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ABSTRACT

Objectives To examine the temporal patterns of patient
characteristics, treatments used and outcomes associated
with COVID-19 in patients who were hospitalised for the
disease between January and 15 November 2020.
Design Observational cohort study.

Setting COVID-19 subset of the Optum deidentified
electronic health records, including more than 1.8 million
patients from across the USA.

Participants There were 51510 hospitalised patients who
met the COVID-19 definition, with 37617 in the laboratory
positive cohort and 13893 in the clinical cohort.

Primary and secondary outcome measures Incident
acute clinical outcomes, including in-hospital all-cause
mortality.

Results Respectively, 48% and 49% of the laboratory
positive and clinical cohorts were women. The 50— 65
age group was the median age group for both cohorts.
The use of antivirals and dexamethasone increased over
time, fivefold and twofold, respectively, while the use

of hydroxychloroquine declined by 98%. Among adult
patients in the laboratory positive cohort, absolute age/
sex standardised incidence proportion for in-hospital
death changed by —0.036 per month (95% CI —0.042 to
—0.031) from March to June 2020, but remained fairly flat
from June to November, 2020 (0.001 (95% CI —0.001 to
0.003), 17.5% (660 deaths /3986 persons) in March and
10.2% (580/5137) in October); in the clinical cohort, the
corresponding changes were —0.024 (95% Cl —0.032 to
—0.015) and 0.011 (95% CI 0.007 0.014), respectively
(14.8% (175/1252) in March, 15.3% (189/1203) in
October). Declines in the cumulative incidence of most
acute clinical outcomes were observed in the laboratory
positive cohort, but not for the clinical cohort.

Conclusion The incidence of adverse clinical outcomes
remains high among COVID-19 patients with clinical
diagnosis only. Patients with COVID-19 entering the
hospital are at elevated risk of adverse outcomes.

8 Kathleen Gondek,®

Strengths and limitations of this study

» The data represents a wide cross-section of hospi-
talised patients with COVID-19 across the USA.

» This study highlights the epidemiology of COVID-19
hospitalisations among patients without a positive
SARS-CoV-2 RNA/antigen test coincident with their
clinical disease.

» The data provided near-real-time availability of rel-
atively rich data on in-hospital interventions, labora-
tory measurements and all-cause mortality.

» The data may not capture a patient’s entire encoun-
ter history, including encounters with providers out-
side the electronic health record network.

» The electronic health records did not include all
information on symptoms and orders made in the
hospital, limiting the ability to report on the use of
some oxygen therapies.

INTRODUCTION
COVID-19, which causes vascular throm-
bosis, an acute respiratory distress syndrome
(ARDS)-like illness, and vascular and neuro-
logical complications, was first reported in
Wuhan, China in December 2019, before
spreading worldwide to become a pandemic.’
Early reports suggest that 5%—-20% of patients
with COVID-19 developed critical illness char-
acterised by a syndrome similar to ARDS.*”
COVID-19 is theorised to compose of an early
viral replication phase followed by an immune
dysregulation phase.'’ It is during the latter
phase that many patients are hospitalised.

As of May 2021, the USA had over 32 million
COVID-19 cases and over 582000 deaths."'
Information on the clinical spectrum of
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severe COVID-19 in the USA has been consistent with
that seen in China and Europe.”*™ A number of these
reports have described the characteristics of patients with
COVID-19 presenting between February and April 2020,
early in the pandemic.

In the first months of the pandemic, several treatment
strategies were tried based on earlier experience with
SARS and MERS. As the understanding of the disease
evolves, and treatments are evaluated in clinical trials, the
most commonly used clinical management strategies are
constantly evolving and changing. Some studies involving
hydroxychloroquine® ™ and lopinavir/ritonavir®?" did
not demonstrate clinical benefit as compared with the
usual standard of care. By September 2021, several ther-
apies had received regulatory approval or emergency
use authorisation including antiviral remdesivir alone,™
remdesivir in combination with baricitinib,29 dexameth-
asone,go tocilizuma convalescent plasrna.34 Close
clinical observation and much trial and error have also
resulted in improvements in the management of patients
admitted to the intensive care unit (ICU).* %

Other authors have described changes in clinical
characteristics and outcomes over time in the USA, and
related those changes to changes in therapy or over-
crowding.”” * To our knowledge, no study to date, has
evaluated the relationship between COVID-19 and the
availability of SARS-CoV-2 RNA/Ag testing. In this paper,
we characterise the clinical course, including clinical
manifestations, disease progression, clinical complica-
tions and outcomes, of adult patients hospitalised with
COVID-19 and explore how these factors differ over time.
Importantly, we distinguish between patients with a posi-
tive SARS-CoV-2 RNA or antigen test and those with only
a clinical diagnosis of COVID-19. We also study how the
changes in outcomes varied with the availability of SARS-
CoV-2 RNA/Ag testing.

31-33
b’

METHODS

Data source

This cohort study used the COVID-19 subset of the
Optum deidentified EHR database.” The database,
which is commercially available as a secondary data
source, contains longitudinal data from dozens of health-
care provider organisations that include more than 700
hospitals and 7000 clinics. Electronic health record data
are sourced from integrated delivery network systems
and ambulatory networks from all 50 US states. All payer
types are represented, including public (Medicare,
Medicaid), commercial, other payor types and uninsured.
Data elements include demographics (age, gender, race,
ethnicity, census division); medications prescribed and
administered; lab results; vital signs and other observ-
able measurements; clinical diagnoses (except symptom
data) and procedures; and death events at a month level,
however, oxygen therapy was not reliably recorded in this
database. There is higher patient representation in this

database from the East North Central, South Atlantic and
West South Central US Census divisions.

Sourced from EHR data, the Optum COVID-19 data-
base may not capture the entirety of patients’ encounter
history among all healthcare systems. The Optum
COVID-19 database® is certified as deidentified by an
independent statistical expert following HIPAA statistical
deidentification rules, and was exempt of IRB approval.
As such, certain data elements, such as death events
and patient location, are available at imprecise levels to
reduce the risk of patient identifiability.

The COVID-19 subset of the Optum database used
in this study includes more than 1.8million patients,
updated and refreshed up to 2weeks prior to delivery.
The end date of the study database was 27 January 2021.
For inclusion into the COVID-19 database, patients must
have a clinical encounter related to COVID-19 (eg, clin-
ical diagnosis or lab test).

Algorithms to define clinical events were developed
to mitigate database limitations. For example, dates on
which patients were known to be physically present and
alive through diagnosis and procedure clinical codes
were used to infer a more precise death date from the
available death month information. This same process
was implemented to obtain more specific durations of
healthcare utilisation (eg, hospitalisation dates and ICU).
All algorithms used to provide more precision in clinical
event identification are described in online supplemental
algorithms 1-4.

Cohort

The study population includes patients 18 years and older
who were hospitalised with COVID-19 clinical diagnoses
and/or positive SARS-CoV-2 tests. Because we have previ-
ously calculated a 6-week lag in death date completeness
in the data* and required at least 4 weeks of observation
for outcomes, we required COVID-19 diagnoses no later
than 10 weeks before the database end date, which is 15
November 2020. Therefore, a COVID-19 diagnosis was
defined as the first occurrence of any of the following
(1) ICD-10-CM code B97.29 or B34.20 occurring on or
before 30 April 2020; (2) positive SARS-CoV-2 RNA or
antigen test between 1 February 2020 and 15 November
2020; (3) ICD-10-CM diagnosis code U07.1, J12.81, J12.89
or J80 between 1 February 2020 and 15 November 2020.
Patients needed to be hospitalised on or within 28 days
after the COVID-19 diagnosis date (online supplemental
figure 1).

Patients were then assigned one of two cohorts: patients
with a positive viral RNA/antigen test (SARS-CoV-2 posi-
tive, referred to as the laboratory positive cohort); or
patients without a positive viral RNA/antigen test within
21 days of the qualifying diagnosis but were included due
to one of the diagnosis codes (clinical diagnosis only,
referred to as the clinical cohort). The clinical cohort
consisted of patients with either no documented SARS-
CoV-2 RNA/antigen test, a negative test, or a positive test
of an unknown test type.
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Patients were excluded for any of the following reasons:
(1) missing age or gender data; (2) continuous hospital-
isation for more than 10 days before the first COVID-19
diagnosis; (3) diagnosis or procedure codes for labour
and delivery during hospitalisation or (4) diagnosis
codes for trauma, injury, fracture or poisoning during
the first 2days of hospitalisation. Among patients with
multiple hospitalisations that met the study criteria, only
the earliest hospitalisation was included in this analysis.
Hospitalised patients may not be included in the data if
their admitting facility is outside the EHR network. There
is no minimum requirement for the length of baseline
period in the database prior to index date.

Index date

For baseline characteristic and treatment analyses, the
index date was defined as the earlier of diagnosis date or
hospital admission date; follow-up started on index date
and ended at the earlier of death date, hospital discharge,
or database end date.

For outcome analyses, the index date was defined as the
hospital admission date; follow-up started on index date
and ended at the earlier of death date, hospital discharge
or 28 days after hospital admission.

Variables of interest and outcomes

Variables of interest included baseline demographics
and comorbidities ascertained between 30 days and 12
months prior to index date; comedications within 12
months prior to index date; outcomes within hospitalisa-
tion and medications administered from index date to
end of hospitalisation. We chose to examine medications
and supplements that were either widely used by clini-
cians*® or were being evaluated in clinical trials* and had
sufficient use in the data. Outcomes included all-cause
mortality; receipt of medications or procedures indicating
severe disease course (ICU admission, extracorporeal
membrane oxygenation (ECMO), mechanical ventilation,
vasopressor usage); indicators of organ-specific manifes-
tations (ARDS or myocarditis) and incident acute clinical
outcomes potentially associated with COVID-19 (heart
or respiratory failure). Outcome-specific exclusions were
applied for chronic conditions to ensure that only inci-
dent outcomes were captured. All study outcomes were
ascertained and assessed individually. We also examined
the distribution of SARS-CoV-2 RNA/antigen test results
(not tested vs negative) in the clinical cohort by index
date month as well as the top 20 discharge codes observed
in the laboratory positive cohort by month.

Data analysis

Continuous outcomes were presented as means, and cate-
gorical outcomes were described with patient numbers,
percentages and proportions. Cumulative incidence of
study outcomes was plotted (1) over time and stratified
by age group and (2) by month (after standardisation for
the age/sex distribution in the entire hospitalised cohort:
performed by modelling the month/laboratory positive

versus clinical interaction as outcome in a multinomial
logistic regression and using the reciprocal of the respec-
tive predicted probabilities as weights in the models for
cumulative incidence). Cumulative incidence was calcu-
lated as the number of events in the follow-up period
divided by the total number of patients in the cohort.
Patients were censored at the database end date. Date of
discharge was treated as a competing risk in estimates of
cumulative incidence of all-cause mortality, whereas dates
of discharge and death were treated as competing risks in
estimates of cumulative incidence for the other studied
outcomes, using the method of Fine and Gray."* * To
evaluate the relationship between cumulative incidence
of death and month, we first plotted the cumulative inci-
dence in each of the two cohorts (laboratory positive and
clinical cohorts) by month. After examining the plot,
we identified a breakpoint and used that as the basis for
generating linear splines. We then estimated a linear
regression model with all-cause mortality as an outcome,
and period-specific linear spline, cohort and the period-
specific linear spline by cohort interaction as predictors,
weighted by the reciprocal of the probability that the
patient’s respective age group—sex is a part of the study
sample as a whole.

To inspect baseline trends over time, patients were strat-
ified by season of index date (January-May, June—-August,
September-15 November). The seasonal breakdown
corresponds with the three US surges in COVID-19 trans-
mission: spring, summer and autumn. Patients were strat-
ified by month of index date and by age group (18-34,
35-49, 50-64, 65-74, 75-84, 85+) in the assessment of
outcomes.

Finally, to explore how changes over time in the weekly
proportion of hospitalised patients tested for SARS-CoV-2
could affect all-cause mortality trends, we estimated
the former among hospitalised patients in the primary
Optum cohort, standardised by the age/sex distribution
in the hospitalised COVID-19 cohort over the duration of
the study. The positivity proportion was based on patients’
RNA/antigen testing status during the time beginning 28
days prior to hospital admission and ending on the earlier
of hospital discharge or 10 days postadmission.

Data processing and characterisation were performed
using SAS V.9.4 (SAS Institute) and R V.4.0.3 (R Core
Team, 2020).

Patient and public involvement
No patient or public involvement in the study as deidenti-
fied patient dataset was used in the analysis.

RESULTS

Of the 585867 patients who met the COVID-19 defini-
tion during the study period, 333967 (57%) were adults
with at least 10 weeks between the index date and the
last database refresh date (online supplemental figure
2). Of these, 61693 were hospitalised, and 51510 (83%)
of the hospitalised patients met the inclusion criteria,
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comprising the study population with 37617 (73%) in
the laboratory positive cohort and 13893 (27%) in the
clinical cohort. Most patients were from the East North
Central and Middle Atlantic divisions in January-May,
the East North Central and South Atlantic divisions in
June—August and the East North Central and West North
Central divisions in September—November (table 1, base-
line medication usage is available in online supplemental
tables 1 and 2). The Mountain and Pacific divisions were
under-represented in the data. The proportion of Cauca-
sians increased over time (laboratory positive: 48%, 58%
and 73%, clinical: 53%, 64% and 73%), whereas the
proportions of African Americans (laboratory positive:
28%, 23% and 12%, clinical: 26%, 18% and 13%) and
Asians (laboratory positive: 4%, 2% and 1%, clinical: 2%,
2% and 1%) decreased. The proportion of patients 18-34
years of age increased between January-May (laboratory
positive: 6.7%, clinical: 8.2%) and June-August (labo-
ratory positive: 10.5%, clinical: 9.9%) before falling in
September—-November (laboratory positive: 6.9%, clin-
ical: 6.7%). The proportion of the clinical cohort without
a documented SARS-CoV-2 RNA/Ag test varied with time,
100% in February, 83.1% in March, 82.5% in April, falling
to 64.0% in June, steadily rising to 81.1% in November
2020 (online supplemental figure 3).

Of the therapies examined, the most common admin-
istered included analgesics/antipyretics, antibiotics, anti-
coagulants and bronchodilators (figures 1 and 2 and
online supplemental table 3). Over a quarter of patients
in the laboratory positive cohort received nutritional
supplementation in each time, with vitamin D being the
most frequently administered. Early use of antibiotics
was observed in the laboratory positive cohort (78% in
January-May) and the clinical cohort (68%). Remde-
sivir in the laboratory positive cohort increased from
4% in January-May to 45% in September—-November,
and the clinical cohort increased from 3% to 27%. In
both cohorts, hydroxychloroquine use decreased from
January-May (laboratory positive 51%; clinical cohort
15%) to less than 1% by September—November. The use
of systemic steroids (particularly dexamethasone) was
greater than 60% in the laboratory positive cohort in all
time frames except January—May. There was increased use
of convalescent plasma over time (0.02% in January-May
and 16% in September—-November in the laboratory posi-
tive cohort), although medical codes for convalescent
plasma only became available in August 2020.

The cumulative risk of all-cause mortality, standardised
by age and sex within 28 days of index date (figure 3),
in the laboratory positive cohort decreased from 17.5%
in March to 15.7% in April and 11.3% in May, and then
remained between 9.6% and 10.8% for the remainder of
the study. The regression analysis of all-cause mortality
trends in this cohort revealed that absolute age/sex
standardised incidence proportion for in-hospital death
changed by —0.036 per month (95% CI -0.042 to —0.031)
0.001 (95% CI -0.001 to 0.003) from March to June
2020, but was 0.001 (95% CI —0.001 to 0.003) from June

to November 2020 (online supplemental figure 4). The
clinical cohort had a mortality cumulative risk of 14.8% in
March; the risk lowered to 8.9%-12.5% in May through
August, then rose again to 16% in September, before
dropping to 15.3% in October and 11.8% in November.
The regression analysis of mortality trends in this cohort
revealed that absolute age/sex standardised incidence
proportion for in-hospital death changed -0.024 per
month (95% CI -0.032 to -0.015) from March to June
2020, but was 0.011 (95% CI 0.007 to 0.014) from June
to November 2020 (online supplemental figure 4). The
pattern of mortality seen in the clinical cohort was fairly
similar to the pattern of mortality for the subset of the
cohort without a documented SARS-CoV-2 RNA/Ag test,
and different from those patients with a documented
negative SARS-CoV-2 RNA/Ag (online supplemental
figure 5). Additional information on cumulative risks for
all outcomes can be found in online supplemental table 4
and online supplemental figures 6-8.

In the laboratory positive cohort, the age-standardised
and sex-standardised cumulative incidence of ARDS
decreased from 19% in March to 6% in August, then
remained between 5% and 6% in September through
mid-November. The clinical cohort had a higher age-
standardised and sex-standardised cumulative incidence
of ARDS in March (26%) and a lower incidence in April
(11%) and May (10%). An increased cumulative inci-
dence of ARDS was observed after June in the clinical
cohort. Similar to ARDS, the cumulative incidence across
several other outcomes declined before September and
became stable after September in the laboratory positive
cohort, including acute respiratory failure, ECMO/inva-
sive mechanical ventilation use, arrhythmia, myocarditis,
venous thromboembolism, ICU admission and acute
heart failure. In the clinical cohort, similar declines
were observed before June, and increases in cumulative
incidence were observed after June for most outcomes
(online supplemental figure 6). The proportion of
patients admitted to the ICU on the day of admission
varied with period (respectively, 10.8%, 6.5% and 6.6%
in January to May, June to August and September to
November for the laboratory positive cohort, and 14.2%,
11.2% and 12.1% for the corresponding periods in the
clinical cohort).

The rise in the proportion of hospitalised patients who
were tested among the cohort of hospitalised patients
from the primary Optum EHR database increased from
3% to 61%, which mirrors the drop in all-cause mortality
among the laboratory positive cohort (figure 4). The
positivity proportion, which began at 11%, peaked in late
March at 36% before dropping over the same timeframe
to 4%. Assessing the most common discharge codes
observed in the laboratory positive cohort, the proportion
of several diagnosis codes related to COVID-19, including
sepsis and pneumonia, decreased over time, whereas a
code for atherosclerotic heart disease increased over the
same time (data not shown). The proportion of patients
with discharge code of COVID-19 (U07.1) varied between
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Laboratory positive cohort Clinical cohort
June- September- January- June- September-
All January-May  August November All May August November
Characteristic (N=37617) (n=12978) (n=11416) (n=13223) (N=13893) (n=7150) (n=3768)  (n=2975)

18-34 7.91 6.66 10.46 6.93 8.34 8.18 9.9 6.72

50-64 29.12 31.35 28.54 27.43 30.5 30.59 30.76 29.98

75-84 16.85 15.16 15.14 19.99 15.13 14.91 13.48 17.75

Gender

Male 52.32 54.9 50.24 51.6 51.02 51.94 49.52 50.69

African American 20.87 27.69 22.87 12.44 20.87 25.76 17.57 13.31

Caucasian 59.55 47.61 57.78 72.8 60.3 52.78 64.46 73.08

BMI

18.5-24.9 16.37 18.36 15.63 15.06 17.63 18.8 16.43 16.37

30-34.9 22.03 22.33 21.79 21.95 19.73 19.36 20.33 19.87

Unknown 6.79 3.23 8.38 8.92 10.54 10.87 10.64 9.65

East North Central 27.08 33.7 20.59 26.19 27.7 24.41 28 35.26

Middle Atlantic 15.98 31.92 6.28 8.7 25.11 36.5 15.9 9.38

New England 6.28 9.86 3.21 5.41 6.88 8.94 5.15 4.13

South Atl/West South Crl  16.93 5.79 32.38 14.52 13.63 10.7 19.19 13.61

Other/unknown 3.28 3.19 3.79 2.93 2.94 2.57 3.48 3.16

Commercial 45.3 51.1 43.1 41.4 45.5 47.6 47.4 38.2

Medicaid 16.2 19.9 17.3 11.7 18.4 221 14.7 14.2

Uninsured 7.0 8.2 9.8 3.3 4.5 4.5 5.9 2.7

Gastrointestinal disorders 36.3 35.28 34.03 39.26 40.42 40.48 38.43 42.79

Breast cancer 1.02 0.92 0.85 1.26 1.25 1.02 1.49 1.48

Lung cancer 0.99 0.76 0.88 1.29 1.79 1.72 1.78 1.95

Leukaemia 0.65 0.65 0.45 0.82 0.73 0.77 0.77 0.61

(3]
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Table 1 Continued

Laboratory positive cohort

Clinical cohort

June- September- January- June- September-
All January-May August November All May August November
Characteristic (N=37617) (n=12978) (n=11416) (n=13223) (N=13893) (n=7150) (n=3768) (n=2975)
Lymphoma 0.6 0.62 0.38 0.78 0.83 0.74 0.82 1.04
Multiple myeloma 0.35 0.41 0.32 0.33 0.37 0.46 0.27 0.3
Haematological 1.43 1.6 1.2 1.47 2.07 2.11 1.91 2.15
neoplasm other
Cardiovascular disease  61.47 63.9 55.97 63.83 63.74 64.39 59.87 67.09
Coronary artery disease  17.22 16.64 14.94 19.77 19.92 20.01 18.5 21.51
Peripheral vascular 6.49 6.45 5.68 7.24 7.48 7.72 6.63 7.97
disease
Cerebrovascular disease  4.79 4.2 4.16 5.91 6.02 6.07 5.5 6.52
Hypertension 58 60.63 52.61 60.07 59.41 60.07 55.73 62.49
Congestive heart failure  13.61 13.59 12.04 14.99 18.98 20.25 16.16 19.5
Atrial fibrillation 12.99 13.3 10.89 14.51 16.04 16.46 14.2 17.38
Chronic kidney disease =~ 19.54 21.02 16.68 20.55 21.05 21.73 18.34 22.86
Chronic dialysis 1.03 1.45 0.9 0.73 1.45 1.61 1.1 1.48
Haemodialysis 0.99 1.43 0.84 0.69 1.39 1.59 1.11 1.24
Peritoneal dialysis 0.07 0.04 0.1 0.08 0.07 0.03 0.03 0.24
Chronic lung disease 21.81 21.32 19.53 24.25 28.94 30.01 26.38 29.58
COPD 13.08 12.27 11.34 15.38 19.5 20.35 17.28 20.27
Pulmonary fibrosis 0.99 0.87 1.02 1.09 1.96 2.46 1.51 1.31
Asthma 10.42 10.7 9.43 11.01 12.16 12.43 11.76 12
Diabetes mellitus 34.17 85151 32.59 34.21 33.17 33.13 31.05 35.93
Type | diabetes 0.26 0.27 0.26 0.23 0.36 0.32 0.48 0.3
Type Il diabetes 33.82 35.17 32.25 33.86 32.74 32.74 30.49 35.56
HIV 0.54 0.79 0.52 0.31 0.86 1.26 0.58 0.27
Liver disease 8.21 8 7.93 8.65 14.59 14.88 14.28 14.29
Major movement or 13.22 16.17 11.19 12.06 13.77 14.64 11.23 14.89
cognitive disorder
(excluding stroke)
Obstructive sleep apnoea 10.75 8.97 9.57 13.52 12.41 11.55 12.45 14.42
Hospitalisation with 11.43 13.32 9.52 11.21 14.42 15.3 11.57 15.93
infection in the past year
Transplant history 0.12 0.18 0.11 0.08 0.23 0.31 0.11 0.2

Proportions of baseline characteristics among SARS-CoV-2 positive (laboratory positive) and clinical diagnosis only (clinical) cohort patients stratified by time
periods. All values are column percentages. Insurance is summarised from the last, non-null clinical encounter during baseline to 7 days after index date.

64.7% and 76.4% from May to November, where discharge
codes were available (18.1% of the study cohort).

DISCUSSION

In the USA, over the first 10 months of the COVID-19
pandemic, we saw an average decline of 52% (range:
38%-74%) in the age-standardised and sex-standardised
incidence of adverse events of COVID-19 in the laboratory
positive cohort that coincided with the increase in wide-
spread availability of SARS-CoV-2 RNA/antigen testing
in the USA, and with the increasing temperatures asso-
ciated with the change in seasons. We also saw a decline
in the age-standardised and sex-standardised incidence
of adverse events of COVID-19 in the clinical cohort that

coincided with summer, but unlike the laboratory posi-
tive cohort, the incidence in adverse events increased in
the autumn. The changes seen in the laboratory positive
cohort are consistent with other recent reports in the
medical literature. '

Others have speculated about reasons for the changes in
the cumulative incidence of in-hospital adverse outcomes
of confirmed COVID-19 admissions, including changes
in treatment pattern,® * *7 5% crowding,™ % changes
in viral characteristics® and the implementation of
non-pharmaceutical interventions (physical distancing,
decreased indoor gathering and the use of facemasks)
in many regions of the USA, > beginning in April
2020. However, few researchers have accounted for the
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Figure 1

changing availability and use of SARS-CoV-2 testing
throughout 2020. Testing was not available before March
2020 and there was increasingly frequent use from May
onward. This widespread use was coincident with a
marked decline in the proportion of patients testing posi-
tive (figure 4). In addition, many hospitals started testing
all or most of their inpatients for SARS-CoV-2 beginning
in late April to May.”” This may have falsely inflated the
denominators, resulting in a consequent fall in event
incidence rates. This inflation of the denominator of the
laboratory positive cohort is less likely to have occurred in
the clinical cohort, among whom the majority of patients
either did not have a documented SARS-CoV-2 RNA/
antigen test result or had a documented negative SARS-
CoV-2 RNA/antigen test result.

Further, the decline in adverse events did not coincide
with increased use of therapies known to be effective
in reducing mortality.*® *® The first publication of dexa-
methasone randomised clinical trial was announced in
the press on June 2020™ and was published in October
2020.%® In our data, dexamethasone use was seen in over
10% of hospitalised patients for the first time in June

3
8

COVID-19 Treatments

40
20 . 12,7.
. 7.7 36 29 1.7 08 02

®
8

Percent of Patients
3

10.7

11.2

® Antivirals
= Azithromycin

® Convalescent Plasma

® Hydroxychloroquine

= Hydroxychloroquine With Zinc
® Remdesivir

= Acetaminophen
= Antibiotics

= Bronchodilators
= Enoxaparin

® Heparin

= Insulin

= NSAIDs

m Systemic Steroids

= Melatonin
® Thiamine

= Vitamin C (Ascorbic Acid)
= Vitamin D

= Zinc

= Budesonide (Systemic)
m Dexamethasone (Systemic)
 Hydrocortisone (Systemic)

u Methylprednisolone (Systemic)
u Other Steroids

= Prednisone (Systemic)

58.2

37 R C2
Sep 2020 - Nov 15 2020

144

COVID-19 treatments in laboratory positive cohort, per period.

2020, and over 50% in July 2020. Prevalence of systemic
steroid use was over 50% in January and February, before
falling to 25%-33% between March and May, then rising
to over 40% in June and was ~60% in July 2020.

We suspect that much of the decline in adverse
effects among the laboratory positive cohort was due to
disease misclassification, in that, although infected with
SARS-CoV-2 virus, many of these patients likely did not
have disease due to SARS-CoV-2 infection (COVID-19
warranting hospitalisation) and among these patients,
we observed declines in the proportion of patients with
discharge codes for severe illnesses. This is somewhat
counterintuitive because this cohort all had positive tests
for SARS-CoV-2. However, many patients with SARS-CoV-2
infection are either asymptomatic or have mild symp-
toms,” and a number of these patients would still need
hospital admission for reasons unrelated to their SARS-
CoV-2 infection. Although we attempted to address this
by excluding patients admitted with trauma or obstetric
conditions, we likely did not exclude all patients who
should have been excluded from the cohort. The fall
in the proportion of these patients admitted to the ICU
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Figure 3 Patient counts and cumulative risk of select
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Figure 4 Positivity and testing proportion, standardised by
age and sex.

and/or treated with invasive mechanical ventilation on
their day of admission supports this hypothesis.

With respect to test results, the clinical cohort was
primarily composed of two groups: (1) patients with at
least one negative SARS-CoV-2 RNA/antigen test either
in the 28 days prior to hospital admission or during the
first 10 days of admission, but no positive test in the
period; (2) no documented SARS-CoV-2 RNA/antigen
test result in the 28 days prior to hospital admission or
during the first 10 days of admission. There were also
some patients who had a positive SARS-CoV-2 related
test result of an unknown test type. Compared with the
laboratory positive cohort, while most baseline character-
istics were similar, the percentage of patients with certain
comorbid conditions in the clinical cohort was higher,
and differences were observed with respect to census
division. Further, the patients in the clinical cohort were
more likely to be admitted to the ICU or treated with inva-
sive mechanical ventilation on the day of admission. It is
possible that some of these patients did not have COVID-
19,°" but we know that SARS-CoV-2 testing is associated
with false negatives,” ® and it is clear that many of the
patients in this cohort were quite ill. It should also be
noted that patients are more likely to have virus shedding
in the early symptomatic phase than in the later immune
dysregulation phase when patients are more likely to
hospitalised.'” ** Although the SARS-CoV-2 RNA PCR may
remain positive after virus shedding has ceased, there is
a correlation.’ Earlier research has suggested that due
to inaccurate testing for COVID-19, a patient suffering
from COVID-19 symptoms coupled with a recent expo-
sure should be diagnosed clinically even in the context of
a negative test.”” Further, some investigators were able to
detect SARS-CoV-2 RNA on bronchoalveolar lavage in up
to 16% of patients negative with nasopharyngeal testing.”’
The pattern of mortality seen in the clinical cohort
seemed to have been primarily driven by the mortality
patterns in the group of patients without a documented
SARS-CoV-2 RNA/Ag test. Although testing was largely
unavailable before mid-March when the pandemic was
still in its early phase, the same cannot be said for later
in the year, particularly after May 2020. We therefore
caution comparing outcomes after April 2020 with those
before then, for the clinical cohort. It is possible that a
subset of these patients was transferred from other facil-
ities (with missing documentation) and thus have worse
prognosis when compared with other patients. It is also
possible that some patients were not tested because they
arrived at hospital already intubated. Given the lower
proportion of patients with Medicaid and/or uninsured
in autumn compared with summer, we do not think that
worse outcomes later in the year was due to patients
coming from lower socioeconomic settings.

The strengths of this research include the study size,
geographical coverage, large size of dataset and longitu-
dinal nature. These data represent a wide cross-section
of hospitalised patients with COVID-19 over the initial
10 months of the COVID-19 pandemic across the USA,
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with a diverse mix of insurance types, socioeconomic
status and demographic factors. The provided data were
relatively rich regarding in-hospital interventions and
laboratory measurements. The availability of in-hospital
mortality data and the nearreal-time availability of the
patient EHRs were advantages of this study.

Limitations

The Optum COVID-19 EHR database may not capture
a patient’s entire encounter history in the healthcare
system. Some patients who have outpatient events may
have hospitalisations that do not appear in the data if the
admitting facility is not included in the EHR network.
Conversely, hospitalised patients with data available may
have outpatient events that do not appear if those facil-
ities were outside of the EHR network. This limitation
likely impacted our assessment of baseline characteristics
and therapies, including the apparently large proportion
of patients who were hospitalised (online supplemental
figure 2). Further, the data did not provide information
on all symptoms, and not all patients had discharge codes
available, as only a subset of provider networks provide
this information. We were unable to ascertain the reasons
for which medications used were prescribed, and there-
fore it may be possible that some therapies may not have
been prescribed to treat COVID-19. Detailed information
on all orders made in hospital were not available to the
study team, and thus we were not able to reliably report
on the use of some oxygen therapies during hospitalisa-
tion, nor were we able to evaluate some ICU management
strategies, such as placing patients in the prone position
to decrease the need for invasive ventilation. With no
ICD-10-CM code specified for COVID-19 available until
30 April 2020 and inconsistent usage of it after its incep-
tion, we used a set of proxy ICD-10-CM codes indicated
for COVID-19 diagnosis early in the pandemic to ensure
sensitivity throughout 2020. The use of these proxy diag-
nosis codes likely reduced specificity of COVID-19 status in
the clinical cohort. Race/ethnicity characterisation in the
database is not well captured and prior studies have iden-
tified shortcomings.67 In the laboratory positive cohort,
lab names and result values for SARS-CoV-2 testing were
not available in a standardised format, so a clinical review
process was needed to ascertain the test type and result.
There was a significant lag in the recording of several
outcome events, which led us to restrict the examina-
tion of the cohort to index dates prior to 15 November
2020, which is minimally 10-week follow-up from database
release date of 27 January 2021. It is important to note
that we did not evaluate the effectiveness of the therapies
used with respect to patient outcomes.

CONCLUSIONS

To our knowledge, this is the first study to highlight
the epidemiology of COVID-19 hospitalisations among
patients without a positive SARS-CoV-2 RNA/antigen
test coincident with their clinical disease. We believe

that these patients have not received the attention that
they deserve, and although we believe that there is some
misclassification, it is important that this topic is a focus
for future research. To our knowledge, it is also the first
study to highlight the likely impact of the inflation of the
denominators with patients infected with SARS-CoV-2, but
without COVID-19 warranting hospitalisation. These find-
ings have important implications, not just for researchers
studying COVID-19, but also for clinicians. COVID-19
remains a major threat, and consistent with the phase of
the illness, it is advisable that clinicians promptly treat
COVID-19 patients, with or without a corresponding posi-
tive SARS-CoV-2 RNA/antigen test. The need to improve
the management and availability of effective therapies
for COVID-19 remains a high priority. The findings from
this study are based on data from the first 10 months of
the COVID-19 pandemic in the USA. While these find-
ings may not be directly generalisable to the future of this
pandemic, they may have implications for any situation
where the criteria for entry into the cohort changes over
time. Future studies should further evaluate the nature
of disease in hospitalised patients with COVID-19 who
are negative on SARS-CoV-2 RNA/antigen testing and
the reasons some patients do not have documentation of
testing. In addition, there should be attempts to distin-
guish between patients admitted because of COVID-19
and patients admitted for other reasons but with a posi-
tive SARS-CoV-2 test.
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