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Comparison of mRNA-1273 and BNT162b2 Vaccines on
Breakthrough SARS-CoV-2 Infections, Hospitalizations,
and Death During the Delta-Predominant Period
Immune responses to mRNA-1273 (Moderna) and BNT162b2
(Pfizer-BioNTech) vaccines decline by 6 months after
vaccination,1 although antibody titers are higher with
mRNA-1273.1,2 Comparison of vaccinated nonimmunocompro-

mised adults showed lower risk of hospitalization for recipi-
ents of mRNA-1273 than BNT162b2 during March-August 2021.3

This study examined breakthrough infections, hospitaliza-
tions, and mortality in a general population for these 2 vac-
cines during the Delta period while considering risk character-
isticsofvaccinerecipientsandthevaryingtimesincevaccination.

Methods | We used the cloud-based TriNetX Analytics Plat-
form to obtain web-based real-time secure access to fully

Table. Characteristics of the mRNA-1273 and BNT162b2 Cohorts Before and After Propensity Score Matchinga

Characteristics

Vaccinated Infected
Before matching After matching Before matching After matching

mRNA-1273 BNT162b2
P
valueb mRNA-1273 BNT162b2

P
valueb mRNA-1273 BNT162b2

P
valueb mRNA-1273 BNT162b2

P
valueb

Total No. 62 628 574 538 62 584 62 584 3078 18 737 3054 3054
Age, mean (SD), y 62.2 (18.5) 51 (20.5) <.001 62.2 (18.5) 62.1 (18.7) .40 63.8 (18.6) 55.5 (21.5) <.001 63.7 (18.6) 63.3 (18.6) .35
Sex, %

Female 58.3 55.9 <.001 58.3 58.9 .04 61.0 59.2 .06 60.8 61.8 .43
Male 41.7 44.0 <.001 41.7 41.0 .02 39.0 40.8 .06 39.2 38.2 .44

Ethnicity, %c

Hispanic/Latinx 3.9 12.1 <.001 3.9 3.6 .01 4.1 10.6 <.001 4.1 3.5 .26
Not Hispanic/Latinx 66.3 74.1 <.001 66.4 67.0 .02 71.1 77.0 <.001 71.1 70.8 .82
Unknown 29.7 13.8 <.001 29.7 29.4 .18 24.8 12.1 <.001 24.7 25.6 .43

Race, %c

African American/Black 18.4 14.4 <.001 18.4 17.9 .02 14.5 17.4 <.001 14.6 13.7 .29
Asian 5.2 7.9 <.001 5.2 4.9 .003 5.3 5.4 .85 5.3 5.1 .82
White 64.7 63.4 <.001 64.7 65.6 .002 72.5 67.2 <.001 72.4 73.9 .18
Unknown 11.3 13.4 <.001 11.3 11.3 .98 7.1 9.0 <.001 7.1 7.2 .92

Adverse socioeconomic
determinants of health, %d

3.0 1.4 <.001 3.0 2.7 .003 5.8 3.6 <.001 5.7 5.8 .83

Comorbidities, %
Hypertension 39.6 20.8 <.001 39.5 39.9 .19 51.9 39.7 <.001 51.6 50.0 .20
Heart diseases 11.2 4.7 <.001 11.1 11.4 .14 18.8 11.8 <.001 18.5 17.9 .53
Cerebrovascular diseases 7.2 3.2 <.001 7.1 7.2 .76 12.9 8.2 <.001 12.7 13.4 .45
Obesity 16.4 10.0 <.001 16.4 15.8 .009 23.1 19.6 <.001 23.0 21.8 .24
Type 2 diabetes 15.5 7.7 <.001 15.5 15.3 .36 19.6 15.6 <.001 19.6 19.0 .54
Cancers 31.3 14.6 <.001 31.2 32.2 <.001 45.4 26.2 <.001 45.1 45.1 .98
Chronic respiratory
diseases

14.8 8.4 <.001 14.8 14.4 .06 24.6 18.6 <.001 24.4 23.1 .22

Liver diseases 6.8 3.2 <.001 6.8 6.4 .003 10.8 7.2 <.001 10.7 10.2 .50
Blood disorders involving
immune mechanisms

19.8 10.1 <.001 19.8 19.9 .56 33.7 22.4 <.001 33.4 32.3 .38

HIV infection 0.6 0.4 <.001 0.6 0.6 .63 0.6 0.7 .33 0.6 0.6 >.99
Dementia 1.1 0.4 <.001 1.1 1.1 .91 2.0 1.2 <.001 2.0 2.1 .78
Substance use disorders 9.3 4.7 <.001 9.3 8.9 .02 12.3 9.0 <.001 12.3 11.8 .58
Depression 10.4 6.4 <.001 10.4 9.9 .006 18.6 12.9 <.001 18.4 17.3 .26
Anxiety 16.1 10.6 <.001 16.1 15.9 .37 27.7 20.8 <.001 27.4 26.4 .37
Organ transplant 1.2 0.5 <.001 1.2 1.2 .58 2.8 1.4 <.001 2.7 2.6 .87

a The vaccinated mRNA-1273 cohort comprised fully vaccinated individuals receiving
2 doses of mRNA-1273 vaccine anytime between December 2020 and November
2021butwhohadnoboostershotandnopriorSARS-CoV-2infection.Thevaccinated
BNT162b2 cohort was similar to the vaccinated mRNA-1273 cohort but comprised
individuals receiving BNT162b2 vaccine. The infected mRNA-1273 cohort comprised
fully vaccinated mRNA-1273 recipients who were first infected between July and
November2021.TheinfectedBNT162b2cohortcomprisedfullyvaccinatedBNT162b2
recipients who were first infected between July and November 2021. Cohorts were
propensity matched based on covariates shown in the table.

b Test for significant difference between the 2 cohorts based on 2-tailed,
2-proportion z test conducted within the TriNetX Analytics Network.

c Race and ethnicity were defined based on the TriNetX Analytics electronic
health record database and were included in the study because they are
known to be associated with both risk and associated outcomes of
SARS-CoV-2 infections.

d The status of adverse socioeconomic determinants of health was based on
International Statistical Classification of Diseases and Related Health Problems,
Tenth Revision diagnosis codes (Z55-Z65), including “problems related to
education and literacy,” “problems related to employment and
unemployment,” “occupational exposure to risk factors,” “problems related to
housing and economic circumstances,” and “problems related to upbringing.”
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deidentified electronic health records of 89 million patients
from 63 health care organizations including inpatient and out-
patient settings, representing 27% of the US population from
50 states covering diverse geographic, age, race and ethnic-
ity, income, and insurance groups. TriNetX Analytics built-in
functions allow for patient-level analyses. Because this study
used only deidentified patient records, it was exempted from
review by the Case Western Reserve University Institutional
Review Board.

We included breakthrough SARS-CoV-2 infections (de-
fined by a positive laboratory test result for the presence of
SARS-CoV-2 RNA) that occurred between July and Novem-
ber 2021, when the Delta variant predominated4 in fully
vaccinated individuals receiving 2 doses of an mRNA vac-
cine (anytime between December 2020 and November
2021) who had no booster shot and no prior SARS-CoV-2
infection. Breakthrough infections were included if occur-
ring 14 days after full vaccination. Monthly incidence rates
of breakthrough infections (cases per 1000 person-days)
were compared in those receiving mRNA-1273 vs BNT162b2.
The 2 cohorts were propensity score matched for demo-
graphics, social determinants of health, transplants, and
comorbidities previously associated with COVID-19 risk or
severe outcomes5 (Table). Kaplan-Meier survival and Cox
proportional hazard analyses were performed by following
patients for 14 days after the index event (full vaccination),
which accounted for time since vaccination. Hazard ratios
(HRs) and 95% confidence intervals were calculated based
on comparison of time-to-event rates in the 2 matched
cohorts. Hospitalizations and mortality in infected patients
for 60 days starting from the day of infection were com-
pared between the propensity score–matched cohorts and
COVID-19–related therapeutics.6 All statistical analyses
were conducted within the TriNetX Analytics Platform with
significance set at a 2-sided P < .05.

Results | The mRNA-1273 cohort (n = 62 628) was signifi-
cantly older and had more comorbidities than the BNT162b2
cohort (n = 574 538), and the differences decreased after
matching (Table). The monthly incidence rate of break-
through infections increased from July to November 2021 in
both cohorts, was higher in the BNT162b2 cohort than the
mRNA-1273 cohort, and reached 2.8 and 1.6 cases per 1000
person-days in November, respectively (P < .001) (Figure).
After matching, the mRNA-1273 cohort (n = 62 584) had
a significantly lower hazard for breakthrough infections
compared with the matched BNT162b2 cohort (n = 62 584)
(HR, 0.85; 95% CI, 0.80-0.89).

Among infected patients, mRNA-1273 recipients were
older than BNT162b2 recipients, differed in sex and racial
and ethnic composition, and had significantly more comor-
bidities and adverse social determinants of health, but differ-
ences were no longer significant after matching (Table). The
60-day hospitalization risk was 12.7% (392/3078) for mRNA-
1273 recipients and 13.3% (2489/18 737) for BNT162b2 recipi-
ents. The 60-day mortality was 1.14% (35/3078) and 1.10%
(207/18 737) for mRNA-1273 and BNT162b2 recipients, respec-
tively. Among the matched cohorts, mRNA-1273 recipients

(n = 3054) had a lower risk of 60-day hospitalizations than
BNT162b2 recipients (n = 3054) (HR, 0.80; 95% CI, 0.70-
0.91). No significant difference was observed for mortality
(HR, 0.79; 95% CI, 0.50-1.23).

Discussion | This study found that recipients of mRNA-1273
compared with BNT162b2 had a lower risk of breakthrough
SARS-CoV-2 infections and hospitalizations during the
Delta period. Study limitations include that (1) the observa-
tional, retrospective nature of the study based on patient
records could introduce selection, information, and
follow-up biases; (2) generalizability of the results from the
TriNetX platform is unknown; (3) differences between
cohorts in geographic distribution and virus circulation
could confound the results; and (4) the cohorts were similar
after matching but small, statistically significant differences
in some characteristics remained. However, those differ-
ences would lead to an underestimation of the differences
between vaccines.
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Figure. Monthly Incidence Rates of Breakthrough SARS-CoV-2 Infections
From July to November 2021 in 2 Cohorts
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The mRNA-1273 cohort comprised fully vaccinated individuals receiving 2 doses
of mRNA-1273 vaccine anytime between December 2020 and November 2021
but who had no booster shot and no prior SARS-CoV-2 infection. The BNT162b2
cohort was similar to the mRNA-1273 cohort but comprised individuals receiving
BNT162b2 vaccine.
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Validation Status of Blood Pressure Measuring
Devices Sold Globally
Elevated systolic blood pressure (BP) causes more than 10 mil-
lion deaths every year.1 To identify and manage elevated BP,
guidelines from hypertension societies recommend BP mea-
surement using automated cuff-based devices that are clini-

cally validated for accuracy.
Validated devices are more
likely to be accurate com-

pared with devices without evidence of validation.2 How-
ever, regulations in most countries permit devices to be cleared
for marketing without evidence of validation. A recent Aus-
tralian study revealed that only 18% of 278 upper arm cuff and
8% of 162 wrist cuff devices were validated.3 Whether these
results are representative is unknown. We analyzed the only
validated device listing with information on devices mar-

keted globally, including validated devices as well as those
without evidence of validation.

Methods | Analysis was conducted on the publicly available Me-
daval database current to January 11, 2021.4 Direct database
access was provided after contacting the company. Medaval
is a for-profit company that provides services for device manu-
facturers, including checks of validation studies for complete
protocol adherence and performing validation studies, which
are published in peer-reviewed journals.

Medaval identifies validation studies from monthly
searches of PubMed (key words validation, accuracy, evalua-
tion, and blood pressure monitor) and all articles published
in the journal Blood Pressure Monitoring. A device was
defined as validated if there was evidence of it having
passed an internationally accepted validation protocol.5

Devices without evidence of validation were identified via
regular, ongoing searches of manufacturer websites, “recom-
mended” lists from consumer organizations, and medical
trade fairs. New devices with measurement technology
identical to that of previously validated devices are consid-
ered “equivalent” in terms of measurement accuracy and
can bypass validation testing (details reported in the Supple-
ment). Devices listed as validated, equivalent, or possibly
equivalent were considered to have evidence of validation.
Inclusion criteria were that devices were automated or semi-
automated, were available on the market, and were upper
arm cuff or wrist-based (comprising wrist cuff or cuffless
wrist wearables together).

The analysis was completed to determine the number of
devices, the number of unique device manufacturers, and the
percentage of validated devices overall and separately for up-
per arm cuff and wrist-based devices.

Results | There were 4287 devices, but after exclusions for
manual operation (n = 681), measurement at sites other than
the upper arm or wrist (n = 61), and obsolescence (n = 134), 3411
devices from 457 unique manufacturers remained. A total of
300 devices (8.8%) were validated, 378 (11.1%) were equiva-
lent, and there was no evidence of validation for 2602 (76.3%)
(Table). Devices listed were from companies that distribute
across Asia, Europe, Africa, Oceania, North America, and South
America, as well as by e-commerce.

From 2486 upper arm cuff devices, 248 (10.0%) were vali-
dated, 327 (13.2%) were equivalent, and there was no evi-
dence of validation for 1816 (73.0%) (Table). From 925 wrist-
based devices, 52 (5.6%) were validated, 51 (5.5%) were
equivalent, and there was no evidence of validation for 786
(85.0%). The median number of upper arm cuff and wrist-
based devices listed from each manufacturer was 3 (IQR, 1-7)
and 2 (IQR, 1-4), respectively.

Discussion | A minority of automated upper arm cuff and wrist-
based devices globally have evidence of validation for accuracy.

Lack of validation may undermine optimal medical prac-
tice through increased potential for incorrect hypertension di-
agnosis and inappropriate care. Global and national policy
frameworks, including regulations with enforcement, are
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