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Abstract

Background: Although previous studies found no-increased mortality risk after COVID-19
vaccination, residual confounding bias might have impacted the findings. Using a modified self-
controlled case series (SCCS) design, we assessed the risk of non-COVID-19 mortality, all-cause
mortality, and four cardiac-related death outcomes after primary series COVID-19 vaccination.

Methods: We analyzed all deaths between December 14, 2020, and August 11, 2021, among
individuals from eight Vaccine Safety Datalink sites. Demographic characteristics of deaths in
recipients of COVID-19 vaccines and unvaccinated individuals were reported. We conducted
SCCS analyses by vaccine type and death outcomes and reported relative incidences (RI). The
observation period for death spanned from the dates of emergency use authorization to the end
of the study period (August 11, 2021) without censoring the observation period upon death.

We pre-specified a primary risk interval of 28-day and a secondary risk interval of 14-day after
each vaccination dose. Adjusting for seasonality in mortality analyses is crucial because death
rates vary over time. Deaths among unvaccinated individuals were included in SCCS analyses to
account for seasonality by incorporating calendar month in the models.

Results: For Pfizer-BioNTech (BNT162b2), Rls of non-COVID-19 mortality, all-cause mortality,
and four cardiac-related death outcomes were below 1 and 95 % confidence intervals (Cls)
excluded 1 across both doses and both risk intervals. For Moderna (mMRNA-1273), RI point
estimates of all outcomes were below 1, although the 95 % Cls of two RI estimates included 1:
cardiac-related (R1 = 0.78, 95 % CI, 0.58-1.04) and non-COVID-19 cardiac-related mortality (RI
=0.80, 95 % ClI, 0.60-1.08) 14 days after the second dose in individuals without pre-existing
cancer and heart disease. For Janssen (Ad26.COV2.S), Rls of four cardiac-related death outcomes
ranged from 0.94 to 0.98 for the 14-day risk interval, and 0.68 to 0.72 for the 28-day risk interval
and 95 % Cls included 1.

Conclusion: Using a modified SCCS design and adjusting for temporal trends, no-increased
risk was found for non-COVID-19 mortality, all-cause mortality, and four cardiac-related death
outcomes among recipients of the three COVID-19 vaccines used in the US.

Keywords

Self-controlled case series; COVID-19 vaccines; All-cause mortality; non-COVID-19 mortality;
Cardiac-related mortality
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1 Background

Several cohort studies have consistently reported no-increased mortality risk after
COVID-19 vaccination [1-4]. Moreover, two cohort studies carried out within the Vaccine
Safety Datalink (VSD) demonstrated that COVID-19 vaccine recipients had lower non-
COVID-19 mortality rates compared to unvaccinated individuals after adjusting for
demographic characteristics in preliminary analyses [5] and individual- and community-
level risk factors in subsequent analyses [6]. While no safety concern was identified from
these analyses for non-COVID-19 mortality risk after COVID-19 vaccination, residual
confounding bias likely remained after adjusting for several measured confounders.
Vaccinated individuals may tend to be healthier and engage in fewer risky behaviors

than unvaccinated comparators [7-9]. When assessing the association between vaccination
and adverse outcomes, it is important to consider confounding factors influencing the
relationship. These confounders can be both time-invariant and time-varying.

Compared to a cohort design with vaccinated versus unvaccinated individuals, the self-
controlled case series (SCCS) design is considered to be less susceptible to the healthy
vaccinee bias [10] due to its ability to control for time-invariant confounders. The original
SCCS design was developed to study the association between transient exposures such as
vaccination and acute outcomes such as febrile convulsions and aseptic meningitis [11].

In a SCCS study, the risk interval is a period after vaccination during which the risk for

an adverse event may be increased while the observation time outside the risk interval is
considered the control interval. Because incidence rates are compared within an individual,
time-invariant covariates are adjusted for implicitly. Since its inception, the SCCS design
has been widely employed in vaccine safety studies and other areas of research [12,13].

To properly evaluate adverse events including death that influence the likelihood of a
subsequent exposure or the length of the observation period, a modified SCCS approach
was developed within the counterfactual framework, using a pseudo-likelihood approach for
estimation [14]. When death is the outcome, the modified SCCS approach employs planned
end of observation as the actual end of observation for each case, rather than date of death.

Recently, two SCCS studies were conducted to investigate the association between
COVID-19 vaccination and cardiac-related deaths. The first study was a hon-peer-reviewed
analysis conducted by the Florida Department of Public Health in 2022 using a SCCS design
and posted on its website [15]. It reported that males aged 18-39 years had an increased

risk of cardiac-related deaths in the 28 days following the last dose of mMRNA COVID-19
vaccines (relative incidence [RI] = 1.97, 95 % confidence interval [CI], 1.16-3.35). In
contrast, a study by Nafilyan et al. in 2023 using the modified SCCS approach did not

find an increased risk of cardiac-related deaths following mMRNA COVID-19 vaccination
among males aged 12-29 years in England after accounting for multi-dose administration of
vaccine and adjusting for seasonality [16].

The goal of this study was to assess the mortality risk after a primary series of COVID-19
vaccination among individuals at eight VVSD sites in the United States (US) using the
modified SCCS design.
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2. Methods
2.1. Study population and study period

For this SCCS study, analytic datasets were constructed using a cohort of individuals

aged = 12 years who were enrolled at eight VSD sites (Kaiser Permanente [KP]

Southern California, KP Northern California, KP Colorado, KP Northwest, KP Washington,
HealthPartners, Denver Health and Marshfield Clinic). To be included in the SCCS

analyses, individuals had to have documented health plan enrollment on the emergency

use authorization (EUA) date for their age group and had to have died between the
corresponding EUA date and August 11, 2021. The EUA date for mMRNA COVID-19
vaccines was December 14, 2020, for individuals aged = 16 years, and May 10, 2021,

for individuals aged 12-15 years. The EUA date for Janssen (Ad26.COV2.S) was February
27, 2021, for individuals aged = 18 years. We chose August 11, 2021, as the end of the study
because our focus was on mortality risk after a primary series of COVID-19 vaccination, and
the EUA for the third mRNA dose (additional primary dose) among immunocompromised
individuals was issued on August 12, 2021 [17].

2.2. EXxposure

The exposure was documented receipt of the primary series COVID-19 vaccination: two
doses of MRNA vaccines (Pfizer-BioNTech [BNT162b2] or Moderna [MRNA-1273]) or one
dose of Ad26.COV2.S. Those who received only one dose of an mRNA vaccine and died
were also included in the analyses. Vaccination status was assessed from December 14,
2020, for individuals aged = 16 years and from May 10, 2021, for individuals aged 12-15
years through August 11, 2021, for mRNA vaccines, and from February 27, 2021, through
August 11, 2021, for Ad26.COV2.S. The minimum recommended intervals between dose 1
and dose 2 were 17 days and 24 days (allowing for a 4-day grace period) for BNT162b2
and mRNA-1273, respectively. Any dose 2 administered less than 17 days and 24 days after
dose 1, respectively, was considered invalid. Deaths of individuals who received different
COVID-19 mRNA vaccines for doses 1 and 2 were excluded from the analyses.

2.3. Outcomes

The primary outcome was documentation of non-COVID-19-associated death during the
study period. Non-COVID-19-associated deaths were defined as those that did not have an
ICD-10 code U07.1 listed as a documented cause of death and did not occur within 30
days of a COVID-19 diagnosis, or a positive SARS-CoV-2 test. The study also had five
secondary outcomes: all-cause death, cardiac-related death, cardiac-related death without
pre-existing cancer and heart disease, non-COVID-19-associated cardiac-related death,
and non-COVID-19-associated cardiac-related death without pre-existing cancer and heart
disease (Supplementary Figure 1). Cardiac-related deaths were defined as those identified
with the following 1ICD-10 codes for underlying cause of death: 100-109, 111, 113, 120-151
(Centers for Disease Control and Prevention/National Center for Health Statistics) [18]. Data
from six out of the eight VSD sites were included in the analysis of cardiac-related death
outcomes, as the remaining two did not have cause-of-death data available for the study
period, although they had COVID-19 diagnosis codes and SARS-CoV-2 test data available
for identifying non-COVID-19 deaths. For analysis of cardiac-related death outcomes
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without pre-existing cancer and heart disease, we required that individuals had = 1-year
health plan enroliment before the relevant EUA date for their age group to ensure potential
capture of any history of cancer and heart disease within this timeframe.

2.4. Covariates

We collected demographic variables (age, sex, race/ethnicity) to describe the characteristics
of the study population. Calendar time was included as a time-varying covariate.

2.5. Statistical analyses

We assessed mortality risk after vaccination for each of the three vaccines separately.
Demographic characteristics of those individuals who died during the study period were
described.

Since death influenced both the observation period and subsequent potential vaccine
exposure, we used a modified SCCS approach to analyze the primary and secondary
outcomes. In the modified SCCS approach, the observation period for death was counted
from the EUA date to the end of the planned study period (August 11, 2021), without
censoring the observation period upon death. For the mRNA COVID-19 vaccines, there
were two risk intervals, one for dose 1 and the other for dose 2. For Ad26.COV2.S, there
was only one risk interval after dose 1. We pre-specified the primary risk interval to be

28 days (days 0 to 27) after each dose, and a secondary risk interval to be 14 days (days

0 to 13) after each dose. We also conducted additional analyses to estimate the overall

and weekly relative incidences up to 10 weeks after each dose. Risk intervals started on
the vaccination date because any deaths on day 0 must have occurred after vaccination by
definition. The rest of the observation period (i.e., minus the risk interval) was the control
interval. All conceivable scenarios for the timeline of administering one or two doses of a
2-dose primary series of MRNA COVID-19 vaccines, including risk intervals and control
intervals, are illustrated in Fig. 1. If a second dose occurred during the 28-day risk interval
for dose 1, the first risk interval was censored as demonstrated in Fig. 1 for Individuals C
and D. To estimate the vaccination effect (RI), we employed a pseudo-likelihood approach
implemented in R (Farrington et al, 2009) [14].

Deaths among unvaccinated individuals were included in the SCCS analyses to account
for seasonality by including calendar month in the model [19]. Adjusting for seasonality
in mortality analyses is crucial because death rates vary over time. The modified SCCS
function in R can only accommodate one time-varying covariate. As age did not vary
significantly in the relatively short observation period (less than 8 months) and SCCS
adjusted for time-invariant covariates, age was not included in the model.

The modified SCCS function in R is not suitable for analyzing large numbers of all-cause
and non-COVID-19 deaths. For all-cause and non-COVID-19 deaths after the primary series
of mRNA vaccines, we randomly divided the sample into five subgroups. We obtained the
vaccination effect coefficients from these five subgroup analyses and combined them using a
fixed effect model in meta-analyses [20].
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The SCCS models were fitted with the R package SCCS [21], and the rest of the analyses
were conducted using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina).

3. Results

3.1. Characteristics of deaths

Between December 14, 2020, and August 11, 2021, there were 9,019 non-COVID-19

deaths among individuals who received BNT162b2. Of these deaths, 69.9 % were among
individuals aged 75 years or older, 50.8 % were male, and 65.5 % were non-Hispanic White
(Table 1). Although the numbers of all-cause deaths and non-COVID-19 deaths were similar
between males and females, more cardiac-related deaths occurred among males than females
(56.9 % versus 43.1 %). Notably, there were only six cardiac-related deaths among those
aged < 45 years at the six VVSD sites with cause-of-death data available. These six sites
accounted for 61.9 % of all-cause deaths.

Of 7,357 non-COVID-19 deaths among individuals who received mRNA-1273, 65.5 %
were among individuals aged 75 years or older, 53.9 % were males, and 16.0 % were
Hispanic (Table 2). The difference between the proportion of cardiac-related deaths and
non-COVID-19 deaths among males was less apparent among recipients of mRNA-1273.

For Ad26.COV2.S, 55.5 % of 1,008 non-COVID-19 deaths and 54.9 % of 1,048 all-cause
deaths were among those aged = 75 years, and 51.3 % were females for both non-COVID-19
deaths and all-cause deaths (Table 3).

There was a total of 24,132 unvaccinated non-COVID-19 deaths, 56.6 % were among
individuals aged 75 years or older, 51.0 % were males, and 17.2 % were Hispanic (Table 4).

3.2. Relative incidences for the primary and secondary death outcomes

The results from the SCCS models for risk intervals of 14- and 28-days after vaccination
are presented in Table 5. Here, we describe point estimates of RIs and their 95 % Cls when
appropriate. In instances where multiple Rls are discussed, only the point estimates and
whether their 95 % Cls included 1 are mentioned due to space constraints; for the 95 % Cls
of these RIs, please refer to Table 5.

For BNT162b2, after adjusting for seasonality, RI point estimates of the primary outcome
(non-COVID-19 mortality) and the five secondary outcomes were below 1 across both dose
1 and dose 2 and across both risk intervals, ranging from 0.31 to 0.58, with 95 % Cls
excluding 1 (Table 5).

For mRNA-1273, RI point estimates of all outcomes ranged from 0.23 to 0.80 with 95

% Cls excluding 1, except during a 14-day risk interval after the second dose, where RI
point estimates were below 1 but 95 % Cls included 1 for cardiac-related mortality without
pre-existing cancer and heart disease (Rl = 0.78, 95 % CI, 0.58-1.04) and non-COVID-19
cardiac-related mortality without pre-existing cancer and heart disease (Rl = 0.80, 95 % ClI,
0.60-1.08) (Table 5). It is worth noting that RI point estimates for these two outcomes were
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below 1 with 95 % Cls excluding 1 after a 28-day risk interval after the second dose, with RI
=0.71 (95 % ClI, 0.56-0.89) and RI = 0.73 (95 % Cl, 0.58-0.91), respectively.

For Ad26.COV2.S, RIs were below 1 for non-COVID-19 mortality as well as for all-cause
mortality with risk intervals of 14- and 28-days after vaccination, ranging from 0.53 to 0.67,
with 95 % Cls excluding 1. For the four cardiac-related death outcomes with a risk interval
of 14 days after vaccination, RIs were 0.95 (95 % Cl, 0.51-1.76), 0.94 (95 % CI, 0.42-2.12),
0.98 (95 % Cl, 0.53-1.82), and 0.95 (95 % Cl, 0.42-2.15); and with a risk interval of 28
days after vaccination, RIs were 0.68 (95 % Cl, 0.40-1.18), 0.71 (95 % ClI, 0.35-1.43), 0.71
(95 % ClI, 0.41-1.22), and 0.72 (95 % ClI, 0.36-1.45) (Table 5).

The results for the risk interval of 10 weeks following vaccination are illustrated in
Supplementary Figures 2—4. For BNT162b2, the dose 1 weekly RI point estimates for

all four cardiac-related death outcomes were below 1, but 95 % Cls included 1 except

that the RI point estimate for cardiac-related mortality during week 4 was slightly above

1 (RI'=1.01, 95 % ClI, 0.68-1.51); some dose 2 weekly RI point estimates for all four
cardiac-related death outcomes were below 1 or slightly above 1 but 95 % Cls included 1
(Supplementary Figure 2). For non-COVID-19 and all-cause deaths following dose 2, the RI
increased from 0.18 to 0.74 and 0.17 to 0.74 respectively during the 10-week risk interval
with 95 % Cls excluding 1.

For mMRNA-1273, the dose 1 weekly RI point estimates for non-COVID-19 death and all-
cause deaths were below 1 for weeks 1-4 and 7-10 with 95 % Cls excluding 1, and below
1 but 95 % Cls included 1 for weeks 5 and 6 (Supplementary Figure 3). For non-COVID-19
and all-cause deaths following dose 2, the RI increased from 0.23 to 0.83 and 0.21 to 0.83
respectively during the 10-week risk interval and 95 % Cls excluded 1.

The RI point estimates were below 1 and 95 % CI excluded 1 only for non-COVID-19
deaths one week after Ad26.COV2.S vaccination (Rl = 0.31, 95 % Cl, 0.22-0.44), and
below 1 but 95 % Cls included 1 for the remaining weeks. The RI point estimates for
all-cause deaths below 1 and 95 % Cls excluded 1 during weeks 1-4 and week 7 after
Ad26.COV2. S vaccination, and below 1 but 95 % Cls included 1 for the remaining weeks
(Supplementary Figure 4).

4. Discussion

The current study used a modified SCCS design and its results demonstrated no—increased
risk of non-COVID-19 mortality and cardiac-related mortality among recipients of the three
most commonly used COVID-19 vaccines in the US. Regarding cardiac-related mortality
risk, our findings were consistent with those in a recent SCCS study conducted in England
by Nafilyan et al. [16] and contradictory to the Florida Department of Health study. The
Florida study found a statistically significant increase in cardiac-related deaths for their
entire study population in the 28 days after the last dose (RI = 1.07, 95 % ClI, 1.03-1.12).
Our RI point estimates were lower than 1 for all four cardiac-related death outcomes among
recipients of BNT162b2 and mRNA-1273 after doses 1 and 2 with 14- and 28-day risk
intervals. RIs were near 1 for all four cardiac-related death outcomes among recipients of
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Ad26.COV2.S with a 14-day risk interval, and were below 1 with a 28-day risk interval,
although RIs were not statistically different from 1. In the study by Nafilyan et al. [16]
the overall RI for cardiac-related deaths was 0.84 (95 % Cl, 0.61-1.15) 12 weeks after
vaccination with any dose of an mRNA COVID-19 vaccine.

Compared to the Florida Department of Health study [15], the current study has several
strengths. First, we accounted for the multi-dose nature of mMRNA COVID-19 vaccines. In
contrast, the Florida study started the observation period from the last dose and failed to
consider the time between dose 1 and dose 2. By incorporating the person-time between
doses, we addressed the fact that the mortality rate is zero during this interval. This
inclusion of comparator person-time between doses rectifies the overestimation of risk that
would occur otherwise. It was shown that disregarding the multi-dose nature results in an
overestimation of risk, even in situations where there is no increased risk hypothetically
[22]. Second, we included unvaccinated deaths to adjust for potential temporal effects by
including month in the SCCS analyses, while the Florida study only included those who
were vaccinated and died during observation period; therefore, their seasonality adjustment
was not sufficient. Third, we used both cause-of-death and diagnosis/laboratory test to
identify COVID-19 related deaths while the Florida study solely relied on cause-of-death
data. Some cardiac-related deaths in the Florida study might have been attributable to
COVID-19 disease but were not properly identified as such.

Despite including deaths in unvaccinated individuals to control for temporal trends and
utilizing a modified SCCS design, residual confounding bias likely remained in our study.
The bias is likely due to unmeasured time-varying confounders that may attenuate likelihood
for receipt of preventive care (e.g., vaccination) as individuals approach death. The SCCS
method adjusts for aspects of health seeking behavior that are time-invariant during the
study period, but not for those that may vary among individuals nearing death [23]. The
study has several additional limitations. First, cause-of-death data were not available in two
of the VSD sites and only six VSD sites contributed data to the analyses of cardiac-related
mortality. Due to limited sample size, cardiac-related mortality among males under 40 years
old, the population in which the increased risk was observed in the Florida Department

of Public Health study, could not be assessed. Second, due to the lack of cause-of-death

data in two sites, some non-COVID-19 related deaths were potentially misclassified. Third,
although the VVSD population represents about 3 % of the US population, the findings from
this study are more generalizable to the insured population than the entire US population.
Fourth, the long-term effect of COVID-19 vaccination on mortality cannot be evaluated in
this study due to the limited observation time. In addition, it may be challenging to study the
long-term effect of a transient exposure (i.e., vaccination), because studying the long-term
effects becomes complex due to other confounding factors.

We conclude that, using a modified SCCS design adjusting for temporal trends, no—
increased risk was found for non-COVID-19 mortality, all-cause mortality, and cardiac-
related mortality following the administration of the COVID-19 vaccine primary series,
including BNT162b2, mRNA-1273, and Ad26.COV2.S, which supports the previously
established safety of these vaccines regarding mortality risk.
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Fig. 1.
Scenarios for the timeline of administering one or two doses of a 2-dose primary series of

mRNA COVID-19 vaccines, risk intervals and control intervals®

$Individual A received two doses of mRNA vaccines and died during the control interval
after dose 2; Individual B received two doses of mMRNA vaccines and died during the
second risk interval; Individual C received two doses of mMRNA vaccines with dose 2

being administered before the end of the first risk interval, and died during the control
interval after dose 2; Individual D received two doses of mMRNA vaccines with dose 2 be
administered before the end of the first risk interval, and died during the second risk interval;
Individual E received only one dose of mMRNA vaccine and died during the control interval
after dose 1; Individual F received only one dose of mMRNA vaccine and died during the first
risk interval; Individual G was not vaccinated and died during the observation period.
Dashed line represents person-time after death. In a modified self-controlled cases series
design, follow-up continues after death.

Vaccine. Author manuscript; available in PMC 2024 July 11.

|
!

Observation end



Page 12

Xu et al.

"poriad Apnis 8y} 104 eIep Y1eap-40-asned aAeY 10U PIP OMI Bulurewal sy se ‘syiesp palejal-oBIpJed JO sisA[eue sy} Ul Papnjoul 819Mm sals aSA 1yb1e a8yl Jo XIs woly ereq

§
(872) 81 (L2) 9z (L2) 81 (92) 92 (s¢) oge (9¢) Tee Jayro/IdInIA
(6'9) 8¢ (c9) 09 (6'9) 6€ (z9) 19 () 9Ty (s'v) €ov Buissiin
(e9) ve (25) g5 (z9) ve (£'5) 95 (6'5) L85G (09) TS >delg dluedsIH-UON
(02) sy (59) €9 (89) 5 (99) 59 (z'8) 9L (T'8) y€L  UeISY dluedSIH-UON
(0°69) 9v¥ (229) 559 (0°69) g5 (5°29) 299 (¢'59) sot'9 (5'59) ¥06'S  @MUM dluedsiH-UoN
(Tot) 59 (e'71) 60T (e01) 89 (r17) €TT (Lzr) v61'T (rer) 91T'T dluedsiH
Anoiuyie/eoey
(r29) 128 (8'95) 055 (529) 6L€ (695) 295 (8:05) 85y (8:05) 085'y 3[eN
(9zv) SLe (zev) 81 (szv) 082 (Tev) 9z (z'6v) 609'Y (c6v) 6EV'Y aewsd
XaS
(512 29v (e'v2) 6TL (CRIIRIIY (e'vL) veL (0'02) 095'9 (6'69) L0€'9 +G/
(cLm) 11T (021) S9tT (TLm)ert (0°27) 891 (061) €8L'T (c61)62L'T /-9
(s01) 89 (Te) 8L (90m) 0L (rg) o8 (06) Tv8 (6'8) 908 v9-G¥
(80)& (909 (80)s (909 (8T et (81) 991 vr-81
(0c0)o (000 (0o (000 (Toytr (To)tr L1-2T
(saeah ui) aby
(0'00T) 99 (0'00T) 896 (0"00T) 659 (0'00T) 886 (0'001) 29¢'6 (0'00T) 610'6 [ I2ENe)
m@ov '0U ‘aseasip m?\& ‘ou
14eay pue 1aoued Bunsixs ‘aseasip 14eay pue 13dued
-a4d InoyUM syjeap palejal 5(%) "ou 'suyeap pajejal Bunsixa-aid Jnoy1m 5(%6) "ou ‘syeap (%) (9%) "ou

-OelpJaed 6T-AINOD-uou

-OeIpJed 6T-dINOD-Uou

syresp pale|as-oelIpaed

paleja-oeIpaed

‘0U ‘syresp asneo-|je

‘syresp 6T-AINOD-UoU

‘1202 ‘TT 1snBny 01 0Z0Z ‘vT 48quiada@ wody pouad ayl Bulinp zgzoT.LNg o swuaidioal Buowe syreap Jo SalsLIsdRRYD

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 July 11.



Page 13

Xu et al.

‘poriad Apnis 8y o} eIep Yieap-J0-asnes aAey JoU PIP 0M} Bulurewal sy} se ‘syjesp paie|a-oeIpIed Jo SisA[eue ay) Ul papn|oul a1em sals dSA UBI8 8y} Jo XIs wouy eleq

§
(Te)1e (5¢) se (0e) 12 (s¢) se (o) 2Le (9°¢) 892 Jaypo/erdniniA
(z9) 9 (7'q) v§ () 8¢ (59) 95 (1) 28¢ (0'9) g9 BuissiN
(26) 29 (26) 96 (2'6) 89 (9°6) 6 (6'2) €09 (6'2) ¥85  >elg dluedsiH-UON
(e9) ey (09) 09 (T9)ev (6'5) 09 (22) 185 (8'2) 15  uelsy dluedsiH-UoON
(519) €2¥ (T09) L6S ('19) TEV (6°65) 209 (e'69) L6V'Y (9'65) L8E'y  @NUM dluedsiH-UoN
(zv1) 86 (zsm) 16T ('v7) 10T (9°57) 85T (e91) 6€C'T (09m) 6LT'T dluedsiH
Anoiuyie/eoey
(0coo (000 (00 o (000 (ot (ot Buissiw/umousun
(595) 68 (z'59) 8 (099) €6€ (L'%5) 5SS (6'€5) 980'% (6'€5) L96'E 3[eN
(5ev) 66C (8'vv) Svv (0'vv) 60€ (e°sv) 657 (T'9v) 86v'E (T'9v) 68€'E afewad
X3S
(9°29) s9v (2'69) 269 (629) L1y (6'69) 80L (9'59) €26'% (5'59) 818'% +G/
(8'87) 62T (6'81) 88T (5'81) 0€T (8'87) 06T (512) 1€9'T (L712) v6S'T .-G9
(621) 68 (801) 20T (821) 06 (8°01) 60T (0TT) 5€8 (6'01) 108 v9-G¥
(Lo)s (909 (Lo)s (909 (6'7) 9v1 (02) w1 vv-81
(saeah ui) aby
(0'00T) 889 (0'00T) €66 (0"00T) 202 (0'00T) €T0'T (0°00T) 585'2 (0"00T) 28€°2 [ I2ENe)
m@ov '0U ‘aseasip m?\& ‘ou
14eay pue 1aoued Bunsixs ‘aseasip 14eay pue 13dued
-a4d INOYUM Syjeap palejal 5(%) "ou 'suyeap pajejal Bunsixa-a1d Jnoy1m 5(%6) "ou ‘syeap (%) (9%) "ou

-OelIpJaed 6T-AINOD-uou

-OeIpJed 6T-dINOD-Uou

syresp pale|as-oelIp.aed

paeja-oeIpaed

‘0U ‘syyesp asneo-|je

‘syresp 6T-AIAOD-UoU

"T20Z ‘TT 1snbBny 01 0Z0Z ‘¥T Jaquiada@ wod) pouad ayl Bulinp £72T-wNYHW Jo syuaidioal Buowe syjeap Jo sonsiiaoeey)d

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 July 11.



Page 14

Xu et al.

"poriad Apmis 8y 0} e1ep Y1eap-10-asned aAey 10U PIP 0M] Bulurewal ay) se ‘syjesp paje|ai-oeIpaed Jo SISA[eue ayl ul papn|oul aism sals aSA YBIa ay) Jo XIs wouy eleq

§
(0a)T (8€) ¢ (021 (8€) ¢ (ov) 2w (ov) ov Jaypo/IdnINIA
(c8) v (T9)v (c8) v (T9)v (Te)ee (ce)ee BuissiiN
(e91)8 (8'zT) 0T (e91) 8 (Lzm) 0T (6'01) 1T (e'0T) ¥0T  >oeIg O1UEdSIH-UON
(c9) v (r9) s (c9) v (€9)s (92) 08 (92) 2L  uelsy dluedsiH-UON
(0'19) 52 (¥99) vv (019) 52 (028) sv (2'89) 619 (2'65) 209 aMUM d1uedsIH-UON
(evT) L (rsT) 2T (ev1) 2 (zsn) et (9'51) ¥91 (z'gT) €51 oluedsiH
Anoiuyie/eoey
(z'65) 62 (0°69) o (z69) 62 (5°69) Lt (L'8v) 016 (28v) 16¥ 3[eN
(g'ov) 02 (otv) e (8'ov) 02 (sov) e (e'79) 8€S (e'79) L1 afewad
NEN
(Tes) 9z (L8v) 8¢ (Teg) 9z (rev) 6€ (6'%5) GLG (59) 655 +G/
(s90) et (952) 02 (s92) et (e'52) 02 (c12) 2ee (012) 21e v.-G9
(702) 01 (r've) 61 (¥02) o1 (T've) 61 (r02) v1e (6'67) T0Z ¥9-G¥
(0c0)o (enT (000 (enT (se) g (9€) 9¢ vv-81
(saeak ui) aby
(0'001) 6 (0001) 82 (0'001) 6% (0001) 62 (0'001) 870'T (0"00T) 800'T [ I2ENe)
wﬁnxuv '0u ‘aseasip m@ov ‘ou
14eay pue 13oued Bunsixs ‘aseasip 14eay pue 13dued
-a4d INoOYIM syreap palejal 5(%) "ou 'syyeap parejal Bunsixs-aid 1noynM 5(%6) "ou ‘syreap (%) (%) "ou
-oeipJed gT-aIAOD-uou -oeIpJaed 6T-dIAOD-uou sylesp pale|al-oeipaed palejal-oeIpded  OU ‘sylesp asned-||e ‘syresp 6T-AIAOD-uUou

1202 ‘TT 1snBny 01 TZ0z ‘22 Areniga4 wol) poriad syl BuLinp S'gA0D 92ZpPY 10 Swuaidioal Buowre syreap Jo Sa1sLIsdRRyD
€ 9|qel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 July 11.



Page 15

Xu et al.

‘poriad Apmis 8y o} eIep U1eap-J0-asnes aAey 10U PIP 0M) Bulurewal sy} se ‘syjesp paie|ai-oeIpaed Jo SisA[eue ay) ul papn|oul aiem salls dSA UBI8 8yl Jo XIs wouy eleq

§
(s¢) 19 (62) €8 (¥e) v9 (62) 88 (0v) 182'T (0'v) 596 Jaypo/erdniniA
(6'9) zeT (e'9) 8.1 (6'9) 62T (z'9) 16T (7'8) L0L'T (8'9) 2ov'T BuissiN
(s'01) S81 (TT1) 9T€ (7'0T) 96T (6'01) €€ (T'6) v28'C (76) €92'c  >9eIg d1uedsIH-UON
(2'9) To1 (9°5) 65T (65) z1T (6'5) 181 (08) s25'T (92) ¥z8'T  ueISY dluedsIH-UON
(529)010'T (069) €29'T (9'95) §90'T (c8g) 28L'T (0°T9) 8ET'9T (T°96) 92G'€T MU dluedsIH-UON
(8's1) 8LC (0°sT) 92v (891) 218 (1) L8V (9z2) 1L (cim) esty dluedsiH
Ao1uysjeoey
(0ot (co) T (00) T (00t (00) e (00) e Buissiw/umousun
(¥25) 800'T (T95) 685'T (9°29) ¥80'T (799) 82L'T (ces) 858'9T (0'18) vog'eT a[eN
(9zv) 8L (6'ev) Gve'T (r'zv) 86L (sev) eee'T (89v) 508'vT (06v) 928'TT aewsd
X3S
(8'65) 050'T (0'59) ¥¥8'T (€°09) 9€T'T (5'59) 900'2 (8'¥S) SvE'LT (9'95) 6v9'€T +G/
(T67) 9€€ (c81) 916 (T'67) 6SE (T'81) 58§ (r12) 1LL'9 (€'02) G68'% /-9
(8L1) 2TE (ev7) Sov (¢L1) vee (6°€T) Gev (6'81) 2L6'S (£21) 082'y v9-G¥
(e€) 85 (r'2) 89 (e€) 29 (ro)eL (8'%) €16'T (¢9) Lre't v7—8T
(Tor (Toe (Toe (Toe (c0) 59 (€0) 19 L1-¢T
(saeak ui) aby
(000T) £62'T (0°007) 5€8'C (0'00T) €88'T (0'00T) 290°€ (0°00T) 999'1€ (000T) Z€T'V2 [ I2ENe)
m?\& '0u ‘aseasip mngv ‘ou
14eay pue 189ued Bunsixa ‘aseasip 14eay pue 13dued
-a4d INoOYIM syreap palejal 5(26) "ou ‘syreap pajejal Bunsixs-aid 1noyuIMm 5(%) "ou 'syeap (%) (9%) "ou
-oeIpJed 6T-aIAOD-uou -oeipJed gT-aIAOD-uou Sylesp pale|al-oeipaed pale|al-oeipaed ‘0U ‘sylesp asneo-||e ‘syresp 6T-AIAOD-uUou

"1202 ‘1T 1snBny 01 0Z0Z ‘T 1aquiada@ woy posad ay) Burinp sfenpIAIpul payeuIddeAun Buoue syjesp 1o sonstaloeieyd

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 July 11.



Page 16

Xu et al.

*31qeat|dde Jou “v/N "poiiad Apnis sy} 1o erep Yyesp-0-asned aAey 10U PIp oM} Bujurewsal sy} se ‘syresp palejal-oeIpaes Jo sisAjeue sy} ul papnjoul alam sans dSA 1yB1e ay Jo XIs woly ereq

s

VIN

V/IN

VIN

VIN
VIN
VIN

(16'0-85°0) £2°0

(98°0-65°0) 720

(68'0-95°0) TL'0
(€8'0-25'0) 69°0
(05°0-€7°0) 9%°0
(¢5'0-5v'0) 8¥°0

(02°0-27°0) ¥5°0

(29°0—7¥'0) 550

(29'0-0v'0) 250
(59'0-€v°0) £5°0
(Ly'0-Tv'0) ¥¥'0
(05'0-€¥°0) 9¥°0

(s7'1-92°0) 220

(22 1-170) 120

(ev'1-5€°0) TL'0
(8T'1-0v'0) 89°0
(22'0-85'0) 290
(92°0-25°0) 990

(25°0-¥€°0) ¥¥7'0

(z5'0-v€0) 2v0

(¥5'0-€€°0) 20
(6v°0-€€°0) 00
(Te'0-L2°0) 620
(¥€'0-62°0) T€'0

(09°0-5£0) 970

(95°0-9€0) S°0

(T19'0-2€°0) Li'0
(95°0-2€0) 50
(¥'0-8€°0) T'0
(Ly'0-Tv'0) ¥¥°0

VIN

VIN

VIN

VIN
VIN
VIN

(80'1-09°0) 08°0
(06'0-¥5°0) 69°0

(¥0'7-85°0) 820
(98'0-25°0) 29'0
(77°0-5€0) 6€°0
(9v'0-2€°0) Tv'0

(58°0-€7°0) 09°0

(92°0-€%°0) 250

(18'0-T+'0) 850
(22'0-17°0) ¥50
(ov'0-2€'0) 9€°0
(ev'0-5€°0) 6€°0

(ST'Z-27°0) S6°0

(28'1-€5°0) 86°0

(zT'2-2v'0) v6'0
(92'1-15°0) S6'0
(£9'0-5%'0) 55°0
(99°0-€7°0) €50

(2v°0-LT°0) 2270

(82°0-87°0) 920

(Tr'0-21°0) 920
(9e'0-81°0) 92°0
(92°0-02°0) €20
(62'0-€2°0) 92°0

(22'0-9€°0) 150

(85°0-2€°0) €7°0

(z0-L€0) 250
(25°0-2€0) €10
(¥€'0-82°0) T€'0
(8e'0-1€°0) ¥€'0

§95e8sID LIeay pue
190ued Bunsixe-aid oYM Alljeriow palejal-oelpaes 6T-aIA0D-uou

%b__m:oE parejai-oe1psed GT-AIAOD-UoU

goseasip
ueay pue Jeoued Bunsixe-aid noynm Aljeriow payejal-oeipies

§AurenIoW pajejal-oeIpIed
Aijeniow asneo-jje

Ajfenow 6T-AIAOD-UoU

§05e8sIP LIeay pue
190ued Bunsixe-aid INoynm Aljerow palejal-oelpaes 6T-aIAQD-Uou

sANIBLOW paje|al-oeIpIed 6T-AIAOD-U0U

§35easIp
1Jeay pue Jaourd Bunsixa-aid Inoyum Aljeriow pajejal-oeipied

sfnreniow paejai-oeipIed
Ajljenow asneo-jje

Anjenow 6T-QINOD-UOU

§9SeASIp Lieay pue
190URd Bunsixe-aid oYM Alijeriow palejal-oeIpaes 6T-aIA0D-Uou

%b__mtoE palejai-orIpIed §T-AIAOD-UoU

§oseasIp
Weay pue Jaoued Bunisixe-aid oynm Aljeriow payejal-oeipied

gAHIBLOW pajejal-oeIped
Ajjerow asneo-|je

Anjeniow 6T-AINOD-UOU

S¢NOD'92PV

€LCT-VNyW

¢q¢9TINg

Z 850

1 8s0@

Z 850

1 8s0Q

[eAsa1ul Xsi Aep-gz

[eAs81ul Xs1l Aep-T (JeA181Ul 90USPILUOD %% G6) SBOUIPIdUI AITR|DY

Saw021NO

S9UIddeA

Author Manuscript

'T20Z ‘TT Isnbny 0} 0Z0Z ‘YT 48quiadaQ wody porsad ayy Bulinp uoreulddeA 6T-AQIAOD Buimol|o) sfeAlaiul ystl Aep-8z pue -1
UM aseasip Jeay pue Jaoued Bunsixe-aid Inoyum Aljeniow parejal-oeipaed 6T-Q1AOQD-UOU pue ‘Alljeliow parejal-oelpted 6T-A1AOQD-UOU ‘9seasip Lieay
pue Jaaued Bunsixa-aid Inoynm Alljeliow pajejal-oripaed ‘Alljeriow pajejai-oeipaed ‘Alljeuow asned-|je ‘Allfeuow gT-alAOD-UoU JO $32UapIodul 3AIR|oY

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2024 July 11.



	Abstract
	Background
	Methods
	Study population and study period
	Exposure
	Outcomes
	Covariates
	Statistical analyses

	Results
	Characteristics of deaths
	Relative incidences for the primary and secondary death outcomes

	Discussion
	References
	Fig. 1.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

