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Background. ‘There is a lack of data regarding how the Delta variant of coronavirus disease 2019 (COVID-19) has impacted
the effectiveness of the BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna), and Ad26.COV2.S (Johnson & Johnson-Janssen)
vaccines at preventing severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and COVID-19 hospitalization.

Methods. We compared the effectiveness of the three vaccines during the pre- and post-Delta variant period (before and after
1 July 2021) in a large cohort of vaccinated and unvaccinated patients in the Michigan Medicine healthcare system. We assessed
vaccine effectiveness (VE) using 2 analyses: an inverse propensity weighted (IPW) Kaplan-Meier (KM) analysis based on time from
vaccination, and a Cox model based on calendar time with vaccination as a time-varying covariate.

Results. Compared to Ad26.COV?2.S recipients, the risk of hospitalization for COVID-19 in the post-Delta variant period was
lower for BNT162b2 recipients (hazard ratio [HR] = 0.37; 95% confidence interval [CI]: [.14-.98]; P =.05) and mRNA-1273 re-
cipients (HR = 0.21; 95% CI: [.07-.64]; P = .006). Recipients of the mRNA-1273 vaccine had a lower risk of SARS-CoV-2 infection
than Ad26.COV2.S recipients (HR = 0.6; 95% CI: [.43-.83]; P =.003) and BNT162b2 recipients (HR = 0.64; 95% CI: [.54-.76];
P <.001). After 1 July, efficacy against SARS-CoV-2 infection declined for Ad26.COV2.S recipients (VE = 76% before; VE = 49%
after; P =.02), BNT162b2 recipients (VE = 87% before; VE = 52% after; P < .001), and mRNA-1273 recipients (VE = 92% before;
VE = 70% after; P < .001). Waning immunity and the Delta variant contributed independently and significantly to this decline.

Conclusions.  Although there is a substantial decline in effectiveness, the approved COVID-19 vaccines remain effective against
infection and hospitalization due to the Delta variant. The mRNA-based vaccines are more effective than the Ad26.COV2.S vaccine.
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The BNT162b2 (Pfizer-BioNTech), mRNA-1273 (Moderna),
and Ad26.COV2.S (Johnson & Johnson-Janssen) vaccines
are currently the only coronavirus disease 2019 (COVID-19)
vaccines with full approval or emergency use authorization
(EUA) from the US Food and Drug Administration (FDA).
The Center for Disease Control and Prevention (CDC) de-
fines an individual to be fully vaccinated 2 weeks after their
second dose of the BNT162b2 or mRNA-1273 vaccine or 2
weeks after a single dose of the Ad26.COV2.S vaccine. As of 18
November 2021, all adult recipients of the 3 approved vaccines
are eligible for an additional dose [1]. Due to differing clinical
endpoints, geographic regions, and time frames, the effective-
ness of the 3 vaccines cannot be directly compared based on
clinical trials [2]. Previously published CDC research and sug-
gested that the Ad26.COV2.S vaccine was less effective than
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the BNT162b2 and mRNA-1273 vaccines, but this research
was limited to data collected from older adults (=250 years of
age) in inpatient settings and did not consider the effect of the
Delta variant [3]. A large meta-analysis suggested the same
result but did not have baseline patient data to control for con-
founding factors [4].

A major limitation in existing studies that address vaccine
effectiveness (VE) over time is that they are not robust to po-
tential confounding from differential date of vaccination. As
the vaccines were approved at different times, the background
prevalence of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection, and the variants in circulation
throughout the follow-up period are different between vaccine
groups. One way of addressing this problem is to complement
the traditional time-from-vaccination analysis with an analysis
based on calendar time. Our objective was to assess the relative
and overall effectiveness of the approved COVID-19 vaccines
at preventing SARS-CoV-2 infection and COVID-19 hospital-
ization in fully vaccinated individuals using electronic health
records (EHR) at Michigan Medicine from 1 January to 20
October 2021, conducting analyses using both time from vacci-

nation and calendar time.

Effectiveness of COVID-19 Vaccines Against Delta Variant « CID 2022:75 (1 July) « e623


mailto:zhaolili@med.umich.edu

METHODS

Data

We used EHR data at Michigan Medicine, among patients who
were registered with a primary care physician at Michigan
Medicine and had at least 1 visit in the past 18 months. We
excluded patients who were under 18, had a prior history of
COVID-19, or had received a different vaccine than the 3 ap-
proved vaccines. Comorbidities and number of visits prior to
baseline were assessed based on diagnosis codes 12 months
before first dose for vaccinated subjects and before 1 January
2021, for unvaccinated subjects. Patients were defined as im-
munosuppressed if they took traditional disease-modifying
drugs (tDMARD:s), DMARDs
(bDMARD:s), or glucocorticoids (medication list is provided

antirheumatic biologic
in Supplementary Table 1) within 6 months prior to the base-
line date. We identified SARS-CoV-2 infection based on the
10th version International Classification of Diseases (ICD-10)
code U07.1 and laboratory test results. Date of infection was
identified using test collection date where possible, and di-
agnosis date where test date was not available. As U07.1 was
often used multiple times, we identified only the first instance
of U07.1 as indicating a SARS-CoV-2 infection and excluded
patients with an instance of U07.1 or positive test prior to
the study period. COVID-19 hospitalization was identified
using chart review where data was available and using ICD-10
codes J12.82, M35.81, and J18 where chart review data was
not available. Detailed criteria are provided in Supplementary
Materials.

Inclusion Criteria
We included patients who were over 18, did not have a prior
history of COVID-19, and received 1 of the 3 approved

vaccines.

Time-From-Vaccination Analysis (Model I)

Only fully vaccinated patients were included in the time-from-
vaccination analysis. We used data from 1 January 2021 to 20
October 2021. The baseline date was defined as the date of full
vaccination using the CDC definition [1]. We examined the
incidence of SARS-CoV-2 infection and COVID-19 hospital-
ization in separate analyses. Patients were censored at date of
receiving an additional dose, date of death, or study end date,
whichever occurred first. To balance patient covariates, in-
cluding age, gender, race, immunosuppression, number of
visits, and Charlson comorbidity index [5], the inverse pro-
pensity weighted (IPW) [6] Kaplan-Meier method was used
to estimate the cumulative incidence curves, and the weighted
log-rank test was used to compare between vaccines. Propensity
scores were computed using multinomial logistic regression
and balance of the covariates was checked using standardized
mean differences [7].

Calendar Date Analysis (Models 1I-1V)

All patients who met the inclusion criteria were included in the
calendar date analysis. We used data from 1 April 2021 to 20
October 2021. The later start date was necessary as the Ad26.
COV2.S vaccine was not approved for use until late February.
For all models based on calendar time, we used a Cox model
controlling for patient covariates with a time-varying covariate
for vaccination. Vaccinated patients were included in the un-
vaccinated group before they received their first dose, and we
computed vaccine efficacy as 1-hazard ratio (HR). This esti-
mate represents average vaccine efficacy for the vaccine group
and portion of the study period being considered.

Model Il

We assumed that vaccine efficacy was constant across the study
period and fit the model using a single time-varying covariate
for vaccine product (Ad26.COV2.S, BNT162b2, mRNA-1273,
and Unvaccinated).

Model Ill

To assess the impact of the Delta variant we conducted another
analysis including an interaction term between vaccine product
and calendar date (before/after 1 July). This date corresponds to
when the Delta variant became the primary circulating variant
in the United States [8]. We also used this model to estimate
the cumulative incidence of hospitalization by vaccine product
and age group. To control for covariates in these estimations,
we created a pseudo-population of identical population char-
acteristics as the study subjects for each vaccine and age group
and then averaged the predicted values of cumulative incidence.

Model IV
To assess both the impact of Delta variant and waning immu-
nity, we further included vaccination time in Model IIT as a time-
varying covariate indicating whether patients were under 180
days or more than 180 days from full vaccination. In this model,
we included 2 interaction terms: between vaccine product and
calendar time (before/after 1 July) and between vaccine product
and time from full vaccination (2180 days, <180 days). For each
vaccine, this allows us to estimate vaccine efficacy for 4 different
groups: 2180 days from full vaccination pre-Delta, <180 days
from vaccination pre-Delta, 2180 days from vaccination post-
Delta, and < 180 days from vaccination post-Delta.

All statistical analyses were performed using R v4.0.2 (R Core
Team, Vienna).

RESULTS

Study Population

The total number of patients in the EHR data who had a pri-
mary care physician at Michigan Medicine and had at least
1 visit in the past 18 months was 195 581 including 140 731
vaccinated patients, and 54 850 unvaccinated patients. We
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excluded 36 526 patients who were under 18, partially vac-
cinated, had a prior history of COVID-19, or had received
a different vaccine than the 3 approved vaccines. The final
number of patients in the analysis was 159 055. The study
population had a median age of 49, was majority female
(58%), and predominantly White (77%). Vaccinated pa-
tients were older, with a median age of 53 compared to 39
for unvaccinated patients. Due to later approval and an FDA
pause, most Ad26.COV2.S recipients became fully vaccinated
in mid-April 2021, although BNT162b2 and mRNA-1273
recipients became vaccinated across a wider range of dates
from March to May 2021. Patient covariates by vaccine are
described in Table 1.

Comparative Effectiveness Based on Time From Vaccination

Based on an IPW time from vaccination analysis among fully
vaccinated patients (Model I), Ad26.COV2.S vaccine recipi-
ents had the highest incidence of SARS-CoV-2 infection and
COVID-19 hospitalization, BNT162b2 recipients had the

second highest incidence, and mRNA-1273 recipients had
the lowest incidence (see Figure 1A and 1B). The advantage
of the mRNA-1273 vaccine over each of the other 2 vaccines
was highly significant (P <.001) based on the adjusted log-
rank test. There was less statistical certainty when comparing
the rates of hospitalization due to low sample size. After
weighting (IPW) was applied, patient covariates were well
balanced between the vaccine groups based on standardized
mean differences.

Vaccine Effectiveness Based on Calendar Time

In the analysis based on calendar time including the entire study
period (Model II), we found that all 3 vaccines were highly ef-
fective at preventing SARS-CoV-2 infection and COVID-19
hospitalization (see Figure 1C and 1D). There was significant
protection against infection for Ad26.COV2.S recipients (av-
erage VE =61%; 95% confidence interval [CI]: [48-70%];
P <.001), BNT162b2 recipients (VE =67%; 95% CI: [63-
70%]; P <.001), and mRNA-1273 recipients (VE = 79%; 95%

Table 1. Characteristics of the Study Population by Vaccine Product Received
Ad26.COV2.S (N = 5796) BNT162b2 (N = 73 666) mMRNA-1273 (N = 34 474)  Unvaccinated (N =45 119)  All (N = 159 055)
Age, median (IQR) 46 (32-60) 50 (35-63) 59 (43-70) 39 (28-55) 49 (33-63)
<30 1325 (23) 13634 (19) 3921 (11) 14116 (31) 32996 (21)
31-50 2062 (36) 23961 (33) 8445 (24) 16 796 (37) 51 264 (32)
51-64 1581 (27) 19513 (26) 9057 (26) 8762 (19) 38914 (24)
>65 828 (14) 16 558 (22) 13 051 (38) 5444 (12) 35881 (23)
Length of follow-up, 183 (179-197) 180 (161-226) 181 (165-203) N/A N/A
median days (IQR)
Date of full vaccination, 20 April (6-24 April) 22 April (4 March-12 May) 22 April (31 March—7 May) N/A N/A
median date (IQR)
Gender, no. (%)
Male 2740 (47) 30 375 (41) 14285 (41) 19 134 (42) 66 534 (42)
Female 3056 (563) 43291 (59) 20189 (59) 25 985 (58) 92 521 (58)
Race, no. (%)
White 4731 (82) 56 040 (76) 28 446 (83) 32518 (72) 121735 (77)
Black 341 (6) 5843 (8) 2043 (6) 6210 (14) 14 437 (9)
Other 724 (12) 11 783 (16) 3985 (12) 6391 (14) 22 883 (14)
Immunosuppressed,? 197 (3) 2323 (3) 1430 (4) 1319 (3) 5269 (3)
no. (%)
Weighted comorbidity
index,® no. (%)
0 4511 (78) 59 094 (80) 23 705 (69) 37 063 (82) 124 373 (78)
1-2 893 (15) 10 381 (14) 7170 (21) 5828 (13) 24272 (15)
3-4 226 (4) 2522 (3) 2096 (6) 1302 (3) 6146 (4)
>5 166 (3) 1669 (2) 1503 (4) 926 (2) 4264 (3)
No. of visits,® median 2 (1-6) 3(1-7) 3(1-8) 2 (0-5) 3(1-7)
(IQR)
SARS-CoV-2 infections, 55 (1.0) 599 (0.8) 189 (0.6) 1210 (2.7) 2053 (1.2)
no. (%)
COVID-19 hospitaliza- 7(0.12) 25 (0.03) 8(0.02) 113 (0.25) 153 (0.10)
tions, No. (%)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

flmmunosuppressant status was defined as being on an immunosuppressant medication for at least six months prior to baseline date. See list of medications in Supplementary Materials.

Comorbidity index was calculated using diagnosis codes reported within 12 months before the first vaccine dose and 12 months before 1 January, 2021 for unvaccinated patients.

°Number of visits was defined as the number of in-person visits for the patient within 12 months before the first vaccine dose and 12 months before 1 January 2021 for unvaccinated

patients.
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Figure 1. Cumulative incidence of SARS-CoV-2 infection and COVID-19 hospitalization for each vaccine product by time since vaccination (A, B), and by calendar time (C,
D), adjusted for age, immunosuppression, gender, race, number of visits, and Charlson comorbidity index, using inverse propensity score weighting. Abbreviations: COVID-19,
coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

CL [75-82%]; P < .001). Similarly, there was significant pro-
tection against hospitalization for Ad26.COV2.S recipients
(VE =55%; 95% CI: [4-79%]; P =.04), BNT162b2 recipients
(VE = 87%; 95% CI: [81-92%]; P < .001), and mRNA-1273 re-
cipients (VE = 93%; 95% CI: [86-97%]; P < .001).

Compared to Ad26.COV2.S recipients, we found that
BNT162b2 recipients (HR = 0.28; 95% CI: [.12-.65]; P = .003)
and mRNA-1273 recipients (HR =0.15; 95% CI: [.06-.42];
P <.001) were at lower risk of hospitalization. For infection,
mRNA-1273 recipients were at lower risk than BNT162b2 re-
cipients (HR = 0.64; 95% CI: [.54-.76]; P =.003) and Ad26.
COV2.S recipients (HR = 0.54; 95% CI: [.40-.73]; P < .001).

Vaccine Effectiveness Before and After the Delta Variant

Based on the model assuming a change in vaccine effectiveness
at 1 July (Model III), all 3 vaccines remained effective after the
Delta variant became dominant across the United States [8].

After 1 July , recipients of all vaccine products remained pro-
tected against SARS-CoV-2 infection and COVID-19 hospital-
ization (see Figure 2).

However, average efficacy against infection declined for
Ad26.COV2.S recipients (VE =76% before; VE =49% after;
P =.02), BNT162b2 recipients (VE = 87% before; VE = 52%
after; P < .001), and mRNA-1273 recipients (VE = 92% before;
VE = 70% after; P < .001). Average eflicacy against COVID-19
hospitalization declined for BNT162b2 recipients (VE = 95%
before; VE = 82% after; P =.03). Due to lower sample size,
there was less statistical certainty when comparing the pre- and
post-Delta risk of hospitalization for the other 2 vaccines.

The differences in efficacy against infection and hospital-
ization between the 3 vaccines remained similar before and
after Delta variant dominance (see Figure 3). From 1 July to
20 October, the mRNA-1273 vaccine was the most effective
at preventing SARS-CoV-2 infection, and the Ad26.COV2.S
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Figure 2. Protection against SARS-CoV-2 infection and COVID-19 hospitalization
for each vaccine product during the pre- and post-Delta variant periods adjusted
by Cox regression for age, immunosuppression, gender, race, number of visits, and
Charlson comorbidity index. Abbreviations: Cl, confidence interval; COVID-19, coro-
navirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

vaccine was the least effective at preventing COVID-19
hospitalization.

Waning of Vaccine Effectiveness Over Time

In the model accounting for both vaccination time and Delta
variant (Model IV), the changes in vaccine protection against
SARS-CoV-2 infection due to the Delta variant and due to
waning immunity were each highly significant (P <.001) for
both the BNT162b2 and mRNA-1273 vaccines. For these vac-
cines, we saw a substantial drop in effectiveness due to both
factors (see Figure 5) and this drop was comparatively larger
for the BNT162b2 vaccine compared to the mRNA-1273 vac-
cine. We did not have sufficient data in all parts of the study
period to give robust estimates for the Ad26.COV2.S vaccine
or for any vaccines regarding COVID-19 hospitalizations. Prior
to the advent of the Delta variant and during the first 6 months
after full vaccination, we estimated BNT162b2 vaccine efficacy

Comparative Effectiveness HR (95% Cl)  P-value
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0.6 (0.43-0.83) .003
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0.57 (0.26-1.23) 15

Figure 3. Comparison between vaccine products for protection against SARS-
CoV-2 infection and COVID-19 hospitalization during the pre- and post-Delta var-
iant periods adjusted by Cox regression for age, immunosuppression, gender, race,
number of visits, and Charlson comorbidity index. Abbreviations: Cl, confidence in-
terval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

against SARS-CoV-2 infection at 87%. We observed a decline in
efficacy for patients more than 6 months after full vaccination
(87% to 72%), a decline in efficacy after the Delta variant (87%
to 64%), and a larger decline due to both factors combined (87%
to 22%). Similarly, we estimated the initial mRNA-1273 vaccine
efficacy against SARS-CoV-2 infection at 91%. We observed a
decline in efficacy for patients more than 6 months after full
vaccination (91% to 86%), a decline in efficacy after the Delta
variant (91% to 78%), and a larger decline due to both factors
combined (91% to 55%).

Within our data, 33% of SARS-CoV-2 infections and 18% of
COVID-19 hospitalizations identified were not associated with
a positive polymerase chain reaction (PCR) test result. This is
likely a result of shortages in testing materials and testing con-
ducted outside Michigan Medicine system. To assess the pos-
sibility of bias due to miscoding, we repeated all the analysis
above using only cases with positive PCR results or chart re-
view confirmation of infection, and all conclusions remained
the same although there was greater uncertainty due to reduced
sample sizes (data not shown).

Risk of Hospitalization Based on Vaccine Type and Age Group

In the pre-Delta variant period (based on Model III) we esti-
mated the covariate-adjusted 3-month cumulative incidence
of hospitalizations per 100 000 as 180 for the unvaccinated pa-
tients, 60 for the Ad26.COV2.S recipients, 9 for the BNT162b2
recipients, and 4 for the mRNA-1273 recipients. In the

A 1st April to 1st July

Unvaccinated
250 A Ad26.COV2.S
R BNT162b2

200 1 3 mRNA-1273

Hospitalizations per 100 000

150 1
100 -
50
0 LB e
<31 31-50 51-64 65+
Age Group
B 1st July to 1st October

250 A

200 A

150 1

100 A

Hospitalizations per 100 000

31-50 51-64
Age Group

Figure 4. COVID-19 hospitalization rates by vaccine type and age group for 1
April to 1 July (4) and 1 July to 1 October (B) adjusted by Cox regression for im-
munosuppression, gender, race, number of visits, and Charlson comorbidity index.
Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute res-
piratory syndrome coronavirus 2.
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Figure 5. Protection against SARS-CoV-2 infection for the mRNA-1273 and

BNT162b2 vaccines during the pre- and post-Delta variant periods by months from
vaccination adjusted by Cox regression for age, immunosuppression, gender, race,
number of visits, and Charlson comorbidity index. Abbreviations: Cl, confidence in-
terval; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

post-Delta variant period these estimates were 123 for the un-
vaccinated patients, 68 for the Ad26.COV2.S recipients, 22
for the BNT162b2 recipients, and 13 for the mRNA-1273 re-
cipients. We also estimated cumulative incidence for each age
group (see Figure 4).

DISCUSSION

We found that all 3 approved vaccines were effective at
preventing SARS-CoV-2 infection and hospitalization due to
COVID-19. Based on the time-from-vaccination analysis, the
mRNA-1273 vaccine was the most effective of the 3 vaccines
at preventing SARS-CoV-2 infection, the BNT162b2 vaccine
was the second-most effective, and the Ad26.COV2.S vaccine
was the least effective. The calendar date analysis indicated
that the mRNA-1273 vaccine was the most effective vaccine at
preventing SARS-CoV-2 infection and that the Ad26.COV2.S
vaccine was the least effective vaccine at preventing COVID-19
hospitalization. Within the post-Delta variant period, we found
that all 3 vaccines had reduced efficacy against both SARS-
CoV-2 infection and hospitalization due to COVID-19. For the
BNT162b2 and mRNA-1273 vaccines, we found that waning
immunity and the Delta variant were independent and im-
portant contributors to reduced efficacy against SARS-CoV-2
infection.

It is well known that older patients are at much higher risk of
severe COVID-19 [9], but the gap in efficacy by vaccine product
was large enough that even the youngest Ad26.COV2.S recipi-
ents were at comparable risk to older recipients of the other two
vaccines. We estimated a similar cumulative incidence of hos-
pitalization in the post-Delta variant period for mRNA-1273
recipients aged 65 years or older (19 per 100 000) and Ad26.
COV2.S recipients aged 30 years or younger (22 per 100 000).
We estimate large relative increases in hospitalization risk for

BNT162b2 and mRNA-1273 recipients in the post-Delta var-
iant period but these patients remained well-protected against
COVID-19 hospitalization. However, there was a concerning
rise in hospitalizations in older age groups in the post-Delta var-
iant period, and we would expect vaccine protection to erode
further given our findings regarding waning immunity. Ad26.
COV2.S recipients had a larger absolute risk of COVID-19 hos-
pitalization, especially in the post-Delta variant period, although
they remained at a lower risk than unvaccinated patients.

Using calendar time and time from vaccination to com-
pare vaccine efficacy has important advantages over previous
studies. The traditional time from vaccination analysis is im-
portant because it allows us to study waning immunity over
time. However, using the calendar time scale accounts for the
severity of the pandemic over time. This means that we can be
confident that results where the 2 analyses agree are robust to
potential biases. Both analyses indicate that the mRNA-1273
vaccine is more effective than the other 2 vaccines at preventing
SARS-CoV-2 infection. We also find that the Ad26.COV2.S
vaccine is less effective than the other 2 vaccines at preventing
COVID-19 hospitalization.

In the calendar date analysis, we found that vaccine efficacy
against SARS-CoV-2 infection and hospitalization for COVID-
19 was lower after 1 July 2021, for all 3 vaccines. The 2 most
likely explanations for this are waning immunity and increased
Delta variant prevalence. By including time from vaccination
and before/after 1 July as covariates in the calendar time anal-
ysis, we were able to separate the effect of the Delta variant
from the effect of waning immunity for the mRNA-1273 and
BNT162b2 vaccines. For these 2 vaccines, we found that both
waning immunity and increased Delta variant presence played
a major role in declining efficacy. Immunity waned faster for
BNT162b2 vaccine recipients compared to mRNA-1273 recipi-
ents. Previous studies have found that the Ad26.COV2.S [10],
BNT162b2 [11], and Ad26.COV2.S [12] vaccines have reduced
serum neutralizing activity against the Delta variant compared
to previous circulating variants, and our results confirm that
the Delta variant had a negative impact on vaccine protection.
Despite the decline in efficacy, BNT162b2 and mRNA-1273
recipients remain at a low risk of COVID-19 hospitaliza-
tion compared to Ad26.COV2.S recipients and unvaccinated
individuals.

The FDA recently approved boosters for adult recipients of
all 3 vaccines [2]. Our findings indicate a strong justification
for boosters, both in terms of waning immunity and lower effi-
cacy against the Delta variant. We also believe that our findings
underscore the importance of acting quickly when a new and
highly transmissible variant is identified, as there can be an im-
mediate and substantial reduction in vaccine efficacy. The rise
of the Omicron variant makes it critical for individuals to get
boosters to ensure robust protection, and boosters are partic-
ularly important for recipients of the Ad26.COV2.S vaccine.
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Limitations of this study include only having data from a
single health system and underestimation of SARS-CoV-2 in-
fection. Michigan Medicine has 15 primary care sites across a
4-county area, and the catchment area for these clinics crosses
several more counties. Patients may have sought care at other fa-
cilities located within these counties, and incomplete data from
these facilities limits our ability to capture all infections. The
study sample size was too small to perform the most sophis-
ticated analysis (Model IV) for protection against COVID-19
hospitalizations for any vaccine or protection against infection
for the Ad26.COV2.S vaccine.

The study population was predominantly White (77%) re-
flecting the demographics of Michigan, so we did not have suf-
ficient data to consider differences in efficacy or absolute risk by
racial group. Due to irregular updates from state and national
databases, we did not have reliable mortality data to explore
differences in mortality between vaccinated and unvaccinated
patients.

Despite these limitations, our study still provides valuable in-
formation regarding the comparative effectiveness of COVID-
19 vaccines, the relative impacts of waning immunity and the
Delta variant on effectiveness, and the risk differences between
unvaccinated and vaccinated individuals. Although there is a
substantial decline in efficacy, the approved COVID-19 vac-
cines remain effective against SARS-CoV-2 infection and hos-
pitalization due to the Delta variant. The mRNA-based vaccines
are comparatively more effective than the Ad26.COV2.S vac-
cine. The Delta variant and waning immunity over time inde-
pendently and substantially reduce vaccine protection against
infection.
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