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BACKGROUND
Vaccines against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
the virus that causes coronavirus disease 2019 (Covid-19), have been used since 
December 2020 in the United Kingdom. Real-world data have shown the vaccines 
to be highly effective against Covid-19 and related severe disease and death. Vac-
cine effectiveness may wane over time since the receipt of the second dose of the 
ChAdOx1-S (ChAdOx1 nCoV-19) and BNT162b2 vaccines.

METHODS
We used a test-negative case–control design to estimate vaccine effectiveness against 
symptomatic Covid-19 and related hospitalization and death in England. Effective-
ness of the ChAdOx1-S and BNT162b2 vaccines was assessed according to par-
ticipant age and status with regard to coexisting conditions and over time since 
receipt of the second vaccine dose to investigate waning of effectiveness sepa-
rately for the B.1.1.7 (alpha) and B.1.617.2 (delta) variants.

RESULTS
Vaccine effectiveness against symptomatic Covid-19 with the delta variant peaked 
in the early weeks after receipt of the second dose and then decreased by 20 weeks 
to 44.3% (95% confidence interval [CI], 43.2 to 45.4) with the ChAdOx1-S vaccine 
and to 66.3% (95% CI, 65.7 to 66.9) with the BNT162b2 vaccine. Waning of vaccine 
effectiveness was greater in persons 65 years of age or older than in those 40 to 
64 years of age. At 20 weeks or more after vaccination, vaccine effectiveness de-
creased less against both hospitalization, to 80.0% (95% CI, 76.8 to 82.7) with the 
ChAdOx1-S vaccine and 91.7% (95% CI, 90.2 to 93.0) with the BNT162b2 vaccine, 
and death, to 84.8% (95% CI, 76.2 to 90.3) and 91.9% (95% CI, 88.5 to 94.3), re-
spectively. Greater waning in vaccine effectiveness against hospitalization was 
observed in persons 65 years of age or older in a clinically extremely vulnerable 
group and in persons 40 to 64 years of age with underlying medical conditions 
than in healthy adults.

CONCLUSIONS
We observed limited waning in vaccine effectiveness against Covid-19–related 
hospitalization and death at 20 weeks or more after vaccination with two doses of 
the ChAdOx1-S or BNT162b2 vaccine. Waning was greater in older adults and in 
those in a clinical risk group.
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Real-world data have consistently 
shown high levels of short-term protec-
tion by vaccines against severe acute re-

spiratory syndrome coronavirus 2 (SARS-CoV-2), 
the virus that causes coronavirus disease 2019 
(Covid-19), with regard to clinical disease and, 
more so, with regard to severe outcomes such as 
hospitalization and death.1-7 The duration of pro-
tection and, therefore, the need for further doses 
are uncertain.

In the United Kingdom, we recently found that 
vaccine effectiveness was slightly lower against 
symptomatic disease with the B.1.617.2 (delta) 
variant than with the B.1.1.7 (alpha) variant 
among adults who had received two doses of the 
BNT162b2 vaccine (Comirnaty, Pfizer–BioNTech) 
(88.0% vs. 93.7%) or the ChAdOx1-S vaccine 
(also known as ChAdOx1 nCoV-19; Vaxzevria, 
AstraZeneca) (67.0% vs. 74.5%), administered over 
an extended interval of 12 weeks.1 Other coun-
tries with high vaccination rates have reported 
substantially reduced protection against infec-
tion with the delta variant. Among elderly nurs-
ing home residents who had received two doses 
of a messenger RNA (mRNA) vaccine 3 weeks 
apart in the United States, vaccine effectiveness 
was 74.7% against symptomatic or asymptomatic 
SARS-CoV-2 infection during the period of March 
through May 2021 but decreased to 53.1% dur-
ing the period of June and July 2021, when the 
delta variant was predominantly circulating.8 In 
Qatar, no evidence of protection against infec-
tion was seen at 20 weeks or more after mRNA 
vaccination.9

Nevertheless, the extent to which reduced vac-
cine effectiveness is a result of a new variant or 
waning immunity remains unclear. Immunoge-
nicity data indicate that antibody titers wane 
relatively rapidly after the receipt of two doses of 
vaccine, which suggests that waning may be an 
important factor in reported decreases in vaccine 
effectiveness over time, although decreases in anti-
body titers may be more rapid than decreases in 
protection.10 A number of serologic markers have 
been found to correlate with SARS-CoV-2 infec-
tion but not with severe or fatal Covid-19.11,12

In the United Kingdom, Covid-19 vaccines 
have been used since early December 2020. Ini-
tially, a 3-week interval between doses of the 
BNT162b2 vaccine was used (for a period of ap-
proximately 4 weeks), which was then changed to 
an extended 12-week interval for all vaccines until 
June 2021; at that time, the interval was reduced 

to 8 weeks, after the emergence of the delta vari-
ant. In this study, we estimated vaccine effective-
ness over time since receipt of the second dose 
of the ChAdOx1-S, BNT162b2, and mRNA-1273 
(Spikevax, Moderna) vaccines in order to investi-
gate the waning of protection against symptom-
atic Covid-19 and related hospitalization and 
death separately for the alpha and delta variants.

Me thods

Study Design

We used a test-negative case–control design to es-
timate vaccine effectiveness of two doses of the 
ChAdOx1-S, BNT162b2, and mRNA-1273 vaccines 
against symptomatic disease as confirmed on 
polymerase-chain-reaction (PCR) testing, against 
hospitalization within 14 days after confirma-
tion on PCR testing, and against death within 28 
days after confirmation on PCR testing. The analy-
sis was stratified to assess vaccine effectiveness 
against the alpha and delta variants during the 
periods when they were circulating. For each out-
come of interest, we compared vaccination status 
in symptomatic adults who had PCR-confirmed 
SARS-CoV-2 infection (case participants) with 
vaccination status in adults who reported symp-
toms of Covid-19 but had a negative PCR test for 
SARS-CoV-2 (control participants).

Data Sources

The data sources are described in detail in the 
Supplementary Appendix, which is available with 
the full text of this article at NEJM.org. Commu-
nity-testing data between December 8, 2020, and 
October 1, 2021, were included. Data were re-
stricted to persons who had reported symptoms 
and samples obtained for PCR testing up to 10 
days after symptom onset in order to account for 
the reduced sensitivity of PCR testing after this 
period. Persons who had previously tested posi-
tive for SARS-CoV-2 (on PCR or antibody testing) 
were excluded from the analysis.

Before May 2021, the alpha variant was the 
main viral variant circulating in the United King-
dom, after which the delta variant predominated. 
Cases were categorized as being due to the alpha 
or delta variant on the following bases: first, on 
the basis of results of whole-genome sequenc-
ing; second, on the basis of the spike (S)–gene 
target status (alpha: target-negative before June 
28, 2021; delta: target-positive from April 12, 2021); 
and third, for cases in which sequencing or 
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S-gene testing was not done, on the basis of 
time period (alpha: from January 4, 2021, to May 2, 
2021; delta: from May 24, 2021), because these 
variants were responsible for more than 80% of 
the cases of infection in all the weeks during 
this period (>95% in most weeks) (Table S1 in 
the Supplementary Appendix).13

Testing data were linked to the Emergency 
Care Data Set (ECDS) to assess vaccine effective-
ness against hospitalization. We included emer-
gency department visits resulting in inpatient 
admission among persons who had symptoms 
within 14 days after the positive test and whose 
visit was not related to injury. ECDS data include 
hospital admissions through NHS emergency de-
partments in England but not elective admissions. 
Only first visits in the 14-day period were in-
cluded if a person had multiple admissions from 
emergency care. To allow for delays in the ECDS 
data flow, only case and control participants 
with sample dates by September 17, 2021, were 
included. We used a sensitivity analysis to assess 
only admissions of persons with Covid-19 or re-
spiratory SNOMED CT (Systematized Nomencla-
ture of Medicine–Clinical Terms) codes as de-
scribed in the Public Health England weekly 
bulletin for emergency departments.14

For the assessment of vaccine effectiveness 
against death, we used the NHS digital data on 
deaths reported in the National Immunisation 
Management System (NIMS). To allow for delays 
in death registrations and for all case partici-
pants to have at least 28 days of follow-up, we 
included only case and control participants with 
test results by July 29, 2021.

Statistical Analysis

Details of the statistical analysis are provided in 
the Supplementary Appendix. Vaccine effective-
ness was adjusted in logistic-regression models 
for participants’ age, sex, index of multiple de-
privation (a measure of socioeconomic status), 
race or ethnic group, care home residence status 
(for analyses including persons ≥65 years of age), 
geographic region, period (calendar week), health 
and social care worker status (for analyses involv-
ing persons <65 years of age), and status of be-
ing in a clinical risk group (available only for per-
sons <65 years of age) or a clinically extremely 
vulnerable group (any age). Clinical risk groups 
included a range of chronic conditions as de-
scribed in the Green Book,15 whereas the clini-
cally extremely vulnerable group included persons 

who were considered to be at the highest risk for 
severe Covid-19, including those with immuno-
suppressed conditions and those with severe 
respiratory disease.16 For deaths, the period was 
modeled with the use of a cubic spline owing to 
smaller numbers.

Analyses were stratified according to age 
group and according to the timing of vaccina-
tion in the general population (Table S2). Among 
persons 65 years of age or older, analyses were 
further stratified on the basis of an assessment 
of the participant’s clinical vulnerability. Among 
persons 40 to 64 years of age, analyses were also 
stratified on the basis of a determination of be-
ing in the clinically extremely vulnerable group 
or in a clinical risk group.

Vaccine effectiveness was assessed for each 
vaccine separately and according to intervals af-
ter vaccination of at least 28 days after the first 
dose and at least 14 days after the second dose. 
To assess potential waning of vaccine effective-
ness, we used intervals of 1 week (7 to 13 days), 
2 to 9 weeks, 10 to 14 weeks, 15 to 19 weeks, 
and 20 weeks and after the receipt of the second 
dose. (Because second doses only started to be 
delivered in large numbers from late March 2021, 
the maximum follow-up in most groups was ap-
proximately 6 months.) For the earliest vaccinated 
group (persons ≥65 years of age), the last follow-
up period was further stratified into periods of 
20 to 24 weeks and of 25 weeks and beyond. An 
additional analysis of vaccine effectiveness against 
hospitalization among persons 80 years of age 
or older was assessed according to the interval 
between vaccine doses (≤28 days or ≥56 days).

R esult s

Descriptive Statistics and Characteristics

A total of 7,106,982 eligible SARS-CoV-2 PCR tests 
with a sample date within 10 days after symptom 
onset were assessed. Of these tests, 6,056,673 
(85.2%) were successfully linked to the NIMS 
database for vaccination status, including tests 
for 84.7% of the case participants and for 85.4% 
of the control participants. The demographic 
characteristics of participants with linked and 
unlinked tests are summarized in Table S3. Of 
the participants with linked tests, 1,706,743 had 
a first recorded positive test result for SARS-
CoV-2 during the study period, of whom 544,468 
were classified as having infection with the alpha 
variant, 1,125,257 as having infection with the 
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delta variant, and 37,018 as having infection with 
another or unknown variant (not included in the 
analysis of vaccine effectiveness). Sequencing 
status according to S-gene target failure over 
time showed the high positive predictive value of 
using the S-gene target failure approach in the 
weeks in which the variant status was unknown.

Over the same period, 4,349,930 negative tests 
were included from 3,763,690 participants (of 
whom 510,177 had two negative results and 76,063 
had three negative results, all occurring >7 days 
after a previous negative test) (Table S4). Overall, 
2,376,037 participants (39.2%) had received two 
doses of the ChAdOx1-S vaccine, 2,133,769 
(35.2%) had received two doses of the BNT162b2 
vaccine, 176,235 (2.9%) had received two doses 
of the mRNA-1273 vaccine, and 12,169 (0.2%) 
had received a mixed course of two different vac-
cines or had an interval of less than 19 days 
between doses; this last group was excluded from 
further analyses. A total of 22,575 participants 
with positive test results were hospitalized with-
in 14 days after the test, and 6336 died within 
28 days after the test (Table S5).

Vaccine Effectiveness Estimates and Vaccine 
Waning

Vaccine effectiveness and numbers of case and 
control participants according to vaccine, dose, 
and age group for the various outcomes are sum-
marized in Tables S6 and S7. In general, vaccine 
effectiveness was higher with the mRNA vaccines 
than with the ChAdOx1-S vaccine with regard to 
several comparisons: against the more severe out-
comes as compared with symptomatic infection, 
with the alpha variant as compared with the delta 
variant, and among younger persons as com-
pared with older persons. Logistic-regression 
results for the all-age analysis for all the vari-
ables included in the models, along with good-
ness-of-fit assessments, are shown in Table S8.

Table 1 and Figure 1 summarize vaccine ef-
fectiveness against symptomatic disease accord-
ing to week after receipt of the second dose for 
the delta variant (numbers of case and control 
participants are summarized in Table S9 and 
according to week in Fig. S1). Vaccine effective-
ness against symptomatic disease due to the delta 
variant peaked in the early weeks after receipt of 
the second dose, then decreased by 20 weeks to 
44.3% (95% confidence interval [CI], 43.2 to 45.4) 
for the ChAdOx1-S vaccine and to 66.3% (95% CI, Ta
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65.7 to 66.9) for the BNT162b2 vaccine. Waning 
of vaccine effectiveness was greater in persons 
65 years of age or older than in persons 40 to 64 
years of age. Follow-up was insufficient to esti-
mate waning of vaccine effectiveness in persons 

younger than 40 years of age, who had been vac-
cinated more recently. The effectiveness of the 
mRNA-1273 vaccine against symptomatic disease 
and hospitalization is shown in Table S10. Follow-
up after infection with the alpha variant was 

Figure 1. Vaccine Effectiveness against Symptomatic Covid-19 and Related Hospitalization and Death in England.

Vaccine effectiveness was assessed among persons 16 years of age or older who had received two doses of the 
ChAdOx1-S or BNT162b2 vaccine in England. Shown are data regarding vaccine effectiveness against infection with 
the B.1.1.7 (alpha) and B.1.617.2 (delta) variants, according to time since the second dose of vaccine. There were in-
sufficient cases of infection with the alpha variant in the later periods after vaccination, given that the alpha variant 
had largely disappeared in the United Kingdom by this stage. The numbers were too small for the assessment of 
death at 1 week. I bars indicate 95% confidence intervals. Covid-19 denotes coronavirus disease 2019.
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limited because this variant stopped circulating 
by the time that later follow-up periods were 
reached (Tables S11 through S13).

Limited waning of vaccine effectiveness was 
noted with regard to protection against hospital-
ization. Vaccine effectiveness against hospitaliza-
tion with infection with the delta variant was 
80.0% (95% CI, 76.8 to 82.7) with the ChAdOx1-S 
vaccine and 91.7% (95% CI, 90.2 to 93.0) with 
the BNT162b2 vaccine at 20 weeks or more after 
vaccination (Fig. 1 and Table 2). Similarly, limited 
waning of vaccine effectiveness was noted against 
deaths due to the delta variant for the ChAdOx1-S 
vaccine (84.8%; 95% CI, 76.2 to 90.3) and the 
BNT162b2 vaccine (91.9%; 95% CI, 88.5 to 94.3) 
at 20 weeks or more after vaccination (Fig. 1 and 
Table 3). Combined results for all the vaccines 
regarding effectiveness against hospitalization 
among participants 65 years of age or older are 
shown in Figure S2. The numbers of case and 
control participants in these analyses of hospi-
talization and death are summarized in Tables S14 
and S15.

In general, lower vaccine effectiveness against 
hospitalization was seen in the oldest age group 
(≥65 years of age), except in the period of 20 weeks 
or more after vaccination with the ChAdOx1-S 
vaccine, although limited data were available for 
the group of persons 40 to 64 years of age for 
the period of 20 weeks or more after vaccination 
and the confidence intervals overlapped (Table 2 
and Fig. 2). Results from the sensitivity analysis 
with the use of only hospitalizations that had 
been coded as respiratory admissions were simi-
lar to those of the primary analysis, showing vac-
cine effectiveness of 82.6% (95% CI, 79.1 to 85.4) 
for the ChAdOx1-S vaccine and 93.5% (95% CI, 
91.9 to 94.7) for the BNT162b2 vaccine against 
the delta variant at 20 weeks or more after vac-
cination (Table S16). Similar results were also 
observed in analyses that included only control 
participants who went on to be hospitalized within 
14 days after testing, but the number of control 
participants was much lower than in the primary 
analysis (Table S17 and Fig. S3).

Stratification according to risk-group status 
identified greater waning in vaccine effectiveness 
against hospitalization with the delta variant 
among persons 65 years of age or older in the 
clinically extremely vulnerable group than among 
those not in the clinically extremely vulnerable 
group (Fig. 3). Very little evidence of waning was 

seen up to 20 weeks or more after vaccination 
among persons 65 years of age or older who 
were not in the clinically extremely vulnerable 
group and had received the BNT162b2 vaccine. 
Greater waning was seen among persons 40 to 
64 years of age in clinical risk groups than 
among their healthy peers, although by 20 weeks 
or more after vaccination, vaccine effectiveness 
with the ChAdOx1-S vaccine was similar in the 
two groups (Fig. S4). With regard to symptom-
atic infection, although vaccine effectiveness was 
lower among participants in risk groups, waning 
was similar according to risk status (Tables S18 
and S19).

An analysis that was restricted to persons 
80 years of age or older who had received the 
BNT162b2 vaccine before January 4, 2021, showed 
lower vaccine effectiveness among participants 
with a short interval (≤4 weeks) than among those 
with an extended interval (≥8 weeks) between 
doses in the latest follow-up periods (≥20 weeks 
after the second dose). However, confidence in-
tervals were wide and overlapping (Fig. S5).

Discussion

Our data provide evidence of waning of protec-
tion against symptomatic infection after the re-
ceipt of two doses of the ChAdOx1-S or BNT162b2 
vaccine from 10 weeks after receipt of the second 
dose. Protection against hospitalization and death, 
however, was sustained at high levels for at least 
20 weeks after receipt of the second dose. At 20 
weeks or more after receipt of the second dose, 
we observed more waning with the ChAdOx1-S vac-
cine than with the BNT162b2 vaccine, although 
the groups who received each vaccine differed.6 
Waning of protection against hospitalization was 
greater in older adults and in participants in a 
clinical risk group. Among persons 65 years of 
age or older who were not in a clinical risk group, 
however, protection against hospitalization re-
mained close to 95% with the BNT162b2 vaccine 
and just under 80% with the ChAdOx1-S vaccine at 
20 weeks or more after receipt of the second dose.

Our finding of waning of vaccine effectiveness 
against symptomatic disease is consistent with 
recent findings from Israel and Qatar that showed 
an increasing proportion of breakthrough cases 
among persons who had received vaccines the ear-
liest.9,17-19 In addition to the emergence of the more 
transmissible delta variant, waning protection 
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against symptomatic infection with increasing 
time since vaccination is also probably contribut-
ing to the increase in the incidence of Covid-19 
in the United Kingdom and elsewhere. However, 
the incidence of Covid-19–related hospitalization 
and death has remained low, especially among vac-

cinated adults.20 Our finding of only limited wan-
ing of protection against hospitalization or death 
in most groups that we studied is consistent with 
the preserved vaccine effectiveness against hospi-
talization that was observed in Qatar.9

Regional U.S. studies have also shown sus-

Table 3. Vaccine Effectiveness against Delta Variant–Related Death among Persons in England Who Received Two Doses 
of the ChAdOx1-S or BNT162b2 Vaccine, According to Weeks since Receipt of the Second Dose.

Vaccine and 
Age Group Vaccine Effectiveness (95% CI)

2–9 Wk 10–14 Wk 15–19 Wk ≥20 Wk

percent

ChAdOx1-S

≥16 Yr 95.0 (93.1–96.4) 93.7 (91.8–95.2) 90.1 (86.9–92.6) 84.8 (76.2–90.3)

≥65 Yr 94.1 (89.6–96.7) 92.9 (89.5–95.2) 87.9 (82.6–91.5) 82.1 (70.1–89.3)

BNT162b2

≥16 Yr 98.5 (96.5–99.3) 96.0 (94.2–97.2) 94.5 (92.5–96.0) 91.9 (88.5–94.3)

≥65 Yr 97.1 (91.7–99.0) 95.1 (92.1–96.9) 93.2 (90.1–95.4) 90.2 (85.3–93.5)

Figure 2. Vaccine Effectiveness against Covid-19–Related Hospitalization among Persons Who Received Two Doses 
of the ChAdOx1-S or BNT162b2 Vaccine, According to Age Group.

Shown are data regarding vaccine effectiveness against Covid-19–related hospitalization with the alpha and delta 
variants, according to age group and time since the second dose of vaccine. I bars indicate 95% confidence intervals.

A Adults ≥65 Yr of Age

B Adults 40–64 Yr of Age
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tained high vaccine effectiveness against Covid-19–
related hospitalization despite the emergence and 
rapid local spread of the delta variant. Across 18 
U.S. states, vaccine effectiveness after the receipt 
of two vaccine doses administered 3 weeks apart 
among adults (median age, 59 years) who had 
been admitted to 21 hospitals during the period 
from March 11 to July 14, 2021, was 86% (95% 
CI, 82 to 88) overall; vaccine effectiveness was 
87% (95% CI, 83 to 90) among patients with ill-
ness onset during the period from March through 
May, as compared with 84% (95% CI, 79 to 89) 
among those with illness onset during the period 
of June and July 2021, with no evidence of a sig-
nificant decrease in vaccine effectiveness over the 
24-week period.21 A similar study involving adults 
in New York during the period from May 3 to 
July 25, 2021, showed hospitalization rates to be 
lower by a factor of nearly 10 among vaccinated 

adults (>90% of whom had received two doses of 
mRNA vaccine 3 weeks apart) than among un-
vaccinated adults (1.31 vs. 10.69 per 100,000 
person-days). Vaccine effectiveness against hos-
pitalization remained relatively stable (91.9 to 
95.3%) during the surveillance period, although 
the age-adjusted vaccine effectiveness against 
new cases of Covid-19 decreased from 91.7% to 
79.8%, a change that coincided with an increase 
in the circulation of the delta variant from less 
than 2% to more than 80% of cases.22 Conversely, 
reports have appeared of an increased propor-
tion of hospitalization among infected adults who 
had been vaccinated the earliest and had received 
two doses of the BNT162b2 vaccine 3 weeks 
apart in Israel.17 The shorter interval of 3 weeks 
as well as the longer follow-up in a population 
with rapid vaccine uptake in Israel may be fac-
tors in explaining this difference as compared 

Figure 3. Vaccine Effectiveness against Covid-19–Related Hospitalization among Persons 65 Years of Age or Older Who 
Received Two Doses of the ChAdOx1-S or BNT162b2 Vaccine, According to Clinically Extremely Vulnerable Group Status.

Shown are data regarding vaccine effectiveness against Covid-19–related hospitalization with the delta variant, ac-
cording to time since the second dose of vaccine and clinically extremely vulnerable group status, among persons 
65 years of age or older. The clinically extremely vulnerable group included persons who were considered to be at 
highest risk for severe Covid-19.16 The numbers were too small for the assessment of Covid-19–related hospitaliza-
tion at 1 week. I bars indicate 95% confidence intervals.
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with findings in the United Kingdom, the United 
States, and Qatar.

Our findings and those from Qatar and the 
United States raise important questions about the 
timing of third doses of vaccine in adults who 
remain protected against hospitalization and 
death for at least 5 months after the receipt of 
two doses. Israel was one of the first countries 
to immunize adults with the BNT162b2 vaccine 
and began offering a third dose of the same vac-
cine to older adults starting in July 2021.23 Early 
data indicate that the third dose was associated 
with large reductions in the incidence of SARS-
CoV-2 infection within 1 week after vaccination, 
with greater reductions in the second week.23 
The duration of protection offered by the third 
dose, however, is uncertain. Many countries, 
including the United Kingdom and the United 
States, are now offering a third dose.

A third dose of vaccine improves both humoral 
and cellular immunity against SARS-CoV-2, with 
increased neutralizing activity against different 
variants, including the delta variant, which is likely 
to improve protection against infection.24 Waning 
of vaccine effectiveness against severe disease 
outcomes was relatively limited in most cohorts 
in this study but is likely to continue with time 
since the receipt of two vaccine doses. Decisions 
on timing of the third dose must balance the rate 
of waning immunity against the prevalence of 
disease, including the risk of new variants, and 
the prioritization of persons at highest risk for 
severe disease. Existing evidence suggests that 
vaccine effectiveness increases with longer inter-
vals between doses and, if this also applies to 
third doses, the administration interval will also 
need to be considered.25 At the same time, it is 
possible that third doses will be more reactogenic 
than previous doses, especially if the recipient re-
ceives different vaccines for the initial and booster 
doses.26 Attractive alternatives include half-dose 
boosters or boosting with variant-targeted vac-
cines, which are both under investigation.27

For the United Kingdom and countries with 
administration intervals that are longer than the 
licensed interval, another important consideration 
is that the extended interval of 8 to 12 weeks 
between vaccine doses provides higher serologic 
responses and increased vaccine effectiveness than 
the licensed interval of 3 to 4 weeks for mRNA 
vaccines,25 which may provide the populations in 
these countries with better, longer-term protec-
tion.12 This hypothesis is supported by our cur-

rent findings comparing short and long admin-
istration intervals among persons 80 years of 
age or older.

We found that waning effectiveness against 
hospitalization was greatest among persons in 
clinical risk groups. Other studies have shown 
lower immune responses and vaccine effectiveness 
among persons in clinical risk groups, most nota-
bly those with immunosuppression.10,21,28,29 The 
United Kingdom and other countries already rec-
ommend a third dose of Covid-19 vaccine for all 
adults as part of their primary immunization 
course.30,31

This study has some limitations. The test-
negative case–control study design is observa-
tional and, therefore, subject to potential bias. 
The very narrow 95% confidence intervals in 
some analyses relate to the large sample size 
and do not account for what may be relatively 
larger effects of bias. A detailed quantification 
of potential bias is beyond the scope of this ar-
ticle, but others have assessed some biases such 
as exposure and outcome misclassification when 
using the test-negative design for hospitalized 
case and control participants.32 A full discussion 
of these limitations is provided in Section S3. 
The likely direction of these biases, if they exist, 
would be to reduce vaccine effectiveness, with 
the reduction being greater with longer intervals 
after vaccination. Other limitations include our 
limited ability to assess waning vaccine effec-
tiveness against the alpha variant owing to low 
circulation since June 2021. In addition, these 
estimates of vaccine effectiveness relate to the 
population of persons who seek testing and were 
successfully matched to the NIMS database, so 
they may not be representative of the whole popu-
lation. For example, a higher proportion of non-
White persons than White persons do not match 
to the NIMS database. We also relied on tested 
persons declaring their symptoms when the test 
was requested, and some asymptomatic persons 
may declare symptoms in order to access the 
test. Overall vaccine effectiveness will be attenu-
ated if it is lower against asymptomatic infection 
and, for control participants, may mean that 
they were not matched on the basis of exposure 
to an infectious disease that led to symptoms.

Our study showed evidence of significant wan-
ing of vaccine effectiveness against symptomatic 
disease, but with limited waning against severe 
disease, for at least 5 months after an extended-
interval, two-dose schedule with the ChAdOx1-S 
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and BNT162b2 vaccines. Waning vaccine effec-
tiveness was greater among older adults and 
among adults in clinical risk groups.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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