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B

Background

Pandemic preparedness is a priority for the Food and Drug Administration (FDA)’s Center for Biologics
Evaluation and Research (CBER). As part of this effort, CBER’s Biologics Effectiveness and Safety
(BEST) Initiative has undertaken a characterization of electronic health records (EHRs), focusing on their
ability to identify patients with coronavirus disease 2019 (COVID-19) and assess the natural course of
infection to inform active surveillance of the safety and effectiveness of biologics targeting COVID-19.
As of July 22, 2021, there have been over 33 million confirmed cases of COVID-19 in the U.S. since the
start of the pandemic, leading to more than 600,000 documented deaths (Centers for Disease Control
and Prevention, 2021). The FDA Center for Devices and Radiological Health issued emergency
authorizations for two types of diagnostic tests that diagnose infections with the virus that causes COVID19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Food and Drug Administration,
2020). Molecular tests which use nucleic acid amplification test (NAAT) based assays – most frequently
reverse transcription-polymerase chain reaction (RT-PCR) assays to detect viral RNA – are the most
accurate way to confirm a COVID-19 diagnosis and are considered the gold-standard for COVID-19
diagnostic testing. Antigen tests, on the other hand, rely on the detection of viral proteins and may imply
current viral infection. However, antigen tests are typically less sensitive than molecular tests, which is
why current recommendations suggest that negative COVID-19 antigen tests may need to be followed up
by a confirmatory molecular-based test, though this is context-dependent (Centers for Disease Control
and Prevention, 2020).
The test positivity rate is represented by the proportion of conducted tests which are found to be positive.
The methods used to calculate the test positivity rate can differ depending on data availability: it can be
calculated as the number of individuals who tested positive (or the number of tests with positive results)
divided by the total number of individuals tested (or all tests performed, or all tests ordered). The U.S.
healthcare system has provided SARS-CoV-2 tests in different settings, including outpatient clinics,
emergency departments, inpatient settings, public health clinics, and state-run testing sites, capturing an
array of patients with different symptoms, medication profiles, and underlying comorbidities in their
catchment area. EHRs are limited in the SARS-CoV-2 test results that are recorded, and typically only
capture tests done in-house or ordered from a commercial laboratory. Test results from public health
clinics and state-run testing sites may not be recorded in the EHR unless those records are directly sent
back to the provider for recording. Determining the differences in the test positivity rate between these
settings can improve understanding of the characteristics of patients tested and diagnosed with COVID19 across these healthcare settings. In addition, characterizing SARS-CoV-2 testing in EHRs can be used
to facilitate the design of COVID-19 related studies.

C

Objectives

Primary objective: To estimate COVID-19 positivity rates and describe characteristics of individuals
receiving a positive SARS-CoV-2 test among populations who received at least one interpretable SARSCoV-2 NAAT result, in three large EHR databases from the Eastern U.S. This will help improve the
understanding of COVID-19 testing patterns and characteristics of test-positive individuals.
Secondary objective: To describe temporal trends in daily positivity rates using SARS-CoV-2 NAAT
results, and antigen test results.

D

Data Sources

Three main data sources were used for the present analysis:
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•

•

•

E

IBM Explorys is an aggregated EHR database, built through direct connections to an expanding
array of large health system partners. Integrating more than 39 health system partners’ EHR
data, spanning academic centers and community practices, Explorys represents the records of,
on average, about 70 million patients annually. The data available in the Explorys EHR database
are limited to structured data elements that include diagnoses, procedures, immunizations, vital
signs and biometrics, medical/surgical history, laboratory results, implantable devices, patientreported outcomes, as well as inpatient drug administrations and ambulatory prescriptions. In the
last year, most encounters were concentrated in Ohio, Louisiana, Georgia, Florida, and New
York. Explorys is updated weekly, with a 1 to 7-day data lag, dependent on the provider
contributing data to the database.
An Academic Health System which provides care through telemedicine eVisit services,
physician offices, urgent care centers, regional ambulatory care centers, 10 hospitals, and the
region’s largest home health agency in the Eastern United States. The Academic Health System
network provides live EHR data via a Cerner Corporation platform on approximately 6 million
patients from 2010 to present, and about 1.5-2 million active patients annually, on average. The
EHR data available in the Academic Health System encompass structured and unstructured data
elements including diagnoses, procedures, immunizations, vital signs and biometrics,
medical/surgical history, laboratory results, implantable devices, patient-reported outcomes, as
well as on-premises drug administrations and ambulatory prescriptions. The Academic Health
System provides real-time data, with 1-7 days of data processing time on average.
OneFlorida Data Trust is an EHR consortium spanning across the state of Florida. The
OneFlorida Clinical Research Consortium Data Trust is a repository of statewide healthcare data
that is regularly updated. The Data Trust contains patient-level EHR data from public and private
health care systems, including diagnoses, procedures, observations, medications, patient
demographics, and other data elements in both the PCORnet Common Data Model (CDM) and
Observational Medical Outcomes Partnership (OMOP) CDM. Providers are from large integrated
health delivery networks, 13 large hospitals, and ambulatory care and primary care facilities. In
total, the Data Trust contains EHR data for approximately 6 million Floridians or 75% of Floridians
from 2012 to present, with about 2-3 million patients annually on average. This study used
OneFlorida’s PCORnet CDM, which is updated quarterly, with up to 4 months lag for data
processing and linkage across the OneFlorida network.

Term Definitions
•

Interpretable test results: These are non-null results indicating the presence or absence of
SARS-CoV-2 ribonucleic acid (RNA) or antigens above or below the specified threshold of the
test, respectively (i.e., positive or negative results). Uninterpretable test result records mainly
include result records without a value in the result (i.e., an erroneous or duplicate null test result
record), result entries that indicate that the test was not performed, inconclusive results due to
faulty samples, or otherwise non-positive or non-negative duplicate results that include a note to
refer to a different valid test result record. Such uninterpretable test results represent about 2–3%
of all COVID-19 test result records and will not be considered in the test positivity denominator for
this study as they artificially deflate the positivity rate.
o In aggregated EHR data sources like IBM Explorys, test orders are not directly linked to
results at the record level. Instead, test orders are recorded as procedures, and results
are recorded as observations separately in separate tables with separate identifiers. In
such data sources, only a subset of test results has test orders in the preceding 14 days
before the results are recorded. Test orders can also lack result records due to multiple
possible reasons:
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•
•
•

•

F
F1

Test orders may not have been filled or sent to the lab
The commercial lab did not fulfill the test order
The test order was meant as a prescription to the patient to seek a test outside of
the provider network
• Test results from non-commercial labs, such as drive-through tests, or
community clinics are not recorded in the EHR, and may only be
reported as patient-reported notes in unstructured data
• Thus, a test positivity denominator based on test orders would be
incomplete and uninformative.
Positivity rate: Positivity rate is defined as the proportion of patients with a positive SARS-CoV-2
NAAT result, among those who received at least one interpretable SARS-CoV-2 NAAT result,
identified by Logical Observation Identifiers Names and Codes (LOINC) codes in Appendix B. A
similar analysis will be conducted with SARS-CoV-2 antigen tests, identified by LOINC codes in
Appendix C. As of April 2020, the Academic Health System’s Cerner EHR system and IBM
Explorys map COVID-19 test results in real-time in the EHR systems. As such, historic test
results recorded prior to April were mapped to LOINC, and tests performed after April were
mapped to LOINC coding in real-time when they are recorded in the system. All SARS-CoV-2 test
results can be queried using LOINC codes.

Methods
Population and study period

The primary study population was comprised of individuals who received at least one interpretable SARSCoV-2 NAAT result during the study period of February 5–November 30, 2020. This starting date was
selected as it was the first day that the FDA approved a NAAT test for diagnosis of COVID-19. i

F2

Test–level analysis

The analysis was conducted in each of the three EHR databases. The total number of interpretable
NAATs conducted (testing volumes) was summarized overall and by healthcare setting. The healthcare
settings were categorized into meaningful groups for reporting purposes. NAAT results were identified
using LOINC categories (Appendix B). To understand the lag between testing and results, the number of
days between the test order and test results were summarized using the median and the 5th and 95th
percentiles, overall, by healthcare setting and by calendar month. In the aggregated EHR system
(Explorys), test results and test orders were not directly linked at the test level. To overcome this
limitation, investigators searched for test orders from the date of the test result, up to and including 45
days preceding the test result date, which represented the upper 99th percentile of the range for this
indicator.
Covariates
Testing volumes were stratified by age group (0–17, 18–44, 45–64, 65–74, and 75 years and older).

i
https://www.fda.gov/news-events/press-announcements/fda-takes-significant-step-coronavirus-response-efforts-issues-emergencyuse-authorization-first
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F3

Patient-level analysis

The analysis was conducted in each of the three EHR databases. The test positivity rate was calculated
from the number of patients with a positive SARS-CoV-2 NAAT result among those who received at least
one interpretable SARS-CoV-2 NAAT, with the patient as the unit of analysis. The positivity rates were
stratified by the healthcare setting of the test order (where available) and the patient’s baseline
demographics and comorbidities. To better understand the characteristics of the patient population that
each EHR network serves, we extracted demographic and comorbidity data for patients who had at least
one healthcare encounter rather than a COVID-19 NAAT within the study period. Demographic
characteristics and comorbidity conditions were compared in this population to patients with at least one
interpretable COVID-19 NAAT and patients with at least one positive COVID-19 NAAT.
Individuals could receive more than one test throughout the study period, and from different healthcare
encounters. The total number of tests, the distribution of the number of tests per patient, and the
distribution of time intervals between tests per patient among those with more than one test were
reported. As a result of a few large outliers (in the number of tests and distribution of time between tests),
mean values for these indicators were skewed right. Therefore, medians, and 5th and 95th percentiles
were used to describe the range of values for each indicator. Interquartile range was not used because it
did not differentiate distribution differences.

Covariates
In order to characterize the patient population, demographics including sex (male, female, unknown), age
groups (0–17, 18–44, 45–64, 65–74, and 75+ years of age), race (Asian/Pacific, Black/African American,
Caucasian/White, Other, Unknown), ethnicity (Hispanic, Non-Hispanic, Unknown) and baseline
comorbidities were computed. Race and ethnicity are self-reported by patients in each database. Patients
may self-identify in more than one category, and there is often inherent uncertainty and missingness in
the data for these indicators. As a quantitative bias analysis, test positivity rates were stratified by race,
with the patients that identified as ‘Other’ or ‘Unknown’ added to the numerator and denominator of each
of the other race groups.
Comorbidities were characterized using the Charlson Comorbidity Index (CCI). These clinical concepts
were mapped to ICD-10-CM and SNOMED codes (refer to Appendix D). For hospitalized patients, the
prevalence of comorbidities was determined using a lookback period defined as 365 days to 14 days prior
to the patient’s first inpatient admission date, or — if the patient was not hospitalized — the lookback
period was defined as 365 to 14 days prior to the patient’s first interpretable NAAT. Ending the lookback
period 14 days prior to inpatient admission for hospitalized patients or the first interpretable test for nonhospitalized patients, respectively, was done to exclude conditions that may be associated with COVID19 symptoms from the baseline comorbidities.
To understand a tested patient’s healthcare utilization, hospitalization rates and emergency room
admission rates were assessed. Hospitalization status was determined by identifying an inpatient
admission within ±14 days from the date of their first positive NAAT. Hospitalization rates were computed
overall for each EHR database and stratified by age, sex, race, and ethnicity. Emergency room admission
was identified by capturing patients that were admitted to an emergency room within ±14 days from the
date of their first positive NAAT. Patients who were hospitalized could also have been admitted to an
emergency room, and vice versa; thus these groups are not mutually exclusive. For patients who were
hospitalized, the median number of tests per patient prior to or at hospital admission, the median number
of tests per patient after hospital admission, and the distribution of time (in median days) between tests
among hospitalized patients with more than one test were also computed.
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Secondary patient–level analyses
In order to determine diagnostic coding practices for COVID-19, the number of tested patients that
received the B97.29 ICD-10-CM COVID-19 diagnosis code before April 1, 2020 and the number of
patients that received the U07.1 ICD-10-CM COVID-19 diagnosis code on or after April 1, 2020 were
extracted from each EHR system. For hospitalized patients, the diagnosis code was captured within ±14
days around their first inpatient admission date, and within ±14 days around the patient’s first
interpretable NAAT for non-hospitalized patients.

F4

Temporal trends

Testing volumes and test positivity rates were computed over the study period, overall and by age groups
(0–17, 18–44, 45–64, 65–74, and 75 years and older). The test positivity trends were displayed as 7-day
moving averages to smooth fluctuations in daily counts that may be due to testing conditions unrelated to
the pandemic. The test positivity 7-day moving average was calculated by dividing the sum of the number
of test-positive patients for each day and the preceding six days in the study period by the sum of the
number of patients with an interpretable test result for each day and the preceding 6 days in the study
period. In this way, the moving average accounts for daily testing volume fluctuations. Only interpretable
test results were included in the denominator because not all test orders have test results available, and
non-interpretable test results (representing 2% of all test results observed in a feasibility assessment)
may be duplicate test records or erroneously entered.
As a secondary analysis, testing volumes and test positivity rates for persons receiving at least one
SARS-CoV-2 interpretable antigen test (see Appendix B for full list of LOINCs), were computed overall
and by age group. These were compared to those receiving at least one interpretable NAAT. This
supplemental analysis was conducted using data from the Academic Health System, as the provider
networks contributing to Explorys did not report any COVID-19 antigen tests, while those providing data
to OneFlorida inconsistently reported antigen tests over the study period.

G

Results

G1

Test-level results

Between February 5 and November 30, 2020, there were 1,303,953, 232,044, and 534,525 interpretable
NAATs recorded in Explorys, the Academic Health System, and OneFlorida, respectively (Table 1A). The
tests were most frequently conducted in outpatient care settings across each EHR network:
•
•
•

In Explorys, 68% of tests occurred in outpatient hospital or non-hospital outpatient clinic settings.
In the Academic Health System, 46% of tests occurred in non-hospital outpatient clinic settings.
In OneFlorida, 52% of tests occurred in outpatient hospital or non-hospital outpatient clinic
settings.

The median number of days between a test order and test result was one day in both Explorys and
OneFlorida, and 0 days (i.e. within <24 hours) in the Academic Health System. In Explorys, 95% of the
test orders had a test result within 10 days of a test order, compared to 4 days in the Academic Health
System, and 1 day in OneFlorida (Table 1A). The distribution of time between test order and test result
varied by healthcare setting (Table 1A) and month (Table 1B). The median number of days between a
test order and test result was highest in long–term care facilities (10 days), compared to other settings in
Explorys (0–2 days). In November 2020, the upper 95th percentile estimates ranged from 1 day
(OneFlorida) to 14 days (Explorys), which was the longest lag period between test orders and test results
across the study period for each of the EHR databases.
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Table 1A. Distribution of number of tests and median days between test order and result by data source
and setting, February 5–November 30, 2020
Care Setting of
Test Order

Overall

Tests, n

1,303,953

Outpatient/Clinic
Telehealthb
Inpatient
Emergency
Long–term Care
Unknown

889,802
249,918
75,297
67,564
1,770
33,665

Overall
Clinicc
Inpatient
Outpatient
Emergency
Observation
Long-term Care
Other
Unknown

232,044
107,543
65,131
25,412
24,088
9,836
20
5
9

Overall
Outpatient/Clinic
Inpatient
Emergency
Observation
Long-term Care
Other
Unknown

534,525
277,108
144,156
55,822
11,195
512
1,978
46,000

Proportion of all test
orders, %

Explorys
100%
68.2%
19.2%
5.8%
5.2%
0.1%
2.6%
An Academic Health System
100%
46.3%
28.1%
11.0%
10.4%
4.2%
0.009%
0.002%
0.004%
OneFlorida
100.0%
51.8%
27.0%
10.4%
2.1%
0.1%
0.4%
8.6%

Days between test
order and test result,
Median
(5th–95th percentiles)a
1 (0–10)
1 (0–9)
2 (0–17)
0 (0–1)
0 (0–3)
10 (0–39)
1 (0–14)
0 (0–4)
1 (0–6)
0 (0–1)
0 (0–3)
0 (0–4)
0 (0–1)
0 (0–0)
1 (0–1)
1 (0–23)
1 (0–1)
1 (0–1)
0 (0–1)
0 (0–1)
0 (0–0)
0 (0–0)
0 (0–0)
0 (0–1)

a

A single test order record can be linked to multiple encounters, and thus multiple care settings. Therefore, the sum of tests by
care setting (Table 1A) will be greater than the sum of unique tests (Table 1B). The care setting(s) recorded on the associated
encounter(s) linked to each test record are reflected.
b
Explorys has Telemedicine available as a separate care setting, whereas other EHR networks did not.
c
The Academic Health System has the non-hospital clinic setting (“clinic”) available as a separate care setting, whereas other
EHR networks combined that category with the hospital outpatient care setting.

10

Characterization of COVID-19 Test Positivity in EHR Data
July 2021

Table 1B. Distribution of number of tests and median days between test order and result by data source
and month, February 5–November 30, 2020
Explorysb

Month
Overalla
March
April
May
June
July
August
September
October
November

Tests, n
830,182
17,411

Median number
of days
(5th–95th
percentiles)
1 (0–10)
2 (0–11)

58,399
93,014
103,972
138,247
116,968
96,009
98,053
108,079

1 (0–12)
1 (0–7)
1 (0–7)
1 (0–8)
1 (0–8)
1 (0–13)
1 (0–13)
1 (0–14)

An Academic Health
System
Median number
of days
Tests, n
(5th–95th
percentiles)
232,044
0 (0–4)
4,935
2 (0–10)
15,562
17,199
20,565
28,606
33,038
31,512
34,030
46,597

0 (0–6)
0 (0–2)
0 (0–3)
0 (0–5)
1 (0–3)
0 (0–3)
0 (0–3)
1 (0–4)

OneFlorida

Tests, n
534,525
8,861
36,824
44,495
64,154
76,435
65,665
68,712
88,089
81,290

Median number
of days
(5th–95th
percentiles)
1 (0–1)
1 (0–2)
1 (0–1)
1 (0–2)
1 (0–1)
1 (0–1)
0 (0–1)
1 (0–1)
1 (0–1)
1 (0–1)

a

A single test order record can be linked to multiple encounters, and thus multiple care settings. Therefore, the sum of tests by care
setting (Table 1A) will be greater than the sum of unique tests (Table 1B).
b
Measures in this table referencing test orders in Explorys are based on 830,182 out of 1,303,953 total interpretable test results that have
a test order found in the preceding 45 days of a test result. This is due to test result and test order records not being directly linked at the
test-level in Explorys.

G2

Patient–level results

Between February 5 and November 30, 2020, there were 754,926, 170,965, and 358,126 unique patients
with interpretable SARS-CoV-2 NAAT results in Explorys, the Academic Health System, and OneFlorida,
respectively. Across the three databases, the largest proportion of tested patients were between 18 and
44 years old (34–41%), females made up the majority of all tested patients (56–58%), and the plurality of
patients identified themselves as ‘Caucasian/White’ (44–67%) (Table 2). Among tested patients, 23%,
26%, and 35% in OneFlorida, the Academic Health System, and Explorys, respectively, had at least one
comorbidity listed in the CCI during the baseline period of 365 days to 14 days prior to a patient’s first
positive test. The most common comorbidities across the three databases were chronic obstructive
pulmonary disease (COPD), which occurred in 7–17% of tested patients, diabetes (8–12% of tested
patients), and chronic renal failure (5–8% of tested patients). Compared to the population within each
EHR system that had at least one healthcare encounter during the study period, a higher proportion of
those who had a positive COVID NAAT was over the age of 18, male (particularly prominent in the
Academic Health System and OneFlorida), and self-identified as Black/African American (particularly in
the Academic Health System), or Hispanic (particularly in Explorys) (Appendix A).
The median number of tests per patient was similar for each of the three databases: Explorys (1 test, 5th –
95th percentile: 1–4), the Academic Health System (1 test, 5th–95th percentile: 1–3), and OneFlorida (1
test, 5th–95th percentile: 1–3). Among patients with more than one test result, the median number of days
between tests was lowest in Explorys (0 days; 5th–95th percentile: 0–60 days) compared to OneFlorida
(median: 1 day; 5th–95th percentile: 0–85 days) and the Academic Health System (8 days; 5th–95th
percentile: 0–120 days) (not provided in a table).
The test positivity rate ranged from 8.0% in the Academic Health System to 13.0% in Explorys (Table 2).
The test positivity rate was similar for males and females, but differed by age group, race, and ethnicity.
The test positivity rate was highest among those 18–44 years old in Explorys and OneFlorida (15.0% and
11.5%, respectively), while, in the Academic Health System, test positivity was highest among those 45–
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64 (8.4%) and 75 years and older (8.4%). Across all three EHR databases, those identifying as Hispanic
had the highest test positivity rate (14.9–20.7%).The prevalence of comorbidities among test-positive
patients was similar to that among tested patients overall: the most common were COPD (5–14%),
diabetes (7–12%), and chronic renal failure (4–7%) (supplemental table A1). Among patients with
comorbidities, the test positivity rate was highest for individuals with dementia (12.4–15.4%), diabetes
(8.0–12.7%), Acquired immunodeficiency syndrome (AIDS) (6.2–11.8%), paralysis (7.2–10.8%), and
COPD (6.4–11.1%) (Table 2).
Table 2. Demographics, comorbidities, and test positivity rates for persons with at least one non–null
NAAT, by EHR database, February 5–November 30, 2020
Explorys
Indicator

Persons with
non–null NAAT,
n (% total)
754,926

Test
Positivity
Rate, %
13.0

Database
An Academic Health System
Persons with
Test
non–null NAAT, Positivity
n (% total)
Rate, %
170,965
8.0

Total Patients
Age (Years)a
Mean (SD)b
48.1 (21.8)
N/A
47.9 (20.8)
Median (IQR)c
50 (31,65)
N/A
48 (31,64)
0–17
61,741 (8.2)
10.4
8,879 (5.2)
18–44
266,189 (35.3)
15.0
70,458 (41.2)
45–64
225,688 (29.9)
13.8
51,724 (30.3)
65–74
110,972 (14.7)
10.1
22,197 (13.0)
75+
88,135 (11.7)
10.7
17,707 (10.4)
Unknown
2,201 (0.3)
7.7
0
Sexa
Male
324,309 (43.0)
13.4
72,236 (42.3)
Female
430,316 (57.0)
12.7
98,650 (57.7)
Unknown
301 (0.0)
9.6
79 (0.0)
Racea,d
American Indian
N/A
N/A
353 (0.2)
or Alaska Native
Asian/Pacific
8,250 (1.1)
14.7
2,713 (1.6)
Islander
Black/African
182,682 (24.2)
14.7
63,085 (36.9)
American
Caucasian/
503,362 (66.7)
12.5
75,154 (44.0)
White
Other
18,256 (2.4)
17.7
11,732 (6.9)
Unknown
46,713 (6.2)
10.2
17,928 (10.5)
Ethnicitya
Hispanic
39,556 (5.2)
20.7
4,657 (2.7)
Non–Hispanic
347,228 (46.0)
13.6
147,258 (86.1)
Unknown
368,962 (48.9)
11.7
19,050 (11.1)
Baseline Comorbidities (Charlson Comorbidity Index Component)e
COPD
126,099 (16.7)
11.1
15,644 (9.2)
Diabetes
90,328 (12.0)
12.7
16,609 (9.7)
Chronic Renal
62,044 (8.2)
10.4
9,816 (5.7)
Failure
Any Malignancy
55,176 (7.3)
8.8
8,169 (4.8)
Diabetes w/
53,551 (7.1)
12.1
7,336 (4.3)
Sequelae
Peripheral
47,142 (6.2)
9.0
8,272 (4.8)
Vascular
Disease
Congestive
43,240 (5.7)
9.9
8,947 (5.2)
Heart Failure

OneFlorida
Persons with
Test
non–null NAAT, Positivity
n (% total)
Rate, %
358,126
8.9

N/A
N/A
5.4
8.1
8.4
7.3
8.4
0.0

48.3 (22.4)
51 (31,66)
32,286 (9.0)
121,398 (33.9)
108,367 (30.3)
54,394 (15.2)
41,681 (11.6)
0

N/A
N/A
7.4
11.5
8.7
6.2
7.0
0.0

8.6
7.6
3.8

158,345 (44.2)
199,294 (55.6)
487 (0.1)

9.5
8.5
3.9

11.3

445 (0.1)

9.9

5.9

6,054 (1.7)

7.0

10.5

58,408 (16.3)

12.2

4.3

168,678 (47.1)

7.2

18.2
8.1

86,778 (24.2)
37,763 (10.5)

9.8
9.8

19.6
7.2
10.9

57,507 (16.1)
200,823 (56.1)
99,796 (27.9)

14.9
7.7
8.1

6.3
8.6
8.5

26,214 (7.3)
27,708 (7.7)
16,245 (4.5)

6.4
8.0
7.0

4.0
8.9

22,154 (6.2)
13,779 (3.8)

3.9
7.4

6.0

11,979 (3.3)

5.8

7.2

15,371 (4.3)

6.3
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Explorys
Indicator

Cerebrovascular
Disease
Various
Cirrhodites
Myocardial
Infarction
Rheumatitis
Dementia
Ulcers
Metastatic Solid
Tumor
Paralysis
ModerateSevere Liver
Disease
AIDS
Patients with >1
comorbidity
Patients with >2
comorbidities

Database
An Academic Health System
Persons with
Test
non–null NAAT, Positivity
n (% total)
Rate, %
5,345 (3.1)
7.4

OneFlorida
Persons with
Test
non–null NAAT, Positivity
n (% total)
Rate, %
9,095 (2.5)
6.5

Persons with
non–null NAAT,
n (% total)
33,860 (4.5)

Test
Positivity
Rate, %
9.7

28,297 (3.7)

9.1

4,822 (2.8)

5.2

10,181 (2.8)

4.9

15,737 (2.1)

9.1

3,795 (2.2)

6.7

6,416 (1.8)

4.9

14,750 (2.0)
12,675 (1.7)
10,450 (1.4)
10,305 (1.4)

10.4
15.4
8.7
6.8

2,044 (1.2)
2,436 (1.4)
1,301 (0.8)
2,146 (1.3)

5.6
12.4
5.5
3.1

3,974 (1.1)
4,104 (1.1)
2,369 (0.7)
6,023 (1.7)

6.5
12.4
4.7
3.6

6,848 (0.9)
4,702 (0.6)

10.8
7.2

1,103 (0.6)
975 (0.6)

9.5
5.1

2,241 (0.6)
1,984 (0.6)

7.2
3.8

1,595 (0.2)
267,889 (35.5)

11.8
11.6

1,078 (0.6)
43,763 (25.6)

9.1
6.9

1,284 (0.4)
82,369 (23.0)

6.2
6.3

68,828 (9.1)

11.6

36,723 (21.5)

6.9

74,203 (20.7)

6.2

a

Measured at time of first observed NAAT in the study period.
SD: Standard deviation.
c
IQR: Interquartile range (25th percentile, 75th percentile).
d
Persons in Explorys may self-identify as multiple races. Therefore, the sum of percentages may be greater than 100%.
e
Measured in the period between -14 and -379 days before the first observed SARS-CoV-2 NAAT in the study period. Persons may
have multiple comorbidities. Therefore, the sum of percentages may be greater than 100%.
N/A – not available/not applicable.
b

Hospitalization within 14 days of a positive COVID NAAT ranged from 24% in Explorys to 33% in the
Academic Health System (Table 3). While the proportion of cases admitted to an emergency department
within 14 days of a positive COVID-19 NAAT was 12% in Explorys, 29% in the Academic Health System,
and 33% in OneFlorida (not provided in a table).
Among test-positive patients, men were hospitalized more frequently than women in all three databases
(Table 3). Those over the age of 75 had the highest hospitalization rates, with over two thirds of testpositive patients over the age of 45 being hospitalized across the three databases (Table 3). The most
common comorbidities among test-positive hospitalized patients were similar to the overall tested
population, but they were more prevalent than among the overall tested population: COPD (7–21%),
diabetes (15–20%), and chronic renal failure (9–15%) (not provided in a table).
There was a median of 1 test per patient conducted prior to or at hospitalization across each of the three
EHRs. However, the range of the number of tests received was highest in Explorys (5th–95th percentile:
1–4 tests), compared to OneFlorida (5th–95th percentile: 1–3 tests) and the Academic Health System (5th–
95th percentile: 1–2 tests). The median days between tests was lowest for OneFlorida (0 days, 5th–95th
percentile: 0–13 days) and Explorys (0 days, 5th–95th percentile: 0–27 days), compared to the Academic
Health System (3 days, 5th–95th percentile: 0–93 days). The median number of tests following hospital
admission was also 1 test for each of the three EHR databases. Explorys had the highest upper range of
tests conducted (5th–95th percentile: 1–5 tests) compared to both OneFlorida (5th–95th percentile: 1–4
tests) and the Academic Health System (5th–95th percentile: 1–4 tests). The median number of days
between tests, among patients with multiple tests, ranged from 1 day (5th–95th percentile: 0–12 days) in
OneFlorida to 4 days (5th–95th percentile: 0–82 days) in the Academic Health System (not provided in a
table).
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Results from a quantitative bias analysis – whereby those who identified as ‘Other’ or with an ‘Unknown’
race were added to the numerator and dominator of each other race category – resulted in higher test
positivity rates among individuals identifying as Asian/Pacific Islanders in the Academic Health System
(from 6% to 12%) and in OneFlorida (from 7% to 10%). However, no single race or ethnicity category
stood out as having the highest hospitalization rate across all three databases (as well as in the
quantitative bias analysis).
Since April 1, 2020, 56.4% (70.4% hospitalized), 57.3% (84.7% hospitalized), and 75.6% (90.2%
hospitalized) of test-positive patients received a COVID-19 diagnosis (ICD-10-CM code U07.1) within ±14
days of their first positive test in Explorys, the Academic Health System, and OneFlorida, respectively.
This could be explained by the fact that ICD-10-CM diagnosis codes are typically used for billing
purposes, whereas their use in clinical records in EHRs is not necessarily as widespread. If the clinical
record has a positive test result recorded, a U07.1 ICD-10-CM diagnosis may be seen as redundant
information by the health professional maintaining the record. However, in comparison to clinical EHR
records, administrative billing records do not contain test result information, so U07.1 ICD-10-CM
diagnoses must be used in billing records to capture the diagnostic status of a patient in the absence of
test results.
Table 3. Hospitalization rates among test–positive patients by key demographics, February 5–November
30, 2020
Explorys
Indicator

Total Patients
Age (Years)b
Mean (SD)c
Median (IQR)d
0–17
18–44
45–64
65–74
75+
Unknown
Sex b
Male
Female
Unknown
Raceb,e
American Indian or
Alaska Native
Asian/Pacific Islander
Black/African American
Caucasian/White
Other
Unknown
Ethnicityb
Hispanic
Non-Hispanic
Unknown

Patients with a
positive NAAT,
n (% total)
98,436 (100.0)

Hosp.
rate %a
24.2

Database
An Academic Health
System
Patients with a
Hosp.
positive NAAT,
rate %a
n (% total)
13,650 (100.0)
33.1

OneFlorida
Patients with a
positive NAAT,
n (% total)
32,025 (100.0)

Hosp.
rate %a
26.7

46.4 (20.6)
46 (30,62)
6,447 (6.5)
40,031 (40.7)
31,068 (31.6)
11,251 (11.4)
9,470 (9.6)
169 (0.2)

N/A
N/A
10.4
17.4
24.8
35.5
46.7
39.6

48.6 (20.1)
48 (32,63)
482 (3.5)
5,718 (41.9)
4,352 (31.9)
1,618 (11.9)
1,480 (10.8)
0

N/A
N/A
2.3
16.5
36.8
57.5
69.7

45.0 (21.2)
44 (28,61)
2,404 (7.5)
13,969 (43.6)
9,383 (29.3)
3,355 (10.5)
2,914 (9.1)
0

N/A
N/A
6.4
13.6
32.0
47.2
65.2

43,599 (44.3)
54,808 (55.7)
29 (0.0)

26.6
22.3
3.4

6,193 (45.4)
7,454 (54.6)
3 (0.0)

36.7
30.1
0.0

15,056 (47.0)
16,950 (52.9)
19 (0.1)

28.4
25.1
0.0

N/A

N/A

40 (0.2)

25.0

44 (0.1)

22.7

1,213 (1.2)
26,778 (27.2)
63,125 (64.1)
3,240 (3.3)
4,788 (4.9)

25.9
31.6
21.5
39.3
10.9

161 (1.2)
6,603 (48.4)
3,258 (23.9)
2,131 (15.6)
1,457 (10.7)

34.2
39.7
25.8
41.5
7.3

421 (1.3)
7,145 (22.3)
12,225 (38.2)
8,502 (26.5)
3,688 (11.5)

34.2
34.1
31.1
23.2
4.7

8,206 (8.3)
47,250 (48.0)
43,106 (43.8)

31.2
32.9
13.4

911 (6.7)
10,663 (78.1)
2,076 (15.2)

41.2
33.8
25.8

8,568 (26.8)
15,379 (48.0)
8,078 (25.2)

30.3
34.4
8.0

a

Hospitalization rate is estimated among patients with a positive NAAT who were hospitalized within ±14 days of a positive NAAT
result.
b
Measured at time of first observed NAAT in the study period.
c
SD: Standard deviation.
d
IQR: Interquartile range (25th percentile, 75th percentile).
e
“American Indian or Alaska Native” is listed as ‘N/A’, not available, for Explorys because it is not a defined race category in the
system. Patients in Explorys may self-identify as multiple races. Therefore, the sum of percentages may be greater than 100%.
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Temporal Trends
Weekly trends in testing volumes and test positivity rates can be seen in Figure 1. In Explorys, the testing
volume (7-day moving average) peaked in July 2020 with approximately 6,500 tests conducted per week,
and again in November 2020 (over 9,000 weekly tests). In the Academic Health System, the testing
volume only peaked in November 2020 (over 2,000 weekly tests). Testing volumes fluctuated in
OneFlorida, with one peak in July 2020 (2,700 weekly tests) and another in October 2020 (2,500 weekly
tests).
Monthly trends in test positivity rates followed similar patterns in both Explorys and the Academic Health
System, although the rate was generally higher in Explorys. In both systems, the test positivity rate
peaked in early-to-mid-March (20–35%), then dipped before steadily increasing again to produce a
second peak in early-to-mid-April (25–35%). As testing volumes increased into the summer months, the
test positivity rates in both Explorys (Figure 1A) and the Academic Health System (Figure 1B) decreased
steadily until the end of June 2020 (reaching a low of 2–7%). A third, smaller peak, occurred in mid-to-late
July (12–18% in Explorys; 5–10% in the Academic Health System), followed by another decrease until
the fall, where positivity rates began to rise again and reached a fourth peak at the end of November
(26% in Explorys, 8% in the Academic Health System). Conversely, in OneFlorida (Figure 1C), the test
positivity rate only reached 8% in early March, dropping to below 4% until the beginning of June, when it
began to rise, reaching a peak of 18–20% in the middle of July. The test positivity rates in OneFlorida
decreased, hovering below 5% in the fall months before rising again to 7% in November.
Figure 1. Testing volume and test positivity rate (7–day moving average) by data source: A) Explorys, B)
the Academic Health System, C) OneFlorida
A) Explorys
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B) An Academic Health System
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Figure 2 contains testing volumes and test positivity rates by age group. The largest proportion of tests
occurred among adults aged 18 – 44 years old in all three databases (with slight fluctuations over time
and some instances when adults aged 45 – 64 years had more tests conducted).
The age group-specific test positivity rates were not estimated in March 2020, primarily due to the low
number of tests conducted and unstable rates. Starting in April 2020, the test positivity trends by age
group followed similar trends in both Explorys (Figure 2A) and the Academic Health System (Figure 2B).
Test positivity peaked in mid-April 2020 for individuals 18–44 years old (25–30%), 45–64 (27–35%), 65–
74 (25–35%), and 75 years and older (27–35%). This was significantly higher than the test positivity rate
among those under the age of 18 during the same time period (2–11%). The test positivity rate then
dropped steadily for all age groups over 18, reaching below 10% in June 2020. It hovered between 5%
and 10% for those younger than 18 years of age. In July and August, there was a rise in the test positivity
rate for all age groups, reaching 10–15% for those 18 years and younger, 8–20% among those 18–44
years old, 5–15% among those 45–64 years old, 4–12% among adults aged 65 to 74 years and 5–10%
among those 75 years and older. This rise was more pronounced in Explorys than in the Academic
Health System. The test positivity rate decreased for all age groups until the beginning of October, when
they began to rise again, reaching 7–24% among those younger than 18 years old, 8–25% among those
18–44 years old, 8–29% among those 45–64 years old, 9–25% among those 65–74 years old, and 11–
25% among those 75 years and older.
In OneFlorida (Figure 2C) the test positivity trend peaked at the end of June or early July 2020 for all five
age groups, reaching 15% among those younger than 18 years old, 24% among those 18–44 years old,
19% among those 45–64 years old, 15% among those 65–74 years old, and 19% among those 75 years
and older. Following the summer peak, the test positivity rates decreased steadily for all age groups until
the beginning of November, when they began to rise again, though the rates for all age groups remained
below 10%.
Figure 2. Testing volume and test positivity rate (7–day moving average), by age group and data source:
A) Explorys, B) the Academic Health System, C) OneFlorida
A) Explorys
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ii) Test Positivity Rate
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ii) Test Positivity Rate
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ii) Test Positivity Rates
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Results from the secondary analysis using antigen tests are in Figure 3. The antigen tests were used
more frequently across the Academic Health System clinics (primarily urgent care clinics) starting in midApril 2020. The testing volumes for the antigen tests peaked in July 2020 (7-day moving average of 600
tests) and again in November (7-day moving average of 1,000 tests). As mentioned above, a similar peak
was observed for NAAT in the late fall. The highest proportion of antigen tests was conducted among
those 18–44 years of age (which is also the age group that had the highest proportion of NAATs
conducted). The test positivity rate peaked between late-April and early-May 2020 for all age groups,
reaching 45% among those younger than 18 years old, 35% among those 18–44 years old, 34% among
those 45–64 years old, 28% among those 65–74 years old, and 28% among those 75 years and older.
However, estimates by age group were highly variable due to low testing volumes for granular age
categories.
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Figure 3. Testing volume and test positivity rate using antigen tests in an Academic Health System,
overall and by age group
A) Testing Volume and Test positivity Rate, Overalla
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a

Antigen testing in the Academic Health System was not conducted until mid-April 2020.

B) Testing Volume, by Age Group
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C) Test Positivity Rate, by Age Group
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Discussion & Conclusion

This retrospective analysis included over 1.8 million COVID-19 NAATs, representing 1.14 million people
from three different EHR systems across the U.S. Both low testing volume and longer duration between
test orders and test results were observed early in the pandemic (February–March 2020) across all three
EHRs; this may be reflective of initial challenges with the scale-up of COVID-19 testing and limited
capacity. Testing volume began to increase starting in April 2020 and peaked in July (OneFlorida) and
November (Explorys and the Academic Health System), mirroring the progression of the pandemic in the
eastern U.S. (Centers for Disease Control and Prevention, 2021).
The overall test positivity rate ranged between 8% and 13%, varying over the course of the study period.
In both Explorys and the Academic Health System, the test positivity rate peaked in early-to-mid-March
(20–35%), and again in early-to-mid-April (25–35%). These early and unstable peaks can be explained by
fluctuations in test positivity among a small number of tests performed. Both EHR systems experienced
another peak in the test positivity rates in November (26% in Explorys; 8% in the Academic Health
System), consistent with a high level of community transmission that was being experienced in the
eastern U.S. at that time (Centers for Disease Control and Prevention, 2021). On the other hand, in
OneFlorida, the highest test positivity rate (20%) occurred in July 2020. Differences in the geographic
coverage of the three EHR systems can explain some of the variation in the test positivity rates: Explorys
contained data on health encounters predominantly from across five Eastern U.S. states (Ohio,
Louisiana, Georgia, Florida and New York), while the Academic Health System encounters were primarily
from the Mid-Atlantic, and OneFlorida only contained data on health encounters from Florida (Centers for
Disease Control and Prevention, 2021).
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Unlike other large population-based studies (Kalyanaraman Marcello et al., 2020; Randhawa et al., 2020;
Reichberg et al., 2020; Turner et al., 2021), differences in the test positivity rate by sex were not observed
in this study. However, there were differences in test positivity by age group: the overall test positivity rate
was highest among those 18–44 years old in Explorys and OneFlorida (15.0% and 12.0%, respectively),
while it was highest among those 45–64 years old (8.4%) and 75 years and older (8.4%) in the Academic
Health System. These rates did fluctuate over the study period, with significantly higher test positivity
rates among those 18 years and older at the start of the pandemic. In general, test positivity rates have
been shown to increase with age (Hsu et al., 2020; Kalyanaraman Marcello et al., 2020; Killerby et al.,
2020; Randhawa et al., 2020; Reichberg et al., 2020; Turner et al., 2021), but other studies, including one
from Martinez and colleagues (2020), found higher test positivity rates among younger individuals (18–44
years old) in a large cohort study of over 6,000 COVID-19 patients from the Johns Hopkins Healthcare
System. The differences in age groups across the three databases are also partly affected by the age
structure of the underlying population that the healthcare system served during the study period.
Consistent with previously published literature from the U.S. (Kalyanaraman Marcello et al., 2020; Millett
et al., 2020), test positivity rates were higher among individuals with certain underlying comorbidities,
including dementia, diabetes, COPD, and chronic renal disease.
There is a growing body of evidence showing a disproportionate burden of COVID-19 among Hispanic
and African American populations across the U.S. (Centre, 2020; Cummings et al., 2020; Kalyanaraman
Marcello et al., 2020; Martinez et al., 2020; Millett et al., 2020; Turner et al., 2021; Van Dyke, 2021; Wang
et al., 2020). The present analysis identified a higher test positivity rate among those who self-identified
as Hispanic and African American/Black, as compared to those who self-identified as White/Caucasian.
Health disparities arise from a complex interplay of underlying social, environmental, and economic
factors. Many factors were reported as likely to contribute to the higher test positivity rates among racial
and ethnic minorities, including differences in health-seeking behaviors and access to testing, lower rates
of insurance coverage, higher prevalence of comorbidities associated with COVID-19 (such as obesity),
and more widespread transmission of COVID-19 disease driven by decreased opportunities for social
distancing (Martinez et al., 2020; Millett et al., 2020; Turner et al., 2021). There were also differences in
the hospitalization rates among test–positive patients by age group and by race. Those over the age of 75
had the highest hospitalization rates, with over two thirds of test-positive patients over the age of 45 being
hospitalized across the three databases. While no single race or ethnicity category stood out as having
the highest hospitalization rate across all three databases, test-positive patients identifying as
Black/African American had higher hospitalization rates compared to test-positive patients identifying as
Caucasian/White across all three databases. This is consistent with similar studies that also found higher
hospitalization rates among African Americans compared to Whites/Caucasians (Chishinga et al., 2020;
Garg et al., 2020; Gold, 2020; Hsu et al., 2020; Kalyanaraman Marcello et al., 2020; Killerby et al., 2020).
However, the relationship between race and COVID-19 outcomes is complex. According to a large study
of COVID-19 patients in New York’s public health system, although African Americans and Hispanic
individuals were more likely to be hospitalized, they were also significantly more likely to be discharged
(though discharge location was not considered), compared to hospitalized Whites, who were more likely
to die in hospital; authors attributed this to the lower age of African Americans and Hispanic patients in
the study, as well as a higher prevalence of cardiovascular disease, congestive heart failure, and
arrhythmia among Whites included in the study (Kalyanaraman Marcello et al., 2020).
The results presented herein should be interpreted in the context of several limitations. First, this is a
descriptive analysis using EHR data which are not geographically representative of the entire U.S.
population. In addition, authors were unable to calculate testing rates due to lack of population
denominators within the EHR systems. There is also the potential to misclassify COVID-19 positive
patients as negative, because patients may seek COVID-19 tests outside of the healthcare systems (e.g.,
state health departments or other providers outside of the EHR networks) and their test-related
information will not be recorded by the structured component of EHRs.
Second, although authors reported the test positivity rates among individuals with a history of
comorbidities, analyses of other risk factors which may be associated with COVID-19 diagnosis and
severity – such as obesity – were not conducted in this study. Moreover, estimates of test positivity and
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hospitalization rates were not adjusted to account for potential confounding by demographic or clinical
characteristics. There was a high degree of missingness for race and ethnicity data, which may have
impacted the findings. An attempt to assess the extent of this impact through the quantitative bias
analysis supported the robustness of the analysis, with the rates of hospitalization among those who selfidentified as Black/African Americans and Latino/Hispanics remaining consistently higher than among
White/Caucasians.
Third, EHR systems are limited by data availability. In aggregated EHR data sources like Explorys, test
orders were not directly linked to results at the record level. Instead, test orders were recorded as
procedures, and results were recorded as observations in separate tables with separate identifiers. To
solve this issue, a programmatic search was conducted, and we operationalized the link between the test
order and results based on the temporal relationship using a data-driven approach (i.e., querying for the
test result that was temporally closest to the test order, within a 45-day lookback window from the result).
There were 64% (830,182 out of 1,303,953) of test results with a test order in the preceding 45 days
before the results. Among these test orders, 99% were placed within 33 days prior to the test results.
Therefore, it was decided to limit the lookback window to 45 days as an additional buffer to capture test
orders beyond the 99th percentile. In both the Academic Health System and OneFlorida, there were
significant outliers in the distribution of time from test order to test results (up to 213 days in In the
Academic Health System and 61 days in OneFlorida). It is possibly explained by data entry errors in
either the test order or test result date at the point of care. However, it is infeasible to verify order dates
for these records as other reference data do not exist for order records for verification.
Lastly, criteria for testing differed across states and changed over time within each geography included in
this analysis. The authors did not investigate how testing guidelines, physical distancing guidelines, or
stay-at-home orders impacted the trends in test positivity rates across the three EHR systems.
Results from this large-scale analysis provide useful insight into the characteristics of populations
receiving COVID-19 tests and those who were tested positive over the course of the pandemic. Such
findings help improve understanding of risk factors for positive COVID-19 tests. This study also
demonstrates the feasibility of identifying NAATs confirming the COVID-19 testing status of patients
across different EHRs, which could be used as essential components of EHR-based cohort definitions
that depend on COVID-19 testing results of patients.

24

Characterization of COVID-19 Test Positivity in EHR Data
July 2021

I

References

Centers for Disease Control and Prevention. (2020). Interim Guidance for Antigen Testing for SARS-CoV2: Evaluating the Results of Antigen Testing for SARS-CoV-2. Retrieved from
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-testsguidelines.html#evaluating-test-results
Centre, K. E. (2020). Multidisciplinary Community-Based Investigation of a COVID-19 Outbreak Among
Marshallese and Hispanic/Latino Communities — Benton and Washington Counties, Arkansas,
March–June 2020. MMWR Morb Mortal Wkly Rep, 69(46).
Centers for Disease Control and Prevention. (2021). COVID-19 Data Tracker.
Chishinga, N., Gandhi, N. R., Onwubiko, U. N., Telford, C., Prieto, J., Smith, S., . . . Shah, S. (2020).
Characteristics and Risk Factors for Hospitalization and Mortality among Persons with COVID-19
in Atlanta Metropolitan Area. medRxiv. doi:10.1101/2020.12.15.20248214
Cummings, M., Baldwin, M., Abrams, D., Jacobson, S., Meyer, B., Balough, E. M., . . . O'Donnell, M.
(2020). Epidemiology, clinical course, and outcomes of critically ill adults with COVID-19 in New
York City: a prospective cohort study. medRxiv. doi:10.1101/2020.04.15.20067157
Food and Drug Administration. (2020). Coronavirus Disease 2019 (COVID-19) Emergency Use
Authorizations for Medical Devices: In Vitro Diagnostics EUAs - Molecular Diagnostic Tests for
SARS-CoV-2. Retrieved from: https://www.fda.gov/medical-devices/coronavirus-disease-2019covid-19-emergency-use-authorizations-medical-devices/in-vitro-diagnostics-euas-moleculardiagnostic-tests-sars-cov-2
Garg, S., Kim, L., Whitaker, M., O'Halloran, A., Cummings, C., Holstein, R., . . . Fry, A. (2020).
Hospitalization Rates and Characteristics of Patients Hospitalized with Laboratory-Confirmed
Coronavirus Disease 2019 - COVID-NET, 14 States, March 1-30, 2020. MMWR Morb Mortal
Wkly Rep, 69(15), 458-464. doi:10.15585/mmwr.mm6915e3
Gold, J. A.W., Wong, K. K., Szablewski, C. M., Patel, P. R.,Rossow, J., da Silva, J.,Natarajan, P.,…
Jackson, B. R.(2020). Characteristics and Clinical Outcomes of Adult Patients Hospitalized with
COVID-19 — Georgia, March 2020. MMWR Morb Mortal Wkly Rep, 69(16), 545 - 550.
Hsu, H. E., Ashe, E. M., Silverstein, M., Hofman, M., Lange, S. J., Razzaghi, H., . . . Goodman, A. B.
(2020). Race/Ethnicity, Underlying Medical Conditions, Homelessness, and Hospitalization Status
of Adult Patients with COVID-19 at an Urban Safety-Net Medical Center - Boston,
Massachusetts, 2020. MMWR Morb Mortal Wkly Rep, 69(27), 864-869.
doi:10.15585/mmwr.mm6927a3
Kalyanaraman Marcello, R., Dolle, J., Grami, S., Adule, R., Li, Z., Tatem, K., . . . New York City Health +
Hospitals, Covid-Population Health Data Team, (2020). Characteristics and outcomes of COVID19 patients in New York City's public hospital system. PLoS One, 15(12), e0243027.
doi:10.1371/journal.pone.0243027
Killerby, M. E., Link-Gelles, R., Haight, S. C., Schrodt, C. A., England, L., Gomes, D. J., . . . Tate, J. E.
(2020). Characteristics Associated with Hospitalization Among Patients with COVID-19 Metropolitan Atlanta, Georgia, March-April 2020. MMWR Morb Mortal Wkly Rep, 69(25), 790-794.
doi:10.15585/mmwr.mm6925e1
Martinez, D. A., Hinson, S. J., Klein, E. Y., Irvin, N. A., Saheed, M., Page, R. P., & Levin, S. R. (2020).
SARS-CoV-2 Positivity Rate for Latinos in the Baltimore–Washington, DC Region. JAMA, 324(4),
390-392. doi:10.1001/jama.2020.11370
Millett, G. A., Jones, A. T., Benkeser, D., Baral, S., Mercer, L., Beyrer, C., . . . Sullivan, P. S. (2020).
Assessing differential impacts of COVID-19 on black communities. Ann Epidemiol, 47, 37-44.
doi:10.1016/j.annepidem.2020.05.003
Randhawa, A. K., Fisher, L. H., & L., G. A. (2020). Changes in SARS-CoV-2 Positivity Rate in Outpatients
in Seattle and Washington State, March 1–April 16, 2020. JAMA, 323(22), 2334–2336.
Reichberg, S. B., Mitra, P. P., Haghamad, A., Ramrattan, G., Crawford, J. M., Northwell, C.-R. C., . . .
Ziemba, Y. C. (2020). Rapid Emergence of SARS-CoV-2 in the Greater New York Metropolitan
Area: Geolocation, Demographics, Positivity Rates, and Hospitalization for 46 793 Persons
Tested by Northwell Health. Clin Infect Dis, 71(12), 3204-3213. doi:10.1093/cid/ciaa922
Turner, N. A., Pan, W., Martinez-Bianchi, V. S., Panayotti, G. M. M., Planey, A. M., Woods, C. W., &
Lantos, P. M. (2021). Racial, Ethnic, and Geographic Disparities in Novel Coronavirus (Severe

25

Characterization of COVID-19 Test Positivity in EHR Data
July 2021

Acute Respiratory Syndrome Coronavirus 2) Test Positivity in North Carolina. Open Forum Infect
Dis, 8(1), ofaa413. doi:10.1093/ofid/ofaa413
Van Dyke, M. E. Mendoza, M.C.B.,Li, W., Parker, E.M., Belay, B., Davis, E.M.,… Clarke, K.E.N. (2021).
Racial and Ethnic Disparities in COVID-19 Incidence by Age, Sex, and Period Among Persons
Aged <25 Years — 16 U.S. Jurisdictions, January 1–December 31, 2020. MMWR Morb Mortal
Wkly Rep, 70(11).
Wang, Z., Zheutlin, A. B., Kao, Y.-H., Ayers, K. L., Gross, S. J., Kovatch, P., . . . Li, L. (2020). Hospitalised
COVID-19 patients of the Mount Sinai Health System: a retrospective observational study using
the electronic medical records. BMJ Open, 10(10), e040441. doi:10.1101/2020.04.28.20075788

26

Characterization of COVID-19 Test Positivity in EHR Data
July 2021

Appendix A – Supplementary Tables and Figures
Table A1. Demographics, comorbidities for (1) Care-seeking patients who had at least one healthcare encounter, but no observable COVID-19
NAAT, (2) Patients with at least one non–null NAAT, and (3) Patients with positive COVID-19 NAAT, by EHR database, February 5–November 30,
2020
Explorys

Indicator

Care-seeking
patients with no
observable NAAT,
n (%)

patients with
non-null NAAT,
n (%)

Patients with
positive NAAT,
n (%)

Total Patients
7,368,895
754,926
Age (Years)a
Mean (SD)b
41.6 (25.4)
48.1 (21.8)
Median (IQR)c
42 (18,63)
50 (31,65)
0-17
1,786,656 (24.2)
61,741 (8.2)
18-44
2,017,626 (27.4)
266,189 (35.3)
45-64
1,782,731 (24.2)
225,688 (29.9)
65-74
968,311 (13.1)
110,972 (14.7)
75+
748,067 (10.2)
88,135 (11.7)
Null
65,504 (0.9)
2,201 (0.3)
Sexa
Male
3,236,256 (43.9)
324,309 (43.0)
Female
4,123,783 (56.0)
430,316 (57.0)
Unknown
8,856 (0.1)
301 (0.0)
Racea,d
American Indian
N/A
N/A
or Alaska Native
Asian/Pacific
80,113 (1.1)
8,250 (1.1)
Islander
Black/African
993,296 (13.5)
182,682 (24.2)
American
Caucasian/White
3,932,780 (53.4)
503,362 (66.7)
Other
195,401 (2.7)
18,256 (2.4)
Unknown
2,209,191 (30.0)
46,713 (6.2)
Ethnicitya
Hispanic
211,386 (2.9)
39,556 (5.2)
Non-Hispanic
3,454,743 (46.9)
347,228 (46)
Unknown
3,708,160 (50.3)
368,962 (48.9)
Baseline Comorbidities (Charlson Comorbidity Index Component)e
Patients with >1
1,233,505 (16.7)
267,889 (35.5)
comorbidity
Patients with >2
1,076,027 (14.6)
68,828 (9.1)
comorbidities
Myocardial
40,566 (0.6)
15,737 (2.1)
Infarction
Congestive Heart
122,090 (1.7)
43,240 (5.7)
Failure
Peripheral
121,011 (1.6)
47,142 (6.2)
Vascular Disease

98,436

Database
An Academic Health System
Care-seeking
patients with no
Patients with
Patients with
observable
non-null NAAT,
positive NAAT,
NAAT,
n (%)
n (%)
n (%)
786,049
170,965
13,650

OneFlorida
Care-seeking
patients with no
observable
NAAT,
n (%)
1,790,074

Patients with
non-null NAAT,
n (%)

Patients with
positive NAAT,
n (%)

358,126

32,025

46.4 (20.6)
46 (30,62)
6,447 (6.5)
40,031 (40.7)
31,068 (31.6)
11,251 (11.4)
9,470 (9.6)
169 (0.2)

50.2 (22.2)
53 (33,68)
82,941 (10.6)
287,365 (36.6)
229,017 (29.1)
104,910 (13.3)
81,788 (10.4)
28 (0.0)

47.9 (20.8)
48 (31,64)
8,879 (5.2)
70,458 (41.2)
51,724 (30.3)
22,197 (13.0)
17,707 (10.4)

48.6 (20.1)
48 (32,63)
482 (3.5)
5,718 (41.9)
4,352 (31.9)
1,618 (11.9)
1,480 (10.8)

40.7 (24.7)
41 (20,61)
390,202 (21.8)
582,350 (32.5)
449,730 (25.1)
208,443 (11.6)
159,235 (8.9)
114 (0.0)

48.3 (22.4)
51 (31,66)
32,286 (9.0)
121,398 (33.9)
108,367 (30.3)
54,394 (15.2)
41,681 (11.6)
(0)

45.0 (21.2)
44 (28,61)
2,404 (7.5)
13,969 (43.6)
9,383 (29.3)
3,355 (10.5)
2,914 (9.1)
(0)

43,599 (44.3)
54,808 (55.7)
29 (0.0)

324,685 (41.3)
460,912 (58.6)
452 (0.1)

72,236 (42.3)
98,650 (57.7)
79 (0.0)

6,193 (45.4)
7,454 (54.6)
3 (0.0)

768,101 (42.9)
1,021,034 (57.0)
939 (0.1)

158,345 (44.2)
199,294 (55.6)
487 (0.1)

15,056 (47.0)
16,950 (52.9)
19 (0.1)

N/A

1,883 (0.2)

353 (0.2)

40 (0.2)

2,895 (0.2)

445 (0.1)

44 (0.1)

1,213 (1.2)

13,143 (1.7)

2,713 (1.6)

161 (1.2)

35,347 (2.0)

6,054 (1.7)

421 (1.3)

26,778 (27.2)

243,826 (31.0)

63,085 (36.9)

6,603 (48.4)

322,798 (18.0)

58,408 (16.3)

7,145 (22.3)

63,125 (64.1)
3,240 (3.3)
4,788 (4.9)

362,887 (46.2)
51,231 (6.5)
113,079 (14.4)

75,154 (44.0)
11,732 (6.9)
17,928 (10.5)

3,258 (23.9)
2,131 (15.6)
1,457 (10.7)

1,043,989 (58.3)
265,708 (14.8)
119,337 (6.7)

168,678 (47.1)
86,778 (24.2)
37,763 (10.5)

12,225 (38.2)
8,502 (26.5)
3,688 (11.5)

8,206 (8.3)
47,250 (48.0)
43,106 (43.8)

19,427 (2.5)
649,046 (82.6)
117,576 (15.0)

4,657 (2.7)
147,258 (86.1)
19,050 (11.1)

911 (6.7)
10,663 (78.1)
2,076 (15.2)

455,510 (25.4)
1,193,756 (66.7)
140,808 (7.9)

57,507 (16.1)
200,823 (56.1)
99,796 (27.9)

8,568 (26.8)
15,379 (48.0)
8,078 (25.2)

30,996 (31.5)

127,186 (16.2)

43,763 (25.6)

3,035 (22.2)

361,226 (20.2)

82,369 (23.0)

5,167 (16.1)

8,000 (8.1)

78,830 (10.0)

36,723 (21.5)

2,539 (18.6)

282,013 (15.8)

74,203 (20.7)

4,622 (14.4)

1,425 (1.4)

3,913 (0.5)

3,795 (2.2)

253 (1.9)

13,215 (0.7)

6,416 (1.8)

317 (1.0)

4,302 (4.4)

13,816 (1.8)

8,947 (5.2)

641 (4.7)

33,614 (1.9)

15,371 (4.3)

973 (3.0)

4,252 (4.3)

14,337 (1.8)

8,272 (4.8)

496 (3.6)

29,154 (1.6)

11,979 (3.3)

697 (2.2)
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Explorys
Care-seeking
patients with no
observable NAAT,
n (%)

Database
An Academic Health System
Care-seeking
patients with no
Patients with
Patients with
observable
non-null NAAT,
positive NAAT,
NAAT,
n (%)
n (%)
n (%)
12,261 (1.6)
5,345 (3.1)
398 (2.9)

patients with
non-null NAAT,
n (%)

Patients with
positive NAAT,
n (%)

92,035 (1.2)

33,860 (4.5)

3,272 (3.3)

778,125 (10.6)

126,099 (16.7)

14,044 (14.3)

31,367 (4.0)

15,644 (9.2)

985 (7.2)

Dementia

32,822 (0.4)

12,675 (1.7)

1,947 (2.0)

3,850 (0.5)

2,436 (1.4)

Paralysis

18,087 (0.2)

6,848 (0.9)

741 (0.8)

1,716 (0.2)

Diabetes

313,231 (4.3)

90,328 (12.0)

11,480 (11.7)

Diabetes w/
Sequelae
Chronic Renal
Failure
Various
Cirrhodites
Moderate-Severe
Liver Disease
Ulcers

149,157 (2.0)

53,551 (7.1)

161,373 (2.2)

Indicator

Cerebrovascular
Disease
COPD

Rheumatitis
AIDS
Any Malignancy

OneFlorida
Care-seeking
patients with no
observable
NAAT,
n (%)
26,267 (1.5)

Patients with
non-null NAAT,
n (%)

Patients with
positive NAAT,
n (%)

9,095 (2.5)

590 (1.8)

90,432 (5.1)

26,214 (7.3)

1,690 (5.3)

303 (2.2)

10,443 (0.6)

4,104 (1.1)

507 (1.6)

1,103 (0.6)

105 (0.8)

5,198 (0.3)

2,241 (0.6)

162 (0.5)

45,883 (5.8)

16,609 (9.7)

1,430 (10.5)

116,094 (6.5)

27,708 (7.7)

2,210 (6.9)

6,495 (6.6)

8,390 (1.1)

7,336 (4.3)

653 (4.8)

37,150 (2.1)

13,779 (3.8)

1,016 (3.2)

62,044 (8.2)

6,466 (6.6)

15,334 (2.0)

9,816 (5.7)

834 (6.1)

40,635 (2.3)

16,245 (4.5)

1,142 (3.6)

74,246 (1.0)

28,297 (3.7)

2,573 (2.6)

7,635 (1.0)

4,822 (2.8)

250 (1.8)

28,271 (1.6)

10,181 (2.8)

499 (1.6)

7,663 (0.1)

4,702 (0.6)

339 (0.3)

741 (0.1)

975 (0.6)

50 (0.4)

3,226 (0.2)

1,984 (0.6)

76 (0.2)

24,706 (0.3)

10,450 (1.4)

910 (0.9)

853 (0.1)

1,301 (0.8)

72 (0.5)

3,628 (0.2)

2,369 (0.7)

112 (0.3)

48,465 (0.7)

14,750 (2.0)

1,534 (1.6)

5,522 (0.7)

2,044 (1.2)

115 (0.8)

18,079 (1.0)

3,974 (1.1)

259 (0.8)

6,963 (0.1)

1,595 (0.2)

188 (0.2)

2,216 (0.3)

1,078 (0.6)

98 (0.7)

4,819 (0.3)

1,284 (0.4)

79 (0.2)

162,452 (2.2)

55,176 (7.3)

4,878 (5.0)

17,797 (2.3)

8,169 (4.8)

327 (2.4)

72,469 (4.0)

22,154 (6.2)

869 (2.7)

Metastatic Solid
25,395 (0.3)
10,305 (1.4)
701 (0.7)
2,649 (0.3)
2,146 (1.3)
66 (0.5)
11,560 (0.6)
6,023 (1.7)
214 (0.7)
Tumor
Notes:
a
Measured at time of first observed NAAT in the study period.
b
SD: Standard deviation.
c
IQR: Interquartile range (25th percentile, 75th percentile).
d
Persons in Explorys may self-identify as multiple races. Therefore, the sum of percentages may be greater than 100%.
e
Measured in the period between -14 and -379 days before the first observed SARS-CoV-2 NAAT in the study period. Persons may have multiple comorbidities. Therefore, the sum of percentages may be greater than
100%.
N/A – not available/not applicable.
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Appendix B – LOINC Codes for Identification of SARS-CoV-2 NAA Diagnostics,
February 5–November 30, 2020 ii
LOINC
94745-7

Long Common Name

94565-9

SARS-CoV-2 (COVID-19) RNA [Cycle Threshold #] in Respiratory specimen by NAA with
probe detection
SARS-CoV-2 (COVID-19) RNA [Cycle Threshold #] in Unspecified specimen by NAA with
probe detection
SARS-CoV-2 (COVID-19) RNA [Log #/volume] (viral load) in Unspecified specimen by NAA
with probe detection
SARS coronavirus 2 RNA [Presence] in Nasopharynx by NAA with non-probe detection

94759-8

SARS-CoV-2 (COVID-19) RNA [Presence] in Nasopharynx by NAA with probe detection

94500-6

SARS coronavirus 2 RNA [Presence] in Respiratory specimen by NAA with probe detection

94845-5

SARS-CoV-2 (COVID-19) RNA [Presence] in Saliva (oral fluid) by NAA with probe detection

94660-8

SARS-CoV-2 (COVID-19) RNA [Presence] in Serum or Plasma by NAA with probe detection

94309-2

SARS Coronavirus 2 RNA [Presence] in Unspecified specimen Qualitative by NAA with probe
detection
SARS coronavirus RNA [Presence] in Unspecified specimen by NAA with probe detection

94746-5
94819-0

41458-1
94534-5
95608-6
94533-7
94640-0
94559-2

SARS coronavirus 2 RdRp gene [Presence] in Respiratory specimen by NAA with probe
detection
SARS-CoV-2 (COVID-19) RNA [Presence] in Respiratory specimen by NAA with non-probe
detection
SARS-CoV-2 (COVID19) N gene [Presence] in Respiratory specimen by NAA with probe
detection
SARS coronavirus 2 S gene [Presence] in Respiratory specimen by NAA with probe detection

95409-9

SARS coronavirus 2 ORF1ab region [Presence] in Respiratory specimen by NAA with probe
detection
SARS-related coronavirus RNA [Presence] in Respiratory specimen by NAA with probe
detection
Influenza virus A + B and SARS-CoV-2 (COVID-19) identified in Respiratory specimen by
NAA with probe detection
SARS coronavirus 2 (COVID19) N gene [Presence] in Nose by NAA with probe detection

95425-5

SARS-CoV-2 (COVID-19) N gene [Presence] in Saliva (oral fluid) by NAA with probe detection

94760-6

SARS coronavirus 2 N gene [Presence] in Nasopharynx by NAA with probe detection

95406-5

SARS-CoV-2 (COVID19) RNA [Presence] in Nose by NAA with probe detection

94758-0

SARS-related coronavirus E gene [Presence] in Respiratory specimen by NAA with probe
detection
SARS-CoV-2 (COVID-19) RdRp gene [Presence] in Saliva (oral fluid) by NAA with probe
detection
SARS-CoV-2 (COVID-19) N gene [Presence] in Specimen by NAA with probe detection

94502-2
95423-0

96091-4
94316-7

ii

Source: Centers for Diseases Control and Prevention. LOINC In Vitro Diagnostic (LIVD) Test Code Mapping for
SARS-CoV-2 Tests. (Accessed April 1, 2021, at https://www.cdc.gov/csels/dls/sars-cov-2-livd-codes.html.)
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Appendix C – LOINC Codes for Identification of SARS-CoV-2 Antigen Diagnostics,
February 5–November 30, 2020 iii
LOINC

Long Common Name

94558-4

SARS-CoV-2 (COVID-19) Ag [Presence] in Respiratory specimen by Rapid
immunoassay

96119-3

SARS-CoV-2 (COVID-19) Ag [Presence] in Upper respiratory specimen by Immunoassay

95209-3

SARS-CoV+SARS-CoV-2 (COVID-19) Ag [Presence] in Respiratory specimen by Rapid
immunoassay

94558-4

SARS-CoV-2 (COVID-19) Ag [Presence] in Respiratory specimen by Rapid
immunoassay

iii

Source: Centers for Diseases Control and Prevention. LOINC In Vitro Diagnostic (LIVD) Test Code Mapping for
SARS-CoV-2 Tests. (Accessed April 1, 2021, at https://www.cdc.gov/csels/dls/sars-cov-2-livd-codes.html.)
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Appendix D – List of Charlson Comorbidity Index (CCI) Codes
Refer to enclosed Excel filed titled “Appendix D_List of CCI Codes” for list of ICD-10-CM and SNOMED
codes used to identify components of the Charlson Comorbidity Index (CCI).
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