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Association between influenza vaccination and SARS-CoV-2 infection
and its outcomes: systematic review and meta-analysis
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Abstract \
Background: World Health Organization recommends that influenza vaccines should benefit as much of the population as
possible, especially where resources are limited. Corona virus disease 2019 (COVID-19) has become one of the greatest threats to
health systems worldwide. The present study aimed to extend the evidence of the association between influenza vaccination and
COVID-19 to promote the former.

Methods: In this systematic review, four electronic databases, including the Cochrane Library, PubMed, Embase, and Web of
Science, were searched for related studies published up to May 2022. All odds ratios (ORs) with 95% confidence intervals (CIs)
were pooled by meta-analysis.

Results: A total of 36 studies, encompassing 55,996,841 subjects, were included in this study. The meta-analysis for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection provided an OR of 0.80 (95% CI: 0.73-0.87). The statistically
significant estimates for clinical outcomes were 0.83 (95% CI: 0.72-0.96) for intensive care unit admission, 0.69 (95% CI: 0.57-
0.84) for ventilator support, and 0.69 (95% CI: 0.52-0.93) for fatal infection, while no effect seen in hospitalization with an OR of
0.87 (95% CI: 0.68-1.10).

Conclusion: Influenza vaccination helps limit SARS-CoV-2 infection and severe outcomes, but further studies are needed.
Registration: PROSPERO, CRD42022333747.
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Introduction Influenza viruses and SARS-CoV-2 are mechanistically

. . ) similar in that they use surface glycoproteins to bind cell
Corona virus disease 2019 (COVID-19) is caused by  embrane receptors of the respiratory system. Since the

severe acute respiratory syndrgme coronavirus 2' (SARS- outbreak, both NPIs and SARS-CoV-2 have disrupted
CoV-2) pathogen, now in its third year of pandemic. Upto  ;fy1enza circulation individually and in combination.**!
May 2022, the number of cases has exceeded 500 million g 0,0 1nﬂuenza drugs are used clinically to treat
people and countless deaths.[! Tts heavy burden hasstruck  -~qyp.19 patients.|®”! These findings suggest a common
the health system unexpectedly without a chance to j;iervention may work. Intuitively, some questions about
recuperate. If non-pharmaceutical interventions (NPIs) (. ifluenza vaccine as a potential COVID-19 interven-

?;e relaxe_dil n}:any seasonal fand endemic rgill)lratory tion have arisen. Higher influenza vaccine coverage is
Iseases with the same route of transmission Will Feturn, — yelated to a lower cumulative incidence, morbldlty, or

in addition to SARS-CoV-2. Co-infection of influenza fatality, as observed at the populatlon level. 391 The
virus with SIARS'COV'ZSJV orsens thedllln_e;s and makes it disadvantage of ecological studies lying in ecological
more complex to treat. = Compared with SARS-CoV-2 fallacies, is often due to insufficiency of individual

alone, cg-mlfectlon fwlth }nﬂuenz}? erllls hagl a 4'f01j exposure, outcome, and confounding information. Influ-
in;rea;e 31;_1 t dil qu; ((i) ln}‘lf?;“_ifhme; anical ventiiation an [ ena vacc1nat10n behavior is perceived differently between
ed to 2.59 odds of death. erefore, an excessive rate of - .ylyres.[”) For instance, Asians see it as a beneficial

co-infections would be disastrous. preventive method like wearing masks, while Westerners
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abstain due to misunderstanding.'®!'"! However, per-
forming clinical trials to determine the role of influenza
vaccines in preventing SARS-CoV-2 infection and clinical
outcomes is unreasonable.

Though contrasting results have been presented on the
grounds of different study designs, participants, settings,
or limited sample size, previous meta-analyses draw a
unanimous beneficial conclusion on the association
between influenza vaccination and the incidence of
COVID-19.1"*141 Since additional studies have been
reported, it is essential to update pooled results before
the influenza rebound. Therefore, we added new findings
at the individual level to determine if this benefit remains.
Routine immunization, including seasonal influenza
vaccination, backslid because of the COVID-19 pandemic
in many countries and regions. However, the 2019/2020
influenza vaccination record that this review studied was
less affected. Because measures leading to backslide were
taken after WHO characterized COVID-19 as a pandemic
in March, it was the time when the 2019/2020 influenza
vaccination campaign closed to the end in most countries.
Since the influenza vaccine is effective after 2 weeks, this
was selected as the minimum start pomt for outcomes,
and those until 12 months were used.!'>'®! Using this
vaccination time frame prevents any potentlal effect of the
COVID-19 vaccines in late 2020. Thus, this systematic
review and meta-analysis aim to determine if the 2019/
2020 influenza vaccination help to reduce initial SARS-
CoV-2 infection and clinical outcomes in the following 12
months. The pooled results were analyzed by special
populations and levels of evidence. The findings from this
study provide immunological insights for future COVID-
19 vaccines co-administered with the influenza vaccine.

Methods

Search strategy

This systematic review was performed in Embase,
PubMed, Web of Science, and Cochrane Library, accord-
ing to the Preferred Reporting Items for Systemat1c
Reviews and Meta-Analyses (PRISMA) guidelines.!'”!
The search strategy used a combination of MeSH, Emtree,
and text words, with the following topics: (inﬂuenza
vaccin®* OR flu vaccin®*) AND (‘COVID-19’ OR ‘SARS-
CoV-2’) and related terms. The search strategy is
elaborated in Appendix 1 in [Supplementary Materials,
http:/links.lww.com/CM9/B276]. We also manually
searched references that the selected articles cited with
the same inclusion criteria to ensure that relevant studies
were not missed. The study protocol was registered in the
International Prospective Register for Systematic Reviews

(https://www.crd.york.ac.uk/prospero/, registration num-
ber: CRD42022333747).

Inclusion and exclusion criteria

Two authors independently screened the search results in
two rounds based on both title and abstract, and then full
text, while any discrepancies were resolved by the senior
reviewer. Published articles that were included met the
following criteria:

WWW.CImj.org

(1) The exposure factor was the administration of the
influenza vaccine. (2) The articles compared the effects of
influenza vaccination history on individuals with COVID-
19 outcomes of interest, including infection, hospitaliza-
tion, intensive care unit (ICU) admission, ventilator use, or
death. (3) Influenza vaccination occurred during the 2019
to 2020 seasonal campaign and was within one year of
COVID-19 outcomes. (4) Participants were limited to
those who had never had a SARS-CoV-2 infection, articles
studied on reinfection were beyond this study scope. (5)
Studies reported the odds ratios (ORs) or risk ratios (RRs)
and 95% confidence intervals (CIs). (6) Studies were
published between January 2020 and April 2022. No
sample size, status, or language restrictions were applied.
(7) Reviews, case reports, case series, editorials, confer-
ence papers, and animal experiments were excluded, and
articles using ecological study designs were also excluded.

When results from a study were reported more than once,
the results were compared for consistency, and only the
latest results were included.

Study selection and data extraction

The primary outcome was the association between
influenza vaccination and SARS-CoV-2 infection. The
secondary outcomes were the association between influenza
vaccination and SARS CoV 2 infection severity. The
extracted data included:!" (1) published information (first
author, year of publication, and study design);?! (2) the
characteristics of the study (study settings, geographic
origin, and sample size);"®! (3) exposure information (the
time of influenza vaccination, influenza vaccination cover-
age, and ascertainment of influenza vaccination);'* (4)
SARS-CoV-2 infection and COVID-19 outcomes (identifi-
cation of COVID-19, time period of COVID-19 outcomes,
and crude or adjusted estimates with 95 % CIs of COVID-19
outcomes and its adjusted variables). If a study reported
both crude and adjusted estimates for a same variable,
adjusted ones were adopted in the pooled analysis.

Statistical analysis and quality assessment

The statistical analyses of all data were performed using
Microsoft Excel (version 2019, Redmond, WA, USA),
RStudio (version 1.4.1, RStudio Inc., Boston, MA, USA),
and R (version 4.1.3, R Foundation for Statistical
Computing, Vienna, Austria). The extracted data were
used to calculate pooled ORs with 95% CI to demonstrate
the association between influenza vaccination and the risk
of COVID-19 incidence, hospitalization, ICU admission,
and death. RR was applied if the incidence of the outcome
in the unvaccinated group was <10% and the RR is
between 0.5 and 2.5 in those studies without OR
estimates.!'® Subgroup analyses were performed on
studies grouped by study designs, study population, and
type of influenza vaccines to determine possible sources of
heterogeneity. Statistical significance was established
when the P value was <0.05. Heterogeneity was assessed
using the Q test 51gn1ﬁcant heterogeneity is indicated by
P < 0.05) and the I* test (significant heterogeneity is
indicated by I* > 50%). A random-effects model was used
when significant heterogeneity (P < 0.05, I > 50%) was
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observed. Otherwise, a fixed-effect model was applied.
Forest plots were used to present the data. Funnel plot and
Egger’s test, which calculates the funnel plot asymmetry
by a linear regression of the intervention effect estimates
on their standard errors, was used to assess publication
bias. Egger’s test could not only compensate for the small-
study effect of funnel plots, but also test an assumption
that the potentially unpublished studies have negative or
positive treatment effects by P value. Sensitivity analyses
were performed by omitting each study one by one to
determine any included studies with notable impact and
examine the robustness of the overall effect. The « value
was set at 0.05.

The Newcastle-Ottawa Scale (NOS) was used to assess
the quality and bias of cohort and case-control studies, the
bias was rated as follows: high level for 0 to 3, moderate
level for 4 to 6, low level for 7 to 9.1 For cross-sectional
study designs, the Agency for Healthcare Research and
Quality (AHRQ) was used where a score above seven was
regarded as low risk of bias, 4 to 7 and 0 to 3 were
regarded as moderate risk or high risk level, respective-
ly.2°1 Any score disagreement was resolved by consensus,
and a final agreed-upon rating was assigned to each study.

Results

Literature selection and study characteristics

A total of 3579 records were retrieved after systematically
searching the four databases. After duplicates were
removed, 2878 record titles and abstracts were screened.
Of the 92 full-text articles identified, 58 were excluded
because they did not meet the inclusion criteria, and two
others were obtained from the references. The remaining
36 articles reported on 55,996,841 subjects outcomes
were included in this analysis.*'®® None of the
participants had received COVID-19 vaccination during
the study period. A flowchart of the study selection process
[Figure 1] was prepared according to the PRISMA
guidelines. The characteristics and outcomes of the

( i ion of studies via and registers )

Records identified from Databases
Pubmed (#=403)
Embase (n=1145) >

Records removed before screening
Duplicate records removed
Web of Science (n=2024) (n=701)

Cochrane (n=7)
Records excluded by title or abstract
(n=2726)

Reports sought for retrieval Reports not retrieved (n=1)
(n=152) P Reports excluded by full-text
(n=59)

] [ Identification ]

‘ Records screencd (7=2878)

Screening

l Reports excluded
No vaccination record in
2019/2020 (n=2)
Reports assessed for eligibility > No available estimate (#=39)
(=92) Ecology study (n=6)
Article type (n=11)

| Reports included from reference
(n=2)

v

Studies included in meta-analyses
(n=36)
Cohort study (n=23)
Case-control study (n=6)
Cross-sectional study (7=7)

[ Included J

Figure 1: PRISMA flow diagram of the study search and selection process.
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included studies are listed in [Table 1 and Appendix 2
in Supplementary Materials, http:/links.lww.com/CM9/
B276]. Most included studies were cohort designs
(n=23), including five prospective and 18 retrospective.
Among the rest, six were case-control studies, and seven
were cross-sectional designed.

This study extracted crude and adjusted ORs or RRs from
the original data for synthesis. Seventeen of the 20 studies
on the association between influenza vaccination and
SARS-CoV-2 infection provided adjusted estimates. For
COVID-19 clinical outcomes, the association with
hospitalization, intensive care, ventilator, and death were
examined by 9, 10, 8, or 15 articles, respectively. Only one
study discussed the death without adjusted OR. Although
the adjusted confounding factors were not consistent,
studies generally controlled sex, age, and comorbidities
(adjusted factors shown in Appendix 2 in Supplementary
Materials, http:/links.lww.com/CM9/B276). Considering
the risk of bias, 79% (23/29) were graded with low risk
based on the NOS grading system, and the cross-sectional
studies (7 = 7) were evaluated as having a low risk of bias
on the AHRQ scale. The quality evaluation is presented in
Table 1 and Appendix 3 in Supplementary Materials,
http:/links.lww.com/CM9/B276.

Pooled results of the association between influenza vaccine
and susceptibility of SARS-CoV/-2

As shown in Table 2, the pooled OR of SARS-CoV-2
infection, synthesized by a random-effects model due to
the high heterogeneity (I*=89%), was 0.84 (95%CI:
0.75-0.96, Figure 2A) in a total of 55,867,805 individua-
Is. Omitting crude ORs, the pooled adjusted OR was 0.80
(95%CI: 0.73-0.87, Figure 2B) in consideration of
potential confounding, which was encompassed by ten
statistically significant original studies and seven studies
without significant results.

No significant publication bias was noted with Egger’s test
(¢=0.82, Egger’s test P value =0.43, Figure 3A and 3B).
For the sake of hierarchy of evidence, pooled results
presented a negative association between influenza vaccine
and incidence of SARS-CoV-2 positivity of 0.83 (95% CI:
0.72-0.95) in cohort studies (z=8), 0.80 (95% CI: 0.67-
0.94) in case-control studies (2= 3), and 0.76 (95% CI:
0.75-0.77) in cross-sectional studies (7 =6) [Table 2].

Pooled results of the association between influenza vaccine
and COVID-19 clinical outcomes

Table 3 shows that COVID-19 patients who have received
the influenza vaccine in the past year were less likely to
develop severe disease. Specifically, compared with
unvaccinated patients, the vaccinated individuals had
reduced rates of ICU admission (OR=0.83, 95% CI:
0.72-0.96, I>=61%), ventilator support (OR =0.69,
95% CI: 0.57-0.84, I*=69%), and death (OR =0.69,
95% CIL: 0.52-0.93, I*=87%). However, a preventive
role in hospitalization was not observed (OR =0.87, 95%
CI: 0.68-1.10, I = 79%). Similar qualitative results were
produced on the basis of cohort studies by the random-
effects model.
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Table 2: Associated risk and publication bias between influenza vaccination and the risk of SARS-CoV-2 infection.

Egger’s test

Studies Number of studies Cumulative sample size OR (95% Cl) P (%) Effect model t P value
Infection 20 55,867,805 0.84 (0.75—0.96)* 89 Random 0.99 0.34
Adjusted estimate 17 55,860,337 0.80 (0.73-0.87)° 85  Random 0.41 0.68
Population

General 9 55,780,161 0.79 (0.71—0.87)* 75 Random —-0.10 0.92

HCWs 8 59,570 0.74 (0.59-0.93)° 85  Random -2.66 0.04

Elders 6 55,718,816 0.76 (0.75-0.77)" 0  Fix 0.94  0.40
Study design

Cohort study 8 147,844 0.83 (0.72-0.95)° 88 Random -0.81 0.45

Case-control study 3 6013 0.80 (0.67-0.94)" 0  Fix 0.44 0.74

Cross-sectional study 6 55,713,075 0.76 (0.75—0.77)* 45  Fix -0.13 091
Type of influenza vaccine

Quadrivalent 8 56,433 0.74 (0.67-0.81)" 71  Random -3.39  0.02

Trivalent 2 4429 1.00 (0.77-1.29) 71  Random NA

Inactivated 5 35,101 0.77 (0.66-0.89)" 59  Random -2.42  0.09
Diagnostic approach

Polymerase chain 13 85,704 0.87 (0.72-1.06) 84 Random —-0.88 0.40

reaction test

Serological test 5 55,510 0.90 (0.75-1.08) 74  Random -1.05 0.37

Others/not mention 57 55,732,954 0.48 (0.19-1.21) 90 Random —-0.96 0.41

P <0.05. TIncluding two original studies did not mention this information, one for pulmonologist-confirmed and two for laboratory confirmed but
not specified it. CI: Confidence interval; COVID-19: Corona virus disease 2019; NA: Not available due to limited number of studies; OR: Odds ratio;
SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2; HCWs: Healthcare workers.

Subgroup analyses

In Tables 2 and 3, subgroups were divided by healthcare
workers (HCWs), pregnant women, and those over 65 years
of age within the available data since all of these groups
indicate getting a yearly influenza vaccine. Eight studies
reported the SARS-CoV-2 infection odds between those
with or without influenza vaccination for a total of 59,570
HCWs (OR =0.74, 95% CI: 0.59-0.93, I*=85%). For
infections in older populations, six reports gave an OR as
the primary outcome or subgroup outcome. Both subgroups
received a negative association with statistical significance,
with little heterogeneity in the older populations
(OR=0.76, 95%CI: 0.75-0.77, I’=0%, n=6). Few
articles reported severe outcomes in HCWs, possibly for
timely treatment advantages. The pooled ORs were not
significant in the association among older populations in the
COVID-19 clinical outcomes. Despite the small number of
studies, influenza vaccination was associated with a reduced
risk of mortality in 1724 COVID-19 pregnant patients,
and the pooled OR was 0.35 (95% CI: 0.25-0.48, I* = 0%,
n=2). The type of influenza vaccines could not be
overlooked. Quadrivalent vaccines (OR =0.74, 95% CI:
0.67-0.81, > = 71%, n = 8) and inactivated vaccines were
well-behaved when preventing from SARS-CoV-2 infection
(OR=0.77, 95% CI: 0.66-0.89, I*=59%, n=35). The
diagnostic approach was another important factor in cases
confirmed. A negative relationship was not observed in the
PCR test group (OR=0.87, 95% CI: 0.72-1.06) or the
serological test group (OR =0.90, 95% CI: 0.75-1.08).

Publication bias and sensitivity analyses

We determined the potential publication bias in the
statistically significant results with Egger’s test and funnel

plot analysis. No significant publication bias was found in
the results of an Egger’s test except for the subgroup
analyses of HCWs infection; details are shown in [Table 2
and Figure 3A]. To examine the strength of the pooled
results, we performed a sensitivity analysis by omitting
one study at a time. The pooled results [Figure 3B] were
not significantly affected by any of the individual studies,
suggesting the high stability and reliability of our results.

Discussion

This systematic review and meta-analysis summarized the
ORs of SARS-CoV-2 incidence and related clinical
outcomes between individuals with or without flu
vaccination. A total of 36 articles (14 only on infection,
16 on clinical outcomes, and 6 on both) met our PICO
(Patient, Intervention, Comparison, and Outcome) ques-
tion. The pooled results showed that being vaccinated for
influenza in the 2019 to 2020 season reduced the risk of
COVID-19 infection by 20% (OR =0.80, 95% CI: 0.74-
0.87) within 1 year. Moreover, influenza vaccination was
negatively associated with worse outcomes, mainly based
on the retrospective cohort studies. For COVID-19
patients, influenza vaccination reduced ICU admission
by 17%, 31% in ventilator support, and 31% in death the
following year, but no statistical significant association
was found with the risk of hospitalization. The primary
finding was verified in several ecological perspectives,
where the significance level of severity outcomes was
inconsist with meta-analysis studies.*”>*! The reason why
clinical outcomes were inconsistent among studies is
speculated to be limited by the number of published
studies and heterogeneous the original research settings.
Therefore, our work confirms and extends these results.
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Figure 2: Forest plots for the association between influenza vaccination and SARS-CoV-2 infection: (A) OR by random-effects model (B) Only adjusted OR by random-effects model. IV:
Vaccinated against influenza group; nonlV: Unvaccinated against influenza group; SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; SE: Standard error of treatment

estimate; TE: Treatment effect; OR: Odds ratio.

Compared with the pooled OR of infection (OR = 0.84),
statistically significant pooled ORs of severe outcomes (OR
of 0.83, 0.69, 0.69 for ICU admission, ventilator support,
and death, respectively) indicated good association in
preventing complex treatments and fatal infection rather
than infection. This brought up the distinction between
specific and non-specific immune efficacy. Although

influenza vaccines provide specific protection against
influenza viruses, the non-specific immune phenomenon
may help against SARS-CoV-2 which is similar to the non-
specific effects described by the reduction in all-cause
mortality attributed to measles and Bacille Calmette-Guerin
(BCG) vaccines administration.[®®! Besides, this result
showed a marginally greater protection effect in clinical
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Figure 3: Publication bias and sensitivity analysis of the estimated result of COVID-19 infection including adjust estimates. (A) Funnel plot. (B) Linear regression test of funnel plot
asymmetry: Egger’s bias plot of random-effects model. (C) Adjusted OR of sensitivity analysis applied random-effect model by omitting studies one by one. COVID-19: Corona virus disease

2019; OR: 0dds ratio.

outcomes compared to preventing infection. Since live
attenuated influenza vaccination before SARS-CoV-2
infection reduced SARS-CoV-2 replication and shedding
in the upper respiratory tract in the ferret model, it was
speculated that the non- speciﬁc effects of influenza
vaccination played a role in the progression against
SARS-CoV-2 viruses.[®!) The infectivity, pathogemc1ty,
and virulence of SARS-CoV-2 is another possible interpre-
tation. The various characteristics of different strains led to
the change of the infection spectrum. Strong infectivity and
less virulence would magnify this protection of infection
outcomes. Uncorrelated results could be affected by the
constrained capacity of detection, which was concentrated
on patients visiting hospitals in the early days of the
pandemic. Infected patients with comorbidities were more
prone to hospitalization. Studies performed were dependent
on electronic hospital records for retrospective studies and a
history of complications may have led to more hospital
Visits.

The results of our study reduce the chance that the
negative associations were found by chance or coinci-
dence. The results merit broad attention from epidemi-
ologists to immunologists. From the perspective of an
individual, the protection afforded by the vaccine should
not be ignored, especially for disease transmission. Those
who are vaccinated often pay more attention to their
health for multiple reasons, and they take extra care to get
vaccinated and are more likely to follow the NPIs to
prevent infection. High influenza vaccination coverage
normally affects vulnerable populations because of their
immunodeficiency, for example, cardiovascular patients
and health workers who are at an increased risk of
exposure to the influenza virus.[®?

Influenza vaccine protection against SARS-CoV-2 infec-
tion has been hypothesized to affect innate or adaptive
immunity, but it is still unknown. Debisarun et alt!!
clarified the epidemiological research with immunological
evidence. Quadrivalent inactivated influenza vaccination
modulates the responses to SARS-CoV-2 antigen invasion.
Addltlonally, previous influenza history or active infection
status may increase susceptibility to SARS-CoV-2.[¢%
Vaccination records show that the 2019/2020 season, as

well as previous years 1mmumzat10n affected preventing
SARS-CoV-2 infection.*® It is recommended that health
departments facilitate routine influenza vaccination by
taking advantage of established forms of COVID-19
vaccination.

The hypothesizes of the heterologous effects of vaccines,
which are not the first to help train the immune system to
improve the responsiveness of cells to heterologous viral
stimuli. Cross-reactivity has been observed between
influenza virus hemagglutinin and SARS-CoV-2 anti- spike
neutralizing antlbody titers, even though its effect remains
controversial.l®*! Mei-Mei et al'®! noted the similarity
between the influenza virus and the SARS-CoV-2 infection
process by reviewing the structure, cell membrane binding,
and the action processes after cell invasion. This theoretical
evidence supports that shared infection or immunologic
mechanisms offered by influenza vaccines may limit
COVID-19 unintentionally. Unfortunately, the analogous
infection mechanism is an open door to viruses. It is the time
gap that troubles the identification of co-infection, which
was caused by the limited coincidence time of incubation
and Vlral shedding of influenza virus and SARS-CoV-2
virus.!?! Since most symptoms caused by influenza cannot be
distinguished from COVID-19, being unaware of co-
infection may result in missed medical treatments, where
severe outcomes could be averted. In this way, influenza
vaccination reduced the adverse events of COVID-19
confirmed patients who were coinfected with influenza.
Slight protection degree of pooled results was observed
under the circumstance of flattened flu seasons attributed to
the impact of NPIs instituted for COVID-19. As more
western countries have initiated the removal of NPIs
influenza vaccination could limit virus activity rebound. (61
Therefore, controlling influenza, COVID-19, and co-
infection could be eased with influenza vaccination.

Subgroup analysis was performed to speed the uptake of
influenza vaccines currently. The reverse relationship
between influenza vaccination and confirmed COVID-19
in elders was obtained with little heterogeneity
(OR=0.76, n=6, I*=0) but not observed in clinical
outcomes of hospitalization, ICU admission, and death.
Ineffectiveness of preventing severe COVID-19 was
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credible and robust. Moreover, though the influenza
vaccination status and COVID-19 records were mainly
based on various medical records, confounders may be
introduced in retrospective studies, especially minority
collected by self-reported. Meanwhile, the difference in
sensitivity and specificity of the COVID-19 test was also
inevitable among studies. However, sensitivity analysis was
conducted to avoid the confounders’ impact from original
studies. Besides, specific population and age groups as
well as SARS-CoV-2 variants and vaccines co-administra-
tion are needed to further elaborate. More information
helps to advance vaccine co-administration and develop a
combined one.

In conclusion, heterogeneity from original studies was
inevitable yet, the thrilling association made the influenza
vaccines promising for reducing COVID-19 infection risks
and serious cases. Grantly, the mechanism was unclear as
yet, but the massive susceptible population of COVID-19
and clear advantage toward influenza vaccines stress that
influenza vaccination has been highly recommended. This
correlation gives a new reason to obtain an influenza
vaccine, especially for those at high risk, to address the low
adoption. Integrating the influenza vaccine with other
primary health services should increase efficacy. Further
understanding of the differences and interactions of these
two viruses and their vaccines should help people get better
protection. Pooled results give way to new questions about
people who received COVID-19 vaccines, and the change
of influenza vaccine strains in each season would impact
the protective effects. Further studies are needed with the
changing landscape of the pandemic. These results suggest
a possible association between COVID-19 and other
respiratory diseases may be targeted with a broad vaccine.
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