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Objectives: The Delta variant of the novel beta coronavirus responsible for the current

coronavirus pandemic (COVID-19) spread across Europe during the summer of 2021.

Little is known of vaccine efficacy on this variant. Our aim was to study the prevalence

and clinical characteristics of fully vaccinated subjects admitted to hospital for Delta

variant COVID-19.

Methods: We identified patients admitted to Cannes hospital for Delta-variant-related

Covid-19 infection from July to September 2021. Their main demographic parameters,

inflammatory markers, and clinical characteristics were recorded. Differences between

fully vaccinated subjects and unvaccinated or incompletely vaccinated individuals

were analyzed.

Results: We included 126 patients (57% male, mean age 64 years, mean delay since

symptoms onset 7.8 days). Among admitted patients, 94 (75%) were not vaccinated, 11

(8%) incompletely so and 21 (17%) were fully vaccinated. Fully vaccinated patients were

older (77 vs. 61 vs. 62 years, p = 0.003), with fewer days since symptoms onset (5.9 vs.

8.0 vs. 9.3 days, p = 0.035) than unvaccinated or incompletely vaccinated patients,

respectively. Severe pneumonia was less frequent among completely vaccinated

subjects (67 vs. 84 vs. 100%, p = 0.038), while rates of transfer to the ICU, mechanical

ventilation or death did not differ. Thirteen fully vaccinated patients underwent a thoracic

CT scan, revealing involvement of lung parenchyma in four of them.

Discussion: Prevalence of hospitalization for Delta-variant COVID-19 in fully vaccinated

subjects was low and, despite their age and comorbid conditions, these patients had a

high rate of favorable outcome.
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INTRODUCTION

SARS-Cov-2 is a betacoronavirus first reported inWuhan, China,
in December 2019 (1–3). It rapidly spread worldwide, resulting in
the current COVID-19 pandemic.

Several genetic variants of concern (VOC) emerged as a
consequence of acquired mutations during viral replication.
In Europe, the alpha variant (20I/501Y.V1) became rapidly
prevalent across Europe in early 2021 and has been responsible
for a major increase in hospital admissions in several countries,
including France (4–7). It has been now replaced by the novel
and more contagious B.1.617.2 strain, also named Delta variant,
first reported in India and now responsible for almost all cases of
COVID-19 in Europe (8).

Highly efficacious vaccines were introduced in December
2020, with a significant impact on hospitalizations and death
(9–11). Using different techniques, vaccines generate a potent
immune response against the virus’ spike protein, which initiates
host cell infection by binding with Angiotensin-converting
enzyme 2 (ACE2) (12–14).

As VOCs could harbor mutations within the spike protein, a
potential reduction in vaccine protection may be feared. While
the efficacy of vaccines against the original strain and the alpha
variant has been largely proved (15–17), data on the Delta variant
are scarcer. In vitro data demonstrate efficacy of most vaccines
on the Delta variant, but several cases of Covid infection despite
full vaccination have been described (18, 19). Indeed, current
vaccines are administered intramuscularly or intradermally; they
induce mainly systemic IgG antibody response and cellular T-
cell immunity, generating a potent protection against infection
of the lower respiratory tract. However, the production of IgA
antibodies, which confers mucosal immunity and consequently
protection of the upper respiratory tract, is generally low with
these vaccines. Current vaccines thus mainly induce disease-
preventing or disease-attenuating, but not necessarily sterilizing,
immunity (20).

Most cases of COVID-19 despite full vaccination have been
described among outpatients (18). The aim of this study was
to evaluate the prevalence of hospital admissions for Delta
variant COVID-19 despite complete vaccination, and to describe
patients’ main characteristics and clinical outcome.

METHODS

Study Design and Participants
We conducted an observational, retrospective cohort study
of patients admitted to the Department of Internal Medicine
or Intensive Care Unit in Cannes General Hospital, with
confirmed delta variant COVID-19 infection, between July 15
and September 10, 2021, when our region faced a major new
outbreak of COVID-19 infection.

Data from each patient were extracted from the hospital
electronic database. Patients with positive delta variant strain
SARS-CoV-2 RT-PCR, detected in nasal swabs and screening
samples were included.

Patient demographics, underlying comorbidities, duration of
symptoms, clinical signs prior to admission, upon admission

and during hospitalization, laboratory findings during hospital
stay, management and clinical outcome were collected from their
medical records.

In line withWHO criteria for COVID-19 clinical severity (21),
patients were divided into the following groups:

- Mild to moderate disease (mild symptoms up to
mild pneumonia).

- Severe disease (dyspnea, hypoxia or over 50% lung
involvement as shown on the CT scan).

COVID-19 vaccination status, type, and date of vaccination were
also collected. According to their vaccine status, patients were
divided into three groups:

- Those either not vaccinated.
- Those with incomplete vaccination.
- Those fully vaccinated.

Subjects were considered fully vaccinated in case of hospital
admission at least 7 days following the second injection, with
the exception of the Johnson and Johnson vaccine, for which
complete vaccination was defined as an interval of 28 days since
the injection. According to French guidelines, in case of previous
COVID-19 illness, subjects with just one dose of vaccine were
also considered fully vaccinated (22).

Files were reviewed directly by the physicians who had cared
for the patients during their hospital stay.

After a comparison between vaccinated, incompletely
vaccinated and unvaccinated subjects, we focused our analysis on
vaccinated patients, detailing their main clinical characteristics,
together with laboratory and imaging results.

Laboratory Markers
The following biological markers were included in the
statistical analysis: C-reactive protein, white cell, neutrophil,
and platelet counts, hemoglobin, D-dimer and IL-6
(electrochemiluminescence immunoassay, Cobas R© 6000
Roche, pg/ml). RT-PCR assays were either performed in the
multipurpose laboratory of Cannes General Hospital or in the
Bioesterel Biogroup laboratory. According to the study period
and laboratory guidelines, four RT-PCR assays were used: the
NeuMoDX R© (Qiagen) instrument (targeting N and NSP2
genes), the GeneXpert R© (Cepheid, E and N2 genes), the Gene
Finder COVID-19 Plus RealAmp kit (GeneFinder, N, E, and
RdRP genes) or the SARS-Cov-2 ELITEMGB kit (Elitech, ORF8,
and RdRP genes). Virus isolates were screened to identify N501Y,
E484K, and K417N mutations, using GSD NovaType II SARS
CoV-2 and NovaTec Immundiagnostica GmbH assay.

Statistical Analysis
Categorical variables were described as frequency rates and
percentages, while continuous variables were detailed with mean,
median, and inter-quantile range (IQR).

Fully vaccinated patients were compared with those either not
vaccinated or incompletely vaccinated.

χ
2-tests and ANOVA-tests were performed to compare

variables, and independent risk factors were identified by
multivariate analysis.
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Variables with a p ≤ 0.20 in univariate analysis were initially
selected for the multivariate model and only those with a p ≤

0.05 were retained in the finalmodel. All analyses were performed

using Statview© software.

RESULTS

Study Population
From July 15 to September 15, 2021, we identified 126 subjects
admitted to the hospital for delta variant COVID-19 (57% male,
mean age 64 years, mean delay since symptoms onset 7.8 days).
Thirty-three patients (26%) required transfer to the ICU, while
the mortality rate was 15%. Among the 126 patients, 94 (75%)
were unvaccinated, 11 (8%) were incompletely vaccinated and 21
(17%) were fully vaccinated against COVID-19.

Rates of hypertension and severe neurocognitive disorders
were higher among fully vaccinated subjects (Table 1).

Characteristics of Fully Vaccinated
Patients and Differences With
Unvaccinated or Incompletely Vaccinated
Individuals
Among the 21 fully vaccinated patients, 13 had received the
Pfizer-Biontech, 3 the Moderna, 3 the AstraZeneca, and 2 the
Johnson and Johnson formulations.

Fully vaccinated patients were older (77 vs. 61 vs. 62 years, p=
0.003), with fewer days since symptoms onset (5.9 vs. 8.0 vs. 9.3
days, p = 0.035) than unvaccinated or incompletely vaccinated
patients, respectively. Severe pneumonia was less frequent among
completely vaccinated subjects (67 vs. 84 vs. 100%, p = 0.038),
while rates of transfer to the ICU, mechanical ventilation or death
did not differ (Table 1).

All but one fully vaccinated subject had comorbid conditions.
Mean interval between complete vaccination and hospital
admission was 3.9 months (Table 2). Main comorbidities
included hypertension, diabetes and overweight or obesity.
Average duration of O2 therapy was <5 days. In 13 cases
a thoracic CT scan was obtained during the hospital stay,
and mean involvement of lung parenchyma was estimated at
30% (Table 2).

Laboratory markers showed increased C-reactive protein
values and a low absolute lymphocyte count (Table 2).

Moreover, SARS-Cov2 viral loads, measured according to
the RT-PCR cycle threshold values in nasal swabs with either
NeuMoDX R© or GeneXpert R©, did not differ between fully
vaccinated subjects and those incompletely or not vaccinated
(data not shown).

Three patients unfortunately died during their hospital stay.
Two of them had been vaccinated with the AstraZeneca and
one with the Johnson and Johnson formulations. One of them
was a 77 year-old woman with lymphoma as the main comorbid
condition. The likely cause of death was not related to COVID,
but to acute leukemia.

The second patient was a 75 years-old man, hypertensive,
diabetic, obese, with chronic ischemic cardiopathy as main
comorbid conditions. He died from COVID-19-related acute
respiratory distress syndrome (ARDS).

The third patient was a 90 years-old man known for chronic
obstructive pulmonary disease. He developed an acute renal and
heart failure during the hospital stay, and died probably from
pulmonary edema.

DISCUSSION

Among our study population, patients who were fully vaccinated
against COVID-19 accounted for a minority of hospital

TABLE 1 | Characteristics of patients admitted for COVID-19.

Not vaccinated Incompletely vaccinated Fully vaccinated p-value

N (%) or mean [SD] N (%) or mean [SD] N (%) or mean [SD]

Number of patients 94 11 21

Male gender 53 (56%) 8 (73%) 11 (52%) 0.521

Age (years) 61.3 [19.7] 61.8 [16.0] 77.1 [14.3] 0.003

Hypertension 31 (33%) 3 (27%) 14 (67%) 0.012

Diabetes 19 (20%) 1 (9%) 8 (38%) 0.112

Overweight 23 (24%) 1 (9%) 4 (19%) 0.474

Obesity 25 (27%) 3 (27%) 4 (19%) 0.764

Severe cognitive disorders 3 (3%) 2 (18%) 4 (19%) 0.013

Cancer 3 (3%) 1 (9%) 2 (11%) 0.365

Days of symptoms onset 8.0 [3.9] 9.3 [4.9] 5.9 [3.2] 0.035

Severe pneumonia 79 (84%) 11 (100%) 14 (67%) 0.038

Transfer in ICU 25 (27%) 4 (36%) 4 (19%) 0.563

Mechanical ventilation 9 (10%) 1 (9%) 1 (5%) 0.778

Death 14 (15%) 2 (18%) 3 (14%) 0.953

ICU, Intensive Care Unit. Values in bold were those with significant p values.
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TABLE 2 | Characteristics of fully vaccinated patients admitted to the hospital for

COVID-19.

N (%) or mean [SD]

Number of patients 21

Male gender 11 (52%)

Age (years) 77 [14.3]

Comorbid conditions

Hypertension 14 (67%)

Diabetes 8 (38%)

Overweight or obesity 8 (38%)

Neurocognitive disorders 4 (19%)

Cancer 2 (11%)

Vaccine manufacturers

Pfizer 13 (62%)

Moderna 3 (14%)

AstraZeneca 3 (14%)

Johnson 2 (10%)

Months between vaccination and hospital admission 3.9 [1.9]

Clinical characteristics

Severe pneumonia 14 (67%)

Mild to moderate disease 7 (33%)

Max O2 therapy > 3 l/min 12 (57%)

Days on O2 therapy 4.9 [5.6]

Transfer in Intensive Care Unit 4 (19%)

Mechanical ventilation required 1 (5%)

Death 3 (14%)

Radiological characteristics

Mean percentage of lungs involvement at CT scan (n = 13) 30% [20]

Laboratory markers at admission

Mean C-reactive protein (mg/l) 107 [23.4]

Absolute lymphocyte count (cc/mmcc)* [527]

*One subject excluded for acute leukemia.

admissions during the delta variant outbreak. Indeed, about
85% of patients admitted for COVID-19 infection were either
not vaccinated or incompletely vaccinated, and their mean age
was lower than during the previous original strain and alpha
variant waves (23, 24), which could explain the relatively low
number of deaths and ICU transfers. Indeed, we previously found
high rates of death or transfer to the ICU in case of alpha-
variant COVID-19, but patients were significantly older than
during the delta variant outbreak (24). Nevertheless, hospital
admission of younger patients at present is concerning, and
confirms the need for extending vaccination programs to all adult
age groups.

Fully vaccinated patients were significantly older, with a
high prevalence of comorbid conditions. However, severe cases
were less frequent, mean duration of O2 therapy was <5 days,
mean extent of radiological lung involvement was only 30%,
and clinical outcome did not differ from younger non- or
incompletely vaccinated subjects.

To our knowledge, this is one of the largest reported cohort
of fully vaccinated patients admitted to the hospital for Delta

variant COVID-19. Despite being an elderly population with a
high rate of comorbid conditions, their clinical outcome was in
majority favorable, with a generally rapid recovery, and a low
mortality rate.

These results confirm the protection conferred by vaccines
against severe forms of delta variant COVID-19 infection.
Indeed, although several cases of illness despite full vaccination
are currently described (25, 26), our study confirms that the
risk of hospitalization is low, and the rate of favorable outcome
is high. However, such results also emphasize the urgent need
to understand the effect of waning neutralization titers and
cellular immunity on protection against infection, especially that
due to SARS-Cov-2 variants. Although the lack of neutralizing
antibody levels before admission is a major limit, it is intriguing
to note that the mean interval between complete vaccination
and hospital admission was <4 months. Recent data showed
that vaccine effectiveness against symptomatic disease decreased
by 32% over a period of 6 months for subjects older than 50
years (27, 28). For such reasons, in order to improve the vaccine
effectiveness, French guidelines recently reduced the suggested
interval between the primary vaccination and the booster dose
to 3 months (29).

Interestingly, viral load was similar in vaccinated and
unvaccinated subjects. The degree of protection against
virus transmission by vaccinated individuals compared to
unvaccinated subjects remains a subject of debate (26, 30). Due
to the limited number of patients with available cycle threshold
values, and to the difference in duration of symptoms between
the two groups, no conclusion can be drawn, and further studies
are necessary. However, new vaccine platforms are currently
being developed. Indeed, mucosal vaccines would probably
improve protection against viral carriage by inducing a potent
adaptative immunity at the mucosal site, rather than protecting
against disease symptoms, such as that provided by currently
available vaccines (31).

Limitations of this study include its retrospective character,
the lack of neutralizing antibody levels before admission, and the
relatively low number of patients. However, files were carefully
reviewed by the same physicians who took care of the patients
during their hospital stay.

In conclusion, few fully vaccinated patients were
admitted for COVID-19 during the delta variant outbreak
and, although these were mostly elderly with frequent
comorbidities, their rates of favorable clinical outcome
were high.
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