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Validity of hospital diagnostic codes to identify SARS-CoV-2
infections in reference to polymerase chain reaction results:
a descriptive study
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Background: In 2020, International Statistical Classification of Diseases and Related Health Problems, 10th Revision (ICD-10)
codes were created for laboratory-confirmed SARS-CoV-2 infections. We assessed the operating characteristics of ICD-10 discharge
diagnostic code U07.1 within the General Medicine Inpatient Initiative (GEMINI).

Methods: GEMINI assembles hospitalization data (including administrative ICD-10 discharge diagnostic codes, laboratory results
and demographic data) from hospitals in Ontario, Canada. We studied adults (age = 18 yr) admitted during 2020 and tested at least
once for SARS-CoV-2 via polymerase chain reaction (PCR) during (or within 48 h before) hospitalization. With PCR results as the
reference standard, we calculated sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for ICD-
10 code U07.1 hospital discharge diagnostic codes. Analyses were stratified by demographic data, calendar period and timing of the
first test (within or after 48 h of hospital admission).

Results: In 11852 hospitalizations with at least 1 SARS-CoV-2 PCR test, 444 (3.7%) were positive. The sensitivity of code U07.1 to
identify SARS-CoV-2 infection was 97.8%, specificity was 99.5%, PPV was 88.2% and NPV was 99.9%. Operating characteristics
were similar in most stratified analyses, but the specificity and PPV were lower if the first SARS-CoV-2 test was done more than
48 hours after admission.

Interpretation: The sensitivity, specificity, PPV and NPV of code U07.1 were high. This supports using code U07.1 to identify SARS-
CoV-2 infection in hospitalization data.

ince the emergence of COVID-19, the global health

care community faced unprecedented challenges in

identifying and tracking patients infected with the novel
coronavirus, SARS-CoV-2. The urgency to contain the spread
of the virus prompted the development of efficient and accur-
ate methods for patient identification. During its initial phase,
various approaches were employed to identify individuals with
suspected or confirmed cases of COVID-19, ranging from
clinical diagnosis to laboratory testing. However, the lack of
standardized case definitions hindered the comparability of
data across different health care systems and regions. In early
2020, the World Health Organization (WHO) released new
International Statistical Classification of Diseases and Related Health
Problems, 10th Revision ICD-10) codes for the identification of
confirmed (U07.1, virus identified) and suspected cases
(U07.2, virus not identified) of SARS-CoV-2 infection. These
codes were implemented in Canada in April 2020" (further
additions were introduced early in 2021 to enable more com-
prehensive data capture, including U07.4 [post-COVID-19
condition] and U07.5 [personal history of COVID-19]).2
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Reliable, standardized case definitions are needed to
make optimal use of routinely collected health data, particu-
larly administrative health care records. A handful of studies
have assessed ICD-10 code U07.1 in North America and
elsewhere.’” If this new code can reliably identify SARS-
CoV-2 infection within health data, it could expedite
important research and surveillance activities. Given the
potential for variability across different jurisdictions (coding
practices, patient populations and other factors), we aimed
to confirm this code’s validity within a broad patient popu-
lation with publicly funded health care.
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The General Medicine Inpatient Initiative (GEMINI) is a
hospital research collaborative collecting clinical and adminis-
trative data from hospitals in the province of Ontario, Canada.
GEMINI receives discharge diagnosis codes as reported by
hospitals. Data include inpatient and emergency department
care, including demographic data, administrative discharge
diagnostic codes, vital signs, and laboratory test results and
imaging.®” In Canada, upon discharge, trained medical clerks
at each hospital assign administrative discharge diagnostic
codes (1 most responsible diagnosis and up to 25 additional
codes).® We studied all adults (age > 18 yr) admitted to 1 of 7
GEMINI participating hospitals between January and
December 2020 with at least 1 SARS-CoV-2 polymerase
chain reaction (PCR) test at admission (or the 48 h preceding)
or during hospitalization. This was the period when complete
data were available in all the GEMINI hospitals included in
the analysis. It also aligned with our intention to examine the
operating characteristics of the new ICD-10 code in the
context of its early implementation. During this period in
Ontario, rapid antigen testing was generally unavailable for
the general population, and confirmation of suspected SARS-
CoV-2 infection by PCR test was mandated by public health
authorities. The hospitals were located in the Greater
Toronto Area (Mount Sinai, Sunnybrook Hospital, St.
Michael’s Hospital, Toronto Western Hospital, Toronto
General Hospital) and Mississauga (Trillium Health Partners
Credit Valley and Mississauga Hospitals).

Design, index and reference standard tests, and
clinical variables

We characterized demographic data (sex, age and urban v.
rural residence as per Statistics Canada?).

Methods for estimating or comparing measures of
diagnostic accuracy

To evaluate the performance of the U07.1 code using PCR
test results as the reference standard, we identified all SARS-
CoV-2 PCR tests performed 48 hours before admission and
all tests performed during hospitalization. Readmissions were
treated as independent observations, meaning that any tests
performed in previous encounters were generally not
accounted for in the current admission. We assumed cases as
laboratory-confirmed (SARS-CoV-2 identified) if at least 1
test was positive in the observation period, and we assumed a
confirmed noncase (no SARS-CoV-2 identified) if there were
no positive PCR tests (and at least 1 negative test result). We
then defined a true positive as laboratory-confirmed SARS-
CoV-2, with discharge code U07.1; a false negative as
laboratory-confirmed SARS-CoV-2, without discharge code
U07.1; a false positive as no SARS-CoV-2 identified, with dis-
charge code U07.1; and a true negative as no SARS-CoV-2
identified, without discharge code U07.1. We then calculated
sensitivity as the number of true positives divided by the sum
of true positives and false negatives, specificity as the number of
true negatives divided by the sum of true negatives and false
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positives, positive predictive value (PPV) as the number of
true positives divided by the sum of true positives and false
positives, and negative predictive value (NPV) as the number
of true negatives divided by the sum of true negatives and
false negatives. These estimates and their corresponding 95 %
CI were computed using the epiR R package.'

Data analysis

Stratified analyses were carried out for sex and age (< 50 yr,
50-75 yr and > 75 yr), urban versus rural residence, calendar
period of admission (January—April, May—August and
September—December) and timing of first PCR test (before
admission, within 24 h of the admission, between 24 and 48 h
of the admission, or after 48 h of admission).

All analyses in this paper were performed using R version
4.1.2.10

Ethics approval

The McGill University Research Ethics Board approved this
study. Hospital data accessed by GEMINI was approved by
affiliated ethics boards.

A total of 52467 hospital admissions occurred between
Jan. 23, 2020, and Dec. 31, 2020, and 11852 of them were
associated with at least 1 SARS-CoV-2 PCR test (regardless
of result). In 444 of these 11852 hospital admissions, we
found at least 1 positive test, representing a frequency of 3.7%
for confirmed SARS-CoV-2 infection. Among the 444 PCR-
confirmed cases, 434 had an ICD-10 discharge diagnosis code
U07.1 (Figure 1).

The sensitivity of code U07.1 was 97.8% (95% CI 95.9%—
98.9%), the specificity was 99.5% (95% CI 99.3%-99.6%),
the PPV was 88.2% (95% CI 85.0%-90.9%) and the NPV
was 99.9% (99.8%-100.0%). Stratified analyses are presented
in Tables 1 and 2. Operating characteristics were similar
across sex, age groups and calendar periods (Table 1). When
considering the timing of the first PCR test, the specificity of
ICD code U07.1 was slightly lower when the test was done
more than 48 hours after admission (Table 2). We also con-
sidered variability in the accuracy of coding by hospital
(Table 3). The usage of U07.1 remained consistent over time

(Figure 2).

Our results demonstrate high sensitivity, specificity and PPV
estimates of ICD-10 code U07.1 in identifying laboratory-
confirmed SARS-CoV-2 infection in hospital data. These
operating characteristics were similar across sex, age groups
and calendar periods. The sensitivity of the ICD code was
higher when the PCR test was done within 24-48 hours of
hospital admission. While our study found a high PPV for the
ICD-10 code U07.1 in identifying laboratory-confirmed
SARS-CoV-2 infection in hospital data, we acknowledge that
this measurement can be influenced by the prevalence of
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Eligible participants

Adult (age = 18 yr) admissions from

7 GEMINI participating hospitals

(5 academic, 2 large community in

the GTA) discharged between
Jan. 1, 2020, and Dec. 31, 2020

n =52 467

—— Excluded n =39 663

Y

« ICD-10 diagnosis code U07.1 or
U07.2 not used and no SARS-
CoV-2 PCR test done

Index test

Admissions with
> 1 SARS-CoV-2 PCR test result

OR
An ICD-10 diagnosis code of U07.1/U07.2
n =12 804

v

v

ICD-10 code U07.1 not used

ICD-10 code U07.1 used

n=11449 n=1355
Excluded n =89 — —— Excluded n =863
« Periods with no SARS-CoV-2 * Periods with no SARS-CoV-2
PCR test data at 4 hospitals PCR test data at 4 hospitals
n=285 n=702
» No SARS-CoV-2 PCR test » No SARS-CoV-2 PCR test
done n=4 done n =161
Y Y
SARS-CoV-2 PCR test done SARS-CoV-2 PCR test done
n=11360 n =492
Y Y

SARS-CoV-2 PCR diagnosis
Positive n =10
Negative n =11 350

SARS-CoV-2 PCR diagnosis
Positive n =434
Negative n =58

Figure 1: STARD (Standards for Reporting Diagnostic accuracy studies) flow diagram of the study cohort for the evaluation of the accuracy of
the use of ICD-10 U07.1 diagnosis code. GEMINI = General Medicine Inpatient Initiative, GTA = Greater Toronto Area, ICD-10 = International
Statistical Classification of Diseases and Related Health Problems, 10th Revision, PCR = polymerase chain reaction.

COVID-19 in the population being tested, as well as the cri-
teria for PCR testing. For example, at the beginning of the
pandemic, only more severe cases were tested as PCR tests
were not widely available at that period. This selective testing
approach may have led to an underrepresentation of mild or
asymptomatic cases in the PCR-confirmed data. Moreover, it
is important to consider the potential impact of the prolonged
time interval between the onset of initial symptoms and hos-
pital admission. This delay could result in declining viral load
over time, potentially leading to PCR test results appearing as
negative at the hospital admission. These factors contribute to
the complexity of interpreting PCR results and underscore
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the need to consider the limitations of relying solely on test-
ing data for assessing the true burden of SARS-CoV-2
infections.

Our results are consistent with those of studies in other
jurisdictions evaluating the reliability of the ICD-10 code
U07.1 in identifying SARS-CoV-2 infection in hospitalization
data. In the only other Canadian study, Wu and colleagues
assessed the validity of SARS-CoV-2 ICD codes in Alberta
provincial health databases from emergency admissions and
inpatients in 2 cohorts linked to administrative health
records.’ They found that the sensitivity of ICD-10 code
U07.1 for inpatients with positive PCR tests was 94.2% (95%
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Table 1: Operating characteristics of ICD code U07.1

(laboratory-confirmed COVID-19) within hospital diagnostic

codes (PCR test as reference) stratified by sex, age, and

Table 2: Operating characteristics of ICD code U07.1
(laboratory-confirmed COVID-19) within hospital diagnostic
codes (PCR test as reference) stratified by timing of first PCR

urban or rural residence test
Parameter Estimate (95% Cl), % Parameter Estimate (95% Cl), %
Sex Timing of first PCR test
Female Before admission
Sensitivity 97.2 (93.6-99.1) Sensitivity 98.7 (96.2-99.7)
Specificity 99.5 (99.2-99.6) Specificity 99.9 (99.7-100)

Positive predictive value

Negative predictive value
Male

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Age
<50 yr

Sensitivity

Specificity

Positive predictive value

Negative predictive value
50-75 yr

Sensitivity

Specificity

Positive predictive value

Negative predictive value
>75yr

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Urban or rural residence
Urban

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Rural

Sensitivity

Specificity

Positive predictive value

Negative predictive value

86.1 (80.5-90.5)
99.9 (99.8-100)

98.1 (95.7-99.4)
99.5 (99.3-99.7)
89.7 (85.6-92.9)
99.9 (99.8-100)

95.1 (87.8-98.6)
99.5 (99.1-99.7)
84.6 (75.5-91.3)
99.8 (99.6-100)

98.5 (95.6-99.7)
99.5 (99.2-99.6)
871 (81.9-91.2)
99.9 (99.8-100)

98.2 (94.8-99.6)
99.6 (99.3-99.8)
91.5 (86.4-95.2)
99.9 (99.8-100)

97,6 (95.6-98.8)
99.5 (99.3-99.6)
87.8 (84.5-90.7)
99.9 (99.8-100)

100 (39.8-100)
99.7 (98.4-100)
80.0 (28.4-99.5)

100 (99.0-100)

Positive predictive value

Negative predictive value
Within 0—-24 h of admission

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Within 24—48 h of admission

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Beyond 48 h of admission

Sensitivity

Specificity

Positive predictive value

Negative predictive value
Calendar period of admission
January—April 2020

Sensitivity

Specificity

Positive predictive value

Negative predictive value
May—Aug 2020

Sensitivity

Specificity

Positive predictive value

Negative predictive value
September—December 2020

Sensitivity

Specificity

Positive predictive value

Negative predictive value

9738 (95.0-99.3)
99.9 (99.8-100)

95.8 (90.4-98.6)
99.7 (99.6-99.9)
88.3 (81.4-93.3)
99.9 (99.8-100)

100 (63.1-100)
99.0 (96.5-99.9)
80.0 (44.4-975)

100 (98.2-100)

978 (92.4-99.7)
94.2 (92.1-95.9)
71.4 (62.7-79.1)
99.7 (98.8-100)

99.4 (97.0-100)
98.6 (97.9-99.2)
90.5 (85.5-94.2)
99.9 (99.6-100)

96.2 (90.5-99.0)
99.5 (99.2-99.7)
79.5 (71.5-86.2)
99.9 (99.8-100)

96.8 (92.8-99.0)
99.7 (99.6-99.9)
92.2 (87.0-95.8)
99.9 (99.8-100)

Note: Cl = confidence interval, ICD = International Statistical Classification of

Diseases and Related Health Problems, PCR = polymerase chain reaction.
Note: Cl = confidence interval, ICD = International Statistical Classification of
Diseases and Related Health Problems, PCR = polymerase chain reaction.
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Table 3: Accuracy of coding by hospital

Parameter Estimate (95% Cl), %

Confirmed cases (U071 only)

Hospital A
Sensitivity 98.5 (95.7-99.7)
Specificity 99.4 (99.2-99.6)

84.5 (79.3-88.9)
100 (99.9-100)

Positive predictive value

Negative predictive value

Hospital B
Sensitivity 977 (94.1-99.4)
Specificity 99.8 (99.5-99.9)

95.4 (91.2-98.0)
99.9 (99.7-100)

Positive predictive value

Negative predictive value

Hospital C
Sensitivity 95.9 (88.5-99.1)
Specificity 99.3 (98.8—99.6)

83.3 (73.6-90.6)
99.8 (99.5-100)

Positive predictive value

Negative predictive value

Note: Cl = confidence interval.

CI 93.5%-94.8%), and the PPV was 94.5% (95% CI
93.8%-95.2%).}

Kadri and colleagues examined the reliability of ICD-10
code U07.1 in American administrative hospitalization data
early in the pandemic.!" Using a positive PCR test as the gold
standard, they estimated the sensitivity of U07.1 at 98.0%
(95% CI 97.6%-98.4%) specificity at 99.0% (95% CI 98.9%—
99.1%) and PPV at 91.5% (95% CI 90.8%-92.3%).!" They
concluded that hospitals accurately code SARS-CoV-2 diagno-
ses, though they advocated for continuing to assess the reliabil-
ity of this code over time.!! Subsequent studies found similar
results.»? Lynch and colleagues in the United States
reviewed Veterans Affairs medical records containing the ICD
diagnostic code U07.1 and calculated PPV, with PCR testing
as the reference standard.* They also found high PPVs in
patients admitted to hospital (93.8%, 95% CI 91.8%-95.6%).*
Bhatt and colleagues evaluated hospital discharge diagnoses
between Apr. 1, 2020, and July 31, 2020, in the Mass General
Brigham health system (which includes Massachusetts General
Hospital, Brigham and Women’s Hospital, and other allied
hospitals across Massachusetts).!* Compared with all other
studies, they found a much lower sensitivity (49.2%, 95% CI
47.1%-51.3%) for the hospital ICD code U07.1 compared
with PCR test results; they estimated high specificity (99.4%,
95% CI 99.3%-99.5%) and a PPV of 90.0% (95% CI 88.2%—
91.6%)."* They attributed the lower sensitivity to scribing
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Figure 2: Plot of U07.1 and U07.2 ratio (i.e., laboratory-confirmed and clinical diagnosis) over time. Note: ICD = International Statistical Classifi-

cation of Diseases and Related Health Problems.
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delays at discharge, changes to testing criteria, and interpreta-
tion differences when looking at test results and symptom
presentation.!* Bodilsen and colleagues also confirmed a high
PPV for SARS-CoV-2 codes in Danish hospital data.!s

One of the motivations for using Canadian data for our
study is that, in this country, individuals have publicly funded
health care, so administrative records hold discharge diagno-
ses for all hospital admissions. Given that, to our knowledge,
only one other Canadian study has been published on this
topic,’ and it is well known that use of ICD codes (and their
validation) can vary greatly over jurisdictions, our study is
important. Moreover, since the sensitivity and specificity of
case definitions from administrative data can vary greatly over
demographic and other variables, our stratified analyses offer
some unique information.

Limitations

Our study has some potential limitations. First, PCR tests
performed outside of Ontario hospitals were unavailable,
which may have caused some individuals tested for SARS-
CoV-2 in outpatient settings to be identified as false positives
(i.e., with a U07.1 diagnosis but without a positive test). How-
ever, this limitation is common in many published studies on
this topic. Additionally, our study uses data from the first year
of the pandemic, and as others have suggested, repeat analyses
in years to come may yield further insights.!¢ Testing policies
for SARS-CoV-2 varied across hospitals and fluctuated over
time (Table 2). Still, generally, all patients with typical or
atypical symptoms associated with COVID-19 were tested,
and, in some settings, all admitted patients were tested. Our
findings are generally consistent across periods, and policy
changes may explain minor fluctuation.

Conclusion

Opverall, our findings confirm the validity of the ICD-10 code
U07.1. We found consistent results across sex, age groups and
calendar periods. This is reassuring for research and surveil-
lance activities relying on administrative hospitalization data

to identify SARS-CoV-2 infections.
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