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Abstract
Introduction Breakthrough COVID-19 may occur in vaccinated people, and may result from declining vaccine effectiveness 
or highly transmittable SARS-CoV-2 variants, such as the B.167.2 (delta) variant. We investigated risk factors and outcomes 
for infection with the delta variant among vaccinated hemodialysis patients.
Methods Patients on maintenance hemodialysis who received two doses of the BNT162b2 (Pfizer-BioNTech) vaccine were 
analysed according to having developed COVID-19 (study group) or not (control group), in a retrospective, observational, 
comparative study. We compared risk-factors for developing breakthrough COVID-19 and assessed clinical outcomes, 
including 30-day mortality rates.
Results Twenty-four cases of breakthrough SARS-CoV-2 infection were compared to 91 controls without infection. Break-
through infection was associated with chronic immunosuppressive treatment, hematological malignancies, and low anti-
body levels against SARS-CoV-2 spike protein. All COVID-19 cases occurred at least 5 months after vaccination, and 
most were caused by the B.1.617.2 variant (at least 23/24 cases). COVID-19 was categorized as severe or critical disease 
in 11/24 patients (46%), and 54% required hospitalization and COVID-19-directed treatment. The source of infection was 
nosocomial in 6/24 cases (25%), and healthcare-related in 3/24 (12.5%). Mortality rate was 21%. Overall mortality was 
significantly higher in patients who developed COVID-19 than in controls (odds ratio for all-cause mortality 7.6, 95% CI 
1.4–41, p = 0.002).

 * Keren Cohen-Hagai 
 keren.cohen@clalit.org.il

1 Department of Pulmonology, Meir Medical Center, 
Kfar Saba, Israel

2 Sackler Faculty of Medicine, Tel Aviv University, Tel Aviv, 
Israel

3 Department of Nephrology and Hypertension, Meir Medical 
Center, Kfar Saba, Israel

4 Corona and Respiratory Viruses Laboratory, Meir Medical 
Center, Kfar Saba, Israel

5 Department of Nephrology and Hypertension, Laniado 
Hospital, Netanya, Israel

6 Ruth and Bruce Rappaport Faculty of Medicine, Technion, 
Haifa, Israel

7 Department of Nephrology and Hypertension, Tel Aviv 
Sourasky Medical Center Tel Aviv, Tel Aviv, Israel

8 Department of Internal Medicine D, Meir Medical Center, 
Kfar Saba, Israel

9 Infection Control Unit, Meir Medical Center, Kfar Saba, 
Israel

http://orcid.org/0000-0003-1894-6956
http://crossmark.crossref.org/dialog/?doi=10.1007/s40620-022-01245-9&domain=pdf


1480 Journal of Nephrology (2022) 35:1479–1487

1 3

Conclusions Breakthrough COVID-19 with the B.1.617.2 variant can occur in vaccinated hemodialysis patients and is 
associated with immunosuppression and weaker humoral response to vaccination. Infections may be nosocomial and result 
in significant morbidity and mortality.
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Introduction

Highly effective vaccines against severe acute respiratory 
syndrome virus 2 (SARS-CoV-2) have been developed and 
administered worldwide. Protection from coronavirus dis-
ease 2019 (COVID-19), however, is not absolute. Concerns 
regarding breakthrough COVID-19 in vaccinated patients 
are increasing, as vaccine efficacy appears to gradually 
decline in the months following vaccination [1, 2]. The 
emergence of highly infectious variants and especially the 
predominance of the B.1.617.2 (delta) variant, escalate these 
concerns [3, 4].

End-stage kidney disease requiring maintenance hemo-
dialysis (MHD) is a risk-factor for severe COVID-19 infec-
tion and mortality [5]. Vaccinated patients on MHD may 
be more susceptible to breakthrough COVID-19 because of 
impaired immune systems and increased exposure. While 
most MHD patients develop an immune response following 
messenger RNA (mRNA) vaccination [6], this response is 
weaker than in the healthy population [7], and may diminish 
over time [8].

We report on breakthrough COVID-19 with variant 
B.1.617.2 in vaccinated patients on MHD, including an 

association with humoral response to vaccination and other 
clinical variables.

Methods

Study design

This retrospective, observational study was conducted at 
Meir Medical Center, Kfar Saba, Israel, from June 1 to Sep-
tember 30, 2021 and included patients with end-stage kidney 
disease on MHD.

Results are reported according to the STROBE statement 
guidelines.

Preventive measures that were applied to mitigate 
COVID-19 spread in the hemodialysis unit are detailed in 
S1. Supplemental Methods Section.

Participants

Participants included patients ≥ 18 years of age on MHD 
in our institution. MHD was defined as at least 3 months of 
hemodialysis prior to the study period.
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All participants received 2 doses of the BNT162b2 
(Pfizer-BioNTech) vaccine at a 21-day interval. Patients 
were vaccinated as part of a national vaccination strategy 
prioritizing MHD patients, which began in December 2020.

Study groups

Participants were categorized to a study group that included 
MHD patients who were infected with SARS-CoV-2 during 
the study period and at least one week after the second vac-
cine dose. Some patients in this group had SARS-CoV-2 
antibody measurements taken 6 months after vaccination 
and before their infection, as part of a different study [8].

Vaccinated MHD patients without evidence of SARS-
CoV-2 infection, who had SARS-CoV-2 antibody meas-
urements 6 months after vaccination served as the control 
group. Patients without breakthrough infection who did not 
have antibody measurements were excluded.

This analysis includes data regarding two doses of the 
BNT162b2 vaccine. A third vaccine dose was recommended 
and available in Israel for high-risk individuals, including 
MHD patients, beginning in July 2021. Data of patients who 
received a third dose were included only from the second 
dose until the third dose.

Diagnosis of SARS‑CoV‑2 infection

SARS-CoV-2 infection was diagnosed either by positive 
real-time reverse-transcriptase polymerase chain reaction 
(RT-PCR) or by the presence of anti-nucleocapsid IgG anti-
bodies (anti-N-Ab). RT-PCR result from nasopharyngeal 
swabs was considered positive if the cycle threshold was 
40 or less.

SARS-CoV-2 anti-N-Ab were measured in all study par-
ticipants in September 2021, in order to exclude asympto-
matic infection. Titers higher than 1 index were considered 
positive. Anti-N-Ab were measured using the Architect 
SARS-CoV-2 IgG nucleocapsid protein assay (Abbot, Abbot 
Park, IL).

An experienced infection control physician (P.S.) 
reviewed the medical records of individual cases to deter-
mine where SARS-CoV-2 infection was acquired. Patients 
whose symptom onset and first positive RT-PCR occurred 
on hospital day 7 or later, or that occurred within 14 days of 
hospital discharge were suspected to be nosocomial.

Variables

Clinical, laboratory and radiologic data were extracted from 
the patients' medical records. The day of first positive swab 
for SARS-CoV-2 served as day 0 of illness for the study.

Baseline clinical variables included age, sex, comorbidi-
ties, dialysis vintage and adequacy parameters, and baseline 

laboratory data. Laboratory test results collected up to a 
month before the diagnosis of COVID-19 or at the time of 
IgG anti-S measurements served as baseline for the study 
and control groups, respectively.

Variables related to COVID-19 included clinical findings 
at presentation (COVID-19 symptoms and vital signs), labo-
ratory findings (blood count, chemistry results, C-reactive 
protein and clotting tests), radiology findings (from chest 
X-rays and computerized tomography studies, when per-
formed) and treatment given for COVID-19.

Levels of antibodies targeting SARS-CoV-2 spike pro-
tein (IgG anti-S) were measured using the Abbott AdviseDx 
SARS-CoV-2 IgG II Quant assay on an Architect i200SR 
analyzer. A cutoff of ≥ 50 AU/ml was considered a signifi-
cant antibody response, as previously suggested [8].

Viral whole genome sequencing

Complete SARS-CoV-2 genomes were sequenced via next 
generation sequencing, as previously described [9].

Outcome measures

The primary outcome for the study group was 30-day 
mortality after COVID-19 infection. Secondary outcomes 
included mortality rates during follow-up, disease severity, 
and hospital admission rates.

Disease severity was ranked according to National Insti-
tutes of Health (NIH) guidelines as asymptomatic, mild, 
moderate (with clinical or radiographic evidence of lower 
respiratory tract disease and oxygen saturation ≥ 94% while 
breathing room air), severe (saturation < 94%, respiratory 
rate > 30/min, infiltrates over 50% of lung volume, or  PaO2/
FiO2 ratio < 300), or critical (individuals with respiratory 
failure requiring invasive or non-invasive ventilation, septic 
shock, or multiorgan dysfunction) [10].

To assess risk-factors for breakthrough COVID-19, we 
compared baseline clinical and laboratory parameters as well 
as baseline IgG anti-S levels between the study and control 
groups prior to COVID-19 infection.

Statistical analysis

Descriptive statistics are presented as means, medians or 
percentages with standard deviations and ranges, as appro-
priate. Comparison of variables between the two study 
groups was performed using t test, Mann–Whitney test, 
Fisher's exact test or chi-square test, as appropriate. Univari-
ate and multivariate logistic regression models were applied 
to estimate the odds ratio (OR) for infection and mortal-
ity. Survival curves were obtained using the Kaplan–Meier 
method and compared using two-sided log rank statistics. p 
values < 0.05 were considered statistically significant.
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Data were analyzed with SPSS, version 27 (IBM Corpo-
ration, Armonk, NY, USA).

Ethical concerns

The study was approved by the Ethics Committee and Insti-
tutional Review Board of Meir Medical Center (no. MMC 
16-21). Patients with assessment of humoral response pro-
vided signed informed consent. The committee waived the 
requirement for other participants' informed consent due to 
the retrospective nature of the study. The study was per-
formed in accordance with the Declaration of Helsinki and 
the Good Clinical Practice Guidelines.

Results

A total of 24 MHD patients had breakthrough SARS-CoV-2 
infection despite 2 doses of the BNT162b2 vaccine (study 
group). The control group consisted of 91 MHD patients 
who were not infected and had IgG anti-S measurements. A 

flow-chart of participant recruitment is available in Supple-
mentary Figure S2. COVID-19 was diagnosed by a positive 
RT-PCR in 23 patients. One additional case was diagnosed 
by conversion of the anti-N-Ab after the second vaccine 
dose. Compared to the control group, the study group con-
tained more immunosuppressed patients (6/91 vs. 8/24, 
respectively; p0.002) and more with hematological malig-
nancies (2/91 vs. 4/24, respectively; p = 0.004). Mean base-
line white blood cell counts and absolute neutrophil counts 
were higher among the study group. Other baseline clinical 
characteristics and laboratory findings were similar between 
the groups (Table 1).

Clinical risk factors for breakthrough SARS‑CoV‑2 
infection

In univariate analysis, chronic immunosuppressive therapy, 
hematologic malignancy and ischemic heart disease were 
associated with the risk of developing breakthrough SARS-
CoV-2 infection. In multivariate analysis of comorbidities, 

Table 1  Baseline clinical and 
laboratory characteristics of 
study groups

Data are presented as mean ± SD or as absolute numbers (%). Laboratory tests were taken at dialysis initia-
tion as part of routine follow-up of MHD patients
Bold values represent statistically significant results p < 0.05

Characteristic Study group (n = 24) Control group (n = 91) p value

Age (years) 70.3 ± 15 70.9 ± 14.3 0.8
Male sex 19 (79.2) 58 (63.7) 0.1
Dialysis vintage (months) 29.6 ± 19.3 30.8 ± 25.1 0.8
Weight (kg) 75.4 ± 13.6 77.8 ± 19.9 0.6
Comorbidities
Diabetes mellitus 14 (58.3) 59 (64.8) 0.6
Hypertension 20 (83.3) 73 (80.2) 0.7
Ischemic heart disease 13 (54.2) 31 (34.1) 0.07
Heart failure 12 (50) 29 (31.9) 0.09
Peripheral vascular disease 2 (8.3) 9 (9.9) 0.8
Chronic lung disease 3 (12.5) 12 (13.2) 0.9
Solid malignancy 0 (0%) 3 (3.3) 0.4
Hematologic malignancy 4 (16.7) 2 (2.2) 0.004
Chronic immunosuppressive therapy 7 (29.2) 6 (6.6) 0.002
Baseline laboratory data
Creatinine (mg/dL) 7.2 ± 2.5 7.1 ± 2.3 0.8
White blood cell count (K/µL) 7.8 ± 3.2 6.3 ± 1.9 0.006
Absolute neutrophils (K/µL) 5.3 ± 2.5 4.2 ± 1.5 0.006
Absolute lymphocytes (K/µL) 1.4 ± 0.5 1.4 ± 0.6 0.7
Neutrophil to lymphocyte ratio 4.4 ± 2.8 3.6 ± 2 0.1
Hemoglobin (g/dL) 10.7 ± 1.1 10.6 ± 1.2 0.7
Albumin (g/dL) 3.6 ± 0.4 3.6 ± 0.4 0.6
Kt/V 1.41 ± 0.26 1.28 ± 0.22 0.091
Urea reduction ratio 69.6 ± 5.4 66.7 ± 6.7 0.203
Serum IgG S titer (AU/mL) 89.1 ± 114.5 533.7 ± 726.8 0.111
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chronic immunosuppression remained the most significant 
predictor of COVID-19 (Table 2).

Baseline humoral response and breakthrough 
infection

Serological test results for IgG anti-S performed 6 months 
after the first vaccination dose (and before SARS-CoV-2 
infection) were available for 7/24patients in the study group 
(29%) and for all 91 in the control group. Baseline mean 
IgG anti-S levels were numerically lower in the study group 
than in controls (89.1 ± 114.5 AU/ml vs. 533.7 ± 726.8 AU/
ml, respectively, p = 0.111), despite comparable intervals 
from the second vaccine dose to IgG anti-S measurement 
(168.2 ± 15 days vs. 158.5 ±  ± 17.7 days, p = 0.193), Fig. 1.

The proportion of patients with low IgG anti-S levels 
(< 50 AU/ml) was significantly higher in the study group 
compared to the control group (4/7 (57.1%) vs. 17/91 
(18.7%), respectively, p = 0.017). The OR for SARS-CoV-2 
infection was 5.8 (95% confidence interval (CI) 1.2–28.4) 
when the IgG anti-S level at baseline was < 50 AU/ml.

SARS‑CoV‑2 infection

COVID-19 was diagnosed an average of 190.7 ± 17.9 days 
after the second vaccine dose (median 191, range 154–211). 
We did not find any cases of SARS-CoV-2 infection during 
the first 5 months following 2 doses of BNT162b2 vaccine in 
our dialysis unit (although we did find SARS-CoV-2 infec-
tion among unvaccinated patients).

Asymptomatic patients were diagnosed with either posi-
tive anti-N-Ab or positive RT-PCR taken after exposure/
close contact with a confirmed COVID-19 case. Universal 
screening in vaccinated patients was not part of the infection 
control policy in our medical center at the time of the study.

COVID-19 was asymptomatic in 7/24 MHD patients 
(29%), including the patient who was diagnosed by a posi-
tive anti-N-Ab. The most common presenting symptoms 
were fever (58%) and cough (54%), Table 3.

There were no significant differences in the interval from 
vaccine, baseline IgG anti-S levels, age, comorbidities, 

dialysis vintage and adequacy among patients who had 
asymptomatic COVID-19 infection and those who were 
symptomatic.

COVID-19 disease was categorized as severe or critical 
in 11/24 patients (46%; Fig. 2). Patients who developed 
severe/critical COVID-19 were on average older than those 
who had milder disease (77.6 ± 8.9 years vs. 64.7 ± 16.1, 
p = 0.025). Other characteristics were similar between 
patients with severe-critical disease and those with 
milder COVID-19. Patients with severe/critical COVID-
19 had worse inflammatory markers at presentation, 

Table 2  Multivariate logistic regression analysis model for predictors 
of COVID-19 infection

Variable OR 95% CI p value

Lower Upper

Sex (male) 1.8 0.6 5.9 0.3
Ischemic heart disease 1.8 0.6 5 0.3
Heart failure 2.6 0.9 7.3 0.08
Hematologic malignancy 2.6 0.3 27.8 0.4
Immunosuppressive therapy 4.8 0.9 25.8 0.06

Fig. 1  Box plot of baseline IgG anti-S titer. Mean IgG anti-S level in 
the study group was 89.1 ± 114.5 AU/ml vs. 533.7 ± 726.8 AU/ml in 
the control group, p = 0.1. Median (range) was 40 (0–324) and 204.5 
(0–3,496), respectively. IgG anti-S titer is shown in logarithmic scale. 
The medians are marked by horizontal lines inside the boxes. Error 
bars represent the range between minimum and maximum points in 
each group. IgG anti-S, antibodies targeting SARS-CoV-2 spike pro-
tein

Table 3  Clinical presentation and outcomes of COVID-19 break-
through infection

Data are presented as mean ± SD or as absolute numbers (%)

Clinical manifestation N (%)

Asymptomatic 6 (25)
Fever 14 (58.3)
Cough 13 (54.2)
Dyspnea 7 (29.2)
Loss of taste and smell 1 (4.2)
Gastrointestinal symptoms 0
Nausea 2 (8.3)
Fatigue 6 (25)
Laboratory tests at presentation
White blood cell count (K/µL) 6.7 ± 4
Platelets (K/µL) 169 ± 52
Neutrophil to lymphocyte ratio 6 ± 3.9
C-reactive protein (mg/dL) 6.7 ± 5.9
Ferritin (µg/L) 785 ± 516
Albumin (g/dl) 3.3 ± 0.5
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including higher mean C-reactive protein levels (9 ± 6.4 
vs. 3.6 ± 3.3 mg/dL, p = 0.041) and lower mean serum 
albumin (3.1 ± 0.4 vs. 3.7 ± 0.2 g/dl, p = 0.013) compared 
to subjects with moderate or milder COVID-19. Whole 
genome sequencing confirmed all 23 viral samples from 
patients diagnosed with RT-PCR as SARS-CoV-2 variant 
B.1.617.2 (delta variant).

Regarding COVID-19 infection sources, 6/24 cases 
(25%) were identified as nosocomial, acquired during 
recent hospitalizations for causes unrelated to COVID-19. 
Two cases (8%) occurred in subjects living in chronic care 
facilities. One subject, a health-care professional, acquired 
COVID-19 while working in an inpatient rehabilitation 
center.

Among patients who acquired nosocomial COVID-19, 
5/6 (83.3%) developed severe or critical illness, 2 died as 

a result of COVID-19, and 2 remained oxygen dependent 
for over a month after hospital discharge..

Thirteen (54%) MHD patients were hospitalized due to 
COVID-19. COVID-19-directed treatment included dexa-
methasone for 13 (54%), remdesivir in 1 (4%) and tocili-
zumab in 2 patients (8%). None of the patients received 
therapy with monoclonal antibodies, convalescent plasma 
or baricitinib. Six patients (25%) received antibiotics for 
presumed or definite bacterial co-infection.

Mortality

The 30-day mortality rate after acquiring breakthrough 
COVID-19 was 21% (5/24 patients). Compared with vacci-
nated MHD patients who did not develop COVID-19, overall 
mortality during the 4-month study period was significantly 
higher for those who had breakthrough COVID-19 (3/91 
(3.3%) vs. 5/24 (21%), respectively; p = 0.003). Odds ratio 
for all-cause mortality was 7.6 (95% CI 1.4–41, p = 0.002) 
for the study group compared to controls. Survival curves 
according to COVID-19 are shown in Fig. 3.

Predictors for all-cause mortality during the study period 
include heart failure and COVID-19 infection. However, 
COVID-19 remained the most important predictor of mor-
tality in the multivariate logistic regression analysis model 
(Table 4).

Discussion

This study reports on 24 cases of breakthrough COVID-19 
among fully vaccinated MHD patients, caused by SARS-
CoV-2 variant B.1.617.2, 6 months or more after vaccina-
tion. The risk for breakthrough COVID-19 was associated 

Fig. 2  Maximum COVID-19 severity. Six patients (25%) were 
asymptomatic throughout COVID-19 infection, 7 were classified as 
mild-moderate disease (29%), 7 were classified as severe and 4 (17%) 
as critical COVID-19 infection

Fig. 3  Kaplan–Meier sur-
vival curve from 1 June, 2021 
(p = 0.002)
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with lower IgG anti-S levels and immunosuppression. Most 
cases were symptomatic, over 50% required hospitalization 
for COVID-19, and 46% developed severe or critical disease, 
which required specific therapy. Breakthrough infection led 
to a significant mortality rate of 21% of patients. A minor-
ity of cases were of nosocomial origin (25%) or otherwise 
healthcare-associated (totaling 9/24, 37.5%).

The efficacy of mRNA-based vaccines, including 
BNT162b2, against COVID-19, and especially against 
severe disease is remarkably high. However, this efficacy 
gradually declines over time [1, 11]. The B.1.617.2 variant 
became increasingly dominant worldwide beginning in April 
2021, and accounted for over 90% of sequenced viruses in 
many countries during August–September 2021 [12]. Full 
2-dose vaccination with BNT162b2 seemed to retain high 
effectiveness against the B.1.617.2 variant in some studies 
[13]. However, several studies reported significantly reduced 
vaccine effectiveness, ranging from 53 to 66%, at the time 
when the delta variant became predominant [14, 15]. It has 
been suggested that this decline in vaccine effectiveness may 
result from the combined effect of waning immunity over 
time and the concomitant surge of the B.1.617.2 variant [16].

In addition to increased transmissibility, the delta variant 
is also associated with more severe disease in unvaccinated 
subjects than with previously dominant variants, leading to 
higher risk of hospital admissions for COVID-19 [17].

Our results are in agreement with previous observa-
tions. The risk for breakthrough COVID-19 caused by 
the B.1.617.2 variant was not negligible in our cohort of 
vaccinated MHD patients, 6  months after vaccination. 
Humoral response to the BNT162b2 vaccine is weaker in 
MHD patients than in healthy controls [18]. Both early and 
late post-vaccination IgG anti-S levels are lower in older 
and immunocompromised MHD patients [7, 8, 19, 20]. In 
our cohort, breakthrough COVID-19 was associated with 
immunosuppression. Subjects with breakthrough infec-
tion had lower IgG anti-S levels than controls. This might 
be the result of waning immunity since vaccination, or an 
initial weaker response to the vaccine, or both. Antibody 
levels increase substantially in MHD patients after a third 

dose of the BNT162b2 vaccine [21, and unpublished data]. 
Increased antibody responses with improved neutralization 
kinetics, including against the delta variant, were recently 
reported [22]. A third (booster) dose of the vaccine demon-
strated effectiveness in reducing confirmed COVID-19 and 
severe disease in a large study from Israel [23], during the 
B.1.617.2 variant predominance [11].

Nosocomial COVID-19 cases are a specific concern in 
MHD patients. Hospital-acquired infection is a risk-factor 
for worse COVID-19 outcomes [24]. An outbreak of the 
delta variant, which included breakthrough infections 
in vaccinated healthcare workers and admitted patients, 
was recently reported. It resulted in significant morbid-
ity, although mortality was limited to hospitalized, mostly 
unvaccinated patients [25]. Another recent study reported 
on a nosocomial outbreak of the delta variant among a 
highly-vaccinated group of patients and healthcare workers 
(96.2% of the exposed population was fully vaccinated with 
2 doses of BNT162b2). Again, severe and critical COVID-
19, as well as fatality rates, were significant among admitted 
patients. The time from vaccination in this report was at 
least 5 months, implying that waning immunity was a major 
contributor [26]. In both reports, SARS-CoV-2 transmission 
occurred despite wearing surgical masks [25, 26]. Our study 
adds to the concerns of healthcare-associated COVID-19 
among vaccinated individuals.

The main limitations of the study include its retrospec-
tive nature and modest sample size. Viral genomic sequenc-
ing was not performed in the case who was diagnosed with 
COVID-19 based on anti-N-Ab conversion. Nevertheless, 
B.1.617.2 became the dominant variant in Israel during the 
study period, accounting for 93–99% of cases in which viral 
genomes were sequenced nationwide, during July–August 
2021 [11], and 100% of cases sequenced from our hospital. 
Thus, it is highly likely that this case was also caused by the 
delta variant. IgG anti-S levels were available only 6 months 
following vaccination and for only 29% of the cases with 
breakthrough infection, which could have biased the results. 
However, these patients were otherwise similar to the rest 
of the study group, and as such we believe they are an ade-
quate, representative sample. We used a cutoff of 50 AU/ml 
as reflecting adequate levels of IgG anti-S-Ab; however, the 
protective threshold is currently undefined.

Conclusions

Even vaccinated MHD patients may be at risk for COVID-19 
caused by the B.1.617.2 variant, which can have dire out-
comes. Immunocompromised patients and those who have 
a weaker immune response to the vaccine are more prone 
to breakthrough infections, which may occur in healthcare 
settings.

Table 4  Multivariate logistic regression analysis model for predictors 
of mortality

Bold values represent statistical significance

Variable Odds ratio 95% confidence 
interval

p value

Lower Upper

COVID-19 infection 7.6 1.4 41 0.02
Diabetes mellitus 0.6 0.1 3.4 0.6
Ischemic heart disease 0.6 0.1 3.7 0.6
Heart failure 7.4 1 54 0.05
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Utilizing precautionary measures to prevent virus trans-
mission during hospitalizations should be mandatory even 
among populations with high vaccine coverage. Prioritizing 
MHD patients for a third or eventually further vaccine dose 
may be warranted, pending further evidence.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40620- 022- 01245-9.
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