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Background: With a unique influenza season occurring in the midst of a pandemic, there is interest in assess-
ing the role of the influenza vaccine in COVID-19 susceptibility and severity.

Methods: In this retrospective cohort study, patients receiving a laboratory test for COVID-19 were identified.
The primary outcome was comparison of positive COVID-19 testing in those who received the influenza vac-
cine versus those who did not. Secondary end points in patients testing positive for COVID-19 included mor-
tality, need for hospitalization, length of stay, need for intensive care, and mechanical ventilation.

Results: A total of 27,201 patients received laboratory testing for COVID-19. The odds of testing positive for
COVID-19 was reduced in patients who received an influenza vaccine compared to those who did not (odds
ratio 0.76, 95% CI 0.68-0.86; P<.001). Vaccinated patients testing positive for COVID-19 were less likely to
require hospitalization (odds ratio, 0.58, 95% ClI 0.46-0.73; P< .001), or mechanical ventilation (odds ratio, 0.45,
95% C10.27-0.78; P =.004) and had a shorter hospital length of stay (risk ratio, 0.76, 95% CI 0.65-0.89; P <.001).
Conclusion: Influenza vaccination is associated with decreased positive COVID-19 testing and improved clin-
ical outcomes and should be promoted to reduce the burden of COVID-19.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control

and Epidemiology, Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

INTRODUCTION

The novel coronavirus of 2019 (COVID-19) was first identified in
Wuhan, China in December 2019, and was declared a public health
emergency of international concern within one month. As of Febru-
ary 2021, more than 106 million confirmed cases of COVID-19 and
over 2.3 million deaths have been reported globally." The clinical
spectrum of illness caused by COVID-19 is broad, with severity of dis-
ease ranging from mild symptoms to acute respiratory distress syn-
drome with rapid deterioration.” Pre-existing cerebrovascular, liver,
kidney and gastrointestinal diseases, as well as hypertension, diabe-
tes, COPD, and age greater than 60 confer higher susceptibility to
infection by COVID-19 and greater risk of mortality with infection.>*
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Importantly, patients with pre-existing cardiovascular risk factors are
more likely to experience severe disease resulting from both direct
and indirect cardiovascular complications of COVID-19, including
myocarditis, arrhythmias, and venous thromboembolism.”

Clinical trials of dexamethasone®’ and Remdesivir® have shown a
reduction in complications in very ill COVID-19 patients, and while
effective vaccines against COVID-19 from both Pfizer-BioNTech and
Moderna have been approved for use in the United States, they are
not yet broadly available, making it imperative to explore the effects
of currently available medical interventions that may lessen the sus-
ceptibility to and burden of disease.

With the influenza season upon us, there is interest in exploring
the relationship between influenza vaccination and COVID-19 sus-
ceptibility and disease severity. Recent studies have suggested that
prior vaccination to pathogens such as tuberculosis and influenza
may confer some protection against COVID-19.°'* An analysis of
over 92,000 COVID-19 patients in a nonpeer reviewed study from
Brazil found a 17% reduced odds of mortality, 8% lower odds of need
for intensive care treatment and 18% lower odds of invasive respira-
tory support in those who received an influenza vaccine.'? Separate
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epidemiologic studies in Italy and the United States found a correla-
tion between increased vaccination rates in those aged greater than
65 years and decreased rates of COVID-19 deaths across different
regions.'''® Using data from patients tested for COVID-19 within the
Michigan Medicine healthcare system, we explored the relationship
between influenza vaccination and positive COVID-19 testing. For
COVID-19 positive patients, we compared disease severity and mor-
tality risk between those who were vaccinated and unvaccinated
against influenza.

METHODS

We searched over 4.5 million unique patient charts within the
Michigan Medicine healthcare system. The search was performed
using DataDirect, an online tool which enables access to clinical data
with search filter functions based on ICD-9 and ICD-10 coding. We
limited our search to include only patients with a COVID-19 labora-
tory test ordered and resulted in the Michigan Medicine electronic
medical record through July 15, 2020. Testing was first processed
through the Michigan Department of Health and Human Services on
February 27, 2020, with the first positive test resulting on March 10,
2020. Patient charts were searched for record of influenza vaccina-
tion between August 1, 2019 and July 15, 2020 to capture the entire
date range of influenza vaccine availability from the beginning of the
prior influenza season. From the onset of the pandemic, our institu-
tion’s testing criteria followed directly along with updated Center for
Disease Control and Prevention recommendations. Any patient with
symptoms of COVID-19, close exposure or recent high-risk activity
could call the screening hotline or their healthcare provider and
would be referred for testing. Starting on April 30, 2020, all patients
being admitted to Michigan Medicine were screened for COVID-19,
regardless of symptoms or recent exposure. The study was deemed
exempt by the University of Michigan Institutional Review Board
(HUMO00183952).

Record of influenza vaccination is inputted into a patient’s chart
by the provider at the time of administration if done during a clinic
or hospital encounter. For those who received an influenza vaccina-
tion outside the Michigan Medicine healthcare system, immunization
data is readily available through the Michigan Care Improvement
Registry (MICR), which is routinely accessed and updated by a clerk
or medical assistant every time a patient makes an appointment or
checks-in to any encounter. A patient’s vaccination record is also
updated by a nurse whenever a patient is transferred or admitted to
the hospital.

For patients with multiple positive COVID-19 test results, the date
of their first positive test was used as their positive test date. For
patients with no positive COVID-19 tests, the date of their last nega-
tive test result was used as their test date. There were 14 patients
who received the influenza vaccine after their COVID-19 test date
and were therefore included in the ‘no vaccine’ group. Patient base-
line characteristics and clinical outcomes were obtained from the
electronic medical record.

The primary outcome of interest was COVID-19 positivity, with
rates compared between groups of patients based on influenza vacci-
nation status. Baseline patient characteristics, including age, gender,
race, and presence of co-morbidities were also compared by COVID-
19 status and influenza vaccination status. For those with a positive
COVID-19 test result, we compared clinical outcomes, including need
for hospitalization, length of stay, need for intensive care, need for
mechanical ventilation and mortality. Time to death was calculated
as the time from first positive COVID-19 test to date of death. Patients
who were still alive at the end of the data collection window were
censored for death at that time. We also explored if testing for other
respiratory pathogens (including Adenovirus, Human Metapneumo-
virus, Haemophilus influenzae, Human Rhinovirus-Enterovirus,

Influenza A, Influenza B, Parainfluenza Virus, and Respiratory Syncy-
tial Virus) was performed at the same time as COVID-19 testing and
evaluated for the presence of a co-infection. The temporal relation-
ship between influenza vaccination and COVID-19 testing with
COVID-19 positivity and clinical outcomes was also determined.

Influenza vaccination rates and baseline characteristics were first
summarized using descriptive statistics. Independent predictors of
influenza vaccination were determined using a multivariable logistic
regression model with a stepwise selection procedure. The associa-
tion between influenza vaccination and COVID-19 status was
assessed using a multivariable logistic regression model, adjusting
for baseline patient characteristics, with results expressed as odds
ratios (ORs) with 95% confidence intervals (Cls).

Models to assess clinical outcomes utilized inverse probability of
treatment weighting by baseline covariates to control for confound-
ing.'> Weighted logistic regression models were used to assess the
associations between influenza vaccination status and the need for
hospitalization, mechanical ventilation and need for intensive care in
those who were COVID-19 positive, with results expressed as ORs
with 95% ClIs. A weighted Cox proportional hazards model was
employed to evaluate mortality differences between vaccinated and
unvaccinated COVID-19 positive patients with results expressed as
hazards ratios (HRs) with 95% Cls. The association of influenza vacci-
nation status with length of stay in hospitalized COVID-19 positive
patients was assessed using a weighted negative binomial model,
with results expressed as rate ratios (RRs) with 95% Cls. For those
who were vaccinated, the relationship between timing of vaccination
and COVID-19 testing with each outcome was assessed by including
a continuous covariate for the number of days from vaccination to
COVID-19 test. This model additionally controlled for the timing of
COVID-19 testing with respect to the beginning of test availability to
account for changing COVID-19 positivity rates over time. There was
a small amount of missing data on patient comorbidities, including
chronic pulmonary disease, congestive heart failure, diabetes, hyper-
tension, age, race and ethnicity, and a larger amount of missing data
on BMI and smoking status. Missing values were included in all
descriptive summaries and multivariable analyses as their own cate-
gory for categorical covariates. A small number of patients (n=14)
had more than one hospitalization during the study time frame in
which they tested positive for COVID-19. For these patients, their
index hospitalization was used in assessing the length of stay,
mechanical ventilation, and need for intensive care outcomes. Four
COVID-19 positive patients were still hospitalized at the time of data
collection and were therefore excluded from in the analysis of length
of stay. Due to collinearity of chronic pulmonary disease, congestive
heart failure, diabetes, and hypertension, these variables were com-
bined into a single indicator for the presence of any of these comor-
bidities in the multivariable and propensity score weighted models.
A 2-sided P value <.05 was used to indicate significance. All analyses
were performed in SAS, version 9.4 (SAS Institute Inc.).

RESULTS

The search yielded a total of 27,201 patients who received a
COVID-19 test in the Michigan Medicine healthcare system. Of these,
1,218 (4.5%) tested positive for COVID-19 and 25,983 (95.5%) tested
negative. A total of 12,997 (47.8%) patients had a documented influ-
enza vaccination during the prior flu season and 14,204 (52.2%)
patients did not. In patient who received the influenza vaccine, there
was a significant reduction in the odds of testing positive for COVID-
19 compared to those who did not receive the vaccine (odds ratio
0.82, 95% CI 0.73-0.92; P <.001) Flow diagram of search results is
shown in Figure 1.

Of the 27,201 patients tested for COVID-19, 4209 (15.46%) were
also tested for other respiratory pathogens. Of these, 202 (4.80%)
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4,549,598 Michigan Medicine charts
searched

A

27,201 patients tested for COVID-19
prior to 7/15/2020

12,997 received influenza vaccine
between 8/1/2019-7/15/2020

14,204 did not receive influenza vaccine
between 8/1/2019-7/15/2020

v

y

525 (4.0%) tested positive for COVID-19

693 (4.9%) tested positive for COVID-19

Fig 1. Study Flow Diagram of Search Results for Included Patients. A total of 4,549,598 unique patient charts were searched within the Michigan Medicine health care system using
DataDirect. The search was limited to include only patients who received a laboratory test for COVID-19 within the Michigan Medicine healthcare system. Record of influenza vacci-

nation between August 1, 2019 to July 15, 2020 was then obtained.

were positive for any respiratory pathogen and 46 (1.1%) were posi-
tive for influenza. Patients who received an influenza vaccination
were more likely to receive testing for other respiratory pathogens
(16.70% vs 14.33%, P < .001), however there was no significant differ-
ence in positive testing for respiratory pathogens or influenza alone
between those who received and did not receive an influenza vacci-
nation (4.24% vs 5.40%, P=.08 for all pathogens, and 0.92% vs 1.27%
for influenza, P = .27). Patients who were COVID-19 positive were
more likely to receive testing for other respiratory pathogens (57.14%
vs 13.52%, P < .001). No patients who tested positive for COVID-19
were also positive for influenza, and the majority of positive cases of
other respiratory pathogens were in COVID-19 negative patients
(5.57% vs 0.68%, P < .001, in COVID-19 negative vs. COVID-19 positive
patients, respectively).

Higher rates of comorbid conditions were seen in patients testing
positive for COVID-19, including chronic pulmonary disease (19.8% vs
14.6%, P< .001), congestive heart failure (10.3% vs 7.8%, P=.003), any
diabetes (21.5% vs 9.8%, P< .001), complicated diabetes (8.5% vs 2.9%,
P < .001), uncomplicated diabetes (13.1% vs 7.0%, P < .001), any
hypertension (36.0% vs 22.5%, P < .001), complicated hypertension
(14.4% vs 6.0%, P < .001), and uncomplicated hypertension (21.6% vs
16.5%, P < .001). Additionally, older patients and African Americans
were more likely to test positive versus negative for COVID-19
(50.7 years vs 47.1 years, P < .001 and 35.5% vs 11.4%, P < .001,
respectively). A comparison of baseline characteristics stratified by
COVID-19 status is seen in Table 1.

Patients receiving an influenza vaccine tended to have more
comorbidities than those in the unvaccinated group, including higher
rates of chronic pulmonary disease (16.4% vs 13.4%, P < .001), conges-
tive heart failure (9.2% vs 6.7%, P < .001), diabetes (11.1% vs 9.7%,
P=.001), and hypertension (23.9% vs 22.3%, P=.01). Patients receiv-
ing an influenza vaccine also tended to be older (48.4 years vs
46.1 years, P < .001), female (61.0% vs 50.9%, P < .001), and Caucasian

(80.1% vs 74.6%, P < .001). A comparison of baseline characteristics
stratified by influenza vaccination status is seen in Table 2. A multi-
variable logistic regression model with a stepwise variable selection
found that significant independent predictors of influenza vaccina-
tion included age, BMI, gender, Elixhauser score, race, smoking status,
and the presence of chronic pulmonary disease, congestive heart fail-
ure, diabetes or hypertension (Appendix Table A.1).

On multivariable logistic regression analysis, the association
between influenza vaccine and COVID-19 status remained significant
after controlling for ethnicity, race, gender, age, BMI, Elixhauser
score, smoking status and the combined metric for chronic pulmo-
nary disease, congestive heart failure, diabetes, and hypertension
(OR, 0.76; 95% (I, 0.68-0.86, P < .001; Table 3).

In patients with a positive COVID-19 test, we compared clinical
outcomes between those who did and did not receive an influenza
vaccine, which is reported in Appendix Table A.2. Of the 1,218
patients testing positive for COVID-19, 505 (41.5%) required hospital-
ization with 182 (36.0%) of the hospitalized patients requiring
mechanical ventilation and an overall average (SD) length of stay of
10 (14.3) days. Overall, 90 (7.4%) COVID-19 positive patients died
within the time frame of our data. The median follow-up time from
the date of first positive COVID-19 testing to death or censoring date
was 96 days (IQR 59-106) and the median time to death for those
who died was 9.5 days (IQR 5-19). Baseline patient characteristics
stratified by clinical outcomes are shown in Appendix Table A.3. After
adjustment for baseline covariates including ethnicity, race, gender,
age, BMI, Elixhauser score, smoking status and the combined metric
for chronic pulmonary disease, congestive heart failure, diabetes, and
hypertension, we found that vaccinated patients were less likely to
require hospitalization (OR, 0.58; 95% CI, 0.46-0.73, P < .001), less
likely to require mechanical ventilation if hospitalized (OR, 0.45; 95%
Cl, 0.27-0.78, P=.004), and had a shorter length of stay (RR, 0.76; 95%
(I, 0.65-0.89, P < .001). No significant differences in mortality or in
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Table 1
Patient characteristics and associations with COVID-19

Variable* COVID-19 Negative (n =25,983) COVID-19 Positive (n=1,218) Entire cohort (n=27,201) Pvalue
Influenza Vaccine, n (%) 12,472 (48.0) 525 (43.1) 12,997 (47.8) <.001
Women, n (%) 1,4512 (55.9) 649 (53.3) 1,5161 (55.7) .08
Age, Mean (SD) 47.07 (22.21) 50.69 (18.67) 47.23(22.07) <.001
Age, n (%) <.001

<35 8143 (31.3%) 276 (22.7%) 8419 (31.0%)

35-49 4532 (17.4%) 276 (22.7%) 4808 (17.7%)

50-64 6098 (23.5%) 349 (28.7%) 6447 (23.7%)

>65 6597 (25.4%) 308 (25.3%) 6905 (25.4%)
Race, n (%)

African American 2,972 (11.4) 432 (35.5) 3,404 (12.5) <.001

Caucasian 20,386 (78.5) 617 (50.7) 21,003 (77.2)

Other 1,841 (7.1) 113(9.3) 1,954 (7.2)
Ethnicity, n (%)

Hispanic or Latino 824(3.2) 27 (2.2) 851(3.1) .08

Non-Hispanic or Latino 23,951(92.2) 1,111 (91.2) 25,062 (92.1)
Chronic Pulmonary Disease, n (%) 3,806 (14.6) 241(19.8) 4,047 (14.9) <.001
Congestive Heart Failure, n (%) 2,032 (7.8) 125(10.3) 2,157 (7.9) .003
Diabetes, n (%) 2,556 (9.8) 262 (21.5) 2,818 (10.4) <.001
Complicated Diabetes, n (%) 749 (2.9) 103 (8.5) 852 (3.1) <.001
Uncomplicated Diabetes, n (%) 1,807 (7.0) 159 (13.1) 1,966 (7.2) <.001
Hypertension, n (%) 5,847 (22.5) 438 (36.0) 6,285 (23.1) <.001
Complicated Hypertension, n (%) 1,549 (6.0) 175 (14.4) 1,724 (6.3) <.001
Uncomplicated Hypertension, n (%) 4,298 (16.5) 263(21.6) 4,561 (16.8) <.001
BMI, Mean (SD) 28.23(9.10) 32.42(12.28) 28.39(9.28) <.001
BM], n (%) <.001

<185 1713 (6.6%) 17 (1.4%) 1730 (6.4%)

18.5-24.9 4856 (18.7%) 117 (9.6%) 4973 (18.3%)

24.9-29.9 5097 (19.6%) 219 (18.0%) 5316 (19.5%)

30-39.9 5014 (19.3%) 264 (21.7%) 5278 (19.4%)

>40 1424 (5.5%) 118 (9.7%) 1542 (5.7%)
Elixhauser Score, Mean (SD) 1.54(2.34) 2.53(3.19) 1.59(2.39) <.001
Smoking Status, n (%)

Current Smoker 1,678 (6.5%) 40(3.3%) 1,718 (6.3%) .002

Former Smoker 3, 635 (14.0%) 175 (14.4%) 3,810 (14.0%)

Tobacco Use 91 (0.4%) 2(0.2%) 93 (0.3%)

Never Smoker 6,836 (26.3%) 348 (28.6%) 7,184 (26.4%)

*Proportions vary because of missing data on comorbid covariates chronic pulmonary disease, congestive heart failure, diabetes, complicated diabetes, uncomplicated diabetes,
hypertension, complicated hypertension, and uncomplicated hypertension (n=251, 0.9%), age (n=622, 2.3%), race (n=3840, 3.1%), and ethnicity (n=1,288, 4.7%), and a larger

amount of missing data on BMI (n=8,362, 30.7%) and smoking status (n=14,396, 52.9%).

P values are shown from Chi-square tests for categorial variables and Wilcoxon rank sum tests for continuous variables comparing probability of positive COVID-19 test.

need for intensive care were seen between the vaccinated and unvac-
cinated groups (HR, 0.84; 95% CI, 0.51-1.36, P=.47 and OR 0.64; 95%
Cl, 0.41-1.00, P=.05, respectively). A graph comparing adjusted prob-
abilities of COVID-19 clinical outcomes based on influenza vaccina-
tion status is represented in Figure 2.

The median time from influenza vaccination to COVID-19 testing
was 225 days (IQR 188-257), with the majority of patients receiving
their influenza vaccine in September 2019 and October 2019
(n=8,861, 68.2%). The total number of COIVD-19 tests performed con-
tinually increased from March 2020 to July 15th, 2020, with the posi-
tivity rate of COVID-19 tests decreasing from a maximum of 29.0% in
March to a minimum of 0.9% in June. For patients who received an
influenza vaccination, those vaccinated a longer time from their date
of COVID-19 testing were less likely to test positive for COVID-19 (P <
.001), however this association was nonsignificant after controlling for
the overall decreasing rate of COVID-19 test positivity (P=.57). No
association was found between the timing of influenza vaccination and
COVID-19 clinical outcomes (Appendix Table A.4).

DISCUSSION

The results of our study indicate that influenza vaccination
presents no harmful effect on COVID-19 susceptibility or increased
disease severity, and points to a possible association between the
vaccine and decreased risk of COVID-19 and improved clinical out-
comes. There has been recent speculation about potential protection

from COVID-19 conferred by the influenza vaccine,'® and we have
further strengthened this suggestion through the use of retrospective
chart review and patient level data. Consistent with previous
research,”>* we found higher rates of COVID-19 in older patients and
in those with preexisting comorbidities. Recent data has also sug-
gested an association between influenza vaccination and reduced
mortality from COVID-19,'""'® as well as a decreased need for inten-
sive care treatment and invasive respiratory support.'? The results of
our study lend support to the decreased need for mechanical ventila-
tion in COVID-19 patients who received the influenza vaccine, as well
as identify a lower rate of hospitalizations and length of stay in those
who were vaccinated. Rates of infection with other respiratory patho-
gens in our study cohort was low, and no patients were identified as
having both COVID-19 and influenza, resulting in minimal confounding
of our results by COVID-19 and influenza co-infection. Additionally, we
found that outcomes were independent of the length of time between
influenza vaccination and COVID-19 testing. This is a slight contradic-
tion to a recent report from Italy demonstrating the greatest protection
against COVID-19 in elderly patients who received the vaccine in close
proximity to COVID-19 exposure as compared to several months
before.!* While we did see decreased mortality in the influenza vacci-
nated group, the association was non-significant. This may be due to a
small sample size and the low number of deaths observed.

While we were able to control for many patient comorbidities
known to be associated with COVID-19 risk in our analyses, the
observed protective association between the vaccine and COVID-19
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Table 2
Baseline patient characteristics by influenza vaccination status

Variable* No fluvaccine  Flu vaccine Pvalue'
(n=14,204) (n=12,997)

COVID-19 Positive 693 (4.9%) 525 (4.0%) <.001
Women, n (%) 7,231 (50.9) 7,930 (61.0) <.001
Age, Mean (SD) 46.09 (22.30) 48.44(21.76) <.001
Age, n (%) <.001

<35 4563 (32.1%) 3856 (29.7%)

35-49 2395 (16.9%) 2413 (18.6%)

50-64 3381 (23.8%) 3066 (23.6%)

>=65 3337 (23.5%) 3568 (27.5%)
Race, n (%)

African American 1,966 (13.8) 1,438 (11.1) <.001

Caucasian 1,0597 (74.6) 10,406 (80.1)

Other 933 (6.6) 1021(7.9)
Ethnicity, n (%)

Hispanic or Latino 463 (3.3) 388(3.0) .07

Non-Hispanic or Latino 1,2845 (90.4) 1,2217 (94.0)
Chronic Pulmonary Disease, n (%) 1,910(13.4) 2,137 (16.4) <.001
Congestive Heart Failure, n (%) 958 (6.7) 1199 (9.2) <.001
Diabetes, n (%) 1,381 (9.7) 1,437 (11.1) .001
Complicated Diabetes, n (%) 378 (2.7%) 474 (3.6%) <.001
Uncomplicated Diabetes, n (%) 1,003 (7.1) 963 (7.4) 43
Hypertension, n (%) 3,174 (22.3) 3,111(23.9) .01
Complicated Hypertension, n (%) 808 (5.7) 916 (7.0) <.001
Uncomplicated Hypertension, n (%) 2,366 (16.7) 2,195 (16.9) 99
BMI, Mean (SD) 28.08 (9.36) 28.79(9.16) <.001
BMI, n (%)

<185 1125 (7.9%) 605 (4.7%)

18.5-24.9 2837 (20.0%) 2136 (16.4%)

24.9-29.9 2971 (20.9%) 2345 (18.0%)

30-39.9 2834 (20.0%) 2444 (18.8%)

>40 866 (6.1%) 676 (5.2%)
Elixhauser Score, Mean (SD) 1.56 (2.28) 1.61(2.51) <.001

Smoking Status, n (%)

Current Smoker 1137 (8.0) 581 (4.5) <.001
Former Smoker 1,864 (13.1) 1, 946 (15.0)

Tobacco Use 62(0.4) 31(0.2)

Never Smoker 3,796 (26.7) 3,388 (26.1)

*Proportions vary because of missing data on comorbid covariates chronic pulmonary
disease, congestive heart failure, diabetes, complicated diabetes, uncomplicated diabe-
tes, hypertension, complicated hypertension, and uncomplicated hypertension
(n=251), age (n=622), BMI (n = 8,362), ethnicity (n =1,288), race (n = 840), and smok-
ing status (n=14,396).

P values are shown from Chi-square tests for categorial variables and Wilcoxon rank sum
tests for continuous variables comparing probability of receiving an influenza vaccine.

may be confounded by differences in health and social behaviors or
disparate socioeconomic factors between those in the vaccinated and
unvaccinated groups. A decrease in all respiratory viral infections
was seen in a number of countries in 2020, likely due to interventions
such as physical distancing, mask wearing, community education and
lockdowns.'®!” In the state of Michigan, the first positive case of
COVID-19 was on March 10th, 2020, with school closures, banning of
large group gatherings and restrictions on visiting healthcare and res-
idential facilities put into place March 13th, with closure of most pub-
lic places by March 16th. On March 23rd, an official “stay at home”
order was issued and on April 26th a mask mandate put into effect.
Given the rapid implementation of these restrictions following the
first positive cases which extended into June, 2020, the data from our
cohort is largely confined within these strict public health interven-
tions. Discrepancies in adherence to these guidelines between influ-
enza vaccinated and unvaccinated patients could bias the observed
association. A prospective study accounting for these differences is
needed to explore the possible protective effect of the influenza vac-
cine on COVID-19 susceptibility and outcomes.

Another factor to consider is the impact of the so-called healthy
user effect, which refers to the observation that the reduced risk in
patients who receive the influenza vaccine may be independent of pro-
tection against the influenza virus and rather due to bias from the
healthier patient population who typically receive preventative thera-
pies.'"® When controlling for several variables that could impact the
risk of developing pneumonia, the association between influenza vac-
cination and protection against adverse effects becomes insignificant.'”

While our descriptive study cannot discern mechanisms, a hypo-
thetical, yet plausible immunologic mechanism that could explain
the apparent protective effects of influenza vaccine against COVID-19
is a process called trained immunity.?° Classically, vaccinations acti-
vate an adaptive immune response via T-helper cells to produce a
memory cellular (macrophages, NK cells) and humoral (antibody
mediated) response to destroy antigen-presenting cells on repeat
exposure to a similar antigen. However, emerging data on epigenetic
and metabolic reprogramming of innate immune cells suggests that
exposure to a second, non-specific stimulus could trigger a targeted
and heightened proinflammatory response.?!*? This “heterologous
immunity” could explain the nonspecific cross-reactivity that vac-
cines have against unrelated pathogens. Trained immunity has been

Table 3

Association of influenza vaccine and positive COVID-19 test: multivariable analysis
Variable Comparator Odds Ratio (95% CI) P-value
Influenza vaccination Yes vs No 0.76 (0.68, 0.86) <.0001
Chronic Pulmonary Disease, Congestive Yes vs No 1.28(1.06, 1.53) <0.001

Heart Failure, Diabetes or Hypertension
Unknown vs No

0.22 (0.09, 0.56)

Ethnicity Non-Hispanic/Latino vs Hispanic/Latino 1.55(1.02,2.33) 0.02
Unknown vs Hispanic/Latino 2.01(1.21,3.32)
Age 35-49 vs <35 1.54(1.28,1.84) <0.001
50-64 vs <35 1.48(1.24,1.76)
>65vs <35 1.25(1.03, 1.50)
Unknown vs <35 0.63(0.31,1.27)
BMI 18.5-24.9 vs <18.5 1.95(1.14,3.32) <0.001
25-29.9 vs <18.5 3.11(1.85,5.24)
30-39.9 vs <18.5 3.50(2.09, 5.87)
>40vs <18.5 4.26(2.48,7.31)
Unknown vs <18.5 5.92(3.56,9.82)
Elixhauser Score Per Unit Increase 1.15(1.12,1.18) <.001
Gender Female vs Male 0.85(0.76, 0.96) .01
Race Caucasian vs African American 0.23(0.20,0.27) <.001

Other vs African American
Unknown vs African American
Former Smoker vs Current Smoker
Tobacco User vs Current Smoker
Never Smoker vs Current Smoker
Unknown vs Current Smoker

Smoking Status

0.56 (0.44, 0.70)
0.46 (0.32, 0.67)
1.88(1.32,2.69) <001
0.79(0.19, 3.38)
2.52(1.79, 3.53)
3.02(2.15,4.24)
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Fig 2. Effect of Influenza Vaccination Status on COVID-19 Clinical Outcomes. Total cohort includes all patients who tested positive for COVID-19 (n=1,218) and is stratified by those
who did (n=525) or did not (n=693) receive the influenza vaccine. Mechanical ventilation, intensive care and length of stay were assessed only for those who were hospitalized
(n=505). The proportion of patients requiring hospitalization, mechanical ventilation, intensive care as well as mortality rates are represented by values on the primary Y-axis.
Average length of stay (days) is represented on the secondary Y-axis. All clinical outcomes reported are adjusted for baseline covariates including ethnicity, race, gender, age BMI,
Elixhauser score, smoking status and the combined metric for chronic pulmonary, congestive heart failure, diabetes, and hypertension. *P < .05.

demonstrated with the heterogenous effect of the bacilli Calmette-
Guérin (BCG) vaccine against infectious diseases such as yellow fever
or malaria, and even certain malignancies.’? Additionally, recent
research from the Netherlands found that the quadrivalent inactivated
influenza vaccine was able to induce an improved cytokine response
after stimulation of immune cells with SARS-CoV-2.>® Further, the
measles vaccine has been shown to have survival benefits beyond the
expected protection against the measles virus alone, as suggested by a
30% reduction in all-cause mortality in vaccinated children, with only
4% explained by prevention of measles-related deaths.?* More studies
are necessary to understand any potential role of trained immunity
with influenza vaccine and COVID-19 infection.

Prior to approval of the Pfizer-BioNTech and Moderna COVID-19
vaccines, the potential of non-COVID-19 vaccinations to curb infec-
tion rates was explored. Improved outcomes correlating with BCG
administration has been postulated®® and decreased SARS-CoV-2
infection rates have been seen in individuals who recently received a
Polio, Haemophilus Influenza type B (HIB), Measles-Mumps-Rubella
(MMR), Varicella, pneumococcal conjugate (PCV13), Geriatric Flu,
Hepatitis A or Hepatitis B vaccine.?® Qur study is the first of our
knowledge to explore the association between the standard influenza
vaccine and COVID-19.

We are in the midst of a unique influenza season taking place dur-
ing a global pandemic, placing additional strain on health care sys-
tems as well as creating the potential for COVID-19 and influenza co-
infection.?” While demonstrated to be effective and safe,?®?° the
influenza vaccine remains underutilized.>>*! Recent suggestions of
an increased risk of other respiratory viruses following influenza vac-
cination®? threaten to further diminish use of the influenza vaccine.
This is especially of concern in the elderly and in those with preexist-
ing medical conditions who experience increased morbidity and
mortality with influenza infection®* and are also at an increased risk
of severe infection with COVID-19.># In particular, influenza has been
associated with an increased risk of myocarditis,>* aortic dissection,*”
myocardial infarction, stroke, and death® in those with cardiovascu-
lar disease, and administration of the influenza vaccination has been
shown to decrease the risk of major adverse cardiovascular events in

this population.>” Annual influenza vaccination has therefore been
identified as an important intervention in reducing the risk of cardio-
vascular events in those with coronary and other atherosclerotic vas-
cular disease, designated as a class IB recommendation in the
updated AHA/ACC guidelines.>® The increased risk of cardiovascular
complications due to COVID-19 in these patients,” combined with a
potential protective effect against COVID-19 lend further support to
the importance of the influenza vaccine in this population.

While the largest benefit to health from the influenza vaccine
comes from prevention of influenza, the ancillary potential benefit of
COVID-19 protection may provide enough impetus for hesitant
patients to get vaccinated. Even if the direct link between the preven-
tion of COVID-19 and the influenza vaccine is minimal, through an
overall reduction in the number of patients presenting to their pro-
viders with viral-like symptoms necessitating work up for COVID-19
or requiring hospitalization for complications of influenza, vaccina-
tion will preserve healthcare resources for those with COVID-19.
Patient education and widespread promotion of the influenza vaccine
are therefore necessary to increase vaccine uptake and reduce the
burden of both COVID-19 and influenza.

Study Limitations

All data for this study was obtained from information from elec-
tronic medical records. Influenza vaccination records for patients
who primarily receive their healthcare within the state of Michigan is
reliably documented and updated into a patient’s chart regularly,
however vaccinations administered out-of-state may not be updated
into their medical record.

Clinical outcomes such as need for hospitalization, length of stay,
need for intensive care, need for mechanical ventilation and mortality
pertain specifically to the patient demographic admitted to our medi-
cal institution — a 1,000 bed, tertiary center with a specialized 32-bed
isolation unit. Therefore, results from this study cannot be extrapo-
lated to smaller hospitals in more of a community setting. In addition,
patients who tested positive for COVID-19 within our healthcare sys-
tem and were subsequently admitted in a separate medical
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institution would not be captured in our search. However, the pur-
poses of this study was to compare COVID-19 infection rates and clin-
ical outcomes based on influenza vaccination status within a single
cohort, and not to report on absolute statistics, which we appreciate
may be skewed in our population.

Finally, the search was conducted in the midst of the COVID-19
pandemic, with new cases still being reported daily. We therefore
may not have captured the full extent of outcomes for those recently
diagnosed with COVID-19 and cannot predict how future case rates
will affect our results. However, with the peak of the influenza season
encroaching, there is a sense of urgency to help healthcare providers
and patients make better informed medical decisions.

CONCLUSION

In this electronic medical records based retrospective cohort
study, we found a significant reduction in the odds of testing positive
for COVID-19 in patients who received an influenza vaccine com-
pared to those who did not receive the vaccine. In addition, in
patients who tested positive for COVID-19, those who previously
received an influenza vaccine had significantly better clinical out-
comes. Future prospective studies are needed to establish a causal
relationship between the influenza vaccine and COVID-19 suscepti-
bility and severity. Until the COVID-19 vaccine becomes widely avail-
able, the influenza vaccine should be promoted to reduce the burden
of disease during this pandemic.
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