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Abstract

Background: Despite coronavirus disease 2019 (COVID-19) vac-
cination efforts, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections in vaccinated individuals (“breakthrough
SARS-CoV-2 infections”) have emerged. Our understanding of
breakthrough SARS-CoV-2 infections continues to evolve, and there
is a paucity of information describing severe breakthrough SARS-
CoV-2 infections. We conducted this study with the aim of describing
breakthrough SARS-CoV-2 infections requiring hospitalization and
exploring factors associated with severe breakthrough infection.

Methods: The study included patients within our health network who
received at least one dose of a messenger RNA (mRNA) COVID-19
vaccine and required hospitalization due to breakthrough SARS-
CoV-2 infection from January 1 to August 15, 2021. We performed a
descriptive analysis of vaccinated patients requiring hospitalization.
Multivariable logistic regression (LR) analysis was performed to ex-
plore factors associated with severe breakthrough infection.

Results: Out of 67,223 vaccinated individuals, 78 (0.12%) patients
were hospitalized with breakthrough SARS-CoV-2 infection, of
which 25 individuals (0.04% of those vaccinated, and 32% of all hos-
pitalized) developed severe infection. The mean age of those with
breakthrough infection was 72 years, the majority were White (60%),
and dyspnea was the most common reason for hospital admission
(53%), with bimodal peaks of hospitalization in January-February
(40%) and July-August (34%). In LR analysis, male patients had 4.03

Manuscript submitted January 8, 2022, accepted January 20, 2022
Published online January 29, 2022

aDepartment of Internal Medicine, Cape Fear Valley Medical Center, Fayette-
ville, NC 28304, USA

bFayetteville State University School of Nursing, Fayetteville, NC 28301, USA
Division of Infectious Disease, Department of Medicine, University of Il-
linois at Chicago, Chicago, IL 60612, USA

dCorresponding Author: Roshan Acharya, Department of Internal Medicine,
Cape Fear Valley Medical Center, Fayetteville, NC 28306, USA.

Email: roshan.ach@gmail.com

doi: https://doi.org/10.14740/jocmr4662

times the odds of developing severe SARS-CoV-2 infection than fe-
male patients (adjusted odds ratio (aOR): 4.03, 95% confidence inter-
val (CI): 1.21 - 13.40), and an immunocompromising condition had
6.32 times the odds of developing severe COVID-19 disease (aOR:
6.32,95% CI: 1.48 - 26.18).

Conclusions: The rate of severe breakthrough SARS-CoV-2 infec-
tion was very low, and male sex and immunocompromising condi-
tions were associated with severe breakthrough infection. Clinicians
and health systems should continue to campaign for COVID-19 vac-
cination aggressively.

Keywords: Breakthrough infection; COVID-19; SARS-CoV-2; Vac-
cination

Introduction

Prior to the development of vaccines against severe acute respir-
atory syndrome coronavirus 2 (SARS-CoV-2), the coronavirus
disease 2019 (COVID-19) pandemic had already claimed at least
3 million lives globally [1]. Two vaccines developed were found
to have very high efficacy in human trials. The BNT162b2 vac-
cine developed by Pfizer-BioNTech was reported 95% effective
in preventing COVID-19 in patients greater than or equal to 16
years of age [2]. Similarly, the messenger RNA (mRNA)-1273
vaccine developed by Moderna Inc. was reported 94% effective
against COVID-19 in age 18 years and above [3]. The reported
efficacy in the trial by Pfizer-BioNTech was 7 days after the
second dose, whereas 14 days after the second dose in the trial
by Moderna Inc. The BNT162b2 vaccine’s efficacy was found
to be 92% and 95% against COVID-19 in patients greater than
or equal to 16 years of age in two non-clinical trials, real-world
studies from Israel [4, 5].

Despite the development and roll-out of effective vaccines
against SARS-CoV-2, the emergence of new variants of SARS-
CoV-2 and post-vaccination SARS-CoV-2 infection (also re-
ferred to as breakthrough infection) have been described. The
BNT162b2 vaccine and mRNA-1273 vaccine reportedly had
0.05% (eight cases/18,198 vaccinated) and 0.09% (12 cas-
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es/14,550 vaccinated) breakthrough infections, respectively,
during clinical trials [2, 3]. After the roll-out of the COVID-19
vaccination, the first cases of breakthrough infections in the USA
were reported in New York [6]. Since then, breakthrough infec-
tions continue to be described, and there has been an increase in
reported cases of breakthrough infections [7-17]. According to
the Centers for Disease Control and Prevention (CDC), 10,262
breakthrough infections were reported from 46 states and ter-
ritories of the USA as of April 30, 2021, of which 995 (10%)
patients were known to be hospitalized, and 160 (2%) patients
died [18]. In general, breakthrough infections appear to be un-
common and less severe than SARS-CoV-2 infections in unvac-
cinated adults. However, breakthrough infections continue to be
reported, and our understanding of predictors of breakthrough
infection and severity continues to evolve.

Beginning in May 2021, CDC transitioned from moni-
toring all reported COVID-19 breakthrough infections to in-
vestigating only severe breakthrough COVID-19 cases [18].
This has resulted in limitations in available information such
as demographics, baseline comorbidities, and risk factors for
breakthrough infections.

We conducted this retrospective observational study to
investigate the rate of breakthrough SARS-CoV-2 infections
within our health network and to study the demographics,
baseline comorbidities, and risk factors in breakthrough COV-
ID-19 cases.

Materials and Methods

Study design and study population

This study was a retrospective, observational cross-sectional
study of patients admitted to four hospitals in the Cape Fear Val-
ley Health System (CFVHS), which has 950 total inpatient beds
and provides care for six counties in the southeastern region of
North Carolina. CFVHS started Pfizer-BioNTech mRNA vac-
cination of front-line health workers on December 15, 2020, and
offered vaccination to the general public on January 5, 2021.
The Moderna vaccine was introduced on January 26, 2021.

Patients were included in this study if they received at
least one dose of an mRNA COVID-19 vaccine and were ad-
mitted to any of the CFVHS hospitals from January 1, 2021,
to August 15, 2021, with the diagnosis of SARS-CoV-2 infec-
tion. International Classification of Disease, the 10th Revision
(ICD-10) codes U.07.1, Z11.52 were used to identify possible
eligible patients with SARS-CoV-2 infection, and a positive
reverse transcription-polymerase chain reaction (RT-PCR) test
using a nasopharyngeal (NP) swab was used to confirm SARS-
CoV-2 infection.

Baseline demographic information, comorbidities includ-
ing diabetes mellitus (DM), obesity, smoking, malignancy
on active chemotherapy, vital signs at presentation, and base-
line laboratory testing such as complete blood cell count and
comprehensive metabolic profile, were collected. Symptoms
of SARS-CoV-2 infection were defined as any of the follow-
ing symptoms: fever, cough, difficulty breathing, weakness and
others. The category other symptoms included palpitations,
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dizziness, chest pressure, fall, abdominal pain and vomiting.
Renal deterioration was defined as acute kidney injury (AKI)
per KDIGO-2012 criteria, hepatic deterioration was defined as
liver transaminases that were > 5 times the upper normal lim-
its, and neurological deterioration was defined by a change in
mental status. Patients were considered immunocompromised
if patients were receiving any chronic corticosteroid therapy or
immunotherapy for chronic inflammatory disease (CID), cur-
rent chemotherapy for malignancy, solid organ transplant (SOT)
recipients, or acquired immunodeficiency syndrome (AIDS) pa-
tients. Cluster of differentiation (CD4) count < 200 cells/mm?or
ever having a diagnosis of AIDS defined a patient as having
AIDS in our study. For those who only received one dose of the
COVID-19 vaccine (partially vaccinated) at the time of SARS-
CoV-2 infection, the date of the single-dose was considered day
0. For those who received both doses of the COVID-19 vaccine,
the date of their second dose was considered day 0.

The study was approved, and the informed consent re-
quirement was waived by the Institutional Review Board
(IRB) of CFVHS (IRB ID: NR1085-21); and this study was
conducted in compliance with all the applicable institutional
ethical guidelines on human subjects.

Inclusion criteria

The inclusion criteria were: 1) Patients vaccinated against
SARS-CoV-2 with at least one dose of BNT162b2 (Pfizer-
BioNTech) or mRNA-1273 (Moderna) vaccine; 2) Positive
SARS-CoV-2 RT-PCR test from NP swab at any time after
vaccination; 3) Admitted to inpatient bed from January 1 to
August 15, 2021; 4) Admitted for symptomatic SARS-CoV-2
infection; 5) Age > 16 years.

Exclusion criteria

Exclusion criteria were: 1) Patients who were not discharged
from the hospital by August 15, 2021; 2) Emergency depart-
ment (ED) visits without hospitalization; 3) Patients who had
a positive RT-PCR test but were not admitted for COVID-19
related symptoms; 4) Asymptomatic SARS-CoV-2 infection.

From December 15, 2020, to August 15, 2021, CFVHS
fully vaccinated 59,095 individuals and partially vaccinated
8,128 individuals. During the same period, there were 1,542
hospitalizations with an associated COVID-19 ICD-10 diag-
nosis. A total of 81 patients were identified as COVID-19
hospitalizations post COVID-19 vaccination, while 1,461 pa-
tients were excluded from the study due to failure to meet the
inclusion criteria of being vaccinated against SARS-CoV-2.
Of 81 hospitalizations, three patients were determined to have
been hospitalized for problems unrelated to SARS-CoV-2 in-
fection during the chart review and were excluded from the
study. The final sample size of the study was 78 patients.
Out of 78, 39 were fully vaccinated, and 39 were partially
vaccinated individuals. The patients were classified into fully
vaccinated and partially vaccinated groups for comparison
between the groups (Table 1).
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Table 1. Baseline Characteristics of Patients With Breakthrough SARS-CoV-2 Infections

Partially vaccinated Fully vaccinated

All (n =78) (n=39) (n = 39) P value
Age (years), mean (SD) 71.78 (12.99)  70.12 (11.35) 73.43 (14.41) 0.26
Sex (female), n (%) 42 (53.85) 19 (48.72) 23 (58.97) 0.82
Race, n (%) 0.51
White 47 (60.26) 21 (53.85) 26 (66.67)
Black 26 (33.33) 15 (38.46) 11(28.21)
Other 5(6.41) 3(7.69) 2(5.13)
Comorbidities, n (%)
CAD 24 (30.77) 10 (25.64) 14 (35.90) 0.32
CKD stage 3 - 5 30 (38.46) 12 (30.77) 18 (46.15) 0.16
ESRD on HD 3 (3.85) 1 (2.56) 2(5.13) 0.55
Malignancy 22 (28.21) 12 (30.77) 10 (25.64) 0.61
COPD 21 (26.92) 13 (33.33) 8(20.51) 0.20
Diabetes mellitus 38 (48.72) 19 (48.72) 19 (48.72) 0.99
Immunocompromised status 14 (17.95) 8(20.51) 6 (15.38) 0.55
BMI, mean (SD) 31.80 (8.79) 30.83 (7.71) 32.77 (9.75) 0.33
Symptoms in ED, n (%) 0.03
Cough 4(5.13) 3(7.69) 1 (2.56)
Fever 3 (3.85) 3 (7.69) 0.00
Shortness of breath 41 (52.56) 22 (56.41) 19 (48.72)
Chest pain 2 (2.56) 0.00 2 (5.13)
Diarrhea 1(1.28) 0.00 1(2.56)
Weakness 12 (15.38) 8 (20.51) 4 (10.26)
Others 15(19.23) 3(7.69) 12 (30.77)
Symptom onset post-vaccination (days), mean (SD) 6.89 (6.24) 8.20 (6.60) 5.58 (5.65) 0.06
Symptom onset greater than 2 weeks post-vaccination (days), n (%) 8 (10.26) 6 (15.38) 2 (5.13) 0.21
Vitals in ED, mean (SD)
SBP (mm Hg) 134.98 (28.54) 133.38 (31.74) 136.58 (25.25) 0.62
DBP (mm Hg) 75.51 (16.61)  75.82 (16.84) 75.20 (16.60) 0.87
MAP (mm Hg) 89.96 (16.20)  89.25(14.71) 90.66 (17.73) 0.70
HR (beats/min) 93.37 (22.45)  92.53 (21.45) 94.20 (23.65) 0.74
RR (breaths/min) 21.43 (5.63) 21.17 (5.78) 21.69 (5.53) 0.69
SPO, (%) 93.43 (7.48) 92.79 (9.10) 94.07 (5.44) 0.45
Oxygen supplementation in ED, n (%) 0.23
NC 48 (61.54) 28 (71.79) 20 (51.28)
HENC 1(1.28) 0.00 1(2.56)
NIV 4 (5.13) 2 (5.13) 2 (5.13)
MV 0.00 0.00 0.00
None 25 (32.05) 9(23.08) 16 (41.03)
Labs in ED, mean (SD)
Hemoglobin (12 - 16 g/dL) 12.31 (2.15) 12.64 (1.87) 11.97 (2.38) 0.17
WBC (4.5 -12.5 x 10%/uL) 8.22 (4.16) 8.44 (3.89) 8.01 (4.45) 0.64
Platelets (150 - 450 x 103/uL) 206.07 (96.52) 216.71 (98.11) 195.43 (94.97) 0.33
Blood urea nitrogen (136 - 145 mmol/L) 26.29 (19.43)  26.87 (20.87) 25.71 (18.13) 0.79
Creatinine (0.55 - 1.30 mg/dL) 1.58 (1.83) 1.63 (2.31) 1.53 (1.22) 0.81
AST (35-37U/L) 41.85(32.80)  44.02 (36.21) 39.69 (29.31) 0.56
ALT (12 - 78 U/L) 33.48 (25.87)  37.15(32.22) 29.82 (17.05) 0.21
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Table 1. Baseline Characteristics of Patients With Breakthrough SARS-CoV-2 Infections - (continued)

Partially vaccinated Fully vaccinated

All (n =78) (n = 39) (n = 39) P value
Albumin (3.5 - 5.5 g/dL) 2.93(0.16) 2.90 (0.45) 2.96 (0.48) 0.58
INR (0.99 - 1.1) 1.17 (0.69) 1.21 (0.92) 1.14 (0.35) 0.65
D-dimer (0.19 - 0.50 mg/L) 3.19 (6.52) 3.27(7.42) 3.12 (5.57) 0.91
At rest?, n (%) 0.006
RR > 30 (beats/min) 1(1.28) 0.00 1(2.56)
HR > 125 (beats/min) 4(5.13) 2 (5.13) 2 (5.13)
SPO, <93% 41 (52.56) 27 (69.23) 14 (35.90)
Pa0,/FiO, <300 (mm Hg) 9 (11.54) 0.00 9 (23.08)
None 23 (29.49) 10 (25.64) 13 (33.33)
Oxygen supplementation?, n (%) 0.94
HFNC 7 (8.97) 4 (10.26) 3(7.69)
NIV 9 (11.54) 4 (10.26) 5(12.82)
MV 9 (11.54) 5(12.82) 4 (10.26)
ECMO 0.00 0.00 0.00
None 53 (67.95) 26 (66.67) 27 (69.23)
Shock?, n (%) 0.45
SBP <90 (mm Hg) 5(6.41) 1 (2.56) 4 (10.26)
DBP < 60 (mm Hg) 7 (8.97) 4 (10.26) 3 (7.69)
Vasopressor use 6(7.69) 4(10.26) 2(5.13)
None 60 (76.92) 30 (76.92) 30 (76.92)
Clinical deterioration?, n (%) 0.17
Renal 17 (21.79) 6 (15.38) 11 (28.21)
Neurological 18 (23.08) 12 (30.77) 6 (15.38)
Hepatic 0.00 0.00 0.00
None 43 (55.13) 21 (53.85) 22 (56.41)
ICU admission?, n (%) 13 (16.67) 9(23.08) 4 (10.26) 0.21
Death?, n (%) 13 (16.67) 5(12.82) 8(20.51) 0.36
ICU LOS (days), mean (SD) 1.21 (3.30) 1.43 (3.36) 0.99 (3.26) 0.55
LOS (days), mean (SD) 7.19 (6.75) 7.97 (7.50) 6.41 (5.91) 0.26
Infection by months, n (%) <0.001
January 12 (15.38) 12 (30.77) 0.00
February 19 (24.36) 16 (41.03) 3 (7.69)
March 7 (8.97) 4 (10.26) 3(7.69)
April 3 (3.85) 2 (5.13) 1(2.56)
May 6 (7.69) 0.00 6 (15.38)
June 4(5.13) 1 (2.56) 3 (7.69)
July 13 (16.67) 1 (2.56) 12 (30.77)
August 14 (17.95) 3 (7.69) 11 (28.21)
Vaccine type, n (%) 0.07
Pfizer-BioNTech 75 (96.15) 36 (92.31) 39 (100)
Moderna 3 (3.85) 3(7.69) 0.00

alf developed any time during the hospitalization. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SD: standard deviations; CAD: coro-
nary artery disease; CKD: chronic kidney disease; ESRD: end-stage renal disease; HD: hemodialysis; COPD: chronic obstructive pulmonary disease;
BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; RR: respiratory rate;
SPO,: oxygen saturation; NC: nasal cannula; HFNC: high-flow nasal cannula; NIV: noninvasive mechanical ventilation; MV: invasive mechanical venti-
lation; WBC: white blood cell; AST: aspartate aminotransferase; ALT: alanine aminotransferase; INR: international normalized ratio; PaO,/FiO,: ratio of
partial pressure of oxygen to fractional inspired oxygen; ECMO: extra corporeal membrane oxygenation; ICU: intensive care unit; LOS: length of stay.
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Outcomes
Primary outcome

The primary outcome was the hospitalization in vaccinated indi-
viduals due to SARS-CoV-2 infection (breakthrough infection).

Secondary outcomes

The secondary outcomes were: 1) Severe SARS-CoV-2 infec-
tion as defined below; 2) Number of days post-vaccination
COVID-19 symptoms started; 3) Length of hospital stay; 4)
Hospitalization outcome (survival and discharge or death).

Study definition

The definition utilized for severe COVID-19 disease was modi-
fied from the definition used by the Pfizer-BioNTech and Mod-
erna COVID-19 vaccine randomized controlled trials (RCTs)
[2,3].

Severe COVID-19 disease was defined as a positive
COVID-19 RT-PCR test and at least one of the following: 1)
Ratio of partial pressure of oxygen to fractional inspired oxy-
gen (PaO,/FiO,) < 300 mm Hg; 2) Noninvasive mechanical
ventilation (bilevel positive airway pressure/continuous posi-
tive airway pressure (BiPAP/CPAP)) use; 3) Invasive mechan-
ical ventilation; 4) Use of vasopressors; 5) Intensive care unit
(ICU) admission; 6) Death.

Data collection

Data were extracted from the hospital’s electronic medical record
by two internal medicine resident physicians who were trained on
the inclusion and exclusion criteria and use of a data extraction
form to collect data by the principal investigator. Data extrac-
tion was performed in August 2021. Before and during data ex-
traction, meetings of the research team and data extractors were
convened to ensure uniformity of data extraction. A third internal
medicine resident independently verified the data of eight ran-
domly selected patient charts (approximately 10% of the cohort).

Statistical analysis

All the patients that fulfilled the inclusion criteria were included
in the study; hence no sample size estimation was performed.
The frequency and percentages of categorical variables were cal-
culated. Mean values with standard deviations (SD) were cal-
culated for continuous variables if normally distributed, and as
median with interquartile range if not normally distributed. Dif-
ferences in continuous variables between the groups were evalu-
ated using independent-sample t-Test or nonparametric Mann-
Whitney U test, as appropriate. Differences in the categorical
variables between the groups were analyzed using Chi-square or
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Fisher’s exact test. Univariate analysis was performed to explore
the association of all variables to severe SARS-CoV-2 infection.
Variables with a P value < 0.20 were selected for multivariable
logistic regression (LR) analysis (Model-1). The first LR model
(Model-1) had high chances of overfitting due to large numbers
of the predictor variables. Hence, the variance of inflation (VIF)
was calculated to eliminate multicollinearity among the vari-
ables. Five variables with the lowest VIF scores were included
(Model-2). The area under the receiver operating curve (AUC)
was compared between the two models. The detailed informa-
tion of LR models is available here (Supplementary Material
1-5, www.jocmr.org). Statistical analysis was performed using
STATA 16.1 (Stata Corp, College Station, TX).

Results

Primary outcome

Seventy-eight patients were hospitalized with breakthrough
SARS-CoV-2 infection, which represented 0.12% (78/67,223)
of all vaccinated individuals within CFVHS.

Secondary outcomes

Twenty-five of 67,223(0.04%) fully or partially vaccinated in-
dividuals developed severe breakthrough SARS-CoV-2 infec-
tion. Symptoms started on mean 8 (SD: 6.60) and 6 (SD: 5.65)
days post-vaccination in partially and fully vaccinated patients,
and the mean length of hospital stay was 8 (SD: 7.50) and 6
(SD: 5.91) days, respectively. Only 8 of 78 (10.2%) patients had
symptom onset greater than 2 weeks after their last vaccine dose.
There were five (13%) and eight (20%) deaths in partially and
fully vaccinated patients, respectively. Patients who were either
partially or fully vaccinated and had breakthrough infections
had a mean age of 70 (SD: 11.35) and 73 (SD: 14.14) years, re-
spectively, and were predominantly White. The male constituted
48% of partially vaccinated patients and 59% of fully vaccinated
patients. The distribution of hospitalization of breakthrough in-
fections formed two incidence peaks: one in January-February
(40%) and another in July-August (34%) (Table 1).

Multivariable LR analysis was performed to explore vari-
ables that were independently associated with the severe break-
through SARS-CoV-2 infection. Male patients had 4.03 times
the odds of developing severe breakthrough SARS-CoV-2 in-
fection than female patients (aOR: 4.03, 95% confidence inter-
val (CI): 1.21 - 13.40), and the immunocompromised status had
6.32 times the odds of developing severe breakthrough SARS-
CoV-2 infection (aOR: 6.32, 95% CI: 1.48 - 26.18). Similarly,
each 1% increase in oxygen saturation (SPO,) decreased the
odds of developing severe breakthrough SARS-CoV-2 infection
by 20% (aOR: 0.80, 95% CI: 0.68 - 0.94) (Table 2).

Discussion

In this single health system retrospective study, we found that
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Table 2. Logistic Regression (LR) Model-2 Exploring Factors Associated With Severe Breakthrough SARS-CoV-2 Infection

aOR 95% CI P value
Fully vaccination status (vs. partially) 242 0.71 - 8.28 0.15
Sex (male) 4.03 1.21-13.40 0.023
SPO, (%) 0.80 0.68 - 0.94 0.009
COPD 0.24 0.05-27.01 0.063
Immunocompromised status 6.32 1.48 -26.18 0.013

Area under the receiver operating curve (AUC) for the LR model 0.813, 95% CI: 0.71 - 0.91 (LR model controlled for: fully vs. partially vaccinated
status, sex, SPO,, COPD and immunocompromised status). aOR: adjusted odds ratio; Cl: confidence interval, SPO,: oxygen saturation; COPD:

chronic obstructive pulmonary disease.

breakthrough SARS-CoV-2 infection was rare (0.12%). The
development of severe breakthrough SARS-CoV-2 infection
among the vaccinated was very rare (0.04%). Multivariable
LR analysis found no significant association of fully or partial-
ly vaccinated status in developing severe breakthrough SARS-
CoV-2 infection, but male sex and immunocompromising con-
ditions were associated with the increased odds of developing
severe breakthrough SARS-CoV-2 infection. As of October
18, the CDC reported a total of 41,127 breakthrough infections
(0.021%) that needed hospitalization out of 189 million vac-
cinated individuals [19]. This low breakthrough SARS-CoV-2
infection was consistent in our study.

In this study, we based our definition of severe SARS-
CoV-2 infection on Pfizer-BioNTech and Moderna Inc.’s
RCTs [2, 3]. The ranges of clinical parameters used to define
severe disease in those RCTs were broad, hence every patient
who qualified for the study was found to fit the criteria for
severe infection at some point during hospitalization. In an
attempt to be more specific, we modified our definition of se-
vere breakthrough SARS-CoV-2 infection, and according to
that definition, 25 patients qualified for severe SARS-CoV-2
infection. Thirteen of 25 patients with severe breakthrough
infections died and accounted for 17% (13/78) of patients
hospitalized with breakthrough SARS-CoV-2 infection. This
mortality rate was high and consistent with CDC reporting
as of October 18, 2021 (26%, 10,857/41,127). However,
clinical details of the patients who died in this CDC report
were not available. Upon chart review, we found that 12 of
the 13 patients were made do-not-resuscitate (DNR) before
death. In addition, these patients had multiple comorbidities
at baseline and had frequent hospitalizations. This may have
contributed to the higher mortality rate seen in our study.
The remaining patient who died and was not DNR before
death was a young patient who died of postoperative massive
saddle pulmonary embolism. The details of 13 patients who
had mortality are outlined here (Supplementary Materials 6,
WWW.jOCmr.org).

Emerging evidence supports the concept that patients on
chronic immunosuppression or on treatment for malignancy
may not mount sufficient immune responses to mRNA vac-
cine, which may predispose them to breakthrough infections.
For example, a recent study suggested that CID patients who
received both doses of mRNA vaccine had sufficient anti-
spike immunoglobulin G (IgG) antibody titers, but the titers
were suboptimal if they were receiving chronic corticosteroid
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or B-cell depletion chemotherapy [20]. Similarly, in SOT re-
cipients, the prevalence of anti-SARS-CoV-2 antibodies was
34% 1 month after the second dose [21]. Our study considered
patients immunocompromised if they were receiving chronic
corticosteroid therapy or immunotherapy for CID, chemother-
apy for malignancy, SOT recipients, or AIDS patients. In this
study, we found that immunocompromised status was associ-
ated with the increased odds of developing severe COVID-19
breakthrough disease.

In our study, we noted two spikes of breakthrough SARS-
CoV-2 infection. The first spike was in January-February, and
the second spike was seen in July-August, 2021. Only 10%
were found to have onset of symptoms 2 weeks or later post-
vaccination (Table 1). The second spike is probably due to the
delta variant, which is currently the predominant variant in
the USA, and mRNA vaccines are less effective against the
delta variant [22], and relaxed public health rules such as lift-
ing mask mandates which occurred in North Carolina [23].
Our knowledge of waning immunity from these vaccines is
evolving, but it is possible that due to decreasing titers of anti-
SARS-CoV-2 antibodies with time, the effectiveness of the
mRNA vaccines has been decreasing.

Our study had a few limitations. First, our number of
breakthrough infections could be an underestimate. If pa-
tients who were vaccinated in CFVHS were not admitted to
CFVHS for symptomatic breakthrough infection, this could
result in a falsely low number of breakthrough infections. Pa-
tients who were vaccinated outside CFVHS or self-reported
to be vaccinated were excluded from the study due to lack
of evidence of vaccination. Twelve percent population in
North Carolina does not have access to health care and is less
likely to seek medical attention [24]. Patients admitted for
breakthrough SARS-CoV-2 infections, as well as total vac-
cinated individuals, might have been underrepresented. This
might have caused selection bias in the study. CFVHS has
a wide catchment area and had approximately 130,000 ED
visits in 2020, the highest in North Carolina. This makes it
less likely that many local patients would have sought care at
other health networks for treatment. Also, it is reassuring that
the breakthrough SARS-CoV-2 infection rate we found was
similar to what CDC reported in nationwide data [19]. This
further reassured that the selection bias was minimal. Sec-
ond, the sample size was small. Since this study investigated
a very specific finding we believe it is acceptable. Third, in
the LR analysis, we found that each 1% increase in SPO, was
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associated with decreased odds of severe SARS-CoV-2 infec-
tion development, but it was not controlled for the supple-
mental oxygen requirement. Fourth, this study did not have
data on the variant of SARS-CoV-2 and anti-SARS-CoV-2
antibody titers, so it was not possible to determine if the sec-
ond spike of hospitalizations was due to declining immunity
or due to a new variant of the virus, or both. Lastly, because
of the retrospective nature of the study, we could not deter-
mine the circumstantial reason for the partial vaccination
status. Despite these limitations, we believe that this is the
first study that described the clinical characteristics of break-
through and severe breakthrough SARS-CoV-2 infections in
the general population. A few recent studies on breakthrough
SARS-CoV-2 infection were limited to health care workers,
prison inmates, gold miners, and nursing home residents [7-
10, 12, 17]. In this study, we could not discuss about the viral
vector COVID-19 vaccine as none of the patients included in
the study received the Janssen Pharmaceuticals COVID-19
vaccine.

Conclusions

In this single health system study, we found that the break-
through SARS-CoV-2 infections are rare. Male sex and immu-
nocompromised status were associated with increased odds of
developing the severe-COVID-19 breakthrough disease. This
study supports that the vaccine continues to be an effective
intervention to prevent severe SARS-CoV-2 infection and hos-
pitalization. Providers and health systems must continue ag-
gressive education on the importance of vaccination.
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