Inactivated trivalent influenza vaccine is associated with lower
mortality among Covid-19 patients in Brazil
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Abstract:

We analyzed data from 92,664 clinically and molecularly confirmed Covid-19 cases in Brazil to
understand the potential associations between influenza vaccination and Covid-19 outcomes.
Controlling for health facility of treatment, comorbidities as well as an extensive range of
sociodemographic factors, we show that patients who received a recent influenza vaccine
experienced on average 8% lower odds of needing intensive care treatment (95% Cls [0.86,
0.99]), 18% lower odds of requiring invasive respiratory support (0.74, 0.88) and 17% lower
odds of death (0.75, 0.89). Large scale promotion of influenza vaccines seems advisable,
especially in populations at high risk of severe SARS-CoV-2 infection.

One Sentence Summary: Covid-19 patients with recent influenza vaccination experience better
health outcomes than non-vaccinated patients in Brazil.



Main Text:

As of June 12", 2020, coronavirus disease 2019 (Covid-19) has affected 7.7 million individuals
globally and caused an estimated 424,000 deaths. While the number of new Covid-19 cases has
stabilized in most countries in the Northern hemisphere, the pandemic is expanding rapidly in the
global South (1). Even though SARS-CoV-2 infections can be asymptomatic or result in mild
disease in many cases, elderly individuals as well as individuals with pre-existing health conditions
like obesity, cardiovascular diseases and diabetes mellitus are likely to develop serious and often
life-threatening illness (2, 3). Currently, the mainstay of combating this novel virus is based on
drastic public health measures affecting free movement of people and goods (1). This bold and
unprecedented approach has resulted in large scale lockdowns of entire countries, potentially
resulting in the largest global economic downturn since World War 11 (4). In the absence of an
effective drug treatment (5) and without a validated vaccine against SARS-CoV-2 (6) public health
interventions with beneficial impact on Covid-19 outcomes, particularly for the most vulnerable

populations, are urgently needed.

Many countries south of the equator are now entering the cold season of the year, which will likely
result in a substantial increase in patient volume due to influenza. Seasonal influenza outbreaks
occur in regular intervals in most non-tropical countries, and are estimated to cause 650,000 deaths
each year (7). Despite major public health efforts, influenza vaccines remain under-used in most
countries, mostly due to skepticism regarding their efficacy and concerns surrounding their safety
(8, 9). Several social media rumors linking influenza vaccine to adverse Covid-19 outcomes in
recent weeks (10) like have further undermined the willingness of the general population to

undergo influenza vaccination.



In this paper, we use detailed medical records from over 90,000 clinical Covid-19 patients in Brazil
to compare Covid-19 outcomes of patients with and without recent influenza vaccination. As of
June 12, Brazil is the country with the second highest number of Covid-19 cases, as well as the
country with the largest number of new cases documented each day.

As described in further detail in Supplemental Materials and Methods, all Covid-19 cases
identified at Brazilian health centers have to be reported mandatorily into a central database
system. As of June 9" 2020, 92664 clinically confirmed Covid-19 patients were registered in this
system. A positive laboratory test for SARS-CoV-2 was documented in the medical records for
84% of the clinically diagnosed Covid-19 patients. 57% of patients were male, and the median age
of patients was 59 years (Table 1). The most represented age group among Covid-19 patients were
individuals between 60 and 69 years of age. 37.1% of patients required intensive care, 22.5% were
given invasive respiratory support, and 47.1% of patients died. Covid-19 fatality rates increased
from 15% among children under the age of 10 to 83% among individuals above 90
(Supplementary Materials Figure S1). 66.4% of Covid-19 patients had a preexisting
cardiovascular condition and 54.9% has previously been diagnosed with diabetes mellitus. The
prevalence of obesity, neurological disorders and renal disease were 10.9%, 11.0% and 11.9%,
respectively (Supplementary Materials Figure S2).

31.1% of Covid-19 patients had received an influenza vaccine during the last campaign, with
highest rates among individuals aged 60 and older, as well as among people with higher education.
The Brazilian Ministry of Health (MoH) has been conducting annual vaccination campaigns

achieving relatively high population coverage since 1999 (11, 12).



Table 1: Severity and mortality outcomes of Covid-19 patients by gender, age, race and

educational attainment

Proportion L Prop(_)rtion
: Proportion in with .
N % . with intensive invasive Proportion
influenza . deceased
: care respiratory
vaccine support

Total 92°664 100% 0.311 0.371 0.225 0.471
Male 53’005 57.2% 0.284 0.383 0.236 0.483
Female 39’659 42.8% 0.348 0.356 0.211 0.456
Age 0-9 1’175 1.3% 0.181 0.337 0.156 0.161
Age 10-19 740 0.8% 0.141 0.293 0.142 0.190
Age 20-29 3’846 4.2% 0.222 0.247 0.111 0.139
Age 30-39 10°269 11.1% 0.233 0.280 0.116 0.169
Age 40-49 14’390 15.5% 0.216 0.307 0.154 0.253
Age 50-59 16’965 18.3% 0.227 0.358 0.213 0.375
Age 60-69 17°746 19.2% 0.426 0.408 0.283 0.557
Age 70-79 14’826 16.0% 0.438 0.441 0.313 0.678
Age 80-89 9°861 10.6% 0.439 0.450 0.295 0.769
Age 90+ 2°846 3.1% 0.410 0.424 0.214 0.846
White 26’526 28.6% 0.359 0.378 0.206 0.400
Mixed 27°417 29.6% 0.269 0.310 0.228 0.548
Black 4°259 4.6% 0.346 0.322 0.216 0.491
Other/NA 34°462 37.2% 0.292 0.422 0.241 0.465
No education 1’980 2.1% 0.398 0.241 0.202 0.716
Primary 7°058 7.6% 0.381 0.280 0.206 0.578
Lower secondary 5’190 5.6% 0.286 0.309 0.207 0.473
Upper secondary 10’414 11.2% 0.292 0.305 0.166 0.341
Higher edcuation 5’811 6.3% 0.416 0.372 0.146 0.236
Still in school 770 0.8% 0.176 0.353 0.181 0.174
Not available 61’441 66.3% 0.279 0.404 0.249 0.498

Table 1 shows the proportion of the population vaccinated as well as the proportion of patients in intensive
care, requiring respiratory support and the proportion of patients deceased for the full sample, as well as by
gender, age, race and educational attainment. Based on a total sample of 92 664 clinically confirmed Covid-
19 cases captured in the SRAG system by June 8, 2020.



Seasonal influenza in Brazil peaks in weeks 18-19 (April-May) in northern states and in weeks 25-
27 (June-July) in southern states (13). The 2020 annual influenza vaccination campaign was
launched on March 23", one month earlier than originally planned to ensure vaccine delivery to
the public prior to the incoming wave of SARS-CoV-2 infections, with the ambition to reach a
total of 67.6 million people nationwide (14). The national campaign targets senior citizens (ages
60 and older) and health workers in phase 1; chronic patients with comorbidities and chronic
disease conditions, teachers, security and rescue forces in phase 2; and children and other high risk
populations in phase 3. Based on the recommendation from the WHO, a trivalent (type
A/Brisbane/02/2018 - IVR-190 (H1N1), type A/South Australia/34/2019 - IVR-197 (H3N2) and
type B/Washington /02/2019), non-adjuvant influenza vaccine produced in Brazil by the Instituto
Butantan is currently used (15). Supplementary materials Figure S3 illustrates vaccination
coverage by age — rates were substantially higher among children under age 6 as well as adults

aged 60 and above, but were below 50% in all age groups in our population analyzed here.

Figure 1 shows mortality patterns by age and vaccination status. Covid-19 related mortality ranged
from 14% among children under the age of 10 to 84% among individuals aged 90 or older in the
non-vaccinated group. Mortality was consistently lower among influenza vaccinated patients
across all age groups, with absolute mortality differences ranging from a risk difference of 17%
pts in the 10-19 age group to a risk difference of 3% pts in the 90+ age group. This difference was

statistically significant (p-value < 0.05) for all age groups over 30.



Figure 1: Covid-19 mortality by age and vaccination status
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Fig.1 shows the proportion of Covid-19 patients dying by age group and influenza vaccination status.
Estimates represent un-adjusted linear differences in age-group specific mortality with 95% confidence
intervals.

To estimate the associations between influenza vaccination status and Covid-19 mortality, we used
multivariable logistic regression models, conditioning on an increasing number of potential
confounding factors. When we conditioned the model on age only, we find that influenza
vaccination is associated with a 35% reduction in the odds of death among Covid-19 patients
(column 1, Table 2). Given vaccination rates are likely higher in areas with more effective health
systems, we further restrict our analysis to within-facility comparisons (columns 2-5, Table 2).
When we exclusively compare outcomes among patients getting care at the same facility, the

protective association attenuates to 18% (p-value < 0.01). Given that even within facilities

vaccinated patients may on average have better initial health, we also control for a full set of



preexisting co-morbidities in a separate model — the estimated positive association remains nearly
identical (column 3, Table 2). To address potential confounding concerns regarding health
knowledge or general health behaviors (not manifested in the observed comorbidities), we also
include socioeconomic controls such as gender, race and educational attainment in our full
empirical model- once again, the estimated positive association changes only marginally (column
4, Table 2). The same associations are also observed when we restrict the cohort to patients with
a positive SARS-CoV-2 specific RT-gPCR result documented in the medical records (i.e. when
we exclude the 16% of the Covid-19 patient where a positive laboratory SARS-CoV-2 test result
was not documented in the records).

As expected, known risk factors for Covid-19 related mortality like obesity, pre-existing lung
conditions, renal problems and neurological disorders were associated with higher mortality, with
estimated odds ratios between 1.17 (lung conditions) and 1.33 (obesity). Patients suffering from

asthma had marginally lower mortality odds (aOR 0.84, [0.695 - 1.022]) (Table 2).

Table 3 shows estimated associations between vaccination status and clinical care received. As
before, we restrict our analysis to within-facility comparisons and condition on the full set of
socioeconomic and comorbidity controls. On average, influenza vaccination was associated with
an 8% reduction in the odds of receiving intensive care, and a 19% reduction in the odds of
receiving respiratory support. Supplementary Materials Table 2 shows further details for all

covariates included in this analysis.



Table2: Estimated associations between influenza vaccination and Covid-19 mortality.

Outcome:

Patient Death

1) )

Influenza vaccine 0.648***

0.816***

(3)
0.816***

(0.609 - 0.689) (0.754 - 0.883) (0.754 - 0.884)

Cardiovascular
problems

Hematology

Liver condition
Asthma

Diabetes

Neurological disorders
Lung condition
Immuno-depressed
Renal problems

Obese

Age controls YES YES
Facility

controls/intercepts NO YES
SES controls NO NO
Observations 26,352 23,182

0.963
(0.887 - 1.046)
0.975
(0.702 - 1.355)
1.191
(0.872 - 1.627)
0.809**
(0.674 - 0.970)
1.073*
(0.992 - 1.161)
1.214%*
(1.030 - 1.430)
1.150*
(0.976 - 1.355)
1.126
(0.955 - 1.327)
1.325%**
(1.137 - 1.543)
1.256%**
(1.082 - 1.459)

YES

YES
NO

23,182

(4)
0.838%**
(0.774 - 0.909)

0.966
(0.890 - 1.049)
0.969
(0.698 - 1.345)
1.138
(0.830 - 1.559)
0.857
(0.714 - 1.030)
1.082*
(1.000 - 1.170)
1.220%*
(1.034 - 1.439)
1.144
(0.972 - 1.346)
1.152*
(0.979 - 1.355)
1.206%**
(1.113 - 1.510)
1.286%**
(1.108 - 1.492)

YES

YES
YES

23,182

(5)%
0.820%**
(0.752 - 0.894)

0.952
(0.866 - 1.046)
0.972
(0.688 - 1.371)
1.204
(0.860 - 1.685)
0.843*
(0.695 - 1.022)
1.065
(0.975 - 1.163)
1.244%%
(1.043 - 1.484)
1.175*
(0.994 - 1.388)
1.146
(0.961 - 1.367)
1.314%%*
(1.111 - 1.554)
1.332%%*
(1.146 - 1.548)

YES

YES
YES

19,274

Table 2 compares patient mortality among vaccinated and non-vaccinated patients, conditioning on an
increasing number of covariates. Estimates are based on multivariable logistic regression models. Estimated
numbers displayed are odds ratios with 95% confidence intervals in parentheses. 25,235 patients were still
in clinical care at the time of the data collection, and thus excluded from the analysis. 41,077 patients were
excluded from the analysis due to unknown influenza vaccination status. Age controls correspond to
separate binary indicator variables for each 10-year age group. A total of 2290 facilities were included in
the analysis. Socioeconomic status (SES) controls include gender, race and educational attainment group.
Missing data on comorbidities and SES were imputed using multiple imputations using chained equations.
3 restricted to observations with confirmed positive RT-qPCR result for SARS-CoV-2. *** p<0.01, **

p<0.05, * p<0.1



Table 3: Estimated associations between vaccination status and Covid-19 severity

Outcome: Intensive Care Respiratory Support
1) ) @) (4)
Influenza vaccine 0.914** 0.924** 0.800*** 0.805***

(0.852-0.980)  (0.861-0.992) (0.736-0.869) (0.741 - 0.875)

Age controls YES YES YES YES
Facility controls/intercepts YES YES YES YES
SES & comorbidity controls NO YES NO YES
Observations 26,260 26,260 25,959 25,959

Table 3 compares the need for intensive care (columns 1 and 2) as well as invasive respiratory support
(columns 3 and 4) among patients with and without influenza vaccine. Columns 1 and 3 control for age and
treatment facility only. Columns 2 and 4 also control for SES and comorbidities. All estimates are based on
multivariable logistic regression models. Estimated coefficients are expressed as odds ratios with 95%
confidence intervals in parentheses. Information on intensive care treatment and respiratory support was
unspecified for 17,718 and 17,330 patients, respectively. Age controls correspond to separate binary
indicator variables for each 10-year age group. Missing data on comorbidities and SES were imputed using
multiple imputations using chained equations. A total of 2477 facilities were included in the analysis. SES
controls include gender, race and educational attainment group. *** p<0.01, ** p<0.05, * p<0.1.

Figure 2 shows estimated associations between vaccination status and Covid-19 mortality,
separated by the timing of influenza vaccine administration. As shown in Supplemental Materials
Figure S4, most of the vaccines (65.7%) were administered as part of the 2020 campaign, with
776 vaccinations (6.8%) administered after the self-reported on-set of Covid-19 symptoms. When
we jointly analyze all age groups (Panel A, Figure 2), we find protective effects for individuals
whose last vaccination was given in March 2020 or later, but not for individuals last vaccinated
earlier. On average, we find that vaccines obtained as part of the 2020 campaigns were associated
with 20% lower odds of mortality if the vaccine was given prior to the onset, and with 27% lower
odds of death if the vaccine was given after onset of clinical Covid-19 symptoms — these two

estimates are however not statistically different from each other.
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Figure 2: Estimated association between influenza vaccination status and Covid-19 mortality

dependent on timing of vaccine administration and stratified by patient age.

Panel A: All Ages

Vaccination after onset of symptoms
Vaccination during 2020 campaign
Vaccination prior to 2020 campaign

Vaccination date unknown

Panel B: Under age 60

0.73 (0.58, 0.91)

0.80 (0.72, 0.88)

1.06 (0.87, 1.28)

0.89 (0.78, 1.02)

Vaccination after onset of symptoms —_— 0.75(0.49, 1.15)
Vaccination during 2020 campaign —_— 0.61 (0.50, 0.74)
Vaccination prior to 2020 campaign —_— 1.01(0.73, 1.39)
Vaccination date unknown — 0.90(0.70, 1.15)

Panel C: Age 60 and older

Vaccination after onset of symptoms
Vaccination during 2020 campaign
Vaccination prior to 2020 campaign

Vaccination date unknown

0.69 (0.52, 0.92)

0.88 (0.78, 0.99)

1.12 (0.87, 1.45)

0.92 (0.78, 1.09)

Fig. 2 compares Covid-19 mortality outcomes of patients vaccinated against influenza at different points in
time to Covid-19 mortality outcomes of non-vaccinated patients. Estimates represent odds ratios based on
multivariable logistic regression models with full set of covariates (95% confidence intervals displayed as
lines around the point estimate). The size of the grey squares is proportional to the sample size in each
group. Panel A includes all patients; panels B and C include patients under and over the age of 60,
respectively.
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When we stratify our analysis by age (Panel B and C, Figure 2), we find larger protective effects
for patients under the age of 60 than for older patients when the vaccine was given prior to onset
of symptoms. For vaccines given after onset of symptoms, effect sizes in both age groups (under
and above 60) seem very similar. No protective effects were found for either age group in cases
when influenza vaccine was given prior to the current campaign, or when the date of last
vaccination was unknown. The full regression results underlying these figures are provided in

Supplementary Materials Table 2.

Discussion

The results presented in this study strongly suggest that concerns regarding potential negative side
effects of influenza vaccination in case of ongoing spread of SARS-CoV-2 infections are not
warranted. We show that on average Covid-19 patients who received the inactivated trivalent
influenza vaccine in 2020 — even if administered after the onset of SARS-CoV-2 infection-related
symptoms — had significantly higher chances of surviving and less need for intensive hospital care
than patients without recent influenza vaccination. Patients obtaining an influenza vaccine differ
potentially from non-vaccinated patients in a range of possible factors including genetics, health
status, health pursuing behavior or other unknown biological or environmental factors that could
at least partially explain the observed differences in clinical presentation and survival. We
addressed these concerns in multiple ways: (i) we restricted our comparisons to patients using the
same health facility, which eliminates differences in health care access and quality of care; (ii) we
controlled for race to address immunogenetic differences of populations; and (iii) we controlled
for age, gender and educational attainment to account for general differences in living conditions

and health behaviors. Lastly, and most importantly, we controlled for an extensive set of pre-
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existing comorbidities documented in the medical records, which allows us to rule out any

confounding through pre-existing health conditions.

While we cannot rule out residual confounding through behavioral differences not manifested in
acute or chronic health conditions, it seems somewhat unlikely that such confounders would fully
explain the substantial protective effects observed. This naturally raises the question about the
most likely mechanisms underlying a potential protective effects of influenza vaccines. The most
immediate explanation that comes to mind is the prevention of potential influenza-Covid-19
coinfections (16). Although individual cases of such coinfections have been documented (17-19),
larger studies have found this combination to be rather rare (20-22). Given that we found only 30
cases with such coinfections among the > 90,000 patients in our data set, we can mostly rule out

coinfections as mechanism underlying the protective associations observed.

From an immunological perspective influenza vaccines are designed to induce adaptive, long-
lasting pathogen-specific immunity through secretion of neutralizing antibodies and development
of specific T-cell responses (23). Even though influenza and SARS-CoV-2 display only limited
nucleotide sequence similarity overall, CD8+ T-cell epitopes with modest sequence resemblance
seem plausible (24). However, given the extraordinary diversity of influenza viruses, the induction
of cross-neutralizing antibodies and T-cells that directly target other RNA viruses like SARS-CoV-
2 seems somewhat unlikely. If such a long-lasting immunity had been the main mechanism of
cross-protection, we should have also observed similarly protective effects for Covid-19 patients

vaccinated in prior years, which was not the case in our analysis.
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In our view, the most plausible mechanism underlying the beneficial effects observed are changes
in innate immunity. A growing body of evidence has documented that immunological memory is
not an exclusive feature of the adaptive immune response, and that adaptive features like memory
can also be found in innate immune cells as well as in tissue-resident stem cells (25). These innate
immune mechanisms can be triggered both by natural infections and by vaccines (26, 27) and
result in “off-target” protective effects against a range of pathogens not directly aimed at by the
vaccine (28). In vitro re-stimulation of peripheral blood leucocytes after BCG or influenza
vaccination with a variety of unrelated antigens has been shown to result in a broadly modified
cytokine profile with enhanced TNF-a and IL-6 production (29, 30). Observational,
epidemiological and clinical studies have also provided strong evidence that live vaccines against
Mycobacterium tuberculosis (BCG), measles, smallpox and polio can yield substantial non-
specific protective effects against other pathogens (31), and that these off-target effects account
for a significant share of the overall mortality reductions achieved by these vaccines (32). Given
the high similarities of SARS-CoV-2 and influenza viruses with respect to viral structure,
transmission and pathogenic mechanisms, it seems plausible that both viruses are detected by
similar or identical pattern recognition receptors. Their binding to viral RNA can then trigger
suitable inflammatory and antiviral responses. Two recent studies suggests that the
immunogenicity of influenza vaccines depends on the binding of single stranded RNA to toll like
receptor 7 (33, 34), which results not only in increased neutralizing antibody titers and T- cell
activation, but also in enhanced activation of natural killer (NK) cells and early respiratory IL-
12p40 and IFN-1 responses (33, 35). A recent study also suggests that influenza vaccines can prime
myeloid cells for enhanced cytokine secretion for up to 30 days, with lasting functional change in

the NK cell subsets (36). These trained, memory like NK cells could potentially be stimulated by
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other RNA viruses including SARS-CoV-2 as well. These proposed mechanisms appear consistent
with the differential protective effects observed in our study for the older patient group. Influenza
vaccines generally appear less effective in older than in younger individuals (37). It thus seems
plausible that innate immune system adaptations after vaccination may be compromised by aging

and age-associated immune dysfunctions (38).

A surprising finding in our analysis is that influenza vaccination conducted at the time of onset of
Covid-19 clinical symptoms or shortly thereafter was still associated with improved health
outcomes. It is possible that the innate immune response induced by such late vaccination results
in (i) more rapid and efficient SARS-CoV-2 clearance, preventing progressive dissemination into
lower areas of lung tissues and/or (ii) dampening of the uncontrolled, destructive pro-inflammatory
host response seen in Covid-19 at later, often fatal disease stages. It will be of paramount
importance to more closely study these potential off-target effects of influenza vaccination in
future research to fully understand the cell subsets affected, as well as the duration, reversibility
and consequences of those changes on local immune defense mechanisms in the upper and lower

respiratory tract.

Here, we provide strong, and to our knowledge first evidence that people at risk of developing
severe Covid-19 disease might benefit significantly from influenza vaccination. We believe these
off-target protective effects of influenza vaccines are most likely driven by a rapidly induced,
altered activation stage of the innate immunity. This activation can either down-modulate immune
overdrive induced by SARS-CoV-2 or directly prevent viral dissemination to the lower respiratory

tract (39). In the absence of a Covid-19 vaccine and without a well-established treatment to avert
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disease progression, induction of trained immunity exerting beneficial, off-target effects might be
a fruitful avenue for improving Covid-19 outcomes. The ongoing clinical studies with BCG are a

promising step in this direction (40).

Given the proven benefits of influenza vaccination in terms of reduced influenza incidence (41),
the incentives for governments and health care providers to aggressively promote seasonal
influenza vaccination during the ongoing Covid-19 pandemic seem stronger than ever. Even if
only a limited reduction in Covid-19 fatalities could be directly achieved by influenza vaccination,
the absolute numbers of saved lives might be significant. Reducing the overall burden of
respiratory viral infections on health care facilities during the influenza season will without any
doubt alleviate the work load on the already strained health care work forces and will allow health
systems to free and preserve care capacity for patients in greatest need until an effective vaccine

or drug against SARS-CoV-2 can be developed and widely distributed.
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Supplementary Materials

Materials and Methods

Study design

The study was designed as a clinical cohort study following all clinical patients with confirmed
Covid-19 diagnosis registered in Brazil between January 29, 2020 and June 8, 2020.

Setting

The study was conducted in Brazil. Brazil is the sixth-most populous country in the world, with
an estimated population of 212 million in 2019. As of June 12, Brazil is the country with the
second highest number of Covid-19 cases, as well as the country with the largest number of new

cases documented each day (https:/coronavirus.jhu.edu/map.html=

Participants

All individuals with a severe respiratory infection registered in the health system between
January 1, 2020 and June 8, 2020 were analyzed. Patients whose final survival outcome was not
documented as of June 8 were excluded from the mortality analysis.

Variables

Our main outcome of interest is progression to severe disease. Our primary outcome variable
was patient survival; we also analyzed intensive care treatment as well as invasive respiratory
support as (intermediate) secondary outcomes.

Our primary independent or exposure variable of interest was vaccination status. The national
reporting system requires providers to complete a detailed patient report that is designed to
capture basic demographics, symptoms and co-morbidities. Given Brazil’s major commitment to

national vaccination campaigns, the form also contains a question on whether the patient
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obtained an influenza vaccine as part of the ongoing national vaccination campaign. If the patient

confirms this, the vaccination date e is also entered in the system.

Data sources

All data used was collected within the Brazilian surveillance system for severe respiratory
infections (“Vigilancia de Sindrome Respiratdria Aguda Grave” (SRAG)). Since 2009, Brazil
operates a national disease surveillance network, which requires all health facilities and
providers to report all infections disease cases into a central system using a standardized
reporting protocol. The Covid-19 pandemic is considered a national public health emergency,
which requires that all cases must be reported within 24 hours to the MoH. All major respiratory
infections are then captured in a central system (SISRAG — Sistema de Informacdo de Sindrome
Respiratdria Aguda Grave). In compliance with Brazilian public law (Lei 12.527/2011, art. 7, §
3°), the MoH makes these surveillance data publicly available, after removing all identifiable
information. Even though providers are formally required to complete forms for all patients,

some fields (such as symptoms and co-morbidities) are not always filled.

Bias

The primary bias concern for our analysis is confounding: given that the national campaign
targets children and older individuals, age is an obvious concern; this can easily be addressed by
adjusting all estimates for age. It also seems possible that vaccines are more common among
individuals that are health workers or work-related target population, more health-aware people,

or have better health access. To address this, we control for educational attainment as well as
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facility of treatment in our adjusted models. Data on occupation was not available in the
database.

Study size

The study included all cases of severe respiratory infection documented between Januaryl and
June 8, 2020. The data set was downloaded on June 9, 2020.

Statistical methods

We start by presenting sociodemographic characteristics of patients, as well as the proportion of
patients requiring intensive care and respiratory care by gender, age, education and race. We also
show average survival probabilities for this group. In a second step, we plot average survival
probabilities for vaccinated and non-vaccinated individuals by 10-year age group.

In a third step, we use multivariable regression models to estimate the associations between
vaccination status and health outcomes. We first show basic correlations between influenza
vaccination status and outcomes. To address the most obvious confounding concerns (age and
health care access), we next show empirical models that control for age and use within-facility
variation only by including facility-specific intercepts (fixed effects) in our empirical models. To
further control for potential differences in disease severity, we show models that control for an
extensive list of co-morbidities documented in the data. Last, we also show models that control
for educational attainment and race to address concerns regarding selective vaccination uptake
within facilities. All main figures are presented in the text — additional materials are provided
below.

Missing Data

The final survival outcome (survived or died) was available for 67429 out of 92664 patients

(72.8%). Vaccination status was available for 36650 out of 92664 cases (39.6%). About 40% of
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cases with undefined vaccination status was explained in reporting differences across facilities.
The remaining variation in reporting reflects differences in individual provider efforts to enter
complete patient data into the system. Given the focus of this paper, we focused on the subset of
patients where vaccination data was available. To address missingness in the covariates included
in the analysis (particularly for comorbidities and socioeconomic variables) multiple imputation
using chained equations was applied. We used Stata’s MI package to run these imputations — the

final results were based on 100 random imputations.
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Supplementary Materials Figure S1: Covid-19 mortality by age group
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Fig. S1 shows age specific mortality rates by 10-year age group. Mortality on the y-axis is expressed as
proportion of Covid-19 patients in each age group dying. Analysis was restricted to patients where the
final outcome (survived or died) was known at the time of data extraction.
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Supplementary Materials Figure S2: Prevalence of comorbidity among Covid-19 patients
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Fig. S2 shows the prevalence and type of comorbidities among Covid-19 patients.
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Supplementary Materials Figure S3: Vaccination coverage by age group
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Fig. S1 shows age vaccination rates by 10-year age group. Vaccination coverage on the y-axis is
expressed as proportion of Covid-19 patients in each age group having received an influenza vaccine in
the last 2 years. The 2020 campaign for children started on May 9™, reaching only some children by June
8, when the data was extracted.

26



Supplementary Materials Figure S4: Timing of influenza vaccination
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Fig. S4 shows the number of (most recently received) influenza vaccines by month of administration.
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Tables S1: Estimated associations between influenza vaccine and care received (full model)

Outcome:

Intensive Care

Respiratory Support

Influenza vaccine
Cardiovascular problems
Hematology

Hepatica

Asthma

Diabetes

Neurological disorders
Pneumomatica
Immuno-depressed
Renal problems

Obese

Age controls

Facility controls/intercepts

SES controls

Observations

1)
0.914**
(0.852 - 0.980)

YES
YES
NO

26,260

(2)
0.924**
(0.861 - 0.992)
1.032
(0.959 - 1.111)
0.841
(0.635 - 1.115)
1.092
(0.835 - 1.428)
0.983
(0.858 - 1.126)
1.064
(0.987 - 1.146)
0.957
(0.839 - 1.091)
1.050
(0.916 - 1.203)
0.968
(0.826 - 1.134)
1.144%*
(1.009 - 1.296)
1.245%%*
(1.093 - 1.418)

YES
YES
YES

26,260

3)
0.800%**
(0.736 - 0.869)

YES
YES
NO

25,959

4)
0.805%**
(0.741 - 0.875)
1.034
(0.946 - 1.130)
0.800
(0.587 - 1.090)
0.972
(0.707 - 1.338)
0.939
(0.801 - 1.100)
1.070
(0.987 - 1.160)
1.060
(0.910 - 1.234)
1.142%
(0.984 - 1.326)
0.980
(0.815 - 1.177)
1.250%**
(1.093 - 1.451)
1.344%%%
(1.157 - 1.561)

YES
YES
YES

25,959

Table S1 shows estimated associations between influenza vaccination and intensive care (columns 1 and
2) as well as invasive respiratory support (columns 3 and 4). All estimates are based on multivariable
logistic regression models. Estimated coefficients are expressed as odds ratios with 95% confidence
intervals in parentheses. Information on intensive care treatment and respiratory support was missing for
17,718 and 17,330 patients, respectively. Age controls correspond to separate binary indicator variables for
each 10-year age group. SES controls include gender, race and educational attainment group. Missing data
on comorbidities and SES were imputed using multiple imputations using chained equations. *** p<0.01,

** n<0.05, * p<0.1.
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Tables S2: Estimated associations between influenza vaccine and Covid-19 mortality (by

time of vaccination)

Outcome: Patient Death
Sample All Age <60 Age >=60
1) ) @)
Vaccinated post-onset 0.730*** 0.751 0.694**
(0.584 -0.914) (0.492-1.145)  (0.525-0.917)
Vaccinated 2020 pre onset 0.796*** 0.606*** 0.879**
(0.723-0.877)  (0.496-0.741)  (0.779 - 0.991)
Vaccinated earlier 1.059 1.007 1.123
(0.874-1.284) (0.728-1.392)  (0.870 - 1.449)
Date of vaccination unknown 0.891* 0.899 0.921
(0.779-1.019) (0.702-1.150)  (0.778 - 1.090)
Female 0.751*** 0.765*** 0.720***
(0.701-0.805) (0.687 -0.853)  (0.654 - 0.792)
Basic education 0.920 0.732 0.909
(0.752-1.124)  (0.462-1.158)  (0.720 - 1.147)
Lower secondary education 0.856 0.641* 0.900
(0.691-1.060) (0.406-1.012) (0.695-1.168)
Upper secondary education 0.755*** 0.535*** 0.840
(0.614 -0.927)  (0.343-0.835)  (0.648 - 1.090)
Higher education 0.510*** 0.337*** 0.639***

(0.403 - 0.647)

(0.209 - 0.542)

(0.466 - 0.877)

Age controls YES YES YES
Facility controls/intercepts NO YES YES
SES controls YES YES YES
Observations 23,182 11,049 9,304

Table S2 shows estimated associations between influenza vaccination and Covid-19 mortality by time of
vaccination. All estimates are based on multivariable logistic regression models. Estimated coefficients are
expressed as odds ratios with 95% confidence intervals in parentheses. Age controls correspond to separate
binary indicator variables for each 10-year age group.
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