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Abstract

Introduction

Recently, several single center studies have suggested a protective effect of the influenza
vaccine against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). This
study utilizes a continuously updated Electronic Medical Record (EMR) network to assess
the possible benefits of influenza vaccination mitigating critical adverse outcomes in SARS-
CoV-2 positive patients from 56 healthcare organizations (HCOs).

Methods

The de-identified records of 73,346,583 patients were retrospectively screened. Two
cohorts of 37,377 patients, having either received or not received influenza vaccination six
months—two weeks prior to SARS-CoV-2 positive diagnosis, were created using Common
Procedural Terminology (CPT) and logical observation identifiers names and codes
(LOINC) codes. Adverse outcomes within 30, 60, 90, and 120 days of positive SARS-CoV-2
diagnosis were compared between cohorts. Outcomes were assessed with stringent pro-
pensity score matching including age, race, ethnicity, gender, hypertension, diabetes,
hyperlipidemia, chronic obstructive pulmonary disease (COPD), obesity, heart disease, and
lifestyle habits such as smoking.

Results

SARS-CoV-2-positive patients who received the influenza vaccine experienced decreased
sepsis (p<0.01, Risk Ratio: 1.361—-1.450, 95% CI:1.123-1.699, NNT:286) and stroke
(p<0.02, RR: 1.451-1.580, 95% CI:1.075—2.034, NNT:625) across all time points. ICU
admissions were lower in SARS-CoV-2-positive patients receiving the influenza vaccine at
30, 90, and 120 days (p<0.03, RR: 1.174—1.200, 95% CIl:1.003-1.385, NNT:435), while
approaching significance at 60 days (p = 0.0509, RR: 1.156, 95% CI1:0.999-1.338). Patients
who received the influenza vaccine experienced fewer DVTs 60-120 days after positive
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SARS-CoV-2 diagnosis (p<0.02, RR:1.41-1.530, 95% CI:1.082—2.076, NNT:1000) and
experienced fewer emergency department (ED) visits 90-120 days post SARS-CoV-2-posi-
tive diagnosis (p<0.01, RR:1.204-1.580, 95% CI: 1.050-1.476, NNT:176).

Conclusion

Our analysis outlines the potential protective effect of influenza vaccination in SARS-CoV-2-
positive patients against adverse outcomes within 30, 60, 90, and 120 days of a positive
diagnosis. Significant findings favoring influenza vaccination mitigating the risks of sepsis,
stroke, deep vein thrombosis (DVT), emergency department (ED) & Intensive Care Unit
(ICU) admissions suggest a potential protective effect that could benefit populations without
readily available access to SARS-CoV-2 vaccination. Thus further investigation with future
prospective studies is warranted.

Introduction

With cases in excess of 140 million and a death toll over 3 million, COVID-19 has greatly
impacted the global community [1]. In the nascency of severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), demand for rapid, yet accurate data was voracious [2]. As the
world continues to attempt to overcome the current pandemic and readies itself to combat a
future one, the need for expeditious clinical answers remains paramount.

Federated electronic medical record (EMR) networks, such as TriNetX (TriNetX Inc, Cam-
bridge, MA), aggregate the de-identified records of millions of patients from participating
healthcare organizations (HCOs) into an accessible and searchable database in real-time [3, 4].
Several publications have already demonstrated the utility of federated EMR networks in
addressing research questions regarding the implications of SARS-CoV-2 on maladies includ-
ing obesity, rheumatological disease, gastrointestinal bleeding, and psychiatric illness [5-8].
The efficiency and speed with which these previous retrospective studies were able to examine
topics of interest, using real-time EMRSs, allows for the collective advancement of COVID-19
knowledge in hopes of optimizing prevention and management.

Recently, several studies have suggested a possible protective effect of the influenza vaccine
against SARS-CoV-2 [9-12]. Although no cross-reactivity between influenza-induced antibod-
ies and SARS-CoV-2 protection has been demonstrated, several theorized mechanisms of the
potential protective effect of influenza vaccination have been proposed in the recent literature
[9, 13, 14]. The first hypothesis centers around the presence of MF59 in the influenza vaccine:
an oil-in-water squalene emulsion that has been shown to assist in potentiating an immune
response to SARS-CoV variants [14]. Alternatively, influenza vaccination’s potential protective
effect may be explained by its ability to stimulate the activation of natural killer cells, the levels
of which have been found to be considerably decreased in moderate and severe SARS-CoV-2
cases [15, 16]. Another proposed mechanism was described in a recent case-control study of
261 healthcare workers. The authors noted several prior studies that suggested both coronavi-
ruses and influenza viruses engage with the angiotensin-converting enzyme 2 (ACE-2) and tet-
raspanin antibodies. Thus, there is belief that ACE-2 and tetraspanin antibodies may inhibit
both coronavirus and low-pathogenic influenza A virus infections. Outcomes of this study
pointed to a potential protective effect in those with influenza vaccination [11]. Additional
studies reported that the influenza vaccine may lead to decreased risk of cardiovascular events
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due to potential interaction with immune and inflammatory systems to promote plaque stabi-
lization [17, 18]. It has also been recently reported that influenza vaccine-induced antibodies
may interact with the bradykinin 2 receptor, leading to an anti-inflammatory effect secondary
to increasing nitric oxide [18, 19].

In a single-center study of 2,005 patients, Yang et al. were the first to perform a retrospec-
tive review highlighting a potential protective effect of influenza vaccination against adverse
outcomes associated with SARS-CoV-2. Only 10.7% of patients in this study were considered
up to date on their influenza immunization. The authors reported a 2.44 greater odds ratio
(OR) for hospitalization and 3.29 greater OR for intensive care unit (ICU) admission indicat-
ing a protective effect for SARS-CoV-2 positive patients who were up to date on their influenza
immunization [9].

This investigation seeks to explore the potential protective effects of influenza vaccination
against SARS-CoV-2 using the TriNetX database. Specifically, this study aims to assess the pos-
sible benefit of influenza vaccination in mitigating critical adverse outcomes in SARS-CoV-2
positive patients using 73 million deidentified EMRs from 56 HCOs provided by a continu-
ously updated network.

Methods

At the time of our search in January 2021, the analytics subset contained EMRs from 56 HCOs
distributed predominantly throughout the United States of America, but also with participat-
ing institutions in the United Kingdom, Italy, Germany, Israel, and Singapore. Within the US,
the geographic distribution of HCOs is 6% in the Northwest, 33% in the Midwest, 42% in the
South, and 19% in the West [3]. The deidentified records of 73,346,583 patients were retro-
spectively screened using the TriNetX platform (Fig 1).

In order to ensure accuracy, logical observation identifiers names and codes (LOINCs), the
universal standard for identification of medical laboratory data, were used to identify patients
positive for SARS-CoV-2 (LOINC 94500-6). CPT codes were used to identify patients who
had received either the trivalent live intranasal (90660) or inactivated intramuscular influenza
vaccine (90653) within a timeframe of six months—two weeks prior to receiving a SARS--
CoV2-positive diagnosis. Additionally, Medicare patients receiving either the intranasal or
intramuscular influenza vaccine were captured using the corresponding healthcare common
procedure coding system (HCPCS) code (G0008). Any EMRs belonging to patients that were
pregnant, incarcerated, experienced an outcome outside of a 120-day post-SARS-CoV-2 diag-
nosis window, or not meeting all of the aforementioned criteria by CPT code were excluded.
Following application of inclusion and exclusion criteria, a cohort of 2,814,377 patients who
had not received the influenza vaccine six months—two weeks prior to a positive SARS-CoV-2
diagnosis was compared to a second cohort of 37,377, patients who had received the influenza
vaccine six months—two weeks prior to a positive SARS-CoV-2 diagnosis. We selected two
weeks as the minimum end of our study’s timespan as it takes approximately two weeks for the
immune system to fully develop antibodies following influenza vaccination. Conversely, six
months was chosen as the maximum end of the timespan between influenza vaccination and
SARS-CoV-2-positive diagnosis because the accepted standard for adequate protection with-
out a waning effect is six months [20].

Following the creation of these two cohorts, we used the TriNetX platform to facilitate pro-
pensity score matching between cohorts with ICD-10 codes for numerous factors including
age, race, gender, ethnicity, diabetes mellitus (E08-E13), elevated BMI status (E65-E68), hyper-
tension (I10-116), chronic ischemic heart disease (I125), heart failure (150), COPD (J44), mus-
culoskeletal disease (M00-M99), and factors influencing health status and contact with human
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Fig 1. TriNetX search strategy that allowed the authors to narrow down the EMRs of an initial 73,346,583 patients into two propensity score matched
37,377-patient cohorts (N = 74,754) for direct comparison of adverse outcomes within 30, 60, 90, & 120 days of SARS-CoV-2-positive diagnosis.

https://doi.org/10.1371/journal.pone.0255541.9001

services (Z00-Z99) which includes factors influencing health status including tobacco use,
body mass index (BMI), and socioeconomic status. After propensity score matching, a cohort
of 37,377 SARS-CoV-2 positive patients without influenza vaccination was paired with a sec-
ond cohort of 37,377 SARS-CoV-2 positive patients, comparable in demographics and co-
morbidities, that had received influenza vaccination within the aforementioned time frame.

Propensity score 1:1 balancing was completed within the TriNetX platform via logistic
regression utilizing version 3.7 of Python Software Foundation’s Scikit-Learn package (Python
Software Foundation, Delaware, USA). A greedy nearest neighbor matching algorithm
approach was used, setting standard differences to a value of less than 0.1 to indicate appropri-
ate matching. To eliminate record order bias, randomization of the record order in a covariate
matrix occurs before matching. Baseline characteristics with a standardized mean difference
between cohorts lower than 0.1 were considered well balanced.

Following optimization of the two cohorts for direct comparison, adverse outcomes were
identified with ICD-10 or CPT codes as sepsis (A41.9), deep vein thrombosis (DVT) (182.220,
182.40-182.89, 182.A19), pulmonary embolism (I26), acute myocardial infarction (I21), stroke
(I63), arthralgia(M25.5), ICU admission (99291, 1013729, 1014309), ED visits (1013711), hos-
pital admission (1013659, 1013660, 1013699), renal failure (N'19), acute respiratory distress
syndrome (J80), acute respiratory failure (J96), anorexia (R63), pneumonia (J18), and death.
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Following identification, adverse outcomes within 30, 60, 90, and 120 days of SARS-CoV-
2-positive diagnosis were analyzed and compared between the two cohorts. 120 days was made
the maximum endpoint of our study window to account for the presence of the poorly under-
stood Post-Acute Covid Syndrome (PACS), an autonomic dysfunction phenomenon observed
in many patients after recovering from SARS-CoV-2 [17].

Using the TriNetX platform’s Analytics function, statistical analysis and logistical regression
were performed by comparing indices and relative risks of outcomes following the successful
matching of cohorts with a p-value greater than 0.05. Outcomes for all measures were calcu-
lated using 95% confidence intervals (Cls). All p-values were two-sided and the alpha level was
set at 0.05. Risk ratio was defined in this study as the ratio of the probability of an adverse
SARS-CoV-2-related event occurring without history of up-to-date influenza vaccination ver-
sus the probability of the same adverse SARS-CoV-2-related event occurring in a patient with
history of up-to-date influenza vaccination [21].

Subsequently, Absolute Risk Reduction (ARR), defined as the difference in risk of an adverse
SARS-CoV-2-related outcome between the influenza-vaccinated group and non-influenza-vac-
cinated group, was calculated for each adverse outcome. The reciprocal of ARR was then
obtained to determine number needed to treat, henceforth referred to in this study as number
needed to vaccinate (NNV), for all statistically significant variables. The NNV is a calculation
specifying the average number of patients who needed to be up-to-date on their influenza vacci-
nation in order to have prevented one adverse SARS-CoV-2-related outcome [22, 23].

Results

Propensity score matching resulted in 37,377 patients in each cohort. Prior to matching, all
between-groups factors were found to be significantly different (p<0.0001). However, follow-
ing matching, all demographic and diagnostic factors were no longer significant (p>0-05)
(Table 1), indicating successful balancing.

Following propensity score matching by the TriNetX system, statistical analysis was per-
formed for all adverse outcomes of interest at 4 time points: 30, 60, 90, and 120 days following
a SARS-CoV-2-positive diagnosis (Tables 2-5).

SARS-CoV-2-positive patients who received the influenza vaccine experienced significantly
decreased sepsis (p = 0.0001-0.0020, Risk Ratio: 1.361-1.450, 95% CI: 1.123-1.699) and stroke
(p = 0.0003-0.0154, Risk Ratio: 1.451-1.580, 95% CI: 1.075-2.034) across all time points. ICU
admissions were significantly lower in SARS-CoV-2-positive patients receiving the influenza
vaccine at 30, 90, and 120 days (p = 0.0073-0.0240, Risk Ratio: 1.174-1.200, 95% CI: 1.003—
1.385), while approaching significance at 60 days (p = 0.0509, Risk Ratio: 1.156, 95% CI:
0.999-1.338) (Fig 2A).

Patients who received influenza vaccination experienced significantly fewer DVTs 60-
120 days after positive SARS-CoV-2 diagnosis (p = 0.0058-0.0108, Risk Ratio: 1.411-1.530,
95% CI: 1.082-2.076) (Fig 2B) and experienced significantly fewer ED visits 90-120 days
post SARS-CoV-2-positive diagnosis (p = 0.0001-0.0076, Risk Ratio: 1.204-1.580, 95% CI:
1.050-1.476) (Fig 2C).

Additional findings included patients up-to-date on their influenza vaccination experienc-
ing significantly less anorexia within 90 days of SARS-CoV-2-positive diagnosis (p = 0.0486,
Risk Ratio: 1.276, 95% CI: 1.001-1.627) as well as decreased arthralgia within 120 days of
SARS-CoV-2-positive diagnosis (p = 0.0041, Risk Ratio: 1.218, 95% CI: 1.064-1.395).

NNV with influenza vaccination to prevent one adverse SARS-CoV-2-related outcome cal-
culations for significant findings for sepsis, stroke, and ICU Admission within 30, 60, 90, and
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Table 1. Propensity score matching results, all factors were significantly different between the 2 cohorts prior to matching (p<0.0001).

Al Age at Index 43.3 +/-22.4 2,814,377 | 100% 100% | <0.0001 @ 0.3959 52.5 +/- 37,377 100% 100% | 0.7967 | 0.0019
52.6 +/- 24.6 37,377 24.6 52.6 37,377
+/-24.6
2186-5 Not Hispanic or Latino 1,768,612 62.842% <0.0001 | 0.5406 32,085 85.842% 0.4833 | 0.0051
32,018 85.662% 32,018 85.662%
2106-3 White 1,787,611 63.517% <0.0001 | 0.3104 29,037 77.687% 0.5508 | 0.0044
28,969 77.505% 28,969 77.505%
F Female 1,552,735 55.172% <0.0001 | 0.0579 21,696 58.046% 0.9882 | 0.0001
21,694 58.041% 21,694 58.041%
M Male 1,235,524 43.9% <0.0001 | 0.0398 15,666 41.913% 0.9645 | 0.0003
15,672 41.93% 15,672 41.93%
2054-5 Black or African American 379,423 13.42% <0.0001 | 0.0671 4,204 11.248% 0.9079 | 0.0008
4,214 11.274% 4,214 11.274%
UN Unknown Ethnicity 776,781 27.6% <0.0001 | 0.5173 3,114 3.331% 0.8635 | 0.0013
3,127 8.366% 3,127 8.366%
2131-1 Unknown Race 579,997 20.608% <0.0001 | 0.3614 3,054 8.171% 0.8516 | 0.0014
3,040 8.133% 3,040 8.133%
2135-2 Hispanic or Latino 268,984 9.557% <0.0001 | 0.1343 2,178 5.827% 0.4019 | 0.0061
2,232 5.972% 2,232 5.972%
2028-9 Asian 49,119 769 1.745% <0.0001 | 0.0229 736 769 1.969% 0.3902 | 0.0063
2.057% 2.057%
1002-5 American Indian or Alaska 12,626 226 0.449% <0.0001 | 0.0216 209 226 0.559% 0.4137 | 0.006
Native 0.605% 0.605%
2076-8 Native Hawaiian or Other 5,601 159 0.199% <0.0001 | 0.0406 137 159 0.367% 0.2001 | 0.0094
Pacific Islander 0.425% 0.425%
700-799 Factors Influencing Health 1,231,075 43.742% <0.0001 | 1.5668 37,146 99.382% 1.0000 | <0.0001
Status & Contact with 37,146 99.382% 37,146 99.382%
Health Services
MO00-M99 Musculoskeletal Disease 691,394 24.567% <0.0001 | 0.7643 22,382 59.882% 0.8814 | 0.0011
22,362 59.828% 22,362 59.828%
110-116 Hypertension 467,590 16.614% <0.0001 | 0.6953 17,679 47.299% 0.8547 | 0.0013
17,654 47.232% 17,654 47.232%
E08-E13 Diabetes Mellitus 206,563 7.34% <0.0001 | 0.4318 8,348 22.335% 0.972 | 0.0003
8,352 22.345% 8,352 22.345%
E65-E68 Overweight/Obesity 185,395 6.587% <0.0001 | 0.3507 6,619 17.709% 0.4675 | 0.0053
6,695 17.912% 6,695 17.912%
125 Heart Disease 122,995 4.37% <0.0001 | 0.3511 5,350 14.314% 0.5387 | 0.0045
5,409 14.471% 5,409 14.471%
150 Heart Failure 81,330 2.89% <0.0001 | 0.3056 3,849 10.298% 0.5891 | 0.0040
3,894 10.418% 3,894 10.418%
J44 COPD 72,204 2.566% <0.0001 | 0.2970 3,539 9.468% 0.5922 | 0.0039
3,582 9.583% 3,582 9.583%

Following matching, there were no significant differences between factors (p>0.05). (Black font = No Influenza Vaccine Cohort, Blue Font = Influenza Vaccine Cohort).

https://doi.org/10.1371/journal.pone.0255541.t001

120 days of positive SARS-CoV-2 diagnosis are illustrated in Fig 3, along with NNV to prevent
DVT within 60-120 days, and NNV to prevent ED Visits within 90-120 days (Fig 3).
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Table 2. Statistical analysis of adverse outcomes within 30 days of SARS-CoV-2-positive diagnosis.

30 Days (N = 37,377)
No Vaccine Vaccine Risk Ratio 95% CI p-value 0Odds Ratio 95% CI
Sepsis 0.70% 0.52% 1.361 (1.123,1.650) 0.0016* 1.364 (1.124,1.655)
Stroke 0.27% 0.18% 1.479 (1.075,2.034) 0.0154* 1.480 (1.075,2.038)
ICU Admission 0.95% 0.80% 1.179 (1.003,1.385) 0.0457* 1.180 (1.003,1.389)
DVT 0.20% 0.15% 1.365 (0.959,1.944) 0.0829 1.366 (0.959,1.946)
PE 0.20% 0.21% 0.951 (0.69,1.31) 0.7565 0.950 (0.689,1.311)
Death 0.92% 1.04% 0.888 (0.768,1.025) 0.1054 0.887 (0.766,1.026)
ARF 1.01% 1.12% 0.901 (0.779,1.041) 0.1576 0.900 (0.777,1.042)
ARDS 0.14% 0.14% 1.019 (0.690,1.504) 0.9254 1.019 (0.690,1.505)
Arthralgia 0.95% 0.96% 0.996 (0.81,1.224) 0.9681 0.996 (0.809,1.226)
Renal Failure 0.09% 0.09% 0.996 (0.610,1.625) 0.9869 0.996 (0.610,1.626)
Anorexia 0.22% 0.22% 1.01 (0.740,1.379) 0.9496 1.010 (0.739,1.380)
Acute MI 0.35% 0.34% 1.047 (0.814,1.346) 0.7209 1.047 (0.813,1.348)
Hospital Admission 2.83% 2.67% 1.062 (0.960,1.176) 0.2417 1.064 (0.959,1.181)
ED Visit 1.35% 1.31% 1.034 (0.872,1.225) 0.7025 1.034 (0.871,1.228)
Pneumonia 0.77% 0.77% 0.996 (0.835,1.188) 0.9634 0.996 (0.833,1.190)

*Statistically Significant (p<0.05)
** Approaching Statistical Significance

https://doi.org/10.1371/journal.pone.0255541.t1002

Discussion

This study underscores the utility of federated EMR networks as a potential solution for the
need for urgent clinical data, particularly during health crises such as pandemics. While the
work of retrospective single-center studies continues to have advantages such as detailed

Table 3. Statistical analysis of adverse outcomes within 60 days of SARS-CoV-2-positive diagnosis.

60 Days (N = 37,377)
No Vaccine Vaccine Risk Ratio 95% CI p-value Odds Ratio 95% CI
Sepsis 0.91% 0.66% 1.383 (1.167,1.639) 0.0002* 1.386 (1.168,1.646)
Stroke 0.34% 0.23% 1451 (1.096,1.92) 0.0089* 1.452 (1.096,1.924)
ICU Admission 1.14% 0.99% 1.156 (0.999,1.338) 0.0509** 1.158 (0.999,1.342)
DVT 0.29% 0.19% 1.531 (1.129,2.076) 0.0058" 1.532 (1.129,2.080)
PE 0.27% 0.28% 0.98 (0.741,1.295) 0.8848 0.980 (0.741,1.296)
Death 1.29% 1.42% 0.91 (0.805,1.029) 0.1328 0.909 (0.803,1.029)
ARF 1.24% 1.33% 0.933 (0.818,1.064) 0.3007 0.932 (0.816,1.065)
ARDS 0.16% 0.16% 1.016 (0.707,1.459) 0.9314 1.016 (0.707,1.460)
Arthralgia 1.55% 1.47% 1.049 (0.891,1.236) 0.5667 1.050 (0.889,1.240)
Renal Failure 0.11% 0.12% 0.925 (0.598,1.430) 0.7248 0.925 (0.598,1.430)
Anorexia 0.34% 0.29% 1.174 (0.905,1.523) 0.2258 1.175 (0.905,1.525)
Acute MI 0.46% 0.40% 1.146 (0.914,1.436) 0.2378 1.146 (0.914,1.438)
Hospital Admission 3.13% 2.91% 1.076 (0.977,1.185) 0.1367 1.079 (0.976,1.192)
ED Visit 1.82% 1.64% 1.108 (0.955,1.286) 0.1767 1.110 (0.954,1.291)
Pneumonia 0.94% 0.92% 1.017 (0.866,1.193) 0.841 1.017 (0.865,1.195)

*Statistically Significant (p<0.05)
** Approaching Statistical Significance

https://doi.org/10.1371/journal.pone.0255541.t1003
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Table 4. Statistical analysis of adverse outcomes within 90 days of SARS-CoV-2-positive diagnosis.
90 Days (N = 37,377)

No Vaccine Vaccine Risk Ratio 95% CI p-value Odds Ratio 95% CI
Sepsis 1.03% 0.71% 1.445 (1.229,1.699) <0.0001* 1.450 (1.231,1.707)
Stroke 0.40% 0.27% 1.477 (1.141,1.912) 0.0029* 1.479 (1.141,1.916)
ICU Admission 1.25% 1.07% 1.174 (1.021,1.351) 0.024* 1.177 (1.022,1.355)
DVT 0.33% 0.23% 1.451 (1.096,1.920) 0.0089* 1.452 (1.096,1.924)
ED Visit 2.25% 1.87% 1.204 (1.050,1.380) 0.0076* 1.209 (1.052,1.390)
Anorexia 0.41% 0.32% 1.276 (1.001,1.627) 0.0486* 1.277 (1.001,1.630)
PE 0.31% 0.32% 0.99 (0.764,1.282) 0.9369 0.990 (0.763,1.283)
Death 1.53% 1.60% 0.957 (0.854,1.073) 0.4541 0.957 (0.852,1.074)
ARF 1.36% 1.42% 0.957 (0.844,1.086) 0.4979 0.957 (0.842,1.087)
ARDS 0.17% 0.17% 1.015 (0.715,1.441) 0.9339 1.015 (0.715,1.422)
Arthralgia 2.11% 1.78% 1.131 (0.977,1.309) 0.0998 1.133 (0.976,1.315)
Renal Failure 0.18% 0.12% 0.952 (0.627,1.445) 0.816 0.952 (0.626,1.446)
Acute MI 0.51% 0.45% 1.137 (0.917,1.409) 0.241 1.137 (0.917,1.411)
Hospital Admission 3.29% 3.04% 1.083 (0.985,1.190) 0.0975 1.086 (0.985,1.197)
Pneumonia 1.08% 1.01% 1.073 (0.922,1.248) 0.3634 1.073 (0.921,1.251)

*Statistically Significant (p<0.05)
** Approaching Statistical Significance

https://doi.org/10.1371/journal.pone.0255541.t1004

historical patient information that deidentified EMR networks cannot provide, the ability to
scan, in minutes, the charts of 73 million patients from 56 HCOs in real-time to guide clinical
decision-making is invaluable.

EMRs included in our study monitored patients with positive SARS-CoV-2 diagnoses for
adverse outcomes during a period of 120 days. This time window was chosen intentionally to

Table 5. Statistical analysis of adverse outcomes within 120 days of SARS-CoV-2-positive diagnosis.
120 Days (N = 37,377)

No Vaccine Vaccine Risk Ratio 95% CI p-value Odds Ratio 95% CI
Sepsis 1.13% 0.78% 1.449 (1.240,1.690) <0.0001* 1.454 (1.244,1.699)
Stroke 0.45% 0.29% 1.58 (1.233,2.026) 0.0003* 1.583 (1.234,2.031)
ICU Admission 1.37% 1.14% 1.202 (1.051,1.375) 0.0073* 1.205 (1.051,1.381)
DVT 0.36% 0.26% 1.411 (1.082,1.842) 0.0108* 1.413 (1.082,1.845)
ED Visit 2.58% 2.01% 1.285 (1.132,1.476) 0.0001* 1.293 (1.132,1.476)
Arthralgia 2.46% 2.02% 1.218 (1.064,1.395) 0.0041* 1.224 (1.066,1.405)
Hospital Admission 3.43% 3.15% 1.093 (0.997,1.200) 0.0587** 1.097 (0.997,1.207)
Anorexia 0.45% 0.36% 1.227 (0.975,1.545) 0.0808 1.228 (0.975,1.548)
PE 0.35% 0.33% 1.057 (0.822,1.360) 0.6646 1.057 (0.821,1.361)
Death 1.70% 1.67% 1.016 (0.910,1.133) 0.7827 1.016 (0.909,1.136)
ARF 1.49% 1.47% 1.014 (0.897,1.146) 0.8243 1.014 (0.896,1.148)
ARDS 0.18% 0.17% 1.095 (0.777,1.545) 0.6031 1.096 (0.776,1.546)
Renal Failure 0.14% 0.13% 1.037 (0.701,1.534) 0.8575 1.037 (0.700,1.535)
Acute MI 0.55% 0.47% 1.186 (0.963,1.460) 0.1075 1.187 (0.963,1.462)
Pneumonia 1.19% 1.05% 1.139 (0.984,1.319) 0.0805 1.141 (0.984,1.323)

*Statistically Significant (p<0.05)
** Approaching Statistical Significance

https://doi.org/10.1371/journal.pone.0255541.t005
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Fig 2. Significant adverse outcome trends 30-120 days (a), 60-120 days (b) & 90-120 days (c) (p<0.05). ** ICU
Admissions Within 60 Days approaching significance (p = 0.0509, 95%).

https://doi.org/10.1371/journal.pone.0255541.9002

account for the possible presence of PACS. Although poorly understood, previous studies of
PACS have reported orthostatic intolerance, often without objective hemodynamic abnormali-
ties upon testing, as well as new illness-related fatigue to be the most common presentations.
Development of these symptoms was found to occur between 0-122 days and 29-71 days
post-SARS-CoV-2 diagnosis respectively [24, 25].

By focusing on rates of hospitalization and ICU admission, the study of Yang et al., gar-
nered a sizable amount of media coverage [23, 24]. This study most closely mirrors this study’s
aim of appraising the potential impact of influenza vaccination on adverse outcomes associ-
ated with SARS-CoV-2. Prior to comparing findings between these two studies, it is important
to note several key differences in methodology [9]. While both studies relied on medical cod-
ing to identify SARS-CoV-2 positivity and influenza vaccination status, the timeframes were
different, with this study encompassing the first full year of SARS-CoV-2 cases globally from
January 2020-January 2021 [1, 25]. This timespan enabled our study to include data from the
2019-2020 influenza vaccine formulation as well as the most recent 2020-2021 influenza sea-
son formulation. This contrasts with the timespan of the previously mentioned study, as well
as the recently published retrospective review of 27,000 patients by Conlon et al. Both of these
studies analyzed SARS-CoV-2 cases between March-August 2020, a period overlapping
between two different influenza vaccinations and seasons which excludes peak influenza sea-
son, and did not set a 2 week— 6 month time limit for influenza vaccine being “current/active”
[9, 12]. Additionally, the Yang and Conlon study timeframes began 6 months after the CDC'’s

NNT Over Time
1200

- — — ~
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400

200 \

30 Days 60 Days 90 Days 120 Days

—SEPSIS e Stroke ICU Admission DVT e ED visits

Fig 3. NNV to prevent adverse outcomes within 30-120 days, 60-120 days, and 90-120 days of SARS-CoV-2-positive diagnosis.
https://doi.org/10.1371/journal.pone.0255541.9003
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recommended influenza vaccination time in October, therefore the vaccine antibodies were
likely already waning [9, 12, 20].

Our study found no association between influenza vaccination and risk of death in SARS--
CoV-2-positive patients. This confirms the previous findings of Umasabor-Bubu et al., Pedote
et al. and Ragni et al., which found that a history of influenza vaccination did not confer pro-
tection against death in reviews of 558, 664, and 17,600 patients respectively [26-28].

Alternatively, two macro-scale studies have found there to be conflicting relationships
between influenza vaccination and mortality in the elderly population. In a large scale study of
over 2,000 counties in the United States, Zanettini et al. demonstrated a potential protective
effect of influenza vaccination on SARS-CoV-2 mortality [29]. Conversely, Wehenkel et al.
performed a macro-scale study of association between influenza vaccination rate and SARS--
CoV-2 deaths in an examination of over 500,000 patients across 39 countries [30]. This study
showed a positive association between COVID-19 deaths and influenza vaccination rates in
elderly people 65 years of age and older. The conflicting findings of these studies may be attrib-
utable to their large scale nature and lack of analysis of individual patient EMRs, thereby fur-
ther increasing the need for prospective randomized control studies to better define the
potential protective effect of influenza vaccination against SARS-CoV-2.

In light of the over 140 million confirmed positive cases worldwide', the use of NNV calcu-
lations allows for a deeper appreciation of the potential benefit of influenza vaccination. In
addition to guarding against a possible “twindemic” of simultaneous outbreaks of influenza
and SARS-CoV-2 [31], the NNV trends observed within 30-120 days of SARS-CoV-2 diagno-
sis for sepsis, stroke, ICU admission, DVT, and ED visits further strengthen the case in favor
of a protective effect of influenza vaccination (Fig 3). Specifically, in order to prevent one indi-
vidual from visiting the ED, developing sepsis, being admitted to the ICU, suffering a stroke,
or having a DVT within 120 days of positive SARS-CoV-2 diagnosis, 176, 286, 435, 625, and
1,000 people respectively would need to have been up-to-date with their influenza vaccination.
When considered on a global scale, the NNVs calculated in this study may serve to benefit not
only those that will be infected with SARS-CoV-2, a diagnosis that has already affected over
140 million to date, but also the finances and resources of the health systems responsible
should patients suffer these adverse outcomes [32]. Even more encouraging, apart from DVT
for which NNV remained stable, the NNVs for sepsis, stroke, ICU Admissions, and ED Visits
were down trending at the 120-day mark, implying that the NNV and thus potential protective
benefit of influenza vaccination may be even stronger than observed in the present study.

Expanding upon our prospective understanding of the relationship between influenza vac-
cination and protection against adverse outcomes during SARS-CoV-2 is the work of Paw-
lowski et al. This retrospective review found that a history of eight different vaccines including
Polio, H. influenzae type-B, measles-mumps-rubella, and Varicella, amongst others, within the
past one, two, or five years is associated with decreased SARS-CoV-2 infection rates, even after
cohort balancing [33]. This suggests that the protective effect observed by our group and oth-
ers against SARS-CoV-2 may not be unique to influenza vaccination.

This study has the benefits of large cohort size and a tightly matched patient population,
however reliance on a global database also introduces limitations that must be acknowledged.
These limitations include our study’s retrospective nature, absence of detailed historical
patient data, and lack of ability to follow up regarding new symptoms. Our search query’s reli-
ance on the CPT, ICD-10, and LOINC coding of individual HCOs is another potential source
of confounding as the accuracy of these factors is inherent to the EMRs comprising the data-
base. This statement is particularly of interest as relates to false positive and false negative cases
of SARS-CoV-2, which relies on the specificity and sensitivity of PCR and rapid antigen
testing.
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Federated EMR networks, such as TriNetX, have vast potential to challenge or verify scien-
tific findings using sample sizes and turnaround times unachievable by individual centers, par-
ticularly during health crises such as pandemics. Our study was able to verify and challenge the
relatively large difference in the potential protective effect of influenza vaccination observed by
the previous study with a much more modest effect backed by nearly 75,000 global EMRs [9].
The potential protective effects of the vaccine against sepsis, stroke, DVT, ED visits, and ICU
admissions at 30, 60, 90, and 120 days following SARS-CoV-2-positive diagnosis reaftirms the
importance of annual influenza immunization.

While this observed potential protective effect is relatively small, the stringently matched
cohort balancing and sample size afforded by TriNetX substantially increases our confidence
in the fidelity of our findings. In the context of over 140 million cases globally, the potential
protective benefits further elucidated by the NNV calculations for these same adverse out-
comes suggests that a concerted effort to continue ramping up influenza vaccination in parallel
with SARS-CoV-2 vaccination is strongly worth consideration. Although production and dis-
tribution of SARS-CoV-2 vaccines continues to increase daily, the fact remains that certain
populations in the global community may still have to wait a long period of time before they
are vaccinated and could therefore benefit from a more readily available source of even mar-
ginally increased protection [34]. That being said, less than half of US adults receive influenza
vaccination each year, with Non-Hispanic Black, Hispanic, and American Indian/Alaskan
Native individuals having had the lowest influenza vaccination coverage while also being dis-
proportionately affected by SARS-CoV-2 [35].

The influenza vaccine may be a viable option to attenuate the adverse effects of SARS-CoV-
2 worldwide, with a specific potential to benefit populations struggling with access to or distri-
bution of SARS-CoV-2 vaccination. Even patients who have already received SARS-CoV-2
vaccination may stand to benefit given that the SARS-CoV-2 vaccine does not convey com-
plete immunity, although further research into the relationship and potential interaction
between influenza vaccination and SARS-CoV-2 vaccination should be performed.

Conclusion

Using a federated EMR network of over 73 million patients across 56 global HCOs, this analysis
examines the potential protective effect of the influenza vaccine against various adverse outcomes
at 30, 60, 90, and 120 days of SARS-CoV-2-positive diagnosis. Significant findings in favor of the
influenza vaccine in mitigating the risks of sepsis, stroke, DVT, ED visits, and ICU admissions
suggest a protective effect that merits further investigation. Limitations include this study’s retro-
spective nature and its reliance on the accuracy of medical coding. Future prospective controlled
studies to validate these findings and determine if an increased emphasis on influenza vaccination
will improve adverse outcomes in SARS-CoV-2-positive patients will be beneficial.
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