Open Forum Infectious Diseases Fe

SA

Infectious Diseases Society of America hiv medicine association

OXFORD

Risk Factors Associated With Hospitalization and Death in
COVID-19 Breakthrough Infections

Geehan Suleyman,'*® Raef Fadel,*® Indira Brar,"*“ Rita Kassab,’ Rafa Khansa,® Nicholas Sturla,® Ayman Alsaadi,’ Katie Latack,’ Joseph Miller,”
Robert Tibbetts,’ Linoj Samuel,’ George Alangaden,'? and Mayur Ramesh"
'Division of Infectious Disease, Henry Ford Health System, Detroit, Michigan, USA, “Wayne State University, Detroit, Michigan, USA, *Department of Internal Medicine, Henry Ford Hospital,

Detroit, Michigan, USA, “Department of Public Health Sciences, Henry Ford Health System, Detroit, Michigan, USA, *Department of Emergency Medicine, Henry Ford Hospital, Detroit, Michigan,
USA, éClinical Microbiology, Henry Ford Health System, Detroit, Michigan, USA

Background. Characterizations of coronavirus disease 2019 (COVID-19) vaccine breakthrough infections are limited. We aim
to characterize breakthrough infections and identify risk factors associated with outcomes.

Methods. This was a retrospective case series of consecutive fully vaccinated patients with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in a multicenter academic center in Southeast Michigan, between December 30, 2020, and September
15, 2021.

Results. A total of 982 patients were identified; the mean age was 57.9 years, 565 (59%) were female, 774 (79%) were White, and
255 (26%) were health care workers (HCWs). The median number of comorbidities was 2; 225 (23%) were immunocompromised.
BNT162b2 was administered to 737 (75%) individuals. The mean time to SARS-CoV-2 detection was 135 days. The majority were
asymptomatic or exhibited mild to moderate disease, 154 (16%) required hospitalization, 127 (13%) had severe—critical illness,
and 19 (2%) died. Age (odds ratio [OR], 1.14; 95% CI, 1.04-1.07; P < .001), cardiovascular disease (OR, 3.02; 95% CI, 1.55-5.89;
P =.001), and immunocompromised status (OR, 2.57; 95% CI, 1.70-3.90; P < .001) were independent risk factors for hospitaliza-
tion. Additionally, age (OR, 1.06; 95% CI, 1.02-1.11; P = .006) was significantly associated with mortality. HCWs (OR, 0.15; 95% CI,
0.05-0.50; P = .002) were less likely to be hospitalized, and prior receipt of BNT162b2 was associated with lower odds of hospitaliza-
tion (OR, 0.436; 95% CI, 0.303-0.626; P < .001) and/or death (OR, 0.360; 95% CI, 0.145-0.898; P = .029).

Conclusions. COVID-19 vaccines remain effective at attenuating disease severity. However, patients with breakthrough infec-
tions necessitating hospitalization may benefit from early treatment modalities and COVID-19-mitigating strategies, especially in

areas with substantial or high transmission rates.
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Vaccination against severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) is highly effective at preventing dis-
ease progression and mortality and is the leading strategy to
change the trajectory of the coronavirus 2019 (COVID-19)
pandemic worldwide. Randomized clinical trials have dem-
onstrated high vaccine efficacies (>94%) for the mRNA-based
vaccines against COVID-19 [1, 2]. Several other studies have
redemonstrated their high effectiveness among various pa-
tient populations against severe disease, hospitalization, and
death in real-world data [3-8]. Early surveillance data from a
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nationwide mass vaccination campaign in Israel suggested that
2 doses of BNT162b2 were effective against overall infection,
severe disease, hospitalization, and death [3]. More recently, a
large multistate analysis of >63 000 medical visits showed that
COVID-19 vaccines remained effective against COVID-19-
related hospitalizations and ambulatory visits [6].

However, COVID-19 mRNA vaccine effectiveness (VE)
in preventing laboratory-confirmed COVID-19 has declined
due to waning immunity and/or variant immune evasion, es-
pecially during the Omicron-predominant period [9]. During
a 6-month follow-up of the BNT162b2 mRNA COVID-19
Vaccine clinical trial, VE gradually declined; VE was 96.2%
(95% CI, 93.3%-98.1%) 27 days and 83.7% (95% CI, 74.7%-
89.9%) 4 months after the second dose [10]. Moreover, lower VE
in preventing COVID-19-related hospitalization has been ob-
served among older adults and high-risk groups [4, 11]. Despite
the emergence of breakthrough infections, the cumulative
COVID-19-associated hospitalization rate remained 12 times
higher in unvaccinated persons compared with vaccinated indi-
viduals. Moreover, an unvaccinated individual has significantly
greater risk of testing positive for SARS-CoV-2 and dying from
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COVID-19 [12]. As of December 2021, the Centers for Disease
Control and Prevention (CDC) has reported rates as high as 130
per 100 000 COVID-19 breakthrough infections among fully
vaccinated persons, with low hospitalization and mortality rates
[12]. Studies characterizing breakthrough infections among the
general patient population across all age groups and outcomes
with respect to hospitalization, intensive care unit (ICU) ad-
mission, need for invasive mechanical ventilation (IMV), and
mortality are limited. Previous studies in unvaccinated and vac-
cinated individuals have shown that age and multiple comorbid
conditions are associated with disease progression and adverse
outcomes [7, 11, 13]. Further studies are needed to identify
specific characteristics associated with disease progression in
breakthrough infections and determine which individuals may
benefit from additional vaccine doses and therapeutic modal-
ities and mitigating COVID-19 strategies. Therefore, we aimed
to describe SARS-CoV-2 breakthrough infections, risk factors
associated with disease progression, and outcomes among our
patient population.

METHODS

Study Design and Participants

This was a case series of consecutive patients, including health
care workers (HCWs) diagnosed with COVID-19 vaccine
breakthrough or postvaccine infections in the Henry Ford
Health System (HFHS), a comprehensive, integrated health
care organization that includes 5 hospitals and 9 emergency
departments (EDs) in Southeast Michigan, from December 30,
2020 (2 weeks after the introduction of a COVID-19 vaccine) to
September 15, 2021.

In our health system, HCWs exhibiting symptoms and/or
signs consistent with COVID-19 infection and exposed asymp-
tomatic HCWs were referred to employee health for SARS-
CoV-2 testing; however, routine asymptomatic testing was not
performed.

A vaccine breakthrough infection was defined as detection
of SARS-CoV-2 214 days after receipt of 2 doses of mRNA-
1273 (Moderna) or BNT162b2 (Pfizer-BioNTech) or 1 dose of
JNJ78436735 (Janssen), confirmed by state immunization reg-
istry. Patients with positive polymerase chain reaction (PCR)
for SARS-CoV-2 in a respiratory specimen were included. The
first SARS-CoV-2 test within this eligibility period was used.
Partially vaccinated participants (<14 days since completing the
primary series or not completing the series before the specimen
collection date) were excluded.

Covariates of Interest

We performed a retrospective review of electronic health re-
cords (EHRs) using Epic to obtain data on a standardized data
collection form. Demographic data, chronic comorbid con-
ditions, prior COVID-19 infection, SARS-CoV-2 test results,

severity of illness, vaccine type and date, prior COVID-19 his-
tory, receipt of monoclonal antibody (MAB), hospital admis-
sion status, and clinical outcomes were evaluated. Viral load as
expressed by the PCR cycle threshold (Ct) was obtained from
the microbiology laboratory when available.

Race/ethnicity data were collected in EHRs by self-re-
port using standard classification. Based on the most re-
cent recorded body mass index (BMI), obesity was defined
as a BMI 230 kg/m’ and morbid obesity as a BMI 240 [14].
Comorbidities associated with higher risk of developing se-
vere outcomes of COVID-19 [15] were extracted using
International Classification of Diseases (ICD), 10th revision,
codes. Vaccination status, including specific vaccine type and
vaccination dates, was extracted and verified in state immuni-
zation registry. Possible reinfection was defined as an infection
in a person with a specimen collected 290 days after a positive
SARS-CoV-2 diagnostic test, based on current CDC guidelines.
Severity of illness was determined using established guidelines
[16], and patients were grouped into the following categories:
asymptomatic infection, mild or moderate illness, severe illness,
critical illness. Days from the second dose of mRNA vaccine or
first dose of Janssen to positive PCR were calculated.

Immunocompromised state was defined as presence of any
of the following: immunosuppressive or immunomodulatory
medication use, chronic steroid use, history of bone marrow
transplant (BMT) or solid organ transplantation (SOT) and
receipt of immunosuppressive therapy, solid tumor or hemato-
logic malignancies on active treatment, advanced or untreated
HIV. Length of stay (LOS) was calculated from index admis-
sion to discharge in days, alive or expired at time of discharge.
Cardiovascular disease was defined as presence or history of
cardiomyopathy, coronary artery disease (CAD), or congestive
heart failure (CHF). Substance use disorder was defined as use
of cocaine, heroin, marijuana, alcohol use >3 drinks per day or
moderate-severe alcohol dependence. Missing data for sub-
stance abuse and alcohol use were excluded from final analysis.

Outcomes

The primary outcomes included COVID-19-associated hospi-
talization and mortality. COVID-19-related hospitalization was
defined as hospitalization in a symptomatic person within 30
days of a SARS-CoV-2-positive specimen collection. COVID-
19-related mortality occurred in a person with a documented
COVID-19 diagnosis who died as a result of or from compli-
cations of COVID-19 disease. Secondary outcomes were ICU
admission, need for IMV, 30-day readmission, and LOS.

Statistical Analysis

We used descriptive statistics to characterize the patient cohort.
We displayed frequency and count data for categorical variables
and mean (SD) or median (interquartile range [IQR]) for con-
tinuous variables. Median (IQR) was favored for non-normally
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distributed data. For comparisons between patients based on
admission or mortality status, we performed univariate anal-
ysis with the chi-square test or Fisher exact test where appli-
cable for categorical variables and ¢ test or Mann-Whitney U
test for continuous variables. Analysis of variance (ANOVA)
was performed for evaluation of vaccine type and days to diag-
nosis of COVID-19 breakthrough infection, with Kaplan-Meier
analysis used to analyze the time to diagnosis per vaccine type.
We performed multivariable logistic regression to model the re-
lationship between COVID-19-related hospitalization and the
following covariates based on statistical significance as deter-
mined by univariate analysis: sex, age, HCW status, smoking
history, chronic kidney disease (CKD), chronic obstructive pul-
monary disease (COPD), diabetes mellitus (DM), CHF, CAD,
hypertension (HTN), vaccine type, and immunocompromised
state. The testing level for all analyses was .05. We performed
analyses using SAS 9.4 (SAS Institute Inc, Cary, NC, USA).

Patient Consent

The study was approved by the Institutional Review Board of
HFHS, Detroit, Michigan. Informed consent was waived given
that the study exclusively used deidentified data.

RESULTS

Between December 30, 2020, and September 15, 2021, there
were 982 breakthrough infections among ~350 000 vaccinated
individuals identified in our health care system. Almost two-
thirds of infections occurred in August and the first half of
September 2021 (Supplementary Figure 1). Most patients were
White and female, with a mean age (SD) of 57.9 (18) years. The
median (interquartile range [IQR]) number of comorbidities
was 2 (0-4). There were 225 (23%) immunocompromised pa-
tients and 255 (26%) HCWs in this cohort. The majority had
mild or moderate symptoms; 171 (17.4%) were asymptomatic,
and 127 (12%) had severe or critical illness. Of the total patients
included in the study, 737 (75%) were administered BNT162b2,
185 (19%) mRNA1273, and 57 (6%) JNJ78436735. Table 1 sum-
marizes the baseline characteristics and outcomes of the entire
cohort.

The mean time from final vaccine dose to SARS-CoV-2 de-
tection (SD) was 135 (61) days among the entire cohort, with no
significant difference between hospitalized and nonhospitalized
patients. Patients vaccinated with BNT162b2 exhibited the most
days free from COVID-19 breakthrough infection (138 + 62
days) as compared with both mRNA1273 (131 + 49 days) and
JNJ78436735 (99 + 47 days) vaccination (P <.001). Figure 1
demonstrates the KM curve for time to breakthrough infection
with SARS-CoV-2 from complete vaccination.

Of the 154 (15.7%) COVID-19-related hospitalizations, 127
(83%) had severe or critical COVID-19. Hospitalized patients
were significantly older and male and had a higher prevalence

of smoking history and a higher median number (IQR) of
comorbidities (4 [2-6] vs 1 [0-3]; P < .001). Seventy-two (32%)
of the immunocompromised patients were hospitalized for
COVID-19, as compared with 82 (10.8%) immunocompe-
tent patients. Among hospitalized patients, 18 (12%) received
JNJ78436735, 43 (28%) received mRNA1273, and 93 (60%)
received BNT162b2 vaccines (P <.001). Hospitalized patients
exhibited lower PCR Ct as compared with nonhospitalized pa-
tients (21 £ 5 vs 28 + 10 cycles; P =.003). Similarly, symptoms
also correlated with Ct values, with symptomatic patients ex-
hibiting lower Ct values (21.8 £ 6.5 cycles) as compared with
asymptomatic patients (34.2 £ 8.7 cycles; P <.001). Table 1
highlights the univariate analysis for hospitalization for COVID-
19. Supplementary Figure 2 demonstrates the mean Ct values for
SARS-CoV-2 PCR identification among patients in the cohort.

Of those hospitalized, 30 (19%) required ICU admission and
19 (12%) IMV. The mean LOS was 6.7 (6.3) days, with no sig-
nificant difference in patients alive or dead at the time of dis-
charge. Nineteen (12%) patients died due to COVID-19 while
hospitalized and within 30 days of diagnosis. Of those who
were discharged, 11 (7%) were readmitted within 30 days for
COVID-19. Table 1 further highlights these findings.

Patients who expired from COVID-19 infection were older
in age (76.1+11.1 vs 57.6 + 18.2 years; P <.001), with a
higher prevalence of chronic kidney disease (P =.039), COPD
(P =.003), and cardiovascular disease (P = .002). Time to break-
through infection after vaccination was also longer in patients
who died (155 £ 30 vs 135 £ 61 days; P =.011). Table 2 high-
lights the univariate analysis of mortality among this cohort.

On multivariable analysis for COVID-19-related hospital -
ization, older age (odds ratio; OR], 1.14; 95% CI, 1.04-1.07;
P <.001), immunocompromised status (OR, 2.57; 95% CI,
1.70-3.90; P < .001), and cardiovascular disease (OR, 3.02; 95%
CI, 1.55-5.89; P =.001) were associated with need for hos-
pitalization. HCWs (OR, 0.15; 95% CI, 0.05-0.50; P =.002)
were less likely to be hospitalized. Furthermore, prior receipt
of JNJ78436735 (OR, 2.68; 95% CI, 1.49-4.82; P <.001) or
mRNA1273 (OR, 1.82; 95% CI, 1.23-2.71; P <.001) was sig-
nificantly associated with need for hospitalization compared
with receipt of BNT162b2 (OR, 0.436; 95% CI, 0.303-0.626;
P <.001). These findings are highlighted in Table 3.

On multivariable analysis of COVID-19-related mortality, age
(OR, 1.06; 95% CI, 1.02-1.11; P =.006) alone was associated
with increased mortality. Prior receipt of BNT162b2 vaccina-
tion was significantly associated with decreased mortality (OR,
0.360; 95% CI, 0.145-0.898; P =.029). Table 4 demonstrates
these findings.

DISCUSSION

We describe 982 fully vaccinated individuals with vaccine
breakthrough COVID-19 infections in our health system over a
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Table 1. Baseline Characteristics and Outcomes of all Patients With COVID-19 Breakthrough Infection, Including Univariate Analysis of COVID-19-

Related Hospitalization

Baseline Characteristics Total Patients Not Hospitalized for COVID-19° Hospitalized for COVID-19 PValue
N = 982 n =828 n=154
Vaccine type No. (%) <.001
JNJ78436735 57 (6) 39 (5) 18 (12)
mRNA1273 185 (19) 145 (18) 43 (28)
BNT162b2 737 (75) 644 (78) 93 (60)
Age Mean + SD 579 £ 18 55.2 £ 17.7 72.6 £13.8 <.001
Male sex No. (%) 417 (43) 339 (41) 78 (51) .025
Race/ethnicity No. (%) 728
White 774 (79) 655 (79) 19 (77)
Black 107 (11) 86 (10) 21 (14)
Latino 21 (2) 18 (2) 3(2)
Other 80 (8) 69 (8) 11(7)
Health care worker No. (%) 255 (26.0) 252 (30) 3(2) <.001
No. of total comorbidities Median [IQR] 2 [0-4] 1[0-3] 4 [2-6] <.001
Body mass index No. (%) .634
30-39 kg/m? 261 (26.6) 215 (33) 46 (30)
>40 kg/m? 76 (7.7) 59 (9) 17 (1)
Smoking history No. (%) 383 (39.0) 306 (37) 77 (50) .002
Substance abuse No. (%) 63 (6.4) 54 (7) 9(6) .859
Chronic kidney disease No. (%) 69 (7.0) 42 (5) 27 (18) <.001
ESRD No. (%) 12 (1.2) 5 (1) 7 (5) <.001
COPD No. (%) 12 (11.4) 75 (9) 37 (24) <.001
Asthma No. (%) 126 (12.8) 13 (14) 13 (8) .088
Pulmonary hypertension No. (%) 8(0.8) 8 (1) 0 (0) .619
Interstitial lung disease No. (%) 2(0.2) 2 (0) 0 (0) 1.00
Obstructive sleep apnea No. (%) 123 (12.5) 100 (12) 23 (15) .363
Diabetes mellitus No. (%) 207 (21.1) 151 (18) 56 (36) <.001
Cardiovascular disease No. (%) 142 (15) 90 (11) 56 (36) <.001
Hypertension No. (%) 444 (45.2) 338 (41) 106 (69) <.001
Cirrhosis No. (%) 16 (1.6) 1m(1) 5(3) .091
Inflammatory bowel disease No. (%) 24 (2.4) 13 (2) 11(7) M2
Rheumatoid arthritis No. (%) 10 (1.0) 6 (1) 4 (3) .057
Systemic lupus No. (%) 11 (1.1) 7 (1) 4 (3) .078
Sarcoidosis No. (%) 5(0.5) 3(0) 2(1) 77
Immunocompromised No. (%) 225 (22.9) 153 (18) 72 (47) <.001
Solid organ transplant No. (%) 33(3.4) 11 (1) 11(7) <.001
Bone marrow transplant No. (%) 0(0) 0 (0) 0 (0) 1.00
Active hematologic malignancy No. (%) 23 (2.3) (1) 12 (8) <.001
HIV No. (%) 2(0.2) 2 (0) 0(0) 1.000
Systemic steroid use No. (%) 131 (13.3) 85 (10) 46 (30) <.001
On active chemotherapy No. (%) 63 (6.4) 40 (5) 23 (15) <.001
On immunosuppression No. (%) 69 (7.0) 41 () 28 (18) <.001
Time to breakthrough infection, d® Mean + SD 135 + 61 - - <.001
JNJ78436735 99 + 47 - -
mRNA1273 131 + 49 - -
BNT162b2 138 + 62 - -
SARS-CoV-2 PCR Ct° Mean + SD 28+ 10 28 £10 215 .003
Prior COVID infection No. (%) 29 (3.0) 27 (3) 2(1) .296
Possible reinfection® No. (%) 26 (2.6) 24 (2.7) 2(1)
Received monoclonal antibody No. (%) 115 (11.7) 104 (13) 11(7) .056
Symptom severity No. (%) <.001
Asymptomatic 171 (17.4) 170 (20) 1(1)
Mild or moderate 684 (69.7) 658 (80) 26 (17)
Severe 89 (9.1) 0(0) 89 (68)
Critical 38 (3.9) 0 (0) 38 (25)
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Table 1. Continued

Baseline Characteristics Total Patients

Not Hospitalized for COVID-19° Hospitalized for COVID-19 PValue

Outcomes

ICU admission No. (%)
Mechanical ventilation No. (%)
COVID-19-related death No. (%)
Hospital LOS, d Mean + SD
30-d readmission No. (%)

= 30 (20)
- 19 (12)
= 19 (12)
- 6.71 +6.34
= 1(7)

Mean is presented with standard deviation; median is presented with interquartile range. Significant P values are bolded.

Abbreviations: ANOVA, analysis of variance; BNT162b2, Pfizer vaccine; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; Ct, cycle threshold; ESRD, end-
stage renal disease; ICU, intensive care unit; IQR, interquartile range; JNJ78436735, Janssen vaccine; LOS, length of stay; mRNA1273, Moderna vaccine; PCR, polymerase chain reaction;

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

“Includes 73 patients admitted for non-COVID-19-related causes and 755 patients who were not admitted at all.

°Analyzed with ANOVA of mean time to diagnosis according to vaccination type.

°CT values available for 77 patients in total (60 patients not admitted for COVID-19 and 17 patients admitted for COVID-19).
9Six patients were symptomatic, with 4 having mild symptoms; Ct values for asymptomatic patients who were tested on admission or before a procedure were >30.

9-month period. Most breakthrough infections occurred during
the Delta surge. The majority of patients were asymptomatic or
had mild to moderate disease, 13% had severe or critical illness,
16% required hospitalization, and 2% died.

In a multistate analysis of 1 228 664 individuals who com-
pleted primary vaccination series through October 2021, 2246
(0.18%) acquired COVID-19 infection; among these patients,
327 (14.6%) were hospitalized, 189 (8.4%) had severe COVID-
19 outcomes (acute respiratory failure, need for noninvasive
ventilation, admission to an ICU, or death), and 36 (1.6%) died
[17]. Although the proportion of hospitalized patients in our
cohort was similar, it is unknown what proportion of patients
had COVID-19-related vs incidental COVID-19 hospitaliza-
tions in that study. However, the proportion of patients with
severe COVID-19 outcomes in our cohort was higher.

The dramatic change in the number of breakthrough infec-
tions since July 2021 in our study is likely multifactorial and
may be due to the emergence of the more contagious Delta
variant and waning vaccine immunity over time, as previ-
ously reported [10, 11, 18-22]; the Delta variant became the
dominant strain in Michigan, accounting for 99% of all viral

samples sequenced since the last week in July 2021. In ad-
dition, lifting of the mask mandate and restrictions on July
1, 2021, in Michigan may also have resulted in greater com-
munity exposure risk. As of July 7, we stopped testing fully
vaccinated asymptomatic patients or those who had recovered
from COVID on admission or for procedures. It is possible
that there were additional asymptomatic breakthrough infec-
tions that were not detected.

Risk factors for disease progression and hospitalization in
our study are similar to those previously reported for unvacci-
nated and vaccinated individuals [7, 13, 15, 17, 18, 23-31]. Our
hospitalized patients were also older and had a higher preva-
lence of preexisting conditions. A third of our immunocompro-
mised patients were hospitalized. In the multivariable analysis,
older age, cardiovascular disease, including CHE and immu-
nocompromised status were associated with increased odds of
hospitalization. Older age is a well-established risk factor for in-
fection and disease progression and has been associated with
breakthrough hospitalization (7, 13, 17, 18, 23-31].

Certain comorbidities, including CHF, CKD, DM, and ma-
lignancy, are also associated with higher risk of developing

—— BNT162b2
— JNJ78436735
—— mRNAI273
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Figure 1.
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Days to breakthrough coronavirus disease 2019 infection according to vaccine type.
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Table 2. Univariate Analysis of Mortality in Patients With COVID-19 Breakthrough Infection

Variable Alive Died From COVID-19° P
n =951 n=19
Age, y Mean + SD 576 + 18.2 76.1 £ 1.1 <.001
Male sex No. (%) 409 (42) 8 (42) .974
Health care worker No. (%) 254 (26) 1(5) .035
Body mass index No. (%) .365
30-39 kg/m? 254 (32) 7(37)
>40 kg/m? 72 (9) 4(21)
Smoking history 372 (39) 11 (58) .100
Chronic kidney disease No. (%) 65 (7) 4(27) .039
COPD No. (%) 105 (11) 7 (37) .003
Cardiovascular disease No. (%) 132 (14) 10 (53) .002
Immunocompromised 218 (23) 7 (37) 167
Solid organ transplant 31 (3) 2 (11) 131
Hematologic malignancy No. (%) 21(2) 2(11) .070
Vaccine type No. (%) .059
JNJ78436735 55 (6) 2(11)
mRNA1273 181 (19) 7 (37)
BNT162b2 727 (75) 10 (53)
Time to diagnosis, d Mean + SD 135 + 61 155 + 30 .011

Mean is presented with standard deviation. Significant P values are bolded.

Abbreviations: BNT162b2, Pfizer vaccine; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; ICU, intensive care unit; JNJ78436735, Janssen vaccine; LOS,

length of stay; mRNA1273, Moderna vaccine.
“Twelve patients were excluded due to death from non-COVID-19-related events.

severe COVID-19 [13, 17, 18, 23-29]. In a report published
during the early stages of the pandemic, the mean (SD)
number of comorbidities of hospitalized patients was 3.2 (1.8)
compared with 1.9 (1.7) in patients who were not hospitalized
(difference, 1.3; 95% CI, 0.96-1.72; P < .001) [13]. In a case
series of 54 hospitalized patients with breakthrough infec-
tions, 14 (26%) had severe or critical illness, with a median age

Table 4. Multivariable Analysis of COVID-19 Mortality in Patients With
COVID-19 Breakthrough Infection

Covariate OR 95% Cl P
Male sex 0.720 0.250-2.13 .568
Age 1.06 1.02-1.11 .006
Health care worker 1.03 0.100-10.5 979
Smoking history 1.07 0.360-3.20 .907
Chronic kidney disease 1.21 0.310-4.76 .787
COPD 1.73 0.550-5.42 .347
Diabetes mellitus 0.870 0.270-2.82 .812
Cardiovascular disease 2.83 0.730-11.0 131
Hypertension 0.640 0.200-2.10 463
Immunocompromised 0.870 0.300-2.52 .793
Vaccine type

JNJ78436735 1.21 0.190-7.83 .843

mRNA1273 0.970 0.310-3.06 .955

BNT162b2 0.360 0.145-0.898 .029

Significant P values are bolded. Number of observations in the original data set = 982.
Number of observations used = 970; 12 patients excluded due to death from non-COVID-
19-related events.

Abbreviations: BNT162b2, Pfizer vaccine; COPD, chronic obstructive pulmonary dis-
ease; COVID-19, coronavirus disease 2019; JNJ78436735, Janssen vaccine; mRNA1273,
Moderna vaccine; OR, odds ratio.

(IQR) of 80.5 (76.5-85.0) years, and multiple comorbidities,
including cardiovascular disease and lung disease [27]. In an-
other observational case series, 10 Veterans Affairs hospital-
ized patients with breakthrough infection were >70 years of
age with multiple comorbidities, including CHF, COPD, DM,
and HTN [18].

Tenforde et al. reported that 20 of 45 patients with vaccine-
breakthrough COVID hospitalizations were immunocom-
promised, and VE was lower in this group (62.9%; 95% CI,
20.8%-82.6%) compared with those without immunosuppres-
sion (91.3%; 95% CI, 85.6%-94.8%) [26]. In a recently pub-
lished multistate analysis of >89 000 hospitalized patients, the
VE of the mRNA vaccines against COVID-19-associated hos-
pitalization was 77% (95% CI, 74%-80%) in immunocom-
promised adults compared with 90% (95% CI, 89%-91%) in
immunocompetent adults, irrespective of age. Moreover, VE
varied across this patient population and ranged from 59% in
SOT or BMT patients to 81% in patients with a rheumatologic
or inflammatory disorder [32]. This was further supported by
another study that demonstrated that the association between
mRNA vaccination and reduced risk of COVID-19 hospitali-
zation was notably weaker in the immunocompromised patient
population [7].

Comparative data on secondary outcomes (LOS, ICU-level
care, need for IMV, readmission) and mortality in hospital-
ized patients with breakthrough infections are limited [6,
7, 17, 25-27, 33]. Our findings support the observations of
earlier studies of ICU-level care [6, 7]. In a large multistate
study involving adults 250 years of age, 2470 of 15 581 or 16%
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Table 3. Multivariable Analysis of COVID-19 Hospitalization in Patients With COVID-19 Breakthrough Infection

Covariate OR 95% Cl P
Male sex 1.14 0.76-1.70 .539
Age 1.06 1.04-1.07 <.001
Health care worker 0.15 0.05-0.50 .002
Smoking history 0.92 0.60-1.40 .685
Chronic kidney disease 1.19 0.64-2.19 .5683
COPD 1.05 0.63-1.77 .848
Diabetes mellitus 1.37 0.87-2.15 A71
Cardiovascular disease 3.02 1.65-5.89 .001
Hypertension 0.86 0.54-1.37 521
Immunocompromised 2.57 1.70-3.90 <.001
Vaccine type

JNJ78436735 2.68 1.49-4.82 <.001

mRNA1273 1.82 1.23-2.71 .003

BNT162b2 0.436 0.303-0.626 <.001

QOdds ratio is presented with 95% ClI. Significant P values are bolded. Number of observations in the original data set = 982. Number of observations used = 982.
Abbreviations: BNT162b2, Pfizer vaccine; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; JNJ78436735, Janssen vaccine; mRNA1273, Moderna vac-

cine; OR, odds ratio.

of patients with breakthrough infections required ICU-level
care [6].

The overall mortality among those with breakthrough infec-
tions was low [17]. However, mortality was 12% among our hos-
pitalized patients and 15% among those with severe or critical
COVID-19. This is in contrast to a recent study where the need
for IMV was 7.7% and mortality 6.3% among 142 hospitalized
patients [7]. Our patients who expired from COVID-19 had a
mean age >75 years and had higher prevalence of underlying
comorbidities, in addition to longer time from final vaccine
dose to SARS-CoV-2 detection. In the multivariable analysis,
age was the only risk factor associated with mortality. This may
be attributed to lower immune response to vaccines and waning
immunity.

In our study, prior receipt of BNT162b2 vaccine was asso-
ciated with significantly lower odds of breakthrough hospital-
ization compared with receipt of JNJ78436735 or mRNA1273
vaccine and mortality, independent of age, HCW status, and
other variables. Interestingly, this contrasts with previous
studies that reported higher VE in mRNA1273 [5, 7, 17, 20].
Thirty percent of our cohort were HCW's with a mean age of 45
years, which may have affected the results; however, our overall
study population contained a diverse group of patients. HFHS
expanded the BNT162b2 vaccine to elderly and immunocom-
promised patients after prioritizing our HCWs early on. These
groups are known to have a less robust response to vaccines
with possible waning immunity overtime and are at higher risk
for severe COVID-19 [19].

To conclude, the odds of COVID-19-related hospitaliza-
tion after breakthrough infection increased in older adults,
patients who were immunocompromised, or patients with mul-
tiple comorbidities and decreased in HCWs and those who re-
ceived BNT162b2. Despite vaccination, older age remained a

significant risk factor for mortality. Thus, patients who are older,
have underlying comorbidities, or are immunocompromised
may benefit from early treatment modalities and COVID-19-
mitigating strategies, especially in areas with substantial or high
transmission rates.

Limitations

The findings in this report are subject to several limitations.
It was a retrospective study conducted at a single large health
system in Southeast Michigan; however, a diverse patient
population was included in the study. It is possible that not all
breakthrough infections were captured in our health system,
including those who had at-home or MinuteClinic testing,
which might introduce selection bias. This was less of a con-
cern since Epic was integrated with other health care systems
that utilized EHRs. Moreover, patients who are asympto-
matic or mildly symptomatic may not seek testing and be
underrepresented. We did not measure immunity or report
VE in our cohort due to multiple prior studies having as-
sessed this. We did not compare risk factors and outcomes in
hospitalized patients (alive vs dead) due to the small sample
size. In addition, the primary goal of this investigation was
to characterize and describe demographics and outcomes of
breakthrough infections, so no control group was used. This
limits the conclusions that can be made regarding vaccine
efficacy in breakthrough infections as compared with unvac-
cinated controls.

Acknowledgments

Financial support. There are no funding sources to report.

Potential conflicts of interest. All authors: no reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

COVID-19 Breakthrough Infection Risk Factors « OFID « 7



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Polack FP, Thomas §J, Kitchin N, et al. Safety and efficacy of the BNT162b2
mRNA COVID-19 vaccine. N Engl ] Med 2020; 383:2603-15.

. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety of the mRNA-1273

SARS-CoV-2 vaccine. N Engl ] Med 2021; 384:403-16.

. Dagan N, Barda N, Kepten E, et al. BNT162b2 mRNA COVID-19 vaccine in a

nationwide mass vaccination setting. N Engl ] Med 2021; 384:1412-23.

. Bajema KL, Dahl RM, Prill MM, et al. Effectiveness of COVID-19 mRNA vac-

cines against COVID-19-associated hospitalization — five veterans affairs med-
ical centers, United States, February 1-August 6, 2021. MMWR Morb Mortal
WKkly Rep 2021; 70:1294-9.

. Grannis SJ, Rowley EA, Ong TC, et al. Interim estimates of COVID-19 vaccine

effectiveness against COVID-19-associated emergency department or urgent
care clinic encounters and hospitalizations among adults during SARS-CoV-2
B.1.617.2 (Delta) variant predominance — nine states, June-August 2021.
MMWR Morb Mortal Wkly Rep 2021; 70:1291-3.

. Thompson MG, Stenehjem E, Grannis S, et al. Effectiveness of COVID-

19 vaccines in ambulatory and inpatient care settings. N Engl ] Med 2021;
385:1355-71.

. Tenforde MW, Self WH, Adams K, et al. Association between mRNA vacci-

nation and COVID-19 hospitalization and disease severity. JAMA 2021;
326:2043-54.

. Taylor CA, Patel K, Pham H, et al. Severity of disease among adults hospitalized

with laboratory-confirmed COVID-19 before and during the period of SARS-
CoV-2 B.1.617.2 (Delta) predominance — COVID-NET, 14 states, January—
August 2021. . MMWR Morb Mortal Wkly Rep. 2021; 70:1513-9.

. Thompson MG, Natarajan K, Irving SA, et al. Effectiveness of a third dose of

mRNA vaccines against COVID-19-associated emergency department and ur-
gent care encounters and hospitalizations among adults during periods of Delta
and Omicron variant predominance — VISION network, 10 states, August 2021-
January 2022. MMWR Morb Mortal Wkly Rep 2022; 71:139-45.

Thomas SJ, Moreira ED Jr, Kitchin N, et al. Safety and efficacy of the BNT162b2
mRNA COVID-19 vaccine through 6 months. N Engl ] Med. 2021; 385:1761-73.
Andrews N, Tessier E, Stowe J, et al. Duration of protection against mild and se-
vere disease by COVID-19 vaccines. N Engl ] Med 2022; 386:340-50.

Centers for Disease Control and Prevention. COVID Data Tracker: Rates of
COVID-19 cases and deaths by vaccination status. Available at: https://covid.cdc.
gov/covid-data-tracker/#rates-by-vaccine-statuscker/#rates-by-vaccine-status.
Accessed 4 January 2022.

Suleyman G, Fadel RA, Malette KM, et al. Clinical characteristics and morbidity
associated with coronavirus disease 2019 in a series of patients in metropolitan
Detroit. JAMA Netw Open 2020; 3:¢2012270.

Centers for Disease Control and Prevention. Defining Adult Overweight and
Obesity. Available at: https://www.cdc.gov/obesity/adult/defining.html. Accessed
15 September 2021.

Centers for Disease Control and Prevention. COVID-19. Underlying Medical
Conditions. Available at: https://www.cdc.gov/coronavirus/2019-ncov/hcp/
clinical-care/ underlyingconditions.html. Accessed 15 October 2021.

National Institutes of Health. Clinical spectrum of SARS-CoV-2 infection. 2021.
Available at: https://www.covid19treatmentguidelines.nih.gov/overview/clinical-
spectrum/. Accessed 15 September 2021.

Yek C, Warner S, Wiltz JL, et al. Risk factors for severe COVID-19 outcomes
among persons aged 218 years who completed a primary COVID-19 vaccination

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

series — 465 health care facilities, United States, December 2020-October 2021.
MMWR Morb Mortal Wkly Rep 2022; 71:19-25.

Kim PS, Schildhouse RJ, Saint S, et al. Vaccine breakthrough infections in veterans
hospitalized with coronavirus infectious disease-2019: a case series. Am J Infect
Control. 2022; 50:273-6.

Keehner J, Horton LE, Binkin NJ, et al. Resurgence of SARS-CoV-2 infection in a
highly vaccinated health system workforce. N Engl ] Med 2021; 385:1330-2.

Self WH, Tenforde MW, Rhoads JP, et al. Comparative effectiveness of Moderna,
Pfizer-Biontech, and Janssen (Johnson & Johnson) vaccines in preventing
COVID-19 hospitalizations among adults without immunocompromising con-
ditions — United States, March-August 2021. MMWR Morb Mortal Wkly Rep
2021; 70:1337-43.

Nanduri S, Pilishvili T, Derado G, et al. Effectiveness of Pfizer-Biontech and
Moderna vaccines in preventing SARS-CoV-2 infection among nursing home
residents before and during widespread circulation of the SARS-CoV-2 B.1.617.2
(Delta) variant — National Healthcare Safety Network, March 1-August 1, 2021.
MMWR Morb Mortal Wkly Rep 2021; 70:1163-6.

Scobie HM, Johnson AG, Suthar AB, et al. Monitoring incidence of COVID-19
cases, hospitalizations, and deaths, by vaccination status — 13 U.S. jurisdictions,
April 4-July 17, 2021. MMWR Morb Mortal Wkly Rep 2021; 70:1284-90.

Miller J, Fadel RA, Tang A, et al. The impact of sociodemographic factors,
comorbidities, and physiologic responses on 30-day mortality in coronavirus dis-
ease 2019 (COVID-19) patients in metropolitan Detroit. Clin Infect Dis 2021;
72:€704-10.

Stokes EK, Zambrano LD, Anderson KN, et al. Coronavirus disease 2019 case sur-
veillance — United States, January 22-May 30, 2020. MMWR Morb Mortal Wkly
Rep 20205 69:759-65.

Killerby ME, Link-Gelles R, Haight SC, et al. Characteristics associated with hos-
pitalization among patients with COVID-19 — metropolitan Atlanta, Georgia,
March-April 2020. MMWR Morb Mortal Wkly Rep 2020; 69:790-4.

Tenforde MW, Patel MM, Ginde AA, et al. Effectiveness of SARS-CoV-2 mRNA
vaccines for preventing COVID-19 hospitalizations in the United States. Clin
Infect Dis. In press.

Juthani PV, Gupta A, Borges KA, et al. Hospitalisation among vaccine break-
through COVID-19 infections. Lancet Infect Dis 2021; 21:1485-6.

Leshem E, Nelson K, Lopman BA. Severe breakthrough COVID-19 infections
in Scotland—implications for immunisation programmes. Lancet Respir Med.
2021; 9:1354-6.

Brosh-Nissimov T, Orenbuch-Harroch E, Chowers M, et al. BNT162b2 vac-
cine breakthrough: clinical characteristics of 152 fully vaccinated hospitalized
COVID-19 patients in Israel. Clin Microbiol Infect 2021; 27:P1652-7.

Butt AA, Khan T, Yan P, Shaikh OS, Omer SB, Mayr F. Rate and risk factors for
breakthrough SARS-CoV-2 infection after vaccination. J Infect 2021; 83:237-79.
Butt AA, Nafady-Hego H, Chemaitelly H, et al. Outcomes among patients with
breakthrough SARS-CoV-2 infection after vaccination. Int J Infect Dis 2021;
110:353-8.

Embi PJ, Levy ME, Naleway AL, et al. Effectiveness of 2-dose vaccination with
mRNA COVID-19 vaccines against COVID-19-associated hospitalizations
among immunocompromised adults — nine states, January-September 2021.
MMWR Morb Mortal Wkly Rep. 2021; 70:1553-9.

Duarte LE, Galvez NMS, Iturriaga C, et al. Immune profile and clinical outcome
of breakthrough cases after vaccination with an inactivated SARS-CoV-2 vaccine.
Front Immunol 2021; 12:742914.

8 « OFID « Suleyman etal


https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-statuscker/#rates-by-vaccine-status
https://covid.cdc.gov/covid-data-tracker/#rates-by-vaccine-statuscker/#rates-by-vaccine-status
https://www.cdc.gov/obesity/adult/defining.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/ underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/ underlyingconditions.html
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/



