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C o r r e s p o n d e n c e

Neutralization against BA.2.75.2, BQ.1.1,  
and XBB from mRNA Bivalent Booster

To the Editor: The emergence of the highly 
divergent B.1.1.529 (omicron) variant of severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) led to concerns about the efficacy of vac-
cines based on the ancestral spike and to the 
approval in the United States of bivalent vaccines 
for coronavirus disease 2019 (Covid-19) that in-
clude the ancestral spike and the omicron BA.5 
spike proteins.1-3 Since the approval and distribu-
tion of these vaccines, additional subvariants 
containing key mutations that further enhance 
the ability of the virus to escape from vaccine-
elicited antibodies and regulatory-approved mono-
clonal antibodies have been identified.4 Of par-
ticular concern is the R346T mutation, which 
has arisen in multiple omicron subvariants, in-
cluding BA.2.75.2, BQ.1.1, and XBB (Fig. S1 in 
the Supplementary Appendix, available with the 
full text of this letter at NEJM.org). We tested 
serum samples obtained from participants who 
had received either one or two monovalent 
boosters or the bivalent booster to determine the 
neutralization efficiency of the booster vaccines 
against wild-type (WA1/2020) virus and primary 
isolates of omicron subvariants BA.1, BA.5, 
BA.2.75.2, BQ.1.1, and XBB using an in vitro, 
live-virus focus reduction neutralization test 
(FRNT). All the participants provided written 
informed consent.

We used the FRNT in a VeroE6/TMPRSS2 cell 
line1 to compare the neutralizing activity in se-
rum samples obtained from participants in three 
cohorts: the first cohort comprised 12 partici-
pants 7 to 28 days after one monovalent booster; 
the second, 11 participants 6 to 57 days after 
a second monovalent booster; and the third, 12 
participants 16 to 42 days after a bivalent boost-
er. The differences in neutralizing antibody re-

sponses among these three cohorts were quanti-
tated by comparing the FRNT

50
 (the reciprocal 

dilution of serum that neutralizes 50% of the 
input virus) geometric mean titers (GMTs) of 
neutralizing antibodies against the omicron sub-
variants with that against the ancestral SARS-
CoV-2 WA1/2020 strain. Serum samples in which 
the GMT fell below the limit of detection (1:20) 
were given an arbitrary FRNT

50
 value of 10.

In all three cohorts, neutralization activity 
was lower against all omicron subvariants than 
against the WA1/2020 strain; neutralizing activ-
ity was lowest against the XBB subvariant (Fig. 1 
and Fig. S2). In the cohort that received one 
monovalent booster, the FRNT

50
 GMTs were 857 

against WA1/2020, 60 against BA.1, 50 against 
BA.5, 23 against BA.2.75.2, 19 against BQ.1.1, 
and below the limit of detection against XBB. 
In the cohort that received two monovalent 
boosters, the FRNT

50
 GMTs were 2352 against 

WA1/2020, 408 against BA.1, 250 against BA.5, 
98 against BA.2.75.2, 73 against BQ.1.1, and 37 
against XBB. The results in both of these cohorts 
correspond with neutralization titers against 
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BA.1 and BA.5 that were 5 to 9 times as low as 
that against WA1/2020 and neutralization titers 
against BA.2.75.2, BQ.1.1, and XBB that were 23 
to 63 times as low as that against WA1/2020.

In the cohort that received the BA.5-contain-
ing bivalent booster, the neutralizing activity 
against all the omicron subvariants as compared 
with that against WA1/2020 was better than in 
the other two cohorts (Fig. 1C). The FRNT

50

GMTs were 2481 against WA1/2020, 618 against 
BA.1, 576 against BA.5, 201 against BA.2.75.2, 
112 against BQ.1.1, and 96 against XBB. The 
results in this cohort correspond with neutral-
ization titers against BA.1 and BA.5 that were 
4 times as low as that against WA1/2020 and 
neutralization titers against BA.2.75.2, BQ.1.1, 
and XBB that were 12 to 26 times as low as that 
against WA1/2020.

Persons who received either one or two mono-
valent Covid-19 vaccine boosters had much lower 
neutralization activity against omicron subvari-
ants (especially against BA.2.75.2, BQ.1.1, and 
XBB, which contain the predicted escape muta-
tion R346T) than that against the WA1/2020 
strain. Persons who received the BA.5-contain-

ing bivalent booster had better neutralizing ac-
tivity against all omicron subvariants (especially 
against BA.2.75.2, BQ.1.1, and XBB) than those 
who received either one or two monovalent 
boosters, even though the neutralization GMT 
against WA1/2020 was similar in the cohort that 
received the two monovalent boosters and the 
cohort that received the bivalent booster. These 
responses are consistent with recent observa-
tions in persons with breakthrough omicron 
infection showing broadened neutralizing activ-
ity against omicron subvariants.5 Limitations of 
this study include the small cohort size, differ-
ences in age among the cohorts, the unknown 
effect of previous exposure to SARS-CoV-2, and 
comparison of the vaccines at a single time 
point. These serologic data show an overall neu-
tralization benefit with bivalent booster immu-
nizations.
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Figure 1. Neutralizing Responses against the WA1/2020 Strain and Omicron Subvariants.

Shown is the neutralization activity against the WA1/2020 strain of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
the omicron subvariants BA.1, BA.5, BA.2.75.2, BQ.1.1, and XBB in 12 participants who received one monovalent booster (Panel A), 
in 11 participants who received two monovalent boosters (Panel B), and in 12 participants who received the updated bivalent booster 
(Panel C). The focus reduction neutralization test (FRNT

50
 [the reciprocal dilution of serum that neutralizes 50% of the input virus]) geo-

metric mean titer (GMT) of neutralizing antibodies against the WA1/2020 strain and each omicron subvariant is shown at the top of each 
panel, along with the ratio of the neutralization GMT against the WA1/2020 strain to that against each omicron subvariant. The connect-
ing lines between the variants represent matched serum samples. The horizontal dotted lines represent the limit of detection of the as-
say (FRNT

50
 GMT 20). The red lines in Panels B and C indicate the participants who reported previous SARS-CoV-2 infection, and the 

dashed line in Panel C indicates one participant who received two monovalent boosters before the bivalent booster. The colored bars 
represent the FRNT

50
 GMT among the participants in the cohort, and the I bars indicate 95% confidence intervals, which were not ad-

justed for multiplicity and may not be used for hypothesis testing. LOD denotes limit of detection, and NA not applicable.
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Physician-Delegated Unobserved Induction 
with Buprenorphine in Pharmacies

To the Editor: Inadequate access to buprenor-
phine impedes care in the current opioid crisis. 
Pharmacists may be able to expand access to 
this medication with the use of collaborative 
practice agreements1,2 that allow prescribers to 
delegate evaluation and some treatment deci-
sions to pharmacists. Rhode Island amended a 
collaborative practice agreement to incorporate 
induction with buprenorphine, the first-line med-
ication approved by the Food and Drug Admin-
istration for the treatment of opioid withdrawal 
and opioid use disorder.

From February 2021 through April 2022, we 

conducted a feasibility pilot trial involving six 
behavioral health pharmacies and 21 pharma-
cists who were trained to implement facilitated 
unobserved (“take-home”) induction by the par-
ticipant and to provide ongoing follow-up care at 
the pharmacy (details of training are provided in 
the Supplementary Appendix, available with the 
full text of this letter at NEJM.org). This pilot 
trial is a component of a phase 3 randomized 
trial to evaluate pharmacy-based medication 
treatment for addiction as compared with usual 
care (ClinicalTrials.gov number, NCT04139213).

Patients with a history of opioid use disorder 
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