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ABSTRACT

Objectives To identify factors associated with COVID-19
test positivity and assess viral and antibody test
concordance.

Design Observational retrospective cohort study.
Setting Optum de-identified electronic health records
including over 700 hospitals and 7000 clinics in the USA.
Participants There were 891754 patients who had a
COVID-19 test identified in their electronic health record
between 20 February 2020 and 10 July 2020.

Primary and secondary outcome measures Per cent of
viral and antibody tests positive for COVID-19 (‘positivity
rate’); adjusted ORs for factors associated with COVID-19
viral and antibody test positivity; and per cent concordance
between positive viral and subsequent antibody test
results.

Results Overall positivity rate was 9% (70 472 of 771
278) and 12% (11 094 of 91 741) for viral and antibody
tests, respectively. Positivity rate was inversely associated
with the number of individuals tested and decreased over
time across regions and race/ethnicities. Antibody test
concordance among patients with an initial positive viral
test was 91% (71%—-95% depending on time between
tests). Among tests separated by at least 2 weeks,
discordant results occurred in 7% of patients and 9%

of immunocompromised patients. Factors associated
with increased odds of viral and antibody positivity in
multivariable models included: male sex, Hispanic or
non-Hispanic black or Asian race/ethnicity, uninsured

or Medicaid insurance and Northeast residence. We
identified a negative dose effect between the number

of comorbidities and viral and antibody test positivity.
Paediatric patients had reduced odds (OR=0.60, 95%Cl
0.57 to 0.64) of a positive viral test but increased odds
(OR=1.90, 95% Cl 1.62 to 2.23) of a positive antibody test
compared with those aged 18-34 years old.
Conclusions This study identified sociodemographic
and clinical factors associated with COVID-19

test positivity and provided real-world evidence
demonstrating high antibody test concordance among
viral-positive patients.

! Matthew H Secrest,! Shemra Rizzo,' Daniel S Keebler,'

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This large retrospective cohort study of >800000
patients contributes to COVID-19 test surveillance
data and targeted studies by identifying factors
associated with viral and antibody test positivity
among those tested.

= This study provides important real-world evidence
concerning antibody test concordance following a
positive viral test among patients who received both
types of tests.

= We captured COVID-19 viral and antibody tests in
adults and paediatric patients and identified novel
findings related to positivity by test type and age.

= Electronic health records provide a broad set of so-
ciodemographic and clinical data but do not provide
complete and salient information such as exposure,
preclinical symptoms, testing outside of the health-
care system and living situation.

= The electronic health records did not include infor-
mation on the specific tests used that would have
allowed for an assessment of test characteristics.

BACKGROUND

The global COVID-19 pandemic has taken
an enormous toll on human health and the
economy. As of 22 June 2021, surveillance in
the USA estimated approximately 33.5 million
cases and 600000 deaths across the nation
with one of the highest incidence rates in the
world."?

SARS-CoV-2 testing is a critical but chal-
lenging component of both surveillance
and treatment decisions. Variable test access,
quality and reliability have been key consid-
erations in our understanding of COVID-
19. Public health surveillance and targeted
studies provide important information
related to patient characteristics and symp-
toms experienced during active COVID-19
infections."”™® As we enter a new stage in

BM)

Lindsay L, et al. BMJ Open 2022;11:051707. doi:10.1136/bmjopen-2021-051707 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4999-1402
http://dx.doi.org/10.1136/bmjopen-2021-051707
http://dx.doi.org/10.1136/bmjopen-2021-051707
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-051707&domain=pdf&date_stamp=2022-07-08

the COVID-19 pandemic and restrictions ease due to
successful vaccination efforts, viral testing remains an
important tool for rapid identification of active infec-
tions and reducing transmission. Antibody testing is also
important because it helps us understand immunity to
COVID-19 at both the individual and community level."?
Information regarding antibody testing in clinical prac-
tice is sparse and concordance between viral and antibody
tests has largely focused on assessment of test character-
istics and seroconversion among special populations.**?
Thus, we sought to generate real-world evidence related
to factors associated with COVID-19 viral and antibody
testing and positivity, as well as assessment of test concor-
dance in routine clinical practice in the USA.

Our specific study objectives were to: use electronic
health records (EHRs) to characterise patients tested for
COVID-19 according to test type (viral, antibody) and
test result; to assess temporal trends in testing and posi-
tivity rates (PRs) and evaluate antibody test concordance
following a positive viral test among patients who received
definitive results for both tests; and lastly, to estimate the
relative odds of a positive COVID-19 test result compared
with a negative test by test type via multivariable logistic
regression.

METHODS

Data source

We used the Optum de-identified COVID-19 EHR
dataset, containing patient-level health records from 20
February 2019 through 10 July 2020, to identify patients
tested for SARS-CoV-2 or COVID-19 antibodies. This
dataset was sourced from Optum’s longitudinal EHR
repository derived from a national sample of inpatient
and outpatient medical records from more than 700
hospitals and 7000 clinics. The COVID-19 EHR dataset
included patients who had documented clinical care
with a diagnosis of COVID-19 or acute respiratory illness
after 1 February 2020 and/or COVID-19 antibody or
viral testing. Data were de-identified in compliance with
the Health Insurance Portability and Accountability Act
Expert Determination Method and managed according
to Optum customer data use agreements. The EHRs did
not capture detailed information on the specific subtype
or manufacturer for COVID-19 viral and antibody tests
that would have enabled assessment of test sensitivity
and/or specificity. Further, the EHRs did not capture
detailed information related to residence, such as zip
code or independent versus institutional setting (eg,
nursing home).

Patient and public involvement
This study did not include patient or public involvement
in the design, conduct or choice of outcomes.

Study population
We included patients of all ages if they satisfied the
criteria required for entry into one or more of the below

test cohorts and the index date occurred between 20
February 2020 and 10 July 2020.

Cohort definitions

Cohort 1 (CI) consisted of patients with a laboratory
test or procedural code for either a viral (molecular or
antigen test) or antibody test based on Logical Obser-
vation Identifiers Names and Codes (LOINC), Current
Procedural Terminology Healthcare Common Procedure
Coding System, Proprietary Laboratory Analyses codes or
string search for test names (online supplemental file A).
We considered the Cl index date as the first COVID-19
test, regardless of type (viral or antibody).

As a subset of Cl, we defined cohort 2 (C2) as patients
whose first observed COVID-19 test was a viral test and
indexed them on the date of this test.

As a subset of Cl, we indexed cohort 3 (C3) patients
on the first antibody test received based on laboratory or
procedural data source as previously described. We iden-
tified C3 patients regardless of prior viral test to enable
full characterisation of antibody testing and assessment of
concordance between viral and antibody tests.

Data analysis
For G2 and C3 patients, we classified test results as posi-
tive, negative and not definitive.

Clinical context/setting variables, including symptoms
and vital signs (0-7days pre-index), were defined using
diagnostic codes (online supplemental file B). We chose a
window 0-7 days to ensure that identified symptoms were
related to the reason for testing. Additionally, we adapted
a definition of time since first COVID-like illness (CLI)
based on the CLI definition endorsed by the Centers for
Disease Control and Prevention and Council of State and
Territorial Epidemiologists® (online supplemental file
C). We identified comorbidities using diagnostic codes
(21 code in any position 0-365days pre-index; online
supplemental file D) among patients with at least 365 days
of database history. We used string searches and LOINC
codes to evaluate laboratory tests for respiratory isolates
(0-7 days pre/post-index).

Descriptive analysis

We evaluated the distribution of variables and PRs by
cohort and definite test result. To assess the representa-
tiveness of our study population, we compared the distri-
bution of key sociodemographic factors in our study
cohorts to all Optum beneficiaries and the 2019 US
census population.

We evaluated temporal trends in several variables
(including PR), assessed co-occurring symptoms,/condi-
tions among viral-positive patients, and estimated concor-
dance between test results for patients who received a
positive initial viral test and definitive subsequent anti-
body results.

Models to identify factors impacting test positivity
Multivariable logistic regression models were fit to assess
factors impacting test positivity for the following binary
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outcomes: (a) positive initial viral test compared with a
negative initial viral test among C2 patients and (b) posi-
tive initial antibody test compared with a negative initial
antibody test among C3 patients.

Models were limited to the subset of patients who
had a definite test result and >365days pre-index data-
base history to ensure capture of existing comorbidi-
ties. Candidate variables for the models included those
identified from prior research and commonly (>3% of
patients) occurring symptoms. Non-significant interac-
tions and collinear variables were not included. In both
models, multiple imputation was used to address missing
data for variables with <25% of missingness using multi-
variate imputation by chained equations (online supple-
mental files E and F).

The final models included sociodemographics, clin-
ical/setting variables, comorbidities, region and study
week. Additionally, the C2 model included a variable for
coinfections and an interaction term between region and
study week. The C3 model also included prior viral test
results to assess the role of a clinically recognised active
infection on subsequent immune response to COVID-19
and to allow other factors to be evaluated independent
from viral positivity.

RESULTS

Descriptive

We identified 891754 patients in our overall study popu-
lation (n=806510 in C2 with a first viral test; n=95 930 in
C3 with an antibody test at any time; n=15 182 in both C2
and C3; n=4496 in C1 but notin C2 or C3 due to unknown
test type) (figure 1). These patients were predominantly
adult, female, non-Hispanic white, commercially insured
and Midwest/Northeast residents (table 1). A majority of
patients had no CLI identified (77%, 76%, and 83% C1,
2 and 3, respectively) nor underlying comorbidity (43%,
42%, and 54% C1, 2, and 3, respectively) (online supple-
mental files G and H). Paediatric patients were under-
represented in our study population relative to both the
Optum and census populations.

SARS-CoV-2 viral test reporting increased steadily in
the week of 11 March 2020 with PRs peaking 2 weeks
later driven primarily by data from the Northeast. Anti-
body test reporting began the week of 22 April 2020 with

Cohort 1:
Viral or Antibody Test

891,754

Cohort 2: Cohort 3: Test Tyne Unknown
Viral Test Antibody Test TR0
806,510 95,930 ’
Cohort 2 Only Cohorts 2 and 3 Cohort 3 Only
791,328 15,182 80,748

Figure 1 Flow diagram of study population.

a concurrent modest peak in PRs, again driven largely
by Northeast data. PR was inversely associated with the
number of individuals tested and decreased over time
across regions and race/ethnicities (online supplemental
file I).

Cohort 2: viral test

C2 consisted largely of adult (95%), female (58%), non-
Hispanic (77%), white (70%), residents of the Midwest
(51%) and those who had commercial insurance (55%;
online supplemental file J). Approximately 50% of
patients with >1year of database history had a Charlson
Comorbidity Index (CCI)=0 compared with approxi-
mately 40% of US adults,* while 77% of our study popu-
lation (with non-missing body mass index (BMI)) were
overweight or obese compared with approximately 72%
of US adults.” Information on the type of specimen
collected for a viral test was missing in 81% of patients.

The overall PR in C2 was 9% (70 472 of 771 278). Viral
test results and PRs for each of the measured cofactors
are provided in online supplemental file J.

Most C2 patients did not have a CLI recorded in the
6 weeks prior to their test (76% of C2 patients and 57%
viral-positive patients; figure 2; online supplemental file
J). Among those with a prior CLI, the median interval
between reported CLI and initial definitive test was 0 days
and 83% occurred <7days of their test result. Coinfec-
tions were rare (<0.1%).

Figure 3 displays common symptoms and intersecting
sets of these symptoms in patients who had a positive viral
test in C2.

Cohort 3: antibody test
Similar to C2, C3 patients were predominantly adult
(97%), female (60%), non-Hispanic (77%), white (75%)
and commercially insured (64%; online supplemental
file K). Slightly more than half of the patients lived in the
Northeast (56% vs 26% for C2). Approximately 75% of
patients (with a reported BMI) were overweight or obese
and 59% of patients with >1year of database history had
a CCI score=0.

Among C3, the overall PR was 12% (11 094 of 91 741).
Antibody test results and PRs for each of the measured
cofactors are provided in online supplemental file K.

Concordance between positive initial viral test and
subsequent antibody test

Among patients who received a positive viral test followed
by (or on the same day as) a definitive antibody test
(n=2035), overall concordance was 91%. Discordant
test results due to lack of seroconversion or inaccurate
test(s) were assessed via a positive viral test followed by
a negative antibody test. Discordant results were more
common when the tests were performed <2 weeks apart
(0 weeks apart=28.6%, 1week apart=28.2%) compared
with patients who had tests spaced at least 2 weeks
apart (2 weeks=12.1%, 3 weeks=5.9%, 4 weeks=5.4%, b
weeks=6.2%, 6 weeks=6.5%, 7 weeks=7.0%, 8 weeks=6.6%,
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Figure 2 SARS-CoV-2 viral test positivity and days since COVID-like iliness by setting. C2, cohort 2.

9 weeks=7.0% and 10 weeks=8.8%). Restricting the anal-
ysis to patients who had tests separated by at least 2 weeks
(n=1828), discordant results occurred in 6.5% (119 of

4000

2000

N positive with condition pattern

Visual Discomfort (dx codes only)
Loss Of Appetite (dx codes only)
Congestion (dx codes only)
Disturbances Of Smell Or Taste (dx codes only)
Lower Respiratory Nos (dx codes only)
Thrombocytopenia (dx codes only)
Acute Respiratory Distress Syndrome (dx codes only)
Myalgia (dx codes only)
Dehydration (dx codes only)
Other Specified Respiratory Disorders (dx codes only)
Fatigue (dx codes only)
Headache (dx codes only)
Upper Respiratory Infection (dx codes only)
Acute Respiratory Failure (dx codes only)
Hypoxia (dx codes + labs)

I Other General Signs Or Symptoms (dx codes only)

Full (dx codes only)

Cough (dx codes only)
Fever (dx codes + observations)
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15000

10000 5000 0

N positive with any condition

Figure 3 Frequency and co-occurrence of common conditions in patients positive for SARS-CoV-2 via viral test.

1828) of all patients and 8.8% (35 of 399) of immunocom-
promised patients (ie, those with any cancer, HIV/AIDS,
rheumatic disease or renal disease). Figure 4 depicts the
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Figure 4 Density of agreement among patients who received an initial viral positive test and subsequent antibody positive test

by weeks between tests and immunocompromised status.

probability of agreement between the initial viral positive
test and subsequent antibody positive test over time and
according to immunocompromised status.

Paediatric patients (<18 years)

Paediatric patients were under-represented in our study
population (C1=4.8%, C2=4.9%, C3=3.1%) relative to
both the underlying Optum (15.4%) and census popula-
tions (22.3%), suggesting lower testing rates in this popu-
lation. Paediatric patients had a viral PR of 6% and, while
the PR was consistently lower among paediatric patients
compared with the overall C2 population (9%), Hispanic,
underweight and Medicaid-insured children were more
likely to be tested (online supplemental files | and L).
Paediatric patients had an antibody PR of 17% compared
with overall C3 PR of 12% with a particularly high PR
among patients with Medicaid insurance, prior positive
viral test and >7days since CLI (online supplemental
file M). Of note, those underweight and/or hospitalised
were more frequently tested compared with the overall
C3 (online supplemental files K and M).

Multivariable logistic model results

Cohort 2: viral test

Of the 806510 patients in C2, 657112 (81%) fit the
criteria for the model of viral test positivity (>1year of
database history and a definite first viral test).

Sociodemographic
The odds of a positive test were not meaningfully different
among adults of different ages, when mutually adjusted
for other factors (figure 5, online supplemental file N);
however, paediatric patients had a markedly decreased
odds of a positive test relative to young adults (18-34
years) (OR=0.60, 95% CI 0.57 to 0.64).

Hispanic, non-Hispanic black and Asian patients had
increased odds of viral positivity compared with non-
Hispanic white patients (OR and 95% CI=3.40 (2.99 to

3.86); 3.06 (2.96 to 3.16); and 1.78 (1.69 to 1.89), respec-
tively). Uninsured patients and those with Medicaid had
moderately increased odds of testing positive, while Medi-
care patients had a decreased odds, relative to patients
with commercial insurance (OR and 95% CI=1.73 (1.53
to 1.95); 1.21 (1.17 to 1.25); and 0.91 (0.87 to 0.94),
respectively). Men had an increased odds of positivity
relative to women (OR=1.21,95% CI 1.19 to 1.24).

Clinical/setting

To assess severity, symptomatic status and viral test posi-
tivity, we investigated the importance of healthcare setting
and symptoms. We observed modest significant associa-
tions between healthcare setting and positivity (OR=1.14,
95% CI 1.10 to 1.17) for patients tested in the hospital
compared with outpatient setting.

We identified several symptoms/co-occurring diag-
noses that were significantly associated with a positive test,
including: disturbance of smell and/or taste (OR=7.31,
95% CI 6.67 to 8.01), acute respiratory distress (OR=5.94
to 95% CI 5.27 to 6.70), pneumonia (OR=4.21, 95% CI
4.04 to 4.38), lower respiratory infection (OR=1.86,
95% CI 1.69 to 2.05), loss of appetite (OR=1.71, 95% CI
1.48 to 1.97) and cough (OR=1.45, 95% CI 1.41 to 1.49).
Other conditions with modestly significant positive and
negative associations are shown in figure 5 and online
supplemental file N.

Comorbidities

We found an inverse dose-response relationship between
CCI score and viral positivity indicating that patients with
more comorbidities had lower odds of a positive result.
However, assessment of individual conditions identified
an increased odds of a positive test among patients with
dementia (OR=2.66, 95% CI 2.52 to 2.82) and diabetes
(OR=1.59, 95% CI 1.51 to 1.67) that persisted in mutu-
ally exclusive exploratory models restricted to 65+ years
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Figure 5 ORs and 95% Cls of SARS-CoV-2-positive viral test obtained via multivariable logistic regression. BMI, body mass
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suggesting limited residual confounding by age. Modest
significant associations were identified for patients with
conditions such as renal disease (OR=1.19,95% CI 1.13 to
1.25) and congestive heart failure (OR=1.20, 95% CI 1.12
to 1.27) (figure 5; online supplemental file N). Further,
overweight and obese patients had an increased odds of a
positive test (OR=1.19, 95% CI 1.14 to 1.24 and OR=1.34,
95% CI 1.29 to 1.40, respectively) relative to patients with
normal BMI.

Region and study week

There was a significant interaction between region and
study week on the odds of a positive test. Our model
reflects high transmission in the Northeast region early in
the pandemic with attenuated effects in this region over
time suggesting transmission control relative to other
regions such as the Midwest (figure 5). Conversely, the
South experienced increased ORs in interaction terms
with study week, while the West experienced a J-shaped
curve with the highest OR in the final study week.

Cohort 3: antibody test

Of the 95930 patients in C3, 83184 (87%) fit the eligi-
bility criteria for the logistic model of antibody test posi-
tivity (figure 6; online supplemental file O).

Sociodemographic

We detected increased odds of a positive antibody
test among patients who: were <18 years (OR=1.90,
95% CI 1.62 to 2.23 compared with 18-34 years); had
Medicaid or no insurance (OR=1.91, 95% CI 1.75 to
2.08 and OR=1.73, 95% CI 0.38 to 7.82 compared
with patients with commercial insurance); were
non-Hispanic black or Hispanic patients (OR=2.54,
95% CI 2.32 to 2.77 and OR=1.90, 95% CI 1.63 to
2.21 compared with non-Hispanic white); lived in
the Northeast region (OR=4.53, 95% CI 4.22 to 4.86
compared with the Midwest); or were male (OR=1.16,
95% CI 1.11 to 1.22).

Clinical/setting

As expected, the odds of a positive antibody test
among patients with a prior viral positive test were
particularly high (OR=44.16, 95% CI 37.26 to 52.33)
and low (OR=0.54, 95% CI 0.49 to 0.58) for patients
with a prior negative viral test compared with patients
who did not receive a prior viral test. The odds of a
positive antibody test increased with the number of
days since CLI (ORs ranged from 1.97, 95% CI 1.81 to
2.14; to 4.53, 95% CI 3.97 to 5.18) relative to patients
without a prior CLI.

The odds of a positive test were lower among
patients tested in the hospital relative to ambulatory
setting (OR=0.73, 95% CI 0.57 to 0.92). Similar to
C2 findings, C3 patients who had a routine general
medical examination recorded were less likely to have
a positive test result compared with patients without
such a code (OR=0.88, 95% CI 0.82 to 0.94).

Comorbidities

Our assessment of the relationship between CCI
score and antibody test positivity was consistent with
results from C2. Specifically, we identified an inverse
dose effect between CCI score and test positivity (OR
ranged from 0.90, 95% CI 0.84 to 0.95; to 0.52, 95% CI
0.34 to 0.80 as the number of comorbidities increased
from 1 to >7 relative to patients with a CCI score of
0). The significantly positive association between
dementia, diabetes and BMI persisted in C3.

CONCLUSION

We characterised sociodemographic and clinical
factors associated with COVID-19 testing and posi-
tivity in over 800000 patients across the USA. Our
study provides real-world clinical data that comple-
ment surveillance data and identifies novel findings
related to patients, testing, and concordance between
a viral positive test and subsequent antibody test.

We identified an imbalance in viral testing
according to race/ethnicity and insurance status due
to low proportion of tests and high PRs in minority
populations and among patients with suboptimal
insurance (online supplemental files I and J), as well
as heightened positivity in our multivariable model
(figure 5). The significance of race/ethnicity and
insurance status in our C2 modelling suggests these
effects are independent of symptoms, comorbidities,
date, region and setting. These findings are consis-
tent with prior research demonstrating the impor-
tance of societal and economic inequities, differential
exposure and access to tests over the course of the
pandemic.® 13 16 26-36

Our assessment of antibody test concordance
among patients who received a prior positive viral
test demonstrated high concordance particularly for
patients who had an antibody test at least 2 weeks
after a positive viral test reflecting the expected time
needed for patients to mount an immune response
to a SARS-CoV-2 infection and the clinical sensitivity
of such tests.?' * However, the precise time of infec-
tion relative to testing was impossible to identify given
the data source used in this study. Discordant results
assessed among patients with at least 2 weeks between
a positive viral test and subsequent antibody test may
reflect lack of seroconversion as well as suboptimal
test characteristics or timing of the test(s). However,
our findings were comparable with a prior study of
healthcare workers and first responders that reported
6% of the patients did not have antibodies following
infection.” We identified slightly lower concordance
among immunocompromised patients.

We identified notable differences in PRs among
paediatric patients depending on the type of test
compared with the overall C2 and C3 patients, namely
lower viral PR and higher antibody PR among paedi-
atric patients compared with patients of all ages. Our
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Figure 6 ORs and 95% Cls of COVID-19-positive antibody test obtained via multivariable logistic regression. BMI, body mass

index.

findings may reflect variable test patterns and results
due to differences in clinical presentation, symptom-
atic status, severity, immune response and detection
in children, which is consistent with national surveil-

lance data (figure 7).%9-42

While EHRs may lack sensitivity for capturing symp-
toms, our findings support the importance of symp-
toms generally acknowledged in the existing literature,
such as olfactory dysfunction, fever, cough and lower

. . . . oL 14171843 44
respiratory infections, and viral positivity.

While patients with poor underlying health may be
at higher risk of severe COVID-19, the negative asso-
ciation between multimorbidities and both viral and
antibody test positivity is consistent with prior studies
and may reflect reduced exposure due to behavioural
changes and/or lower test thresholds."” *** Excep-
tions were noted for patients in both C2 and C3
with obesity, diabetes and dementia, which are also
associated with severe disease and have been identi-
fied in prior research.”' The increased odds of a
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Figure 7 Number of patients tested and per cent positive for initial SARS-CoV-2 viral test by age.

positive test among patients with dementia may relate
to increased exposure due to institutional living and
to symptoms of dementia lowering compliance with
prevention guidelines and increased testing by care-
givers; however, we were unable to directly assess these
possibilities within our data.

We recognise that differential access to, and thresh-
olds for, testing exist and that not all EHRs are
complete.” We did not require a minimum follow-up
period for inclusion into our study given our interest
in test results that did not require extended follow-up
and our desire to be as inclusive as possible. We
assessed the representativeness of our study popula-
tion to the Optum and census populations, and used
days since CLI as a proxy for time since symptom onset.
While we compared our study population with source
populations, we were unable to directly describe the
base population due to the nature of the de-identi-
fied Optum COVID-19 EHR data, nor were we able to
assess test characteristics according to timing of infec-
tion or symptom onset, test manufacturer or specimen
type.t V7

In summary, this large national study systematically
identified sociodemographic and clinical factors asso-
ciated with COVID-19 viral and antibody testing and
positivity. We identified an imbalance in both viral
and antibody tests among minority and underinsured
patients. Our findings provide real-world evidence
supporting high concordance between positive
viral and subsequent antibody tests when tests were
performed at least 2 weeks apart.
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