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Abstract

Objective—To examine the impact of commonly used case definitions for COVID-19
hospitalizations on case counts and outcomes.

Design, Patients, Setting—Retrospective analysis of all adults hospitalized March 1, 2020-
March 1, 2022 at five Massachusetts acute care hospitals.

Interventions—Six commonly used definitions of COVID-19 hospitalization were applied:
positive PCR within 14 days of admission, PCR plus dexamethasone administration, PCR plus
remdesivir, PCR plus hypoxemia, institutional COVID-19 flag, or COVID-19 ICD-10 codes.
Outcomes included case counts and in-hospital mortality. 100 PCR-positive cases were reviewed
to determine each definition’s accuracy for distinguishing primary/contributing vs incidental
COVID-19 hospitalizations.

Results—Of 306,387 hospital encounters, 15,436 (5.0%) met the PCR-based definition. COVID-
hospitalization counts varied substantially between definitions: 4,628 (1.5% of all encounters)

for PCR plus dexamethasone, 5,757 (1.9%) for PCR plus remdesivir, 11,801 (3.9%) for PCR

plus hypoxemia, 15,673 (5.1%) for institutional flags, and 15,868 (5.2%) for ICD-10 codes.
Definitions requiring dexamethasone, hypoxemia, or remdesivir selected sicker patients compared
to PCR alone (mortality rates 12.2%, 10.7%, and 8.8% versus 8.3%, respectively). Definitions
requiring PCR plus remdesivir or dexamethasone did not detect a reduction in in-hospital mortality
associated with Omicron. ICD-10 codes had the highest sensitivity (98.4%) but low specificity
(39.5%) for distinguishing primary/contributing vs incidental COVID-19 hospitalizations; PCR
plus dexamethasone had the highest specificity (92.1%) but low sensitivity (35.5%).
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Conclusions—Commonly used definitions for COVID hospitalizations generate variable
case counts and outcomes and differentiate poorly between primary/contributing vs incidental
COVID-19 hospitalizations. Surveillance definitions that better capture and delineate COVID-
associated hospitalizations are needed.

Keywords

COVID-19; hospitalizations; epidemiology; definitions; public health

INTRODUCTION

The COVID-19 hospitalization rate is a key surveillance metric used by public health
officials to estimate the population burden of severe SARS-CoV-2 infections. COVID-19
hospitalization rates are also used by the U.S. Centers for Disease Control and Prevention
(CDC), in conjunction with case counts and percentage of inpatient beds occupied by
COVID-19 patients, to estimate community COVID-19 risk levels that in turn inform
recommendations such as indoor masking.!

CDC initially defined “COVID hospitalizations” as any person hospitalized within 14 days
of a positive PCR result for SARS-CoV-2, regardless of the patient’s presenting syndrome
or reason for admission.2 This definition initially served well for estimating the burden

of severe illness, but widespread vaccination, universal testing, prolonged PCR positivity
after infection, increasing rates of prior infection, and new and potentially milder SARS-
CoV-2 variants such as Omicron have challenged the validity of this measure as a severity
indicator. High community infection rates will lead to some patients hospitalized for reasons
other than COVID-19 testing positive for SARS-CoV-2, including patients with mild,
asymptomatic, or resolving infections. These so-called “incidental” SARS-CoV-2-positive
patients are still counted by the traditional CDC definition as COVID-19 hospitalizations
without differentiating them from patients hospitalized specifically for COVID-19.

Public health agencies and hospital officials have therefore proposed, and in many

cases implemented, alternative definitions to identify hospitalizations specifically due

to COVID-19 illness. These typically require receipt of SARS-CoV-2 therapeutics (e.g.
dexamethasone or remdesivir) or need for supplemental oxygen in addition to a positive
PCR.3- Large cohort studies have also used different approaches for defining COVID-19
hospitalizations, including a positive PCR alone,®-? International Classification of Disease,
Tenth Revision, Clinical Modification (ICD-10-CM) codes for COVID-19,10-18 jnstitutional
definitions, or combinations of these.19-25 Notwithstanding the panoply of definitions being
used, there are little data comparing estimates of COVID-19 hospitalizations, severity of
illness, mortality, and trends between definitions, nor their accuracy in identifying primary/
contributing vs incidental infections.

In this study, we assessed the impact of different commonly used definitions for COVID
hospitalization on case counts, disease severity, and in-hospital mortality in the Omicron

vs pre-Omicron periods in a regional health system. In addition, we evaluated how each
definition performed at identifying hospitalizations due to COVID-19 versus hospitalizations
with incidental COVID-19 using detailed medical record reviews.
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STUDY DESIGN AND METHODS

We performed a retrospective cohort study using electronic health record (EHR) and
administrative data from 2 large academic hospitals and 3 community hospitals within the
Mass General Brigham healthcare system: Massachusetts General Hospital, Brigham and
Women’s Hospital, Salem Hospital/Northshore Medical Center, Newton Wellesley Hospital,
and Brigham and Women’s Faulkner Hospital. The study included all adult (=18 years)
hospitalizations, including inpatient admissions and observation stays, as well as Emergency
Department (ED) visits ending in death, with admission dates between March 1, 2020 and
March 1, 2022. ED visits ending in death were included to ensure capture of all potential
cases of severe disease. Transfers between study hospitals and readmissions on the same
date as discharge were treated as continuous encounters. The study was approved with a
waiver of informed consent by the institutional review board at Mass General Brigham
(protocol 2020P001631).

COVID Hospitalization Definitions

We assessed six definitions for COVID hospitalizations modeled after existing
strategies currently being used for public health surveillance, clinical monitoring, and/or
research;1:3:4.:26.27,

1. “PCR only”: positive PCR for SARS-CoV-2 between 14 days prior to admission
and discharge.

2. “PCR + hypoxemia”: positive PCR (using the same timeframe of 14 days
pre-admission through discharge) AND the patient either required supplemental
oxygen for any amount of time or had at least one oxygen saturation <94%
recorded in vital signs during hospitalization.

3. “PCR + dexamethasone”: positive PCR AND received at least one dose of
dexamethasone during hospitalization.

4. “PCR + remdesivir”: positive PCR AND received at least one dose of remdesivir
during hospitalization.

5. “COVID-19 flag”: presence of an institutional EHR-based COVID-19 flag
maintained for =5 days with start and end dates overlapping with the
hospitalization. Institutional COVID-19 flags were triggered by a positive PCR
result but could be removed by local infection control officials if review of
patients’ clinical syndrome, initial and repeat PCR tests, cycle thresholds, prior
history of known infections, and SARS-CoV-2 anti-nucleocapsid antibody status
suggested the positive PCR was more indicative of remote infection or a false
positive result.28

6. “ICD-10": an ICD-10 discharge diagnosis code for COVID-19 (U07.1 or
J12.82).
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Each definition was applied across all encounters to calculate crude hospitalization

counts, percentage of hospitalizations related to COVID-19, and in-hospital mortality

rates by month. We also assessed how outcomes estimates varied by definition in the
pre-Omicron (March 1, 2020-December 16, 2021) vs Omicron (December 17, 2021-March
1, 2022) periods in accordance with when the Omicron variant began to predominate in
Massachusetts.2

Assessing Accuracy of Definitions for Primary, Contributing, or Incidental COVID-19

From 15,436 PCR-positive encounters, 100 cases were randomly selected for structured
medical record reviews using a standardized data abstraction tool in REDCap (version
12.0.19, Vanderbilt University, 2022) (Supplement). 50 cases were selected at random from
the pre-Omicron and Omicron eras. All available notes, medication records, laboratory and
microbiology results, radiology reports and images, and pathology reports were reviewed.

Each case was adjudicated into one of three categories: 1) primary COVID-19 admission,
2) contributing COVID-19 admission, and 3) incidental COVID-19 admission. A primary
COVID-19 admission was defined as an encounter where the patient presented with a
syndrome definitely or probably due to SARS-CoV-2 infection, e.g. COVID pneumonia
or COVID-related myocarditis. A contributing COVID-19 admission was defined as any
encounter not meeting primary COVID-19 criteria but likely triggered by or related to
SARS-CoV-2 infection (e.g. exacerbation of underlying disease such as congestive heart
failure, chronic lung disease, or arrhythmia) or an encounter during which the patient
presented for non-COVID reasons, developed COVID-19 after admission, and the infection
led to complications such as medically prolonged stay, ICU transfer, or death. Of note,
receipt of a COVID therapeutic in of itself was not considered evidence of primary or
contributing COVID hospitalization. Incidental COVID hospitalizations were those where
SARS-CoV-2 was not relevant to the syndrome causing admission and did not cause
complications. Positive tests deemed to be false positives or residual RNA from previous
infection were categorized as “incidental”.28 Please see supplement table 1 for complete
descriptions of these categories and representative examples.

The first 15 cases were reviewed independently by two physician reviewers (C.S. and C.R.);
interrater reliability for classifying COVID-relevance categories was moderate to strong
(agreement on 13/15 cases, Krippendorff’s alpha 0.77). All 15 cases were discussed between
the two reviewers to make final adjudications for the two discrepant classifications and
ensure a standardized process moving forward. The remaining 85 cases were reviewed by
one physician (C.S); any cases where classifications were unclear (n=12) were subsequently
discussed with two additional reviewers (C.R. and M.K.) to achieve consensus.

Statistical Analysis

Patient characteristics and outcomes were compared across groups using chi square tests for
categorical variables and ANOVA tests for continuous variables. Comparisons between the

pre-Omicron and Omicron eras were performed for each definition by calculating incidence
of COVID cases per 100 admissions and incidence of ICU admissions, need for mechanical
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ventilation, and in-hospital deaths per 100 COVID cases, and then calculating an incidence
rate ratio (IRR) for Omicron vs pre-Omicron periods.

The proportions of COVID hospitalizations due to primary/contributing COVID vs
incidental COVID per medical record review were compared across definitions and area
under the receiver operating curves (AUROCS), sensitivity, specificity, and positive and
negative predictive values were calculated.

Analyses were conducted using Stata version 17 (StataCorp, 2021, College Station, TX:
StataCorp LLC). For all analyses a p value of < 0.05 was considered statistically significant.

Study Cohort

The study cohort included 306,387 hospital encounters associated with 197,434 unique
individuals. 15,436/306,387 (5.0%) encounters met the primary PCR-based definition
(positive PCR between 14 days prior to admission and discharge). Compared to hospital
encounters without a positive PCR test, those meeting the PCR definition were slightly older
(median age 62 vs 60 years), more likely to be male (51.8% vs 43.9%), and less likely to be
of white race (59.8% vs 75.2%) (Table 1).

COVID Hospitalizations, Clinical Characteristics, and Outcomes Across Definitions

Clinical characteristics and outcomes for all six definitions are shown in Table 2. The
proportions of encounters meeting criteria for COVID hospitalization were 1.5% for PCR
plus dexamethasone, 1.9% PCR plus remdesivir, 3.9% for PCR plus hypoxemia, 5.0%

for PCR only, 5.1% for institutional COVID-19 flag, and 5.2% for COVID-19 ICD-10
codes; these proportions varied substantially over time (Figure 1). In-hospital mortality rates
ranged from 8.3% for PCR only to 12.2% for PCR plus dexamethasone versus 2.2% for all
non-COVID encounters.

Pre-Omicron vs Omicron Time Periods

Overall, 30,273/306,387 (9.9%) encounters occurred during the Omicron era versus
276,114 (90.1%) during the pre-Omicron era. However, amongst PCR-positive encounters,
3,424/15,436 (22.2%) occurred during the Omicron period. Median duration of mechanical
ventilation was substantially shorter for Omicron-era COVID encounters across all six
definitions (4 vs 11 days for PCR only, 6 vs 13 days for PCR plus dexamethasone).
Incidence rate ratios and their respective confidence intervals for ICU admission and need
for mechanical ventilation were less than 1 across all definitions in the Omicron period,
indicating lower risk of these outcomes during the Omicron vs pre-Omicron periods.
In-hospital mortality was lower during Omicron for PCR only, PCR plus hypoxemia,
institutional flag, and ICD-10 definitions; however, mortality was similar during pre-
Omicron and Omicron periods for PCR + dexamethasone and PCR + remdesivir definitions
(Table 3). A sensitivity analysis limiting the pre-Omicron period to November 1, 2020 to
December 16, 2021 (when use of dexamethasone and remdesivir to treat SARS-CoV-2 were
well-established) yielded similar results (Supplemental Table 4).
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Distinguishing Primary/Contributing vs Incidental Infections

Of 100 cases reviewed, 45 met criteria for primary COVID hospitalizations, 17 were COVID
contributing, and 38 were COVID incidental (including 19 with PCR results deemed to be

a false positive or residual RNA from a previous recovered infection based upon patients’
clinical syndrome, PCR cycle threshold values, repeat test results, and timing of recent
infections. Proportions of primary, contributing, and incidental cases differed between pre-
Omicron and Omicron subgroups (p<0.001), with 30/50 (60%) vs 15/50 (33.3%) primary,
8/50 (16%) vs 9/50 (18%) contributing, and 12/50 (24%) vs 26/50 (52%) incidental in the
pre-Omicron vs Omicron subgroups, respectively.

The performance characteristics for each definition are summarized in Figure 2 and Table
4. PCR plus remdesivir had the highest PPV (90.0%, 95% CI 76.3-97.2) and AUROC
(0.74, 95% CI 0.66-0.82) for a COVID-primary or -contributing hospitalization, but at best
moderate sensitivity (58.1%, 95% CI 44.8-70.5) and negative predictive value (56.7%, 95%
Cl 43.2-69.4). The ICD-10 based definition had the highest sensitivity (98.4%, 95% CI
91.3-100) and negative predictive value (93.8%, 95% CI 69.8-99.8) but poor specificity
(39.5%, 95% CI 24.0-56.6) and fair positive predictive value (72.6%, 95% CI 61.8-81.8).
In general, performance of the other definitions was poor to moderate with AUROC:s for
primary/contributing hospitalizations ranging from 0.57 (95% CI 0.47-0.66) for PCR plus
hypoxemia to 0.69 (0.61-0.77) for ICD-10 codes. The performance for each definition
stratified by pre-Omicron vs Omicron can be found in Supplement Table 2.

DISCUSSION

We found substantial variation in COVID hospitalization counts and outcomes across six
commonly used definitions for COVID hospitalizations. Crude COVID hospitalization
counts varied up to 3-fold between the most inclusive definition (ICD10-based) versus the
most restrictive definition (PCR plus dexamethasone). Definitions based upon receipt of
COVID therapeutics identified encounters with significantly higher rates of ICU admission,
mechanical ventilation, and death. None of the definitions examined reliably differentiated
between primary/contributing vs incidental COVID hospitalizations when compared to
detailed chart review; the most accurate definition (PCR plus remdesivir) had a very high
positive predictive value but identified less than two-thirds of primary/contributing cases.

Our findings demonstrate the challenge of conducting surveillance for severe SARS-CoV-2
infections in the contemporary context. Hospitalization with a positive PCR alone is a

poor proxy for severe SARS-CoV-2 infections at this stage of the pandemic. None of the
alternative definitions we assessed, however, were both sensitive and specific for severe
SARS-CoV-2 infection.

Some of the definitions we evaluated may nonetheless still be useful depending on the
purpose of the analysis. The original PCR-based CDC definition, ICD-10-based definition,
and institutional COVID flag-based definition were sensitive and produced large cohorts,
albeit with lower severity of illness overall and low specificity for primary or contributing
COVID-19 infections. These metrics mirror trends in the prevalence of COVID-19 in the
local community and accurately reflect the absolute count of cases being managed by
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hospitals. They are imperfect measures, however, of the incidence of severe COVID-19,
particularly during the Omicron period.

Conversely, definitions that incorporated hypoxemia or receipt of anti-COVID therapeutics
identified smaller cohorts with higher severity of illness, had greater specificity for primary/
contributing infections, and yielded more stable mortality estimates in the pre-Omicron vs
Omicron eras. These definitions’ low sensitivity renders them poor proxies for estimating
the total burden of severe disease, but their high specificity may make them useful
candidates for tracking relative changes in the burden of severe disease over time. These
characteristics may also make these definitions useful as inclusion criteria for observational
studies of inpatient COVID-19 cohorts, since hospitalizations flagged by these definitions
are enriched for COVID-primary or -contributing hospitalizations and experience higher
incidence rates of many common study outcomes such as ICU admission or death. However,
we urge caution for two reasons: risk of selection bias which can distort the magnitude and
direction of measured associations if components of the definition used for inclusion qualify
as “collider” variables3?, and their performance will likely change over time as indications,
availability, and alternative therapies evolve. Public health agencies and researchers can also
consider using multiple definitions with different sensitivities and specificities to provide
both “conservative” and “liberal” estimates of the burden of severe COVID-19.

We found that ICD-10 codes had high sensitivity and good negative predictive value but
poor specificity and moderate positive predictive value in our study. Because our medical
record reviews were conducted among PCR-positive hospitalizations, the true positive
predictive value of ICD-10 codes might be even lower. This stands in contrast to early
assessments of COVID-19 ICD-10 codes which reported excellent positive and negative
predictive values for ICD-10 codes when compared to PCR data in all-comers and critically
ill patients, respectively.8:24:31-34 |n retrospect, the excellent performance for ICD-10 codes
in these studies was likely due to the use of PCR positivity as the gold standard for COVID
hospitalization, as well as the newness of the epidemic, focal use of testing, low healthcare
utilization for non-COVID care (hence fewer incidental cases), and fewer false positives
due to prior infections. We advise caution when interpreting studies which identify COVID
hospitalizations using ICD-10 codes during the current era.

The finding that all definitions had poor to moderate AUROCS for distinguishing incidental
vs primary/contributing COVID-19 underscores the complexity and variability of COVID-19
presentations and the challenge of disentangling the attributable morbidity of SARS-CoV-2
in specific patient encounters. EHR-based approaches using the simple definitions assessed
in our study, perhaps unsurprisingly, were ill-equipped to identify such nuance. Our study
draws attention to the need to develop better surveillance definitions that more accurately
capture and characterize the full spectrum of COVID-associated illness in hospitalized
patients. Algorithms that incorporate a wider array of EHR data may better distinguish
primary vs incidental COVID hospitalizations, but this comes at the cost of generalizability
and the broad applicability that is essential for public health surveillance.3®

Many frequently reported COVID outcomes such as need for ICU admission, use of
mechanical ventilation, and in-hospital death were significantly less common during the
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Omicron vs pre-Omicron eras despite much higher case incidence rates during the Omicron
era. Prior studies have speculated that this is due to higher rates of population immunity
from vaccination and prior infections, a broader armamentarium of therapeutics, and/or
lower intrinsic severity for Omicron vs prior variants.36:37 Qur study also suggests that

a fourth contributing factor is the dramatic increase in community incidence during the
initial Omicron surge leading to a large increase in the number of hospitalized patients
with incidental COVID-19 and a consequent decrease in the percentage of COVID-19
hospitalizations with severe disease.

Our study has several limitations. First, it was conducted using EHR data from a single
healthcare system; larger studies with more geographic diversity are needed. Second, it
included only adult patients; results cannot be extended to pediatric populations. Third,

only a small number of cases were manually reviewed to characterize each definition’s
capacity to distinguish primary/contributing vs incidental infections. Determining the role of
COVID-19 in hospitalization can be subjective; this was mitigated by use of a standardized
data collection tool and discussion of difficult cases with three clinicians to reach consensus.
Fourth, the performance of the definitions we evaluated likely fluctuated over the examined
period and will continue to change in the future as new variants emerge, therapeutic
strategies evolve, and re-infections become more common. Therefore, ongoing periodic
reassessment of definitions for COVID-19 hospitalization will be needed to determine their
appropriateness to inform public health surveillance, policy recommendations, and research.

CONCLUSIONS

Estimates of COVID admissions, severity of illness, in-hospital mortality, and trends

are significantly affected by how COVID hospitalizations are defined. The traditional
PCR-based definition identifies many incidental cases and is associated with less severe
iliness compared to definitions that incorporate hypoxemia or COVID therapeutics. Most
definitions demonstrated improvements in in-hospital mortality rates in the Omicron vs
pre-Omicron periods, but definitions which required dexamethasone or remdesivir did

not . Medical record reviews demonstrated that no definition accurately differentiated
between primary/contributing vs incidental hospitalizations, although positive PCR plus
remdesivir or dexamethasone had a high positive predictive value for primary/contributing
hospitalizations. An ICD-10-based definition had excellent sensitivity but poor positive
and negative predictive values. These findings have important implications for public
health surveillance and research, including highlighting the need for improved surveillance
definitions that better capture and characterize the full spectrum of COVID-associated
disease in hospitalized patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Crude number of hospitalizations (A), proportion of COVID hospitalizations/PCR positive
hospitalizations (B) and in-hospital mortality for COVID hospitalization (C) by month for

six candidate definitions of COVID-19 hospitalization
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Demographics and Baseline Characteristics for COVID- and Non-COVID-related Hospital Encounters

Table 1.

1duosnuey Joyiny
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Category COVID Encounters ’\é%'lo%g;é:r? All Encounters
Description Po;itci;e_saszc[;)(\:/ -2 é\l&fg%é\g i;'1A4F(§S:co
Overall, n (%) 15,436 (5) 290,951 (95) 306,387
Age, median (IQR), y 62 (46-75) 60 (40-73) 60 (40-73)
Sex, n (%)
Women 7,437 (48.2) 163,236 (56.1) 170,673 (55.7)
Race, n (%)
White 9,226 (59.8) 218,923 (75.2) 228,149 (74.5)
Black 2,256 (14.6) 26,602 (9.1) 28,858 (9.4)
Other 3,096 (20.1) 34,052 (11.7) 37,148 (12.1)
Missing 858 (5.6) 11,374 (3.9) 12,232 (4)

BMI, median (IQR) 27.9 (24-32.8) 27.3(23.6-31.9) 27.3 (23.6-32)

Comorbidities%, n (%)

Cancer 1,555 (10.1) 46,645 (16) 48,200 (15.7)
Congestive heart failure 2,615 (16.9) 41,770 (14.4) 44,385 (14.5)
Chronic Lung Disease 3,483 (22.6) 55,302 (19) 58,785 (19.2)
Diabetes 4,967 (32.2) 62,534 (21.5) 67,501 (22)
Neurologic Disease 2,187 (14.2) 33,060 (11.4) 35,247 (11.5)
Kidney Disease 3,200 (20.7) 43,008 (14.8) 46,208 (15.1)
Elixhauser Mortality Score, median (IQR) 0(-3to 15) 0(-2t013) 0(-21t0 13)
ICD-10 Code for COVID 13,451 (87.1) 2,417 (0.8) 15,868 (5.2)
Time Period
Pre-Omicron 12,012 (77.8) 264,102 (90.8) 276,114 (90.1)
Omicron 3,424 (22.2) 26,849 (9.2) 30,273 (9.9)

+
“Comorbidities were derived using the Elixhauser index.38:39 “Cancer” includes solid tumor with and without metastases and lymphoma.
“Diabetes” includes diabetes with and without complications. “Neurologic disease” includes movement disorders, seizures, and other neurologic
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conditions. “Kidney disease” includes moderate and severe renal failure.
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