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Abstract

The aim of this study was to analyze whether the coronavirus disease 2019 (COVID‐

19) vaccine reduces mortality in patients with moderate or severe COVID‐19

disease requiring oxygen therapy. A retrospective cohort study, with data from 148

hospitals in both Spain (111 hospitals) and Argentina (37 hospitals), was conducted.

We evaluated hospitalized patients for COVID‐19 older than 18 years with oxygen

requirements. Vaccine protection against death was assessed through a multi-

variable logistic regression and propensity score matching. We also performed a
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subgroup analysis according to vaccine type. The adjusted model was used to

determine the population attributable risk. Between January 2020 and May 2022,

we evaluated 21,479 COVID‐19 hospitalized patients with oxygen requirements. Of

these, 338 (1.5%) patients received a single dose of the COVID‐19 vaccine and 379

(1.8%) were fully vaccinated. In vaccinated patients, mortality was 20.9% (95%

confidence interval [CI]: 17.9–24), compared to 19.5% (95% CI: 19–20) in

unvaccinated patients, resulting in a crude odds ratio (OR) of 1.07 (95% CI:

0.89–1.29; p = 0.41). However, after considering the multiple comorbidities in the

vaccinated group, the adjusted OR was 0.73 (95% CI: 0.56–0.95; p = 0.02) with a

population attributable risk reduction of 4.3% (95% CI: 1–5). The higher risk

reduction for mortality was with messenger RNA (mRNA) BNT162b2 (Pfizer) (OR

0.37; 95% CI: 0.23–0.59; p < 0.01), ChAdOx1 nCoV‐19 (AstraZeneca) (OR 0.42; 95%

CI: 0.20–0.86; p = 0.02), and mRNA‐1273 (Moderna) (OR 0.68; 95% CI: 0.41–1.12;

p = 0.13), and lower with Gam‐COVID‐Vac (Sputnik) (OR 0.93; 95% CI: 0.6–1.45;

p = 0.76). COVID‐19 vaccines significantly reduce the probability of death in patients

suffering from a moderate or severe disease (oxygen therapy).

K E YWORD S
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1 | INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID‐19) has had a

calamitous impact on health systems and economies across the globe.

By July 2022, 548 million COVID‐19 cases were confirmed, and over

6 million people died worldwide due to this disease.1

Nearly 15% of patients with severe acute respiratory syndrome

coronavirus 2 (SARS‐CoV‐2) infection develop severe disease with

hypoxemia, and 5% developed critical disease.2 The pathological

mechanisms of severe COVID‐19 disease include systemic inflamma-

tion, alveolar epithelial and alveolar cell damage, and coagulopathy.

The development of several COVID‐19 vaccines proved to be

effective in reducing poor clinical outcomes, including death,3 with

effectiveness above 90% for avoiding hospitalization.4 Despite this

high protection, more than 5% of vaccinated patients require

hospitalization with moderate or severe illness that could progress

to critical illness, reaching a mortality ratio between 14.8% and 24%,

which is very similar to the one reported for unvaccinated

hospitalized patients.5–10 The majority of these vaccinated patients

belong to the most sensitive groups—the elderly, people with high

comorbidity burden, previous pathologies (e.g., cancer), or immuno-

compromised patients. These patient groups are characterized by

their inability to develop a proper immune response to vaccina-

tion.11–14 The percentage of cases that fall into this “nonresponders

category” is unknown.8

However, the high percentage of the total population that is

vaccinated (more than 80% in the most developed countries),

together with the above‐mentioned similarity in the mortality ratio

between vaccinated and unvaccinated patients, has been used to

make claims against the efficacy of the COVID‐19 vaccination for

saving lives. A thoughtful analysis, taking into account the unique

clinical characteristics of each group of patients, on how vaccination

protects patients with moderate or severe illness, is missing.

In this study, we used a multicontinental patient cohort to

critically analyze the efficacy of the COVID‐19 vaccines for

protection against death in COVID‐19 patients with oxygen

requirements.

2 | METHODS

2.1 | Study design and setting

We conducted a multicontinental retrospective cohort study com-

bining the data from 148 hospitals in both Spain (111 hospitals from

the Sociedad Española de Medicina Interna COVID‐19 Registry) and

Argentina (37 hospitals: Argentinian COVID‐19 Network, national

registry). These databases included patients hospitalized between

January 2020 to March 2022 with comprehensive demographic,

clinical, and laboratory data. A detailed description of the databases is

reported elsewhere.15,16

The present manuscript adheres to the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

guideline (Supporting Information: Table e1).17 Institutional Review

Board approvals are provided in the Supporting Information:

Material.
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2.2 | Participants

Patients older than 18 years, hospitalized with a confirmed diagnosis

of COVID‐19, and who received oxygen therapy were included.

SARS‐CoV‐2 infection was defined as a positive result of real‐time

reverse‐transcription‐polymerase‐chain‐reaction (RT‐PCR) for SARS‐

CoV‐2 in nasopharyngeal swab specimens or sputum samples; also in

the second and third waves, some patients were diagnosticated with

the Panbio TM COVID‐19 rapid test (Abbott) in the Spanish hospitals.

We considered only the first hospitalization for COVID‐19 for each

patient during the study period. Patients were followed from hospital

admission until death or hospital discharge.

2.3 | Variables

Data regarding demographic, clinical, vaccination status and date of

vaccination, COVID therapies, and clinical outcomes during hospital-

ization was captured.18–20 Clinical variables were retrieved based on

International Classification of DiseasesExternal 10th Revision codes.

The main exposure was vaccination status. Patients were considered

vaccinated if they presented with one or more COVID‐19 vaccine

doses received at least 14 days before hospitalization. The main

outcome was all‐cause in‐hospital mortality. In the Supporting

Information: Material, all variables included are described.

2.4 | Statistical analyses

Data are summarized using mean and standard deviation for

continuous variables and percentages for categorical variables.

2.5 | Primary outcome

To assess the relationship between COVID‐19 vaccine status and

death, first, we performed univariate analyses of the exposure and all

the potential confounders. The potential confounders in the causal

relationship between the COVID‐19 vaccine and risk of death were:

age, male sex, hypertension, chronic obstructive pulmonary disease

(COPD), immunosuppression, cancer, diabetes, coronary heart

disease (CHD) or peripheral arterial disease (PAD), asthma, heart

failure, chronic kidney disease (CKD),21 and systemic corticosteroid

therapy.22 Additionally, the belonging to a high‐income country and

the predominance of the Omicron variant were evaluated as potential

confounders. Outcomes of patients could potentially vary in high‐

income when compared with middle‐outcome settings due to

differential resource availability.23 Moreover, infection with the

Omicron variant was of special interest for our analysis, because

the Omicron variant was associated with better in‐hospital outcomes,

including lower mortality, when compared with other variants.24

Second, a multivariable logistic regression model was performed

to assess the COVID‐19 vaccine effects on in‐hospital death while

adjusting for the potential confounders. COVID‐19 vaccination status

was forced into the model to assess its significance in determining in‐

hospital death likelihood, followed by stepwise inclusion of all the

potential confounders described before. Variables with p < 0.1 and

variables with biological plausibility were maintained in the model.

We tested the linear relation between continuous variables and the

log odds with the Box–Tidwell test (p = 0.23).

Also, we know that the databases had some missing data due to the

medical overload during the COVID‐19 pandemic. We consider this

missing data as “missing completely at random” (without systematic

differences between the missing values and the observed values).25

Hence, we performed multiple imputations by the chained equations

procedure as sensitivity analysis. To reduce the sampling error due to

the imputations, we set the number of 20 imputed data sets.26

2.6 | Propensity score matching

To assess the robustness of the vaccine's effect, we used propensity

score matching. First, the individual propensities scores for COVID‐

19 vaccine receipt were estimated with a multivariable logistic

regression model that included the same confounders used in the

logistic regression model. Matching was performed with the use of a

1:1 matching protocol without replacement (greedy‐matching algo-

rithm), with a caliper width equal to 0.2 of the standard deviation of

the logit of the propensity score.27 Standardized differences were

estimated for all the baseline covariates before and after matching to

assess prematch imbalance and postmatch balance. We consider

standardized differences of less than 10.0% for a given covariate to

indicate a relatively small imbalance.28

2.7 | Subgroup analysis

Additionally, with the propensity score matching the population, we

evaluate the impact on mortality of the different vaccines such as

messenger RNA (mRNA) BNT162b2 (Pfizer BioNTech), Gam‐COVID‐

Vac (Sputnik), ChAdOx1 nCoV‐19 (AstraZeneca/Oxford or Cov-

ishield), BIBP‐CorV (Beijing Institute of Biological Products; Sino-

pharm), or mRNA‐1273 SARS‐CoV‐2 Vaccine (Moderna). We also

conducted a subgroup analysis to assess effect modifications in

specific patient groups, including males, patients older than 65 years,

patients with Omicron, and patients with a history of cancer.

2.8 | Population attributable risk

Additionally, we studied the attributable fraction (AF) and the

population attributable risk (PAR) to quantify the contribution of

the COVID‐19 vaccine on death reduction after the confounder's

adjustment. The AF is the proportion of the risk among exposed that

is attributable to the exposure, and the PAR estimates the portion of

the risk in a population that is attributable to the exposure.29
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In the present study, AF shows the reduction in the risk of death

among vaccinated that is attributable to the COVID‐19 vaccine, and

the PAR shows the proportion of deaths in the unvaccinated patients

that would be avoided if they had been vaccinated.

The AF and PAR were estimated in the study by utilizing the

“regpar” and “punaf” packages in STATA (version 16.0).30 The

package also provides standard errors, z‐statistics, p values, and

95% confidence intervals (CIs) for each AF and PAR estimate. All the

study data was analyzed using STATA® v16 software.

2.9 | Time‐to‐death comparison in vaccinated
patients with and without second doses

A Cox proportional‐hazards regression model with time‐dependent

covariates was used to estimate the association of a second COVID‐

19 vaccine dose with in‐hospital death. The regression model was

used to estimate the hazard ratio (HR) for in‐hospital death due to

COVID‐19 in the second COVID‐19 vaccine group, as compared with

only one COVID‐19 vaccine group. The follow‐up was between the

last vaccine doses and the hospitalization date. The adjusted model

included sociodemographic and baseline clinical characteristics with

different distributions between patients with and without a second

dose (Supporting Information: Table e3).

2.10 | Sample size calculation

Assuming a mortality proportion in unvaccinated patients of 20% and

15% in vaccinated patients in the adjusted analysis, with a ratio

between unvaccinated to vaccinated of 9:1,15,16 with a power of

90%, an ɑ of 0.05, and with a two‐side test, we need 6767

unvaccinated patients and 677 vaccinated patients. Also, to build a

logistic regression model to adjust the potential confounders with

approximately 8 to 12 covariables, we would need 10 to 20 death

events per variable included in the model,31 around a total of events

between 80 and 120. The observed number of vaccinated and

unvaccinated patients and the number of deaths within both

combined registers were far superior to this required number in all

subgroups.15,16 Sample size was calculated using STATA® v16

software.

3 | RESULTS

3.1 | Demographic characteristics

Between January 2020 and May 2022, there were 38 681 admissions

of COVID‐19, of whom 21 479 COVID‐19 were included in the final

analysis (Figure 1 shows the study flow diagram). The main reason for

exclusion was the absence of oxygen supplementation. Of these, 717

(3.3%) were vaccinated with at least one COVID‐19 vaccine dose,

338 (1.5%) patients received a single dose, and 379 (1.8%) were fully

vaccinated.

Vaccinated patients who needed oxygen therapy during hospi-

talization presented a higher proportion of comorbidities such as

immunosuppression, heart failure, COPD, CKD, and cancer history

compared with unvaccinated patients (seeTable 1). The proportion of

missing data for each variable is presented in Supporting Information:

Table e4.

3.2 | Primary outcome

The overall mortality in vaccinated patients was 20.9% (95% CI:

17.9–24; n = 150), and 19.5% (95% CI: 19–20; n = 4058) in

F IGURE 1 Flowchart of the analysis. COVID‐19, coronavirus disease 2019.
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unvaccinated patients, without significant differences (p = 0.46). The

variable distribution between survivors and in‐hospital deaths is

presented in Table 2.

The crude odds ratio (OR) for all‐cause of in‐hospital mortality of

vaccination was 1.07 (95% CI: 0.89–1.29; p = 0.41) in the complete

case analysis (data set of 6352 patients that have all analyzed

covariables). However, the adjusted OR was 0.73 (95% CI: 0.56–0.95;

p = 0.02). Variables included in the final model were age, male sex,

systemic corticosteroid therapy, immunosuppression, COPD, cancer,

diabetes, CHD or PAD, asthma, CKD, heart failure, country income,

and omicron variant.

In the analysis of the complete data set (21 089 patients), after

multiple imputations for missing data, we observed similar findings to

our main analysis: we found a lower risk of in‐hospital mortality for

vaccinated patients when compared with unvaccinated patients

(adjusted OR 0.77; 95% CI: 0.54–0.97; p = 0.02).

Due to the different distribution of covariables between

unvaccinated and vaccinated patients in our data sets, we also

perform a propensity score matching analysis. In this comparison,

601 vaccine recipients were matched with an equal number of

match‐weighted unvaccinated patients. Figure 2 shows the absolute

standardized differences before and after propensity score matching

comparing covariate values between vaccinated and unvaccinated

COVID‐19 patients (absolute standardized differences ranging from

0 to 0.01). This analysis shows that vaccinated patients presented a

lower risk of in‐hospital death compared to unvaccinated patients

(OR 0.66; 95% CI: 0.5–0.87; p < 0.01).

The geographical breadth of our data sets enabled us to

evaluate the effectiveness of different vaccine types in the

matched population. As shown in Figure 3, we observed that the

higher risk reduction for mortality was with the mRNA BNT162b2

(Pfizer) vaccine with an OR of 0.37 (95% CI: 0.23–0.59; p < 0.01),

TABLE 1 Demographic characteristics of hospitalized patients with oxygen therapy.

All (N = 21 479)
Unvaccinated
(N = 20 762)

Vaccinated
(N = 717) p, overall

Demographics

Age, mean (SD) 66.0 (17.6) 66.2 (17.6) 60.7 (15.8) <0.001a

Female sex, n (%) 9225 (43.8) 8914 (43.8) 311 (43.4) 0.863

Omicron variant, n (%) 855 (4.05) 634 (3.11) 221 (30.9) <0.001a

High‐income countries, n (%) 18920 (88.1) 18602 (89.6) 318 (44.4) <0.001a

Medical history

Hypertension, n (%) 9668 (45.1) 9329 (45.0) 339 (47.5) 0.208

Diabetes, n (%) 4494 (21.0) 4345 (21.0%) 149 (20.9) 0.977

Immunosuppression, n (%) 1001 (4.71) 909 (4.41) 92 (13.5) <0.001a

CHD or peripheral artery disease
arteriopathy, n (%)

1499 (6.99) 1445 (6.97) 54 (7.55) 0.597

Heart failure, n (%) 1358 (6.34) 1300 (6.28) 58 (8.12) 0.056

COPD, n (%) 1593 (7.44) 1518 (7.33) 75 (10.5) 0.002a

Asthma, n (%) 1354 (6.32) 1315 (6.35) 39 (5.45) 0.374

Stroke, n (%) 716 (3.38) 694 (3.39) 22 (3.14) 0.807

CKD, n (%) 1151 (5.38) 1096 (5.30) 55 (7.77) 0.006a

Cancer, n (%) 2320 (10.8) 2170 (10.5) 150 (21.0%) <0.001a

Treatment during hospitalization

Corticosteroids, n (%)b 5525 (68.5)a 5012 (67.8)a 513 (76.8)a <0.001a

COVID‐19 vaccine

COVID‐19 vaccine doses, n (%) <0.001a

One COVID‐19 vaccine dose 338 (1.57) 338 (47.1)

Two COVID‐19 vaccine doses 379 (1.76) 379 (52.9)

Abbreviations: CHD, coronary heart disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; SD, standard deviation.
aStatistically significant differences.
bThe systemic corticosteroid variable has 67.4% of missing data (see Supporting Information: Table e3).
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second the ChAdOx1 nCoV‐19 (AstraZeneca) vaccine with an OR

of 0.42 (95% CI: 0.20–0.86; p = 0.02), mRNA‐1273 (Moderna)

with an OR of 0.68 (95% CI: 0.41–1.12; p = 0.13), Gam‐COVID‐

Vac (Sputnik) with an OR of 0.93 (95% CI: 0.6–1.45; p = 0.76),

and BIBP‐CorV (Sinopharm) with an OR of 0.92 (95% CI:

0.5–1.69; p = 0.79).

Our analysis of vaccine protection against COVID‐19 in

different subgroups revealed that patients under 65 years old

exhibited a significantly higher level of protection (OR 0.59; 95% CI:

0.39–0.89) than those over 65 years old (OR 0.84; 95% CI:

0.56–1.24). Furthermore, our data suggest that the omicron variant

may elicit a higher level of protection (OR 0.55; 95% CI: 0.30–1.01)

compared to other variants (OR 0.73; 95% CI: 0.53–1.00), although

this finding should be interpreted with caution due to the small

sample size of the subgroup analysis and the wide confidence

intervals. We did not observe significant differences in vaccine

protection between males (OR 0.64; 95% CI: 0.44–0.93) versus

females (OR 0.74; 95% CI: 0.48–1.15), or patients without a history

TABLE 2 Characteristics of survivors and in‐hospital death patients.

All (N = 21 479)
Survivors
(N = 17 271)

In‐hospital deaths
(N = 4208) p, overall

Demographics

Age, mean (SD) 66.0 (17.6) 63.1 (17.4) 77.8 (12.8) <0.001a

Female sex, n (%) 9225 (43.8) 7544 (44.7) 1681 (40.0) <0.001a

Omicron variant, n (%) 855 (4.05) 731 (4.33) 124 (2.95) <0.001a

High‐income countries, n (%) 18920 (88.1) 15386 (89.1) 3534 (84.0) <0.001a

Medical history

Hypertension, n (%) 9668 (45.1) 6917 (40.1) 2751 (65.7) <0.001a

Diabetes, n (%) 4494 (21.0) 3275 (19.0) 1219 (29.1) <0.001a

Immunosuppression, n (%) 1001 (4.71) 646 (3.77) 355 (8.55) <0.001a

CHD or peripheral artery disease
arteriopathy, n (%)

1499 (6.99) 964 (5.58) 535 (12.8) <0.001a

Heart failure, n (%) 1358 (6.34) 762 (4.42) 596 (14.2) <0.001a

COPD, n (%) 1593 (7.44) 1049 (6.08) 544 (13.0) <0.001a

Asthma, n (%) 1354 (6.32) 1157 (6.71) 197 (4.71) <0.001a

Stroke, n (%) 716 (3.38) 465 (2.73) 251 (6.02) <0.001a

CKD, n (%) 1151 (5.38) 646 (3.76) 505 (12.1%) <0.001a

Cancer, n (%) 2320 (10.8) 1677 (9.73) 643 (15.4) <0.001a

Treatment during hospitalization

Corticosteroids treatment, n (%) 5525 (68.5) 4545 (66.5) 980 (79.5) <0.001a

COVID‐19 vaccine

COVID‐19 vaccine, n (%) 717 (3.34) 567 (3.28) 150 (3.56) 0.387

COVID‐19 vaccine doses, n (%) 0.195

One dose 338 (1.57) 259 (1.50) 79 (1.88)

Two dosesb 379 (1.76) 308 (1.78) 71 (1.69)

mRNA BNT162b2 (Pfizer), n (%) 216 (1.01) 191 (1.11) 25 (0.59) 0.004a

mRNA‐1273 (Moderna), n (%) 124 (0.58) 101 (0.58) 23 (0.55) 0.857

ChAdOx1 nCoV‐19 (Astrazeneca), n (%) 108 (0.50) 86 (0.50) 22 (0.52) 0.934

Gam‐COVID‐Vac (Sputnik), n (%) 180 (0.84) 131 (0.76) 49 (1.16) 0.013a

BIBP‐CorV (Sinopharm), n (%) 76 (0.35) 55 (0.32) 21 (0.50) 0.104

Abbreviations: CHD, coronary Heart Disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; COVID‐19, coronavirus
disease 2019; SD, standard deviation.
aStatistically significant differences.
bSome vaccinated patients had received a different vaccine type in the two doses.
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of cancer (OR 0.68; 95% CI: 0.50–0.94) versus patients with cancer

history (OR 0.70; 95% CI: 0.38–1.28). The subgroup forest plot is

presented in Figure 4.

3.2.1 | PAR and population AF reduction of death
risk in patients exposed to COVID‐19 vaccine

We estimate the population AF (PAF) and the PAR assessing the

contribution of the COVID‐19 vaccine to the reduction of death in

hospitalized patients with oxygen requirements. The adjusted PAF

was 21.1% (95% CI: 7.2–32.8) and the PAR reduction was 4.3% (95%

CI: 1–5). Therefore, as the death proportion in unvaccinated patients

was 19.6% (95% CI: 19–20.1), if they were vaccinated the expected

death proportion would have been significantly reduced to 15.3%

(95% CI: 12.9–18; p < 0.01).

3.2.2 | Effect of vaccine doses and waning on
protection against in‐hospital mortality

We further evaluate clinical outcomes in the subpopulation of

hospitalized vaccinated patients to compare patients with and

without a second COVID‐19 vaccine dose. Vaccinated patients were

hospitalized 93 days mean (interquartile range [IQR]: 42–217) after

the last COVID‐19 vaccine doses. Patients with one dose had a mean

of 54 (IQR: 25–88) days between the vaccine dose and the

hospitalization, and patients with a second COVID‐19 vaccine dose

had 194 (IQR: 81–247) days. In Supporting Information: Table e5, we

presented the time between the last vaccine doses and hospitaliza-

tion depending on the vaccine subtype.

In the Cox regression analysis, the crude HR of the second

COVID‐19 vaccine dose was 0.26 (95% CI: 0.18–0.4), and the

adjusted HR was 0.49 (95% CI: 0.28–0.88). This analysis was adjusted

by the covariables with different distribution between patients with

and without a second COVID‐19 vaccine dose (age, omicron, high‐

income country, immunosuppression, CHD or peripheral artery

disease arteriopathy, COPD, cancer, and corticosteroids treatment).

Also, in the Kaplan–Meier graph, we observed the difference

between patients with and without a second COVID‐19 vaccine

dose. Of note, after 200 days of the last dose, the protection seems

to be reduced, and after 300 days, the proportion of in‐hospital

F IGURE 2 Love plot for absolute standardized differences before
and after propensity score matching comparing covariate values
between vaccinated and unvaccinated COVID‐19, coronavirus
disease 2019 (COVID‐19) patients. CHD, coronary heart disease;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; PAD, peripheral artery disease arteriopathy; SD, standard
deviation.

F IGURE 3 Adjusted odds ratio by propensity score matching of
vaccine subtypes related to in‐hospital death.

F IGURE 4 Adjusted odds ratio (OR) by propensity score
matching of vaccine in‐hospital mortality protection in different
subgroups. OR males 0.64 (95% CI: 0.44–0.93), OR females 0.74
(95% CI: 0.48–1.15); OR patients older than 65 years old 0.84 (95%
CI: 0.56–1.24), OR patients with 65 years old or younger 0.59 (95%
CI: 0.39–0.89); OR patients with omicron 0.55 (95% CI: 0.30–1.01),
OR patients without omicron 0.73 (95% CI: 0.53–1.00); OR patients
without cancer history 0.68 (95% CI: 0.50–0.94), OR in patients with
cancer history 0.70 (95% CI: 0.38–1.28).
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deaths in patients with and without second COVID‐19 vaccine doses

was the same (Figure 5).

4 | DISCUSSION

Understanding the true mortality impact of the COVID‐19 pandemic

and the vaccine's protection in all groups of patients is crucial for

public health decision‐making. The effectiveness of the COVID‐19

vaccines in the subgroup of patients that require oxygen during

hospitalization (moderate illness32), representing the patients requir-

ing the closest surveillance, is unknown.

Our study found that in this group of patients with an

inflammatory response generated by SARS‐CoV‐2 with acute lung

injury, the COVID‐19 vaccines significantly reduced in‐hospital

mortality, with a PAR reduction of 4.3% from a death proportion of

19.6% in unvaccinated patients.

Various studies have reported in‐hospital mortality rates ranging

from 14.8% to 24% in vaccinated patients.5–10 Tandon et al.6

observed higher mortality in vaccinated patients than unvaccinated

patients (15% vs. 9.0%; p = 0.034) in the United States. In Israel, Tal

Brosh‐Nissimov et al.7 reported a mortality rate of 22% in

hospitalized vaccinated patients without comparison to unvaccinated

patients. In France, Vassallo et al.10 reported mortality rates of 18% in

patients with one vaccine dose and 15% in unvaccinated patients.

Finally, Piotr Rzymski et al.8 in Poland found a mortality rate of 6% in

patients hospitalized between 0 and 14 days after vaccination, but

mortality rates of 25% and 45% after 14 days of the first and second

vaccine doses, respectively. These results show that the mortality

rate was lower before vaccine protection antibodies started. These

findings suggest that patients who require hospitalization after

receiving one or two vaccine doses may have a higher mortality

rate. However, it is important to note that these results may be

subject to selection bias, as these studies also reported a higher

burden of comorbidities in vaccinated patients who required

hospitalization.33 These comorbidities and a lower immune response

to the vaccine may both contribute to the increased mortality rates

observed in vaccinated patients.

To consider these cofounders, Busic et al.33 investigated the

clinical outcomes in all types of COVID‐19 patients hospitalized in

one center and who received prior vaccination against a comparable

matched‐pair cohort of unvaccinated patients. This study reported a

significantly lower 30 days mortality in vaccinated patients with an

HR of 0.56 (95% CI: 0.37–0.85).

Our multicontinental study demonstrates the effectiveness of

several COVID‐19 vaccines in reducing the mortality of hospitalized

patients that require oxygen therapy. While the crude analysis (not

adjusted for the higher burden of comorbidities and risk factors in

vaccinated patients) rendered similar overall mortality in the

unvaccinated and the vaccinated patients (19.6% and 20.1%,

respectively), the adjusted analysis clearly shows the vaccine

protection against in‐hospital death in COVID‐19 patients with

oxygen requirements.

A detailed analysis shows that the survival benefit was higher for

mRNA BNT162b2 (Pfizer) in comparison with vector vaccines (ChAdOx1

nCoV‐19 [AstraZeneca], Gam‐COVID‐Vac [Sputnik], and BIBP‐CorV

[Sinopharm]). This finding must be interpreted in the context of different

populations vaccinated (mRNA is widely used in high‐income countries)

and taking into account the sample size reduction of the subgroup

analysis. Our results opposed the ones reported by Busic et al., who

found a lower mortality rate in hospitalized patients with vector vaccines

(ChAdOx1 nCoV‐19 [AstraZeneca]) in comparison to mRNA BNT162b2

(Pfizer) vaccine. However, the authors discussed that this observation

could be due to the availability of exclusively mRNA vaccines by mid‐

February in Croatia and to the priority of vaccination among the older

population and among selected patients with unfavorable prognostic

characteristics.33

mRNA vaccines offer several advantages over DNA‐based

vaccines, such as faster and easier manufacturing, higher biosafety,

and a safer vector as they carry a short sequence to be translated.34

Despite their remarkable efficacy and an overall acceptable safety

profile, mRNA vaccines have been associated with the development

of myocarditis and pericarditis, particularly after the second dose.35

Similarly, adenoviral vector vaccines have been linked to vaccine‐

induced immune thrombotic thrombocytopenia.36 However, it is

important to note that the incidence of these adverse events is

relatively low, and the benefits of COVID‐19 vaccination, including

the prevention of severe illness and hospitalization, greatly outweigh

the risks of adverse events.37 Nevertheless, ongoing monitoring and

communication of potential adverse events are crucial to ensure the

safety of mRNA vaccines.37

Our analysis demonstrates a significant improvement in the

protection with a second COVID‐19 vaccine dose. However, the second

COVID‐19 vaccine dose protection waned after 200 days, which goes in

line with similar observations reported by other authors.4 These data

strongly support the need for additional booster doses, especially among

people that belong to sensitive groups (elderly, with cancer or several

F IGURE 5 Overall survival of coronavirus disease 2019 (COVID‐
19) hospitalized vaccinated patients with one and two COVID‐19
vaccine doses related to days after the last doses of vaccine received.
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comorbidities, and immunocompromised) who are 200 days or more from

their initial vaccination date.

Our study has several limitations. First, the scale of missingness in

some variables (i.e., corticosteroids) could affect our analysis. However,

the results were robust to the imputed analysis. Second, some of the data

sets used (i.e., Hospital 12 de Octubre) could carry a misclassification of

some vaccinated patients as a significant number of hospitalized patients

could have been previously vaccinated in other centers before their

hospitalization. The lack of a centralized data service makes it impossible

to track these patients. However, due to the protective effect of vaccines

on the general population, the effect of this potential misclassification is

to underestimate the net benefit of the vaccines in patients with the

sensitive phenotype described previously. Third, we compared vaccine

subtypes in the adjusted subpopulation matched by propensity score.

However, the propensity score adjustment was made between vacci-

nated and nonvaccinated patients, rather than between vaccine subtypes.

Additionally, this analysis did not adjust for the time from vaccination to

hospitalization, and the availability of specific vaccines over time may

have impacted the protection provided by each vaccine subtype. As a

result, this analysis represents more of an exploratory overview than

reliable evidence. The potential clinical differences between patients

vaccinated with different subtypes were not adjusted for, and further

studies will be needed to compare the effectiveness of different vaccine

subtypes in this population. Finally, we consider vaccinated patients if

they have at least one dose despite this being an incomplete vaccination

if the vaccine scheme requires at least two doses.

Taking into account the large sample size and the geographical

extension of our data set, which includes more than 140 hospitals from

different continents and countries with diverse health systems, we

strongly believe that our data close an important gap related to the

protection benefits of COVID‐19 vaccines against moderate and severe

disease: a remarkable reduction of the probability of death in patients

with need of oxygen therapy. Importantly, this subgroup of patients with

a high burden of comorbidities represents the vast majority of

hospitalized COVID‐19 patients in the current pandemic waves. We

expect our data to assist the public debate on the need for updated

vaccination plans for the millions belonging to the most sensitive groups.
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