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Six-Month Follow-up after a Fourth BNT162b2 Vaccine Dose

TO THE EDITOR: In a prospective cohort study
involving health care workers that was described
previously,! we evaluated the humoral response
and vaccine effectiveness of a fourth dose of the
BNT162b2 vaccine (Pfizer-BioNTech) against se-
vere acute respiratory syndrome coronavirus 2
(SARS-CoV-2) during a 6-month follow-up peri-
od in which omicron (mostly BA.1 and BA.2)
was the predominant variant in Israel.? The ab-
sence of previous SARS-CoV-2 infection was
verified by SARS-CoV-2 testing and serologic
follow-up testing (see Table S1 and the Supple-
mentary Methods in the Supplementary Appen-
dix, available with the full text of this letter at
NEJM.org). The humoral response (as assessed
by the measurement of IgG and neutralizing
antibodies) after receipt of the fourth vaccine
dose was compared with that after receipt of the
second and third doses. Vaccine effectiveness
was assessed by comparing infection rates
among participants who had received a fourth
vaccine dose during various time periods (days 7
through 35, days 36 through 102, or days 103
through 181 after receipt of the fourth dose)
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with infection rates among those who had re-
ceived three doses. Participants were to have
received the third vaccine dose at least 4 months
earlier. A Cox proportional hazards regression
model was used, with adjustment for age, sex,
and professional role; calendar time was used as
the time scale to account for differences in the
prevalence of infection over time (details are
provided in the Supplementary Appendix). No
participants died or were lost to follow-up.

Among the participants who had not had
previous SARS-CoV-2 infection, 6113 were in-
cluded in the analysis of humoral response and
11,176 in the analysis of vaccine effectiveness
(Fig. S1 and Tables 82 and S3). Antibody re-
sponse peaked at approximately 4 weeks, waned
to levels seen before the fourth dose by 13
weeks, and stabilized thereafter. Throughout the
6-month follow-up period, the adjusted weekly
levels of IgG and neutralizing antibodies were
similar after receipt of the third and fourth
doses and were markedly higher than the levels
seen after receipt of the second dose (Fig. 1A
and 1B and Table $4).

The cumulative incidence curve is shown in
Figure S2, and vaccine effectiveness is shown in
Figure 1C. Receipt of the fourth BNT162b2 vac-
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cine dose conferred more protection against
SARS-CoV-2 infection than that afforded by the
receipt of three vaccine doses (with receipt of the
third dose having occurred at least 4 months
earlier) (overall vaccine effectiveness, 41%; 95%
confidence interval [CI], 35 to 47). Time-specific
vaccine effectiveness (which, in our analysis,
compared infection rates among participants
who had not yet been infected since vaccination)
waned with time, decreasing from 52% (95% CI,
45 to 58) during the first 5 weeks after vaccina-
tion to —2% (95% CI, —27 to 17) at 15 to 26 weeks.
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Figure 1. Six-Month Follow-up of Immunogenicity
and Vaccine Effectiveness after a Fourth BNT162b2
Vaccine Dose.

Panels A and B show IgG and neutralizing antibody titers,
respectively, up to 26 weeks after the second, third, and
fourth doses of the BNT162b2 (Pfizer—BioNTech) vac-
cine. Locally weighted scatterplot smoothing is over-
laid. Panel C shows the vaccine effectiveness against
any severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection 7 to 35 days, 36 to 102 days,
103 to 181 days, and 7 to 181 days (representing the
full study period [darker-shaded area]) after the fourth
vaccine dose (administered at least 4 months after re-
ceipt of the third dose) as compared with the effective-
ness of three vaccine doses. Vaccine effectiveness
(measured as 1 minus the hazard ratio) is estimated
from a Cox proportional hazards regression model,
with adjustment for age, sex, and professional role.
Calendar time was used as the time scale to further
adjust for differing infection prevalence over time. A
dashed horizontal line is shown at a hazard ratio of 1,
which indicates no effect. I bars indicate 95% confi-
dence intervals. BAU denotes binding antibody units.

The study has several limitations. First, al-
though our cohort consisted of a diverse popula-
tion that included older-adult volunteers, a co-
hort consisting of health care workers may not
be representative of the general population.
Furthermore, only health care workers who had
not had previous SARS-CoV-2 infection were in-
cluded, which further limited generalizability.
Second, possible confounding of unrecognized
hybrid immunity may have remained, despite
thorough history-taking and serologic assess-
ment. Third, the decision to receive the fourth
dose could be linked to health-seeking behaviors
that were not well-captured in our data, thus
possibly resulting in additional residual con-
founding. Fourth, we were unable to estimate
effectiveness against severe outcomes of infec-
tion owing to the absence of such outcomes in
our study cohort; a third dose of the BNT162b2
vaccine has been shown to confer durable pro-
tection against such outcomes.® Previous studies
have shown increased effectiveness of a fourth
dose against severe outcomes during short-term
follow-up,** but whether this additional effec-
tiveness wanes similarly to the protection against
infection has yet to be determined.

In this prospective cohort study, a third dose
of the BNT162b2 vaccine led to an improved and
sustained immunologic response as compared
with two doses, but the additional immunologic
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advantage of the fourth dose was much smaller
and had waned completely by 13 weeks after
vaccination. This finding correlated with waning
vaccine effectiveness among recipients of a
fourth dose, which culminated in no substantial
additional effectiveness over a third dose at 15
to 26 weeks after vaccination. These results sug-
gest that the fourth dose, and possibly future
boosters, should be timed wisely to coincide
with disease waves or to be available seasonally,
similar to the influenza vaccine. Whether multi-
valent booster doses will result in longer dura-
bility remains to be seen.
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In Vitro Efficacy of Antiviral Agents against
Omicron Subvariant BA.4.6

TO THE EDITOR: As of September 2022, the BA.5
subvariant of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) B.1.1.529
(omicron) variant has become dominant in most
countries around the world. However, the preva-
lence of the BA.4.6 subvariant is increasing in
the United States.! BA.4.6 and BA.5 share the
same amino acid substitutions in the receptor-
binding domain of the spike protein, which is
the major target for vaccines and therapeutic
monoclonal antibodies against SARS-CoV-2.
BA.4.6 also has an additional mutation that is
not found in BA.S (i.e., R346T), a finding that
arouses concern that the effectiveness of current
vaccines and therapeutic monoclonal antibodies
against this subvariant will be greatly decreased.

Accordingly, we assessed the effectiveness of
several therapeutic monoclonal antibodies that
have been authorized for the treatment of coro-
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Figure 1 (facing page). Antiviral Efficacy and Antibody
Response in Vitro against Omicron Subvariants.

Shown is the neutralizing activity (Panel A) and effica-
cy (Panel B) of monoclonal antibodies and the inhibi-
tory activity (Panel C) and efficacy (Panel D) of antivi-
ral drugs against omicron subvariants. GS-441524 (the
main metabolite of remdesivir) and EIDD-1931 (the ac-
tive form of molnupiravir) are RNA-dependent RNA
polymerase inhibitors. PF-07321332 (nirmatrelvir) is an
Mpro inhibitor. Also shown are the neutralizing activity
of plasma obtained from patients who had received
three doses of the BNT162b2 vaccine (Panel E, left)
and the neutralizing activity of plasma obtained from
patients who had been infected with the omicron BA.2
subvariant after receiving either three doses of the
BNT162b2 vaccine or two doses of the mRNA-1273
vaccine and one dose of the BNT162b2 vaccine (Panel
E, right). Detailed information about the participants
is provided in Tables S3 and S4. IC,, denotes 50% in-
hibitory concentration, and FRNT,, 50% focus reduc-
tion neutralization test.
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