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To the Editor:

The highly transmissible omicron (B.1.1.529) variant of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) is of mounting concern globally. The omicron variant 

carries a large number of spike mutations, including at least 15 mutations in the receptor-

binding domain, which is a major target of neutralizing antibodies.1 To assess the 

potential susceptibility of this variant to the mRNA-1273 vaccine, neutralization of the 

omicron variant by serum samples obtained from vaccinated recipients was compared 

with neutralization of the prototypical D614G variant and the beta (B.1.351) and delta 

(B.1.617.2) variants. In a pilot study, neutralization of the omicron variant after the primary 

two-dose regimen of the mRNA-1273 vaccine was lower than that of the D614G and beta 
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variants but increased substantially after a booster dose of the mRNA-1273 vaccine (Figs. 

S1 through S3 in the Supplementary Appendix, available with the full text of this letter at 

NEJM.org).

To confirm and extend these initial findings, we evaluated omicron neutralization by serum 

samples obtained from participants who had received the primary two-dose regimen of the 

mRNA-1273 vaccine (100 μg in each dose) in the Coronavirus Efficacy (COVE) phase 2 

and phase 3 trials of that vaccine2,3 and who had been randomly selected to receive one 

booster dose of the mRNA-1273 vaccine (at a dose of either 50 or 100 μg), the bivalent 

mRNA-1273.211 vaccine (a 1:1 mix of mRNA-1273 vaccine and beta variant messenger 

RNAs [mRNAs], for a total dose of either 50 or 100 μg), or the bivalent mRNA-1273.213 

vaccine (a 1:1 mix of beta and delta variant mRNAs, for a total dose of 100 μg) (Table 

S1). The characteristics of the participants, including age and sex, were generally balanced 

among the groups.

The neutralizing activity of these serum samples was also assessed against the prototypical 

D614G variant, which was dominant in the pandemic globally during the time period 

when the COVE trial showed that the mRNA-1273 vaccine had 93% efficacy in preventing 

symptomatic coronavirus disease 2019.3 The neutralization titers against the D614G variant 

that were measured in the pseudovirus assay used in our study were a correlate of vaccine 

efficacy in the COVE trial.4

We found that the primary two-dose regimen of the mRNA-1273 vaccine elicited detectable 

neutralizing antibodies against the omicron variant in 85% of the participants 1 month 

after the second dose. The 50% inhibitory dilution (ID50) geometric mean titer was 35.0 

times lower than that against the D614G variant (Fig. 1A). Similar results were observed 

in live-virus focus-reduction and pseudovirus neutralization assays performed independently 

(Figs. S1, S4, and S5).

Seven months after the second dose was administered (before the booster), neutralization of 

the omicron variant was detected in only 55% of the participants, and the ID50 geometric 

mean titers were 8.4 times lower than those against the D614G variant (Fig. 1A). A booster 

dose of 50 μg of the mRNA-1273 vaccine, which is currently approved under Emergency 

Use Authorization for adults who are 18 years of age or older, was associated with ID50 

geometric mean titers against the omicron variant that were 20.0 times higher than those 

assessed 1 month after the second vaccination; these titers were 2.9 times lower than those 

against the D614G variant.

Neutralization titers against the omicron variant 6 months after the third (booster) dose 

of vaccine were 6.3 times lower than the peak titers assessed 1 month after the booster 

injection, but the titers remained detectable in all the participants (Fig. 1A). Six months 

after the booster, neutralization titers against the omicron variant declined faster than those 

against the D614G variant; however, this decline in titers against the omicron variant was 

similar to the decline observed in titers against the D614G variant after a second dose of the 

mRNA-1273 vaccine (by a factor of 7.8 from 1 month to 7 months) (Fig. 1A). A similar 

decline in titers against the D614G variant after a second dose of the mRNA-1273 vaccine 
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has been reported elsewhere.5 The booster dose was associated with improved durability of 

neutralization of the D614G variant, which was 2.3 times lower 6 months after the booster 

injection than 1 month after the booster injection.

The 100-μg booster doses of the mRNA-1273, mRNA-1273.211, and mRNA-1273.213 

vaccines all generated nearly identical ID50 geometric mean titers against the omicron 

variant (range, 2115 to 2228); these titers were 2.5 to 2.6 times higher than those assessed 

after the 50-μg booster dose of the mRNA-1273 vaccine and 1.4 to 1.5 times higher than the 

peak titers against the D614G variant 1 month after the second dose in the COVE trial (Fig. 

1B). The strong boosting of neutralization of the omicron variant was similar to the strong 

boosting of neutralization of the delta and beta variants (Fig. S6).

Together, these results showed that after the primary two-dose series of the mRNA-1273 

vaccine, neutralization titers against the omicron variant were 35.0 times lower than those 

against the D614G variant. These lower titers could lead to an increased risk of severe 

breakthrough infection. However, a booster dose of mRNA-1273 vaccine was associated 

with neutralization titers against the omicron variant that were 20.0 times higher than those 

assessed after the second dose of vaccine, and these titers may substantially reduce the risk 

of breakthrough infection. The decline in neutralization of the omicron variant 6 months 

after the booster injection was similar to the decline in neutralization titers against the 

D614G variant 7 months after the second dose.

The limitations of our study include small sample sets that may not reflect neutralization in 

diverse populations, differences in the length of time before boosting among the groups, and 

a lack of post-boost efficacy data. These limitations may be addressed in further studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Neutralization of D614G and Omicron SARS-CoV-2 Pseudoviruses in Serum Samples 

Obtained from Recipients of the mRNA-1273 Primary Vaccine Regimen and Booster. Panel 

A shows pseudovirus neutralization assay antibody titers against the wild-type D614G 

and omicron pseudoviruses measured before the administration of the first dose of the 

primary two-dose mRNA-1273 vaccine on day 1, 1 month after the second dose (day 57), 

7 months after the second dose and before the booster dose, and 1 month and 6 months 

after the 50-μg mRNA-1273 booster dose. The differences in titers relative to D614G are 
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shown. Panel B shows pseudovirus neutralizing assay titers against D614G and omicron 

pseudovirus in serum samples obtained from vaccine recipients who initially received the 

two-dose series of mRNA-1273 vaccine (100 μg in each dose) and who subsequently were 

randomly selected to receive one booster dose of mRNA-1273 vaccine (either 50 or 100 

μg), bivalent mRNA-1273.211 vaccine (either 50 or 100 μg), or bivalent mRNA-1273.213 

vaccine (100 μg). Serum samples were obtained from the participants 1 month after they 

received the booster. The time between vaccination with the second dose of primary vaccine 

and booster vaccination ranged from 7 to 13 months (Table S1). Twenty participants 

were selected for each dose of the vaccine and the booster and for each type of booster 

(mRNA-1273, mRNA-1273.211, or mRNA-1273.213 vaccine). The 50% inhibitory dilution 

(ID50) neutralizing antibody titers were assayed against pseudoviruses containing the spike 

protein of the D614G and omicron variants (see the Supplementary Methods section in the 

Supplementary Appendix). The I bars represent 95% confidence intervals, and the circles 

individual participants. The lower limit of detection (dashed line) of the assay was 10. 

Values below the lower limit of detection were assigned a value of 5. NA denotes not 

available for testing.
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