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Background: Accurate coding of diagnoses of SARS-CoV-2 infection in administrative data benefits population-based studies about
the epidemiology, treatment and outcomes of COVID-19. We describe the validity of diagnoses of SARS-CoV-2 infection recorded in
hospital discharge abstracts, emergency department records and outpatient physician service claims from 3 Canadian provinces.

Methods: In this cohort study, population-based inpatient, emergency department and outpatient records were linked to SARS-
CoV-2 polymerase chain reaction (PCR; reference standard) test results from British Columbia, Manitoba and Ontario for Apr. 1,
2020, to Mar. 31, 2021. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of diagnoses of
SARS-CoV-2 infection were estimated for each quarter in the study period, overall and by province, age group and sex.

Results: Our study encompassed more than 13 million SARS-CoV-2 PCR test results. Specificity and NPV of diagnoses of SARS-
CoV-2 infection were consistently high (i.e., most estimates were > 95%). Overall sensitivity estimates were 86.2%, 60.4% and
20.3% in the first quarter for inpatient, emergency department and outpatient cohorts, and 66.2%, 47.5% and 25.0% in the last quar-
ter, respectively. For inpatients, overall PPV estimates ranged from 50.0% to 66.4%. For emergency department patients, overall
PPV estimates were 76.9% and 68.3% in the first and last quarters, respectively. For outpatients, PPV estimates were 6.8% and
29.1% in the first and last quarters, respectively.

Interpretation: We found variations in the validity of diagnoses for SARS-CoV-2 infection recorded in different health care settings,
geographic areas and over time. Our multiprovince validation study provides evidence about the potential use of inpatient and emer-
gency department records as an alternative to population-based laboratory data for identification of patients with SARS-CoV-2 infec-
tion, but does not support the use of outpatient claims for this purpose.

dministrative health data are increasingly used to

examine outcomes, risk factors and treatments at the

population level for individuals diagnosed with
SARS-CoV-2 infection. However, the validity of diagnosis
coding in these data is largely unknown outside of inpatient
settings.'” Validity may vary between jurisdictions and over
time owing to variations in testing protocols, diagnosis
coding procedures and staff training. There is a substantial
history of conducting diagnostic validation studies for
administrative health data in Canada to inform studies about
the validity of diagnoses of SARS-CoV-2 infection.®’

The Canadian Institute for Health Information published
its first guidance about the International Statistical Classification
of Diseases and Related Health Problems, 10th Revision, Canada
(ICD-10-CA) diagnosis codes for COVID-19 patients admit-
ted to hospitals and emergency departments in March 2020.8
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Provincial and territorial guidance for diagnosis and fee codes
for physician service claims were also published. For example,
Ontario introduced a COVID-19 diagnosis code in March
2020 to be used “when treating patients with suspected or
confirmed COVID-19 and/or when treating a patient by
telephone/video for suspected or confirmed COVID-19,”
and British Columbia published COVID-19 codes for “ser-
vices directly related to COVID-19.”10
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To our knowledge, only Wu and colleagues® have studied
the validity of COVID-19 diagnoses in Canadian inpatient
and emergency department records, and they focused on
Alberta. Information about the validity of diagnoses of SARS-
CoV-2 infection in administrative data is important to under-
stand COVID-19 epidemiology, treatments and outcomes.
Our study assessed the validity of diagnoses of SARS-CoV-2
infection recorded in inpatient hospital discharge abstracts,
emergency department records and outpatient physician ser-
vice claims in 3 Canadian provinces.

We undertook a population-based cohort study using
administrative health data linked with SARS-CoV-2 poly-
merase chain reaction (PCR) laboratory test results from
BC, Manitoba and Ontario (provinces for which we had
access to linked data sources) for Apr. 1, 2020, through
Mar. 31, 2021. Throughout the study period there was pub-
licly available PCR testing in these provinces. We adopted
the Strengthening the Reporting of Observational Studies in
Epidemiology reporting guidelines with the Reporting of
Studies Conducted Using Observational Routinely-collected
Data extension.'!?

Data sources

Four administrative health databases were used in each prov-
ince: health insurance registry, physician service claims, emer-
gency department discharge records and inpatient hospital
discharge records (Appendix 1, Table S1, available at www.
cmajopen.ca/content/11/5/E790/suppl/DC1). All data sources
were linked at the individual level using anonymized health
insurance numbers; only individuals with valid health insur-
ance numbers were included. Health insurance registry files
capture start and end dates of health insurance coverage,
including loss of coverage due to death or migration; demo-
graphic and residence location information is also captured.
Physician service claims capture services provided by special-
ists and general practitioners, including type and date of ser-
vice, fee code and at least 1 diagnosis code associated with the
reason for the service. Diagnosis codes are recorded using
modifications of the eighth (Ontario) and ninth revisions of
ICD (ICD-8 and ICD-9)."* We included claims for office,
telephone and virtual patient consultations, home visits and
long-term care visits. Emergency department discharge
records contain information about visits to hospital-based
emergency departments, including visit date, chief complaint
and diagnoses, typically coded using ICD-10-CA. Inpatient
hospital discharge records contain diagnostic and procedural
information for acute hospital stays, including up to 25 diag-
noses coded using ICD-10-CA.

SARS-CoV-2 laboratory test results were linked to admin-
istrative data. Teest results were from the BC Ministry of
Health COVID-19 Test Laboratory Data, the Ontario Lab-
oratories Information System, and the Manitoba Cadham
Provincial COVID-19 Laboratory Testing and Results
Database.
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Study cohorts

Inpatient, emergency department and outpatient study
cohorts were composed of provincial health insurance regis-
trants with at least 1 inpatient hospital discharge record,
emergency department discharge record and outpatient
physician service claim, respectively. Cohort exclusions were
based on missing sex or health care coverage, and overlap in
dates of hospitalization, emergency department visits and
outpatient visits. The cohorts were stratified into 3-month
(quarter) subgroups.

Study measures

Positive test cases, negative test cases and no-test cases
were identified from laboratory data. A positive test case
had at least 1 positive PCR test with a specimen collection
date within the quarter, and a negative test case had at
least 1 negative PCR test with a specimen collection date
and no positive PCR tests within the quarter. No-test
cases had no PCR tests, or only indeterminate PCR tests
within the quarter.

The ICD-10-CA code U07.1 in any position was used
to ascertain diagnosed cases in hospital and emergency
department records (Appendix 1, Table S2). For the
inpatient cohort, true positive cases had a COVID-19
diagnosis code and specimen collection date for a positive
PCR test between (and including) hospital admission and
discharge dates. For the emergency department cohort,
true positive cases had a COVID-19 diagnosis code with a
service date at most 2 days before the specimen collection
date or 2 days after the specimen collection date for a pos-
itive PCR test.

For the outpatient cohort, newly developed COVID-19
coding directives provided by each ministry of health was
used for case ascertainment (Appendix 1, Table S2). In
Ontario and Manitoba, the diagnosis codes were 080° and
079.82, respectively. In BC, case ascertainment was initially
based on the newly developed diagnosis code C19.1® How-
ever, this diagnosis code was not associated with any claims
during the study period; accordingly, newly developed service
codes relevant to COVID-19 were used for case ascertain-
ment.'® True positive cases had a COVID-19 diagnosis code
with a service date in physician claims at most 2 days before
the specimen collection date or 2 days after the specimen col-
lection date for a positive PCR test.

Statistical analysis
We used frequencies, percentages, means and standard devia-
tions (SDs) to describe the cohort (i.e., age group, sex, income
quintile, and rural or urban residence). Area-level income
quintile was based on postal code of residence and household
income from the Statistics Canada census.!*!¢ Rural or urban
residence was based on each province’s definition; for
example, Manitoba rural residents lived outside of the major
urban centres of Winnipeg and Brandon.

Validity was assessed using sensitivity, specificity, posi-
tive predictive value (PPV) and negative predictive value
(NPV). We reported the estimates as percentages with 95%

CMAJ OPEN, 11(5) E791



OPEN

confidence intervals (CIs). The Youden Index (calculated as
sensitivity + specificity — 1) was also reported.”” We pro-
duced validation measure estimates for each cohort and
quarter for the 3 provinces combined and then separately
for each province. Estimates were also stratified by sex and
age group (< 65 yr, 65-79 yr, 2 80 yr).

To assess the robustness of our findings, we performed
4 prespecified sensitivity analyses using larger case ascertain-
ment windows as per previous studies.'” In the first, for the
inpatient cohort, true positive cases had a specimen collection
date for a positive test in the period from 7 days before the
admission date to the discharge date. In the second, for the
inpatient cohort, the time window extended from 14 days
before to 14 days after the hospital admission date to ascertain
true positive cases, consistent with the work of Kluberg and
colleagues.” In the third and fourth sensitivity analyses, for
the emergency department and outpatient cohorts, respect-
ively, we identified true positives used a time window from
5 days before to 5 days after the specimen collection date for a
positive test.

Ethics approval

Approvals were provided by the following ethics boards: the
Clinical Research Ethics Board at the University of British
Columbia and the Health Research Ethics Board at the Uni-
versity of Manitoba.

The study cohorts were composed of approximately 1.3 mil-
lion inpatients, 3.2 million emergency department patients
and 15.1 million outpatients (Figure 1). Ontario residents
accounted for 51.2%, 77.9% and 67.3% of the inpatient,
emergency department and outpatient cohorts, respectively.
Average age was 55.9 years for the inpatient cohort, 43.3 years
for the emergency department cohort and 44.4 years for the
outpatient cohort (Table 1; Appendix 1, Tables S3-S5).

This study encompassed more than 13 million SARS-
CoV-2 PCR test results. Monthly PCR tests, positive PCR
tests and PCR test rates per 10 000 population are reported in
Appendix 1, Table S6. The percentage of positive tests ranged
from 0.1% to 12.6%, and positive test rates per 10 000 popu-
lation ranged from 1 to 51 per month.

Figures 2, 3 and 4 contain overall estimates of sensitivity,
specificity, PPV and NPV for the inpatient, emergency
department and outpatient cohorts, respectively, by quarter.
Province-specific estimates are reported in Tables 2, 3 and 4;
case frequencies are in Appendix 1, Tables S7 to S9. Speci-
ficity and NPV estimates were consistently high and fre-
quently exceeded 95%.

For the inpatient cohort, the overall sensitivity was 86.2%
(95% CI 84.2%-88.1%) in the first quarter (i.e., Q1l); it
dropped to 66.2% (95% CI 64.7%—67.6%) in the last quarter

Patients with > 1 inpatient acute hospital discharge
record, > 1 ED visit or > 1 outpatient physician billing claim
on or after Apr. 1, 2020, and on or before Mar. 31, 2021

British Columbia (n = 563 271; 43.3%)
Manitoba (n = 72 143; 5.5%)
Ontario (n = 665 755; 51.2%)

Total n=1 301169

A y Y
Inpatient cohort ED cohort Qutpatient cohort
n=1508 250 n =3 539 526 n =15 638 558
—— Excluded: —— Excluded: Excluded:
* Missing sex ¢ Missing sex (n = 595; * Missing sex (n = 17 923;
(n =2724; 0.2%) 0.0%) 0.1%)
* No health insurance ¢ No health insurance ¢ No health insurance
coverage coverage on Apr. 1, coverage on Apr. 1, 2020
on Apr. 1, 2020 2020 (n =94 197; (n =445 137; 2.8%)
(n =204 357; 13.5%) 2.7%) * Hospital discharge abstract
* Hospital discharge or ED visit record with an
abstract with an admission/discharge date at
admission/discharge the same time as the
date at the same outpatient visit (n = 36 124;
time as the ED visit 0.2%)
(n =271 850; 7.7%)
A 4 Y
Inpatient cohort ED cohort Outpatient cohort

British Columbia (n = 534 607; 16.8%)
Manitoba (n = 166 158; 5.2%)
Ontario (n =2 472 119; 77.9%)
Total n=3 172 884

British Columbia (n = 3 957 380; 26.1%)
Manitoba (n = 995 070; 6.6%)
Ontario (n = 10 186 924; 67.3%)
Total n=15 139 374

Figure 1: Flow diagram for construction of study cohorts. Note: ED = emergency department.
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Table 1: Characteristics of inpatient, emergency department and outpatient cohorts

No. (%)*
Inpatient Emergency department Outpatient

Characteristic n=1301169 n=3172884 n=15139374
Age, yr

Mean + SD 55.9 +22.3 43.3 +£23.5 44.4 + 23.3

<65 752 901 (57.9) 2 496 872 (78.7) 11 752 789 (77.6)

65-79 352 603 (27.1) 464 006 (14.6) 2506 922 (16.6)

> 80 195 665 (15.0) 212 006 (6.7) 879 663 (5.8)
Sex

Male 556 729 (42.8) 1521 172 (47.9) 6 926 694 (45.8)

Female 744 440 (57.2) 1651712 (52.1) 8212 680 (54.2)

Income quintile
1st (lowest)
2nd
3rd
4th
5th (highest)
Missing

Area of residence
Rural
Urban
Missing

246 685 (19.0)
197 114 (15.2)
186 366 (14.3)
181 575 (13.9)
253 689 (19.5)
235 740 (18.1)

184 737 (14.2)

1 113 889 (85.6)

2543 (0.2)

639 404 (20.1)
559 575 (17.6)
549 125 (17.3)
540 065 (17.0)
570 187 (17.9)
314 528 (9.9)

442 454 (13.9)
2721 432 (85.8)
8998 (0.3)

2 463 368 (16.3)
2370 653 (15.7)
2 460 442 (16.3)
2523160 (16.7)
3043 805 (20.1)
2277 946 (15.1)

1690 020 (11.2)
13 412 772 (88.6)
36 582 (0.2)

Note: SD = standard deviation.
*Unless stated otherwise.
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Figure 2: Overall validation estimates by quarter (Q): inpatient cohort. Note: NPV = negative predictive value, PPV = positive predictive value,
Q1 = April 2020-June 2020, Q2 = July 2020—-September 2020, Q3 = October 2020-December 2020, Q4 = January 2021-March 2021. Error

bars represent 95% confidence intervals.
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Figure 3: Overall validation estimates by quarter (Q): emergency department cohort. Note: NPV = negative predictive value, PPV = positive pre-
dictive value, Q1 = April 2020—June 2020, Q2 = July 2020—September 2020, Q3 = October 2020—-December 2020, Q4 = January 2021-March
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Figure 4: Overall validation estimates by quarter (Q): outpatient cohort. Note: NPV = negative predictive value, PPV = positive predictive value,

Q1 = April 2020—-June 2020, Q2 = July 2020-September 2020, Q3 = October 2020-December 2020, Q4 = January 2021-March 2021. Error
bars represent 95% confidence intervals.
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Table 2: Validation estimates by province and quarter: inpatient cohort

Measure

Estimate, % (95% CI)

Q1

April 2020—-June 2020

Q2

July 2020-September 2020

Q3

October 2020-December 2020

January 2021-March 2021

Q4

British Columbia

Sensitivity 88.4 (84.8-92.1) 56.1 (49.8-62.4) 52.0 (49.7-54.3) 53.5 (51.6-55.4)
Specificity 975 (97.3-977) 97.7 (97.5-97.8) 97.5 (97.4-977) 98.3 (98.2-98.5)
PPV 30.0 (26.9-33.0) 17.8 (15.1-20.6) 46.9 (44.8-49.1) 58.9 (57.0-60.9)
NPV 99.9 (99.8-99.9) 99.6 (99.5-99.7) 98.0 (97.8-98.1) 97.9 (97.8-98.1)
Youden Index 0.86 0.54 0.49 0.52
Manitoba
Sensitivity 88.9 (77.0-100.0) 75.4 (67.5-83.3) 59.1 (56.4-61.8) 48.2 (44.1-52.3)
Specificity 99.6 (99.4-99.7) 99.3 (99.1-99.5) 95.3 (94.9-95.6) 98.5 (98.3-98.7)
PPV 46.2 (32.6-59.7) 60.6 (52.5-68.6) 55.4 (52.7-58.0) 53.6 (49.4-57.9)
NPV 99.9 (99.9-100.0) 99.6 (99.5-99.8) 95.9 (95.5-96.2) 98.1 (97.9-98.3)
Youden Index 0.88 0.75 0.54 0.47
Ontario
Sensitivity 86.0 (84.8-87.1) 73.0 (70.2-75.8) 62.3 (61.0-63.6) 71.0 (70.1-72.0)
Specificity 98.8 (98.8-98.9) 99.8 (99.8-99.8) 98.8 (98.8—-98.9) 98.0 (97.9-98.1)
PPV 75.0 (73.6-76.4) 73.6 (70.9-76.4) 68.3 (66.9-69.6) 68.9 (67.9-69.8)
NPV 99.4 (99.4-99.5) 99.8 (99.7-99.8) 98.5 (98.4-98.5) 98.2 (98.1-98.3)
Youden Index 0.85 0.73 0.61 0.69
Note: Cl = confidence interval, NPV = negative predictive value, PPV = positive predictive value, Q = quarter.
Table 3: Validation estimates by province and quarter: emergency department cohort
Estimate, % (95% CI)
Q1 Q2 Q3 Q4

Measure

April 2020-June 2020

July 2020—-September 2020

October 2020-December 2020

January 2021-March 2021

British Columbia
Sensitivity
Specificity
PPV
NPV
Youden Index

Manitoba
Sensitivity
Specificity
PPV
NPV
Youden Index

Ontario
Sensitivity
Specificity
PPV
NPV
Youden Index

52.4 (46.4-58.4)

99.8 (99.8-99.9)

79.1 (73.1-85.1)

99.4 (99.3-99.5)
0.52

0 (0-21.9)
99.9 (99.8-99.9)
0 (0-37.1)
99.8 (99.8-99.8)
0

61.0 (59.7-62.2)

99.4 (99.3-99.4)

770 (75.8-78.2)

98.6 (98.6-98.7)
0.60

44.3 (40.8-479)

99.7 (99.7-99.8)

80.0 (76.2,83.8)

98.6 (98.4-98.7)
0.44

2.6 (0-5.18)
99.8 (99.7-99.9)
12.1 (1.0-23.3)
98.9 (98.7-99.1)
0.02

52.3 (50.6-54.1)

99.8 (99.8-99.9)

79.6 (77.8-81.3)

99.4 (99.4-99.5)
0.52

31.8 (30.3-33.2)

98.2 (98.1-98.3)

61.4 (59.2-63.6)

94.0 (93.8-94.3)
0.30

9.9 (8.6-11.1)
973 (97.0-975)
34.2 (30.6-37.9)
88.3 (87.8-88.8)

0.07

59.0 (58.4-59.7)

98.9 (98.8-98.9)

81.3 (80.7-82.0)

96.6 (95.6-96.7)
0.58

28.7 (27.2-30.2
98.1 (98.0-98.3
58.1 (565.8-60.4
93.8 (93.6-94.1

11.6 (9.5-13.6)
98.9 (98.7-99.0)
39.9 (34.1-45.7)
94.5 (94.2-94.9)

52.3 (51.6-53.0)
979 (97.9-98.0)
70.0 (69.2-70.7)
95.7 (95.6-95.8)

~

—_ = =

0.27

0.1

0.50

Note: Cl = confidence interval, NPV = negative predictive value, PPV = positive predictive value, Q = quarter.
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Table 4: Validation estimates by province and quarter: outpatient cohort

Measure

Estimate, % (95% Cl)

Q1

April 2020-June 2020

Q2

July 2020—-September 2020

Q3

October 2020-December 2020

Q4

January 2021-March 2021

British Columbia

Sensitivity 10.2 (8.6-11.8) 6.1 (5.4-6.7)
Specificity 88.5 (88.3-88.7) 91.7 (91.6-91.8)
PPV 1.0 (0.9-1.2) 1.5 (1.4-1.7)
NPV 98.8 (98.8-98.9) 97.9 (97.8-97.9)
Youden Index -0.01 -0.02
Manitoba
Sensitivity 1.3 (0-3.8) 1.7 (0.84-2.5)
Specificity 99.5 (99.4-99.5) 99.7 (99.7-99.8)
PPV 0.6 (0-1.7) 8.3 (4.3-12.4)
NPV 99.8 (99.7-99.8) 98.7 (98.6-98.7)
Youden Index 0.01 0.01
Ontario
Sensitivity 21.1 (20.6-21.7) 20.1 (19.3-20.9)
Specificity 92.5 (92.4-92.5) 93.7 (93.7-93.8)
PPV 8.5 (8.2-8.7) 3.2 (3.1-3.3)
NPV 97.3 (97.2-97.3) 99.1 (99.1-99.2)
Youden Index 0.14 0.14

2.4 (2.2-2.5)
96.9 (96.8-96.9)
5.6 (5.2-5.9)
92.7 (92.6-92.7)
-0.01

5.0 (4.5-5.4)
96.7 (96.5-96.8)
14.0 (12.8-15.1)
90.3 (90.1-90.4)

0.02

33.0 (32.7-33.3)

92.0 (92.0-92.1)

22.5 (22.2-22.7)

95.2 (95.1-95.2)
0.25

2.5 (2.3-2.6)
98.2 (98.2-98.3)
12.9 (12.2-13.7)
90.5 (90.4-90.6)
-0.01

6.3 (5.5-7.2)
95.2 (95.0-95.3)
5.7 (5.0-6.5)
95.6 (95.5-95.8)
0.02

35.6 (35.3-35.9)

93.5 (93.4-93.5)

31.1 (30.8-31.4)

94.6 (94.6-94.6)
0.29

Note: Cl = confidence interval, NPV = negative predictive value, PPV = positive predictive value, Q = quarter.

(i-e., Q4). The overall PPVs were 66.4% (95% CI 64.5%—
68.4%) in Q1 and 66.3% (95% CI 65.0%—67.6%) in Q4. The
lowest overall PPV was 50.0% (95% CI 46.8%-53.2%) in
Q2. Province-specific PPVs for Q1 ranged from 30.0% (95%
CI26.9%-33.0%) in BC t0 75.0% (95% CI 73.6%-76.4%) in
Ontario. In BC, the PPV was low in Q1 and Q2, then
increased. In Ontario, the PPV dropped in Q3 and Q4 com-
pared with Q2. The Youden Index ranged from 0.49 to 0.88.

For the emergency department cohort, the overall sensi-
tivity was 60.4% (95% CI 58.3%—62.5%) in Q1 and 47.5%
(95% CI 46.5%-48.6%) in Q4. The overall PPVs were
76.9% (95% CI 75.0%-78.8%) and 68.3% (95% CI
67.2%—-69.4%) in Q1 and Q4, respectively. Sensitivity was
poor for Manitoba throughout the study period, with a
maximum of 11.6% (95% CI 9.5%-13.6%) in Q4; the cor-
responding PPV in Q4 was 39.9% (95% CI 34.1%-
45.7%). In comparison, maximum sensitivity for Ontario
was 61.0% (95% CI 59.7%-62.2%) in Q1 and the PPV
was 77.0 (95% CI 75.8%-78.2%). The Youden Index had a
maximum of 0.60.

For the outpatient cohort, overall sensitivity was 20.3%
(95% CI 19.4%-21.3%) in Q1 and 25.0% (95% CI 24.6%—
25.4%) in Q4. The overall PPVs were 6.8% (95% CI 6.5%—
7.1%) in Q1 and 29.1% (95% CI 28.7%-29.5%) in Q4.
Sensitivity in Manitoba and Ontario was low but increased
slightly from 1.3% (95% CI 0%-3.8%) and 21.1% (95% CI
20.6%-21.7%), respectively, in Q1, to 6.3% (95% CI 5.5%—
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7.2%) and 35.6% (95% CI 35.3%-35.9%), respectively, in
Q4. In BC, sensitivity declined, falling from 10.2% (95% CI
8.6%-11.8%) in QI to 2.5% (95% CI 2.3%-2.6%) in Q4.
The PPV increased slightly from 1.0% (95% CI 0.9%-1.2%)
in Q1 to 12.9% (95% CI 12.2%-13.7%) in Q4. The Youden
Index had a maximum of 0.29.

Opverall sensitivity and PPV generally increased across age
groups in the inpatient cohort, but declined across age groups
in the emergency department and outpatient cohorts (Appen-
dix 1, Tables S10-S12). No consistent pattern was observed
for sex (Appendix 1, Tables S10-S12).

For the predefined sensitivity analyses for the inpatient
cohort (Appendix 1, Table S13 and Table S14), expanding
the duration of the case ascertainment window led to abso-
lute increases in estimated sensitivity of up to 46%, with the
largest in BC. The first sensitivity analysis resulted in
greater improvements in overall sensitivity and PPV esti-
mates than the second; temporal trends were similar to
those observed in the primary analysis. For the third sensi-
tivity analysis (i.e., emergency department cohort; Appen-
dix 1, Table S15), expanding the case ascertainment window
resulted in absolute increases of up to 10% in sensitivity.
Increases in PPV were small. For the outpatient cohort,
expanding the case ascertainment window led to absolute
increases in sensitivity and PPV of up to 18%, although
most increases were small (i.e., less than 5%; Appendix 1,
Table S16).



Our multiprovince validation study showed that diagnoses of
SARS-CoV-2 infection had PPV estimates ranging from
17.8% to 75.0% in inpatient records, 0.0% to 81.3% in emer-
gency department records, and 0.6% to 31.1% in outpatient
records, illustrating substantial variation by province and over
time. Positive predictive value estimates either improved or
remained stable over time, and sensitivity estimates generally
declined. Positive predictive value estimates are dependent on
prevalence of positive tests, which varied considerably.
Expanding the duration of the observation window for ascer-
taining diagnoses of SARS-CoV-2 infection in health care
records improved sensitivity and PPV estimates for inpatient
data, but the effect for outpatient data was generally small.

Using US inpatient data from May to October 2020,
Kluberg and colleagues'? reported sensitivity estimates of
95% and PPV estimates of 81% using ICD-10 code U07.1.
Similarly, Kadri and colleagues* reported sensitivity estimates
of 98% and PPV estimates of 92% from April to May 2020.
Estimates from our study were lower in all provinces. How-
ever, PPVs improved over time in both Manitoba and BC and
decreased only slightly in Ontario.

Our study provides important information about the valid-
ity of COVID-19 diagnosis coding in emergency department
records and outpatient physician claims. For the emergency
department cohort, overall validity was poorer than in a prior
Canadian study.’ Positive predictive value estimates were
highest in Ontario. Performance was noticeably poorer in
Manitoba than in the other 2 provinces. Manitoba does not
use the National Ambulatory Care Reporting System for
emergency department records and has fewer fields for diag-
nosis codes in emergency department records than Ontario
and BC, which may account in part for this finding.

The validity of COVID-19 diagnosis coding in outpatient
claims was poor and only minimally affected by expanding the
case ascertainment window. This finding may be attributed to
limited access to family physicians, particularly during the
early months of the pandemic, the multiple reasons a person
may consult their physician regarding COVID-19, the likeli-
hood that testing-related visits were directed to hospital- or
community-based testing clinics rather than doctors’ offices,
and the time needed for physicians and billing clerks to
become accustomed to new diagnosis or fee codes. Our find-
ings do not support use of physician service claims as a substi-
tute for population-based laboratory data to identify patients
with SARS-CoV-2 infection.

Strengths of our study include assessment of diagnostic
validity in inpatient and outpatient settings, during multiple
periods and in 3 provinces. Our access to population-wide,
community-based PCR laboratory test results made validation
possible outside of inpatient hospital settings.

Limitations

The generalizability of our findings to outpatient physician
service claims from other provinces and territories is
unknown; each jurisdiction implemented its own COVID-19
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coding for outpatient claims. In addition, while SARS-CoV-2
PCR laboratory testing was openly and widely accessible to
symptomatic patients throughout the study period, the results
of these PCR tests could influence diagnosis coding behav-
iour. Our findings may not generalize to settings where
SARS-CoV-2 PCR testing policies and practice differed from
those in these provinces during the study period, although
many countries appear to have implemented similar testing
policies.' Another limitation is the potential lack of independ-
ence between PCR testing and the COVID-19 diagnosis. For
the 2 to be independent, a positive or negative test result
would need to be possible for all cohort members and in all
settings. For example, we found that in Ontario, 47% of
inpatient hospitalizations were accompanied by a PCR test;
for emergency department visits this figure was 15%, and for
outpatient visits this figure was only 3%.

Conclusion

We identified variations in the validity of diagnoses of SARS-
CoV-2 infection recorded in different health care settings,
geographic areas and over time. The performance of diagno-
sis codes for COVID-19 case ascertainment was better for
inpatient and emergency department than for outpatient
administrative data in the first year of the pandemic, likely
owing to greater standardization in diagnosis coding practices
in the former. However, over this period and subsequently,
there were changes in guidelines and testing practices that
may influence generalizability. Nevertheless, this study pro-
vides valuable insights about the validity of administrative data
sources for COVID-19 case ascertainment that can benefit
population-based research and surveillance.
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