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1 | INTRODUCTION

Co-morbidities like diabetes confer higher susceptibility to several

respiratory diseases such as influenza, invasive pneumococcal disease,

and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

and a greater risk of death in infected patients.1,2 For this reason, vari-

ous organizations recommend routine vaccination against influenza

and invasive pneumococcal disease to reduce the risk of hospitaliza-

tion and death.3 During the current coronavirus disease 2019

(COVID-19) pandemic, which has resulted in more than 205 million

cases and more than 4.3 million deaths worldwide as of 12 August

2021,4 it has been suggested that influenza vaccination might attenu-

ate its severity.5-7 Recent reports suggest that prior influenza vaccina-

tion is associated with decreased positive COVID-19 testing, is

potentially protective from moderate and severe cases of COVID-19

with a lower incidence of clinical outcomes such as hospitalization or

mortality regardless of co-morbidities, and reduces the burden of

COVID-19.6,7 Conversely, an analysis of literature review found no

evidence of a potentially protective role of the influenza vaccination

in COVID-19 patients with influenza co-infection in terms of morbid-

ity and mortality reduction.8 Two theories have been provided to

explain the association between lower odds of hospitalization or

death in COVID-19–positive patients and prior administration of

influenza vaccine.9-11 The first one is related to the MF59 adjuvant

within the flu vaccine, which may induce protective effects against

COVID-19 by triggering a heightened immune response.11 The sec-

ond theory concerns the enhancing role of the flu vaccine in the acti-

vation of NK cells, which counterbalances the dramatically lower NK

cell activity induced by SARS-CoV-2 infection.9,10 Given the discrep-

ant conclusions from the literature and the low prevalence of patients

with diabetes (10%-13%) in these studies,6,7 more data are needed

regarding the possible association between influenza vaccination and

COVID-19 severity among patients with diabetes. The coronavirus

SARS-CoV-2 and Diabetes Outcomes (CORONADO) study, designed

to describe the phenotype characteristic and prognosis for patients
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hospitals during the first wave of the pandemic, provided an opportu-

nity to address this matter.12 In the current analysis, we therefore

report data on an association between influenza vaccination during

the year before hospitalization and COVID-19–related severe out-

comes in patients with diabetes.

2 | METHODS

Data used for the current analysis were obtained from the nationwide

multicentre observational CORONADO study (ClinicalTrial.gov

NCT04324736). The protocol and study design have been previously

reported elsewhere.12 The influenza vaccination status was obtained

from each patient/family by asking if they had been vaccinated

against influenza in the current season. Only patients with available

information on vaccination status were considered in the analysis.

The composite primary outcome (CPO) combined invasive mechanical

ventilation and/or death within 7 days.12 Secondary outcomes were

invasive mechanical ventilation, death, and admission to an intensive

care unit (ICU) within 7 days and similar outcomes (including CPO)

28 days after hospitalization.

Descriptive statistics (frequencies and percentages, mean and

standard deviations [SD], or median and interquartile ranges) were

used to present the demographic and clinical characteristics of partici-

pants at baseline. For comparisons between vaccinated and

unvaccinated patients, appropriate tests were used (t test or Wilcoxon

for quantitative variables and Fisherʼs exact test for categorical vari-

ables). Cox and logistic (for ICU admission) regression models were

used to compare the difference in COVID-19–related severity

between vaccinated and unvaccinated patients. To account for miss-

ing data, we performed multiple imputation by chained equations with

five replications. Then we computed a propensity score (PS) to control

for confounding factors that might influence vaccination uptake. Thus,

the analyses with and without adjustment were performed on the

same number of patients. Adjusted Cox and logistic regressions were

applied to estimate the average effect on influenza vaccine as inverse

probability of treatment weighting (IPTW).13 The standardized mean

difference method was used to assess the balance of covariates

between the vaccination groups before and after weighting. Assump-

tion of hazard proportionality and log-linearity were verified. All data

analyses were conducted with R software (4.0.3).

3 | RESULTS

Of the 2798 patients included in the CORONADO study, information

on influenza vaccination status was available for 819 (29.3%). Clinical

and biological characteristics prior to and upon admission were bal-

anced between patients with and without available information on

influenza vaccination (data not shown). A total of 762 (93%) patients

tested positive for SARS-CoV-2, and 375 (45.8%) reported having

been vaccinated against influenza during the current season. Com-

pared with non-vaccinated patients, those who received the influenza

vaccine were older (mean age 73.8 [SD 12.4] vs. 64.4 [13.5] years;

P < .001), had a longer history of diabetes (14.9 [11.1] vs. 9.8 [8.9]

years; P < .001), more complications including chronic kidney disease

(40.4% vs. 23.3%; P < .001), heart failure (15.7% vs. 8.4%; P = .002),

microangiopathy (51.7% vs. 31.5%; P < .001), and macroangiopathy

(46.4% vs. 29.6%; P < .001), and were more often affected by co-

morbidities such as hypertension (81.7% vs. 69.7%; P < .001),

dyslipidaemia (53.5% vs. 42.1%; P = .002), and treated obstructive

sleep apnoea (14% vs. 6.7%; P = .001). Upon admission, vaccinated

TABLE 1 Association between the previous influenza vaccine intake versus no vaccine intake and COVID-19 clinical outcomes estimated in
the Cox model (combined primary outcome, invasive mechanical ventilation, and death) and in the logistic regression model (ICU admission)
weighted by participants' inverse probability of vaccine

D7 D28

Unadjusted model Adjusted modela Unadjusted model Adjusted modela

HR (95%, CI)
P
value

HR (95%, CI)
P
value

HR (95%, CI)
P
value

HR (95%, CI)
P
value

Primary outcome 1.25 (0.96-1.63) .0914 0.90 (0.56-1.45) .6756 1.25 (0.96-1.63) .0914 1.04 (0.68-1.57) .8470

Invasive mechanical

ventilation

0.58 (0.39-0.85) .0049 0.67 (0.35-1.25) .2069 0.61 (0.42-0.88) .0088 0.69 (0.37-1.28) .2362

Death 3.52 (2.02-6.11) <.001 1.27 (0.52-3.13) .5947 2.31 (1.61-3.33) <.001 1.35 (0.76-2.39) .3093

Reanimation admissionb 0.93 (0.88-0.98) .0155 0.94 (0.86-1.03) .1729 0.93 (0.87-0.98) .0152 0.94 (0.86-1.03) .1763

Note: Bolded p values were < 0.05, which means the influenza vaccine was significantly associated with outcomes (combined primary outcome, invasive

mechanical ventilation, and death).
aThe propensity score was constructed for age, sex, body mass index, tobacco use, alcohol use, history of hypertension, ischaemic heart disease, heart

failure, stroke, peripheral artery disease, diabetic kidney disease, retinopathy, dyslipidaemia, HbA1c, respiratory failure and/or chronic obstructive

pulmonary disease, treatment for obstructive sleep apnoea, active cancer, and the use of metformin, insulin, dipeptidyl peptidase-4 inhibitor, glucagon-like

peptide-1, statin, thiazide diuretic, potassium-sparing diuretic, acarbose, sulphonylurea/glinide, angiotensin-converting enzyme inhibitor and/or

angiotensin receptor blocker, beta blocker, antiplatelet agent, and anticoagulant.
bFor ICU admission, the vaccine effects size was expressed using odds ratio.
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patients had a shorter time between the onset of COVID-19 symp-

toms and hospital admission (median 5.0 [IQR 2.0 to 8.5] vs. 6.0 [3.0

to 10.0]; P = .002), better glycaemic control (HbA1c: median 7.5%

vs. 8.0%; P < .001), and lower estimated glomerular filtration rate

(measured using the Chronic Kidney Disease Epidemiology Collabora-

tion equation; 64.6 vs. 80.1 mL/min/1.73m2; P < .001), haemoglobin

(12.7 vs. 13.1 g/L; P = .013), lymphocyte count (950 vs. 1100 103

/mm3; P < .001), and platelet count (201 vs. 208 103/mm3; P = .046).

COVID-19 symptoms (94.4% vs. 95.3%; P = .687), liver biomarkers

(gamma-glutamyl transferase: 0.90% vs. 1.0% upper limit of normal;

P = .998), and C-reactive protein (70.4 vs. 80.9 mg/L; P = .097) did not

differ between vaccinated and unvaccinated patients. Complete data

on the clinical and biological characteristics of the two vaccine groups

are provided in Table S1. In the non-weighted analyses, among the

444 patients who were not vaccinated, the rate of invasive mechanical

ventilation and/or death within 28 days was 24% compared with 31%

in the vaccinated group (hazard ratio 1.25, 95% confidence interval

0.96-1.63; Table 1 and Figure 1). The overall survival rate at 28 days

was 23% in the vaccinated group and 10% in the unvaccinated group

(2.31, 1.61-3.33). The corresponding invasive mechanical ventilation

and ICU admission rates were 11% versus 24% (0.61, 0.42-0.88) and

23% versus 30% (0.93, 0.87-0.98), respectively. In the IPTW-adjusted

analysis (Figure S1), no significant association was found between influ-

enza vaccination and the primary outcome (1.04, 0.68-1.57) or its indi-

vidual component at day 7 or day 28 (Table 1).

4 | DISCUSSION

To the best of our knowledge, this is the first study to address the

impact of seasonal influenza vaccination on COVID-19 severity in

patients with diabetes.

While we did not find an association between influenza vaccina-

tion and the severity of COVID-19, two recent US studies have

shown a beneficial effect of influenza vaccination.6,7 The first study

concerns a research databank consisting of 2005 patients tested for

COVID-19 in the University of Florida Health system, and indicates

that, compared with 214 (10.7%) COVID-19–positive patients who

received the influenza vaccine during the previous year, those who

had not been vaccinated had 2.44 (95% CI 1.68-3.61) greater odds of

hospitalization, and 3.29 (1.18-13.77) greater odds of ICU admission.7

The second large study involved 27 210 patients tested for COVID-

F IGURE 1 Kaplan–Meier curve for invasive mechanical ventilation and/or death in the unweighted sample (dotted lines) and the sample used
for inverse probability of treatment weighting (dashed lines). The propensity score was constructed for age, sex, body mass index, tobacco use,
alcohol use, history of hypertension, ischaemic heart disease, heart failure, stroke, peripheral artery disease, diabetic kidney disease, retinopathy,
dyslipidaemia, HbA1c, respiratory failure and/or chronic obstructive pulmonary disease, treatment for obstructive sleep apnoea, active cancer,
and the use of metformin, insulin, dipeptidyl peptidase-4 inhibitor, glucagon-like peptide-1, statin, thiazide diuretic, potassium-sparing diuretic,
acarbose, sulphonylurea/glinide, angiotensin-converting enzyme inhibitor and/or angiotensin receptor blocker, beta blocker, antiplatelet agent,
and anticoagulant
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19 within the Michigan healthcare system, of whom 12 997 (48%)

received a flu vaccine. The study's objectives were to explore the rela-

tionship between influenza vaccination and COVID-19, and for those

patients with COVID-19, to compare the severity of COVID-19 and

mortality risk according to influenza vaccination status. The authors

concluded that the influenza vaccine reduced the odds of testing posi-

tive for COVID-19 by 24% (risk ratio 0.76, 95% CI 0.68-0.86). More-

over, in COVID-19–positive patients, the influenza vaccine reduced

the odds of hospitalization, invasive mechanical ventilation, and length

of hospital stay by 42% (0.58, 0.46-0.73), 55% (0.45, 0.27-0.78), and

24% (0.76, 0.65-0.89), respectively.6

One possible explanation for this observed discrepancy compared

with our report is that CORONADO patients were older and more fre-

quently affected by co-morbidities, and therefore were associated

with a more severe clinical and biological presentation upon admis-

sion. Indeed, in the two US studies, the mean age of patients ranged

from 40.7 to 48.4 years with a prevalence of diabetes of 9%-11%,6,7

whereas all our patients had diabetes. Another possible explanation

for this discrepancy is the difference in statistical method used to esti-

mate the influenza vaccine effect, especially in the Florida report, with

an absence of the inverse probability of treatment weighting by

covariates to control for confounders.7

In the current study, information on influenza vaccination was

available for 29.3% of the whole sample, of whom 46% received the

vaccine, while 28% were followed by a diabetologist. Despite the

annual seasonal influenza vaccination (SIV) recommendation for peo-

ple with diabetes, in most Western countries the SIV rate is below the

World Health Organizationʼs target of 75% (e.g. 30% among those

aged <65 years and 60% among those aged ≥65 years in France dur-

ing 2015/2016).14,15 The complexity of the vaccination pathway in

France, vaccine reluctance, change of general practitioners (GPs) or

less frequent contact with GPs, absence of co-morbidities or previous

hospitalization stay for diabetes or influenza, and the low involvement

of diabetologists, have all been suggested as explanations for the low

SIV rate in this population.15

Although the amount of missing information on vaccination status

and the limited size of the study population contributed to limiting the

power to detect a significant difference, our study has some

strengths. First, it is a multicentre study that recruited patients from

68 French hospitals, making it generalizable to those inpatients with

diabetes admitted for COVID-19 in France. Second, we used a rigor-

ous statistical method approach to account for potential confounders,

especially PS, to estimate the effect of the influenza vaccine. Finally,

clinical and biological characteristics were balanced between patients

with and without available information on the influenza vaccination

(data not shown), which might contribute to attenuate selection bias.

In conclusion, these results confirm the safety of annual influenza

vaccination in patients with diabetes with respect to COVID-19. Our

results should encourage authorities to strengthen co-vaccination

programmes against seasonal influenza and COVID-19 in this high-

risk population to achieve sufficient coverage rates to reduce morbid-

ity and mortality.
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