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ABSTRACT

Introduction/Methods: EPOCH-US is an ongo-
ing, retrospective, observational cohort study
among individuals identified in the Healthcare
Integrated Research Database (HIRD�) with
C 12months of continuous health plan enroll-
ment.Datawere collected for theHIRDpopulation
(containing immunocompetent and immuno-
compromised [IC] individuals), individual IC
cohorts (non-mutually exclusive cohorts based on
immunocompromising condition and/or
immunosuppressive [IS] treatment), and the com-
posite IC population (all unique IC individuals).

This study updates previous results with addition
of the general population cohort and data specifi-
cally for the year of 2022 (i.e., Omicron wave per-
iod). To provide healthcare decision-makers the
most recent trends, this study reports incidence
rates (IR)andseverityoffirst SARS-CoV-2 infection;
and relative risk, healthcare utilization, and costs
related to first COVID-19 hospitalizations in the
full year of 2022 and overall between April 2020
and December 2022.
Results: These updated results showed a 2.9%
prevalence of immune compromise in the
population. From April 2020 through December
2022, the overall IR of COVID-19 was 115.7 per
1000 patient-years in the composite IC cohort
and 77.8 per 1000 patient-years in the HIRD
cohort. The composite IC cohort had a 15.4%
hospitalization rate with an average cost of
$42,719 for first COVID-19 hospitalization.
Comparatively, the HIRD cohort had a 3.7%
hospitalization rate with an average cost of
$28,848 for first COVID-19 hospitalization.
Compared to the general population, IC indi-
viduals had 4.3 to 23 times greater risk of hos-
pitalization with first diagnosis of COVID-19.
Between January and December 2022, hospi-
talizations associated with first COVID-19
diagnosis cost over $1 billion, with IC individ-
uals (* 3% of the population) generating
$310 million (31%) of these costs.
Conclusion: While only 2.9% of the popula-
tion, IC individuals had a higher risk of COVID-
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19 hospitalization and incurred higher health-
care costs across variants. They also dispropor-
tionately accounted for over 30% of total costs
for first COVID-19 hospitalization in 2022,
amounting to * $310 million. These data
highlight the need for additional preventive
measures to decrease the risk of developing
severe COVID-19 outcomes in vulnerable IC
populations.

Keywords: Cancer; Chronic kidney disease;
COVID-19; Epidemiology; Healthcare resource
utilization; Immune suppression; Immunocom-
promised; Primary immunodeficiency;
Transplant

Key Summary Points

Why carry out the study?

Despite reduced burden in the general
population, immunocompromised
populations continue to have a higher risk
for severe COVID-19 outcomes, including
prolonged hospitalization and death.

What we learned from the study

The current analysis updates data for the
incidence of COVID-19 in
immunocompromised populations from
1 April 2020 to 31 December 2022 in a
commercially insured US population.
Results add a general population cohort as
well as hospitalizations, lengths of stay,
and healthcare costs in the year 2022 (i.e.,
exclusively during the Omicron period) to
provide healthcare decision-makers with
the most relevant data and observed
trends related to COVID-19 and SARS-
CoV-2 infection in the
immunocompromised population.

The incidence rate of COVID-19 in the
composite immunocompromised cohort
between April 2020 and December 2022
was 115.7 cases per 1000 patient-years,
compared to 77.8 per 1000 patient-years
in the general population cohort. The
chronic kidney disease stage 5/dialysis
cohort consistently had the highest
incidence rate (192.7 cases per 1000
patient-years overall). The difference in
the incidence rates for the general
population cohort and composite
immunocompromised cohort was more
pronounced during the later months of
2022.

Despite immunocompromised individuals
comprising less than 3% of the overall
study population, their hospitalization
expenses accounted for approximately
30% of the total costs incurred by
individuals hospitalized for their initial
COVID-19 diagnosis. Severe cases (39%)
accounted for almost two-thirds of the
$310 million in hospitalization expenses
for COVID-19 in 2022.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused
by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has caused more than
767 million infections and over 6.9 million
deaths globally since the start of the pandemic
[1]. In the USA, more than 103 million cases,
6.2 million hospitalizations, and 1.1 million
deaths have been attributed to COVID-19 [2, 3].
The total economic impact on the USA,
including direct medical expenditures and
approximated loss of revenue, is forecasted to
reach $14 trillion by the end of 2023 [4, 5].

First reported in December 2019, COVID-19
initially had a mortality rate of 3.4% [6]. Since
then, variants of the virus emerged rapidly,
resulting in differing transmissibility levels,
pathogenicity, and diminished vaccine
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effectiveness [6, 7]. In 2020, SARS-CoV-2 vari-
ants of concern included the Alpha (B.1.1.7)
variant (UK, September 2020) and the Beta
(B.1.351) variant (South Africa, May 2020)
[6, 8, 9]. Gamma (Brazil, January 2021), Delta
(India, June 2021), and Omicron (South Africa,
November 2021) variants followed, with five
major sub-lineages (BA.1. BA.2, BA.3, BA.4,
BA.5) [6]. The evolution of variants has led to a
more transmissible but seemingly less severe
virus, and the number of deaths due to COVID-
19 declined by 47% in the USA in 2022.
Nonetheless, COVID-19 was the third leading
cause of death in 2021 and the fourth leading
cause of death in 2022 [10]. In May 2023, the
World Health Organization (WHO) and the US
Department of Health and Human Services
declared an end to the COVID-19 public health
emergency, resulting in changes to the type of
public health data collected and insurance
coverage for at-home COVID-19 test kits
[11, 12].

As a result of the economic, social, and
mental health hardships imposed by the virus
and pandemic management strategies, public
sentiment towards COVID-19 has also evolved
alongside the emerging SARS-CoV-2 variants.
Given the length of the public health emer-
gency, it is not uncommon for the general
public and healthcare professionals to be men-
tally fatigued [13, 14]. While the level of fear
about COVID-19 has generally abated, the risk
for SARS-CoV-2 infection and related outcomes
remains [15, 16]. One month after ending the
global public health emergency, the WHO
reported 1.2 million new COVID-19 cases and
7100 deaths between 22 May 2023 and 18 June
2023 [17].

Immunocompromised (IC) populations
continue to have a higher risk for severe
COVID-19 outcomes, including prolonged
hospitalization and death [18–22]. Since vacci-
nation against COVID-19 may be less effective
in the IC population, the Centers for Disease
Control and Prevention (CDC) currently advises
that persons aged C 6 months with moderate to
severe immune compromise may receive
optional additional boosters in an acknowl-
edgement of their increased risk or need for
additional protection [23, 24]. Therefore, while

the perception of the waning impact of COVID-
19 may have some validity in the general pop-
ulation, IC individuals still face significant risk.

Published data evaluating the economic
impact of immunocompromising conditions on
the cost of COVID-19 treatment and recovery
using real-world evidence is limited and few
studies have evaluated the impact of Omicron
on immunocompromised populations. A UK-
based study conducted in 2022 using electronic
health records [25] found that IC populations
had higher rates of hospitalizations, ICU
admissions, and deaths. Similarly, studies con-
ducted in British Columbia, Canada (January
2022–March 2022) [26], and the Netherlands
(December 2021–January 2022) [27] during the
early Omicron period also found a dispropor-
tionate burden of hospitalization for immuno-
compromised individuals. The initial results
(1 April 2020–31 March 2022) published from
this ongoing study demonstrated that IC per-
sons with COVID-19 experienced a high rate of
hospitalizations (23.5%) and substantial associ-
ated costs (mean $64,029 [2021 USD]) [28]. The
current analysis updates the previously pub-
lished data in several important ways: it pro-
vides a cumulative update through the end of
2022 (1 April 2020–31 December 2022); creates
a general population cohort for qualitative
comparison; and presents hospitalizations,
lengths of stay (LOS), and healthcare costs for
IC populations and the general population in
the year 2022 (i.e., exclusively during the Omi-
cron period) to provide healthcare decision-
makers with the most relevant data and
observed trends related to COVID-19 and SARS-
CoV-2 infection in the IC population.

METHODS

The study design (Fig. 1), study population,
methods, and outcomes of this ongoing, retro-
spective, observational cohort study have been
previously published [28]. In brief, this study is
being conducted among patients identified in
the Healthcare Integrated Research Database
(HIRD�), a large database curated by Carelon
Research that is built on a broad, clinically rich,
and geographically diverse spectrum of
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longitudinal medical and pharmacy claims
from health plan members across the USA. The
HIRD contains neighborhood-level characteris-
tics at the census block group level relevant to
social determinants of health (SDOH) obtained
from the 2019 American Community Survey
(ACS) [29]. All data were accessed as a limited
data set for which a business associate and data
use agreement was in place with the covered
entities in compliance with the Health Insur-
ance Portability and Accountability Act (HIPAA)
Privacy Rule. All protected health data were
deidentified and thus exempt from institutional
review board review.

Cohort Definitions

A diverse group of individuals with both com-
petent and compromised immune systems were

included in the overall study population.
Patients with C 1 claim for an immunocom-
promising at-risk condition or procedure or C 2
claims/fills for an immunosuppressive
(IS) medication during the study period were
included in the appropriate IC cohort(s). The
index date for the IC cohorts was defined as the
date of diagnosis of an immunocompromising
condition or use of an IS treatment in the study
period or 1 April 2020 (the first day of the
infection period), whichever came last. Patients
with C 12 months of continuous pharmacy and
medical benefit enrollment prior to the index
date were included. The index date for the HIRD
cohort was included as the first day after
12 months of continuous enrollment from
1 April 2019 to 31 December 2022. Mutually
non-exclusive IC cohorts were actively treated
hematologic/solid tumor malignancy

Fig. 1 Study design. *Use of immunosuppressive medica-
tions was assessed starting on 1 October 2019. For all other
cohorts, risk was evaluated beginning on 1 April 2018.
�The index date can occur at any point during the
infection period. §Censor date is the earliest health plan
disenrollment, death, or the end of the study period.

cActive treatment assessment date is the earliest of SARS-
CoV-2 infection, member’s health plan disenrollment,
death, or end of the study period. Active treatment
assessment date can be the same as the censor date
(figure shows a case where they differ for illustration
purposes)
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(identified as patients with C 1 claim for an
antineoplastic medication from 6 months
before index date to the date of the COVID-19
diagnosis, member’s health plan disenrollment,
death, or end of the study period, whichever
came first); hematopoietic stem cell transplant
(HSCT)/solid organ transplant (SOT); primary
immunodeficiency (PID); chronic kidney dis-
ease (CKD) stage 5/dialysis; and IS treatment. A
mutually exclusive composite cohort of the
overall IC population was also created.

The infection period was defined as 1 April
2020 (the date when the specific ICD-10 diag-
nosis code for COVID-19 [U07.1] was released in
the USA) to 31 December 2022 (updated from
31 March 2022 in the initial analysis). The
baseline period was from 1 April 2018 to the
index date. The follow-up period was defined as
the time from the cohort member’s index date
to the date of health plan disenrollment, death,
or end of the study period, whichever came first.
Different selection criteria for the HIRD and IC
cohorts may have resulted in IC individuals
included in the HIRD cohort having a different
index date and consequently different baseline,
and follow-up periods compared to the IC
cohort.

Outcomes

Baseline measures included demographic (sex,
age on index date, age group, and payor type)
and clinical characteristics (Quan-Charlson
Comorbidity Index [QCI] score and comorbidi-
ties of interest, as well as the categorical number
of immunocompromising conditions and IS
treatments of interest) [30]. The socioeconomic
status (SES) [31] index score is a composite
measure based on seven variables (unemploy-
ment rate, poverty rate, median household
income, median home value, rate of no high
school diploma, rate of college degree, and
crowding) obtained from ACS 2019 data at
the neighborhood level. The SES index score is
reported in quartiles, with ‘‘4’’ indicating a
patient is in the top 25% of the SES index score
(i.e., most advantaged SES group) and ‘‘1’’ indi-
cating a patient is in the bottom 25% of the SES
index score (i.e., least advantaged SES group).

For COVID-19 measures, infection was
identified on the basis of a positive SARS-CoV-2
polymerase chain reaction (PCR), or antigen
test analyzed by accredited laboratories or a
medical encounter (inpatient, emergency room
[ER], office visit, urgent care, or telehealth visit)
for treatment/evaluation and manage-
ment/consultation with a COVID-19 diagnosis
code at any position on the medical claim.

The severity of COVID-19 was classified into
the following mutually exclusive categories:
severe/critical, moderate, or mild/asymp-
tomatic. Of note, the definitions of severity
used in this study are generally aligned with the
severity states used in the WHO clinical pro-
gression scale [32]. Severe/critical COVID-19
was defined as an inpatient admission for
COVID-19 with an intensive care unit (ICU)
admission or one of the following: evidence of
extracorporeal membrane oxygenation
(ECMO), mechanical ventilation use, adminis-
tration of high-flow oxygen via nasal cannula,
or discharge status of expired (scored as 6–9 in
the WHO scale, dependent upon the level of
support required, or 10 [dead]). Moderate
COVID-19 was defined as an inpatient admis-
sion for COVID-19 that did not meet any of the
criteria for severe/critical COVID-19 (scored as
4–5 in the WHO scale, dependent upon whether
low-flow oxygen supplementation was
required). Mild COVID-19 was defined as an
outpatient claim for COVID-19 (e.g., office,
telehealth, urgent care, or stand-alone ER visit)
without any inpatient claims (scored as 2–3 in
the WHO scale, dependent upon whether
assistance was required), while asymptomatic
COVID-19 was defined as a positive SARS-CoV-2
lab result with no inpatient or outpatient
COVID-19 claims (scored as 1 in the WHO
scale). The mild and asymptomatic categories
were combined as it was not possible to fully
ascertain whether the patient had symptoms
but did not seek medical care. COVID-19 vac-
cination dose was identified using a combina-
tion of claims data and immunization
information systems reports from the CDC. The
presence of at least one COVID-19 vaccine
record in 6 months before the infection date
was identified irrespective of the type and
number of vaccines.
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COVID-19 measures included the cumula-
tive incidence and incidence rate (IR) of
COVID-19, LOS, and total costs (health plan
paid ? patient paid) for COVID-19 hospitaliza-
tion associated with first diagnosis. Relative risk
(RR) of hospitalization with first diagnosis of
COVID-19 for IC cohorts compared to the HIRD
cohort were calculated. All costs were adjusted
to 2022 US dollars (USD) according to medical
care price index information provided by the US
Bureau of Labor Statistics [33].

Statistical Analysis

This study was descriptive, with no statistical
comparisons between cohorts. Descriptive
statistics were reported as mean and standard
deviation (SD) or median and interquartile
range (IQR) for continuous data and absolute
and relative frequencies for categorical data.
The prevalence of immune compromise was
calculated as the number of patients with an
immunocompromising condition or using an
IS treatment in the infection period divided by
the total number of patients with pharmacy and
medical benefit enrollment in the infection
period. The cumulative incidence of COVID-19
was calculated as the number of patients who
developed COVID-19 in the infection period
divided by the total number of patients within
each cohort of interest. Incidence rates of
COVID-19, calculated as the number of new
cases of COVID-19 during the infection period
divided by the total person-years in each cohort
during the infection period, were reported with
95% confidence intervals (CIs). Both overall and
monthly IRs were calculated. In addition,
overall IRs by severity of COVID-19 were asses-
sed. The frequency, LOS, and total all-cause
costs of hospitalizations associated with the first
COVID-19 diagnosis were stratified by severity
and reported for all cohorts. The RR of hospi-
talization associated with the first diagnosis of
COVID-19, calculated as the risk of hospital-
ization in the IC cohorts divided by the risk of
hospitalization in the HIRD cohort, were
reported with 95% CIs. Total aggregate costs for
COVID-19-related hospitalizations were calcu-
lated by multiplying the total number of ICU

and non-ICU hospitalized patients by the mean
total all-cause costs for ICU and non-ICU hos-
pitalizations, respectively. Sample selection,
creation of analytic variables, and analyses were
performed using the Instant Health Data (IHD)
platform (Panalgo, Boston, MA, USA) and Sta-
tistical Analysis System (SAS), version 9.3 (SAS
Institute Inc, Cary, NC, USA).

RESULTS

The results obtained from the IC cohorts in the
present study, which included an additional
9 months of data when Omicron was the pre-
dominant variant, were comparable to those
previously published [28]. The disposition of
the study population into the HIRD and IC
cohorts for the updated study period is dis-
played in Fig. 2. Within the 25,080,848 indi-
viduals in the HIRD (1 April 2018–31 December
2022), the prevalence of immune compromise
was 2.9% (N = 736,407), an increase of 0.2%
from the initial analysis (2.7%; 1 April 2018–
31 March 2022). The prevalence of each
immunocompromising condition was similar to
the initial analysis, and changes did not exceed
± 0.2% in any IC cohort in the updated analysis
(Table 1). The mean number of immunocom-
promising conditions was 1.2 for the composite
IC cohort, compared to 0.1 for the HIRD cohort.
The IC cohort with the highest number of
immunocompromising conditions was the
HSCT/SOT cohort, with an average of 2.4 im-
munocompromising conditions.

Baseline Demographics and Clinical
Characteristics

Baseline demographics in the updated study
period (Table 2) remained similar to those pre-
sented in the initial analysis. The mean age in
the IC cohorts ranged from 50.4 years (PID) to
63.2 years (actively treated hematologic/solid
tumor malignancy), while the HIRD cohort was
younger (mean 37.5 years). Median family
income and racial distribution (per SDOH at the
Census block level) were fairly consistent across
cohorts (including the HIRD). The notable ex-
ception was the CKD stage 5/dialysis cohort,
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which had the lowest family income and high-
est percentage of black, non-Hispanic, and His-
panic/Latino members across all cohorts. The
CKD stage 5/dialysis cohort also had the highest
percentage of members with low SES and the
lowest rate of members with high SES (Table 2).

Baseline comorbidities in the updated study
period (Table 3) were generally similar to the
initial analysis. Notable observations of QCI
categories show that more than half of the
members of three IC cohorts (65.1% of CKD
stage 5/dialysis]; 57.3% of actively treated
hematologic/solid tumor malignancy; and
54.4% of HSCT/SOT) had 3? QCI categories,
with higher scores associated with increased risk
for mortality within a year. In contrast, only 4%

of the HIRD cohort had 3? QCI categories, with
a mean QCI score of 0.4. The comorbidity with
the highest prevalence across all cohorts was
hypertension, ranging from 21.1% (HIRD) to
92.1% (CKD stage 5/dialysis).

Cumulative Incidence of COVID-19

With 9 months of additional data (1 April
2022–31 December 2022), the cumulative inci-
dence of COVID-19 increased between 2.7%
and 4.7% across all cohorts (Fig. 2). The cumu-
lative incidence was highest (22.8%) among
individuals with CKD stage 5/dialysis and low-
est (12.4%) in the HIRD cohort. Those with
hematologic/solid tumor malignancies

Cumulative incidence of COVID-19: Patients who developed SARS-CoV-2 infection after index date
and before the end of the follow-up period (general population [HIRD]: 2,258,104 [12.4%])

HSTM
26,193 (13.7%)

HSCT/SOT
6,474 (20.4%)

PID
22,001 (20.5%)

CKD stage 5/
dialysis

12,891 (22.8%)

IS treatment
55,141 (18.3%)

Composite IC
97,732 (18.3%)

Patients with ≥12 months of continuous pharmacy and medical benefit enrollment prior to index date
(general population [HIRD]: 18,203,9000)

HSTM
191,195

HSCT/SOT
31,793

PID
107,479

CKD stage 5/
dialysis
56,570

IS treatment
301,793

Composite IC
553,493

Prevalence of immune compromise: Patients with ≥1 claim for an immunocompromising condition
and/or ≥2 claims for an immunosuppressive treatment during the study period

HSTM
231,311 (0.9%)

HSCT/SOT
48,526 (0.2%)

PID
145,445 (0.6%)

CKD stage 5/
dialysis

85,635 (0.3%)

IS treatment
447,503 (1.8%)

Composite IC
736,407 (2.9%)

Patients in the source population during the infection period with commercial or 
Medicare Advantage/Supplemental/Part D health insurance

25,080,848

Fig. 2 Patient disposition. Updated study period: 1 April
2018 through 31 December 2022. Use of IS treatment was
measured between 1 October 2019 and 31 December
2022; the presence of all other immunocompromising
conditions was assessed between 1 April 2018 and
31 December 2022. CKD chronic kidney disease,

HIRD Healthcare Integrated Research Database,
HSCT hematopoietic stem cell transplant, HSTM actively
treated hematologic/solid tumor malignancy, IC immuno-
compromised, IS immunosuppressive, PID primary
immunodeficiency, SOT solid organ transplant
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Table 1 Baseline (variable) immunocompromising conditions and IS treatments (1 April 2018–31 December 2022)

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

Number of patients,

N
18,203,900 191,195 31,793 107,479 56,570 301,793 533,493

Number of immunocompromising conditions

Mean (SD) 0.1

(0.30)

1.3

(0.53)

2.4

(0.95)

2.0

(0.98)

1.7

(0.96)

1.4

(0.64)

1.2

(0.53)

Median (IQR) 0.0

(0.0–0.0)

1.0

(1.0–1.0)

2.0

(2.0–3.0)

2.0

(1.0–3.0)

1.0

(1.0–2.0)

1.0

(1.0–2.0)

1.0

(1.0–1.0)

Categorical number of immunocompromising conditions, n (%)

1 1,055,238

(5.8%)

146,763

(76.8%)

5401

(17.0%)

40,631

(37.8%)

32,672

(57.8%)

190,458

(63.1%)

433,459

(81.2%)

2 108,087

(0.6%)

39,393

(20.6%)

11,906

(37.4%)

38,860

(36.2%)

13,517

(23.9%)

95,560

(31.7%)

82,091

(15.4%)

3 14,825

(0.1%)

3851

(2.0%)

10,230

(32.2%)

18,872

(17.6%)

6724

(11.9%)

11,898

(3.9%)

13,791

(2.6%)

4 4052

(0%)

1027

(0.5%)

3857

(12.1%)

7739

(7.2%)

2958

(5.2%)

3444

(1.1%)

3740

(0.7%)

5 443

(0%)

161

(0.1%)

399

(1.3%)

1377

(1.3%)

699

(1.2%)

433

(0.1%)

412

(0.1%)

Immunocompromising conditions of interest, N (%)

HSTM 787,146

(4.3%)

191,195

(100%)

13,122

(41.3%)

31,493

(29.3%)

14,548

(25.7%)

93,862

(31.1%)

237,982

(44.6%)

Solid tumor

malignancy

728,175

(4.0%)

173,569

(90.8%)

8385

(26.4%)

24,037

(22.4%)

12,985

(23.0%)

83,763

(27.8%)

213,208

(40.0%)

Hematologic

malignancy

81,089

(0.4%)

26,591

(13.9%)

7723

(24.3%)

12,943

(12.0%)

2874

(5.1%)

18,673

(6.2%)

36,808

(6.9%)

Unspecified

malignancy

438

(0%)

100

(0.1%)

B 10 24

(0%)

B 10 97

(0%)

112

(0%)

HSCT/SOT 29,647

(0.2%)

3539

(1.9%)

31,793

(100%)

14,651

(13.6%)

8446

(14.9%)

16,101

(5.3%)

27,612

(5.2%)

Solid organ

transplant

22,581

(0.1%)

1228

(0.6%)

23,112

(72.7%)

11,796

(11.0%)

8092

(14.3%)

14,310

(4.7%)

21,292

(4.0%)

Hematopoietic

stem cell

transplant

7650

(0%)

2514

(1.3%)

9171

(28.8%)

3264

(3.0%)

462

(0.8%)

2085

(0.7%)

6806

(1.3%)
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Table 1 continued

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

PID 53,782

(0.3%)

4855

(2.5%)

5832

(18.3%)

107,479

(100%)

3472

(6.1%)

13,016

(4.3%)

68,126

(12.8%)

CKD

stage 5/dialysisc
37,254

(0.2%)

2187

(1.1%)

8927

(28.1%)

7563

(7.0%)

56,570

(100%)

8441

(2.8%)

48,490

(9.1%)

With dialysis 33,453

(0. 2%)

1943

(1.0%)

8468

(26.6%)

7208

(6.7%)

47,183

(83.4%)

7870

(2.6%)

40,989

(7.7%)

Without dialysis 3625

(0%)

236

(0.1%)

442

(1.4%)

339

(0.3%)

9387

(16.6%)

549

(0.2%)

7465

(1.4%)

Use of IS treatment or similar products, N (%)

Alkylating agents 39,791

(0.2%)

21,508

(11.2%)

1865

(5.9%)

6781

(6.3%)

1420

(2.5%)

47,771

(15.8%)

25,414

(4.8%)

Antimetabolites 96,731

(0.5%)

14,360

(7.5%)

1520

(4.8%)

13,996

(13.0%)

1298

(2.3%)

88,155

(29.2%)

76,479

(14.3%)

Azathioprine 17,403

(0.1%)

541

(0.3%)

971

(3.1%)

3645

(3.4%)

725

(1.3%)

12,527

(4.2%)

13,169

(2.5%)

Calcineurin

inhibitors

19,291

(0.1%)

1105

(0.6%)

11,942

(37.6%)

10,181

(9.5%)

5972

(10.6%)

15,334

(5.1%)

15,115

(2.8%)

CAR-T cell

therapy

162

(0%)

73

(0%)

149

(0.5%)

188

(0.2%)

24

(0%)

87

(0%)

131

(0%)

High-dose

corticosteroidsd
193,359

(1.0%)

14,652

(7.7%)

5101

(16.0%)

19,703

(18.3%)

4617

(8.2%)

104,393

(34.6%)

100,783

(18.9%)

IL-17A inhibitors 12,203

(0.1%)

234

(0.1%)

37

(0.1%)

1161

(1.1%)

61

(0.1%)

10,418

(3.5%)

10,387

(1.9%)

IL-23 inhibitors 17,554

(0.1%)

322

(0.2%)

63

(0.2%)

1931

(1.8%)

112

(0.2%)

15,873

(5.3%)

15,918

(3.0%)

JAK inhibitors 8279

(0%)

272

(0.1%)

37

(0.1%)

1634

(1.5%)

72

(0.1%)

6254

(2.1%)

6487

(1.2%)

MMF 18,742

(0.1%)

852

(0.4%)

7361

(23.2%)

8534

(7.9%)

4191

(7.4%)

15,243

(5.1%)

14,998

(2.8%)

mTOR inhibitors 3211

(0%)

745

(0.4%)

1612

(5.1%)

1615

(1.5%)

680

(1.2%)

2778

(0.9%)

2726

(0.5%)

Rituximab and

other B cell

targeted therapies

11,779

(0.1%)

4036

(2.1%)

1007

(3.2%)

4413

(4.1%)

723

(1.3%)

11,848

(3.9%)

9292

(1.7%)
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receiving active treatment had a cumulative
incidence of 13.7%, while those using IS treat-
ment had a cumulative incidence of 18.3%.
Patients with PID and HSCT/SOT had rates of
20.5% and 20.4%, respectively. In the
year 2022, the cumulative incidence of COVID-
19 in the HIRD cohort was 8.4%, which was
lower than the composite IC cohort (13.4%)
and all individual IC cohorts (range
10.8–15.9%). A record of a COVID-19 vaccina-
tion administration was observed in 10.5–17.8%
of patients in the 6 months before the infection
date.

Incidence Rate of COVID-19

The IR of COVID-19 in the composite IC cohort
increased from 101.3 cases per 1000 patient-
years (initial results; 1 April 2020–31 March
2022) to 115.7 cases per 1000 patient-years in
the updated infection period (1 April 2020–-
31 December 2022) (Table 4). In comparison,
the overall IR of COVID-19 in the HIRD cohort
(unavailable in the initial analysis) was 77.8
cases per 1000 patient-years over the updated
infection period. Consistent with the original
study, the monthly IR of COVID-19 was highest
in the CKD stage 5/dialysis cohort

(approximately two to ten times higher than
the HIRD cohort) for a majority of the updated
study infection period (28 of 33 months; Fig. 3a,
b). Most IC cohorts experienced asymptomatic
or mild COVID-19 cases two to five times more
frequently than moderate to severe cases; the
exception was the CKD stage 5/dialysis cohort,
in which moderate to severe cases of COVID-19
were more frequent (Table 4). In the individual
IC cohorts, IRs of moderate COVID-19 were 4 to
17.7 times higher than the HIRD cohort
(11.7–51.3 cases vs 2.9 cases per 1000 patient-
years), and IRs of severe COVID-19 were 4 to
35.6 times higher than the HIRD cohort
(7.9–67.7 cases vs 1.9 cases per 1000 patient-
years).

Healthcare Resource Utilization and Costs
Associated with First COVID-19
Hospitalization

Overall, the CKD stage 5/dialysis cohort had the
highest percentage of patients with hospital-
izations associated with their first COVID-19
diagnosis (59.1%), which was double the next
closest IC cohort (HSCT/SOT, 29.0%) and more
than ten times higher than the HIRD cohort
(4.7%) (Table 5). Compared to the HIRD cohort,

Table 1 continued

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

TNF inhibitors 80,085

(0.4%)

1544

(0.8%)

248

(0.8%)

11,430

(10.6%)

490

(0.9%)

61,761

(20.5%)

63,277

(11.9%)

CAR-T chimeric antigen receptor, CKD chronic kidney disease, HIRD Healthcare Integrated Research Database, HSCT
hematopoietic stem cell transplant, HSTM actively treated hematologic/solid tumor malignancy, IL interleukin, IQR
interquartile range, IS immunosuppressive, JAK Janus kinase, MMF mycophenolate mofetil, mTOR mammalian target of
rapamycin, PID primary immunodeficiency, SD standard deviation, SOT solid organ transplant, TNF tumor necrosis factor
aAssessed from the study period start date (1 April 2018) to the index date
bThe HIRD population is indexed on the basis of the first 12-month continuous enrollment from 1 April 2019 through
31 December 2022 (index date = day 366 of continuous enrollment). If an individual immunocompromising condition
diagnosis occurred after this index date, it would not be captured in the baseline period. Baseline assessments could be up to
200 months (variable for individual members)
cBased on the presence of diagnosis and procedure codes. Categories are mutually exclusive. If patients had a diagnosis or
procedure code for dialysis at any point prior to index, they were captured as with dialysis
dDefined as C 20 mg of prednisone or equivalent daily for C 2 weeks
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Table 3 Baseline targeted comorbidities of interest (1 April 2018–31 December 2022)

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

Number of

patients, N
18,203,900 191,195 31,793 107,479 56,570 301,793 533,493

QCI score

Mean (SD) 0.4

(1.09)

3.9

(2.57)

3.4

(2.47)

2.5

(2.64)

3.9

(2.59)

2.4

(2.69)

2.5

(2.46)

Median

(IQR)

0.0

(0.0–0.0)

3.0

(2.0–6.0)

3.0

(2.0–5.0)

2.0

(0.0–4.0)

4.0

(2.0–5.0)

1.0

(0.0–3.0)

2.0

(1.0–4.0)

QCI categories, n (%)

0 14,749,993

(81.0%)

9634

(5.0%)

2158

(6.8%)

27,037

(25.2%)

2435

(4.3%)

87,314

(28.9%)

122,186

(22.9%)

1 1,853,294

(10.2%)

4296

(2.2%)

5300

(16.7%)

24,256

(22.6%)

7952

(14.1%)

68,266

(22.6%)

94,885

(17.8%)

2 867,331

(4.8%)

67,694

(35.4%)

7054

(22.2%)

16,734

(15.6%)

9362

(16.5%)

46,484

(15.4%)

120,158

(22.5%)

3? 733,282

(4.0%)

109,571

(57.3%)

17,281

(54.4%)

39,452

(36.7%)

36,821

(65.1%)

99,729

(33.0%)

196,264

(36.8%)

Targeted comorbidities of interest, n (%)

Anxiety 2,630,113

(14.4%)

48,072

(25.1%)

8242

(25.9%)

35,918

(33.4%)

14,653

(25.9%)

86,418

(28.6%)

144,295

(27.0%)

ASCVD 1,313,487

(7.2%)

60,604

(31.7%)

13,259

(41.7%)

34,618

(32.2%)

34,779

(61.5%)

75,221

(24.9%)

151,100

(28.3%)

Asthma 1,252,259

(6.9%)

21,728

(11.4%)

3884

(12.2%)

24,214

(22.5%)

7,692

(13.6%)

45,198

(15.0%)

79,420

(14.9%)

Cancer 787,146

(4.3%)

191,195

(100%)

13,122

(41.3%)

31,493

(29.3%)

14,548

(25.7%)

93,862

(31.1%)

237,982

(44.6%)

CD or UC 129,152

(0.7%)

4140

(2.2%)

1021

(3.2%)

8947

(8.3%)

1585

(2.8%)

39,161

(13.0%)

44,126

(8.3%)

CKD 303,486

(1.7%)

17,701

(9.3%)

14,299

(45.0%)

19,754

(18.4%)

48,992

(86.6%)

29,001

(9.6%)

80,253

(15.0%)

COPD 449,121

(2.5%)

25,769

(13.5%)

3645

(11.5%)

14,945

(13.9%)

13,270

(23.5%)

35,110

(11.6%)

66,232

(12.4%)

Depression 2,098,180

(11.5%)

41,540

(21.7%)

7730

(24.3%)

31,306

(29.1%)

15,528

(27.4%)

74,069

(24.5%)

127,662

(23.9%)

Diabetes 1,460,251

(8.0%)

43,536

(22.8%)

11,343

(35.7%)

25,879

(24.1%)

33,677

(59.5%)

58,120

(19.3%)

125,537

(23.5%)
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Table 3 continued

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

Heart failure 356,141

(2.0%)

19,937

(10.4%)

7099

(22.3%)

14,274

(13.3%)

25,395

(44.9%)

24,787

(8.2%)

61,669

(11.6%)

HIV/AIDS 35,303

(0.2%)

571

(0.3%)

195

(0.6%)

914

(0.9%)

445

(0.8%)

855

(0.3%)

2177

(0.4%)

Hypertension 3,848,123

(21.1%)

115,770

(60.6%)

23,282

(73.2%)

57,023

(53.1%)

52,126

(92.1%)

153,352

(50.8%)

295,334

(55.4%)

Liver disease 590,641

(3.2%)

33,753

(17.7%)

8501

(26.7%)

21,227

(19.7%)

13,732

(24.3%)

51,591

(17.1%)

82,570

(15.5%)

Lupus 45,407

(0.2%)

1410

(0.7%)

668

(2.1%)

4644

(4.3%)

1148

(2.0%)

11,281

(3.7%)

14,293

(2.7%)

MI 189,558

(1.0%)

9817

(5.1%)

2989

(9.4%)

6467

(6.0%)

11,831

(20.9%)

12,589

(4.2%)

29,609

(5.6%)

Obesity 2,731,604

(15.0%)

56,716

(29.7%)

10,215

(32.1%)

33,522

(31.2%)

25,699

(45.4%)

97,989

(32.5%)

168,924

(31.7%)

Severe

obesityc
919,719

(5.1%)

18,847

(9.9%)

3636

(11.4%)

13,666

(12.7%)

12,621

(22.3%)

36,909

(12.2%)

64,911

(12.2%)

PAD 491,065

(2.7%)

31,290

(16.4%)

7567

(23.8%)

19,173

(17.8%)

22,160

(39.2%)

36,592

(12.1%)

77,725

(14.6%)

Pregnancy 457,280

(2.5%)

1465

(0.8%)

408

(1.3%)

2334

(2.2%)

444

(0.8%)

6425

(2.1%)

9003

(1.7%)

Psoriasis 207,931

(1.1%)

4720

(2.5%)

717

(2.3%)

7434

(6.9%)

1369

(2.4%)

49,885

(16.5%)

55,449

(10.4%)

RA 172,159

(0.9%)

6744

(3.5%)

879

(2.8%)

15,900

(14.8%)

2286

(4.0%)

64,163

(21.3%)

73,074

(13.7%)

Smokingd 1,750,482

(9.6%)

57,811

(30.2%)

8753

(27.5%)

27,327

(25.4%)

20,187

(35.7%)

85,331

(28.3%)

142,409

(26.7%)

Stroke 125,961 (0.7%) 6757

(3.5%)

1471

(4.6%)

4255

(4.0%)

6762

(12.0%)

8268

(2.7%)

19,104

(3.6%)
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RR for hospitalization associated with the first
COVID-19 diagnosis ranged from 4.3 (for IS
treatment users) to 23.0 (for patients with CKD
stage 5/dialysis) in the IC population. Average
total all-cause costs (health plan paid ? patient
paid) associated with the first COVID-19 hospi-
talization in most IC cohorts were 1.2 to 2.9
times higher than the HIRD cohort
($42,840–101,683 vs $35,649). The exception
was the actively treated hematologic/solid
tumor malignancy cohort, with a mean of
$30,257 for the first COVID-19 hospitalization.
Total aggregate costs from April 2020 through
December 2022 were approximately $3.8 billion
for the HIRD cohort, with approximately
$1.2 billion ([ 30%) contributed by IC individ-
uals (i.e., the composite IC cohort) who com-
prise only about 3% of the HIRD population.
Furthermore, two-thirds (* $850 million) of
the costs contributed by IC individuals were due
to hospitalizations for severe SARS-CoV-2
infections.

Focusing on results for 2022 only (when
Omicron was the predominant variant in the
USA) shows similar trends to those seen for the

updated study infection period (1 April 2020–
31 December 2022). While only 3.7% of the
HIRD cohort were hospitalized, 46.8% of the
CKD stage 5/dialysis cohort, 24.6% of the
HSCT/SOT cohort, and 19.5% of the PID cohort
were hospitalized, accounting for the highest
percentages of hospitalizations associated with
first COVID-19 diagnosis (Table 6). Compared
to the HIRD cohort, RR for hospitalization
associated with the first COVID-19 diagnosis
ranged from 5.4 (for IS treatment users) to 21.3
(for patients with CKD stage 5/dialysis). The
average LOS for the HIRD and composite IC
cohorts were 8.7 days and 11.7 days, respec-
tively, and mean total all-cause costs were
$28,848 and $42,719. Total aggregate costs were
approximately $1 billion for the HIRD cohort,
with the composite IC cohort contributing
approximately $310 million (30%). Two-thirds
(* $195 million) of the costs contributed by
IC individuals were due to hospitalizations for
severe COVID-19 cases.

Table 3 continued

Clinical
characteristicsa

General
population
(HIRD)b

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite
IC
population

Presence of at least one dose of the COVID-19 vaccination in the 6 months prior to the COVID-19 diagnosis date

237,476

(10.5%)

3710

(14.2%)

1150

(17.8%)

3669

(16.7%)

1516

(11.8%)

8230

(14.9%)

13,670

(14.0%)

AIDS acquired immunodeficiency syndrome, ASCVD atherosclerotic cardiovascular disease, CD Crohn’s disease, CKD
chronic kidney disease, COPD chronic obstructive pulmonary disease, HIRD Healthcare Integrated Research Database, HIV
human immunodeficiency virus, HSCT hematopoietic stem cell transplant, HSTM actively treated hematologic/solid tumor
malignancy, IC immunocompromised, IQR interquartile range, IS immunosuppressive, MI myocardial infarction, PAD
peripheral arterial disease, PID primary immunodeficiency, QCI Quan-Charlson comorbidity index, RA rheumatoid
arthritis, SD standard deviation, SOT solid organ transplant, UC ulcerative colitis
aAssessed from the study period start date (1 April 2018) to the index date
bThe HIRD population is indexed on the basis of the first 12-month continuous enrollment from 1 April 2019 through
31 December 2022 (index date = day 366 of continuous enrollment). If an individual immunocompromising condition
diagnosis occurred after this index date, it would not be captured in the baseline period. Baseline assessments could be up to
200 months (variable for individual members)
cSevere obesity is a subset of obesity
dBased on a combination of diagnosis and procedure codes and any pharmacy claims for smoking cessation products
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DISCUSSION

The latest results from the EPOCH-US study
provide additional real-world evidence of
COVID-19-related outcomes for the IC popula-
tion and the general (immunocompetent ? IC)
population, comparable to the commercially
insured US population. Immunocompromised
patients represented 2.9% of the overall popu-
lation, consistent with previously published
papers [34, 35]. IC cohorts had consistently
higher overall and monthly IRs of COVID-19,
and severe COVID-19 cases in these patients

disproportionately contributed to their higher
inpatient utilization and costs.

The cumulative incidence of COVID-19
among the IC cohorts in this study varied,
ranging from 13.7% in the actively treated
hematologic/solid tumor malignancy cohort to
22.8% in the CKD stage 5/dialysis cohort. The
higher cumulative incidence of COVID-19 is
likely due to the longer study period (1 April
2020–31 December 2022) and the variability of
each variant’s predominance, transmissibility,
and virulence over time. Monthly IRs for the
HIRD population are lower than those for the IC

Table 4 Post-index incidence rate of SARS-CoV-2 infection per 1000 patient-years (1 April 2020–31 December 2022)

General
population
(HIRD)

HSTM HSCT/
SOT

PID CKD
stage 5/dialysis

Use of IS
treatment

Composite IC
population

Number of
patients, N

18,203,900 191,195 31,793 107,479 56,570 301,793 533,493

Incidence rate of SARS-CoV-2 infection per 1000 patient-yearsa, IR (95% CI)

Overall, IR
(95% CI)

77.8
(77.8, 77.8)

81.8
(80.9,
82.8)

131.8
(128.9,
134.8)

166.0
(164.0,
168.1)

192.7
(189.6,
195.9)

121.1
(120.1,
122.0)

115.7
(115.1,
116.4)

By severity,b IR (95% CI)

Asymptomatic/
mild

73.0
(73.0, 73.0)

62.3
(61.2,
63.3)

86.2
(83.1,
89.4)

122.9
(120.7,
125.2)

73.6
(71.2, 76.3)

100.5
(99.4,
101.6)

89.5
(88.7, 90.3)

Moderate 2.9
(2.9, 2.9)

11.7
(11.3,
12.0)

25.4
(24.1,
26.8)

25.1
(24.3,
25.9)

51.3
(49.7, 53.0)

12.2
(11.9,
12.5)

14.4
(14.1, 14.6)

Severe/critical 1.9
(1.9, 1.9)

7.9
(7.6,
8.2)

20.2
(19.0,
21.4)

18.1
(17.4,
18.8)

67.7
(65.8, 69.7)

8.4
(8.1, 8.7)

11.9
(11.7, 12.1)

CI confidence interval, CKD chronic kidney disease, ECMO extracorporeal membrane oxygenation, HIRD Healthcare
Integrated Research Database, HSCT hematopoietic stem cell transplant, HSTM actively treated hematologic/solid tumor
malignancy, IC immunocompromised, ICU intensive care unit, IR incidence rate, IS immunosuppressive, PID primary
immunodeficiency, SOT solid organ transplant
aThe number of new COVID-19 cases divided by the total number of person-years in the IC cohort between the index date
and end of follow-up
bSeverity definitions: Severe/critical C 1 inpatient admission for COVID-19 with ICU admission, evidence of ECMO,
mechanical ventilation use, high-flow oxygen via nasal cannula, or discharge status of expired, Moderate C 1 inpatient
admission for COVID-19 and does not meet the severe definition as defined above, Mild C 1 non-hospitalized COVID-19
claim for treatment/evaluation or management/consultation (e.g., office, telehealth, or medical aid unit visit) or stand-alone
emergency room visit and does not meet moderate or severe definition as defined above, Asymptomatic Positive lab result
only and does not meet the mild, moderate, or severe definition as defined above
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population during the study period. Differences
in the monthly IRs for the HIRD population and
IC cohorts are larger between April 2022 and
December 2022. Additionally, IRs for moderate
and severe COVID-19 were lower in the HIRD
cohort than the IC cohorts (* 11–65 cases more
per 1000 patient-years). This trend could be due
to the difference in the predominant variants
(Omicron and its sub-lineages) coupled with the
suboptimal effect of vaccination in IC popula-
tions. Even when fully vaccinated, IC individ-
uals may not mount an adequate response to
the vaccine. They may have low titers of anti-
bodies with less neutralizing capability that
wane more rapidly than in those with intact
immune systems [36–41]. In contrast to Alpha
and Delta variants, Omicron is characterized by
significant immune escape and therapeutic
monoclonal antibody escape, enabling efficient
infection of vaccinated or previously infected
individuals [42–47]. Available antiviral medica-
tions (e.g., nirmatrelvir/ritonavir and molnupi-
ravir) can decrease the risk of progression to
severe COVID-19, although each drug comes
with related challenges [48, 49]. Omicron and
its sub-lineages have been shown to cause
reduced COVID-19 severity compared to earlier
variants [44, 50]. The updated analysis of this
ongoing study indicates that the patient’s
immune status likely has some influence on the
incidence and severity of COVID-19.

The current analysis focused significantly on
hospitalizations, LOS, and costs for the latest
full calendar year (2022). As a result of the rapid
nature of the evolution of the COVID-19 pan-
demic, these data are most relevant and infor-
mative to healthcare decision-makers within
health systems and managed care organiza-
tions. In 2022, a larger percentage of patients
were admitted to the hospital for their initial
COVID-19 diagnosis in the IC cohorts (15.4%
for composite IC) compared to the HIRD cohort

(3.7%). The hospitalizations linked to first
COVID-19 diagnosis in the composite IC cohort
had longer LOS (11.7 days vs 8.7 days) and
higher average total costs ($42,719 vs $28,848)
than those in the HIRD cohort. The one
exception we noted was the actively treated
hematologic/solid tumor malignancy cohort,
with similar LOS (8.7 days) and slightly lower
average total costs ($27,349) compared to the
HIRD cohort. We feel these results were likely
due to the combination of patients with
hematologic malignancies and patients with
solid tumor malignancies in a single cohort, so
we will be evaluating these subgroups separately
in a future analysis. Severe cases resulting in
hospitalization with ICU admission were the
main driver of high mean costs for all groups.
This difference is likely due to the increased
complexity of the IC population as a result of
their underlying health condition(s), which
may also complicate their SARS-CoV-2 infec-
tion. While mean LOS and costs associated with
the first COVID-19 hospitalization decreased in
2022 compared to the entire study infection
period, the trends of increased LOS and costs in
the IC population, compared to the general
population, were maintained. The study found
that the CKD stage 5/dialysis group remained a
significant outlier within the IC population.
Additionally, the incidence rates of infection
were highest during Omicron variant preva-
lence. Consistent with our results, an analysis
published in Morbidity and Mortality Weekly
Report (MMWR; 11 August 2023) showed that
individuals on maintenance dialysis had higher
rates of SARS-CoV-2 infection and COVID-19-
related death compared to the US population
aged[65 years, particularly during the Omi-
cron variant period [51].

We further explored the disproportionate
cost burden of COVID-19 for the year 2022. A
small percentage of COVID-19 patients (4.8%)
caused a large cost burden (* 30%) on the
healthcare system. Severe cases (39%) accoun-
ted for almost two-thirds of the $310 million in
hospitalization expenses. Utilizing targeted
preventive therapies such as monoclonal anti-
bodies in this small but costly high-risk popu-
lation has the potential to reduce the clinical
burden for these patients, be cost-effective, and

bFig. 3 a Post-index incidence rate of COVID-19 per 1000
patient-years (1 April 2020–31 December 2022). b Post-
index incidence rate of COVID-19 per 1000 patient-years
(1 January 2022–31 December 2022). CKD chronic kid-
ney disease, HIRD Healthcare Integrated Research Data-
base, IC immunocompromised
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improve overall treatment outcomes. A similar
trend for significant and disproportionate costs
in the IC population for hospitalization and
costs for the entire study period was also
observed. Although indirect costs were not col-
lected in this study, the impact of missed work,
costs to family, long-term COVID-related
impact, and delayed or missed non-COVID
diagnoses will further add to healthcare uti-
lization and cost burden on the system.

It is essential to place our findings within the
context of the study design. The difference in
COVID-19 outcomes between the HIRD popu-
lation and IC populations may also be associ-
ated with observed differences in demographic
and clinical characteristics. Immunocompro-
mised individuals were older and had more
comorbidities than the HIRD population.
Experts determined criteria for identifying IC
individuals, but there could be others at risk for
severe COVID-19 outcomes. More research is
needed to determine which subgroups of IC
individuals are most vulnerable to COVID-19.
Factors such as type of cancer, length of
immune compromise, and treatment intensity
should be considered to identify those most at
risk. This will help target preventive measures
that maximize cost-effectiveness and reduce
overall healthcare costs. The COVID-19 pan-
demic placed significant strain on the US
healthcare system and caused healthcare worker
shortages and resource limitations. A compre-
hensive understanding of the most vulnerable
populations will help alleviate this burden. It is
important to prioritize IC individuals, as many
in the USA have been vaccinated and/or
exposed to SARS-CoV-2 and preventive mea-
sures like masks and physical distancing have
decreased since the end of the COVID-19 public
health emergency in 2023. Despite COVID-19
fatigue, we must recognize and address the
ongoing burden experienced by the IC
population.

Some limitations of our study are worthy of
note. Claims data is mainly collected for pay-
ment purposes, not research, so it has limita-
tions when analyzing healthcare outcomes.
However, it can still be useful for research pur-
poses. Claims data would not capture COVID-
19 testing data that did not initiate a health

insurance claim (e.g., federal COVID-19 testing
sites, at-home antigen tests) or patients with
asymptomatic or mild cases of COVID-19 that
did not seek testing or treatment. Additionally,
IC individuals may be more likely to be tested
for COVID-19 because of the risks associated
with their underlying disease or increased
interactions within the healthcare system. False
positive COVID-19 PCR and antigen tests may
have occurred; however, home testing results
were not utilized. Claims data are subject to
coding errors. To ensure accurate reporting and
analysis of COVID-19 cases, the infection period
started on 1 April 2020 (coinciding with the
release of a specific ICD-10 diagnosis code for
COVID-19 [U07.1]). It is possible, however, that
a relatively small number of members were
infected with SARS-CoV-2 before April 2020.
Certain important patient clinical characteris-
tics (e.g., individual-level SDOH, family history,
etc.) are not available in claims data and could
not be analyzed. The impact of COVID-19 on
the severity of underlying conditions cannot be
fully understood from claims data alone; how-
ever, other researchers have observed the
impact of COVID-19 on worsening of underly-
ing neurological conditions [52, 53]. This study
did not consider the immunity acquired from a
previous infection, which could result in
underestimating the occurrence of COVID-19.
The use of antiviral medication was subject to
evolving regulatory and clinical guidance dur-
ing the study period. The findings of this study
may be generalizable only to patients with
health insurance, as SARS-CoV-2 infection rates
and healthcare costs in uninsured individuals
were not explored. Finally, this analysis only
captures data through 31 December 2022
(through the early Omicron [BA.1/BA.2/BA.4/
BA.5/BA.2.75/BA.4.6/BA.2.75.2/BQ.1.1] wave)
and does not include new variants. Additional
data and ongoing analyses will be needed to
understand the impact of new variants on the
IC population.

CONCLUSION

According tofindings from the EPOCH-US study,
individuals with an immunocompromising
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condition or those receiving IS treatment are at
an increased risk of contracting COVID-19 and
experiencing severe outcomes, including hos-
pitalization. Despite IC individuals comprising
less than 3% of the HIRD population, their
hospitalization expenses accounted for approx-
imately 30% of the total costs incurred by
individuals hospitalized for their initial COVID-
19 diagnosis. Our study indicates that 18.3% of
all IC individuals contracted COVID-19, with
15.4% requiring hospitalization. We feel it is
important to note the consistent increased risk
of severe COVID-19 outcomes seen among the
CKD stage 5/dialysis cohort in our study, as they
are not traditionally categorized as an IC pop-
ulation. While a trend towards less severe
COVID-19 outcomes has been noted in the
general population, IC individuals continue to
bear a high burden of disease severity and
healthcare utilization due to their underlying
health condition, comorbidity profile, and
potential suboptimal protection from vaccina-
tion. Further research is required to identify
specific subpopulations at the greatest risk of
severe COVID-19 outcomes and to develop tar-
geted interventions to supplement current pre-
ventive strategies.
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