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ABSTRACT
Fully vaccinated people remain at risk of Coronavirus Disease 2019 (COVID-19). We examined association between prior
vaccination and clinical outcomes in patients with COVID-19. Overall, 387 patients with mild-to-severe COVID-19 were
enrolled. Patients were considered fully vaccinated at least 14, 7, and 14 days after receiving the second dose of
ChAdOx1 nCoV-19 or mRNA-1273, second dose of BNT162b2, or single dose of Ad26.COV2.S, respectively. The
primary outcomes (risk of pneumonia, requirement of supplemental oxygen, and progression to respiratory failure)
were compared between vaccinated and unvaccinated patients. Logistic regression analysis was performed to
identify factors associated with the outcomes. There were 204 and 183 patients in the vaccinated and unvaccinated
groups, respectively. The vaccinated group was significantly older and had more comorbidities than the unvaccinated
group. Patients in the unvaccinated group were significantly more likely to develop pneumonia (65.6% vs. 36.8%) or
require supplemental oxygen (29.0 vs. 15.7%) than the vaccinated group. The vaccinated group had a significantly
shorter time from symptom onset to hospital discharge than the unvaccinated group (10 vs. 11 days; p<0.001). The
proportion of patients who progressed to respiratory failure did not differ significantly between groups. In
multivariable analyses, vaccination was associated with an approximately 70% and 82% lower likelihood of
pneumonia and supplemental oxygen requirement, respectively. Being vaccinated was associated with a significantly
lower risk of pneumonia and severe disease when breakthrough infection developed. Our findings support
continuous efforts to increase vaccine coverage in populations.
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Introduction

The Coronavirus Disease 2019 (COVID-19) pan-
demic, caused by the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), has been a
significant global health threat for the past couple of
years [1]. As of 26 January 2022, there were over 350
million confirmed cases of COVID-19 [2]. Several
risk factors have been suggested for COVID-19 infec-
tion such as older age, presence of comorbidities, and
prior pneumonia [3,4]. A recent Greek study showed a
high prevalence of risk factors in the community [4]
when various age groups were surveyed via web-
based questionnaires, and 81.2% of 2000 respondents
reported having underlying medical conditions that
could lead to severe COVID-19. Due to the high mor-
bidity and mortality of COVID-19 [5,6], along with
several quarantine regulations, the importance of vac-
cination is being emphasized [7]. Following the dem-
onstration of effective prevention of COVID-19 by
several vaccines in phase-3 trials, they have been
approved [8-11]. These include mRNA vaccines with

94-95% efficacy in preventing SARS-CoV-2 infection
[9,10].

However, even fully vaccinated people remain at
risk of COVID-19 (breakthrough infections) [12,13].
Causes of breakthrough infections include incomplete
vaccine efficacy, decline in protective effects over time,
differences in individual immune responses after vac-
cination, and emergence of variants [14]. With
increases in population vaccine coverage, the number
of breakthrough infection cases is expected to rise
[15]. To date, little is known about how prior vacci-
nation affects the clinical outcomes and prognosis of
breakthrough infections.

The clinical presentation of COVID-19 varies,
ranging from pauci-symptomatic infection to the
severe forms of respiratory failure [16,17]. Pneumo-
nia or oxygen demand in COVID-19 can be an
alarming signal of possible worsening respiratory
status and may burden limited medical resources.
Furthermore, long-term sequelae may persist even
in survivors [18-20]. To determine the impact of
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prior vaccination on breakthrough infection, we
compared the clinical outcomes of vaccinated and
unvaccinated patients hospitalized for COVID-19
and examined the association between prior vacci-
nation and patient outcomes.

Materials and methods

Study patients

This was a retrospective study involving patients with
a confirmed diagnosis of COVID-19 admitted to Ilsan
Paik Hospital, Republic of Korea. Between 1 Septem-
ber and 31 December 2021, 389 patient hospitaliz-
ations were identified with COVID-19. The two
patients who were transferred from other hospitals
for post-acute care were excluded from the analysis,
leaving 387 in the current study.

Patients were considered fully vaccinated at least 14
days after receipt of the second dose of ChAdOx1
nCoV-19 (Oxford/AstraZeneca, Cambridge, UK) or
mRNA-1273 (Moderna Inc., Cambridge, USA), at
least 7 days after the second dose of BNT162b2
(Pfizer/bioNTech, New York, NY, USA and Mainz,
Germany), or at least 14 days after receiving a single
dose of Ad26.COV2.S (Janssen-Cilag International
NV, Beerse, Belgium). Vaccination status was
classified according to vaccine receipt before the date
of symptom onset in symptomatic patients and the
date of diagnosis in asymptomatic patients. The
study protocol was approved by the Institutional
Review Board of Ilsan Paik Hospital (No. 2022-01-
025). The need for informed consent was waived
owing to the retrospective nature of the study.

COVID-19 severity classification

According to the Korea Disease Control and Preven-
tion Agency guidelines, all patients with COVID-19
were classified by their initial level of severity to deter-
mine who required hospitalization and who could be
treated at home or in residential treatment centres.
Symptomatic patients were categorized into one of
four groups (mild, moderate, severe, and critical ill-
ness) by the city and provincial patient management
teams (Supplementary Table 1). Our hospital is desig-
nated to treat patients with mild, moderate, or severe
COVID-19. Therefore, patients with critical illnesses
(i.e. respiratory failure, septic shock, and/or multiple
organ dysfunction) at the time of diagnosis were not
included in the analysis.

Treatment and discharge

Treatment was provided in accordance with the
revised Korean Society of Infectious Diseases/
National Evidence-based Healthcare Collaborating

Agency guidelines on the treatment of patients
with COVID-19 [21]. Remdesivir was administered
to patients who required supplemental oxygen but
no invasive ventilation or extracorporeal membrane
oxygenation. Corticosteroid administration was con-
sidered for patients with severe or critical disease.
For patients with rapidly increased oxygen require-
ment, tocilizumab (interleukin-6 inhibitor) was
added. Regdanvimab, a recombinant human mono-
clonal antibody against SARS-CoV-2, was considered
in high-risk patients with mild-to-moderate disease
who developed symptoms within 7 days before
drug administration and who do not require sup-
plemental oxygen.

Due to quarantine issues, the Korean government
established the following criteria to be met by the
patients before discharge: 1) improvements in clini-
cal symptoms and no fever for at least 24 h, and
2) discharge after at least 10 days from the onset
of symptoms. Asymptomatic patients were dis-
charged if they did not show any clinical symptoms
for 10 days after confirmation. When the admitted
patients progressed to a critical condition (respirat-
ory failure, septic shock, and/or multiple organ dys-
function), they were transferred to a hospital
designated for critical care.

Data collection

Baseline characteristics, including age, sex, body mass
index (BMI), comorbidities, and details of COVID-19
vaccination, including dates and vaccine products,
were obtained from the electronic medical records.
The diagnosis date, presence of symptoms at hospital
admission, date of symptom onset, admission and dis-
charge dates, and cycle threshold (Ct) values of the
RdRp/E/N genes from reverse transcription (RT)-
polymerase chain reaction (PCR) were also recorded.
All the patients underwent chest radiography for
radiological evaluation. Some patients underwent
chest computed tomography (CT), which was deter-
mined by the attending physician.

Outcomes

The primary outcomes were the risks of pneumonia,
requirement of supplemental oxygen, and progression
to respiratory failure due to COVID-19. Pneumonia
was defined as radiological evidence of pulmonary
infiltrates on chest radiography or chest CT scan.
The requirement of supplemental oxygen was deter-
mined when oxygen saturation was less than 94% on
room air at sea level. Respiratory failure was defined
as the requirement for oxygen supply via a high-flow
nasal cannula, mechanical ventilation, or extracorpor-
eal membrane oxygenation.
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Statistical analysis

Data are presented as mean ± standard deviation or
median (interquartile range [IQR]) for continuous par-
ameters and number (percentage) for categorical vari-
ables. Chi-squared and Fisher’s exact tests were used to
compare categorical variables, whereas for continuous
variables, the t-test and Mann–Whitney U test were
used for normally and non-normally distributed data,
respectively. The probability of respiratory failure-
free survival was assessed using Kaplan-Meier survival
analysis, in which statistical significance was based on a
log-rank test. Logistic regression analysis was used to
determine the risk factors for pneumonia, requirement
of supplemental oxygen, and progression to respiratory
failure. Effects of the time interval from the second vac-
cination dose to admission on respiratory outcomes
were also assessed using logistic regression analysis.
Variables with p <0.1 in the unadjusted analysis were
entered into the multivariable models and analysed
using the backward LR or enter method. Sensitivity
analyses were performed excluding patients who only
received the first dose in a two-dose series, those who
failed to meet the criteria for full vaccination due to a
short interval between the receipt of a second dose
and the development of COVID-19, and those who
received a booster dose. All p-values were two-tailed,
and p <0.05 was considered statistically significant.
Data were analysed using IBM SPSS Statistics for Win-
dows, version 25.0; (IBM Corp., Armonk, N.Y., USA).

Result

Baseline characteristics of the study patients

According to the vaccination status, 204 (52.7%) and183
(47.3%) patients were in the vaccinated and unvacci-
nated group, respectively. In the vaccinated group, the

median interval from the receipt of a second dose until
onset of symptoms was 100.0 (IQR, 70.0–136.3) days
whereas themedian time from the second dose to hospi-
tal admission date was 106.5 (IQR, 73.5–141.3) days.

Table 1 shows the baseline characteristics of the two
groups. In the vaccinated and unvaccinated groups,
mean ages were 66.8 and 47.8 years, and men
accounted for 50.5% and 49.2%, respectively. Patients
in the vaccinated group were significantly older and
more frequently had hypertension and chronic lung
disease than those in the unvaccinated group. Sex,
BMI, and the lowest Ct value by RT–PCR did not
differ significantly between the groups.

Types of vaccine administered

In the vaccinated group, the most commonly adminis-
tered vaccine product was ChAdOx1 nCoV-19
(49.0%), followed by BNT162b2 (48.0%) (Table 2).
Four patients who received ChAdOx1 nCoV-19 as
the first dose received BNT162b2 as the second dose.
Booster doses were administered to 13 patients: 11
received BNT162b2, and 2 received mRNA-1273.

Proportion of breakthrough infection by month

Figure 1(A) and (B) show the number of COVID-19
confirmed cases and cumulative percentages of the

Table 2. Types of vaccine product administered to the
vaccinated group (n = 204)

First dose Second dose Booster dose

ChAdOx1 nCoV-19 104 (51.0) 100 (49.0) –
BNT162b2 94 (46.1) 98 (48.0) 11 (5.4)
mRNA-1273 1 (0.5) 1 (0.5) 2 (1.0)
Ad26.COV2.S 5 (2.5) –

Data are presented as number (%).

Table 1. Baseline characteristics of patients according to the vaccination status
Vaccinated (n = 204) Unvaccinated (n = 183) p-value

Age, y 66.8 ± 14.3 47.8 ± 16.8 <0.001
Age category, y <0.001
18–49 27 (13.2) 101 (55.2)
50–64 49 (24.0) 52 (28.4)
≥65 128 (62.7) 30 (16.4)
Sex 0.839
Male 103 (50.5) 90 (49.2)
Female 101 (49.5) 93 (50.8)
BMI, kg/m2 25.2 ± 3.8 25.6 ± 5.0 0.357
PCR Gene Ct value 17.2 [13.8;21.2] 17.6 [14.7;21.4] 0.445
Co-morbidities
Hypertension 108 (52.9) 43 (23.5) <0.001
Diabetes 46 (22.5) 26 (14.2) 0.037
Cardiovascular disease 35 (17.2) 26 (14.2) 0.486
Chronic lung disease 17 (8.3) 6 (3.3) 0.051
Chronic kidney disease 10 (4.9) 7 (3.8) 0.630
Chronic liver disease 3 (1.5) 8 (4.4) 0.125
Solid organ transplantation 3 (1.5) 2 (1.1) >0.999
Rheumatic disorders 3 (1.5) 8 (4.4) 0.125
Cancer 16 (7.8) 11 (6.0) 0.552
Obesity (BMI>30) 31 (15.2) 31 (16.9) 0.679

Data are presented as number (%), median [interquartile range], or mean ± standard deviation.
Abbreviations: BMI, body mass index; PCR, polymerase chain reaction; Ct, cycle threshold.
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fully vaccinated nationwide population, monthly,
respectively. The vaccination rate of 50.4% in Republic
of Korea at the end of September had increased to
83.0% by the end of December. Figure 1(C) shows
the number of patients admitted to our hospital per
month, relative proportion of vaccinated and unvacci-
nated patients, and cumulative rate of breakthrough

infections. As the number of vaccinated individuals
increased, the proportion of breakthrough infections
among the study patients tended to increase.

Initial presentation of covid-19 and clinical
outcomes

Table 3 shows the initial presentations and outcomes
of COVID-19 in the vaccinated and unvaccinated
patients. The unvaccinated group had a significantly
higher proportion of patients with symptomatic infec-
tion (93.4% vs. 86.3%) and hypoxia at the time of hos-
pitalization (17.5% vs. 9.8%) than the vaccinated
group. Pneumonia was more frequent in the unvacci-
nated group than in the vaccinated group (65.6% vs.
36.8%). Patients in the unvaccinated group were sig-
nificantly more likely to require supplemental oxygen
than those in the vaccinated group (29.0% vs. 15.7%; p
= 0.002) and to receive remdesivir (27.9% vs. 16.7%; p
= 0.010). Dexamethasone was also administered more
frequently in the unvaccinated group than in the vac-
cinated group (33.9% vs. 22.1%; p = 0.012). The vacci-
nated group had a significantly shorter time from
symptom onset to hospital discharge than the unvac-
cinated group (10 vs. 11 days; p<0.001). The pro-
portion of patients who progressed to respiratory
failure was non-significantly higher in the unvacci-
nated group than in the vaccinated group. Kaplan-
Meier analysis demonstrated no significant difference
in respiratory failure-free survival between the vacci-
nated and unvaccinated groups (Figure 2). The clinical
course according to the vaccine type is described in
Supplementary Table 2.

Factors associated with covid-19 pneumonia

Various clinical variables were included in the logistic
regression model to identify the risk factors for devel-
oping COVID-19 pneumonia (Table 4). In the unad-
justed and multivariable analyses, only prior
vaccination was significantly associated with a lower
risk of COVID-19 pneumonia (adjusted odds ratio
[OR], 0.305; 95% confidence interval [CI], 0.197–
0.472; p <0.001).

Factors associated with supplemental oxygen
requirement

Factors associated with the requirement for oxygen
supplementation in the unadjusted analysis included
older age, presence of diabetes, and prior vaccination
(Table 5). In multivariable analysis, prior vaccination
was associated with an approximately 82% lower like-
lihood of supplemental oxygen requirement (adjusted
OR, 0.184; 95% CI, 0.098–0.345; p<0.001).

Figure 1. Nationwide trends in COVID-19 cases, vaccination
rates, and proportion of breakthrough infections among
study patients (a) Cumulative number of confirmed COVID-
19 cases in Republic of Korea during the study period. (b)
Trends in vaccination rates in Republic of Korea during the
study period. (c) Relative proportion of vaccinated and unvac-
cinated patients in the study patients. Abbreviations: COVID-
19, coronavirus disease 2019

Emerging Microbes & Infections 1319



Factors associated with respiratory failure due
to covid-19

Table 6 shows the predictors of respiratory failure in
patients with COVID-19. In the unadjusted analysis,
various comorbidities, such as hypertension, diabetes,

cardiovascular disease, and chronic kidney disease,
were associated with progression to respiratory failure,
but vaccination was not a predictor. In the multi-
variate model, the presence of cardiovascular disease
(adjusted OR, 3.188; 95% CI, 1.121–9.064; p = 0.030)
was significantly associated with respiratory failure.

Effects of time from vaccination to hospital
admission on the risk of respiratory outcomes

The time interval from the second vaccination dose to
hospital admission according to the vaccine type is
illustrated in Supplementary Figure 1. In the vacci-
nated group, increased time after vaccination was sig-
nificantly associated with a higher risk of
supplemental oxygen requirement (OR, 1.009; 95%
CI, 1.001–1.017; p = 0.022) although no significant
association was found with pneumonia or respiratory
failure (Supplementary Table 3).

Sensitivity analyses

There were 190 and 140 patients in the vaccinated and
unvaccinated groups, respectively. The vaccinated
group was significantly older and had a higher pro-
portion of patients with hypertension (Supplementary

Figure 2. Kaplan-Meier curves of the respiratory failure-free
survival by vaccination status. Kaplan-Meier survival curves
of the probability of respiratory failure-free survival from hos-
pital admission did not show a significant difference between
the vaccinated and unvaccinated groups.

Table 4. Factors associated with COVID-19 pneumonia
Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.004 (0.993–1.015) 0.464
Male sex 1.269 (0.851–1.891) 0.242
BMI 1.001 (0.956–1.048) 0.975
PCR Ct value 0.996 (0.961–1.032) 0.839
Hypertension 0.703 (0.467–1.060) 0.092 1.005 (0.643–1.571) 0.982
Diabetes 1.482 (0.883–2.488) 0.136
Cardiovascular disease 1.118 (0.646–1.935) 0.692
Chronic lung disease 1.079 (0.464–2.508) 0.860
Chronic kidney disease 1.429 (0.532–3.834) 0.479
Chronic liver disease 1.750 (0.504–6.078) 0.378
Solid organ transplantation 1.484 (0.245–8.984) 0.667
Rheumatic disorders 0.553 (0.159–1.922) 0.352
Cancer 0.658 (0.297–1.456) 0.301
Obesity (BMI>30) 0.925 (0.536–1.597) 0.781
Prior vaccination 0.305 (0.201–0.463) <0.001 0.305 (0.197–0.472) <0.001

Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; BMI, body mass index; PCR, polymerase chain reaction; Ct, cycle
threshold.

Table 3. COVID-19 presentation and clinical course according to the vaccination status
Vaccinated (n = 204) Unvaccinated (n = 183) p-value

Asymptomatic infection, (%) 28 (13.7) 12 (6.6) 0.029
Hypoxia* at admission, (%) 20 (9.8) 32 (17.5) 0.036
Pneumonia, (%) 75 (36.8) 120 (65.6) <0.001
Supplemental oxygen requirement 32 (15.7) 53 (29.0) 0.002
Respiratory failure 7 (3.4) 12 (6.6) 0.166
Transfer, (%) 7 (3.4) 11 (6.0) 0.239
Treatment, (%)
Remdesivir 34 (16.7) 51 (27.9) 0.010
Corticosteroid 45 (22.1) 62 (33.9) 0.012
Tocilizumab 3 (1.5) 6 (3.3) 0.317
Regdanvimab 130 (63.7) 85 (46.4) 0.001
Duration of oxygen supplementation, days 3.0 [2.0;4.8] 4.0 [2.0;6.0] 0.344
Time from symptom onset to discharge, days 10 [9;11] 11 [10;14] <0.001

Data are presented as numbers (%) or medians [interquartile ranges].
*Hypoxia was defined as oxygen saturation <94% on room air at sea level.
Abbreviation: COVID-19, coronavirus disease 2019.
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Table 4). Among these patients, the vaccinated group
had more asymptomatic infections (12.1% vs. 5.0%),
less hypoxia at hospitalization (8.9% vs. 20.7%), less
frequent pneumonia occurrences (36.3% vs. 71.4%),
and supplemental oxygen requirement (15.3% vs.
35.0%) (Supplementary Table 5). The median interval
from symptom onset to discharge was significantly
shorter (10 vs. 12 days; p <0.001). In multivariable
regression models, prior vaccination was significantly
associated with a lower likelihood of pneumonia
(adjusted OR, 0.230; 95% CI, 0.141–0.376; p <0.001)
and supplemental oxygen requirement (adjusted OR,
0.130; 95% CI, 0.066–0.256; p <0.001).

Discussion

In this study involving 387 patients with mild-to-
severe COVID-19, vaccinated patients showed favour-
able outcomes despite their significantly older age and
more frequent comorbidities. The initial viral load
(represented by PCR Ct values) appeared similar
between the vaccinated and unvaccinated groups,
but in fully vaccinated patients, a significantly lower
risk of pneumonia as well as supplemental oxygen
requirement due to COVID-19 occurred.

In terms of vaccine effectiveness, studies have pri-
marily focused on the prevention of symptomatic
infection and hospitalization; not only phase 3 clinical

trials, but also real-world studies have demonstrated
that currently available vaccines are effective in pre-
venting SARS-CoV-2 infection [22-24]. However,
breakthrough cases have been detected and vaccine
effectiveness against SARS-CoV-2 infection has been
reported to wane over time [25,26]. In a recent study
conducted in a large healthcare system assessing
over 3 million patients, Tartof et al. reported that the
protective effect of BNT162b2 declined to 47% after
5 months of vaccination [27]. Our study presents simi-
lar finding, with a median interval from vaccination to
hospitalization of 106.5 days. It is important to note
that fully vaccinated individuals remain at risk for
COVID-19 and further research to clarify the clinical
course of breakthrough infections is of clinical value.

According to the results of our study, vaccinated
patients were significantly more likely to be asympto-
matic. In addition, vaccinated patients had a signifi-
cantly lower risk of pneumonia or supplemental
oxygen requirement than unvaccinated patients. The
median time from symptom onset to hospital discharge
was significantly shorter in the vaccinated group. These
findings support current recommendations for vacci-
nation. Pneumonia is a serious complication of the
SARS-CoV-2 infection. A proportion of patients
deteriorate into acute respiratory failure with poor sur-
vival [28], and even after recovery, symptoms may lin-
ger [29,30]. More importantly, there have been reports

Table 5. Factors associated with supplemental oxygen requirement
Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.020 (1.005–1.034) 0.007 1.046 (1.026–1.066) <0.001
Male sex 1.102 (0.681–1.784) 0.693
BMI 1.033 (0.979–1.091) 0.238
PCR Ct value 1.005 (0.963–1.049) 0.826
Hypertension 1.195 (0.733–1.948) 0.476
Diabetes 1.760 (0.993–3.120) 0.053 1.581 (0.855–2.922) 0.144
Cardiovascular disease 1.189 (0.626–2.259) 0.596
Chronic lung disease 0.736 (0.243–2.223) 0.586
Chronic kidney disease 1.098 (0.349–3.458) 0.873
Chronic liver disease 1.345 (0.349–5.183) 0.667
Solid organ transplantation 0.887 (0.098–8.042) 0.915
Rheumatic disorders 0.348 (0.044–2.755) 0.317
Cancer 0.795 (0.292–2.167) 0.655
Obesity (BMI>30) 1.440 (0.773–2.683) 0.250
Prior vaccination 0.456 (0.278–0.748) 0.002 0.184 (0.098–0.345) <0.001

Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; PCR, polymerase chain reaction; Ct, cycle threshold.

Table 6. Factors associated with progression to respiratory failure
Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.031 (1.001–1.063) 0.043
Male sex 0.900 (0.357–2.266) 0.823
BMI 1.056 (0.963–1.159) 0.727
PCR Ct value 0.915 (0.830–1.009) 0.074 0.919 (0.830–1.018) 0.104
Hypertension 2.824 (1.086–7.344) 0.033
Diabetes 2.719 (1.031–7.172) 0.043
Cardiovascular disease 3.025 (1.074–8.518) 0.036 3.188 (1.121–9.064) 0.030
Chronic liver disease 0.503 (0.061–4.145) 0.523
Chronic kidney disease 4.741 (1.237–18.175) 0.023
Rheumatic disorders 1.989 (0.241–16.396) 0.523
Obesity (BMI>30) 0.320 (0.042–2.470) 0.275
Prior vaccination 0.506 (0.195–1.315) 0.162

Multivariable logistic regression model was performed using the backward LR method.
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; PCR, polymerase chain reaction; Ct, cycle threshold.
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of lung fibrosis as a post-COVID complication, and
severity of illness as a risk factor [31]. One study
found that the duration of oxygen supplementation
was associated with abnormal findings of the lung func-
tion and chest CT during the follow-up [32]. Therefore,
even in patients in whom vaccination fails to prevent
infection, it provides benefits by reducing the incidence
and severity of COVID-19 pneumonia.

Data on the mechanisms by which vaccination
reduces infection severity are lacking. One plausible
reason for this is the lower viral load in vaccinated
patients. A previous study in Israel demonstrated
that the mean Ct value of SARS-CoV-2 at RT–PCR,
a surrogate for viral load, was significantly lower in
fully vaccinated patients than in unvaccinated patients
[33]. This alone may be an insufficient explanation
because there was no significant difference in median
Ct values between the vaccinated and unvaccinated
groups in our study. Another plausible explanation
is the enhanced antibody response against SARS-
CoV-2 in vaccinated individuals [34,35]. We did not
measure the antibody concentrations in this study,
and it is difficult to determine whether enhanced anti-
body response led to a lower risk of pneumonia and
less disease severity in the vaccinated patients. Further
research is needed to determine how immune
response against SARS-CoV-2 differs between vacci-
nated and unvaccinated patients.

The proportion of patients who progressed to res-
piratory failure was lower in the vaccinated group
than in the unvaccinated group, but the difference
was not statistically significant. The number of
patients with respiratory failure might have been too
small to detect a significant difference. Another
hypothesis that may explain the variations in clinical
outcomes in the unvaccinated group is pre-existing
immunity against SARS-CoV-2. Although uncom-
mon, re-infections occur; some in the unvaccinated
group might have had pre-existing immunity from
unrealized prior infection, which could have pre-
vented progression to respiratory failure.

The risk factors for respiratory failure in our study
were similar to those previously reported [36]; older
age; comorbid conditions (hypertension, diabetes, car-
diovascular disease, and chronic kidney disease); and
lower PCR Ct value were significantly associated with
progression to respiratory failure in the unadjusted
model. Meanwhile, a recent study in the US found
that prior vaccination had a protective effect against
respiratory failure or death [15]. The study analysed
1983 hospitalized patients with COVID-19 and found
that vaccination was associated with an approximately
one-third lower likelihood of progression to death or
mechanical ventilation. That study included patients
vaccinated with mRNA vaccines; thus, interpretation
may be limited when applied to a population vaccinated
with other types of vaccines (e.g. viral vector vaccines).

Furthermore, the study might not have fully encom-
passed the Delta variant dominance, given the study
period (from 11 March to 15 August 2021). Neverthe-
less, the study indicated the benefit of prior vaccination
on the outcomes of breakthrough infections, which is in
line with our findings.

Most of the study patients included in our analysis
were immunocompetent, although some immuno-
compromised patients, including those with cancer
and rheumatic disorders, and solid organ transplant
recipients were included. The impact of vaccination
on breakthrough infections may be different in indi-
viduals with chronic immunosuppression. Recent
research has shown that patients with cancer who
develop COVID-19 despite full vaccination are at a
risk of critical outcomes [37]. This recent study
included 1787 patients with cancer and COVID-19,
of whom 131 were fully or partially vaccinated.
Patients with active or progressive cancer had an
approximately 6-fold higher risk of 30-day mortality.
Meanwhile, in patients with systemic rheumatic dis-
orders, vaccination provided better outcomes for
breakthrough infections, especially in terms of hospi-
talization and death [38]. Subgroups with specific
underlying diseases may differ in vaccine benefits in
cases of breakthrough infections; therefore, further
research is needed to elucidate this matter.

This study has some limitations that need to be
addressed. First, there might have been selection bias
in the study patients; more than half of the patients
in our study were fully vaccinated. Elderly patients
and those with comorbidities were prioritized for
receiving vaccines in the early phases of the distri-
bution process, in accordance with the government
guidelines in Republic of Korea. These patients were
also given priority in hospitalization rather than
being treated at home or residential treatment centres
because they were considered at high risk. This led to a
relatively high proportion of patients who were fully
vaccinated but were infected with SARS-CoV-2 in
our study. Nevertheless, our finding that clinical out-
comes were favourable in patients who were con-
sidered high-risk [39,40] supports the effectiveness
of vaccination. Second, since genotyping of SARS-
CoV-2 was not performed in our study patients, we
did not have information on the variant type in each
case, and the predominant variant among the study
patients. Since the detection rate of the Delta variant
accounted for more than 50% of the local cases in
Republic of Korea by the end of July 2021 [41], the
Delta variant may have been the predominant type
in our study patients. Recently, the Omicron variant
surge has been sweeping the globe, becoming the pre-
dominant variant type [42,43]. It is uncertain whether
the study results could be applied as it is, in the face of
the Omicron variant dominance. However, recent
studies have revealed that booster immunization
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with mRNA vaccines significantly increases the neu-
tralizing activity against Omicron [44,45]. Third, 13
(6.4%) patients in the vaccinated group received a
booster dose after the second vaccine dose. The prog-
nosis of breakthrough infection may differ slightly
from the results of our study in the context of an
increased rate of booster vaccination. Given the
benefit of vaccination even without a booster dose
found in our study, we believe that the effectiveness
of vaccination in reducing the severity of COVID-19
in breakthrough infections, is likely to be the same.

In conclusion, we found that being vaccinated was
associated with a lower risk of pneumonia and severe
disease when breakthrough infections occur, although
the vaccinated had more risk factors. Our findings
support continuous efforts to increase vaccine cover-
age in populations.
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