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Effectiveness of Homologous and Heterologous 
Covid-19 Boosters against Omicron

To the Editor: For persons who received a single 
dose of the Ad26.COV2.S vaccine (Johnson & 
Johnson–Janssen) against coronavirus disease 
2019 (Covid-19), a booster dose of a messenger 
RNA (mRNA) vaccine at least 2 months after the 
primary dose is recommended. Recipients of 
Ad26.COV2.S for both the primary and booster 
doses may receive a second booster dose of an 
mRNA Covid-19 vaccine at least 4 months after 
the first Ad26.COV2.S booster dose.1 Immuno-
genicity data from a phase 1–2 clinical trial 
conducted before B.1.1.529 and the BA sublineages 
of omicron emerged showed that increases in 
the titers of binding and neutralizing antibodies 
with heterologous boosting were similar to or 
greater than the increases with homologous 
boosting.2 In a study involving U.S. veterans, 
data that were obtained during a period in which 
omicron was the predominant circulating vari-
ant also showed that among Ad26.COV2.S re-
cipients, vaccine effectiveness against omicron 
infection was higher with heterologous boosting 
than with homologous boosting3; however, data 
from the general adult population and on vac-
cine effectiveness over time are lacking. More 
than 18 million doses of the Ad26.COV2.S vac-
cine have been administered in the United States 
alone4; therefore, data are needed on boosting 
strategies that are effective over time.

We performed a test-negative, case–control 
analysis to assess the effectiveness of four vac-
cination regimens against symptomatic infection 
with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) during a period when omi-
cron was the predominant circulating variant: 
a single priming dose of Ad26.COV2.S, a single 
priming dose of Ad26.COV2.S plus a booster dose 
of Ad26.COV2.S (Ad26.COV2.S/Ad26.COV2.S), 
a single priming dose of Ad26.COV2.S plus a 
booster dose of mRNA vaccine (Ad26.COV2.S/
mRNA), and two priming doses of an mRNA 
vaccine plus a booster dose of mRNA vaccine 
(mRNA/mRNA/mRNA). In the regimens that 

included an mRNA vaccine, either the BNT162b2 
vaccine (Pfizer–BioNTech) or the mRNA-1273 vac-
cine (Moderna) was used. The methods have 
been published previously5 and are described in 
the Supplementary Appendix, available with the 
full text of this letter at NEJM.org.

A total of 512,928 rapid and laboratory-based 
nucleic acid amplification tests (NAATs) were 
used in the current study; the tests were ob-
tained between January 2 and March 23, 2022, 
from the Increasing Community Access to Test-
ing (ICATT) platform, which facilitates no-cost, 
drive-through SARS-CoV-2 testing at pharma-
cies.5 In our analysis, we included tests from 
adults 18 years of age or older who reported vac-
cination status (product and month and year of 
receipt of each dose) and at least one Covid-19–
like symptom, which most likely reflected mild 
disease. The included tests were from 7036 test-
ing sites across 49 states, Washington, D.C., and 
Puerto Rico. All sites belonged to a single phar-
macy chain that obtained booster-dose informa-
tion during this period. This chain had wide-
spread national coverage. During the period 
when this study was conducted, 93.5% of all 
tests in adults provided through the ICATT plat-
form, including those that did not meet our in-
clusion criteria, were conducted at this one chain. 
Swab samples were collected by the participants 
on-site, and the results were processed either 
on-site by the pharmacy (rapid polymerase-
chain-reaction tests) or were sent out for pro-
cessing at contracted laboratories (laboratory-
based NAATs). All positive tests were assumed to 
involve the omicron variant, because more than 
90% of the infections detected nationally during 
this period were caused by this variant.4 Tests 
from persons who reported previous SARS-CoV-2 
infection were excluded. A sensitivity analysis 
that included tests regardless of previous SARS-
CoV-2 infection was performed (see the Supple-
mentary Appendix).

Vaccine effectiveness (calculated as [1 − the 
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odds ratio] × 100) of each of the four vaccination 
regimens, as compared with no vaccination, 
against symptomatic infection during the peri-
ods of 14 days to 1 month and of 2 to 4 months 
since receipt of the last vaccine dose was esti-
mated by means of logistic regression. The num-
ber of months since receipt of the last dose was 
calculated as the difference between the month 
and year of testing and the month and year of 
the last vaccine dose. For doses received in the 
month of or month preceding test registration, 
persons were asked whether the most recent 
dose was received at least 2 weeks before the test 
date, and tests from persons with less than 

2 weeks between the date of the last dose and 
the date of testing were excluded. Models were 
adjusted for calendar day of testing, age group, 
sex, race, ethnic group, testing site location (the 
Department of Health and Human Services re-
gion where the test was performed), Social Vul-
nerability Index of the U.S. census tract contain-
ing the testing site, and number of underlying 
chronic conditions (Tables S1 and S2 in the 
Supplementary Appendix).

The vaccine effectiveness of the Ad26.COV2.S 
regimen, as compared with no vaccination, 
against symptomatic infection was 17.8% (95% 
confidence interval [CI], 4.3 to 29.5) during the 

Figure 1. Effectiveness of Four Vaccination Regimens against Symptomatic Infection with the Omicron Variant 
among Adults.

Vaccine effectiveness was assessed among adults 18 years of age or older who were tested in the Increasing Com-
munity Access to Testing platform during the period from January 2 to March 23, 2022. The vaccine effectiveness 
(calculated as [1 − the odds ratio] × 100) of each of the four regimens, as compared with no vaccination, against 
symptomatic infection with the omicron variant of severe acute respiratory syndrome coronavirus 2 was estimated 
by means of logistic regression. Regression models were adjusted for the number of days between the start of the 
analysis period and the test date (as a continuous variable with linear and quadratic terms), age group (18 to 24,  
25 to 34, 35 to 44, 45 to 54, 55 to 64, and ≥65 years), sex, race, ethnic group, testing site location (the Department 
of Health and Human Services region where the test was performed), Social Vulnerability Index of the U.S. census 
tract containing the testing site (dichotomized as 0 to <0.5 and ≥0.5 to 1.0; the Social Vulnerability Index ranges 
from 0 to 1.0, with higher scores indicating greater social vulnerability), and number of underlying chronic condi-
tions (0, 1, or ≥2) to control for possible confounding (Table S1). No adjustment was made for multiplicity. The 
number of months since receipt of the last dose was calculated as the difference between the month and year of 
testing and the month and year of the last vaccine dose. Tests from participants with less than 2 weeks between  
the date of the last dose and the date of testing were excluded. For the three regimens that included a booster dose 
(Ad26.COV2.S/Ad26.COV2.S, Ad26.COV2.S/messenger RNA (mRNA) vaccine, and mRNA/mRNA/mRNA), tests were 
excluded if a booster dose was administered less than 2 months after an Ad26.COV2.S primary series or less than  
5 months after an mRNA vaccine primary series. In estimating the vaccine effectiveness of the single-dose Ad26.COV2.S 
regimen over time, tests were not excluded from evaluation on the basis of months since primary vaccination. Addi-
tional details of the methods are provided in the Supplementary Methods section in the Supplementary Appendix.
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period of 14 days to 1 month since receipt of the 
last dose and 8.4% (95% CI, 1.5 to 14.8) during 
the period of 2 to 4 months since receipt of the 
last dose. The corresponding values for the 
Ad26.COV2.S/Ad26.COV2.S regimen were 27.9% 
(95% CI, 18.3 to 36.5) and 29.2% (95% CI, 23.1 
to 34.8); for the Ad26.COV2.S/mRNA regimen, 
61.3% (95% CI, 58.4 to 64.0) and 54.3% (95% CI, 
52.2 to 56.3); and for the mRNA/mRNA/mRNA 
regimen, 68.9% (95% CI, 68.3 to 69.5) and 
62.8% (95% CI, 62.2 to 63.4) (Fig. 1).

Our results show that all the regimens that 
included a booster dose, as compared with no 
vaccination, offered protection against symp-
tomatic omicron infection (the 95% confidence 
intervals did not include 0), although vaccine 
effectiveness was highest for the regimens that 
included a booster dose of an mRNA vaccine and 
was lowest for the homologous Ad26.COV2.S/
Ad26.COV2.S regimen. The vaccine effective-
ness of the three-dose mRNA regimen and the 
Ad26.COV2.S/mRNA regimen was lower during 
the period of 2 to 4 months since receipt of the 
booster dose than during the period of 14 days 
to 1 month since receipt of the booster dose; 
for the Ad26.COV2.S/Ad26.COV2.S regimen, the 
95% confidence intervals of the estimates for 
the two time periods overlapped, but sample 
sizes were smaller and confidence intervals 
wider than for other boosted regimens. The 
limitations of our study have been described 
previously5 and include residual or unmeasured 
confounding related to unmeasured differences 
according to vaccination status and test-seeking 
behavior. Nonetheless, the results of this study 
suggest that a single booster dose of an mRNA 
Covid-19 vaccine in persons who received pri-
mary vaccination with single-dose Ad26.COV2.S 
provided protection close to that of the three-
dose mRNA vaccine regimen and support the 
current recommendation of a booster dose of 

mRNA vaccine at least 2 months after primary 
vaccination with single-dose Ad26.COV2.S or at 
least 4 months after an Ad26.COV2.S booster dose.
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