses was
reported by some [7,11,12], while strong and dura-
ble protection after the second mRNA dose and even
more robust protection after a booster dose was also
reported by a recent study from Qatar [13].

While quantified validations of the three databases
are not available, they provide real-world national sur-
veillance data collected from all Slovenian hospitals
(EPISARI), and data from official national registries
(eRCO and COVID-19 databases) [3,4]. The three data-
bases are described in detail in the Supplement to this
manuscript. It was important to exclude prior COVID-19



confirmed cases. The analysis including prior COVID-19
confirmed cases underestimated VE (data not shown).
We are aware that we could not exclude all prior COVID-
19 cases, as some were not diagnosed. Asymptomatic
individuals and those with mild symptoms might not
have sought testing and all individuals with a positive
self-test result for SARS-CoV-2 infection may have not
asked for confirmatory testing although it was strongly
recommended.

Surveillance of SARI COVID-19 cases within EPISARI has
some limitations, which have been described in detail
previously [1,3]. However, it is rather unlikely that SARI
COVID-19 cases admissions to hospitals, the outcome
used in the analysis, would not be ascertained correctly
in most cases and reported. Also, data on vaccination
against COVID-19 in eRCO might not be 100% accurate.
However, many vaccination providers’ data entry errors
were identified and corrected swiftly, because the vac-
cination status recorded in eRCO was used for issuing
digital COVID-19 certificates, which were essential for
people during periods of restricting non-pharmaceu-
tical interventions. Thus, we believe that vaccination
against COVID-19 data used in our analyses were of
good quality and well representative for the population
of Slovenia aged 18years or more. Good completeness
of vaccination data was also stimulated by reimbursing
only the vaccinations reported to eRCO. Also, testing
behaviour and preventive behaviour (e.g. adherence
to non-pharmaceutical measures) may have differed
between vaccinated and unvaccinated, which could
result in, to some extent, biased VE estimates. Finally,
as no information on comorbidities of SARI COVID-19
cases was available, it was difficult to assess to what
extent the estimated reduced VE in younger age groups
occurred because of low numbers of individuals at high
risk of severe disease. Thus, those VE estimates by age
group and time since the last dose that are based on
very small numbers of SARI COVID-19 cases should be
interpreted with caution. Additional studies focusing
on high-risk individuals among the younger population
are warranted.

Conclusion

Our results show that during the period of Omicron
predominance, vaccination with two doses of mRNA
vaccines offers good protection against hospitalisation
due to SARI COVID-19, which is significantly enhanced
by a third dose in both older (aged 50 to 64years and
65years and more) age groups. The third dose is espe-
cially important for protection of the most vulnerable
group, individuals aged 65years or more. It is relevant
for national vaccination policy planning that in this age
group such solid protection seems not to decline for at
least 6 months after the last dose.
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