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Abstract

Introduction

Not all patients with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion develop symptomatic coronavirus disease 2019 (COVID-19), making it challenging to
assess the burden of COVID-19-related hospitalizations and mortality. We aimed to deter-
mine the proportion, resource utilization, and outcomes of SARS-CoV-2 positive patients
admitted for COVID-19, and assess the impact of using the Center for Disease Control’'s
(CDC) discharge diagnosis-based algorithm and the Massachusetts state department’s
drug administration-based classification system on identifying admissions for COVID-19.

Methods

In this retrospective cohort study, we enrolled consecutive SARS-CoV-2 positive patients
admitted to one of five hospitals in British Columbia between December 19, 2021 and May
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31,2022. We completed medical record reviews, and classified hospitalizations as being pri-
marily for COVID-19 or with incidental SARS-CoV-2 infection. We applied the CDC algo-
rithm and the Massachusetts classification to estimate the difference in hospital days,
intensive care unit (ICU) days and in-hospital mortality and calculated sensitivity and
specificity.

Results

Of 42,505 Emergency Department patients, 1,651 were admitted and tested positive for
SARS-CoV-2, with 858 (52.0%, 95% CI 49.6-54.4) admitted for COVID-19. Patients hospi-
talized for COVID-19 required ICU admission (14.0% versus 8.2%, p<0.001) and died
(12.6% versus 6.4%, p<0.001) more frequently compared with patients with incidental
SARS-CoV-2. Compared to case classification by clinicians, the CDC algorithm had a sensi-
tivity of 82.9% (711/858, 95% CI 80.3%, 85.4%) and specificity of 98.1% (778/793, 95% ClI
97.2%, 99.1%) for COVID-19-related admissions and underestimated COVID-19 attribut-
able hospital days. The Massachusetts classification had a sensitivity of 60.5% (519/858,
95% CI 57.2%, 63.8%) and specificity of 78.6% (623/793, 95% CI 75.7%, 81.4%) for
COVID-19-related admissions, underestimating total number of hospital and ICU bed days
while overestimating COVID-19-related intubations, ICU admissions, and deaths.

Conclusion

Half of SARS-CoV-2 hospitalizations were for COVID-19 during the Omicron wave. The
CDC algorithm was more specific and sensitive than the Massachusetts classification, but
underestimated the burden of COVID-19 admissions.

Trial registration
Clinicaltrials.gov, NCT04702945.

Introduction

During the first two years of the coronavirus disease 2019 (COVID-19) pandemic, widespread
molecular testing for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) enabled
comprehensive case identification for isolation and contract tracing, while generating health
data to evaluate risk factors, prognosis, vaccine and therapeutic effectiveness, and to plan
health system resources. However, by the end of 2021, exponential growth in SARS-CoV-2
cases overwhelmed community-based testing, which, combined with increases in mild illness
and more frequent self-testing at home rendered reported outpatient COVID-19 case counts
incomplete [1]. In 2022, diagnosed and documented COVID-19 cases vastly underrepresented
actual cases, such that new metrics were needed for surveillance, research, and health system
planning [2].

Diagnostic testing in hospitals remained widely available and ensured complete or near
complete case ascertainment among hospitalized patients until the end of 2021 [3, 4]. As the
Omicron wave progressed, clinicians witnessed more and more SARS-CoV-2 positive patients
being hospitalized with symptoms not attributable to COVID-19 (e.g., ectopic pregnancy) [8].
Algorithms based on provider-assigned discharge diagnoses and in-hospital drug administra-
tion (e.g., dexamethasone or remdesivir) were developed to try and distinguish between hospi-
talizations primarily for COVID-19 from those with incidental SARS-CoV-2 infection, but
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none have been validated, and they omit atypical presentations (e.g., hyponatremia from
COVID-19 related syndrome of inappropriate antidiuretic hormone secretion) which are rec-
ognized presentations of COVID-19 (3, 5-7]. As a result, discharge diagnosis- or drug admin-
istration-based algorithms may misclassify COVID-19 admissions, which could impact
surveillance, research, and underestimate the resources needed to look after COVID-19
patients if used for health system planning [5].

Our main objective was to assess the proportion of SARS-CoV-2 positive patients admitted
for COVID-19 during the Omicron wave, and assess the impact of classifying SARS-CoV-2
admissions using a discharge-diagnosis based algorithm developed by the Center for Disease
Control (CDC) currently used to monitor temporal trends [6] and a drug administration-
based classification scheme proposed by Fillmore et al. currently used by the Massachusetts
state department to estimate the true burden of disease for COVID-19 in their hospitals [3, 8].
Secondary objectives included assessing risk factors, outcomes, and resource utilization for
COVID-19 admissions versus those with incidental SARS-CoV-2.

Methods
Design and setting

This multicenter retrospective cohort study was a planned analysis of patients enrolled in the
Canadian COVID-19 Emergency Department Rapid Response Network (CCEDRRN), a
national collaboration that harmonized data collection on consecutive SARS-CoV-2 tested
patients presenting to Emergency Departments across eight Canadian provinces [9-12]. We
included data from five participating urban acute care hospitals in British Columbia (BC) that
were able to provide timely access to medical records for detailed chart review (S1 Table).

We used publicly available genomic sequencing data from BC’s Public Health laboratory to
define the study period. We defined variant dominance as a period of time when >90% of
sequenced samples were attributed to one variant or subvariant [13]. Omicron BA.1 became
the dominant variant at study sites on December 19, 2021, which marked the beginning of the
study period. BA.1 remained dominant until February 12, 2022, followed by a transition
period, after which BA.2 became dominant starting on April 3, 2022. The study period ended
between April 1 and June 1, 2022 depending on the study site (S1 Table).

Participants

All participating hospitals had mandatory SARS-CoV-2 testing protocols in place for all
patients requiring admission during the study period, allowing us to capture a complete sam-
ple of SARS-CoV-2 positive patients. We included all consecutive eligible Emergency Depart-
ment patients when first hospitalized with a positive SARS-CoV-2 nucleic acid amplification
test from a specimen collected 14 days or less prior to hospital arrival (accounting for the natu-
ral progression from infection to severe disease) or during the first five days of admission (to
account for the incubation period and resulting initial false negative tests) (S1 Table) [14, 15].
Patients were followed-up via medical record review after in-hospital death or hospital dis-
charge. We excluded patients who were discharged from the Emergency Department, and
those remaining hospitalized after August 2, 2022, as we were unable to ascertain their
outcomes.

Definitions

No explicit clinical definitions have been published that define hospitalizations primarily for
COVID-19 versus with incidental SARS-CoV-2 infection. Thus, we developed a clinical
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definition to define hospitalizations as being primarily for COVID-19 if patients tested SARS--
CoV-2 positive, were hospitalized primarily due to COVID-19 attributable signs and symp-
toms based on the World Health Organization COVID-19 core case report form [16], and no
plausible alternative diagnosis was made to explain their signs and symptoms (e.g., bacteremia
to explain sepsis, hydrochlorothiazide to explain hyponatremia). We defined hospitalizations
with incidental SARS-CoV-2 infection as hospitalizations in which patients tested SARS-CoV-
2 positive, were hospitalized with signs and symptoms other than those attributable to
COVID-19 or had an alternative diagnosis that better explained their signs and symptoms or
were diagnosed with an exacerbation of a chronic illness that may or may not have been caus-
ally related to COVID-19.

We defined severe COVID-19 according to the World Health Organization age-based criteria
[17]. For adults, this included an oxygen saturation of <90% on room air, a respiratory rate >30
breaths per minute, or signs of severe respiratory distress documented in the medical record.

We applied the CDC algorithm, which has not previously been validated, proposed by
researchers to identify hospitalizations for COVID-19 using provider-assigned diagnoses and
treatments [6]. The CDC algorithm categorizes hospitalizations as being for COVID-19 if the
primary discharge diagnosis was COVID-19, or if a patient had a secondary discharge diagno-
sis of COVID-19 and they were either treated with remdesivir or their primary diagnosis was
sepsis, pulmonary embolism, acute respiratory failure, or pneumonia.

We also applied the drug administration-based method suggested by Fillmore et al. cur-
rently being used by the Massachusetts state department to classify hospitalizations as primar-
ily for COVID-19 versus with incidental SARS-CoV-2 [3, 8]. The Massachusetts method
categorizes hospitalizations as being for COVID-19 if the patient received dexamethasone at
any time during their hospital visit.

Data sources

Trained research assistants abstracted data from paper-based and electronic medical records,
including demographic variables, housing situation, arrival mode and acuity, infection risk,
co-morbidities, code status, substance use, Canadian Triage and Acuity Scale (CTAS) score
[18], vaccination status, treatments received, laboratory tests, diagnostic imaging, vital signs,
presenting symptoms, oxygen and respiratory support needed, length of stay and course in
hospital, and in-hospital mortality. We previously documented high inter-rater agreement for
chart abstraction on key variables by CCEDRRN research assistants [9].

Research assistants abstracted physician-assigned diagnoses from discharge summaries or
consultation notes. They categorized primary and secondary discharge diagnoses according to
a predefined dropdown menu of diagnoses that had been developed during the early pan-
demic, when recognized cases presented with acute respiratory syndromes. Research assistants
documented all other discharge diagnoses using free text. Research assistants were unaware of
the study purpose at the time of data abstraction.

Three pairs of physicians (CMH and one of FS/MS/DKT), all of whom had clinical experi-
ence treating COVID-19 patients, independently reviewed the medical records of 100 ran-
domly selected cases with diagnoses from the pre-defined dropdown menu in duplicate.
Physician assessments were blinded to the research assistants’ notes. Physicians verified the
research assistants’ assigned primary symptom responsible for hospitalization (i.e., discharge
diagnosis) and allocated these pre-defined dropdown menu diagnoses to hospitalizations pri-
marily for COVID-19 versus with incidental SARS-CoV-2 infection (S2 Table). All other
charts with these same pre-defined menu diagnoses were classified according to this
allocation.
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Two physicians with clinical experience treating COVID-19 (JT/LG) reviewed all free text
diagnoses and assigned them to one of three categories: (a) primarily for COVID-19 if the free
text diagnosis described a diagnosis listed in S3 Table (e.g., atypical pneumonia assigned to
viral pneumonia), (b) with incidental SARS-CoV-2 if the diagnosis was clearly unrelated to
COVID-19 (e.g., ectopic pregnancy), and (c) ‘uncertain’ if the diagnosis could have been
COVID-19 related (e.g., fall, acute kidney injury, delirium; S4 Table). All discordant categori-
zations of free text diagnoses were categorized as uncertain. Three pairs of physicians (CMH
and one of FS/MS/DKT) independently reviewed the medical records of all patients with
uncertain diagnoses (54 Table) and allocated them to admissions primarily for COVID-19 or
with incidental SARS-CoV-2 infection. Initial disagreement between physician reviewers was
resolved by discussion until consensus was reached.

Outcomes

The primary outcome was the proportion of hospitalizations primarily for COVID-19. Sec-
ondary outcomes were the differences in those classified as hospitalized for COVID-19 based
on our clinical definition, the CDC algorithm, and the Massachusetts method and the impact
of differences between these on length of hospital stay, number of hospitalizations in the study
period, oxygen supplementation including mechanical ventilation, Intensive Care Unit (ICU)
admissions, ICU length of stay, and in-hospital mortality.

Statistical analysis

We summarized the data with descriptive statistics appropriate for the data type and distribu-
tion. We compared groups using t-tests for means, Wilcoxon rank sum tests for medians, and
chi-square tests for proportions. We measured the interrater agreement for the categorization
of being hospitalized for COVID-19 versus with incidental SARS-CoV-2 infection using Fleiss’
Kappa with 95% confidence intervals (CIs) [19]. Patients missing variable information in the
chart were categorized to the not condition (e.g., non-smoker), as these data are usually only
documented when the condition exists. A physician (EP) grouped similar free text diagnoses
(e.g., intertrochanteric hip fracture and hip fracture) into broader categories for analysis. We
developed multivariable logistic regression models for the outcomes of mechanical ventilation,
ICU admission and in-hospital mortality, and reported adjusted odds ratios (ORs) and their
95% Cls. Predictor variables were chosen a priori based on their clinical importance and prior
literature: age, sex, obesity, secondary immunodeficiency (malignant neoplasm, transplant
recipient, or moderate/severe liver disease), admission primarily for COVID-19 (versus with
incidental SARS-CoV-2 infection), subvariant dominance, illicit substance use, and vaccina-
tion status [6, 10, 12, 20]. We also included presenting hospital site as a fixed effect in all multi-
variable models to adjust for clustering. Age was modelled as a continuous linear (on the logit)
predictor and scaled to estimates the odds ratio per decade. We calculated the number of doses
of COVID-19 vaccines patients received seven days prior to their emergency department visit
and dichotomized this variable (any dose versus none) in all models. Lack of vaccination was
clearly documented in the chart and the rate of vaccination in BC during the study period was
high, so we grouped those with unknown vaccination status into the vaccinated group and per-
formed sensitivity analyses to determine the impact of this decision. Patients with missing data
for other categorical variables were assigned, where possible, to the “not” condition.

To calculate the proportion of cases where the clinical definition differed from the CDC
algorithm and Massachusetts method, we divided the number of cases in which the categoriza-
tions were discordant by the total number of cases. We calculated the sensitivity of the CDC
algorithm and Massachusetts method separately by dividing all hospitalizations for COVID-19
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identified by these definitions in agreement with the clinical definition by all hospitalizations
for COVID-19 using the clinical definition. We calculated the specificity of the CDC algorithm
and Massachusetts method separately by dividing patients who were hospitalized with inciden-
tal SARS-CoV-2 according to these definitions in agreement with the clinical definition over
the same category from the clinical definition. To assess the impact of differences in classifica-
tion between the two methods, we repeated the same models described above separately using
the CDC algorithm and Massachusetts method. A cell size restriction policy prohibited us
from reporting counts of less than five. We performed the data analysis with SAS 9.4 [21].

Ethics approval

The University of BC Clinical Research Ethics Board reviewed and approved the study proto-
col and waived the need for informed consent (H20-01015), allowing us to capture a complete
sample. Authors had access to identifiable information during data collection (i.e., patient
charts) but data were anonymized prior to analysis.

Results

Between December 19, 2021, and May 31, 2022, there were 42,505 patient visits to a participat-
ing Emergency Department, 6,383 (15.0%) where the patient tested positive for SARS-CoV-2
(Fig 1). Of 1,651 (25.8%; 1,651/5,983) patients requiring admission, 858 (52.0%; 858/1,651)
were hospitalized for COVID-19 (Table 1). All others were deemed to have had incidental
SARS-CoV-2 infections. The inter-rater agreement on the classification of being admitted for
COVID-19 versus with incidental SARS-CoV-2 infection was 0.89 (95% CI: 0.83, 0.96)
between research assistants and physicians (S5 Table). The interrater agreement on the classifi-
cation of hospitalizations that were assigned an uncertain discharge diagnosis by the treating
clinician in the medical record was 0.93 (95% CI 0.88-0.97) between physicians (S6 Table).
Physicians categorized 39.0% (112/287) of uncertain hospitalizations as being for COVID-19.
The probabilities of the most common uncertain discharge diagnoses being categorized for
COVID-19 are shown in S1 Fig and S7 and S8 Tables. Characteristics of patients hospitalized
for COVID-19 versus with incidental SARS-CoV-2 infection are shown in Table 1.

Patients hospitalized for COVID-19 required supplemental oxygen more commonly
(52.5% vs 19.7%, p<0.001), spent more days in ICU (median 6.5 vs 4.0, p = 0.001), and had
greater in-hospital mortality (12.6% vs 6.4%, p<0.001) compared to patients hospitalized with
incidental SARS-CoV-2 (Table 2). Adjusted analyses indicated a greater odds of critical care
admission (OR 1.86, 95% CI 1.31, 2.63) and in-hospital mortality (OR 1.49, 95% CI 1.03, 2.16)
among patients hospitalized for COVID-19 (Fig 2 and S9 Table), though the impact on in-hos-
pital mortality was no longer significant when 163 patients with unknown vaccination status
were removed from the model (OR 1.46, 95% CI 0.99, 2.16).

The CDC algorithm had a sensitivity of 82.9% (711/858, 95% CI 80.3%, 85.4%) for identify-
ing hospitalizations for COVID-19, and specificity of 98.1% (778/793, 95% CI 97.2%, 99.1%).
The CDC algorithm commonly differed from the clinical definition when the primary dis-
charge diagnoses were pneumonia, failure to thrive, or altered level of consciousness (S7
Table). While summary measures of health resource utilization were similar comparing the
CDC-assigned cases with those identified using the clinical definition, the total number of hos-
pital and ICU beds incurred differed (Table 2). Among admissions classified by clinical deci-
sion as primarily for COVID-19, the CDC algorithm underestimated intubations by 16.7% (6/
36), re-hospitalizations by 18.9% (7/37), ICU hospitalizations by 10.0% (12/120), hospital days
by 18.7% (1975/10,584), ICU days by 18.5% (301.5/1629), and in-hospital mortality by 12.0%
(13/108) in our study cohort (Table 3). Replacing the clinical definition by the CDC algorithm
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42,505 consecutive index ED visits to 5
BC hospitals tested for SARS-CoV-2

» 36,122 with negative SARS-CoV-2 test
6,383 ED visits associated with >1
positive SARS-CoV-2 test
(5,983 patients)
» 4,655 visits ending in discharge from ED
1,728 hospitalizations associated
with >1 positive SARS-CoV-2 test
(1,661 patients)
. 8 not discharged yet at the end of the
" study period
1,718 hospitalizations associated with
>1 positive SARS-CoV-2 test
(1,651 patients)
63 second hospitalizations
» 3 third hospitalizations
1 fourth admission
1,651 completed index
hospitalizations associated with >1
positive
Clinical Definition: CDC Algorithm:
® 858 ‘for’ COVID-19 o711 “for’ COVID-19
® 793 ‘with’ incidental SARS-CoV-2 © 940 ‘with’ incidental SARS-CoV-2

Fig 1. Flow diagram of enrolled patients. ED = emergency department; SARS-CoV-2 = Severe acute respiratory syndrome coronavirus 2.

https://doi.org/10.1371/journal.pone.0291580.9001

did not change the direction or statistical significance of the covariates in our regression mod-
els (Fig 2, S9 and S10 Tables). The same was true in sensitivity analyses where those with
unknown vaccination status were removed.

The Massachusetts classification method had a sensitivity of 60.5% (519/858, 95% CI 57.2%,
63.8%) for identifying hospitalizations primarily for COVID-19, and a specificity of 78.6%
(623/793, 95% CI 75.7%, 81.4%). By only taking into consideration the drugs administered to
the patient, the Massachusetts method misclassified 229 cases with a primary discharge diag-
nosis of COVID-19 as incidental SARS-CoV-2, and 23 admissions for cancer as for COVID-
19 (S8 Table). The prevalence of intubation, ICU admission, and in-hospital mortality was
higher among admissions primarily for COVID-19 identified using the Massachusetts method
compared to the clinical definition, but the incidence of these events was underestimated
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Table 1. Patient and presentation characteristics by admission status using clinician decision.

All Patients Hospitalized primarily for COVID- Hospitalized with incidental P-value
(n=1,651) 19 (n = 858) SARS-CoV-2 (n =793)

Omicron wave®
BA.1 dominant 1141 (69.1) 624 (72.7) 517 (65.2) <0.001
Transition period 362 (21.9) 154 (18.0) 208 (26.2) <0.001
BA.2 dominant 148 (9.0) 80 (9.3) 68 (8.6) 0.595
Age in years (%) <0.001
<18 50 (3.0) 29 (3.4) 21 (2.7)
18-24 42 (2.5) 9(1.1) 33 (4.2)
25-39 157 (9.5) 28 (3.3) 129 (16.3)
40-64 453 (27.4) 214 (24.9) 239 (30.1)
65-79 489 (29.6) 293 (34.2) 196 (24.7)
>80 460 (27.9) 285 (33.2) 175 (22.1)
Male (%) 987 (59.8) 536 (62.5) 451 (56.9) 0.021
Arrival from (%) 0.015
Home 1332 (80.7) 697 (81.2) 635 (80.1)
Group-based settings (Long-term care, rehab 172 (10.4) 101 (11.8) 71 (9.0)
facility, or corrections)
Unstable housing” 97 (5.9) 39 (4.6) 58 (7.3)
Inter-hospital transfer 38 (2.3) 18 (2.1) 20 (2.5)
Other 12 (0.7) Suppressed 9(1.1)
Number of vaccine doses 7-days prior ED Visit <0.001
(%)
Not vaccinated 286 (17.3) 193 (22.5) 93 (11.7)
Vaccinated 1202 (72.8) 601 (70.1) 601 (75.8)

One dose 63 (3.8) 31(3.6) 32 (4.0)

Two doses 223 (13.5) 108 (12.6) 115 (14.5)

Three doses 246 (14.9) 144 (16.8) 102 (12.9)

Unknown number of doses 670 (40.6) 318 (37.1) 352 (44.4)
Unknown vaccination status 163 (9.9) 64 (7.5) 99 (12.5)
Most common comorbidities (%)
Hypertension 842 (51.0) 490 (57.1) 352 (44.4) <0.001
Diabetes 519 (31.4) 302 (35.2) 217 (27.4) <0.001
Coronary artery disease 277 (16.8) 168 (19.6) 109 (13.8) 0.002
Chronic lung disease, not asthma 248 (15.0) 166 (19.4) 82 (10.3) <0.001
Congestive heart failure 225 (13.6) 136 (15.9) 89 (11.2) 0.006
Active cancer 185 (11.2) 113 (13.2) 72(9.1) 0.009
Asthma 135 (8.2) 82 (9.6) 53(6.7) 0.033
Transplant 110 (6.7) 89 (10.4) 21(2.7) <0.001
Obesity 79 (4.8) 48 (5.6) 31(3.9) 0.109
Moderate/severe liver disease 39 (2.4) 14 (1.6) 25(3.2) 0.042
Past/current tobacco use (%) 428 (25.9) 220 (25.6) 208 (26.2) 0.785
Past/current illicit substance use (%) 240 (14.5) 78 (9.1) 162 (20.4) <0.001
Arrival by ambulance (%) 958 (58.0) 546 (63.6) 412 (52.0) <0.001
Canadian Triage Acuity Scale (CTAS, %) <0.001
CTAS 1 (Resuscitation) 102 (6.2) 56 (6.5) 46 (5.8)
CTAS 2 (Emergent) 754 (45.7) 446 (52.0) 308 (38.8)
CTAS 3 (Urgent) 758 (45.9) 345 (40.2) 413 (52.1)
CTAS 4 (Less Urgent) 35(2.1) 10 (1.2) 25(3.2)

(Continued)
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Table 1. (Continued)

All Patients Hospitalized primarily for COVID- Hospitalized with incidental P-value

(n=1,651) 19 (n = 858) SARS-CoV-2 (n =793)
CTAS 5 (Non-Urgent) Suppressed Suppressed 0(0.0)
Missing Suppressed 0 (0.0) Suppressed
Hypoxic at ED arrival, (%)° 194 (11.8) 150 (17.5) 44 (5.6) <0.001
Most Common COVID-19 Symptoms at ED
arrival (%)
Cough 703 (42.6) 506 (59.0) 197 (24.8) <0.001
Dyspnea 691 (41.9) 483 (56.3) 208 (26.2) <0.001
Nausea/vomiting 472 (28.6) 206 (24.0) 266 (33.5) <0.001
Altered consciousness 463 (28.0) 245 (28.6) 218 (27.5) 0.631
Fever 431 (26.1) 313 (36.5) 118 (14.9) <0.001
Chest pain 307 (18.6) 172 (20.1) 135 (17.0) 0.115
Chills 269 (16.3) 180 (21.0) 89 (11.2) <0.001
Diarrhea 213 (12.9) 147 (17.1) 66 (8.3) <0.001
Myalgia 183 (11.1) 99 (11.5) 84 (10.6) 0.541
Headache 169 (10.2) 99 (11.5) 70 (8.8) 0.069
Sore Throat 149 (9.0) 105 (12.2) 44 (5.6) <0.001
Weakness 54(3.2) 42 (4.9) 12 (1.5) <0.001
Dysgeusia/anosmia 22 (1.3) 17 (2.0) 5(0.6) 0.017
Symptom duration, median [IQR]¢ 3.0 [1.0, 7.0] 4.0 [1.0, 7.0] 2.0[0.0,7.0] <0.001
Physiologic criteria for WHO severe disease in 516 (31.3) 382 (44.5) 134 (16.9) <0.001

ED (%)°

ED = emergency department; IQR = [25" percentile, 75™ percentile]; WHO = World Health Organization

* BA.1 dominant from December 19,2021 -February 12, 2022; BA.2 dominant from April 3, 2022 onwards

® Unstable housing includes homeless, shelter, single room occupancy

© We defined hypoxia as an arrival oxygen saturation below 92%.

4 Missing for 219 patients

€ We defined presentations for severe COVID-19 disease according to WHO age-based criteria. For adults, criteria for severe COVID-19 were met if the patient had an
oxygen saturation of <90% on room air, a respiratory rate >30 breaths per minute, or signs of severe respiratory distress documented in the ED medical record [17].
Cell sizes less than five were suppressed

https://doi.org/10.1371/journal.pone.0291580.t001

throughout (Tables 2 and 3). The number of hospital and ICU bed days among admissions for
COVID-19 were highest among the group classified by clinical decision, followed by the Mas-
sachusetts method, and finally the CDC algorithm (Table 2). Replacing the clinical definition
by the Massachusetts method changed the significance or magnitude of some of the covariates
in our regression models, notably removing the impact of vaccine effectiveness on mechanical
ventilation and inflating the impact of being hospitalized primarily for COVID-19 on all mea-
sures of health services utilization (Fig 2, S9 and S11 Tables). When 163 patients with
unknown vaccination status were removed from the models, we observed a protective associa-
tion between vaccination and mechanical ventilation (OR 0.41, 95% CI 0.22-0.78) with no
change in the association between vaccination and hospitalization primarily for COVID-19
(OR 5.15, 95% 2.47,10.75 versus OR 3.85, 95% 2.17, 6.85).

In our regressions, there were consistent findings no matter how admission for COVID-19
was defined (S9-S11 Tables). ICU admissions were more common among younger patients (p
<0.001) and death occurred more often among older patients (p<0.0001). Patients with a sec-
ondary immunodeficiency were more likely to die than those without (p<0.002) and patients
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Table 2. Resource utilization and outcomes of 1,651 patients, by admission status and classification method.

All Patients Clinical Decision CDC Algorithm Massachusetts Method
(n=1,651) primarily for | with incidental | P-value | primarily for | with incidental | P-value | primarily for | with incidental | P-value
COVID-19 SARS-CoV-2 COVID-19 SARS-CoV-2 COVID-19 SARS-CoV-2
(n = 858) (n=793) (n="726) (n=925) (n = 688) (n = 960)

Supplemental 606 (36.7) 450 (52.5) 156 (19.7) <0.001 426 (58.7) 180 (19.5) <0.001 465 (67.5) 141 (14.7) <0.001
oxygen (%)
Oxygen delivery <0.001 <0.001 <0.001
in ED (%)*

Nasal prongs 400 (24.3) 291 (34.0) 109 (13.8) 278 (38.3) 122 (13.2) 297 (43.2) 103 (10.7)

Simple or non- 62 (3.8) 51 (6.0) 11(1.4) 45(6.2) 17 (1.8) 52 (7.6) 10 (1.0)
rebreather

High-flow 79 (4.8) 68 (7.9) 11(1.4) 67(9.2) 12 (1.3) 68 (9.9) 11 (1.2)
nasal oxygen

CPAP/BiPAP 16 (1.0) 10 (1.2) 6(0.8) 10 (1.4) 6(0.7) 11 (1.6) 5(0.5)

Mechanical 67 (4.1) 36 (4.2) 31 (3.9) 30 (4.1) 37 (4.0) 46 (6.7) 21(2.2)
ventilation
Hospitalizations 0.273 0.552 0.334

One admission | 1588 (96.2) 821 (95.7) 767 (96.7) 696 (95.9) 892 (96.4) 659 (95.7) 929 (95.6)

(%)

>2 63 (3.8) 37 (4.3) 26 (3.3) 30 (4.1) 33(3.6) 30 (4.4) 33(3.4)
hospitalizations
(%)

Index admission,
days®
Total, days 20368 10584 9784 8888 11480 9989 10379
Median [IQR] 7.0 [3.0, 7.0 [4.0, 14.0] 7.0 [3.0, 15.0] 0.348 | 7.0 [4.0, 14.0] 7.0 [3.0,15.0] 0.283 | 9.0 [5.0,17.0] 5.0 [3.0,13.0] | <0.001
15.0]

Mean (SD) 12.4 (15.7) 12.4 (15.8) 12.4 (15.7) 0.755 12.3 (15.7) 12.5 (15.8) 0.806 14.6 (16.3) 10.8 (15.2) <0.001
Hospitalized to 185 (11.2) 120 (14.0) 65(8.2) <0.001 113 (15.6) 72(7.8) <0.001 136 (19.7) 49 (5.1) <0.001
ICU (%)

Index ICU
admission, days
Total, days 2055 1629 426 1345 710 1583 472
Median [[IQR] 5.0 [2.0, 6.5 [3.0, 16.0] 4.0 [1.0, 8.0] 0.001 | 6.0 [3.0,14.0] 4.0 [1.0,9.5] 0.020 | 6.0 [3.0,14.0) 4.0 [2.0, 10.0] 0.052
13.0]

Mean (SD) 11.1 (19.3) 13.6 (22.7) 6.6 (9.0) <0.001 11.9 (18.5) 9.9 (20.6) 0.316 11.6 (18.6) 9.6 (21.2) 0.534
In-hospital 159 (9.6) 108 (12.6) 51 (6.4) <0.001 101 (13.9) 58 (6.3) <0.001 124 (18.0) 35 (3.6) <0.001
mortality (%)

ED = Emergency Department; IQR = [25" percentile, 75" percentile]; CPAP = Continuous Positive Airway Pressure; BiPAP = Bilevel Airway Pressure; ICU = intensive

care unit

* 3 missing most aggressive form of oxygen delivery in ED excluded

® 6 missing discharge date excluded

https://doi.org/10.1371/journal.pone.0291580.t002

presenting during the Omicron BA.2 wave were less likely to die than those presenting during
the Omicron BA.1 wave (p<0.04). Patients who used illicit substances were more likely to be
mechanically ventilated than those that did not (p<0.04). When admissions were classified
using the clinical definition or the CDC algorithm, odds of mechanical ventilation, critical
care admission, and mortality were all significantly higher among males than females (59 and
S10 Tables). Obesity had no impact of odds of mechanical ventilation, ICU admission or death
irrespective of the classification system used.

PLOS ONE | https://doi.org/10.1371/journal.pone.0291580 September 26, 2023

10/17


https://doi.org/10.1371/journal.pone.0291580.t002
https://doi.org/10.1371/journal.pone.0291580

PLOS ONE

Classifying those hospitalized primarily for COVID-19 versus with incidental SARS-CoV-2

Outcome Adjusted Odds Ratios (95% CI)
Mechanical Ventilation
Clinician Decision |———
CDC Algorithm F——
Massachusetts Method o |
Critical Care Admission
Clinician Decision —e—
CDC Algorithm ——
Massachusetts Method I o] |
In-Hospital Mortality
Clinician Decision ——
CDC Algorithm ——
Massachusetts Method I o |
0 1 3 4 5 6 7 8

Admissions with Incidental SARS-CoV-2 €—

» Admissions Primarily for COVID-19

Fig 2. Adjusted odds of ventilation, critical care admission or mortality among 1,651 SARS-CoV-2 positive patients who were hospitalized primarily
for COVID-19 versus with incidental SARS-CoV-2 determined using either clinician decision, the CDC algorithm or the Massachusetts methods.

CI = confidence interval. Models for each outcome were adjusted for age, sex, presenting hospital, secondary immunodeficiency (i.e., active malignant
neoplasm, transplant recipient, moderate/severe liver disease), obesity, Omicron subvariant, illicit substance use, and COVID-19 vaccinations. The
reference standard is hospitalized with incidental SARS-CoV-2. Adjusted odds ratios and 95% confidence intervals for factors included in each regression
are presented in S9-S11 Tables (blue circle = S9 Table, green circle = S10 Table, red circle = S11 Table).

https://doi.org/10.1371/journal.pone.0291580.9002

Discussion

As we transition to endemic COVID-19, continued public health surveillance, research, and
planning are needed to ensure evaluation of and planning for future waves of infection as the
virus, population-level immunity, and other health system pressures evolve. Population-level
administrative health data linked with SARS-CoV-testing data have facilitated research and
surveillance thus far, but have not taken into account the substantial proportion of asymptom-
atic or minimally symptomatic infections identified among hospitalized patients: We found
that only half of all SARS-CoV-2 positive patients admitted to hospital during the Omicron
wave were admitted because of COVID-19, with substantially different health resource utiliza-
tion between those admitted for COVID-19 compared to those admitted with incidental
SARS-CoV-2 infections. Misclassifying admissions substantially impacts health resource utili-

zation estimates.

We found lower rates of hospitalizations for COVID-19 during the Omicron wave com-
pared to those reported in prior waves [6, 22-24]. Half of SARS-CoV-2 positive hospitalized
patients were hospitalized with incidental SARS-CoV-2 throughout the BA.1 and BA.2 domi-
nant periods. Patients hospitalized for COVID-19 incurred more critical care resources and
died more frequently compared to those hospitalized with incidental infection. Interestingly,
the overall mortality of 9.6% among patients in our study was comparable to that found in
other studies on Omicron that did not stratify hospitalizations into hospitalizations for
COVID-19 versus with incidental SARS-CoV-2 [25]. Our results illustrate how reporting over-
all mortality rates among hospitalized SARS-CoV-2 patients has the potential to underestimate
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Table 3. Resource utilization and outcomes of 858 patients hospitalized primarily for COVID-19 using clinician decision, identified by the CDC algorithm or Mas-

sachusetts method.

Clinical Decision Primarily for COVID-

CDC Primarily for COVID-19

Massachusetts Primarily for COVID-19

19 (n = 858) (n=711) (n=519)

Supplemental oxygen (%) 450 (52.5) 418 (58.8) 387 (74.6)
Most aggressive form of oxygen delivery
in ED (%)*

Nasal prongs 291 (34.0) 271 (38.2) 246 (47.5)

Simple or non-rebreather facemask 51 (6.0) 45 (6.3) 46 (8.9)

High-flow nasal oxygen 68 (7.9) 66 (9.3) 61 (11.8)

CPAP/BiPAP 10 (1.2) 10 (1.4) 7 (1.4)

Mechanical ventilation 36 (4.2) 30 (4.2) 32(6.2)
Hospitalizations

One admission (%) 821 (95.7) 681 (95.8) 497 (95.8)

Two or more hospitalizations (%) 37 (4.3) 30 (4.2) 22 (4.2)
Hospital days in first admission”

Total hospital days 10584 8,609 7,452

Mean length of stay (SD) 12.4 (15.8) 12.2 (15.5) 14.4 (16.4)

Median hospital days [IQR] 7.0 [4.0, 14.0] 7.0 [4.0, 14.0] 9.0 [5.0, 17.0]
Hospitalized to ICU (%) 120 (14.0) 108 (15.2) 109 (21.0)
Critical care days during first admission

Total critical care days 1629 1327.5 1388.5

Mean length of stay (SD) 13.6 (22.7) 12.3 (18.8) 12.7 (20.2)

Median critical care days [IQR] 6.5[3.0, 16.0] 6.0 [3.0, 15.0] 6.0[3.0, 16.0]
In-hospital mortality (%) 108 (12.6) 95 (13.4) 91 (17.5)

ED = Emergency Department; IQR = [25' percentile, 75™ percentile]; CPAP = Continuous Positive Airway Pressure; BiPAP = Bilevel Airway Pressure; ICU = intensive
care unit

* 3 missing most aggressive form of oxygen delivery in ED

® 6 missing discharge date

https://doi.org/10.1371/journal.pone.0291580.t003

mortality for patients hospitalized for COVID-19 (12.6%), who had substantially higher mor-
tality compared to patients with incidental SARS-CoV-2 (6.4%) which could lead to underesti-
mation of virulence in future waves [26]. Given incomplete community-based case
ascertainment, correct stratification of hospitalizations is needed to ensure accurate estimation
of in-hospital mortality for COVID-19. This will be critical to understanding the virulence of
future variants and in guiding public health decision-making.

Our study found disagreements between diagnoses assigned by experienced COVID-19 cli-
nicians and a diagnosis-based algorithm defined by the CDC in 10% of cases, and with the Mas-
sachusetts method in almost 40% of cases. This level of misclassification resulted in an 18.6%
underestimation of COVID-19 attributable hospital and ICU bed day utilization by the CDC
algorithm, and a 27.6% underestimation by the Massachusetts methods. This level of misclassifi-
cation could have a substantive negative impact on health resource planning if applied for future
waves. Applying our estimates to Canadian health data reported on October 31, 2022, use of the
CDC algorithm would have underestimated hospital resources being used to look after current
COVID-19 hospitalizations by 14,425 ward bed-days and 1,432 ICU bed-days across the coun-
try [27]. In a health care system that is already under tremendous strain and as SARS-CoV-2
continues to mutate and spread, more accurate resource utilization estimations are desirable.

The specificity of the CDC-based algorithm was high, indicating that the CDC algorithm
can likely be used in administrative records in study designs that require high specificity, such
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Criteria for identifying COVID-19 hospitalizations as primarily for COVID-19%:

1) aU07.1 primary discharge diagnosis OR
2) aU07.1 secondary discharge diagnosis AND:
a. treatment with remdesivir OR
b. treatment with dexamethasone OR
c. aprimary discharge diagnosis of sepsis, pulmonary embolism,
acute respiratory failure, or pneumonia

Fig 3. Potential adjustment to the CDC algorithm suggested by Adjei et al. to improve sensitivity for resource intensive cases for the
purposes of health care resource planning [6]. *Text taken directly from Adjei et al. with the exception of the italicized addition.

https://doi.org/10.1371/journal.pone.0291580.g003

as for vaccine effectiveness estimation [28]. However, sensitivity was limited, with the CDC-
based algorithm missing close to one in five hospitalizations for COVID-19. Modelling devel-
oped using the CDC definition will likely underestimate health resource utilization.

The Massachusetts state department’s method of using dexamethasone administration alone
as an indicator of hospitalization primarily for COVID-19 had both lower sensitivity and speci-
ficity than the CDC algorithm. This is not surprising, as dexamethasone is only indicated for
moderate-to-severe COVID-19 [3]. As a result, the use of dexamethasone administration to
identify COVID-19 admissions in administrative data missed 40% of hospitalizations identified
by clinicians as having been primarily for COVID-19. As dexamethasone is not exclusively used
to treated COVID-19, it is not surprising that the Massachusetts methods was non-specific.

When estimating the burden of COVID-19 on the health care system, it is possible that add-
ing dexamethasone administration to the CDC algorithm alongside remdesivir may help
improve the performance of the CDC definition, in particular for cases that required supple-
mental oxygen and respiratory support who may not have received remdesivir (Fig 3). Diagno-
ses such as hyponatremia, acute kidney injury or failure to thrive, felt to be COVID-19 related
by clinicians, that were not identified by the CDC discharge diagnosis-based algorithm, would
likely continue to be missed. Interestingly, the CDC algorithm incorrectly attributed many
sepsis cases, for example cases of bacteremia, to COVID-19. Future studies should focus on
uncertain diagnoses, to understand how these hospitalizations could more accurately be classi-
fied by considering other discharge diagnoses, treatments, and diagnostic tests. Alternatively,
algorithmically assigned diagnoses such as sepsis, could be weighted by their likelihood of
being attributable to COVID-19 versus other causes if future studies corroborate our findings.

Our study was not without limitations. As we used retrospectively collected data, our assess-
ments were limited to what was documented in records. We were unable to obtain individual-
level genomic sequencing data, and assigned the sub-variant based on the patient’s admission
date. As a result, we were unable to allocate patients to a subvariant during the transition
period between BA.1 and BA.2, and had few BA.2 patients. Small cells sizes for in-hospital
mortality, Omicron BA.2, and illicit substance use resulted in loss of power during sensitivity
analyses when 163 patients with unknown vaccination status were removed from our regres-
sion models. We were unable to recruit patients in rural settings or outside of British Columbia
which limits the generalizability of our results. Lastly, while no criterion standard currently
exists for the diagnosis of being hospitalized primarily for COVID-19, we were able to demon-
strate excellent inter-rater agreement during each phase of our chart review process, and there-
fore believe that the definitions we propose are robust.
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Conclusion

In this multi-center study during the Omicron wave, half of hospitalizations among SARS--
CoV-2 positive patients were primarily for COVID-19, and associated with greater risk of
poor health outcomes, and more hospital resource utilization compared to hospitalizations
with incidental SARS-CoV-2 infection. Hospital resource utilization was underestimated sub-
stantially by the CDC algorithm; future studies should investigate the impact of adding dexa-
methasone prescription to the CDC algorithm to better isolate SARS-CoV-2 positive patients
hospitalized primarily for COVID-19.
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