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ABSTRACT

Although nationwide immunization with SARS-CoV-2 mRNA vaccines began in February 2021, the
evaluation of vaccine effectiveness (VE) using a test-negative design has not been conducted adequately
in Japan. To evaluate the effectiveness of the SARS-CoV-2 mRNA vaccines, we conducted a test-negative
case—control study during the periods dominated by the Delta and Omicron variants. In total, 518 and 358
adult participants with COVID-19-like symptoms were tested for the virus from August to October 2021
(Delta variant predominance) and in February 2022 (Omicron variant surge), at the Kawasaki Saiwai Clinic.
During Delta variant predominance, the effectiveness of full vaccination was 90.4% (95% confidence
interval [Cl]: 82.1-94.8) and 97.3% (95% Cl: 71.7-99.7) against all COVID-19 and moderate-to-severe
disease, respectively. However, partial vaccination failed to show effectiveness against moderate-to-
severe COVID-19. The effectiveness of the mRNA vaccines against all COVID-19 infection declined to
16.1% (95% ClI: —81.0 to 61.1) in February 2022. Our results indicated that, although mRNA vaccines
showed significant preventive effects against all COVID-19 during Delta variant predominance, these
preventive effects waned during Omicron variant surge. To the best of our knowledge, this is the first
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study that evaluated VE in the Japanese population during both periods.

Introduction

In Japan, the National Immunization Program (NIP) against
SARS-CoV-2 began in February 2021. At first, essential health-
care workers and workers who are essential to maintain critical
infrastructure and continue critical services and functions were
involved. After that NIP included the general population by the
end of May 2021. Approval of the first mRNA vaccine,
BTN162b2 (Comirnaty; Pfizer-BioNTech) was followed by
that of a second mRNA vaccine, mRNA-1273 (Spikebacks;
Moderna). A placebo-controlled clinical trial was used to ana-
lyze the vaccine efficacy (VE) and safety of both these vaccines,
which had been approved for Emergency Use Authorization
(EUA) by the Food and Drug Administration (FDA).'"®
Following authentication, the number of studies investigating
VE, safety in a real-world setting, or immunogenicity induced
by boosters, have been increasing.”'° Although studies that
use the test-negative design to evaluate VE in a real-world
setting are increasing, reports on long-term VE evaluation in
Japan are yet to be published.''™®

Case—control studies involving the test-negative case-con-
trol design are frequently used to evaluate the VE of seasonal
influenza vaccines every year. In that design, VE is represented
by the difference between vaccination rates of test-positive
cases and test-negative controls.

To analyze the VE of mRNA vaccines designed against
SARS-CoV-2 for the period during which the Delta variant
became predominant and then waned, as well as for the period

during which the Omicron variant surged, we used real-world
evidence from our clinic to conduct a test-negative case-con-
trol study.

Materials and methods

The first group of participants were adults who visited our
clinic because of at least one COVID-19-like symptom or
recent history of close contact with COVID-19 patients, and
underwent a virus detection test via a polymerase-chain-
reaction (PCR), or a nicking-enzyme-amplification-reaction
(NEAR) or an antigen test for SARS-CoV-2 at the Kawasaki
Saiwai Clinic from August to October 2021, the period of
Delta variant predominance. The second group of adults
who presented under circumstances that were similar to the
first group were investigated in February 2022, the period of
Omicron variant surge. The Kawasaki Saiwai Clinic is
a medium-sized urban facility located in the central area of
Kawasaki city, the sixth largest city in Japan. The clinic has 22
subspecialty ambulatory departments but no ward. COVID-
19-like symptoms were defined as follows: (i) fever, (ii) acute
cough, (iii) acute-onset dyspnea, (iv) fatigue, or (v) loss of
taste/smell. Close contact with COVID-19 patients was based
on the criteria of the Japanese Ministry of Health, Labor and
Welfare as followings, a face-to-face exposure to the COVID-
19 patients within the distance of 1 m or shorter without
a mask for more than 15 min."”

CONTACT Masahiro Aoshima @ aolung1@nifty.com @ Department of Pulmonology, Sekishinkai KawasakiSaiwai Clinick, 1-27-1 Minamisaiwai-cho, Saiwai-ku,

Kawasaki 212-0016, Japan.
© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://orcid.org/0000-0002-0387-0576
http://orcid.org/0000-0003-3239-5249
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2147353&domain=pdf&date_stamp=2022-12-14

€2147353-2 M. AOSHIMA AND S. OHFUJI

Percutaneous oxygen saturation (SpO,), virus detection test
results, vaccination history, and vaccine type were evaluated
using electrical medical records retrospectively. Cases and con-
trols were defined on the basis of a positive virus detection test
and a negative virus detection test, respectively. If either PCR,
NEAR, or antigen test was positive, persons were judged as
test-positive in both groups. NEAR (ID NOW™) or a rapid
antigen test performed in-house was approved by the
Japanese Ministry of Health, Labor and Welfare. In clinical
practice, ID NOW™ was performed for individuals who
required urgent medical intervention especially because of
acute conditions, such as respiratory distress or others. ID
NOW™, which uses the NEAR method, can provide results
within 13 min.** However, because of the lower sensitivity of
ID NOW'™ (approximately 70%) and antigen test, for the
persons who presented COVID-19-like symptoms with nega-
tive these rapid tests, we added PCR to confirm test-negative in
both groups. During the period of Omicron variant surged, the
Japanese Ministry of Health, Labor and Welfare recommended
that COVID-19 could be diagnosis based on the positive results
of a self-test using a private brand antigen detecting kit. We
added PCR for the persons with COVID-19-like symptoms
who were negative for these rapid tests. Vaccination status
was defined as follows: partial vaccination (test performed 14
d after receipt of the first dose through 6d after receipt of
the second dose); full vaccination (test performed >7d after
receipt of the second dose); or unvaccinated (test performed
<14 d after receipt of the first dose or never vaccinated).
Moderate-to-severe disease was defined as a SpO, less than
96% based on the criteria of Japanese Ministry of Health, Labor
and Welfare."” VE of partial and full vaccination for preventing
symptomatic disease and severe disease was evaluated. The
suppressive effect of positive conversion of virus detection
tests in people who had close contact with COVID-19 patients,
regardless of with or without COVID-19-like symptoms was
also evaluated.

Vaccine effectiveness (VE) was calculated as follows:

OR = (vaccinated in case/unvaccinated in case)

/(vaccinated in control/unvaccinated in control)

VE = (1 — OR) x 100%

The age- and gender-adjusted VE for preventing all COVID-19
infection was calculated for all mRNA vaccines using the
logistic regression model. The age was used as a binary variable
(e.g. <65y and 2657y). To make comparisons between catego-
rical variables or continuous variables, Fisher’s exact tests or
Mann-Whitney U test were used, respectively. All statistical
analyses were performed via EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R foundation for Statistical Computing,
Vienna, Austria). More precisely, it is a modified version of
R commander designed to add statistical functions frequently
used in biostatistics.”" The study protocol was approved by the
Ethical Committee of the Kawasaki Saiwai Clinic (No. 2021-
01), and the study was conducted in accordance with the
principles of the Declaration of Helsinki.

The sample size corresponding to an a error of 5% and
a detection power of 80% was estimated. We assumed a VE
of at least 75% based on a previous report,'* a test-positive
rate of 10% observed in our facility during the previous year
(e.g., assumed case—control ratio of 1:9), and a vaccination
rate of 50% observed in Kawasaki City during the study
period. A sample size of 216 (e.g., 22 cases and 194 controls)
was required to detect a possible 75% VE for preventing the
onset of COVID-19 symptoms during the period of Delta
variant predominance. We also assumed a VE of 50%
against the Omicron variant, based on the report by the
National Institute of Infectious Diseases,”” a test-positive
rate of 50% observed in our facility during the previous
month, and a vaccination rate of 80% as observed in
Kawasaki City during that period. A sample size of 343
(e.g., 172 cases and 172 controls) was required to detect
a possible VE of 50% for preventing the onset of COVID-
19 symptoms during the period of Omicron variant surge.

Results

The characteristics of the participants are shown in Table 1. We
analyzed 518 adults during the period of Delta variant predomi-
nance and 358 during the period of Omicron variant surge.
Although median age, gender distribution, and SpO, were
almost identical, the test-positive rate and the unvaccinated
rate were 32.6% and 53.2%, respectively, during the Delta variant
predominant period, and almost 70% and 9.5%, respectively,
during the Omicron variant surge. During the period of Delta
variant predominance, the test-negative participants were older
(44 vs 42 y; P = .021) and contained more females (51% vs 39.1%,
P =.011) than the test-positive participants. On the contrary, the
persons whose SpO, less than 96% and the unvaccinated persons
were more frequent in the test-positive participants. However,
no differences were observed between the SpO, of participants.
No difference between the ages, gender distributions, or SpO, of
the test-negative and -positive participants was observed during
the period of the Omicron variant surge.

The VE during the period of Delta variant predominance is
shown in Table 2. The VE of full and partial vaccination with
BTN162b2 for preventing all COVID-19 infections was 89.6%
(95% confidence interval [CI]: 77.8-95.0) and 62.1% (95% CI:
17.4-82.5), respectively. The VE of full and partial vaccination
with mRNA-1273 for preventing all COVID-19 infection was
89.0% (95% CI: 71.3-95.8) and 90.6% (95% CI: 25.9-98.8),
respectively. The VE for sum of full and partial vaccination
with any mRNA vaccines, for preventing all COVID-19 infec-
tion was 90.4% (95% CI: 82.1-94.8) and 75.0% (95% CI: 50.5-
87.4), respectively. Significant preventive effects were observed
for both full and partial vaccination. The participants were
divided into two age groups, under 65 y and 65y or more, and
their VE evaluated. The VE for preventing all COVID-19 infec-
tion was 87.7% (95% CI: 55.2-96.6) and 91.2% (95% CI: 81.7—
95.7) for the group under 65y and the one representing 65y or
more, respectively.

The VE for full vaccination with BIN162b2 or a sum of any
mRNA vaccines for preventing moderate-to-severe COVID-19
disease was 99.9% (95% CI: 74.2-99.9) and 97.3% (95% CI:
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Table 1. Characteristics of participants during the periods of Delta variant predominance and Omicron variant surge.

Period of Delta variant predominance ( N=518)
44 (31,56)

Age, median (Q1; Q3):

Gender (N):

SpO; (%), median (Q1; Q3):

Cases (N)

Age, median (Q1; Q3):

Female gender (%)

SpO; (%), median (Q1; Q3):

Sp0, <96% (N)
Unvaccinated (N)

Partially vaccinated (N)

Fully vaccinated (N)

Period of Omicron variant surge ( N=358 )
Age, median (Q1; Q3):

Gender (N):

SpO; (%), median (Q1; Q3):

Cases (N)

Age, median (Q1; Q3):

Female gender (%)

Sp02%), median (Q1; Q3):

Sp02 < 96% (N)
Unvaccinated
Fully vaccinated

Female 244, Male 274

98 (97;99)
169 ( 32.6%)
42 (30;51)

98 (97;99)
27 (5.21%%)
138 ( 26.6%)
12 (23%)
19 (3.7%)

45 (35.25;61)

Female 167, Male191

98 (97;99)
250 ( 69.8%)
455 (36;61.0)

98 (97;99)
5 (1.4%)
23 (64%)
227 ( 63.4%)

Controls (N)

Age, median (Q1; Q3):
Female gender (%)
Sp0,%), median (Q1; Q3):
Sp0, < 96%
Unvaccinated (N)
Partially vaccinated (N)
Fully vaccinated (N)

Controls (N)

Age, median (Q1; Q3):
Female gender (%)
Sp0,%), median (Q1; Q3):
Sp0, < 96% (N)
Unvaccinated (N)

Fully vaccinated (N)

349 ( 67.6%)
44 (3259
51

98 (97;99)
17 (33%)
138 ( 26.6%)
46 (8.9%)
165 ( 31.9%)

108 ( 30.2%)
44 (34;603)
50

98 (97;99)
2 (1.9%)

1M (3.1%)
97 (27.1%)

P value

0.021
0.011

0.593

<0.001
<0.001

0.052

<0.001

P value
0.582

0.421
0.71

0.845
0.845

Q, quartile; P value, comparison between cases and controls.

Table 2. Vaccine effectiveness of the mRNA vaccines against SARS-CoV-2 during the period of Delta variant predominance.

Cases
(vaccinated/

Controls

(vaccinated/ Crude VE (%) (95%

Adjusted VE* (%)

Vaccine Vaccine status unvaccinated) unvaccinated) Cl) (95% Cl) P value
All COVID-19 BTN162b2 Full 14/138 109/138 87.1 89.6 <0.001
(76.0 to 93.5) (77.8 t0 95.0)
Partial 10/138 26/138 61.4 62.1 0.015
(13.5 to 84.1) (17.4 to 82.5)
mMRNA-1273 Full 5/138 44/138 88.6 89.0 <0.001
(70.1 to 96.6) (71.3 t0 95.8)
Partial 1/138 11/138 90.9 90.6 <0.001
(35.5 t0 99.8) (25.9 to 98.8)
Any mRNA Full 19/138 165/138 89.0 90.4 <0.001
vaccine (80.9 to 94.0) (82.1 to 94.8)
Partial 138/138 46/138 71.7 75.0 <0.001
(43.7 to 86.6) (50.5 to 87.4)
All COVID-19 Any mRNA Full 9/130 107/132 91.4 87.7° 0.0015
age <65 vaccine (82.1 to 96.3) (55.2 to 96.6)
All COVID-19 Any mRNA Full 10/8 58/6 86.6 91.2° <0.001
age =65 vaccine (45.7 to 96.9) (81.7 to0 95.7)
Moderate-to-severe COVID-19 BTN162b2 Full 2/21 14/6 99.6 99.8 0.0032
(72.7 t0 99.7) (74.2 t0 99.9)
Partial 2/21 2/6 70.0 56.4 0.502
(—394.5 t0 98.2) (—393 t0 96.2)
mMRNA-1273 Full 2/21 2/6 69.9 80.9 0.322
(—=251.4 t0 99.7) (—406 to 99.3)
Partial 0/21 0/6 NA NA NA
Any mRNA Full 3/21 15/6 93.8 97.3 0.0025
vaccine (68.5 to 99.1) (71.7 t0 99.7)
Partial 3/21 2/6 422 411 0.645
(—543.3 t0 96.0) (—469 to 94.0)
Moderate-to-severe COVID-19 Any mRNA Full 0/16 4/5 NA NA NA
age <65 vaccine
Moderate-to-severe COVID-19 Any mRNA Full 3/5 11 93.4 94.4° 0.0246
age =65 vaccine (11.9 t0 99.9) (31.0 to 99.5)
All COVID-19 after recent history of close  Any mRNA Full 7/52 16/20 82.8 90.6 <0.001
contact vaccine (48.0 to 94.9) (74.0 to 96.6)

2The adjusted VE represents VE adjusted for age and gender using the logistic regression model;  the adjusted VE in the subgroup stratified for age was calculated for
gender using the logistic regression model; Cl, confidence interval; NA, not applicable.

71.7-99.7), respectively. However, participants whose SpO,

For the 95 persons with a recent history of close contact

was less than 96% were very few; they were especially found ~with COVID-19 patients, the VE for preventing positive con-
version was 90.6% (95% CI: 74.0-96.6).

among partially vaccinated persons.



€2147353-4 M. AOSHIMA AND S. OHFUJI

Table 3. Vaccine effectiveness of the mRNA vaccines against SARS-CoV-2 during the period of Omicron variant surge.

Cases Controls Crude VE (%) Adjusted VE? (%)
Vaccine Vaccine status (vaccinated/unvaccinated)  (vaccinated/unvaccinated) (95% Cl) (95% Cl) P value
All Any mRNA vaccine  Full 227/23 97/11 10.6 16.1 0.653
COVID-19 (-111.41060.0)  (-81.0to 61.1)

“The adjusted VE represents VE adjusted for age and gender using the logistic regression model; Cl, confidence interval.

The VE during the period of Omicron variant surge is
shown in Table 3. The analysis of 358 persons during the
period of Omicron variant surge did not indicate a significant
preventive effect. The persons who had a history of COVID-19
in our subjects were less than ten in the second group. The VE
for sum of any mRNA vaccines for preventing symptomatic
COVID-19 disease was 16.1% (95% CI: —81.0 to 61.1).

Discussion

Our study involving a test-negative case—control design in
a real-world setting showed that crude as well as adjusted VE
of both mRNA vaccines showed an effectiveness of approxi-
mately 90% for preventing all COVID-19 infection only for the
Delta period."'™'® Except for one report, which evaluated VE
against the Delta variant in the Japanese general population,
there have been no published reports evaluating long-term VE
in Japan.'® Thus, to the best of our knowledge, this study of
ours is the first to evaluate VE against both Delta and Omicron
variants. The test-negative design is based on the selection of
study participants presenting at medical institutions with
symptoms, such as fever or acute respiratory symptoms.
Therefore, the designs of such studies are limited by conditions
that determine whether or not a person seeks medical attention
due to the illness, and thus differs from placebo-controlled
clinical trials concerning both mRNA vaccines for EUA from
the FDA.'"'° However, the VE for preventing all COVID-19
onsets for both mRNA vaccines, which were determined by
test-negative designs, was almost identical to that of previous
controlled clinical trials.

Two doses of BNT162b2 as well as two doses of any mRNA
vaccines showed significant preventive effect against moderate-
to-severe COVID-19 disease among persons less than 65y.
However, very few individuals had moderate-to-severe
COVID-19. Although VE was not very robust, these results
may imply that meaningful VE of mRNA vaccines to prevent
moderate-to-severe COVID-19 was shown. In contrast, the
sum of any mRNA vaccines failed to show an acceptable VE
against moderate-to-severe COVID-19 disease, where the
majority of participants had mild disease, with only a few
cases presenting with moderate-to-severe disease. Thus, our
study may have been too underpowered to detect the VE for
preventing moderate-to-severe disease, especially in younger
aged persons.

During the period of Omicron variant surge, the VE of the
sum of any mRNA vaccines for preventing symptomatic
COVID-19 disease was not significant. The true VE for this
period may not have been reflected in our results due to
declining vaccine titers, reduced immunogenicity, or a low
number of participants. A waning of VE was observed by us
during this period, which was substantiated by several other
studies that showed a waning of VE, 5months or more

after second dose vaccination.'"'*'*> Furthermore, rapidly
declining antibody titers have also been reported by other
studies.” Japanese NIP initiated for general population at the
end of May; hence, in our study, at least one dose vaccination
rate was 46.7% during Delta variant predominance. The time
from vaccination was within 4 months or shorter in our first
group. In contrast, two doses vaccination rate during Omicron
variant surge was 90.5% in our second group. Because of the
difference in vaccination rates between both periods, in the half
of our second group, the time from vaccination may be
assumed as 4 months or shorter in the period of Omicron
variant surge. The vaccination status was judged based on the
same criteria shown in Materials and Methods during both
periods. Hence, direct evidence of declined long-term VE in
the second group was not assessed. Although the immunogeni-
city to the Omicron variant following two mRNA vaccine doses
has not been reported, reduced immunogenicity was assumed
due to observed mutation of the targeted epitope. Because the
time from vaccination was not fully assessed during Omicron
surge, not only long-time passage from vaccination but also
lower immunogenicity against Omicron variant may have con-
tributed to the low VE of mRNA vaccines in this period.
Although the persons who had a history of COVID-19 were
less than ten in second group, the possibilities that these per-
sons may have led to an underestimate of the infection rate and
influenced the VE were not excluded. The actual test-positive
rate (70%) and the vaccination rate (90%) during this period
were higher than the rates assumed by us for sample size
estimation, and therefore more participants may have been
needed to obtain a more accurate estimate of the VE.
Notably, lower specificity of laboratory tests may also have
contributed to the underestimation of VE. In order to com-
pensate for the lack of social resources of PCR tests that existed
during the period of Omicron variant surge, the Japanese
Ministry of Health, Labor and Welfare stipulated that
COVID-19 may be diagnosed based on private rapid antigen
tests for SARS-CoV-2 detection, instead of authentic PCRs.
Therefore, the effect exerted by inaccurate test-positive cases
diagnosed using positive rapid antigen tests on our study
cannot be excluded, because 50 test-positive cases were based
on these positive rapid antigen tests. Thus, the lower specificity
of rapid antigen tests may have led to an underestimation
of VE.

Several limitations deemed to have affected this study.
First, selection bias cannot be excluded. The participants of
this study may not represent the entire COVID-19 population
in Japan, because the majority of our participants were mild
cases presenting in a single center ambulatory setting. Second,
the time from vaccination was not fully assessed during the
period of Omicron variant surge; hence, direct evidence of
declined long-term VE in the second group was not assessed.
Third, lower specificity of the self-test kits adopted for the



detection of SARS-CoV-2 during the period of Omicron
variant surge may have influenced the VE because of the
nature of the test-negative design. Fourth, genotyping of the
virus was not performed for the test-positive cases, resulting
in the VE not reflecting a direct preventive effect against
either the Delta variant or the Omicron variant during each
period. Fifth, there deemed to be several other confounders,
such as comorbidities and previous history of COVID-19 in
the participants. There were incomplete descriptions con-
cerning the comorbidities because of the retrospective review
of medical records. Hence, the comorbidities of the partici-
pants were not adopted for the analysis. Also, the possibilities
that previous history of COVID-19 influenced the VE could
not be excluded. Despite the abovementioned limitations, our
results have shown that BTN162b2 and mRNA-1273 are
capable of exerting the expected preventive effect on the all
COVID-19 infection besides moderate-to-severe disease only
during the period of Delta variant predominance, and also
demonstrated that these preventive effects on the Japanese
population were susceptible to waning during the period of
Omicron variant surge. To the best of our knowledge, this
report is the first to evaluate the VE during the both periods
of Delta variant predominance and Omicron variant surg
using the test-negative design; this method is considered to
be as accurate as the randomized control trial (RCT) method,
and therefore useful for understanding VE during a pandemic
situation.
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