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Using surveillance data to
evaluate the effectiveness of
inactivated/mRNA COVID-19
vaccine boosters in preventing
fatal outcomes among severe
COVID-19 cases during the
current ambit of SARS-CoV-2 XBB
and JN.1 variant circulation

Eugene S. K. Lo, Lok Tung Wong*, Serana C. Y. So,
Kirran N. Mohammad, Ka Yi Law, Kam Suen Chan, Chung
Lam Chan, Dawin Lo, Kin Hang Kung and Shuk Kwan Chuang

The Centre for Health Protection, The Department of Health, Kowloon, Hong Kong SAR, China

Background: Despite the rapid evolution of the SARS-CoV-2 viruses, vaccines
targeting ancestral strains remain widely used. This study evaluates the
effectiveness of ancestral strains inactivated and mRNA COVID-19 vaccine
boosters in preventing fatal outcomes among severe COVID-19 cases during
the circulation of the XBB and JN.1 variants.

Methods: We analyzed 2,157 severe COVID-19 cases (aged >50) reported to
the Centre for Health Protection from the hospital authority-managed public
hospitals between January 30, 2023, and January 29, 2024. Logistic regression
was used to investigate the relationship between vaccination status and fatal
outcomes, adjusting for age, sex, and residential status in residential care homes
for the older adult (RCHE), and other demographic factors.

Results: Among the 2,157 cases, 764 (35.4%) succumbed within a 28-day follow-
up. Fatal outcomes were more common among older individuals, RCHE residents,
and those unvaccinated or with incomplete initial vaccination (zero to two
doses). Fewer deaths had received ancestral strains mRNA or inactivated booster
doses compared to those not receiving booster. Univariate logistic regression
revealed the lowest in-hospital mortality odds ratio for mRNA booster recipients,
followed by inactivated booster recipients, and then those with completed initial
vaccination (three doses). After adjusting for confounders, booster vaccination
remained significantly associated with reduced in-hospital mortality.

Conclusion: Vaccines based on ancestral strains maintain some degree of
effectiveness against recently emerged variants, offering insights for healthcare
policies in regions where earlier generations of inactivated and mRNA vaccines
continue to be administered.
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GRAPHICAL ABSTRACT
The visual abstract of the study.

Introduction

The COVID-19 outbreak spread globally after it emerged in 2020.
Vaccination remains a crucial component in the prevention and
control of the disease (1). In February 2021, the HKSAR Government
set up a territory-wide vaccination initiative, the “COVID-19
Vaccination Programme” (The vaccination program), aimed at
achieving herd immunity against COVID-19 and reducing the risk of
severe clinical outcomes (2).

Under the vaccination program, both mRNA COVID-19 vaccines
(3) and inactivated COVID-19 vaccines (4) were offered to members
of the public. Two doses were recommended initially by the Scientific
Committee on Vaccine Preventable Diseases and the Scientific
Committee on Emerging and Zoonotic Diseases (Joint Scientific
Committee (JSC)) (3). Later, the JSC further recommended that
individuals aged 18 or older receive a third dose of either an mRNA
or inactivated vaccine to enhance protection (2, 5). This was
subsequently referred to as complete initial vaccination.

In April and May 2022, a booster dose (fourth dose) was
recommended to vulnerable groups (6) and also healthy adults (7) by
the JSC, respectively. Figure 1 illustrates the evolution of predominant
SARS-CoV-2 variants and key events of the vaccination program in
Hong Kong.

The rapid evolution of the SARS-CoV-2 virus posed a significant
challenge to public health efforts. As mutation speed outpaced vaccine
development and administration, many ancestral strains vaccines
were still in use. Many countries would require time and effort to
utilize the existing supplies. This also raises questions about the
sustained effectiveness of the vaccines currently in stock.

In addition to vaccination progress, the real-world performance
of earlier-generation vaccines against rapidly emerging Omicron
sublineages, such as XBB and JN.1, remains uncertain. While recent
studies explored the effectiveness of the later monovalent Omicron
XBB vaccines (8-10), there is limited research on the performance of

Frontiers in Public Health

ancestral strains inactivated and mRNA vaccines in the current
epidemiological context. This knowledge gap is particularly relevant
for regions where access to newer, updated vaccines may be limited,
and understanding the effectiveness of available vaccines is crucial for
informing public health strategies and vaccine deployment decisions.

Previous studies have explored the effectiveness of ancestral
vaccines against earlier variants (11, 12). Evidence suggests that
ancestral vaccines may still offer protection against newer variants
(13-15). However, there are limited studies or evidence comparing the
effectiveness of the inactivated vaccine to the mRNA vaccine. In Hong
Kong, both inactivated and mRNA vaccines are available to the public.
In this context, we aim to address the gap by evaluating the
effectiveness of both vaccines under the same setting.

Our study uses surveillance data to evaluate the effectiveness
of ancestral strains vaccines, including both inactivated vaccine
and mRNA vaccine, in the prevention of fatal outcomes among
severe COVID-19 cases in the Omicron-prevalent period. By
focusing on hospitalized patients—a critical, high-risk segment of
the population, we seek to provide insights into the performance
of different vaccine types in the context of the current
circulating variants.

Methods
Data source

COVID-19 has been one of the notifiable diseases in Hong Kong
since 2020, and the Centre for Health Protection (CHP) of the
Department of Health (DH) of Hong Kong maintains the COVID-19
cases database. The Hospital Authority (HA), a statutory body that
provides over 90% of inpatient service in Hong Kong, maintains a
comprehensive database of electronic health records from all public
hospitals in the city. From 30 January 2023 onward, only severe and
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FIGURE 1

Timeline showing the evolution of predominant SARS-CoV-2 variants and key events of the vaccination program in Hong Kong.

fatal COVID-19 cases are required to be reported by healthcare
service providers (including the HA) to the CHP for surveillance
purposes (16). The DH also maintains all vaccination records under
the vaccination program. The COVID-19 database from the CHP,
the electronic health records from HA, and the vaccination records
from DH were mapped using a unique personal identifier of the
patient. These population-based databases have been widely used in
previous studies evaluating the effectiveness of vaccination
strategies (17).

Study design

Patients aged 50 or above with confirmed diagnosis of SAR-CoV-2
infection by either PCR or RAT and were in either serious or critical
condition were included in the study. The inclusion period is from 30
January 2023 to 29 January 2024. Persons aged 50 or older are
particularly susceptible to severe SARS-CoV-2 infections and are one
of the high-risk priority groups to receive vaccines under the
vaccination program in Hong Kong (18). Exclusion criteria included
patients who were initially reported as fatal and patients reported from
non-public hospitals (Figure 2).

The clinical criteria of a severe case include clinical manifestations
such as severe pneumonia, sepsis, encephalopathy/encephalitis,
myocarditis, multiple organ failure, shock, or other severe
complications of COVID-19 that occur within 28 days of the first
positive specimen collection date. Those cases requiring an oxygen
supplement of 3-6 L/min are classified as serious, while those
requiring intubation, extracorporeal membrane oxygenation, or high-
flow oxygen with a flow rate >6 L/min are classified as critical.

Vaccination records from the DH include the vaccination type,
date, and venue of dose administration for each individual vaccinated
in Hong Kong. The case vaccination status was categorized as follows:

1. Unvaccinated/incomplete with initial vaccination (received
zero or up to two doses of the COVID-19 vaccine);

2. Completed with initial vaccination (received three doses of the
COVID-19 vaccine), which was recommended to the public by
the JSC on 1 August 2022 (19);
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3. Completed initial vaccination with inactivated vaccine booster
(in addition to the initial three doses, received a valid dose of
inactivated vaccine booster as the last received vaccine); and

4. Completed initial vaccination with mRNA vaccine booster (in
addition to the initial three doses, received a valid dose of
mRNA ancestral strains or mRNA bivalent (original/BA.4/5)
booster as the last received vaccine).

It is assumed that a vaccination dose could only be effective from
day 14 after injection, similar to other studies related to vaccine
effectiveness (20, 21). Hence, if a severe or fatal case reports a vaccine
injection within 14 days, the latest dose will be disregarded and not
counted as a valid dose.

The DH has established an ethics committee to conduct ethical
reviews of research projects carried out by the institutional staff and
to provide advice on ethical matters related to research projects within
its units (with the CHP being one of its functional arms). The DH has
guidelines outlining the types of research projects that require ethical
review and assessment by the committee. The committee’s secretary
assessed our project and determined that the study met our
institutional guidelines’ exemption criteria for ethics approval.

Outcome

The outcome of the study was in-hospital mortality. Fatal
outcomes were defined as those who died within 28 days of their first
positive specimen collection date or first rapid antigen test (RAT)
positive date (i.e., confirmed COVID-19 diagnosis), whichever
is earlier.

Statistical analysis

Age distribution between patients with and without fatal
outcomes was compared using a two-sample ¢-test, while sex,
chronic medical illness, residential care homes for the older adult
(RCHE), and vaccination statuses were compared using a
chi-squared test. We used univariate and multivariate logistic
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FIGURE 2
A flowchart of the study population.

regression models to assess the relative in-hospital mortality among
cases with different risk factor characteristics. Vaccination status
was the primary study interest. Other adjusted confounders
included age, sex, chronic medical illness (including a history of
medical conditions such as hypertension, coronary heart disease,
chronic heart failure, diabetes mellitus, chronic renal disease, and
hyperlipidaemia), RCHE status, the interval between the event and
the last valid dose, and the corresponding reporting month. The
association between mortality and other potential risk factors,
including age, sex, RCHE status, and time elapsed since the last
valid dose, was also assessed using logistic regression. A simple
sub-analysis was conducted to compare demographics and death
status among subjects who received mRNA vaccine boosters based
on different vaccine strains.

All analyses were performed using R Statistical Software (v4.2.2;
R Core Team 2022) and Rstudio. The univariate and multivariate
logistic regression models were created by the forestplot package
(v3.1.6, Gordon and Lumley 2024) and gridExtra package (v2.3,
Auguie 2017), with post-generation cutting and combining. A
two-tailed p-value of <0.05 was considered statistically significant.

Results
Of the 2,157 severe COVID-19 cases included in our study

(Table 1), 764 cases had fatal outcomes. When compared with
survived cases, fatal cases were older (83.4 + 10.8 vs. 76.7 + 11.2), had
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a higher proportion residing in RCHEs (25.9% vs. 15.3%) and being
unvaccinated/or with incomplete vaccination (34.2% vs. 25.1%), and
had a lower proportion for completed initial vaccination (43.7% vs.
49.9%) and boosters (22.1% vs. 25.0%). The sex ratio was comparable
between the two groups. As for the subjects who were complete with
an mRNA booster dose, 57 (44.9%) were receiving ancestral strains,
and 70 (55.1%) were receiving a bivalent vaccine. No subjects in the
study received valid XBB strain booster vaccine.

In the univariate analysis, when compared to the unvaccinated/
incomplete with initial vaccination group, those who completed with
initial vaccination [crude OR (95% CI): 0.64 (0.52-0.79)] or received
either inactivated [crude OR (95% CI): 0.71 (0.55-0.92)] or mRNA
vaccines [crude OR (95% CI): 0.49 (0.32-0.74)] as boosters in addition
to the initial vaccination were associated with reduced mortality
(Figure 3). After adjusting for the confounders, the association
between vaccination status and reduced in-hospital mortality
remained significant (OR (95% CI): completed with initial vaccination:
0.70 (0.49-0.99); inactivated booster: 0.63 (0.42-0.94); mRNA
booster: 0.57 (0.33-0.96) compared to the unvaccinated/incomplete
with initial vaccination group).

Moreover, the univariate analysis showed that older age [OR (95%
CI): 1.06 (1.05-1.07)] and residence in RCHE [OR (95% CI): 1.94
(1.56-2.41)] were significant predictors of mortality. In the
multivariate logistic regression model, significant predictors for
mortality included older age (OR (95% CI): 1.06 (1.05-1.07),
p < 0.001), being male (OR (95% CI): 1.36 (1.12-1.66), p = 0.002), and
residing in RCHE (OR (95% CI): 1.51 (1.18-1.92), p < 0.001).

04 frontiersin.org
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TABLE 1 Demographic characteristics between fatal cases and survived cases with severe/critical conditions (n = 2,157).

Total (n = 2,157) Fatal cases (n = 764) Survived cases
(n =1,393)

Age (mean + SD)** 79.1+11.5 83.4+10.8 76.7 +11.2 <0.001
Sex 0.923

Female 809 (37.5%) 285 (37.3%) 524 (37.6%)

Male 1,348 (62.5%) 479 (62.7%) 869 (62.4%)
Presence of chronic medical 1873 (86.8%) 676 (88.5%) 1,197 (85.9%) 0.107
illness
Residing in RCHE** 411 (19.1%) 198 (25.9%) 213 (15.3%) <0.001
Vaccination status™* <0.001

Unvaccinated/ incomplete with 611 (28.3%) 261 (34.2%) 350 (25.1%)

initial vaccination

Completed with initial 1,029 (47.7%) 334 (43.7%) 695 (49.9%)

vaccination

Completed with booster 390 (18.1%) 135 (17.6%) 255 (18.3%)

(inactivated)

Completed with booster 127 (5.9%) 34 (4.5%) 93 (6.7%)

(mRNA)
Time between event and last 0.001
valid dose*

Unvaccinated 439 (20.4%) 187 (24.5%) 252 (18.1%)

<180 days 351 (16.3%) 126 (16.5%) 225 (16.1%)

>180 days 1,367 (63.3%) 451 (59.0%) 916 (65.8%)

See Supplementary Appendix 1 for the full table.
*p-value <0.05; **p-value <0.001 were found between fatal cases and survived cases with severe/critical conditions.

Univariate logistic regression Multivariate logistic regression

Variables OR (95% Cl) 0Odd ratio plot OR (95% Cl) 0Odd ratio plot

Age 1.06 (1.05-1.07)"* . 1.06 (1.05 - 1.07)*" .

Sex

Female Ref. Ref.

Male 1.01(0.84 - 1.22) S—— 1.36 (1.12- 1.66)" mientes

Chronic medical iliness

Absence Ref. Ref.

Presence 1.26 (0.96 - 1.65) . ———— 0.90 (0.67 - 1.20) ——

Residing in RCHE

No Ref. Ref.

Yes 1.94 (1.56-241)" T 151(1.18-1.92" ——

Vaccination Status

U i i with initial vaccinati Ref. Ref.

Completed with initial vaccination 0.64 (0.52 - 0.79)"* — 0.70 (0.49 - 0.99)° =

Completed with booster (inactivated) 0.71(0.55-0.92)" —_— 0,63 (0.42-0.94)"

Completed with booster (NRNA) 0.49 (0.32-0.74)* —e—— 057 (0.33- 0.96)"

Time between event and last valid dose

<180 days Ref. Ref.

Unvaccinated 1.33(089-1.77) ————— 1.15(0.73-1.82) S NP —

180 days or more 0.88(0.69-1.13) = : . | 110(081-1.48) —_———

I T T T 1
05 1 15 2 25
” 0 0.5 1 15 2 25
Odds Ratio,(95% Cl) 0Odds Ratio (95% CI)

FIGURE 3
Univariate and multivariate logistic regression models of patients with different risk factors. See Supplementary Appendix 2 for a table of full analysis.
*p-value <0.05; ** p-value <0.001 were found within the logistic regression model.

Subgroup-analysis: comparing the different generations of  statistically significant difference between the two groups (p > 0.05).
vaccines among mRNA booster recipients. Furthermore, chi-square tests were conducted for other
A simple t-test was conducted to compare the age of individuals ~ demographic variables. The test indicated that subjects who
who received mRNA vaccine boosters with the ancestral strains and  received the bivalent vaccine (64.3% within 180 days) as a booster
those who received the bivalent strain. The results indicated no ~ were more likely to have a shorter interval between the event and
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the last valid dose compared to those who received the ancestral
strains (12.3% within 180 days) (p < 0.001). Other variables,
including sex, residential status at RCHE, chronic medical illness,
and the corresponding reporting month, showed no statistical
significance (p > 0.05). Similarly, death status did not significantly
differ among the various strains of mRNA booster recipients.
Nevertheless, this sub-group analysis may be underpowered due to
small sample sizes (N = 127).

Discussion

Our study utilizes real-world surveillance data to address a
knowledge gap on the vaccine effectiveness of ancestral strains
COVID-19 vaccine boosters against currently dominantly circulating
XBB and JN.1 strains of SARS-CoV-2 virus. Both the ancestral strains
inactivated and mRNA vaccines was protective against in-hospital
mortality among the individuals who were admitted to the hospital
due to SARS-CoV-2 infection during XBB and JN.1 predominant
period. The one with initial vaccination and receiving booster had
higher protection against those who were unvaccinated or without
complete initial vaccination.

The circulating strain of COVID-19 in Hong Kong evolved
during the study period. This period saw the decline of the BA.2
and BA.5 variants and the rise of the XBB variant and its
sublineages, followed by the emergence of the JN.I variant (22).
The Public Health Laboratory Services Branch of the CHP
analyzed 1,421 specimens (65.9%) from our studied cases for
SARS-CoV-2 variants. We identified the majority (1,059, 74.5%)
as XBB and its descendant lineages. We noted a small percentage
(70, 4.9%) as BA.2.86 and its descendent lineages, while the
remaining specimens (292, 20.6%) fell into other variants, such as
BA.2 and its sublineage (96, 6.8%), BA.2.75 and its sublineage
(142, 10.0%), and BA.5 and its sublineage (54, 3.8%). It is
noteworthy that the BA.5 variant was circulating in the first half of
2023. The bivalent vaccine, available to the public in Hong Kong
since December 2022, targets the Ancestral strain and the BA.4
and BA.5 strains (23). Nevertheless, in this study there are no
subjects who received the bivalent mRNA vaccine (original &
BA.4-5 strain) were infected with BA.4 or BA.5 strain.

Our findings indicate that age, sex, residential status in RCHE,
and vaccination status are significant predictors of the likelihood of
fatal outcomes within 28 days from the date of confirmed COVID-19
diagnosis for severe cases of COVID-19. The completion of the initial
vaccination (three doses) appears to offer protection against mortality.
The result is comparable to the findings from a previous study in Hong
Kong in 2022, in which three doses of the COVID-19 vaccine provided
the highest protection (24). Furthermore, an additional booster dose
could provide even greater protection. Subjects who received the
vaccine boosters, regardless of the ancestral strains inactivated
vaccines, mRNA vaccine or the newer generations of mRNA vaccines,
had a significantly lower likelihood of fatal outcomes than those who
only completed the initial vaccination.

Our subgroup analysis findings indicate that there was no significant
difference between subjects who received the bivalent mRNA vaccine as
a booster and those who received the ancestral mRNA vaccine in terms
of study outcomes and most demographic variables, including age, sex,
and residential status. Given the gradual loss of protectiveness of
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COVID-19 vaccines due to waning, our study has demonstrated the
importance and worthiness of periodically receiving a new booster dose
(25-27), even of vaccines for ancestral strains. However, a relatively higher
proportion of subjects who received the bivalent vaccine booster had less
than 180 days between the event and the last valid dose. This observation
is consistent with the fact that the bivalent vaccine was introduced toward
the end of 2022 (28).

The vaccination coverage rate in Hong Kong is relatively high, even
among high-income countries. According to Our World in data (29), the
share of people who completed the initial COVID-19 vaccination
protocol in Hong Kong is far higher than in average high-income
countries (~15% difference). Sufficient vaccine supply and the vaccine
pass policy would be the main drivers for the high vaccination rate in
Hong Kong. The vaccine pass policy, implemented between February
2022 and December 2022 (30), encouraged the majority of the public to
administer the vaccine, and the vaccination coverage boosted up quickly
in that period (83% of the total population completed the third dose as of
December 2022). As of that period, all available vaccines were ancestral
strain-based, while vaccines targeting relatively newer variants were not
available until October 2022. Many of the citizens completed their
vaccination or received their booster vaccine with ancestral strains only.

Our results suggest that the ancestral strain-based vaccines
retained a certain level of effectiveness against recently emerging
variants. Although these strains demonstrate a certain extent of
growth advantage and immune evasion capabilities based on the risk
assessment of the WHO (31-33), vaccines developed from the
ancestral strains still offer favorable and significant protection against
fatal outcomes in severe cases.

The strength of this study is that it evaluates the association
between the administration of ancestral strain-based vaccines,
inactivated or mRNA vaccines, as boosters and COVID-19 case
mortality under the current dominant circulation of the SARS-CoV-2
variants of interest. Our COVID-19 surveillance system collects case-
based information on severe and fatal COVID-19 cases. We deployed
the electronic medical records and vaccination records to ensure the
accuracy and reliability of the data.

As the HA is the largest healthcare provider in the city, covering
nearly all of our population, the majority of citizens from different
socioeconomic backgrounds were included in the study, ensuring
the generalizability of our results to hospitalized patients of all
socioeconomic classes. Under the current COVID-19 vaccination
strategies of Hong Kong, we can study and compare the effects of
both inactivate and mRNA ancestral strain-based vaccines. Our
findings reflect the effectiveness of COVID-19 vaccines in real-
world settings, which provide reliable insights into the healthcare
policies in countries or areas where previous generations of
inactivated and mRNA vaccines are still deployed for
Our WHO
recommendations about the protection of receiving COVID-19

administration. findings also support the
vaccines produced by whatever platforms under the current
environment of SARS-CoV-2 variant circulations.

There are several limitations to our study. First, the study does
not account for the potential confounding effects of a naturally
acquired SARS-CoV-2 infection on vaccination. According to the
previous recommendations of the JSC of the CHP (34, 35), naturally
acquired infections could waive some of the vaccination
requirements during the pandemic, affecting people’s incentive to

receive the vaccine. Previous infection might also affect the severity
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of later infections and the relative effectiveness of the vaccines (36).
Moreover, naturally acquired infection itself contributes to the
hybrid immunity against COVID-19 among vaccinated individuals,
and the inability to address it as a confounder raised uncertainties
in the assessment of vaccine effectiveness. The temporal factor
might be another potential cofounder that the study was unable to
address, as the progress of the vaccination program has also
coincided with the transition from BA.5 to XBB and JN.1 variants,
which might vary in disease severity and immune escape from
the vaccine.

Another limitation is the lack of case-based data on antiviral
administration. Nevertheless, given that the prescription policy
of antivirals for hospitalized severe COVID-19 patients in public
hospitals is under the same clinical guidelines developed by the
HA (37), we assume that all hospitalized patients under the HA
had been prescribed antivirals. Last but not least, by excluding
cases that were first reported to the CHP as fatal, our study tried
to minimize the effect of antiviral drugs as a confounding factor
in the study design.

The study evaluated fatal outcomes among severe hospitalized
cases only. It did not address the effectiveness of booster vaccines in
preventing non-fatal severe conditions or hospitalization as a result of
the SARS-CoV-2 infection. Our findings, therefore, might not be able
to indicate ancestral strains boosters’ role in reducing healthcare
utilization or preventing non-fatal severe outcomes. A chi-square
analysis of vaccination status and demographics between study
subjects and the cases who first reported to the CHP as fatal
(n =2,105) was performed. Results (Supplementary Appendix 3)
indicated that, compared to cases intially reported as deaths, our study
subjects were younger, more likely to be male, and less likely to reside
in RCHE. Vaccination status did not differ significantly. Further study
is warranted.

Currently, we deploy patients with a confirmed COVID-19
diagnosis who died within 28 days of the first positive specimen
collection date as the definition of fatal outcomes. However, in this
study, over 80% of the included subjects had a pre-existing chronic
illness. There is a lack of objective differentiation criteria to judge the
degree of contribution of SARS-CoV-2 infection to the fatal
outcomes (i.e., whether the case died of or died with COVID-19).
Despite that, there was no statistically significant difference in the
presence of pre-existing chronic illnesses among the groups.
We assumed that this issue should not generate any directional bias
in our evaluation.

The study did not capture the whole variant distribution among
the subjects; only about 65% of the subjects have the available variant
data. Consequently, conducting a specific variant sub-analysis was
challenging due to the limited sample size.

The study provided limited insight into the effects of
receiving multiple boosters. Given that only a small portion of
subjects (~10%) had received multiple boosters before hospital
admission, only the type of the last dose booster on record was
considered for this study. Moreover, while our study provided
valuable insights into the comparative effects of mRNA and
inactivated vaccines as boosters, the relatively small sample size
may have limited the statistical power to detect significant
differences between the two vaccine types. Future studies with
larger sample sizes would be beneficial to further validate these
findings and provide more robust conclusions.
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Finally, the study only includes severe COVID-19 cases aged 50
or above. Hence, the findings might not be generalizable to younger
populations in the absence of supporting data.

Conclusion

In conclusion, our findings demonstrated that the administration of
COVID-19 vaccine boosters, regardless of the vaccine generations
(ancestral or the newer bivalent for ancestral and BA.4/5) and platforms
(inactivated or mRNA), confers a significant protective effect in
preventing the fatal outcomes among the severe COVID-19 cases. The
result aligns with the WHO’s endorsement of booster vaccines as a key
measure in preventing the worst outcomes of COVID-19 (38).
We supplement the information on the ancestral strains vaccine
effectiveness under the current ambit of SARS-CoV-2 variant circulation.
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