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ABSTRACT

Background: During the COVID-19 pandemic, self-reported COVID-19 vaccination might
facilitate rapid evaluations of vaccine effectiveness (VE) when source documentation (e.g.,
immunization information systems [IIS]) are not readily available. We evaluated the
concordance of COVID-19 vaccination status ascertained by self-report versus source
documentation, and its impact on VE estimates.

Methods: Hospitalized adults (218 years) admitted to 18 U.S. medical centers March-June 2021,
were enrolled, including COVID-19 cases and SARS-CoV-2 negative controls. Patients were
interviewed about COVID-19 vaccination. Abstractors simultaneously searched IIS, medical
records, and other sources for vaccination information. To compare vaccination status by self-
report and documentation, we estimated percent agreement and unweighted kappa with 95%
confidence intervals (Cl). We then calculated VE in preventing COVID-19 hospitalization of full
vaccination (2 doses of mRNA product >14 days prior to illness onset) independently using data
from self-report or source documentation.

Results: Of 2520 patients, 594 (24%) did not have self-reported vaccination information to
assign vaccination group; these patients tended to be more severely ill. Among 1924 patients
with both self-report and source documentation information, 95.0% (95% Cl: 93.9%-95.9%)
agreement was observed, with a kappa of 0.9127 (95% Cl: 0.9109-0.9145). VE was 86% (95% Cl:

81-90%) by self-report data only and 85% (95% Cl: 81-89%) by source documentation data only.
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Conclusions: Approximately one-quarter of hospitalized patients could not provide self-report
COVID-19 vaccination status. Among patients with self-report information, there was high
concordance with source documented status. Self-report may be a reasonable source of COVID-
19 vaccination information for timely VE assessment for public health action.

Word Count: 248/250 words

Key words: COVID-19; vaccine effectiveness; concordance; self-report; registry
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INTRODUCTION

In December 2020, two COVID-19 mRNA vaccines (Pfizer-BioNTech and Moderna) received
Emergency Use Authorization (EUA), and by early 2022, both COVID-19 mRNA vaccines received
full Food and Drug Administration (FDA) approval for individuals 218 years of age®3. As of April
2022, an estimated 255 million persons in the United States had received one or more doses of
a COVID-19 vaccine®. Timely post-marketing evaluations of COVID-19 vaccine effectiveness (VE)
have been critical to understand the real-world protection provided by COVID-19 vaccination
and to inform public health measures throughout the pandemic?®. Observational studies
employing case-control designs typically infer protection by comparing the odds of antecedent
COVID-19 vaccination in cases versus controls. To reduce the potential underestimation of VE
introduced by vaccination reporting bias, COVID-19 vaccination status needs to be accurately

classified.

To ascertain COVID-19 vaccination status, post-marketing evaluations have used various data
sources typically categorized as self-report or source documentation of vaccination. In the US,
documented sources of vaccination typically include computerized immunization information
systems (IIS) (also known as vaccine registries), electronic medical records, pharmacy records,
occupational health records, and vaccination record cards®®. For COVID-19 vaccination

providers, reporting of vaccination to IIS is generally required®!°. However, the compilation and
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subsequent analysis of VE data can be compromised by receipt of vaccines in a different
jurisdiction than SARS-CoV-2 testing or hospitalization, loss of vaccination cards, timeliness of
reporting to electronic systems, and lack of access to IIS and other documented sources among

study investigators.

Therefore, self-report of COVID-19 vaccination, defined as the patient or a proxy verbally
providing a history of prior vaccination, might serve as a useful source of COVID-19 vaccination
data during the pandemic and facilitate timely evaluations of VE. However, relying on self-
report of COVID-19 vaccination could also result in misclassification of vaccination status
through recall bias, social desirability bias!?, or other mechanisms. To inform the use of self-
report versus source documentation for estimating VE against COVID-19-related
hospitalization, we evaluated concordance of COVID-19 vaccination status ascertained from
these sources among hospitalized adults in a multistate VE surveillance network during the first

few months of the COVID-19 vaccine roll-out.

METHODS
Participants and setting
To evaluate ascertainment of COVID-19 vaccination status by self-report versus source

documentation, we used data from the Influenza and Other Viruses in the Acutely Il (IVY)
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network, a multistate network that conducts analyses of real-world VE against COVID-19
hospitalizations among adults?. In brief, this analysis included hospitalized adults (aged >18
years) from 18 academic medical centers in 16 states with admission dates from March 11 —
June 6, 2021. Trained medical abstractors reviewed hospital admission logs or medical records
daily at participating sites to identify hospitalized patients who had received clinical testing for
acute SARS-CoV-2 infection. Patients who tested positive for SARS-CoV-2 by RT-PCR and met
criteria for COVID-19-like illness were included as COVID-19 cases. We used two control groups,
which were combined in this analysis. Test-negative controls included adults hospitalized with
COVID-19-like illness who tested negative for SARS-CoV-2 by RT-PCR. We also included a
secondary control group without COVID-19-like iliness who tested negative for SARS-CoV-2 by

RT-PCR (syndrome-negative controls).

COVID-19 vaccination history

Data were collected specifically on COVID-19 vaccination, and no other vaccinations were
assessed. Details about COVID-19 vaccination, including dates, locations, and vaccine product
received (i.e., Pfizer-BioNTech, Moderna, or Johnson & Johnson’s [J&J] Janssen COVID-19
vaccines, or other including vaccines not authorized for use in the United States), and lot
number were collected by combining data from interviews and source documentation. Self-

reported data were collected through structured interviews with patients or their proxies (if
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patients were unable to be interviewed). If COVID-19 vaccination record cards were available
from patients or proxies, information on the card was collected and additional vaccine
verification was not performed. For patients without COVID-19 vaccine record cards available,
gueries of source documentation were performed whether patients or proxy reported receiving
or not receiving COVID-19 vaccination. Source documentation included hospital electronic
medical records (EMRs), local 1IS reviewed at the time of interview and again approximately 28
days later, and vaccine records requested from clinics and pharmacies. If a vaccination card
was available during the interview (N = 145 / 2520), the vaccine card information was

considered both self-reported and documented as it was provided by the patient or proxy.

COVID-19 vaccination status comparison by data source
We compared COVID-19 vaccination status determined through self-report with vaccination
status determined through source documentation. To mirror the vaccination groups used in
previous VE analyses using these data'?, we classified vaccination status for COVID-19 mRNA
vaccines into 4 groups:

(1) Unvaccinated: No vaccine doses received by illness onset;

(2) Vaccinated but unprotected: One dose of vaccine received 0-13 days prior to illness

onset, including for the one-dose Janssen vaccine (i.e., likely non-optimal immunity);

10
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(3) Partially vaccinated: One dose of a two-dose vaccine series received >14 days prior to
illness onset or two doses in a two-dose series received with the second dose <14 days
prior to illness onset, and

(4) Fully vaccinated: Second dose of a two-dose mRNA vaccine series, or first and only dose
of the one-dose Johnson & Johnson (Janssen) vaccine, received 214 days prior to illness

onset.

To compare COVID-19 vaccination status by self-report and source documentation, we
estimated the percent agreement and unweighted kappa with 95% confidence intervals (Cl). To
be considered vaccinated by self-report, the patient or proxy needed to provide both a date
and location of vaccination. For patients or proxies who reported vaccination but did not know
the vaccine product, we assumed the patient received an mRNA vaccine as these vaccine
products accounted for most vaccines administered in the US during the surveillance period?.
We performed unadjusted logistic regression to identify any associations between COVID-19
vaccination status discordance (self-report versus source documentation) and any of the
following: Age, sex, race/ethnicity, US Census region, health insurance, interview of patient
versus other (proxy, mix of patient or proxy, or unspecified), education (some college or more
versus less than college), or employment status. Syndrome-negative controls did not have

illness onset dates because they were admitted to the hospital for reasons other than an acute

11
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respiratory illness; for these patients, we used the date of hospital admission as the reference

date of illness onset for determining vaccination group.

Patients who had unknown COVID-19 vaccination status or could not provide self-reported
dates of vaccination or could not be assigned to a vaccination group were excluded from
concordance analyses but were compared by demographic characteristics with patients whose
vaccination status and date could be classified by either self-report or source documentation.
Additionally, patients who participated in blinded COVID-19 vaccine randomized clinical trials

were excluded.

COVID-19 vaccine effectiveness comparison

In prior analyses of mRNA COVID-19 VE>'*14, we primarily considered a patient vaccinated
based on source documentation but accepted self-report of vaccination when vaccination
status from documented sources were missing. In the case of vaccination dates or products that
differed between self-report and documented sources, data from documented sources were
used. For this analysis, we compared VE estimates obtained using 1) self-reported data only or
2) source documentation data only, with the goal of evaluating whether estimates were similar

across data sources.

12
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VE was calculated by comparing the odds of being fully vaccinated versus unvaccinated in case
patients and controls (VE = (1 — adjusted odds ratio) x 100%). VE for partially vaccinated versus
unvaccinated were similarly assessed. Models were adjusted for potential confounders
including geographic region (Health and Human Services region of the admitting hospital),
calendar time of admission in biweekly intervals, continuous age, sex, and race/ethnicity. For VE
estimates, we excluded patients tested for SARS-CoV-2 >10 days after illness onset, hospitalized
>14 days after illness onset, who received a non-mRNA vaccine product (for which sample size
was insufficient for analysis), for whom the vaccine product was not known, and who were
enrolled in the syndrome-negative control group but later tested positive for SARS-CoV-2

infection.

SAS 9.4 (Cary, NC) was used for statistical analyses. Significance thresholds of p<0.05 were
applied for all analyses. This program was determined to be a public health surveillance activity
by each participating site and CDC and conducted in a manner consistent with applicable
federal law and CDC policy (45 C.F.R. part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5
U.S.C. §5523a; 44 U.S.C. §3501 et seq.). The IVY Network has previously reported COVID-19 VE
estimates during this surveillance period'>'%; although VE estimates are also reported in this
manuscript, the objective was primarily to compare vaccine status and similarity of estimated

VE across data sources.

13
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RESULTS

Patient characteristics of those included in vaccination concordance analysis

Of 2520 hospitalized cases and controls, 596 (24%) were excluded from the COVID-19
vaccination status concordance analysis because self-report data were missing or incomplete
(n=594) or the patient was previously enrolled in a blinded COVID-19 vaccine trial (n=2) (Figure
1A). Compared to patients who were able to provide a self-reported vaccination history,
patients with missing self-reported vaccination data were more likely to be older (median age
of 61 versus 58 years), admitted to the ICU (25% versus 17%), and of Hispanic/Latino race/

ethnicity (17% versus 14%) (all p<0.01) (Table S1).

Of 1924 patients included in the concordance analysis, for whom both self-reported and source
documentation data were available, proportions allocated to different vaccination categories
were similar based on self-report and source documentation (Table 1). A total of 792 (41%)
were vaccinated with at least one COVID-19 vaccine dose by self-report, and 756 (39%) by
documented vaccination. Among those with at least one vaccine dose, 112 (14%) received a
first dose <14 days before symptom onset (i.e., were vaccinated but unprotected) by self-report
and 102 (13%) by source documentation; 193 (24%) were partially vaccinated by self-report and

176 (23%) by source documentation; and 487 (61%) were fully vaccinated by self-report and

14
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478 (63%) by documented vaccination. Vaccine products reported were similar by either
method. Using source documentation, all vaccinated patients had a manufacturer recorded in
the registry, EMR, or other vaccination source. A total of 18 (2%) patients were unable to self-
report the manufacturer of the vaccine, and one (<1%) patient self-reported receipt of a COVID-

19 vaccine not authorized for use in the US (Oxford/AstraZeneca or Covishield).

Comparison of vaccination status by data source

High agreement in COVID-19 vaccination status by vaccination group was observed between
the self-report group and source documentation group. Overall, there was 95.0% (95% Cl:
93.9%-95.9%) agreement between sources within the four vaccination status categories, with
an unweighted Kappa of 0.9127 (95% Cl: 0.9109-0.9145) suggesting strong agreement between
data sources (Figure 2). Fifty-four (3%) patients had verbally reported receipt of one or more
doses of a COVID-19 vaccine without record of vaccination by source documentation, of which
15 (28%) reported COVID-19 vaccination in a state or country different from where they were
hospitalized, 9 (17%) reported vaccination through a military healthcare program, and 30 (56%)
reported less common locations (Figure 2). In univariable regression models, female sex,
having a high-school education or less, and being unemployed were associated with
discordance between self-report and documented vaccination status (p<0.05 for all). Age, race/

ethnicity, census region of hospital, health insurance status, interview respondent (patient or

15

This article is protected by copyright. All rights reserved.



proxy), and cohort designation were not associated with discordant vaccination status between

self-report and source documentation (p>0.05 for all) (Table 2).

Vaccine effectiveness comparison

For VE analyses of mRNA vaccines, 2315 patients were eligible for inclusion in the VE analysis
using documented COVID-19 vaccine status only and 1734 using self-reported vaccination
status data only (Figure 1B). VE against COVID-19-associated hospitalization for full MRNA
vaccination was 85% (95% Cl: 81-89%) using vaccination status from source documentation only
and 86% (95% Cl: 81-90%) using vaccination status from self-report only, with overlapping

confidence intervals (Table 3).

DISCUSSION

There was high concordance between self-reported and documented COVID-19 vaccination in
adults hospitalized shortly after COVID-19 vaccine authorization from March—June 2021 in a
multi-state network. The similar VE and high concordance between the two sources provided
further support for combining self-reported and documented COVID-19 vaccination to
determine the final analytic vaccination status, an approach used for VE analyses conducted by
several groups, including the IVY Network, US Flu VE Network, Hospitalized Adult Influenza

Vaccine Effectiveness Network, Overcoming COVID-19 Network, and the New Vaccine

16
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Surveillance Network'>'62%, During the COVID-19 pandemic, when source documentation may
be unavailable in a timely manner, self-report could be reliably used in hospitalized adult

populations to generate COVID-19 VE estimates for public health action.

This analysis demonstrated utility of both self-report and documented COVID-19 vaccination,
and the benefit of collecting data from both sources. For most other vaccinations, obtaining
documented vaccination status can be time-consuming, can lead to delays in estimating VE, and
can vary in completeness based on hospital site and jurisdiction'®?2, However, considerable
efforts have been made to improve accuracy and timeliness of source documentation of COVID-
19 vaccination, including IIS, EMR records, and the extensive use of COVID-19 vaccination
cards?3. For the COVID-19 vaccines, jurisdictional registries have near real-time reporting and
improved infrastructure increasing awareness and use of IS among adult healthcare providers
in emergency settings??%3. Further, since our study was among hospitalized adults, there are
limitations in access to these patients. Seventeen percent of participants in our study were
admitted to the ICU where access is limited, especially during the COVID-19 pandemic!?.
Further, 6% of respondents were proxies and may not know the vaccination history of the
patient, and 5% of patients included in the concordance analysis were not able to be
interviewed. Hospital-based studies that rely solely on self-report for vaccination status are at

risk for missing vaccination data on a large proportion of patients, as illustrated by 24% of the

17
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population in this study not having self-report data. Importantly, this missingness is likely not at
random but more likely in the patients who are older and with more severe acute illness. In
contrast, self-reported COVID-19 vaccination status may be easier to obtain in other
populations, such as ambulatory patients or other patients in outpatient settings. For example,
since the 2012-2013 influenza season, the US Flu VE network has relied primarily on self-report
of influenza vaccination to estimate mid-season VE since influenza vaccine registries have
delays in reporting?%242>, Collecting self-reported vaccination status may also be helpful to
quickly estimate VE in outbreak settings or for large, national datasets where participants are
surveyed but do not have data linked to other vaccination sources?®. Additionally, self-reported

vaccination is commonly used in other non-VE studies to evaluate vaccination programs!%?’,

Both self-report and documented vaccination have limitations and are subject to
misclassification for different reasons, but by combining the two sources of vaccination,
misclassification is minimalized. A main source of misclassification is the timing of vaccination.
Timing is critical for all VE analyses, but for other vaccinations like influenza, there are typically
three or more months between when vaccination is recommended (by the end of October) and
the seasonal influenza peak (typically January or later)?. In contrast, for the COVID-19
pandemic, illnesses are occurring concurrently with vaccination especially in our analysis, where

VE is assessed shortly after vaccine introduction. Thus, reliable, high-quality data on vaccination

18

This article is protected by copyright. All rights reserved.



dates are critical because a few days can change the exposure classification (e.g., from partially
vaccinated to fully vaccinated). However, our COVID-19 VE estimates were similar by self-report

(86%) and documentation (85%).

In our analysis there were few instances (5%) where self-report and documented COVID-19
vaccination differed. Sixteen patients self-reported as unvaccinated but were confirmed
through source documentation to have had at least one dose. Fifty-four patients self-reported
receiving vaccination, but no supporting source documentation was found. The most common
reason for discordance among those reporting vaccination but unable to locate source
documentation were those vaccinated outside of the state or country (28%, 15/54), likely
reflecting out-of-state vaccinations not being visible in the source documents reviewed by study
coordinators. The lack of a national system to link vaccination records across jurisdictions
makes vaccination status difficult to determine for patients who receive vaccination in a
different jurisdiction than their residence without cross-jurisdiction coordination and, in some
scenarios, additional data sharing agreements?®. Other differences between self-report and
source documentation included individuals vaccinated by a military healthcare program (n=9)
or through primary care or other health provider (n=8). These vaccination locations may be

delayed in vaccination submission to 11S*®,

19
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Among patients with discordant vaccination status, patients who were female, had a high-
school education or less, or were unemployed were more likely to have discordance between
self-report and documented COVID-19 vaccination status. Lower education and unemployment
have previously been associated with discordance between vaccination sources?®. There may
be other factors that could explain discordance between sources such as recall bias,
misclassification of vaccines, and interviewer biases. However, due to the timing of this analysis
where the median time between full vaccination and study interview was 45 days, and given
the global attention of COVID-19, recall biases may be less relevant to this analysis, but analyses
examining further time since vaccination and after the introduction of booster doses may be
subject to these biases!''!®, Further, interviews were conducted consistently by trained staff
across sites with regular network-wide and site-specific meetings to maintain consistency in
interviews and data entry across the network to prevent misclassification of vaccines and

interview biases.

This analysis is subject to limitations. First, this analysis was limited to hospitalized patients, and
results may be different in outpatients. In addition, the concordance analysis could produce
different results based on the distribution of excluded patients across case and control groups.
Second, the patients in the group with missing self-report data were different than the patients

included in our analysis. Among those missing self-report data, there was a higher percentage
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of patients for whom documented vaccination was available, so the VE estimate for this group
may be different than patients included in our self-report VE analysis'!. However, VE estimates
between self-report and documented COVID-19 vaccination were very similar further justifying
the use of combined estimates to ensure selection biases are not present in these analyses.
Third, sites with preexisting relationships with IIS, including sites within the IVY network, may
more easily access documented vaccination data leading to a more reliable and efficient
vaccine source documentation process. Fourth, in this analysis patients were asked about
vaccination status shortly after vaccination since COVID-19 vaccines were available to all adults
in the United States as of April 19, 2021%°, These results may have differed if patients were
interviewed after more time since vaccination had passed and could differ after the
introduction of booster doses and if COVID-19 vaccines become routine. Lastly, social
desirability bias may be present in our analysis, with patients reporting false vaccination status
during interview. Unvaccinated patients may also report vaccination if they have concerns

about stigma associated with not being vaccinated.

Among patients able to provide self-report information on COVID-19 vaccination status either
by themselves or through a proxy, self-report and source documented vaccination status were
highly concordant in this analysis. The bias introduced by failing to capture vaccination status

from the most severely ill patients must be considered in future studies, possibly through
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multiple imputation of missing values. Self-report and source documentation are
complementary sources of vaccine data and combining the two sources can increase the
sample size and reduce selection biases, improving VE estimates. In public health emergency
settings where data on vaccine protection are needed for rapid policy decision making, self-
report alone can be used to rapidly assess real-world and real-time VE in scenarios where

documented vaccination may take more time and resources.
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Table 1. Characteristics of vaccinated and unvaccinated hospitalized adults in concordance
analysis of self-reported versus documented COVID-19 vaccination status, 18 US medical centers,
March 11-June 6, 2021

COVID-19 Vaccination Status

Self-Report Source Documentation
Vaccinated Vaccinated
Characteristic (21 dose) Unvaccinated (21 dose) Unvaccinated
Total (n=1924) n=792 n=1132 n=756 n=1168
Age in years, median (IQR) 63 (52-72) 55 (42-64) 64 (54-73) 55 (42-64)
Age group, No. / Total No. (%)
18-49 years | 160/788 (20) 442/1130 (39) 141/752 (19) 461/1166 (40)
50-64 years | 259/788 (33) 418/1130 (37) 251/752 (33) 426/1166 (37)
>65 years | 369/788 (47) 270/1130 (24) 360/752 (48) 279/1166 (24)
Female sex, No. / Total No. (%) | 396/791 (50) 554/1131 (49) 386/755 (51) 564/1167 (48)

Race/Ethnicity, No. / Total No.
(%)

White, non-Hispanic

526/792 (66)

585/1132 (52)

506/756 (67)

605/1168 (52)

Black, non-Hispanic

138/792 (17)

292/1132 (26)

132/756 (17)

298/1168 (26)

Hispanic | 87/792 (11) 184/1132 (16) 80/756 (11) 191/1168 (16)
Other, non-Hispanic | 31/792 (4) 61/1132 (5) 30/756 (4) 62/1168 (5)
Unknown | 10/792 (1) 10/1132 (1) 8/756 (1) 12/1168 (1)

Census region, No. / Total No.
(%)

East | 122/792 (15) 174/1132 (15) 119/756 (16) 177/1168 (15)
South | 257/792 (32) 487/1132 (43) 244/756 (32) 500/1168 (43)
Midwest | 258/792 (33) 226/1132 (20) 249/756 (33) 235/1168 (20)
West | 155/792 (20) 245/1132 (22) 144/756 (19) 256/1168 (22)
Health insurance, No. / Total

No. (%)

766/790 (97)

1031/1126 (92)

732/753 (97)

1065/1163 (92)

Some college or more, No. /
Total No. (%)

448/714 (63)

450/971 (46)

428/684 (63)

470/1001 (47)

Employed, No. / Total No. (%)

236/755 (31)

401/1050 (38)

217/722 (30)

420/1083 (39)

Interviewee Type, No. / Total
No. (%)

Patient | 677/792 (85) 977/1132 (86) — =

Proxy | 44/792 (6) 77/1132 (7) — —

Mix patient/proxy | 20/792 (3) 18/1132 (2) - -
Not specified | 51/792 (6) 60/1132 (5) — —

Vaccine Status?

Unvaccinated

1132/1132 (100)

First dose 0-13 days before
onset

112/792 (14)

102/756 (13)

Partially vaccinated

193/792 (24)

176/756 (23)
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Fully vaccinated

487/792 (61)

478/756 (63)

Vaccine type, if vaccinated

Pfizer-BioNTech

409/792 (52)

402/756 (53)

Moderna | 311/792 (39) — 307/756 (41) —
Mixed Pfizer-
BioNTech/Moderna | 2/792 (<1) --- 1/756 (<1) ---
Janssen’s Johnson & Johnson | 51/792 (6) --- 45/756 (6) ---
Other (Oxford/AstraZeneca,
Covishield) | 1/792 (<1) — 0/756 (0) -
Unknown | 18/792 (2) --- 1/756 (<1) ---
COVID-19 RT-PCR test result
Positive | 178/792 (22) 621/1132 (55) 167/756 (22) 632/1168 (54)
Negative | 614/792 (78) 511/1132 (45) 589/756 (78) 536/1168 (46)

Abbreviations: IQR: Interquartile range

“COVID-19 vaccination status included unvaccinated — defined as no receipt of any SARS-CoV-2
vaccine, partially vaccinated — defined as receipt of both doses of a 2-dose mRNA vaccine with the
second dose received <14 days before illness onset, and fully vaccinated - defined as receipt of both doses

of a 2-dose mRNA vaccine with the second dose received >14 days before illness onset.
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Table 2. Unadjusted Odds Ratios (OR) of discordance between self-reported and documented
COVID-19 vaccination status by demographic groups (n=1924), 18 US medical centers, March

11-June 6, 2021

Characteristic Unadjusted OR (95% Cl) p-value®
Age group 0.54
18-49 years Reference
50-64 years 0.97 (0.60-1.58)
>65 years 1.27 (0.75-2.15)
Sex 0.01
Male Reference
Female 1.84 (1.20-2.82)
Race/Ethnicity 0.46
White, non-Hispanic Reference
Black, non-Hispanic 1.58 (0.89-2.81)
Hispanic 0.97 (0.54-1.74)
Other, non-Hispanic 1.26 (0.45-3.54)
Unknown 0.51 (0.12-2.26)
Census region 0.46
East Reference
South 1.15 (0.62-2.15)
Midwest 1.12 (0.57-2.20)
West 0.77 (0.40-1.48)
Health insurance 0.97
No Reference
Yes 1.02 (0.44-2.38)
Interviewee Type 0.89
Other (proxy, mix patient/proxy, not specified) Reference
Patient only 0.96 (0.53-1.74)
Some college or more 0.02
No Reference
Yes 0.57 (0.36-0.90)
Employed 0.02
No Reference
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Yes 0.60 (0.39-0.92)
Cohort 0.09
SARS-CoV-2 Case Reference

Test-negative control 0.90 (0.54-1.52)

Syndrome-negative control 0.60 (0.37-0.97)
Abbreviations: OR: Odds ratio; CI: Confidence interval

BChi-square test used for statistical comparison.
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Table 3. Unadjusted and adjusted COVID-19 vaccine effectiveness for self-reported and source

documentation, 18 US medical centers, March 11-June 6, 2021

Vaccination Status?*

Vaccinated cases
/ total cases (%)

Vaccinated
controls / total
controls (%)

Unadjusted VE
(95% Cl)

Adjusted VE?
(95% Cl)

Self-report

Full vaccination 59/672 (9) 383/884 (43) 87% (83-91%) 86% (81-90%)

Partial vaccination 44/657 (7) 134/635 (21) 73% (62-81%) 74% (62-82%)
Source documentation

Full vaccination 80/897 (9) 521/1188 (44) | 88% (84-90%) 85% (81-89%)

Partial vaccination 59/876 (7) 171/838 (20) 72% (62-79%) 74% (63-81%)

Abbreviations: VE: Vaccine effectiveness, CI: confidence interval

®VE was estimated using logistic regression comparing the odds of being fully vaccinated versus
being unvaccinated in case-patients and control-patients using the equation VE = 100 X (1 — odds
ratio). Models were adjusted for date of hospital admission (biweekly intervals), U.S.
Department of Health and Human Services region of hospital, age group (18-49, 50-64, >65
years), sex, and race/ethnicity (non-Hispanic/Latino White, non-Hispanic/Latino Black,
Hispanic/Latino of any race, non-Hispanic/Latino Other, or unknown).

*COVID-19 vaccination status included unvaccinated — defined as no receipt of any SARS-CoV-
2 vaccine, partially vaccinated — defined as receipt of both doses of a 2-dose mRNA vaccine with
the second dose received <14 days before illness onset, and fully vaccinated — defined as receipt
of both doses of a 2-dose mRNA vaccine with the second dose received >14 days before illness
onset.
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FIGURE 1. Flow diagram of hospitalized patients in concordance and vaccine effectiveness analysis, 18 US medical centers, March
11-June 6, 2021

Panel 1A. Flow diagram of patients in concordance analysis

Exclusion categories are mutually exclusive.

Panel 1B. Flow diagram of patients in vaccine effectiveness analysis
Abbreviations: VE: Vaccine effectiveness, J&J: Janssen’s Johnson & Johnson

Exclusion categories are mutually exclusive.
*Includes patients with mixed vaccine products (e.g., one dose of Moderna and one dose of Pfizer-BioNTech).
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Figure 2. Comparison of self-reported versus documented COVID-19 vaccination status (n=1924), 18 US medical centers, March 11-

June 6, 20217

Abbreviation: Cl = Confidence Interval

BCOVID-19 vaccination status included unvaccinated — defined as no receipt of any SARS CoV-2 vaccine, partially vaccinated — defined as receipt
of both doses of a 2-dose mMRNA vaccine with the second dose received <14 days before illness onset, and fully vaccinated — defined as receipt of
both doses of a 2-dose mRNA vaccine with the second dose received 214 days before illness onset
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Source documentation

Self-reported vaccination

Unvaccinated | 0-13 days Partial Full
from first vaccination | vaccination
dose
Unvaccinated 1114 4 7
0-13 days from | 13 94 3 2
first dose
Partial 18 4 160 11
vaccination
Full vaccination | 23 0 6 460

Self-reported as vaccinated but no source documentation of vaccination found (n=54)

Reported vaccination in different state than hospital or vaccinated outside of US (n=15)
Reported date of vaccination before or the same as illness onset but documented

vaccination date after illness onset (n=5)

Reported vaccination through government health program (e.g., Veterans Affairs) (n=9)

Reported vaccination through primary care or other health provider (n=8)

Reported vaccination through local public health department (n=7)

Reported vaccination but location not provided (n=5)
Reported vaccination at nursing home (n=2)

Reported vaccination through pharmacy (n=2)
Reported vaccination through employer (n=1)

[IRV_13023_Figure2.tif

Self-reported as unvaccinated but source
documentation showing vaccinated (n=16)

¢ Self-reported unvaccinated but verified as
vaccinated through state registry and/or
hospital electronic medical record (n=14)

*  Reported vaccinated but classified as
unvaccinated because first dose date was
after date of illness onset, and there was an
earlier date recorded through source
documentation (n=2)

Unweighted kappa = 0.9127 (95% ClI: 0.9109, 0.9145)
Percent agreement = 95.0% (95% Cl: 93.9%, 95.9%)
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