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Article history: Background: Some studies have reported that influenza vaccination is associated with lower risk of severe
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19) morbidity and mortality. This study aims to estimate effectiveness of influenza vaccination, using
Accepted 22 December 2022

Abbott’s quadrivalent Influvac Tetra vaccine, against SARS-CoV-2 infection and against severe COVID-19.
Methods: This matched, test-negative, case-control study was implemented on a population of 30,774

ﬁfgl‘fggj healthcare workers (HCWs) in Qatar during the 2020 annual influenza vaccination campaign, September 17,
COVID-19 2020-December 31, 2020, before introduction of COVID-19 vaccination.

Vaccine Results: Of 30,774 HCWs, 576 with PCR-positive tests and 10,033 with exclusively PCR-negative tests were
Case-control eligible for inclusion in the study. Matching by sex, age, nationality, reason for PCR testing, and PCR test date
Immunity yielded 518 cases matched to 2058 controls. Median duration between influenza vaccination and the PCR
Epidemiology test was 43 days (IQR, 29-62). Estimated effectiveness of influenza vaccination against SARS-CoV-2 infec-

tion > 14 days after receiving the vaccine was 29.7% (95% Cl: 5.5-47.7%). Estimated effectiveness of influenza
vaccination against severe, critical, or fatal COVID-19 was 88.9% (95% CI: 4.1-98.7%). Sensitivity analyses
confirmed the main analysis results.
Conclusions: Recent influenza vaccination is associated with a significant reduction in the risk of SARS-CoV-
2 infection and COVID-19 severity.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
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Introduction

Influenza vaccination protects against influenza infection and
reduces morbidity and mortality of seasonal influenza [1]. This
vaccination is strongly recommended for high-risk groups such as
elderly persons and healthcare workers (HCWSs) [2]. A number of
studies have reported that influenza vaccination is also associated
with lower risk of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection and/or coronavirus disease 2019 (COVID-19)
morbidity and mortality [3-13]. However, reported apparent pro-
tection against SARS-CoV-2 infection and severe COVID-19 could
have arisen due to bias and may not have reflected a genuine bio-
logical effect. In particular, this protection may have been due to the
healthy user effect [14], whereby health-aware persons are more
likely to receive an influenza vaccine, and simultaneously, to practice
health behaviors that reduce their risk of acquiring the infec-
tion [3,5].

Against this background, we assessed effectiveness of vaccination
with Abbott’s quadrivalent Influvac Tetra vaccine against SARS-CoV-
2 infection, as documented using polymerase chain reaction (PCR)
testing. Effectiveness of influenza vaccination was also assessed
against infection progression to severe (acute-care hospitalization)
[15], critical (intensive-care-unit hospitalization) [15], or fatal [16]
COVID-19 disease, per World Health Organization definitions [15,16].
Both of these effectiveness measures were assessed among HCWs in
Qatar during the 2020 annual influenza vaccination campaign, and
before introduction of COVID-19 vaccination. Since variation in
health behaviors among HCWs is presumably less than that among
the general population, conducting this study among HCWs allowed
us to minimize the influence of the healthy user effect on effec-
tiveness estimates.

Materials and methods
Study design

This study was retrospective and conducted among HCWs at
Hamad Medical Corporation, the principal provider of public
healthcare services in Qatar and the nationally designated entity for
COVID-19-related healthcare needs. The study analyzed the cen-
tralized, national, federated databases for COVID-19 laboratory
testing, vaccination, hospitalization, and death, retrieved from the
integrated nationwide digital-health information platform. These
databases include all SARS-CoV-2-related data and associated de-
mographic information, with no missing information, since the
pandemic onset, documenting all PCR tests. Influenza vaccination
data were retrieved from Hamad Medical Corporation’s influenza
vaccination database. Further descriptions of these databases have
been reported previously [17-23].

SARS-CoV-2 testing in the healthcare system in Qatar was done at a
mass scale, and mostly for routine reasons [18,24]. Most infections
were diagnosed due to routine testing rather than because of symp-
toms [18]. Every PCR test conducted in Qatar, regardless of location or
setting, was tracked nationally and was classified based on symptoms
present at the time of testing and the reason for testing (clinical
symptoms, contact tracing, surveys or random testing campaigns, in-
dividual requests, routine healthcare testing, pre-travel, screening at
ports of entry, or other). All PCR testing done during the present study
was factored in the analyses of this study. Qatar has unusually young,
diverse demographics, in that only 9% of its residents are > 50 years of
age, and 89% are expatriates from over 150 countries [17]. This diversity
also characterizes the HCW population.

Effectiveness of influenza vaccination against SARS-CoV-2 infec-
tion was assessed using the test-negative, case-control study design,
a preferred design for assessing vaccine effectiveness against influ-
enza [25,26]. This design was also validated in Qatar’s population
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and has been repeatedly applied in previous studies in this country
to assess COVID-19 vaccine effectiveness [18,20,21,24,27-29].

SARS-CoV-2 PCR testing and vaccination records were retrieved
for all HCWs at HMC. Any HCW with a SARS-CoV-2 PCR test per-
formed between September 17, 2020 and December 31, 2020 was
eligible for inclusion in the study. This duration coincided with the
national annual influenza vaccination campaign that typically starts
in September or October, and continues for several months there-
after. Influenza vaccination is offered free of charge to all citizens
and residents and is offered in both public and private healthcare
institutions. During the 2020 influenza vaccination campaign, only
Abbott’s quadrivalent Influvac Tetra vaccine was used in the national
influenza vaccination campaign. Individuals who did not receive this
influenza vaccine are unlikely to have received any other influenza
vaccine.

The study was concluded at the start of the mass COVID-19
vaccination campaign to ensure that the estimated effectiveness of
the influenza vaccine does not factor any protective effect for SARS-
CoV-2 vaccination. During the study, SARS-CoV-2 incidence was due
to the original SARS-CoV-2 virus, before introduction of SARS-CoV-2
variants of concern [30-34]. SARS-CoV-2 incidence was also rela-
tively low during the study with no wave materializing during this
time [33,35].

To estimate effectiveness against SARS-CoV-2 infection, we
exact-matched cases (HCWs with PCR-positive tests) and controls
(HCWs with PCR-negative tests) identified during the study in a 1:5
ratio by sex, 10-year age groups, 10-nationality groups, reason for
PCR testing, and bi-weekly PCR test date, to control for known dif-
ferences in SARS-CoV-2 exposure risk in Qatar [17, 35-38]. Matching
by these factors was shown previously in studies of different epi-
demiologic designs to provide adequate control of differences in the
risk of exposure to SARS-CoV-2 infection in Qatar [18, 21, 23, 29, 39].

Only the first PCR-positive test for cases and the first PCR-nega-
tive test for controls during the study were included in the present
analysis. Controls included individuals with no record of a PCR-po-
sitive test during the study period. HCWs with a PCR test within 14
days after receiving the influenza vaccine and those who received
COVID-19 vaccination were excluded. These inclusion and exclusion
criteria were implemented to allow adequate time for build-up of
immunity after vaccination [20], and to minimize different types of
potential bias, as informed by earlier analyses on the same popula-
tion [18,29]. Every control that met the inclusion criteria and that
could be matched to a case was included in the analysis.

Classification of COVID-19 case severity [15], criticality [15], and
fatality [16] followed World Health Organization guidelines, and
assessments were made by trained medical personnel using in-
dividual chart reviews, as part of a national protocol applied to every
hospitalized COVID-19 patient. Details of COVID-19 severity, criti-
cality, and fatality classifications are found in Supplementary Sec-
tion 1.

Every hospitalized COVID-19 patient underwent infection se-
verity assessment every three days until discharge or death. We
classified individuals who progressed to severe, critical, or fatal
COVID-19 between the time of the PCR-positive test and the end of
the study based on their worst disease outcome, starting with death
[16], followed by critical disease [15], and then severe disease [15].
Individuals with a PCR-documented infection, but no COVID-19
hospitalization record, were assumed to have a SARS-CoV-2 infec-
tion that did not progress to severe, critical, or fatal COVID-19, that is
asymptomatic, mild or moderate COVID-19.

Laboratory methods
Details of laboratory methods for real-time reverse-transcription

PCR (RT-qPCR) testing are found in Supplementary Section 2. All PCR
testing was conducted at the Hamad Medical Corporation Central
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Laboratory or at Sidra Medicine Laboratory, following standardized
protocols.

Statistical analysis

Baseline characteristics of cases and controls were reported using
descriptive statistics. Groups were compared using standardized
mean differences (SMDs), with SMD below or close to 0.1 indicating
adequate matching [40]. Conditional logistic regression factoring the
matched design was performed to compare odds of influenza vac-
cination in cases versus controls. This analytical approach, including
matching by bi-weekly PCR test date, minimizes potential bias due
to variation in epidemic phase [25,41] and roll-out of vaccination
during the study [25,41]. Interactions were not considered. The re-
sulting estimates for the adjusted odds ratio and 95% confidence
interval (CI) were then used to estimate influenza vaccination ef-
fectiveness and corresponding 95% CI using the equation [25,26]:

Influenza vaccination effectiveness = 1 — odds ratio o influenza vaccination
among cases versus controls

Effectiveness was estimated against SARS-CoV-2 infection,
whether symptomatic or asymptomatic, and against any severe,
critical, or fatal COVID-19. Sensitivity analyses were conducted to
investigate the impact of adjusting for prior SARS-CoV-2 infection in
the conditional logistic regression, and of modifying the study in-
clusion and exclusion criteria on the estimate of influenza vaccina-
tion effectiveness. The latter was informed by an established analysis
plan to investigate sources of potential bias [18,29], and en-
compassed exclusion of individuals with prior SARS-CoV-2 infection,
exclusion of travel-related PCR testing, or inclusion of all PCR-posi-
tive and PCR-negative tests for cases and controls. Statistical ana-
lyses were conducted using STATA/SE version 17.0 (Stata
Corporation, College Station, TX, USA).
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Oversight

Hamad Medical Corporation and Weill Cornell Medicine-Qatar
Institutional Review Boards approved this retrospective study with a
waiver of informed consent. The research was performed in ac-
cordance with relevant guidelines and regulations and in accordance
with the Declaration of Helsinki [42]. The study was reported fol-
lowing the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines. The STROBE checklist can be
found in Supplementary Table 1.

Results

Fig. 1 shows the process of selecting the study population. Of
30,774 HCWs at Hamad Medical Corporation, only 12,015 individuals
who had one or more SARS-CoV-2 PCR tests between September 17,
2020 and December 31, 2020 (study was designed to end before the
start of COVID-19 mass vaccination campaigns) qualified for further
investigation in this study. Of these, 576 HCWs with a PCR-positive
test and 10,033 with exclusively PCR-negative tests met the study
inclusion criteria. Exact-matching in a 1:5 ratio yielded 518 cases
matched to 2058 controls that were included in the analysis.

Table 1 describes characteristics of cases and controls. The
median age was 36 years (interquartile range (IQR), 32-44) for cases
and 35 years (IQR, 32-42) for controls in the matched samples.
Slightly less than half (~ 46%) of cases and controls were males.
Study participants were HCWs residing in Qatar, but of diverse na-
tionalities. There were 31 different nationalities among matched
cases and 47 different nationalities among matched controls
(Table 1).

Nearly two-thirds of study participants were tested because of
COVID-like symptoms. Matched study groups were well balanced
across matching factors. Among matched cases and controls, re-
spectively, 49.0% versus 53.4% had O comorbidities, 27.4% versus

‘ 30,774 Healthcare workers at Hamad Medical Corporation |

—>

18,759 Did not have a PCR test between September 17, 2020
and December 31, 2020

‘ 12,015 Healthcare workers with a PCR test between September 17, 2020 and December 31, 2020 |

[

v

625 Individuals with a SARS-CoV-2 PCR-confirmed infection ‘

® None received COVID-19 vaccination
prior to influenza vaccination

e 49 Had the PCR test within 14 days
after influenza vaccination

v
576 Individuals with a SARS-CoV-2 PCR-confirmed infection

'

518 Individuals with a SARS-CoV-2 PCR-contirmed infection
were matched on a 1:5 ratio by sex, 10-year age group, 10
nationality groups, reason for PCR testing, and bi-weekly PCR
test date to individuals with PCR-negative SARS-CoV-2 tests

T~

391 Did not receive
influenza vaccination

127 Received influenza

vaccination

® 17 Progressed to severe,
2 to critical, but none to
fatal COVID-19

o 1 Progressed to severe
but none to critical or
fatal COVID-19

v

I 11,390 Individuals with a PCR-negative SARS-CoV-2 test

o None received COVID-19 vaccination
prior to influenza vaccination

* 1,357 Had the PCR test within 14 days
after influenza vaccination

4
10,033 Individuals with a PCR-negative SARS-CoV-2 test

v

2,058 Individuals with PCR-negative SARS-CoV-2 tests were

matched on a 1:5 ratio by sex, 10-year age group, 10 nationality

groups, reason for PCR testing, and bi-weekly PCR test date to
individuals with a SARS-CoV-2 PCR-confirmed infection

—

1,465 Did not receive
influenza vaccination

593 Received influenza
vaccination

Fig. 1. Flowchart describing the population selection process for investigating effectiveness of influenza vaccination against SARS-CoV-2 infection.
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Table 1

Journal of Infection and Public Health 16 (2023) 250-256

Characteristics of cases (healthcare workers with PCR-positive tests) and controls (healthcare workers with PCR-negative tests).

Characteristics All cases and controls (unmatched) Matched cases and controls®
Cases Controls SMDP Cases Controls SMDP
(PCR-confirmed infection) (PCR-negative) (PCR-confirmed infection) (PCR-negative)

No 576 10,033 518 2058

Median age (IQR) — years 37 (32-45) 36 (32-44) 0.04¢ 36 (32-44) 35 (32-42) 0.11¢

Age group — no. (%)

< 30 years 80 (13.9) 1370 (13.7) 0.13 65 (12.6) 233 (11.3) 0.18

30-39 years 261 (45.3) 4973 (49.6) 255 (49.2) 1152 (56.0)

40-49 years 145 (25.2) 2354 (23.5) 128 (24.7) 496 (24.1)

50-59 years 81 (14.1) 1120 (11.2) 66 (12.7) 171 (8.3)

60-69 years 9 (1.6) 201 (2.0) 4(0.8) 6 (0.3)

70 +years 0 (0.0) 15 (0.2) - -

Sex

Male 270 (46.9) 4949 (49.3) 0.05 243 (46.9) 951 (46.2) 0.01

Female 306 (53.1) 5084 (50.7) 275 (53.1) 1107 (53.8)

Nationality®

Bangladeshi 1(0.2) 77 (0.8) 0.15 - - 0.15

Egyptian 30 (5.2) 510 (5.1) 21 (4.1) 62 (3.0)

Filipino 78 (13.5) 1637 (16.3) 72 (13.9) 271 (13.2)

Indian 196 (34.0) 3095 (30.9) 185 (35.7) 814 (39.6)

Nepalese 6 (1.0) 45 (0.5) 1(0.2) 4(0.2)

Pakistani 11 (1.9) 223 (2.2) 6(1.2) 11 (0.5)

Qatari 78 (13.5) 1412 (14.1) 74 (14.3) 262 (12.7)

Sri Lankan 1(0.2) 22(0.2) - -

Sudanese 24 (4.2) 347 (3.5) 18 (3.5) 43 (21)

Other nationalities® 151 (26.2) 2665 (26.6) 141 (27.2) 591 (28.7)

Reason for PCR testing

Clinical suspicion 320 (55.6) 3680 (36.7) 0.57 299 (57.7) 1264 (61.4) 0.14

Contact tracing 105 (18.2) 1197 (11.9) 95 (18.3) 346 (16.8)

Other survey testing 13 (2.3) 399 (4.0) 10 (1.9) 21(1.0)

Port of entry 52 (9.0) 1359 (13.6) 43 (8.3) 172 (8.4)

Individual request 18 (3.1) 535 (5.3) 11 (2.1) 19 (0.9)

Survey testing 37 (6.4) 1081 (10.8) 32 (6.2) 128 (6.2)

Health care routine testing 30 (5.2) 1517 (15.1) 27 (5.2) 103 (5.0)

Pre-travel 1(0.2) 265 (2.6) 1(0.2) 5(0.2)

Comorbidity count

0 276 (47.9) 5295 (52.8) 0.11 254 (49.0) 1099 (53.4) 0.10

1 157 (27.3) 2603 (25.9) 142 (27.4) 544 (26.4)

2 82 (14.2) 1175 (11.7) 70 (13.5) 251 (12.2)

>3 61 (10.6) 960 (9.6) 52 (10.0) 164 (8.0)

COVID-19 severity

Asymptomatic, mild, or moderate COVID-19 551 (95.7) - - 498 (96.1) - -

Severe COVID-19 23 (4.0) - 18 (3.5) -

Critical COVID-19 2(0.3) - 2 (0.4) -

Fatal COVID-19 0 - 0 -

Abbreviations: IQR =interquartile range; PCR = polymerase chain reaction; SMD = standardized mean difference.

?Cases and controls were exact-matched in a 1:5 ratio by sex, 10-year age group, 10 nationality groups, reason for PCR testing, and bi-weekly PCR test date.

PSMD is the difference in the mean of a covariate between groups divided by the pooled standard deviation.

“SMD reported here is for the mean difference between groups divided by the pooled standard deviation.

dNationalities were chosen to represent the most numerous groups in the population of Qatar.

“There were 22 other nationalities in the total case population, 74 other nationalities in the total control population, 22 other nationalities among matched cases, and 38 other
nationalities among matched controls. Matched cases included the following “other nationalities”: American, Australian, British, Canadian, Djiboutian, Eritrean, Ethiopian,
German, Iranian, Iraqi, Irish, Jordanian, Lebanese, Nigerian, Omani, Palestinian, Slovenian, Somali, South African, Syrian, Tunisian, and Yemeni. Matched controls included the
following “other nationalities”: Algerian, American, Australian, Austrian, Azerbaijani, Bahraini, British, Bulgarian, Canadian, Djiboutian, Eritrean, French, German, Ghanaian, Greek,
Hungarian, Indonesian, Iranian, Iraqi, Irish, Jordanian, Lebanese, Libyan, Mauritius, Moroccan, New Zealander, Nigerian, Omani, Palestinian, Saudi, Serbian, Somali, South African,

Syrian, Tanzanian, Tunisian, Turkish, and Yemeni.

26.4% had 1 comorbidity, 13.5% versus 12.2% had 2 comorbidities,
and 10.0% versus 8.0% had >3 comorbidities, with an SMD of 0.10
indicating adequate balance. The median duration between influ-
enza vaccination and the PCR test was 43 days (IQR, 29-62).

The odds of having a record of influenza vaccination among PCR-
positive cases compared to PCR-negative controls was 0.70 (95% CI:
0.52-0.95), indicating lower frequency of vaccination among cases
compared to controls. Accordingly, the estimated effectiveness of
influenza vaccination against SARS-CoV-2 infection > 14 days after
receiving the vaccine was 29.7% (95% Cl: 5.5-47.7%). All sensitivity
analyses yielded consistent results, confirming main analysis results
(Table 2).

Table 3 describes characteristics of vaccinated and unvaccinated
matched PCR-positive cases. Of 127 matched PCR-positive cases who
received influenza vaccination, only 1 progressed to severe disease,
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but none to critical or fatal COVID-19 (Fig. 1). Meanwhile, of the 391
matched PCR-positive cases who did not receive influenza vaccina-
tion, 17 progressed to severe, 2 to critical, but none to fatal COVID-19.
The odds of having a record of influenza vaccination among severe,
critical, or fatal COVID-19 cases compared to PCR-negative controls
was 0.11 (95% CI: 0.01-0.96), indicating lower frequency of vacci-
nation among cases compared to controls. Accordingly, the esti-
mated effectiveness of influenza vaccination against any severe,
critical, or fatal COVID-19 was 88.9% (95% CI: 4.1-98.7%; Table 2).

Discussion
Recent influenza vaccination was associated with a 30% reduction

in the risk of SARS-CoV-2 infection by the original virus, before in-
troduction of variants of concern. Recent influenza vaccination was
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Table 2
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Effectiveness of influenza vaccination against SARS-CoV-2 infection > 14 days after vaccine administration and against any severe, critical, or fatal COVID-19.

Analyses Cases® Controls® Adjusted odds ratio Effectiveness in %
(PCR-confirmed infection) (PCR-negative tests) (95% CI) (95% CI)®
Vaccinated ~ Unvaccinated  Vaccinated Unvaccinated
Main analysis-Effectiveness against SARS-CoV-2 infection 127 391 593 1465 0.70 29.7
(0.52-0.95) (5.5-47.7)
Sensitivity analyses
Adjusting for prior infection in the conditional logistic 127 391 593 1465 0.71 28.6
regression (0.53-0.96) (4.0-46.9)
Excluding prior infection 126 385 576 1440 0.72 281
(0.54-0.96) (3.7-46.3)
Excluding travel-related PCR testing 124 357 577 1336 0.72 27.9
(0.54-0.97) (3.2-46.3)
Including all PCR positive and PCR negative tests 169 494 844 1917 0.66 33.6
(0.52-0.85) (15.0-48.2)
Severity analysis-Effectiveness against any severe, critical, 1 19 18 62 0.11 88.9
or fatal COVID-19¢ (0.01-0.96) (4.1-98.7)

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; PCR = polymerase chain reaction.

4Cases and controls were exact-matched on a 1:5 ratio by sex, 10-year age group, 10 nationality groups, reason for PCR testing, and bi-weekly PCR test date.
bVaccine effectiveness was estimated using the test-negative, case-control study design [25,26].

Severity [15], criticality [15], and fatality [16] were defined as per World Health Organization guidelines.

Table 3
Characteristics of PCR-positive cases in the matched study sample stratified by in-
fluenza vaccination status.

Characteristics Vaccinated Unvaccinated
No 127 391
Median age (IQR) — years 36 (32-45) 36 (32-44)
Age group — no. (%)

< 30 years 9(7.1) 56 (14.3)
30-39 years 64 (50.4) 191 (48.9)
40-49 years 37 (29.1) 91 (23.3)
50-59 years 16 (12.6) 50 (12.8)
60-69 years 1(0.8) 3(0.8)
70+ years 0(0.0) 0 (0.0)
Sex

Male 67 (52.8) 176 (45.0)
Female 60 (47.2) 215 (55.0)
Nationality®

Bangladeshi 3(24) 18 (4.6)
Egyptian 30 (23.6) 42 (10.7)
Filipino 64 (50.4) 121 (31.0)
Indian 0(0.0) 1(0.3)
Nepalese 1(0.8) 5(1.3)
Pakistani 3(24) 71 (18.2)
Qatari 2 (1.6) 16 (4.1)
Sri Lankan 24 (18.9) 117 (29.9)
Sudanese 3(24) 18 (4.6)
Other nationalities® 30 (23.6) 42 (10.7)
Reason for PCR testing

Clinical suspicion 89 (70.1) 210 (53.7)
Contact tracing 15 (11.8) 80 (20.5)
Other survey testing 3(24) 7 (1.8)
Port of entry 4(3.2) 39 (10.0)
Individual request 0(0.0) 11 (2.8)
Survey testing 7 (5.5) 25 (6.4)
Health care routine testing 8 (6.3) 19 (4.9)
Pre-travel 1(0.8) 0(0.0)

Abbreviations: IQR = interquartile range; PCR = polymerase chain reaction.
“Nationalities were chosen to represent the most numerous groups in the population
of Qatar.

"There were 10 other nationalities in the vaccinated group and 20 other nationalities
in the unvaccinated group. Vaccinated cases included the following “other national-
ities”: Australian, British, Eritrean, Iranian, Iraqi, Jordanian, Palestinian, Somali, Syrian,
and Tunisian. Unvaccinated cases included the following “other nationalities”:
American, British, Canadian, Djiboutian, Ethiopian, German, Iranian, Iraqi, Irish,
Jordanian, Lebanese, Nigerian, Omani, Palestinian, Slovenian, Somali, South African,
Syrian, Tunisian, and Yemeni.

also associated with a 90% reduction in the risk of severe COVID-19,
but the 95% confidence interval of the effectiveness estimate was
wide. Frequency of severe COVID-19 was rare among those
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vaccinated, with only one case of severe COVID-19 documented
among them.

These results for a HCW population in which the healthy user
effect is perhaps minimized, support the conclusion that recent in-
fluenza vaccination has a genuine biological effect in protecting
against SARS-CoV-2 infection and COVID-19 severity. These findings
are consistent with findings of a systematic review conducted across
36 studies on nearly 56 million individuals [43]. The systematic re-
view estimated the odds ratio comparing individuals with influenza
vaccination to those without at 0.80 (95% CI: 0.73-0.87) against
SARS-CoV-2 infection, 0.83 (95% ClI: 0.72-0.96) against hospitaliza-
tion in intensive care unit, 0.69 (95% Cl: 0.57-0.84) against hospi-
talization for ventilator support, and 0.69 (95% CI: 0.52-0.93) against
fatal COVID-19 [43].

The findings also corroborate findings of studies that found si-
milar protective effects for influenza vaccination [3-13], though
other studies did not [44,45]. These findings, as informed by basic
science laboratory investigations, may be explained by influenza
vaccination triggering nonspecific immune activation, or trained or
bystander immunity that is protective against SARS-CoV-2 infection
[3-5, 7, 46-51]. Further investigations are warranted to elucidate the
exact mechanisms underlying the protective effect of influenza
vaccination against COVID-19.

This study has limitations. Effectiveness of only recent influenza
vaccination was investigated. The study used a retrospective design
that analyzed available routinely collected data as opposed to a
longitudinal study design where cohorts are recruited and followed
over time. The analysis did not factor influenza vaccination from
prior seasons. However, given that nonspecific immune activation
may not last beyond few weeks, and in the context of the relatively
rapid waning of COVID-19 vaccine immunity [18, 28, 29, 52-54], the
observed effectiveness of influenza vaccination is likely short lived.
Data were not available on vaccines for other infections (other than
influenza and COVID-19 vaccines). However, there is no reason to
believe that vaccination against any other infection could have dif-
ferentially affected the matched cases and controls to affect our re-
sults.

Matching was done for sex, age, nationality, reason for PCR
testing, and bi-weekly PCR test date, but it was not possible for other
factors such as comorbidities, body mass index, use of im-
munosuppressive drugs and tonics such as zinc and vitamins, which
were not available to the authors. However, matching factors used in
this study successfully controlled bias in our earlier studies [18, 21,
23, 29, 39]. Nonetheless, one cannot exclude the possibility that in
real-world data, bias could arise in unexpected ways, or from
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unknown sources, such as subtle differences or changes in test-
seeking behavior. With the young and occupational nature of our
population, these findings may not generalize to elderly persons or
to the wider general population.

Notwithstanding these limitations, extensive sensitivity and ad-
ditional analyses were conducted to investigate effects of potential
bias in this study and in our earlier studies that used the same
methodology. These included different adjustments and controls in
the analysis and different study inclusion and exclusion criteria, to
investigate whether effectiveness estimates could have been biased
[18,29]. These analyses showed consistent findings [18, 28, 29,
55, 56].

In conclusion, recent influenza vaccination is associated with a
significant reduction in the risk of SARS-CoV-2 infection and COVID-
19 severity. The findings support benefits for influenza vaccination
that extend beyond protection against influenza infection and as-
sociated severe disease.
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