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Objectives: The diffusion of the SARS-CoV-2 Delta (B.1.617.2) variant and the waning of immune response
after primary Covid-19 vaccination favoured the breakthrough SARS-CoV-2 infections in vaccinated
subjects. To assess the impact of vaccination, we determined the severity of infection in hospitalised
patients according to vaccine status.
Methods: We performed a retrospective observational study on patients hospitalised in 10 centres with a
SARS-CoV-2 infection (Delta variant) from July to November 2021 by including all patients who had
completed their primary vaccination at least 14 days before hospital admission and the same number of
completely unvaccinated patients. We assessed the impact of vaccination and other risk factors through
logistic regression.
Results: We included 955 patients (474 vaccinated and 481 unvaccinated). Vaccinated patients were
significantly older (75.0 [63.25-84.0] vs. 55.0 [38.0-73.0]; p < 0.001), more frequently males (55.1% (261/
474) vs. 46.4% (223/481); p ¼ 0.009), and had more comorbidities (2.0 [1.0-3.0] vs. 1.0 [0.0-2.0];
p < 0.001). Vaccinated patients were less often admitted for Covid-19 (59.3% (281/474) vs. 75.1% (361/
481); p < 0.001), had less extended lung lesions (�25%: 64.3% (117/182) vs. 38.4% (88/229); p < 0.001),
required oxygen less frequently (57.5% (229/398) vs. 73.0% (270/370); p < 0.001), at a lower flow (3.0
[0.0-8.7] vs. 6.0 [2.0-50.0] L/min, p < 0.001), and for a shorter duration (3 [0.0-8.0] vs. 6 [2.0-12.0] days,
p < 0.001)., and required less frequently intensive care unit admission (16.2% (60/370) vs. 36.0% (133/
369); p < 0.001) but had comparable mortality in bivariate analysis (16.7% (74/443) vs. 12.2% (53/433);
p ¼ 0.075). Multivariate logistic regression showed that vaccination significantly decreased the risk of
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death (0.38 [0.20-0.70](p ¼ 0.002), ICU admission (0.31 [0.21-0.47](p < 0.001) and oxygen requirement
(0.16 [0.10-0.26](p < 0.001), even among older patients or with comorbidities.
Conclusions: Among patients hospitalised with a delta variant SARS-CoV-2 infection, vaccination was
associated with less severe forms, even in the presence of comorbidities. Olivier Epaulard, Clin
Microbiol Infect 2022;▪:1
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Despite reaching relatively high coronavirus disease 2019
(Covid-19) vaccine coverage, during the second half of 2021 many
countries (notably in Europe and North America areas) faced a
new wave of SARS-CoV-2 infections. This may be related to a
variable proportion of the population being not immunised yet,
anti-Spike antibody levels decrease over time after two doses of
either RNA or ChAdOx1-S vaccines [1], and vaccination being less
efficient against the Delta (B.1.617.2) variant of concern (VOC),
which became the virtually single circulating form of SARS-CoV-2
during early summer 2021, compared to the original strain [2].
Several studies have characterised the rate of such breakthrough
infections in vaccinated persons [3], and reported that this risk
increased over time after primary vaccination [4]. Even with the
Delta variant, the rate of Covid-19-related hospitalisations [5],
intensive care unit (ICU) admissions, and mortality [6] were much
lower in those who received two doses of the aforementioned
vaccines.

Nevertheless, no precise data are currently available regarding
the characteristics of vaccinated patients hospitalised with a SARS-
CoV-2 infection. We therefore aimed to determine whether vacci-
nation, among other factors, influenced the outcome of hospitalised
patients with a SARS-CoV-2 infection, in particular in terms of need
for oxygen, ICU admission, and death within 28 days after
hospitalisation.

Methods

Population

We conducted a retrospective, multicentre study across 10
hospitals in France (Ajaccio, Annecy, Caen, Clamart, Grenoble, Le
Mans, Limoges, Nancy, Nantes and Poitiers). These centres differed
by size (from 330 to 2100 beds) and by specialisation (7 being
tertiary, university hospitals); all had intensive care units, and an
infectious disease unit. Hospitalised patients with a polymerase
chain reaction (PCR)-proven SARS-CoV-2 infection from July to
November 2021, i.e., when the Delta variant was virtually the only
circulating SARS-CoV-2 variant in France, either at the time of
admission or after admission, were selected. Among them, two
populations were identified and included in the study:

- All patients who had received at least either one injection of the
Ad26. CoV2eS vaccine (Janssen) (at least 14 days before date of
PCR) or two injections of the ChAdOx1-S vaccine (AstraZeneca)
and/or RNA vaccines (tozinameran [Pfizer/BioNTech] and ela-
som�eran [Moderna]) (with the second dose given at least
14 days before date of PCR);

- the equivalent number of patients without any vaccination
before hospital admission. This last group was composed by
including for each study month and in each hospital as many
unvaccinated patients as vaccinated patients, by chronological
order of hospitalisation.
Impact of vaccination on th
d Infection, https://doi.org/1
All the centres screened their patients to include only the Delta
variant. For one centre, the inclusion was prolonged up to the
December 13th, but mutation screening (by multiplex RT-qPCR
targeting a set of predefined mutations) guaranteed that only the
delta variant was involved. The following data were collected: year
of birth, gender, and pre-existing comorbidities (respiratory dis-
ease, cardiac failure, arterial hypertension, solid tumour, haema-
tological neoplasia, and kidney failure, which was determined by
the Cockcroft formula based on data collected at hospital admis-
sion); Covid-19 vaccination history; clinical data at admission and
minimum cycle threshold (Ct) PCR level (the number of amplifi-
cation cycles required for the signal to cross the threshold; Ct
number is inversely correlated with the amount of target nucleic
acid in the sample); maximum C-reactive protein plasmatic level;
extension of lung disease on computed tomography (CT-scan (if
performed); need for oxygen with duration and maximal flow;
need for high-flow oxygen therapy; need for ICU admission; need
for invasive mechanical ventilation; prescription of steroid, tocili-
zumab, and/or monoclonal antibodies; and mortality at day 28.

According to the French law on ethics, patients were informed
during their hospital stay that their anonymisedmedical data could
be used for research purposes; they were given the possibility to
refuse this usage. As requested by French ethics and regulatory
laws, the ethical committee of the French-speaking Society of In-
fectious Diseases (SPILF) (IRB00011642) gave its approval for the
study (N�2022-0101), and the study was declared to the French
National Commission for Informatics and Liberties (CNIL MR004:
n�2,224,742).

Statistical analysis

Firstly, a descriptive analysis was performed in the cohort
population according to vaccination status. Qualitative variables
were described as counts (percentage) and frequency distributions
were compared with the Chi square test or Fisher's exact test when
appropriate. Continuous variables were expressed as median (1rst

quartile; 3rd quartile) and differences were tested with the inde-
pendent t-test for normally distributed variables or otherwise the
Mann-Whitney U test. Secondly, univariate and multivariate lo-
gistic regressions based on general linear models were performed
with a stepwise variable selection according to the Akaike Infor-
mation Criterion (AIC) [7]. Factors associated with severe forms of
infection defined by three outcomes, namely requirement for ox-
ygen, ICU admission and death at day 28, were assessed, focusing
on the impact of vaccination. To assess the impact of comorbidities
and vaccination, we selected all the potential risk factors for severe
outcome presented in Table 2 for the multivariate model (Table 3
and supplementary Table 1). Only the best models (according to
AIC) are presented in Table 3, therefore variables that are both non-
significantly associated with the outcome and not informative for
the model are not excluded. In addition, to manage Missing data
Not At Random (MNAR), multivariate analysis was initially per-
formed only on the dataset with complete cases, after which the
model was applied to the full dataset [8]. Results are presented
e symptoms of hospitalised patients with SARS-CoV-2 Delta variant
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Table 1
Characteristics of patients with SARS-CoV-2 infection according to vaccinal status: Demographics, underlying diseases and presentation

Vaccinated (N ¼ 474) Unvaccinated (N ¼ 481) p-value

Age (years)* 75.0 [63.25-84.0] 55.0 [38.0-73.0] <0.001
Age (years) n (%) <0.001
<35y 27 (5.70) 97 (20.17)
35-65y 111 (23.42) 225 (46.78)
>65y 336 (70.89) 159 (33.06)

Gender: men n (%) 261 (55.06) 223 (46.36] 0.009
Body Mass Index (kg/m2)* 25.76 [22.32-31.14] (N¼338) 27.20 [24.15-31.22] (N¼320) 0.051
Overweight (BMI>25) n (%) 192 (56.64) (N¼339) 222 (69.38) (N¼320) <0.001
Pre-existing comorbidities n (%)
Cardiac failure 50 (13.66) (N¼366) 29 (7.99) (N¼363) 0.020
Respiratory disease 91 (20.73) (N¼439) 54 (12.65) (N¼427) 0.002
Oxygen at home) 14 (3.97) (N¼353) 5 (1.45) (N¼ 346) 0.070
Kidney failure (GFR<30) 51 (15.22) (N¼335) 10 (3.15) (N¼317) <0.001
Diabetes 127 (28.73) (N¼442) 76 (17.76) (N¼428) <0.001
Hypertension 244 (55.08) (N¼443) 123 (28.74) (N¼428) <0.001
Solid cancer (under treatment or for less than 3 months) 17 (4.80) (N¼354) 8 (2.23) (N¼358) 0.070
Hematologic malignancy 25 (7.06) (N¼354) 6 (1.72) (N¼348) <0.001
Immunodepression 74 (20.33) (N ¼ 364) 21 (5.85) (N¼359) <0.001

At least one comorbidity among those above 369 (90.44) (N¼408) 306 (86.93) (N¼352) 0.135
Number of comorbidities* 2.0 [1.0-3.0] 1.0 [0.0-2.0] <0.001
Tobacco, active or discontinued <3 years, n (%) 36 (10.32) (N¼349) 49 (14.29) (N¼343) 0.140
Previous COVID infection n (%) 20 (5.62) (N¼354) 13 (3.70) (N¼350) 0.285
Time from a previous infection (days)* 226 [176.5-299.0] (n¼14) 69 [43.3-244.3] (n¼12) 0.076
Time from last vaccine dose (days)* 125 [82.0-166.5] (N¼439) ..
Admission for Covid-19 (out of 955) 281 (59.28) 361 (75.05) <0.001
Ct (lowest value if many) 26.0 [18.0-34.0] (N¼251) 26.0 [21.0-33.0] (N¼201) 0.741
CRP (highest value) (mg/L)* 87.50 [31.25-152.75] (N¼350) 86.0 [34.0-145.0] (N¼337) 0.682
Proportion of involved lung tissue in CT scanner n (%) N¼182 N¼229 <0.001
0-10% 67 (36.81) 31 (13.54)
11-25% 50 (27.47) 57 (24.89)
26-50% 39 (21.43) 75 (32.75)
51-75% 18 (9.89) 49 (21.40)
>75% 8 (4.40) 17 (7.42)

Quantitative variables, identified with * are presented as median (1rst quartile - 3rd quartile]. When data weremissing the number of patients out of which the percentage was
calculated is mentioned alongside the percentage.
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based on the full dataset, as they were similar to the analysis
restricted to the complete case dataset. Finally, a multivariate
analysis was similarly carried out on the dataset of vaccinated pa-
tients only, so as to independently assess the weight of comorbid-
ities among vaccinated patients, taking into account the influence
of the time elapsed since the most recent injection. Interactions
were systematically searched and mentioned. All statistical ana-
lyses were performed with R version 4.1.2. Packages readxl, Amelia,
xlsx, ggplot2, MASS, VIM, ggpubr were used.

Results

Population

Nine hundred seventy-four patients were initially included; 19
were excluded for i) being under 18 years (n ¼ 4), ii) not being fully
vaccinated (n ¼ 12) or iii) being infected with a VOC other than
Delta or hospitalised when delta variant was not the only circu-
lating variant (n ¼ 3). The characteristics of the 955 patients finally
included, among whom 474 were vaccinated and 481 were not, are
detailed in Table 1.

The two groups differed on several points: vaccinated patients
were significantly older and had more comorbidities (reflecting the
sequential prioritisation of the vaccine campaign during the early
months of 2021), although they also had a lower body mass index.
Among vaccinated patients, the median delay since themost recent
dose was 125 days. The tozinameran (Pfizer/BioNTech) vaccine had
been used in 357 (76.1%) patients. ChAdOx1-S (Astra-Zeneca),
Ad26. CoV2eS (Janssen), and elasom�eran (Moderna) had been used
in 62 (13.2%), 27 (5.8%), 23 (4.9%) patients respectively.
Please cite this article as: Epaulard O et al., Impact of vaccination on th
(B.1.617.1) infection, Clinical Microbiology and Infection, https://doi.org/1
Severity of the SARS-CoV-2 infection

All in all, vaccinated patients had milder forms of SARS-CoV-2
infection (Table 2). They were less frequently hospitalised
because of the infection itself; they had less extended lung lesions
on CT-scan; they required oxygen therapy less frequently, with a
lower oxygen flow, and for a shorter duration; they received steroid
therapy less often; they were less frequently admitted to ICU; and
they less often needed high-flow oxygen or mechanical ventilation.
Vaccinated patients 28-day survival was not statistically different,
even though they presented more comorbidities.

The protective effect of vaccination was also observed when
considering only older patients (>65 years), as illustrated in Fig. 1.

Factors associated with severity

In bivariate analysis, vaccination and a previous SARS-CoV-2
infection were protective toward ICU and oxygen requirement,
but not 28-day mortality. Comorbidities, older age, male gender
and a longer time lapse since the most recent vaccine injection
(among vaccinated patients) were significantly associated with a
negative outcome (Table 3). In addition, being hospitalised for
Covid-19, and having an elevated CRP, a low Cycle threshold and
extensive lung lesions on CT scanner were associated with a
negative outcome (Supplementary Table 1). When restricting these
analyses to the patients who were hospitalised because of their
Covid-19, the same associations were observed (suppl. Table 2).

Multivariate analysis confirmed the protective effect of vacci-
nation regarding the need for oxygen, the need for ICU admission,
and the risk of death. Vaccinationwas even able to offset the impact
e symptoms of hospitalised patients with SARS-CoV-2 Delta variant
0.1016/j.cmi.2022.06.019



Table 2
Characteristics of patients with SARS-CoV-2 infection according to vaccinal status: Management and outcomes during hospital stay

Vaccinated (N ¼ 474) Unvaccinated (N ¼ 481) p-value

Requirement for oxygen n (%) 229 (57.54) (N¼398) 270 (72.97) (N¼370) <0.001
Maximal oxygen therapy (L/min)* 3.00 [0.00-8.75] (N¼330) 6.00 [2.00-50.00] (N¼320) <0.001
Duration of oxygen therapy (days)* 3.00 [0.00-8.00] (N¼304) 6.00 [2.00-12.00] (N¼312) <0.001
High-flow oxygen n (%) 49 (13.57) (N¼361) 105 (29.41) (N¼357) <0.001
Steroid therapy
prescribed n (%) 174 (47.15) (N¼369) 250 (68.49) (N¼365) <0.001
dose median (IQR) 6.00 [6.00-7.50] (N¼167) 6.00 [6.00-9.00] (N¼238) 0.110
duration (days) 9.00 [5.00-10.00] (N¼167) 10.00 [7.00-10.00] (N¼240) 0.007

Tocilizumab n (%) 21 (6.31) (N¼333) 59 (18.27) (N¼323) <0.001
Monoclonal Ab n (%) 27 (7.26) (N¼372) 7 (1.93) (N¼362) <0.001
ICU admission n (%) 60 (16.22) (N¼370) 133 (36.04) (N¼369) <0.001
Invasive mechanical ventilation n (%) 25 (6.91) (N¼362) 59 (16.53) (N¼357) <0.001
Death at day 28 n (%) 74 (16.70) (N¼443) 53 (12.24) (N¼433) 0.075

Quantitative variables, identified with * are presented as median (1rst quartile - 3rd quartile]. When data weremissing the number of patients out of which the percentage was
calculated is mentioned alongside the percentage.
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of many risk factors such as hypertension and overweight (Table 4
and Supplementary Table 3); in addition to factors with odds ratio
not statistically different from 1 presented in Table 4, many risk
factors were finally not kept in the final multivariate model due to
their negligible impact.

Moreover, in the multivariate regression model for death at day
28, the absence of significant interactions also showed that the
protective effect of vaccination occurs for all patients, including
those most at risk for severe forms such as older or immunosup-
pressed patients. In the multivariate regression model for oxygen
requirement, an interaction between vaccination and a previous
infection by Covid-19was observed; the large coefficient associated
with having previous Covid-19 infection suggests that it takes away
most of the protective effect on oxygen requirement, leaving a
small but still significant influence to vaccination.

Discussion

The emergence of SARS-CoV-2 Delta VOC jeopardised the res-
olution of the Covid-19 pandemic; it was anticipated as being
Table 3
Association of patient characteristics with negative outcomes (bivariate logistic regressio

Factors Death at day 28

OR (IC95%)
Age * 1.06 [1.05-1.08]
<35y Ref.
35-65y 2.93 (0.81-18.80)
>65y 17.91 (5.56-109.62)

Gender: Male 1.61 (1.10-2.38)
Diabetes mellitus 1.05 (0.67-1.61)
Hypertension 3.32 (2.23-5.01)
Tobacco, active or discontinued <3 years 0.48 (0.20-1.01)
BMI (kg/m2) 1.00 (0.96-1.03)
Overweight (BMI>25 kg/m2) 1.17 (0.74-1.87)
Kidney failure (GFR<30) 4.55 (2.56-7.98)
Respiratory disease 1.23 (0.75-1.96)
Oxygen at home 2.68 (0.92-6.94)
Cardiac failure 3.45 (2.04-5.77)
Solid cancer (under treatment or for less than 3 months) 4.03 (1.71-9.13)
Hematologic malignancy 2.39 (1.02-5.19)
Immunosuppression 2.23 (1.32-3.68)
At least one comorbidity 4.43 (1.80-14.73)
Previous SARS-CoV-2 infection 0.17 (0.02-1.28)
Time from last infection (days) 1.03 (0.95-1.11)
Vaccination 1.44 (0.98-2.11)
Time from last vaccine injection (days) 1.01 (1.00-1.01)

* Results were comparable for age as a categorical variable. For death at day 28, and ag
OR: 2.93 (0.81-18.80) (p ¼ 0.157) while age>65y was significantly associated with an OR:
associated: 35-65y: OR¼ 5.17 (2.74-10.65) (p < 0.001) and >65y: OR¼ 2.32 (1.23-4.77) (p
35-65y: OR ¼ 5.97 (3.66-9.9) (p < 0.001) and >65y: OR ¼ 6.28 (3.92-10.29) (p < 0.001).

Please cite this article as: Epaulard O et al., Impact of vaccination on th
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associated with breakthrough infections, as in vitro experiments
showed that the neutralisation index of plasma from vaccinated
individuals was lower for delta than for initial viral strain [9]. We
therefore aimed to characterise the protection associated with
vaccination towards the consequences of Delta VOC infection by
studying the population of patients hospitalised with this infection.
Including both patients hospitalised because of Covid-19 and those
with incidental positive PCR while being admitted for another
purpose allowed us to compare vaccinated and non-vaccinated
patients not only with Covid-19 (i.e., symptomatic infection), but
all infected patients: indeed, having an only asymptomatic form
could result from the protection induced by vaccination.

We observed that vaccination retained and efficacy against
Delta VOC infection: people hospitalised with a SARS-CoV-2
infection (whether for Covid-19 symptoms or for an unrelated
cause) and vaccinated were less frequently admitted for Covid-19
symptoms, had less frequently hypoxia and lesser oxygen needs,
and were less frequently admitted to ICU; in multivariate analysis,
this reduction of severity persisted independently of age and
comorbidities.
n)

ICU Oxygen required

p value OR (IC95%) p value OR (IC95%) p value
<0.001 0.99 [0.98-1.00] 0.049 1.02 [1.02-1.03] <0.001

Ref. Ref.
0.157 5.17 (2.74-10.65) <0.001 5.97 (3.66-9.9) <0.001
<0.001 2.32 (1.23-4.77) 0.014 6.28 (3.92-10.29) <0.001
0.015 1.56 (1.12-2.19) 0.009 1.48 (1.10-2.00) 0.010
0.833 1.04 (0.71-1.52) 0.822 1.37 (0.97-1.97) 0.079
<0.001 1.00 (0.71-1.39) 0.978 1.68 (1.24-2.30) <0.001
0.077 0.87 (0.49-1.46) 0.602 0.49 (0.31-0.78) 0.002
0.817 1.06 (1.03-1.09) <0.001 1.06 (1.03-1.09) <0.001
0.514 3.30 (2.18-5.10) <0.001 2.13 (1.53-2.99) <0.001
<0.001 0.28 (0.10-0.61) 0.004 1.02 (0.58-1.84) 0.954
0.386 0.94 (0.60-1.44) 0.794 1.57 (1.05-2.40) 0.031
0.051 0.46 (0.07-1.67) 0.305 1.96 (0.68-7.01) 0.244
<0.001 0.68 (0.36-1.23) 0.224 2.11 (1.22-3.80) 0.010
<0.001 0.44 (0.10-1.29) 0.183 0.58 (0.25-1.31) 0.184
0.034 0.78 (0.28-1.82) 0.588 0.71 (0.34-1.49) 0.353
0.002 0.91 (0.54-1.50) 0.723 1.00 (0.64-1.57) 0.986
0.004 2.25 (1.26-4.35) 0.010 2.75 (1.74-4.38) <0.001
0.086 0.10 (0.01-0.70) 0.021 0.13 (0.05-0.32) <0.001
0.525 1.00 (0.99-1.01) 0.835 1.00 (0.99-1.00) 0.436
0.062 0.34 (0.24-0.48) <0.001 0.50 (0.37-0.68) <0.001
<0.001 1.00 (0.99-1.00) 0.341 1.01 (1.00-1.01) <0.001

e <35y a the reference level, Age of 35-65y was not significantly associated with an
17.91 (5.56-109.62) (p¼<0.001. For ICU need, both age categories were significantly
¼ 0.014). For oxygen requirement, both age categories were significantly associated:

e symptoms of hospitalised patients with SARS-CoV-2 Delta variant
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Fig. 1. SARS-CoV-2 infection severity criteria according to vaccine status in the three age classes. A: Extension of lung lesions on CT scanner; B: hospitalisation cause; C: Proportion
of patients requiring oxygen; D: Maximal oxygen flow; E: Duration of oxygen therapy; F: Proportion of patients requiring ICU and G: Proportion of death at day 28.
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Table 4
Factors associated with negative outcomes, with a multivariate logistic regression (best model according to AIC)

Death on day 28 Best model p-value ICU admission Best model p-value Need for oxygen Best model p-value

Vaccination 0.38 (0.20-0.70) 0.002 Vaccination 0.31 (0.21-0.47) <0.001 Vaccination 0.16 (0.10-0.26) <0.001
Male 2.65 (1.50-4.83) 0.001 Male 1.47 (0.99-2.21) 0.061 Male 1.66 (1.14-2.43) 0.008
Age 1.07 (1.04-1.10) <0.001 Age 1.05 (1.03-1.06) <0.001
Hypertension 1.64 (0.90-3.01) 0.107
Overweight 1.75 (1.97-3.22) 0.066 Overweight 2.76 (1.77-4.38) <0.001 Overweight 2.11 (1.44-3.11) <0.001
Kidney failure (GFR<30) 2.71 (1.23-5.92) 0.013 Kidney failure

(GFR<30)
0.41 (0.12-1.08) 0.102

Immunosuppression 2.55 (1.22-5.23) 0.011
Previous SARS-CoV-2

infection
0.27 (0.01-1.42) 0.212 Previous SARS-CoV-2

infection
0.11 (0.01-0.53) 0.031 Previous SARS-CoV-2

infection
0.01 (0.00-0.08) <0.001

Solid cancer <3 months 5.04 (1.60-16.05) 0.005
Interaction term
Vaccination x previous
SARS-CoV-2 infection*

30.11 (3.26-90.16) 0.007

All the risk factors described in Table 2 were included, after which variables with insignificant effect were retrieved. Namely, these variables with insignificant effect were.
- For “Death on day 28”: Diabetes mellitus, tobacco, respiratory diseases, oxygen at home, cardiac failure, hematologic malignancy, at least one comorbidity, time from last
infection.
- For “ICU admission”: Age, Diabetes mellitus, hypertension, tobacco, respiratory diseases, oxygen at home, cardiac failure, Solid cancer <3 months, hematologic malignancy,
immunosuppression, at least one comorbidity, time from last infection.
- For “Need of oxygen”: Diabetes mellitus, tobacco, kidney failure, respiratory diseases, oxygen at home, cardiac failure, hematologic malignancy, immunosuppression, at least
one comorbidity, time from last infection.

* Taking into account this interaction, the odds ratio for oxygen requirement of a vaccinated patient without a previous COVID-19would be 0.025whereas it would be 0.010
with a previous COVID-19 infection.
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Different studies and a meta-analysis assessing the impact of
primary vaccination observed ax 10% reduction in vaccine efficacy
against asymptomatic and symptomatic infections with delta VOC,
but no reduction of vaccine efficacy against severe forms [2], and
86-88% vaccine-associated reduction in the hospital admission rate
in those infected with the delta VOC [10,11]. Our observations
confirm the positive impact of vaccination on the severity of the
SARS-CoV-2 delta infection, even in hospitalised patients. More-
over, we observed that the positive impact was maintained in
populations at risk of severe Covid-19: those aged over 65 years,
and those with pre-existing cardiac failure, kidney failure, or a
chronic respiratory disease (at least for one or several severity
criteria). All in all, this legitimates the prioritisation of these pop-
ulations during the early months of the 2021 vaccine campaign:
they benefited from valuable protection, even with the delta
variant. Taken with previous fatality studies of vaccinated patients
[11e13], this also confirms the perception shared by many physi-
cians that vaccinated at-risk people presented in 2021 a milder
form of Covid-19, while they might have not survived the more
severe forms that are more frequent in those unvaccinated. Taking
into account that overweight was more frequent among unvacci-
nated patients, while vaccination nonetheless effectively protected
the associated mortality, emphasis should be made on this risk
factor for severe forms of Covid-19.

The association between vaccination and less severe SARS-
CoV-2 infection was less clearly evidenced in immunocompro-
mised patients. The absence of interaction between vaccination
and immunosuppression and the absence of a significant effect of
immunosuppression in the model applied specifically to vacci-
nated patients suggest that vaccination is also efficient in immu-
nocompromised patients (suppl. Table 3). Nonetheless, these
results should not be over-interpreted as most of the immuno-
compromised patients in our cohort were vaccinated, and there is
probably a lack of power to detect an interaction between both
variables, or in other words a diminished effect of vaccination in
immunocompromised patients. Moreover, immunocompromised
patients remained at high risk of a severe form (OR ¼ 2.55) even
after adjustment for parameters such as other risk factors and
vaccination (Table 1). Decreased efficacy in this population was
Please cite this article as: Epaulard O et al., Impact of vaccination on th
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previously noted for virtually all vaccines, and was also observed
with Covid-19 vaccines [14]. This led some countries (including
France) to recommend an additional dose of the vaccine to these
patients, and the prophylactic use of passive immunisation by
monoclonal antibodies in immunocompromised patients with no
or insufficient antibody response to vaccines [15].

As older patients were not only at risk of severe forms, but were
also vaccinated earlier in the vaccination campaign, a lack of pro-
tection may have existed due to a waning of neutralising antibody
titres over time after vaccination, an hypothesis previously pro-
posed [16]. The multivariate analysis we specifically applied to
vaccinated patients showed that both age and time from vaccina-
tionwere associated with a significant increase in 28-day mortality.
Once again, this confirms the need for a booster vaccine injection,
particularly in those most at risk.

Our study has several limitations. Firstly, due to its retrospec-
tive design, some data retrieved from the medical files may have
been erroneous or not completely accurate. However, the high
number of studied patients, and comprehensive analysis on pa-
tients of known risk factors for adverse outcomes helped to
reduce risk of biases. Secondly, we did not measure anti-Spike
antibody titres in vaccinated patients at admission, a previously
described predictive risk factor for SARS-CoV-2 infection and
Covid-19 [17,18]; it would have helped to better understand
whether severe infections in vaccinated subjects were due to
waning of the neutralising antibody vaccine response. Although
not significant, there was a trend among more death among
vaccinated patients, which was offset during the multivariate
analysis. While this may appear paradoxical, it simply illustrates
the fact that vaccination is a proxy for at-risk patients, as they
were prioritized during the vaccination campaign. Therefore, that
vaccination is able to offset, completely or in part, the impact of
comorbidities confirms its usefulness.

The implication suggested by these results is that even if escape
from the vaccine-induced immune response is observed with
SARS-CoV-2 VOC, vaccination with the original strain may still be
associated with major protection. Those not yet vaccinated should
be actively offered vaccination, even if in vitro studies showa partial
decrease in vaccine-induced antibody neutralising activity; and
e symptoms of hospitalised patients with SARS-CoV-2 Delta variant
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those already vaccinated should receive a booster, after a delay that
may differ according to the properties of the VOC.

A new VOC, Omicron (B.1.1.529), has been responsible for a
steep increase in SARS-CoV-2 infection in many countries since
December 2022, and has replaced Delta as the predominant (or
exclusively circulating) variant. Studies has shown that vaccine-
induced antibodies had even lower neutralisation capacities to-
ward Omicron, although the titres obtained after a booster in-
jection are likely to retain protection [19]; vaccination is still
associated with less severe forms in the first studies available [20].
A study similar to the present work would be relevant to better
understand the impact of vaccination on this VOC. However,
considering these first results on vaccine efficacy on the risk of
Omicron severe infection, it is likely that the vaccine-induced
protection we observed among hospitalised patients with a
Delta infection is also present among those with an Omicron
infection; the highest vaccine coverage should be reached even if
new VOC emerge.

In conclusion, patients hospitalised with a SARS-CoV-2 infection
with the Delta VOC have lessmarked severity criteriawhen they are
vaccinated more than 14 days before hospitalisation, especially in
case of elderly patients. These data should be provided when
communicating information about Covid-19 vaccination with
subjects at risk of severe Covid-19 because of their age or
comorbidities.
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