
RE: Incidence of SARS-CoV-2 
Breakthrough Infections After 
Vaccination in Adults: A 
Population-Based Survey 
Through 1 March 2023

Dear Editor,
As the severe acute respiratory syn

drome coronavirus 2 (SARS-CoV-2) 
pandemic unfolds and new variants 
emerge, updating estimates of break
through infection after primary series 
vaccination is essential. This letter up
dates the previous report on the inci
dence of breakthrough infections 
through July 1, 2022, across 5 pandemic 
waves in Texas.

We used the data from the Texas 
Coronavirus Antibody REsponse Survey 
(Texas CARES). Briefly, Texas CARES 
is an ongoing prospective population- 
based seroprevalence program designed 
to assess infection- and vaccine-induced 
antibody status over a long period among 
a volunteer population throughout 
Texas. The design of Texas CARES 
has been described previously in detail 
[1–3].

As of March 9, 2023, the Centers for 
Disease Control and Prevention (CDC) 
defines a breakthrough as follows: 
“When someone who is vaccinated with 
either a primary series or a primary series 
plus a booster dose gets infected with the 
virus that causes COVID-19, it is referred 
to as a vaccine breakthrough infection” 
[4]. Accordingly, we have defined a 
breakthrough participant as one who 
self-reports a coronavirus disease 2019 
(COVID-19) infection diagnosis via po
lymerase chain reaction test after vacci
nation completion +14 days, up to their 
last survey completion date. A nonbreak
through participant is defined as one who 
did not report any COVID-19 infection 
14 days after vaccination completion, 
up to their last survey completion date. 
For breakthroughs, self-reported infec
tions were confirmed with a positive 

nucleocapsid protein test (Roche) from 
serial blood draws, as described in 
DeSantis et al. [5]. Further, if a partici
pant seroconverted in the time frame 
from N negative to N positive, they 
were included as a breakthrough (even 
if unreported). For nonbreakthrough 
cases, survey reports were used. 
Verification was not possible for every 
single report because a participant could 
have had an infection before primary se
ries vaccination and thus would have a 
positive N test.

We calculated variant wave dates using 
the CDC's Laboratory Surveillance re
ports [6] per the detailed calculations de
scribed in DeSantis et al. [5]. We used the 
data reported for Health and Human 
Services Region 6 (consisting of 
Arkansas, Louisiana, New Mexico, 
Oklahoma, and Texas) to calculate the 
beginning of each wave in Texas. The 
date chosen for each variant wave was 
the week before that in which the propor
tion share for a given variant of all vari
ants measured reached 50%. The week 
prior was chosen to account for the incu
bation period.

The breakthrough incidence per 10  
000 person-days was 1.51 (95% CI, 
1.17–1.85) during pre-Delta, 3.53 (95% 
CI, 3.17–3.90) during Delta, 15.75 (95% 
CI, 13.34–18.15) during Omicron, 4.13 
(95% CI, 3.94–4.31) during Omicron 
BA.2, and 8.38 (95% CI, 7.46–9.30) dur
ing BQ and XBB. Figure 1A shows a clear 
peak in breakthroughs per 10 000 
person-days in BQ and XBB in red, 
with the blue dotted curve showing the 
person-days contribution. We note that 
the BQ and XBB total person-time con
tribution and total number of break
through infections observed (n = 29) 
were small; however, their ratio still indi
cates that the incidence is high, as seen in 
Figure 1B.

Notably, the breakthrough frequency 
for Omicron BA.2 was less than that for 

BQ and XBB, potentially due to greater 
population-level immunity after the 
very large Omicron wave of December 
2021. The Omicron BA.2 wave was dom
inant for ∼7 months; at this point, natu
ral immunity may have begun to decay 
[6], leading to a higher observed inci
dence of breakthrough infections in the 
subsequent BQ and XBB wave. Another 
possibility is that new infections were un
derreported vs during the Omicron wave, 
but that would not account for the in
crease during the BQ and XBB wave. 
Further evaluation will be needed as var
iants emerge and become dominant.

Although this survey is subject to po
tential selection and misclassification bi
ases, as described in detail in DeSantis 
et al., a thoughtful design limited these; 
for example, having similar follow-up 
time between breakthroughs and non
breakthroughs and similarly scheduled 
serial blood draws to test for the nucleo
capsid protein (every 3–4 months) to 
confirm the existence of an infection/ 
breakthrough, when possible. Further, 
early analyses of the survey showed 
>80% agreement between self-reported 
infection and a positive N test. Other 
studies ensuring that biases are mini
mized by enforcing similar follow-up 
times have yet to be conducted. The cur
rent study controlled for biases that arise 
when follow-up time for breakthroughs 
and nonbreakthroughs is not necessarily 
commensurate (eg, Malato et al.) [7].
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Figure 1. A, Breakthrough infections and person follow-up time by SARS-CoV-2 wave (colored areas) for each wave of infection (top). Dates of waves and variant shares 
(bottom). Top: Dates are on the horizontal axis. The black curve shows the number of breakthroughs (within a 31-day period centered at day 15), the dotted curve shows the 
person-days contribution × 10 000 d (within a 31-day period centered at day 15), and the red curve shows the number of breakthroughs per 10 000 person-days (also within a 
31-day period centered at day 15). B, The same as (A) but only for the BQ and XBB timeframe, which is enlarged for readability. Abbreviation: SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.
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