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Taiwan provided several COVID-19 vaccine platforms:
mRNA (BNT162b2, mRNA-1273), adenoviral vector-
based (AZD1222), and protein subunit (MVC-COV1901).
After Taiwan shifted from its zero-COVID strategy in April
2022, population-based evaluation of vaccine effective-
ness (VE) became possible. We conducted an observa-
tional cohort study of 21,416,151 persons to examine
VE against SARS-CoV-2 infection, moderate and severe
illness, and death during March 22, 2021-September
30, 2022. After adjusting for age and sex, we found that
persons who completed 3 vaccine doses (2 primary, 1
booster) or received MVC-COV1901 as the primary se-
ries had the lowest hospitalization incidence (0.04—0.20
cases/100,000 person-days). We also found 95.8% VE
against hospitalization for 3 doses of BNT162b2, 91.0%
for MVC-COV1901, 81.8% for mRNA-1273, and 65.7%
for AZD1222, which had the lowest overall VE. Our
findings indicated that protein subunit vaccines provide
similar protection against SARS-CoV-2—-associated hos-
pitalization as mRNA vaccines and can inform mix-and-
match vaccine selection in other countries.

nresponse to the worldwide COVID-19 pandemic,

most countries adopted vaccination policies on the
basis of clinical trial outcomes and scientific evidence
for vaccine procurement and policy planning frame-
works. Studies suggested that after Omicron vari-
ants emerged, persons receiving 2 COVID-19 vac-
cine doses might not be adequately protected against
severe illness and death (I-8). Research indicated
that persons who completed a primary vaccine se-
ries would need a booster dose for better protection
against new SARS-CoV-2 variants (9-13). Moreover,
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many countries provided several COVID-19 vaccine
platform combinations (mix-and-match) of mRNA,
protein subunit, and viral vector-based vaccines.
However, few studies adopted population-level da-
tasets and national vaccination registry records to
examine the VE of mix-and-match COVID-19 vac-
cine regimens against SARS-CoV-2 infection, severe
illness, and death.

Government agencies, including the UK Health
Security Agency (14), the US Centers for Disease
Control and Prevention (7), Health Canada (15), and
the Public Health Agency of Sweden (16), adopt-
ed sampling or regional data to routinely evaluate
COVID-19 VE in real-world settings. Those authori-
ties review VE for national vaccination strategies to
improve public policy implementation and provide
evidence to encourage vulnerable groups and at-risk
populations to get vaccinated. However, most coun-
tries worldwide have experienced several waves
of the COVID-19 pandemic, and VE results could
be affected by natural humoral immunity due to
SARS-CoV-2 infection among populations. Thus, pre-
vious VE might be biased because of persons who
were infected and vaccinated, reporting schemes, and
fundamental distinctions among groups with differ-
ent vaccination statuses.

Taiwan offers various COVID-19 vaccines for the
public, including mRNA (Pfizer-BioNTech BNT162b2
[https:/ /www.pfizer.com] and Moderna mRNA-1273
[https:/ /www.modernatx.com]), protein subunit
(Medigen MVC-COV1901 [https:/ / www.medigenvac.
com]), and Novavax NVX-CoV2373 [https://www.
novavax.com]), and viral vector-based vaccines
(Oxford-AstraZeneca AZD1222 [https:/ /www.astra-
zeneca.com]). In Taiwan, AZD1222 was introduced
on March 22, 2021, mRNA-1273 on June 8, 2021,
MVC-COV1901 on August 23, 2021, and BNT162b2 on
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September 22, 2021. Government-funded COVID-19
vaccines were provided and prioritized by risk groups,
such as healthcare workers, COVID-19 control staff
(e.g., frontline health authority, customs, immigration,
and quarantine staff, and security workers), caregivers
in social welfare facilities, and high-risk groups (such
as persons receiving kidney dialysis, older adults,
pregnant women, and patients with rare diseases, cata-
strophic illnesses, or chronic diseases). No preferential
recommendations for specific vaccine platforms were
offered, and COVID-19 vaccines were provided to
risk groups on the basis of availability. Persons could
choose and reserve any available COVID-19 vaccine
platforms at the vaccination stations.

In Taiwan, after authorities investigated
COVID-19 cases, most were classified as imported,
and few autochthonous cases were reported until
April 2022. Community outbreaks did not begin un-
til May 2021 and all were controlled within 3 months
(17,18). Moreover, the national COVID-19 vaccina-
tion program was initiated in March 2021 (19),
and vaccine coverage was <1% of the population
when community outbreaks occurred in May 2021.
Those outbreaks were mainly an Alpha subvariant
of SARS-CoV-2 and was well controlled under the
country’s zero-COVID policy. The Taiwan Centers
for Disease Control (Taiwan CDC) conducted a se-
roprevalence survey on blood donors whose sam-
ples were obtained during January-April 2022. The
national nucleocapsid protein positivity rate was
0.00%-0.94%, showing that the population main-
tained a low level of COVID-19 infection. When a
major outbreak of the SARS-CoV-2 Omicron BA.2
variant began in April 2022, the population could be
regarded as SARS-CoV-2 immune naive. Thus, eval-
uating the nationwide VE of COVID-19 vaccines and
vaccine combinations among a population-based co-
hort became realistic after April 2022.

We launched this study and used national vac-
cination registration records and a mandatory pa-
tient-level COVID-19 reporting dataset to estimate
real-world VE of mRNA, protein subunit, and viral
vector-based vaccines against infection, severe dis-
ease, and death in this predominantly infection-naive
population during Omicron BA.2 variant predomi-
nance in Taiwan, mainly April-September 2022.
This study also aimed to provide an overview and
review of the performance of various COVID-19 vac-
cine platforms and vaccine combinations against the
SARS-CoV-2-associated severe illness and to provide
evidence for the vaccination strategy and guidance
for areas and countries where various vaccine types
are available.
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Vaccine Effectiveness against SARS-CoV-2, Taiwan

Methods

Ethics Considerations

Taiwan CDC performed this study as a public policy
analysis and evaluation. According to the Communi-
cable Disease Control Act, Personal Data Protection
Act, and regulations issued by the Ministry of Health
and Welfare (reference no. 1010265083), the require-
ment of informed consent was waived from the study
subjects because data were collected and obtained
from Taiwan CDC. This study was approved by the
Taiwan CDC institutional review board for health
policy analysis research (reference no. 112103) and re-
ceived an exempt review certificate of approval.

Study Design and Data Sources

We conducted a population-based retrospective co-
hort study to assess the VE of mRNA (BNT162b2 and
mRNA-1273), protein subunit (MVC-COV1901), and
vector-based (ChAdOx1-5-AZD1222) COVID-19 vac-
cines in Taiwan during March 22, 2021-September 30,
2022. Our analysis included citizens and permanent
residents of Taiwan.

Registration in the National Immunization In-
formation System (NIIS) is mandatory for all vacci-
nated persons and includes patient-level records of
each government-funded vaccine administered. We
retrieved the official database of the NIIS, which in-
cluded vaccine types, vaccination dates of each dose,
and vaccine combinations (i.e.,, mix-and-match) sta-
tuses for all vaccinees. We obtained information on
SARS-CoV-2 infection notifications, moderate and se-
vere illness (i.e., hospitalization), and death outcomes
from the National Infectious Disease Reporting Sys-
tem (NIDRS). NIDRS also included information on el-
igible persons who were not vaccinated (i.e., received
zero doses). At enrollment, NIIS and NDRS collected
demographic information, such as age and sex, and
information on enrollees’ residential districts. On No-
vember 10, 2022, we retrieved analytic datasets from
Taiwan CDC systems that stored integrated data that
integrated NIIS, NIDRS, and case information. To en-
sure that persons were alive at the start of the cohort,
we verified personal identification numbers against
the death registry and census database from the Min-
istry of the Interior.

The second booster (i.e., fourth dose) campaign
for certain older adults and vulnerable groups began
on May 16, 2022. Because persons who had 2 booster
doses might have stronger immunity, we excluded
persons whose records showed they had received a
fourth dose (i.e., second booster) to avoid any pos-
sible bias. In addition to MVC-COV1901, Novavax
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(Nuvaxovid) is also a protein subunit vaccine. How-
ever, Novavax had limited availability and only spe-
cific population groups were eligible to receive it,
so most persons could not receive Novavax in their
primary vaccine series; thus, we excluded persons
vaccinated with Novavax. Most COVID-19 case noti-
fications occurred during April-September 2022, but
the bivalent Moderna vaccine was not provided until
September 2022; therefore, we excluded persons who
received the Moderna bivalent vaccine. Of note, VE
comparison of monovalent and bivalent vaccines was
not the main goal of the study.

Statistical Analysis

Although the COVID-19 vaccine program launched
on March 22, 2021, and most cases occurred af-
ter April 2022, sporadic outbreaks and community
transmission still occurred and were attributed to
imported cases during the zero-COVID strategy
timeframe. Therefore, we estimated the overall VE
of COVID-19 vaccines and aimed to provided VE of
various mix-and-match vaccine platforms in Taiwan
during March 22, 2021-September 30, 2022. More-
over, to address the timeframe between vaccination
dates and events, we estimated the incidence rate and
explored time from vaccination to infection, hospi-
talization, or death. We removed the total follow-up
days and at-risk population if the outcome of inter-
est occurred. We also explored incidence rates of out-
comes of interest (i.e., confirmed infection, hospital-
ization, and death) for comparison. We considered
persons protected at 14 days after a vaccine dose, the
time required to develop an immune response. We
calculated the person-days between the date of vac-
cination and event dates for infection, hospitalization,
or death (Appendix, https://wwwnc.cdc.gov/EID/
article/30/3/23-0893-Appl.pdf).

We used logistic regression models to calculate
odds ratios (ORs) and 95% Cls of hospitalization
and death outcomes. We included vaccination status
in the analysis and considered the demographic

characteristics of sex and age as covariates. We defined
VE as (1 - adjusted OR) x 100% to estimate the risk
probability of outcomes of interest among persons
who had 0, 1, 2, or 3 vaccine doses. We compared VEs
of persons who had 1-3 vaccination doses to unvacci-
nated (i.e., 0 vaccines) persons as the reference group.
We also measured the absolute VE of various vaccine
combinations against an unvaccinated reference (con-
trol) group. We excluded persons who received >4
vaccine doses from the analysis to avoid bias.

We stratified VE estimates by 3 age groups, all
ages, 18-64 years of age, and >65 years of age, and by
vaccine platform combinations (i.e., mix-and-match).
Taiwan CDC guidelines did not restrict the brand
of vaccines used as the primary series and encour-
aged eligible groups to receive vaccines when prod-
ucts were available. After a physician’s consultation,
persons could choose their vaccine type and brand
(Appendix). Because the array of combinations was
infinite, to reduce confusion, we limited our analy-
sis to 27 specific vaccine combinations, determined
by the number of persons vaccinated. We performed
all analyses in SAS version 9.4 (SAS Institute, Inc.,
https:/ /www .sas.com) and SPSS Statistics 26.0 (IBM,
https:/ /www.ibm.com).

Results
Our analysis included 23,933,482 unique persons,
from which 2,516,382 persons were excluded because
they received >4 vaccine doses during the study peri-
od; 949 persons were excluded because of incomplete
national immunization and reporting system records.
We found that 3,373,548 (15.8%) persons were unvac-
cinated, 1,183,138 (5.5%) received 1 dose, 3,287,659
(15.4%) received 2 doses, and 13,571,806 (63.4%) com-
pleted 3 doses (Table). The mean age was 41.0 years
for unvaccinated persons, 28.7 years for persons with
1 vaccine dose, 31.8 years for persons with 2 doses,
and 42.5 years for persons with 3 doses.

SARS-CoV-2 infection rates were 24.3% for un-
vaccinated (0 dose) persons, 31.4% for persons with

Table. Vaccination status and outcomes in a population-based evaluation of vaccine effectiveness against SARS-CoV-2 infection,

severe illness, and death, Taiwan

Vaccination status and outcomes Total population

No. doses

Unvaccinated 1 2 3

No. (%) cases 21,416,151 (100) 3,373,548 (15.8) 1,183,138 (5.5) 3,287,659 (15.4) 13,571,806 (63.4)
Mean age (SD) 39.9 (21.5) 41.0 (30.6) 28.7 (25.7) 31.8 (22.4) 425 (16.8)
Sex

M 10,644,720 1,720,573 644,365 1,741,738 6,538,044

F 10,771,431 1,652,975 538,773 1,545,921 7,033,762

SARS-CoV-2 infection

No. confirmed cases (%) 5,830,809 (27.2)

819,991 (24.3)

371,202 (31.4) 903,475 (27.5) 3,736,141 (27.5)

COVID-19 prognosis
No. moderate and severe cases (%)
No. deaths (%)

28,840 (0.13)
10,667 (0.05)

14,674 (0.43)
5,342 (0.16)

2,575 (0.22)
989 (0.08)

3,700 (0.11)
1,305 (0.04)

7,891 (0.06)
3,031(0.02)
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Vaccine Effectiveness against SARS-CoV-2, Taiwan

Vaccine effectiveness,

Vaccination status % (95% Cl) No. cases
1 dose AZ —e—1 —32.1(-41.0t0 -23.7) 108,377
1 dose Moderna b——i 20.2 (14.8-25.3) 439,906
1 dose BioNTech o1 61.1 (56.4-65.4) 563,101
1 dose Medigen ——— -18.4 (-32.5t0 -5.9) 63,267
1 dose other brand e — 65.1 (39.8-79.7) 8,487

2 doses AZ ——i -7.1(-12.9to -1.5) 307,743
2 doses Moderna [ 56.6 (53.8-59.3) 790,319
2 doses BioNTech ™ 85.5 (83.8-86.9) 1,603,967
2 doses Medigen —e—i 48.7 (42.4-54.3) 136,441
2 doses other combinations [ 62.7 (59.1-66.0) 449,189
3 doses AZ e 65.7 (42.1-79.7) 11,379
2 doses AZ plus Moderna . 62.0 (60.5-63.4) 3,769,921
2 doses AZ plus BioNTech tol 73.8 (72.0-75.4) 1,373,174
2 doses AZ plus Medigen el 73.9 (70.5-77.0) 265,423
3 doses Moderna - 81.8(80.8-82.7) 1,988,167
2 doses Moderna plus BioNTech o 80.0(76.8-82.7) 232,255
2 doses Moderna plus Medigen —e— 78.5(73.3-82.7) 75,447
3 doses BioNTech " 95.8 (95.0-96.4) 1,793,508
2 doses BioNTech plus Moderna " 95.9 (95.4-96.4) 2,452,250
2 doses BioNTech plus Medigen o 90.1 (85.5-93.3) 91,808
3 doses Medigen tol 91.0 (89.0-92.6) 315,217
2 doses Medigen plus Moderna ol 92.6 (89.8-94.6) 204,836
2 doses Medigen plus BioNTech e 96.6(93.8-98.1) 141,092
AZ plus 2 doses Moderna ol 91.8 (89.5-93.6) 294,616
AZ plus 2 doses BioNTech —e-i 93.1(87.1-96.3) 65,780
AZ plus BioNTech plus Moderna (= 90.8 (86.7-93.6) 132,611
3 doses other combinations o 93.5(91.9-94.8) 364,322

-100 -50 0 50 100

Vaccine effectiveness, %

Figure 1. Vaccine effectiveness against hospitalization among all age groups in a population-based evaluation of vaccine effectiveness
against SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study investigated various
vaccine types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.modernatx.com]),
protein subunit (Medigen MVC-COV1901 [https://www.medigenvac.com]), and viral vector—based vaccines (Oxford-AstraZeneca
AZD1222 [https://www.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens status against
moderate and severe iliness defined by hospitalization for all age groups. Red dots indicate percentage effectiveness; bars indicate 95%

Cls. AZ, AstraZeneca vaccine.

1 dose, 27.5% for persons with 2 doses, and 27.5% for
persons with 3 doses. We found that 0.43% of unvac-
cinated persons had moderate to severe illness, which
we defined by hospitalization, and 0.16% died. In
contrast, 0.22% of 1-dose vaccinees were hospitalized
and 0.08% died; 0.11% of 2-dose vaccinees were hos-
pitalized and 0.04% died. Among persons who com-
pleted 3 doses, 0.06% were hospitalized and 0.02%
died, which was the lowest death rate in our cohort.
We categorized 27 groups of vaccine combina-
tions because of the complexity of mix-and-match
combinations; we compiled the number of cases and
patient characteristics and calculated the incidence
of SARS-CoV-2 infection, hospitalization, and death
(Appendix Table 1). Most persons who completed a

3-dose regimen received a combination of vaccines,
most (3,769,921 [17.6%]) of which were 2 doses of
AZD1222 and 1 dose of mRNA-1273.

For hospitalization risk comparison among 3-dose
mix-and-match vaccine recipients, persons receiving
MVC-COV1901 as the primary series had the lowest
hospitalization incidence of 0.04-0.20/100,000 per-
son-days, followed by BNT162b2 (0.06-0.20/100,000
person-days), mRNA-1273 (0.40-0.66/100,000 per-
son-days), and AZD1222 (0.06-0.20/100,000 person-
days). We observed a similar pattern in among pa-
tient deaths.

Among 3-dose vaccinees using the same brand,
3 doses of MVC-COV1901 had the lowest infec-
tion incidence (116.05 cases/100,000 person-days),
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followed by mRNA-1273 (138.11 cases/100,000
person-days), BNT162b2 (149.26 cases/100,000
person-days), and AZD1222 (152.62 cases/100,000
person-days). For COVID-19-associated hospitaliza-
tion outcomes, 3 doses of BNT162b2 had the lowest
incidence (0.06/100,000 person-days), followed by
MVC-COV1901 (0.20/100,000 person-days), mRNA-
1273 (0.48/100,000 person-days), and AZD1222
(0.71/100,000 person-days). We observed a similar
pattern among patient deaths.

We categorized 3 age groups, all ages, 18-64
years of age, and >65 years of age, to show VE against
COVID-19-associated hospitalization and death (Ap-
pendix Tables 2, 3). We used unvaccinated persons as
the reference group and adjusted for age and sex when
calculating VE in multivariate models (Figures 1-6).

For VE against hospitalization, a booster dose gener-
ally provided higher protection (Figures 1-3). VE in
persons who received mRNA vaccines as a primary
series showed a similar pattern to persons who re-
ceived protein-based vaccines as a primary series. We
noted a 95.8% (95% CI 95.0%-96.4%) point estimate of
VE for 3 doses of BNT162b2, an 81.8% (95% CI 80.8%-
82.7%) point estimate for mRNA-1273, 2 91.0% (95% CI
90.9%-92.6%) point estimate for MVC-COV1901, and a
lower VE (65.7%; 95% CI 42.1%-79.9%) for 3 doses of
AZD1222. In contrast, AZD1222 plus 2 doses of mRNA
vaccines provided a higher (90.8%-93.1%) VE against
hospitalization than 3 doses of AZD1222.

Among persons 18-64 years of age receiving only
1 dose, we observed no statistically significant pro-
tection against death for AZD1222 (-29.5%; 95% CI

Vaccine effectiveness, %

Vaccination status (95% CI) No. cases
1 dose AZ 19.6 (2.7-33.6) 62,677
1 dose Moderna ——— 47.5 (39.7-54.3) 179,317
1 dose BioNTech ———— 60.7 (53.0-67.2) 168,850
1 dose Medigen 32.4 (16.0-45.7) 50,393
1 dose other brand 80.2 (38.4-93.6) 6,429

2 doses AZ —— 56.1 (49.5-61.8) 239,240
2 doses Moderna —e—i 73.9 (70.0-77.3) 336,457
2 doses BioNTech - 82.7 (80.1-84.9) 683,547
2 doses Medigen P 65.5 (57.6-71.9) 109,292
2 doses other combinations ——i 79.4 (75.6-82.6) 384,601
3 doses AZ 80.9 (49.1-92.8) 10,117
2 doses AZ plus Moderna o 90.4 (89.6-91.2) 3,518,760
2 doses AZ plus BioNTech roi 90.9 (89.7-92.1) 1,320,290
2 doses AZ plus Medigen —e—i 90.2 (87.3-92.5) 242,250
3 doses Moderna rod 89.9 (88.7-91.0) 1,179,342
2 doses Moderna plus BioNTech ——i 93.1 (89.9-95.2) 175,705
2 doses Moderna plus Medigen —— 89.1(80.8-93.8) 40,893
3 doses BioNTech roi 95.5 (94.4-96.3) 1,026,546
2 doses BioNTech plus Moderna - 96.0 (95.3-96.6) 2,342,086
2 doses BioNTech plus Medigen ——i 92.1(86.7-95.3) 87,906
3 doses Medigen 1t 93.2 (90.9-94.9) 282,989
2 doses Medigen plus Moderna —eri 92.2 (88.6-94.7) 200,236
2 doses Medigen plus BioNTech e 97.6(94.3-99.0) 139,573
AZ plus 2 doses Moderna P—— 93.0 (90.1-95.0) 286,015
AZ plus 2 doses BioNTech ———  95.6(88.2-98.3) 64,712
AZ plus BioNTech plus Moderna —a—i 92.5 (87.5-95.5) 130,171
3 doses other combinations e 95.6 (93.6-97.0) 318,169

0 20 40 60 80 100

Vaccine effectiveness, %

Figure 2. Vaccine effectiveness against hospitalization among persons 18-64 years of age in a population-based evaluation of vaccine
effectiveness against SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study
investigated various vaccine types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.
modernatx.comy]), protein subunit (Medigen MVC-COV1901 [https://www.medigenvac.com]), and viral vector-based vaccines (Oxford-
AstraZeneca AZD1222 [https://www.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens
status against moderate and severe illness defined by hospitalization for persons 18—64 years of age. Red dots indicate percentage

effectiveness; bars indicate 95% Cls. AZ, AstraZeneca vaccine.
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Vaccine effectiveness, %

Vaccination status (95% Cl) No. cases
1 dose AZ ——i —52.8 (—64.0 to —42.5) 45,662
1 dose Moderna —e—i 10.3 (3.2-16.9) 71,009
1 dose BioNTech — 7.6 (-10.9 to 23.1) 11,285
1 dose Medigen S — —59.0 (-81.4 to —39.4) 12,858
1 dose other brand 56.0 (18.2-76.4) 1,979
2 doses AZ —e—i —57.1 (-66.5 to —48.2) 68,466
2 doses Moderna [ 52.7 (49.1-56.0) 156,969
2 doses BioNTech —a—i 48.8 (39.0-57.1) 22,079
2 doses Medigen —e—i 35.6 (25.9-44.1) 27,148
2 doses other combinations —e—i 20.0 (10.8-28.4) 36,281
3 doses AZ 34.5 (-22.0to 64.9) 1,259
2 doses AZ plus Moderna o -7.2 (-11.6t0 -3.0) 250,884
2 Doses AZ plus BioNTech —e—i —23.6 (—33.1t0-14.8) 52,755
2 Doses AZ plus Medigen —— 29.5 (18.7-38.8) 23,171
3 doses Moderna - 83.8(82.8-84.7) 808,700
2 doses Moderna plus BioNTech e 75.7 (71.5-79.3) 56,166
2 doses Moderna plus Medigen e 82.1(77.3-85.%) 34,554
3 doses BioNTech e 82.7 (77.3-86.8) 26,447
2 doses BioNTech plus Moderna —o—i 79.1 (73.8-83.3) 32,284
2 Doses BioNTech plus Medigen A — 70.7 (48.3-83.4) 3,591
3 doses Medigen [ 85.3 (80.8-88.7) 32,228
2 doses Medigen plus Moderna ——i 78.1 (61.5-87.6) 4,597
2 doses Medigen plus BioNTech 66.0 (24.2-84.8) 1,515
AZ plus 2 doses Moderna —a—i 73.1(61.0-81.4) 8,571
AZ plus 2 doses BioNTech 50.7 (-10.0 to 77.9) 1,030
AZ plus BioNTech plus Moderna —_— e 52.1(18.9-71.7) 2,407
3 Doses other combinations e 89.3(85.8-91.9) 38,948
-100 50 0 50 100

Vaccine effectiveness, %

Figure 3. Vaccine effectiveness against hospitalization among persons >65 years of age in a population-based evaluation of vaccine
effectiveness against SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study
investigated various vaccine types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.
modernatx.com]), protein subunit (Medigen MVC-COV1901 [https://www.medigenvac.com]), and viral vector-based vaccines (Oxford-
AstraZeneca AZD1222 [https://www.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens
status against moderate and severe illness defined by hospitalization for persons >65 years of age. Red dots indicate percentage

effectiveness; bars indicate 95% Cls. AZ, AstraZeneca vaccine.

=77.9% to -5.7%), mRNA-1273 (11.8%; 95% CI -10.4%
to 29.6%), BNT162b2 (65.5%; 95% CI 47.8%-77.2%),
and MVC-COV1901 (19.4%; 95% CI -21.9% to 46.7%)
(Figure 2). We observed a higher level of protection
with 2 doses of mRNA; BNT162b2 reached 79.1%
(95% CI 72.4%-84.25%) and mRNA-1273 reached
72.0% (95% CI 63.0%-78.7%). VE for protein-based
vaccine MVC-COV1901 was 62.6% (95% CI 43.9%-
75.1%). By comparison, the VE was the lowest, 37.3%
(95% CI119.3%-51.3%), for 3 AZD1222 doses.

We found higher VE was obtained among persons
18-64 years of age who had a booster dose. In addi-
tion, 3 doses of mRNA or protein-based vaccines pro-
vided similar protection against COVID-19-associat-
ed death: 94.9% (95% CI 92.2%-96.7%) for BNT162b2,
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92.0% (95% CI 89.7%-93.8%) for mRNA-1273, and
92.0% (95% CI86.1%-95.4%) for MVC-COV1901 (Fig-
ure 2). The combination of 1 AZD1222 and 2 doses of
mRNA vaccines provided high (81.9%-93.5%) protec-
tion, as well. However, we observed little protection
from death after 3 doses of AZD1222, with a point es-
timate of 78.4% (95% CI —53.6% to 97.0%).

For persons >65 years of age who received 3
vaccine doses, 3 doses of mRNA or protein-based
vaccines provided similar protection against death:
86.6% (95% CI 85.2%-87.9%) for mRNA-1273, 83.6%
(95% CI 74.3%-89.6%) for BNT162b2, and 85.2% (95%
CI77.5%-90.3%) for MVC-COV1901 (Figure 6). How-
ever, 3 doses of AZD1222 provided low protection
against death and had a point estimate of 21.6% (95%
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CI -88.8% to 67.5%). However, because of the rela-
tively small population, we did not examine the com-
bination of 1 AZD1222 and 2 doses of mRNA vaccines
and other brands for this age group.

Discussion

We adopted population-based data to evaluate ef-
fectiveness for different COVID-19 vaccine platforms
among a predominately immune-naive population
in Taiwan, which had minimal circulation of SARS-
CoV-2 before March 2022. In April 2022, a major epi-
demic of Omicron BA.2 variant led the government
to abandon its zero-COVID policy, which had been in
effect since January 2020 (20). The nationwide vaccine
campaign was initiated in March 2021. However, be-
fore the end of March 2022, the cumulative confirmed
domestic cases were <0.3% of the total population.

Therefore, evaluating nationwide COVID-19 vaccine
effectiveness among this immune-naive population
became possible in April 2022. According to nation-
wide community subvariant surveillance during
April 2021-September 2022, the BA.2 Omicron SARS-
CoV-2 variant predominated and accounted for 85%-
90% of all subvariants; the rest were BA.5, BA.2.75, and
others (21). Previous studies indicated that COVID-19
infection could induce natural immunity that can be
as effective as vaccines for certain amount of time af-
ter infection (22-25). However, our study offers base-
line immunity values of the effectiveness of various
vaccine platform combinations, primarily induced
by vaccines. In addition, our findings provide fur-
ther data on vaccine-induced immunity against Omi-
cron variants and VE of various mix-and-match vac-
cine platforms, rather than immunity from previous

Vaccine effectiveness, %

Vaccination status (95% ClI) No. cases
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2 doses BioNTech o 84.9 (81.3-87.8) 1,603,967
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2 doses AZ plus Moderna o 36.7 (32.8-40.4) 3,769,921
2 doses AZ plus BioNTech e 61.4 (57.1-65.3) 1,373,174
2 doses AZ plus Medigen e 65.8 (58.2-72.0) 265,423
3 doses Moderna * 83.3(81.7-84.8) 1,988,167
2 doses Moderna plus BioNTech —o—i 80.3 (74.2-85.0) 232,255
2 doses Moderna plus Medigen i 81.0(71.6-87.3) 75,447
3 doses BioNTech w 95.3(93.7-96.6) 1,793,508
2 doses BioNTech plus Moderna * 96.1(95.0-97.0) 2,452,250
2 doses BioNTech plus Medigen —e—  91.6(81.2-96.2) 91,808
3 doses Medigen = 89.5 (85.4-92.5) 315,217
2 doses Medigen plus Moderna et 89.7 (82.6-93.9) 204,836
2 doses Medigen plus BioNTech —e 96.2(88.3-98.8) 141,092
AZ plus 2 doses Moderna e 90.8 (85.4-94.2) 294,616
AZ plus 2 doses BioNTech e 91.7(74.3-97.3) 65,780
AZ plus BioNTech plus Moderna e 85.0 (73.6-91.5) 132,611
3 doses other combinations o 91.6 (87.8-94.1) 364,322

-100 -50 0 50 100

Vaccine effectiveness, %

Figure 4. Vaccine effectiveness against death among all age groups in a population-based evaluation of vaccine effectiveness against
SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study investigated various vaccine
types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.modernatx.com]), protein
subunit (Medigen MVC-COV1901 [https://www.medigenvac.com]), and viral vector-based vaccines (Oxford-AstraZeneca AZD1222
[https://lwww.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens status against death for all
age groups. Blue diamonds indicate percentage effectiveness; bars indicate 95% Cls. AZ, AstraZeneca vaccine.
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e 94.9(92.2-96.7) 1,026,546
- 95.7(94.0-96.9) 2,342,086
—a 94.8 (79.0-98.7) 87,906
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e 93.5 (85.6-97.1) 286,015
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—— 81.9 (61.8-91.4) 130,171
e 94.3 (88.5-97.1) 318,169
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Vaccine effectiveness, %
Figure 5. Vaccine effectiveness against death among persons 18-64 years of age in a population-based evaluation of vaccine
effectiveness against SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study
investigated various vaccine types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.
modernatx.com protein subunit (Medigen MVC-COV 1901 [https://www.medigenvac.com]), and viral vector-based vaccines (Oxford-
AstraZeneca AZD1222 [https://www.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens
status against death for persons 18—64 years of age. Blue diamonds indicate percentage effectiveness; bars indicate 95% Cls. AZ,

AstraZeneca vaccine.

natural infection or a hybrid combination of protec-
tive effectiveness from vaccination and infection.

We found that persons who completed 3 vac-
cine doses and received mRNA platform vaccines
(mRNA-1273 and BNT162b2) as the primary series
had VE against COVID-19-associated hospitalization
of 80.0%-95.9%, and the VE against COVID-19-as-
sociated death was 80.3%-96.1%. For persons whose
primary series doses were the protein subunit plat-
form MVC-COV1901, VE against hospitalization was
91.0%-96.6%, and the VE against death was 89.5%-
96.2%. For persons whose primary series doses were
vector-based AZD1222, the VE against hospitaliza-
tion was 62.0%-73.9%, and the VE against death was
36.7%-65.8%. The VE of mRNA and protein subunit
vaccines against COVID-19 hospitalization and death

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 30, No. 3, March 2024

were similar, but the VE of the vector-based vaccine
was lower (Figures 1-6).

A randomized, double-blind, active-controlled
trial was conducted in Paraguay to evaluate immu-
nogenicity of the protein subunit vaccine (26). Results
from that study showed that MVC-COV1901 exhibit-
ed superiority in neutralizing antibody titers and non-
inferiority of seroconversion rates compared with the
AZD1222 (26). A study on the protein recombinant
vaccine NVX-CoV2373 (Novavax) in the general pop-
ulation of Italy found that VE against symptomatic
COVID-19 was 31% (95% CI 16%-44%) in partially
vaccinated (1 dose only) persons and 50% (95% CI
40%-58%) in fully vaccinated (2 doses) persons (27).
Neither of those studies of protein vaccines reported
VE against hospitalization and death. Our research
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might add insights and provide a reference for coun-
tries adopting MVC-COV1901 vaccines.

Our study provides additional information about
VE among specific age groups and guidance for per-
sons who might need second booster doses for better
immunity, including persons whose primary series
doses were AZD1222. For persons 18-64 years of age,
our findings suggested that VE against COVID-19-
associated hospitalization averaged ~90%. However,
VE against hospitalization and death for persons
who received AZD1222 as primary series doses was
lower than for those who received mRNA and pro-
tein subunit platform vaccines, suggesting vaccine-
induced immunity waned more quickly for AZD1222
than for other vaccine types. That finding also might
suggest that AZD1222 was not a proper choice for

booster doses to induce sufficient immunity against
SARS-CoV-2 Omicron variant, which is similar to
a finding published by UK Health Security Agency
(28). Our results indicated persons 18-64 years of age
who completed 3 doses might have sufficient protec-
tion because VE against hospitalization was 80.9%-
97.6% for that group, and the VE against death was
78.4%-95.7%. For persons >65 years of age, our find-
ings indicated that persons whose primary series was
AZD1222 had a VE against COVID-19-associated
hospitalization ranging from —23.6% to 34.5%, which
was much lower than for persons receiving mRNA
or subunit protein vaccine. Real-world data from Bra-
zil showed similar results; among persons >60 years
of age, VE against hospitalization for those receiving
AZD1222 was lower than for those receiving mRNA

Vaccine effectiveness, %
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1 dose Moderna —— 10.7 (-0.9 to 21.0) 71,009
1 dose BioNTech —_—————— 13.2 (-16.9 to 35.6) 11,285
1 dose Medigen XS —59.3 (-95.6 to —29.7) 12,858
1 dose other brand XS 67.6 (-0.5 to 89.6) 1,979
2 doses AZ ——i —51.3 (-65.4 to —38.4) 68,466
2 doses Moderna ot 59.8 (54.5-64.5) 156,969
2 doses BioNTech I ——— 62.0 (47.4-72.5) 22,079
2 doses Medigen . 41.3 (25.9-53.4) 27,148
2 doses other combinations - 25.8 (11.3-37.9) 36,281
3 doses AZ - 21.6 (—88.8t0 67.5) 1,259
2 doses AZ plus Moderna e —22.2 (-29.6t0 —15.2) 250,884
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2 doses AZ plus Medigen —— 29.8 (12.6-43.7) 23,171
3 doses Moderna - 86.6 (85.2-87.9) 808,700
2 doses Moderna plus BioNTech e 79.2 (72.5-84.3) 56,166
2 doses Moderna plus Medigen —e— 86.7 (79.4-91.5) 34,554
3 doses BioNTech —e—i 83.6 (74.3-89.6) 26,447
2 doses BioNTech plus Moderna —e—i 83.8 (75.6-89.3) 32,284
2 doses BioNTech plus Medigen *> 74.7 (32.5-90.5) 3,591
3 doses Medigen —e— 85.2 (77.5-90.3) 32,228
2 doses Medigen plus Moderna — 67.1(30.9-84.3) 4,597
2 doses Medigen plus BioNTech +——i 85.5% (—3.3t0 98.0) 1,515
AZ plus 2 doses Moderna — 71.4 (49.6-83.8) 8,571
AZ plus 2 doses BioNTech *> 1+ 80.1 (—41.5t097.2) 1,030
AZ plus BioNTech plus Moderna * 57.7 (-1.9to 82.4) 2,407
3 doses other combinations ! 88.3(82.0-92.4) 38,948
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Figure 6. Vaccine effectiveness against death among persons >65 years of age in a population-based evaluation of vaccine
effectiveness against SARS-CoV-2 infection, severe illness, and death, Taiwan, March 22, 2021-September 30, 2022. The study
investigated various vaccine types: mRNA (Pfizer-BioNTech BNT162b2 [https://www.pfizer.com] and Moderna mRNA-1273 [https://www.
modernatx.com]), protein subunit (Medigen MVC-COV1901 [https://www.medigenvac.com]), and viral vector-based vaccines (Oxford-
AstraZeneca AZD1222 [https://www.astrazeneca.com]). The forest plot demonstrates effectiveness of different vaccination regimens
status against death for persons >65 years of age. Blue diamonds indicate percentage effectiveness; bars indicate 95% Cls. AZ,

AstraZeneca vaccine.
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platform, and waning immunity was reported (29).
Future studies could explore whether persons receiv-
ing AZD1222 are at higher risk for waning immunity,
hospitalization, and death compared with persons re-
ceiving other vaccine platforms.

The World Health Organization Strategic Advi-
sory Group of Experts updated COVID-19 vaccina-
tion guidance in March 2023 (30). The advisory group
indicated high-priority groups, which were mainly
evaluated on the basis of risk for severe COVID-19
and death. Our study suggested that the protection
and immunity induced by vaccines among persons
>65 years of age might not be sufficient, which is
supported by previous studies in real-world settings
(28,31,32). Therefore, the priority for future vaccine
campaigns should emphasize persons >65 years
of age, especially those whose primary series vac-
cines were AZD1222. The policy implication is that
if a nationwide vaccine campaign was implemented
with limited resources, the government could focus
on the age groups and vaccine types that had lower
VE rather than advocating for vaccination of the
general population.

Our findings suggested that VE of the protein
subunit vaccine MVC-COV1901 provides similar pro-
tection against COVID-19-associated hospitalization
and death as mRNA vaccines BNT162b2 and mRNA-
1273. Because both vaccine types could provide ef-
fective immunity against Omicron BA.2-associated
severe outcomes, SARS-CoV-2 vaccine guidance in
Taiwan recommend those vaccine types (33). VE of
protein subunit and mRNA vaccines were also recog-
nized by Indonesia, Palau, New Zealand, Belize, So-
maliland, Thailand, Estonia, Paraguay, Malaysia, and
Saint Kitts and Nevis (33). The similar VE of protein
subunit and mRNA vaccines might provide the pub-
lic with alternative vaccine types for primary series or
booster shots. It also provides alternatives other than
mRNA vaccines.

We provide population-level VE evaluation of
protein subunit vaccines against severe outcomes.
However, other studies have reported the efficacy
a similar vaccine, NVX-CoV2373 (Novavax), from
clinical trials and VE against symptomatic infection
(27,34). For public implications, the results from this
study could enhance the autonomy of individual
preferences. In addition, because the Medigen MVC-
COV1901 vaccine was locally innovated and pro-
duced in Taiwan, fewer issues of availability might
arise in the evolving pandemic.

The first limitation of this study is that in esti-
mating VE, although we used age and sex for model
adjustments, information on underlying conditions,

Emerging Infectious Diseases *« www.cdc.gov/eid ¢ Vol. 30, No. 3, March 2024

Vaccine Effectiveness against SARS-CoV-2, Taiwan

medication, treatment status and history, health be-
haviors, and potential unmeasurable factors were un-
available for individual cases; thus, we could not in-
clude those confounding factors as variables. Second,
because of variations in healthcare seeking behaviors,
notification records might be underestimated, espe-
cially for mild or asymptomatic cases. Third, Taiwan
CDC received hospitalization records from the clini-
cal status, documentation, notification and investiga-
tion, and case reports from the NIIS and NIDRS rather
than mandatory reporting; thus, moderate and severe
illness (hospitalization) could have been underre-
ported. Fourth, an expert committee reviewed each
death case to verify whether the death was SARS-
CoV-2-associated according to medical records and
death certificates obtained by national cause of death
registry. Therefore, the death case numbers might be
underestimated compared with studies that defined
SARS-CoV-2 death within a specific timeframe.

In summary, this study provides scientific evi-
dence for countries that use several COVID-19 vaccine
platform combinations (mix-and-match) of mRNA,
protein subunit, and viral vector-based vaccines. The
study identified which vaccine combinations have
lower VE and might require additional booster shots
or attention. We found that persons who received
AZD1222 as their primary series vaccines might not
be adequately protected against COVID-19-associ-
ated hospitalization and death, even if they received
a booster dose. We also found that the protein subunit
vaccine MVC-COV1901 provided similar protection
against severe SARS-CoV-2 outcomes as mRNA vac-
cines. Our findings can help inform vaccine selection
for various age groups and at-risk populations during
future COVID-19 vaccination campaigns, especially if
resources are limited.
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