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L E T T E R

Delta or Omicron BA.1/2-neutralizing antibody levels and T-cell 
reactivity after triple-vaccination or infection

To the Editor,
In Germany, SARS-CoV-2 infections in fall 2021 were caused by the 
Delta (B.1.617.2) variant of concern (VOC), which was completely 
replaced by the Omicron (BA.1, B.1.529.1/BA.2, B.1.529.2) VOC in 
winter. Meanwhile, the BA.2 sublineage dominates, apparently hav-
ing a selection advantage.1

We studied the kinetics of anti-spike (S) protein IgG, Delta neu-
tralizing antibodies (NA), and the release of interferon-gamma (IFN-
γ) from stimulated T-cells in 152 individuals (117/35 women/men, 
median age 41 years) who received two doses of vector vaccine 
(AstraZeneca, AZD, N  =  34), mRNA vaccine (BioNTech/Moderna, 
mRNA, N = 62), or a combination of both (N = 56) followed by an 
mRNA vaccine booster (N = 81). Delta and Omicron BA.1/BA.2 NAs 
and T-cell reactivity were analyzed in a subset of 15 age- and gender-
matched vaccinees and in 10 triple-vaccinated and two unvaccinated 
individuals after BA.1 infection. The presence of Delta and Omicron 
BA.1-NA was assessed in unvaccinated convalescents after Alpha 
(N = 10) or Beta (N = 1) VOC infection. For more information, see 
the Appendix S1.

Within 279 days after the second dose, a decrease in anti-S 
IgG concentrations (Figure S1A–C) and Delta NA titers (Figure 1A) 
was measured regardless of the immunization regimen. The mRNA 
booster led to an increase of anti-S IgG concentrations (Figure S1D-
F) and of Delta NA titers (Figure 1B). The IgG levels and Delta NAs 
reached 4 weeks after this booster were 1.3–1.7-fold higher than 
after the second mRNA dose (Figures 1A, C, S1A–C, G–I). During the 
entire period (≤279 days) before mRNA booster vaccination, SARS-
CoV-2-specific T-cells were detectable in the majority of subjects, 
as shown by measurement of IFN-γ release after stimulation with 
antigens presumably derived from a Wuhan-like virus. Their concen-
trations were not affected by the underlying vaccination regimen 
and increased 5.5–10.5-fold after the mRNA booster (Figure  1D, 

E). Thereafter, adaptive immunity parameters decreased again over 
time (Figures 1C, F, S1G-I).

As reported by others,1–3 NAs to Omicron BA.1 were induced 
by the mRNA vaccine booster, but also against the BA.2 sublineage, 
which was previously unclear (Figure 2A). With respect to the re-
sults presented in Figures 1C and 2B, we suspect that NAs against 
the Omicron VOC will decline rapidly after booster vaccination 
alone. In triple-vaccinated individuals, Omicron breakthrough in-
fection resulted in 1.9–5.3 higher BA.1/BA.2 and Delta NA titers 
(ca. 3 weeks post-infection) than after mRNA booster vaccination 
alone (Figure 2A). This indicates broadened immunity covering ad-
ditional viral variants and may also explain why few symptomatic 
BA.2 infections have occurred such individuals till date.4 Whether 
this also implies some cross-reactivity to the current BA.4 and 
BA.5 sublineages is unclear. Because Omicron is proposed to be 
a distinct serotype,5 only NAs against this VOC were detectable 
in two unvaccinated BA.1-infected individuals (Figure  2A), while 
unvaccinated Alpha- and Beta VOC patients presented isolated 
NAs against the antigenically more related Delta VOC (Figure S2A), 
as previously reported.6 Accordingly, both BA.1 patients had very 
low IgG levels against the receptor-binding domain of a Wuhan-
like virus (Figure S2B), whereas IgGs against the higher preserved 
nucleocapsid-protein were barely affected (Figure S2C, D). Results 
of a surrogate neutralization assay confirmed very limited humoral 
immunity after Omicron infection alone (Figure S2E). Reliable con-
clusions about the extent to which Omicron breakthrough infection 
leads to increased IFN-γ release cannot be drawn due to the small 
number of samples (Figure 2C).

In conclusion, booster vaccination with the conventional mRNA 
vaccine resulted in measurable BA.1/BA.2 NAs whose titers in-
creased after breakthrough infection. This suggests that a variant-
adapted vaccine or even a multivalent vaccine may be beneficial.
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F I G U R E  1  (A, B) Decrease in Delta (δ)-neutralizing antibody (NA) titers after double vaccination followed by mRNA booster-induced 
increase. Geometric mean titers (GMT) and prevalence of titers >1:10 are tabulated. (C) Renewed titer decline. Increase of δ-NAs four weeks 
after second (homologous/heterologous) and third mRNA dose (vertical dotted lines; p = 0.04; Mann–Whitney). (D, E) Increase in CD4+ 
and CD4/CD8+ T-cell reactivity after mRNA booster. (F) Renewed decrease in T-cell reactivity. Indicated are the number of individuals (N)/
samples (S) tested, and cut-off values (co). ****p < 0.0001; ***p < 0.001; **p < 0.01; ns: not significant (Kruskal—Wallis)
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F I G U R E  2  (A) Increase of Delta (δ)- and Omicron (ο)- BA.1/BA.2 neutralizing antibody (NA) titers after mRNA booster in age- and gender-
matched individuals pre-vaccinated with AZD/mRNA (N = 5), AZD/AZD (N = 5), and mRNA/mRNA (N = 5). δ- and ο-BA.1/BA.2-NA titers 
after BA.1 (breakthrough) infection in triple-vaccinated and unvaccinated individuals. (B, C) δ- and ο-BA.1 NA titers and CD4+ or CD4/CD8+ 
T-cell reactivities before/after BA.1 (breakthrough) infection. Indicated are geometric mean titers (GMT), prevalence of NAs >1:10, number 
of individuals (N)/samples (S) tested, cut-off values (co). ****p < 0.0001; ***p < 0.001; **p < 0.01; *p < 0.05; ns, not significant
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