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Abstract: Vaccination remains the most effective way to prevent COVID-19. The aim of the present
study was to assess the incidence of COVID-19 hospitalizations after vaccination, as well as the effect
of prior vaccination on hospitalization outcomes among patients with COVID-19. We analyzed and
compared all consecutive patients, with or without prior vaccination, who were admitted to our
hospital network due to COVID-19 from January to April 2021. Our primary outcome was to identify
and describe cases of COVID-19 hospitalized after vaccination. We also utilized a multivariate
logistic regression model to investigate the association of previous vaccination with hospitalization
outcomes. We identified 915 consecutive patients hospitalized due to COVID-19 with 91/915 (10%)
previously vaccinated with at least one dose of a COVID-19 vaccine. Utilizing our multivariate logistic
regression model, we found that prior vaccination, regardless of the number of doses or days since
vaccination, was associated with decreased mortality (aOR 0.44, 95% CI: 0.20–0.98) when compared to
unvaccinated individuals. Our study showed that COVID-19 related hospitalization after vaccination
may occur to a small percentage of patients, mainly those who are partially vaccinated. However,
our findings underline that prior vaccination, even when partial, is associated with a decreased risk
of death. Ongoing vaccination efforts should remain an absolute priority.
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1. Introduction

Since the introduction of COVID vaccination, both clinical trial and real-world data
have shown the high efficacy of COVID-19 vaccines in preventing SARS-CoV-2 infection
and severe disease [1–3]. There is increasing interest in the study of breakthrough cases and
limited data on patients who developed symptomatic COVID-19 requiring hospitalization
after vaccination. Based on the latest MMWR report, from January to April 2021, around
10,000 cases of SARS-CoV-2 vaccine breakthrough infections were reported in the U.S., with
~10% of those cases requiring hospitalization [4]. In addition, as of 1 May, CDC has stopped
monitoring vaccine breakthrough infections, and the attention has now transitioned only
to hospitalized or fatal vaccine breakthrough cases [4]. To better understand vaccine
breakthrough cases and their outcomes compared to unvaccinated COVID-19 cases, we
analyzed and compared all consecutive patients, with or without prior vaccination, who
were admitted to our hospital network due to COVID-19 from January to April 2021.

2. Materials and Methods

We analyzed all consecutive adult hospitalized patients (≥18 years old) with a primary
diagnosis of COVID-19 and a positive RT-PCR who were admitted to Rhode Island Hospital
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(RIH), The Miriam Hospital, or Newport Hospital, in Rhode Island, between 1 January
and 4 April 2021. Patients who were still hospitalized at the time of data extraction were
excluded. This retrospective study was approved by the Institutional Review Board of RIH.

Two investigators (FS, MK) extracted the following deidentified variables of interest:
age, gender, race, past medical history, medications received during hospitalization, mode
of oxygen delivery, hospitalization outcome, and COVID-19 vaccination status (through
our electronic immunization registry).

The primary endpoint was to identify breakthrough cases of COVID-19 and to assess
the impact of previous vaccination on hospitalization outcomes. As a secondary endpoint,
we compared hospitalization outcomes among previously vaccinated patients with COVID-
19 to unvaccinated patients who were admitted with COVID-19 during the same period.
For our analysis, we represented continuous measurements as medians (IQRs), and we
compared them with the Mann–Whitney-Wilcoxon test. For categorical data, we used Pear-
son’s Chi-square test. We also utilized a multivariate logistic regression model (adjusting
for demographics, comorbidities, dexamethasone, and Remdesivir use) to investigate the
association of previous vaccination with hospitalization outcomes, namely ICU admission,
need for invasive mechanical ventilation, and death/discharge to hospice. All analyses
were performed using Stata v15. (Stata Corporation, College Station, TX, USA) and 95%
confidence intervals and p-values are shown.

3. Results
3.1. COVID-19 Hospitalizations

We identified 915 consecutive patients hospitalized with a primary diagnosis of
COVID-19 from 1 January to 4 April 2021. All patients had oxygen requirements upon
admission. Among them, 91/915 (10%) had received at least one dose of a COVID-19
vaccine. Among vaccinated patients, 75/91 (82%) were hospitalized after receiving the first
dose of a mRNA-based vaccine, and the majority (50/75, 67%) tested positive within the
first 2 weeks after vaccination.

Interestingly, 16 patients were hospitalized after receiving either both doses of the
BNT162b2 Pfizer-BioNTech or the Moderna mRNA-1273 COVID-19 mRNA-based vaccine
or a single dose of the Ad26.COV2.S Janssen Biotech Inc. adenoviral vector vaccine. The
majority of these individuals (14/16, 88%) tested positive within the first 2 weeks after
vaccination (Table 1).

Table 1. Patient Baseline Characteristics.

Not Vaccinated
1 Dose of

mRNA-Based
Vaccine

2 Doses of
mRNA-Based

Vaccine
1 Dose of J&J p-Value

n = 824 n = 75 n = 8 n = 8
Patient Age In Years 67.00 (56.00–78.00) 72.00 (63.00–85.00) 78.00 (75.50–81.50) 66.50 (58.00–76.00) 0.002
Patient Sex 0.19

Female 399 (48.4%) 43 (57.3%) 6 (75.0%) 3 (37.5%)
Male 425 (51.6%) 32 (42.7%) 2 (25.0%) 5 (62.5%)

Race 0.26
Hispanic or

Latino 157 (19.1%) 5 (6.7%) 1 (12.5%) 2 (25.0%)

Non-Hispanic
Black 70 (8.5%) 9 (12.0%) 0 (0.0%) 1 (12.5%)

Non-Hispanic
White 529 (64.2%) 56 (74.7%) 7 (87.5%) 5 (62.5%)

Other/Unknown 68 (8.3%) 5 (6.7%) 0 (0.0%) 0 (0.0%)

Congestive heart
failure 119 (14.4%) 9 (12.0%) 1 (12.5%) 2 (25.0%) 0.78

Cardiac arrhythmias 178 (21.6%) 18 (24.0%) 2 (25.0%) 2 (25.0%) 0.96
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Table 1. Cont.

Not Vaccinated
1 Dose of

mRNA-Based
Vaccine

2 Doses of
mRNA-Based

Vaccine
1 Dose of J&J p-Value

Hypertension 515 (62.5%) 56 (74.7%) 5 (62.5%) 6 (75.0%) 0.18
Chronic pulmonary
disease 190 (23.1%) 17 (22.7%) 3 (37.5%) 2 (25.0%) 0.81

Diabetes 283 (34.3%) 28 (37.3%) 3 (37.5%) 5 (62.5%) 0.39
Renal failure 87 (10.6%) 8 (10.7%) 0 (0.0%) 1 (12.5%) 0.81
Liver disease 37 (4.5%) 2 (2.7%) 0 (0.0%) 1 (12.5%) 0.54
Obesity 335 (40.7%) 34 (45.3%) 1 (12.5%) 4 (50.0%) 0.31
Immunization Name

Ad26.COV2.S - 0 (0.0%) 0 (0.0%) 8 (100.0%)
mRNA-1273 - 38 (50.7%) 2 (25.0%) 0 (0.0%)
BNT162b2 - 37 (49.3%) 6 (75.0%) 0 (0.0%)

Day of infection after
1st Dose of Vaccination

Days 1–7 - 16 (21%) - 1 (12%)
Days 8–14 - 34 (45%) - 6 (75%)
Days 15–21 - 15 (20%) - 1 (12%)
Day 22 or later - 10 (13%) - 0 (0%)

Day of infection after
2nd Dose of
Vaccination

Days 1–7 - - 3 (38%) -
Days 8–14 - - 4 (50%) -
Days 15–21 - - 1 (12%) -

3.2. Outcomes of COVID-19 in Patients with Prior Vaccination

Most patients with prior vaccination (82/91, 91%) had a complete recovery, although
13/91 (14%) of vaccinated patients required ICU admission. Of note, 4/75 (5%) partially
vaccinated and 4/16 (25%) patients who had received 2 doses of an mRNA-based vaccine or
a single dose of the adenoviral vector vaccine died or were discharged to hospice (Table 2).
All 4 patients who died after 2 doses of an mRNA-based vaccine or a single dose of the
Ad26.COV2. S adenoviral vector vaccine tested positive within the first 2 weeks after
vaccination, were elderly (>75-year-old), and 2 of them had a history of metastatic cancer.

Table 2. COVID-19 outcomes of patients with or without prior vaccination.

Unvaccinated Vaccinated with mRNA Vaccine Vaccinated with Adenoviral
Vector Vaccine

1–14 days
after 1st dose

≥15 days
after 1st dose

1–14 days
after 2nd

dose

≥15 days
after 2nd

dose

1–14 days
after single

dose

≥15 days
after single

dose
n = 824 n = 50 n = 25 n = 7 n = 1 n = 7 n = 1

ICU 149 (18.1%) 6 (12.0%) 3 (12.0%) 3 (42.9%) 0 (0.0%) 1 (14.3%) 0 (0.0%)
Ventilator 67 (8.1%) 1 (2.0%) 1 (4.0%) 1 (14.3%) 0 (0.0%) 1 (14.3%) 0 (0.0%)
Death 98 (11.9%) 3 (6.0%) 0 (0.0%) 3 (42.9%) 0 (0.0%) 1 (14.3%) 0 (0.0%)
Death or Hospice 113 (13.7%) 3 (6.0%) 1 (4.0%) 3 (42.9%) 0 (0.0%) 1 (14.3%) 0 (0.0%)

3.3. Effect of Prior Vaccination on Hospitalization Outcomes

On our multivariate logistic regression analyses, the previous receipt of vaccination,
regardless of the dose or days since vaccination, was associated with decreased mortality
(aOR 0.44, 95% CI: 0.20–0.98). Even a single dose of mRNA vaccine was also associated
with decreased mortality (aOR 0.24, 95% CI: 0.08–0.72) when compared to unvaccinated
individuals. Finally, although patients with prior vaccination had lower odds of mechanical
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ventilation and ICU admission, those associations did not reach statistical significance
(Figure 1 and Table 3).
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Table 3. Association of prior COVID vaccination with hospitalization outcomes.

* Odds Ratio (95% Confidence Interval)

ICU Admission Use of Invasive Mechanical
Ventilation Death or Hospice

Vaccinated
(regardless of dose) 0.76 (0.40–1.43) 0.54 (0.19–1.55) 0.44 (0.20–0.97)

Partially Vaccinated 0.61 (0.30–1.29) 0.31 (0.07–1.33) 0.24 (0.08–0.72)
* Compared to unvaccinated individuals. Adjusted for age, race, gender, obesity, van Walraven comorbidity score,
Dexamethasone, and Remdesivir use.

4. Discussion

Previous studies have suggested reduction in SARS-CoV-2 infection rates following
vaccination [5], especially in fully vaccinated patients (14 days after completing the vaccine
series). This 2-week period after vaccination is the CDC accepted standard for individuals
to be considered vaccinated and generate an optimal antibody response [6]. However,
in our study, even partial vaccination was strongly associated with decreased mortality
(aOR 0.24, 95% CI: 0.08–0.72) among hospitalized patients with COVID-19. In the latest
report by CDC for the same time period (January–April 2021), a total of 10,262 vaccine
breakthrough cases were identified across the US. Among those cases 706 patients (~6.8%)
were hospitalized with symptomatic COVID-19, and 132 patients died [4].

Our findings also highlight that populations with potential suboptimal immunogenic-
ity to the vaccine, such as elderly adults [7], continue to be at risk for fatal infection, and
strong adherence to infection prevention measures is warranted even in the setting of
full immunization. In addition, populations such as cancer patients [8] and transplant
recipients [9] are at higher risk for vaccine breakthrough infections. In this regard, Hall
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et al. utilized a cohort of 120 transplant recipients and showed that a third dose of mRNA
vaccine offered a much higher immune response and neutralizing antibody levels com-
pared to placebo [10]. As of 13th August, CDC recommends that moderately to severely
immunocompromised people should receive a third vaccine dose [11].

Although our study did not include the genomic sequence of SARS-CoV-2, vaccine
breakthrough infections with SARS-CoV-2 variants should also be expected. A study by
Hacisuleyman et al., which included a cohort of 417 fully vaccinated patients in New York
State (at least 2 weeks after the second dose of an mRNA-based vaccine) authors reported
two cases of vaccine breakthrough infections, with variant sequencing revealing SARS-
CoV-2 variants in both of them [12]. Vaccination remains key, and a recent “test-negative
design” study by Bernal et al. found that previous vaccine effectiveness estimates were
modestly lower against the delta variant. More specifically, effectiveness after two doses
of the BNT162b2 was 93.7% against the alpha variant and 88.0% against the delta variant,
while after two doses of ChAdOx1 nCoV-19 vaccine, the effectiveness was 74.5% against
the alpha variant and 67% against the delta variant [13]. However, as the pandemic evolves,
SARS-CoV-2 adaptation to vaccine-induced neutralizing antibodies and the development
of further escape mutants pose a great public health threat. The role of vaccination in the
development of escape mutants merits further study [14].

Limitations of this study include the small sample size of hospitalized vaccine break-
through cases, its retrospective nature, and the possible lack of generalization, especially
given the emergence of mutant strains. In addition, genetic sequence and neutralizing
antibodies titers were not available. However, patients included in this study are of high
clinical and public health significance as we excluded those who were hospitalized for a
reason unrelated to COVID-19 and were tested positive while completely asymptomatic.
A similar report strategy is also followed by CDC as of 1 May 2021 [4].

5. Conclusions

Despite the presence of vaccine breakthrough COVID-19 cases, the present brief report
underlines the importance of vaccination against COVID-19. In our study, even a single
dose of vaccination was associated with decreased risk of death. As of August 2021, 72% of
the U.S. adult population has received at least one dose of the COVID vaccine [15], while
more than 1.7 billion vaccine doses have been administered worldwide [16]. The need for
ongoing mass vaccination efforts is still of utmost importance, while vaccination in middle-
and low-income countries should remain an absolute priority [16].

Author Contributions: Conceptualization, M.K. (Markos Kalligeros), F.S., M.K. (Matthew Kaczynski),
E.M.; methodology, F.S., M.K. (Markos Kalligeros); formal analysis, F.S., M.K. (Markos Kalligeros),
E.K.M.; investigation, M.K. (Markos Kalligeros), F.S., E.K.M., M.T.V., E.A., S.K.; data curation, F.S.,
E.K.M.; writing—original draft preparation, M.K. (Markos Kalligeros), F.S.; writing—review and
editing, all authors.; supervision, E.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Rhode Island Hospital.

Informed Consent Statement: Patient consent was waived as this study was a retrospective chart
review.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dagan, N.; Barda, N.; Kepten, E.; Miron, O.; Perchik, S.; Katz, M.A.; Hernán, M.A.; Lipsitch, M.; Reis, B.; Balicer, R.D. BNT162b2

mRNA Covid-19 Vaccine in a Nationwide Mass Vaccination Setting. N. Engl. J. Med. 2021, 384, 1412–1423. [CrossRef] [PubMed]
2. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Marc, G.P.; Moreira, E.D.; Zerbini, C.; et al.

Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMoa2101765
http://www.ncbi.nlm.nih.gov/pubmed/33626250
http://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246


Trop. Med. Infect. Dis. 2021, 6, 175 6 of 6

3. Baden, L.R.; El Sahly, H.M.; Essink, B.; Kotloff, K.; Frey, S.; Novak, R.; Diemert, D.; Spector, S.A.; Rouphael, N.; Creech, C.B.; et al.
Efficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N. Engl. J. Med. 2020, 384, 403–416. [CrossRef] [PubMed]

4. CDC COVID-19 Vaccine Breakthrough Case Investigations Team; Birhane, M.; Bressler, S.; Chang, G.; Clark, T.; Dorough, L.;
Fischer, M.; Watkins, L.F.; Goldstein, J.M.; Kugeler, K.; et al. COVID-19 Vaccine Breakthrough Infections Reported to CDC-United
States, January 1–April 30, 2021. MMWR Morb. Mortal. Wkly. Rep. 2021, 70, 792–793.

5. Amit, S.; Regev-Yochay, G.; Afek, A.; Kreiss, Y.; Leshem, E. Early rate reductions of SARS-CoV-2 infection and COVID-19 in
BNT162b2 vaccine recipients. Lancet 2021, 397, 875–877. [CrossRef]

6. CDC. When You’ve been Fully Vaccinated 2021. Available online: https://www.cdc.gov/coronavirus/2019-ncov/vaccines/
fully-vaccinated.html (accessed on 19 September 2021).

7. Salmerón Ríos, S.; Mas Romero, M.; Cortés Zamora, E.B.; Tabernero Sahuquillo, M.T.; Romero Rizos, L.; Sánchez-Jurado, P.M.;
Sánchez-Nievas, G.; Señalada, J.J.B.; Nogueras, I.G.; de Dios Estrella Cazalla, J.; et al. Immunogenicity of the BNT162b2 vaccine in
frail or disabled nursing home residents: COVID-A study. J. Am. Geriatr. Soc. 2021, 69, 1441–1447. [CrossRef] [PubMed]

8. Aleman, A.; Van Oekelen, O.; Upadhyaya, B.; Agte, S.; Kappes, K.; Beach, K.; Srivastava, K.; Gleason, C.R.; PVI Study Group;
Wang, B.; et al. Fatal breakthrough infection after anti-BCMA CAR-T therapy highlights suboptimal immune response to
SARS-CoV-2 vaccination in myeloma patients. MedRxiv 2021. [CrossRef]

9. Song, C.C.; Christensen, J.; Kumar, D.; Vissichelli, N.; Morales, M.; Gupta, G. Early Experience with SARs-CoV-2 mRNA Vaccine
Breakthrough Among Kidney Transplant Recipients. Transpl. Infect. Dis. 2021, 23, e13654.

10. Hall, V.G.; Ferreira, V.H.; Ku, T.; Ierullo, M.; Majchrzak-Kita, B.; Chaparro, C.; Selzner, N.; Schiff, J.; McDonald, M.; Tomlinson, G.;
et al. Randomized Trial of a Third Dose of mRNA-1273 Vaccine in Transplant Recipients. N. Engl. J. Med. 2021, 385, 1244–1246.
[CrossRef]

11. CDC. COVID-19 Vaccines for Moderately to Severely Immunocompromised People 2021. Available online: https://www.cdc.
gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html (accessed on 19 September 2021).

12. Hacisuleyman, E.; Hale, C.; Saito, Y.; Blachere, N.E.; Bergh, M.; Conlon, E.G.; Schaefer-Babajew, D.J.; DaSilva, J.; Muecksch, F.;
Gaebler, C.; et al. Vaccine Breakthrough Infections with SARS-CoV-2 Variants. N. Engl. J. Med. 2021, 384, 2212–2218. [CrossRef]

13. Bergwerk, M.; Gonen, T.; Lustig, Y.; Amit, S.; Lipsitch, M.; Cohen, C.; Mandelboim, M.; Levin, E.G.; Rubin, C.; Indenbaum, V.;
et al. Covid-19 Breakthrough Infections in Vaccinated Health Care Workers. N. Engl. J. Med. 2021. [CrossRef] [PubMed]

14. Yeh, T.-Y.; Contreras, G.P. Full vaccination is imperative to suppress SARS-CoV-2 delta variant mutation frequency. MedRxiv 2021.
[CrossRef]

15. CDC. COVID Data Tracker. Available online: https://covid.cdc.gov/covid-data-tracker/#vaccinations (accessed on 19 September
2021).

16. Ledford, H. Six months of COVID vaccines: What 1.7 billion doses have taught scientists. Nature 2021, 594, 164–167. [CrossRef]
[PubMed]

http://doi.org/10.1056/NEJMoa2035389
http://www.ncbi.nlm.nih.gov/pubmed/33378609
http://doi.org/10.1016/S0140-6736(21)00448-7
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/fully-vaccinated.html
http://doi.org/10.1111/jgs.17153
http://www.ncbi.nlm.nih.gov/pubmed/33768521
http://doi.org/10.1101/2021.05.15.21256814
http://doi.org/10.1056/NEJMc2111462
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations/immuno.html
http://doi.org/10.1056/NEJMoa2105000
http://doi.org/10.1056/NEJMoa2109072
http://www.ncbi.nlm.nih.gov/pubmed/34320281
http://doi.org/10.1101/2021.08.08.21261768
https://covid.cdc.gov/covid-data-tracker/#vaccinations
http://doi.org/10.1038/d41586-021-01505-x
http://www.ncbi.nlm.nih.gov/pubmed/34089016

	Introduction 
	Materials and Methods 
	Results 
	COVID-19 Hospitalizations 
	Outcomes of COVID-19 in Patients with Prior Vaccination 
	Effect of Prior Vaccination on Hospitalization Outcomes 

	Discussion 
	Conclusions 
	References

