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tested variants (figure D). Additionally, 
BA.1, BA.2, BA.4/5, and BF.7 exhibited 
susceptibility to BA.2.76 breakthrough 
infection serum samples; however, 
BA.2.75 showed more resistance 
than BA.2 and BA.4/5 (figure E). 
Moreover, BA.2.75 is more resistant 
to breakthrough BF.7 infection 
neutralisation than BA.2 and BA.4/5. 
Further comparisons showed that 
BA.5.1.2 breakthrough infections 
induced a broader antibody response 
against the tested subvariants and 
induced significantly higher geometric 
mean titres against BQ.1 and BQ.1.1 
compared with delta, BA.1, BA.2.2, 
BA.2.76, or BF.7 breakthrough 
infections (figure; appendix p 7).

Omicron subvariants BQ.1 and 
BQ.1.1 with increased resistance to 
neutralising antibodies can pose a 
challenge to immunity induced by 
vaccination or infection and render 
therapeutic monoclonal antibodies 
ineffective.3–6 Our results suggest 
that BQ.1 and BQ.1.1 extensively, 
but incompletely, escape omicron 
subvariant breakthrough infection 
neutralisation, including the most 
recent BA.5.1.2, BA.2.76, and BF.7 
infections. However, serum samples of 
BA.5.1.2 breakthrough infection were 
effectively neutralised by BQ.1 and 
BQ.1.1, suggesting that previous BA.5 
breakthrough infection might prevent 
BQ.1 and BQ.1.1, and BQ.1 and BQ.1.1 
might not completely replace BA.5.
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and elsewhere. BQ.1.1 and XBB possess 
substitutions relative to BA.5 and 
BA.2, respectively, in the receptor-
binding domain of their spike protein 
(appendix p 4), which is the major 
target for vaccines and therapeutic 
monoclonal antibodies (mAbs) for 
COVID-19. Both variants have the 
substitution R346T, which confers 
resistance to certain therapeutic 
antibodies,1 raising concerns that mAbs 
or vaccines might be less effective 
against BQ.1.1 and XBB than against 
other omicron strains. We showed 
that BQ.1.1 and XBB have enhanced 
immune evasion capabilities compared 
with earlier omicron variants, including 
BA.5 and BA.2, by evaluating the 
efficacy of therapeutic mAbs against 
BQ.1.1 and XBB.2 However, the 
neutralising ability of plasma from 
convalescent individuals and COVID-19 
vaccinees against BQ.1.1 and XBB 
clinical isolates remained unknown.

Accordingly, we evaluated the 
neutralising ability of antibodies in 
plasma from three different groups 
against BQ.1.1 and XBB clinical isolates: 
individuals (180–189 days after the 
third dose; n=20) who received three 
doses of the monovalent mRNA 
vaccine BNT162b2 (Pfizer–BioNTech) 
or mRNA-1273 (Moderna), or both; 
individuals (33–57 days after the 
fourth dose; n=20) who received 
four doses of the monovalent mRNA 
vaccine BNT162b2 or mRNA-1273, 
or both; and individuals (29–89 days 
after the infection; n=10) who received 
three doses of monovalent BNT162b2 
or mRNA-1273 before the BA.2 
breakthrough infection. Using a 
live-virus neutralisation assay, we 
determined the 50% focus reduction 
neutralisation titre (FRNT50) of 
the plasma samples against BA.2 
( h C o V- 1 9 / J a p a n / U T- N C D 1 2 8 8 -
2N/2022), BA.5 (hCoV-19/Japan/
TY41-702/2022), BQ.1.1 (hCoV-19/
Japan/TY41-796/2022), and XBB 
(hCoV-19/Japan/TY41-795/2022). For 
plasma from individuals who received 
a third dose of the mRNA vaccine, 
17 (85%) of 20 samples or 18 (90%) 
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Humoral immune 
evasion of the omicron 
subvariants BQ.1.1 and 
XBB
The omicron (B.1.1.529) variant of 
SARS-CoV-2 evolved into several 
sublineages, three of which (BA.1, 
BA.2, and BA.5) became globally 
dominant. Currently, the prevalence of 
omicron subvariants BQ.1 (a subvariant 
of BA.5), its sublineage BQ.1.1, and 
XBB (a recombinant of two different 
BA.2 subvariants) is increasing rapidly 
in the USA, France, Singapore, India, 
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of 20 samples had FRNT50 values that 
were below the limit of detection 
(<10-fold dilution) against BQ.1.1 
or XBB, respectively. To calculate the 
geometric mean titre of each group, 
we assigned samples that were under 
the limit of detection of an FRNT50 
value of ten. The FRNT50 geometric 
mean titres against BQ.1.1 and XBB 
were 21·1-fold and 21·6-fold lower, 
respectively, than those against the 
ancestral strain (SARS-CoV-2/UT-
NC002-1T/Human/2020/Tokyo) 
(figure A, appendix p 5). In addition, 
the geometric mean titres against 
BQ.1.1 and XBB were 1·7-fold and 
2·6-fold lower, respectively, than those 
against BA.5 and BA.2. Similar results 
were obtained with samples from 
individuals who received four doses of 
mRNA vaccine (figure B); the FRNT50 
geometric mean titres against BQ.1.1 
and XBB were 43·3-fold and 51·6-fold 
lower, respectively, than those against 
the ancestral strain, and were 3·7-fold 
and 6·2-fold lower than those against 
BA.5 and BA.2, respectively (figure B, 
appendix p 6). In contrast, most of the 
samples from vaccinees with BA.2 
breakthrough infection neutralised 
BQ.1.1 and XBB; however, the FRNT50 
geometric mean titres against BQ.1.1 
and XBB were 35·2-fold and 61·7-fold 
lower, respectively, than those against 
the ancestral strain, and were 4·9-fold 
and 15·1-fold lower than those against 
BA.5 and BA.2, respectively (figure C, 
appendix p 7).

Our data suggest that the omicron 
sublineages BQ.1.1 and XBB effectively 
evade current humoral immunity 
induced by mRNA vaccines or 
natural infection. A previous study 
using pseudotyped viruses reported 
that BQ.1.1 and XBB were less well 
recognised than BA.2 and BA.4/5 by 
plasma from convalescent individuals 
and mRNA vaccinees.3 These findings 
show that BQ.1.1 and XBB clinical 
isolates have higher immune evasion 
abilities than earlier omicron variants, 
including BA.5 and BA.2.
YK is supported by grants from the Center for 
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Figure: Antibody responses to SARS-CoV-2 omicron variants
(A) Neutralising antibody titres of human plasma obtained from individuals immunised with a third dose of 
BNT162b2 or mRNA-1273 vaccine. Samples were collected 180–189 days after the third immunisation 
(n=20). (B) Neutralising antibody titres of human plasma obtained from individuals immunised with four 
doses of BNT162b2 or mRNA-1273 vaccine. Samples were collected 33–57 days after the fourth 
immunisation (n=20). (C) Neutralising antibody titres of human plasma obtained from individuals who were 
infected with omicron BA.2 after three doses of BNT162b2 or mRNA-1273 vaccine. Samples were collected 
29–89 days after symptom onset (n=10). Each dot represents data from one individual. The lower limit of 
detection (value=10) is indicated by the horizontal dashed line. Samples under the detection limit (<10-fold 
dilution) were assigned an FRNT50 value of 10 and are represented by X. Geometric mean titres are shown. 
FRNT50=50% focus reduction neutralisation titre.
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was 6·71% higher than expected—a 
statistically significant increase.

By use of updated data, we were able 
to assess whether the increase was 
sustained throughout the pandemic 
and beyond. OpenPrescribing  pub
lishes monthly data for the number of 
items prescribed in general practice in 
England, UK. National Health Service 
(NHS) England provides monthly data 
for appointment activity in general 
practice.2

We conducted an interrupted 
time-series analysis using the 
negative binomial model and data 
from Jan 1, 2018, to July 31, 2022. 
Interruptions were set at the months 
of March, 2020, the start of the 
pandemic, and July, 2021, when 
restrictions were lifted in England, UK. 
All data and analysis code are available 
online.3

In accordance with Armitage and 
Nellums,1 we identified that there 
was an immediate increase in the 
mean number of items prescribed per 
100 appointments at the start of the 
COVID-19 pandemic (incidence rate 
ratio [IRR] 1·14, 95% CI 1·07–1·23). 
However, the prescribing rate 
gradually declined from May, 2020, 
onwards (IRR 0·98, 95% CI 0·97–0·98) 
and was lower than the expected 
trend from December, 2020, to 
July, 2021, coinciding with the third 
national lockdown, from Jan 5, 2021, 
to July 19, 2021 (appendix p 1). The 
lifting of lockdown restrictions in 
July, 2021, saw an immediate increase 
in the prescribing rate (IRR 1·21, 
95% CI 1·11–1·33), which continued 
to gradually increase (1·03, 1·02–1·04) 
until it was in line with the expected 
trend.

Conversely, the start of the 
pandemic saw an immediate decrease 
in the absolute number of antibiotics 
prescribed (IRR 0·85, 95% CI 
0·80–0·91), and the absolute number 
of antibiotics prescribed remained 
below the expected trend throughout 
the period of COVID-19 restrictions, 
from March, 2020, to July, 2021 
(appendix p 1). The lifting of lockdown 

restrictions in July, 2021, saw an 
immediate increase in the number 
of items prescribed (IRR 1·18, 95% CI 
1·09–1·29]).

Armitage and Nellums suggested 
that the increase in antibiotic 
prescribing was driven by the sharp 
increase in telephone appointments 
during the COVID-19 pandemic.1 
The proportion of general practice 
appointments conducted via tele
phone, although decreasing, remains 
high at 31·6% in July, 2022, compared 
with 14·2% in July, 2019 (appendix 
p 1). Nevertheless, antibiotic pre
scribing rates have returned to the 
expected trend of falling antibiotic 
consumption in general practice. 
Our data provide little population-
level evidence of an association 
between telephone appointments and 
inappropriate antibiotic stewardship, 
because  prescribing rates have 
continued to decrease despite a 
high proportion of general practice 
appointments being conducted via 
telephone.

Clinicians should still be supported 
to use antibiotics appropriately. 
However, when considering the impact 
of the total pandemic restrictions in 
England, UK, there is little evidence  
that COVID-19 has hindered attempts 
by the NHS to reduce antibiotic 
prescribing on the whole.4
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Antibiotic prescribing in 
general practice during 
COVID-19 and beyond

Richard Armitage and Laura B Nellums1 
reported that when accounting for 
changes in appointment numbers, the 
total number of antibiotics prescribed 
between April 1, and Aug 31, 2020, 
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