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Year-to-year variation in attack rates could result in underpowered
respiratory syncytial virus vaccine efficacy trials
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Abstract
Objectives: Year-to-year variation in respiratory viruses may result in lower attack rates than expected. We aimed to illustrate the
impact of year-to-year variation in attack rates on the likelihood of demonstrating vaccine efficacy (VE).

Study Design and Setting: We considered an individually randomized maternal vaccine trial against respiratory syncytial virus (RSV)-
associated hospitalizations. For 10 RSV-associated hospitalizations per 1,000 infants, sample size to have 80% power for true VE of 50%
and 70% was 9,846 and 4,424 participants. We reported power to show VE for varying attack rates, selected to reflect realistic year-to-year
variation using observational studies. Eight scenarios including varying number of countries and seasons were developed to assess the in-
fluence of these trial parameters.

Results: Including up to three seasons decreased the width of the interquartile range for power. Including more seasons concentrated
statistical power closer to 80%. Least powered trials had higher statistical power with more seasons. In all scenarios, at least half of the trials
had !80% power. For three-season trials, increasing the sample size by 10% reduced the percentage of underpowered trials to less than
one-quarter of trials.

Conclusion: Year-to-year variation in RSV attack rates should be accounted for during trial design. Mitigation strategies include re-
cruiting over more seasons, or adaptive trial designs. � 2022 The Authors. Published by Elsevier Inc. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Phase III vaccine trials are of critical importance to pro-
vide pivotal evidence to decide whether the benefits of the
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vaccine outweigh its risks before they are made commer-
cially available [1]. Planning and executing these large
multicenter trials requires considerable time and resources
[1,2]. Trials failing to show efficacy despite a clinically
relevant effect may result in disregarding potentially effec-
tive vaccine candidates for lack of evidence.

Why is planning phase III vaccine trials such a challenge?
To demonstrate the efficacy of an intervention, enough cases
must be observed during the trial to show a statistically sig-
nificant difference between the intervention and noninterven-
tion groups [1]. Vaccine trials include healthy subjects that
may later be exposed to the pathogen without knowing how
many will be infected. This makes vaccine trials vulnerable
to overestimating disease incidence [3].

Vaccine trials may face additional challenges due to
year-to-year variation. Attack rates are often regarded as
a stable parameter throughout the study for a given
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What is new?

Key findings
� In the maternal RSV VE trial scenarios, including

more seasons limited the deviations from the tar-
geted statistical power due to year-to-year variation
in attack rates. In all scenarios, at least half of the
trials had !80% power. Increasing sample size by
10% reduced the number of trials having !80%
power from half to a quarter in scenarios that
included three seasons.

What this study adds to what is known?
� The study illustrated and quantified how year-to-

year variation can decrease the ability of trials to
demonstrate VE. Possible avenues for limiting
and monitoring the potential impact like including
more seasons, increasing the target sample size and
adaptive trial designs were described.

What are the implications, what should change
now?
� Year-to-year variation in attack rates should be

taken into account at trial design. The parameters
of the scenarios were selected to isolate the effect
of year-to-year variation in each site. Future
studies should not only take into account potential
impact of year-to-year variations in attack rates,
but also other factors to help guide sites selection.

geographic area [4,5]. For seasonal pathogens and particu-
larly respiratory pathogens, the expectation of stable inci-
dence over several seasons is unlikely.

Unexpectedly low attack rates have been suggested as
explanation for an unsuccessful vaccine efficacy (VE)
trial against respiratory syncytial virus (RSV) in older
adults in 2016 [6]. In addition, early models showed that
the unusual RSV circulation that has been reported since
the start of the coronavirus disease 2019 (COVID-19)
pandemic may impact upcoming seasons [7e11]. Yet,
we are not aware of research assessing the impact of
year-to-year variation in attack rates on statistical power.
Articles discussing attack rates and sample size present
either qualitative discussions on factors to consider when
planning trials [1,12,13] or methods for estimating sample
size in particular situations like for complex endpoints
[14e16].

RSV causes winter epidemics in temperate and tropical
regions. Particularly mild RSV seasons tend to follow se-
vere seasons, suggesting that the build-up of susceptible in-
dividuals influences intensity [17]. However, the factors
involved in how often this occurs are not yet well under-
stood. As RSV is a major cause of acute lower respiratory
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tract infection in young infants worldwide [18], maternal
immunization strategies have been strongly supported
[19,20]. No vaccine against RSV is currently licensed, but
several products are at advanced stages of clinical develop-
ment [21].

We selected a maternal vaccine trial against RSV to
illustrate the challenge of year-to-year variation in attack
rates for efficacy trials. The first objective was to estimate
the impact of year-to-year variation in attack rates on the
likelihood of having a successful phase III maternal RSV
vaccine trial, using realistic variations in attack rates for
consecutive seasons and vaccine parameters. The second
was to quantify the implications for sample size.
2. Materials and methods

2.1. Illustrative trial

For illustrative purposes, we selected a maternal RSV
VE trial. The endpoint was to show VE against
laboratory-confirmed RSV-associated hospitalizations
(RSVH) for acute lower respiratory tract infections in
healthy 0- to 5-month-old infants. We considered a
controlled individually randomized trial with a 1:1 ratio be-
tween vaccinated and unvaccinated pregnant women. We
calculated the total sample size required to have 80% power
for an arbitrarily chosen attack rate of 10 RSVH per 1,000
infants and assumed this would be the attack rate for the
duration of the trial. Type I error was set to 5% and VE
was 50% (VE50%) or 70% (VE70%), the lower bounds
of acceptable and preferred efficacy for RSV maternal vac-
cines as per World Health Organisation recommendations
[22]. Efficacy was measured over one season as the protec-
tion from maternal passive antibodies is expected to persist
3e6 months after birth [23,24]. The total sample size was
9,846 participants for true VE50% and 4,424 participants
for true VE70%.

2.2. Scenarios

To assess the influence of (a) the duration of the trial
(number of season), (b) the choice of sites included, and
(c) the number of sites included, we developed eight sce-
narios (Table 1). The scenarios corresponded to different
illustrative trial designs that included one to three seasons
and two to six sites, with varying selection of sites.

2.3. Reported outcome

Statistical power is defined as the probability of obtain-
ing a statistically significant effect if the vaccine is effica-
cious. The likelihood of having a successful trial was
evaluated as the statistical power to show VE. We calcu-
lated statistical power of the illustrative trial when RSVH
attack rates deviated from 10/1,000 infants (while keeping
assumed true VE and sample size constant). For each



Table 1. Scenarios used to assess the influence of duration of the trial, and the number and selection of countries; and corresponding number of
combinations of annual attack rates used in each scenario

Scenario Number of RSV seasonsNumber of countries Selected countries Number of attack rates

Two region scenarios in Kenya and
Bolivia, varying number of seasons

Scenario 1 (S1) 1 2 Kenya and Bolivia 36

Scenario 2 (S2) 2 2 Kenya and Bolivia 25

Scenario 3 (S3) 3 2 Kenya and Bolivia 16

Four region scenarios in Kenya, Bolivia,
United States, and Spain, varying
number of seasons

Scenario 4 (S4) 2 4 Kenya, Bolivia, United States, and Spain 300

Scenario 5 (S5) 3 4 Kenya, Bolivia, United States, and Spain 96

Four region scenarios in Kenya, Bolivia,
Guatemala, and Germany, varying
number of seasons

Scenario 6 (S6) 2 4 Kenya, Bolivia, Guatemala, and Germany 500

Scenario 7 (S7) 3 4 Kenya, Bolivia, Guatemala, and Germany 192

Six region scenarios in Kenya, Bolivia,
United States, Spain, Guatemala,
and Germany with 2 seasons

Scenario 8 (S8) 2 6 Kenya, Bolivia, United States, Spain,
Guatemala, and Germany

3,600

Abbreviations: RSV, respiratory syncytial virus.
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scenario, a set of attack rates was calculated to represent
realistic relative year-to-year variation. For that, we used
observational studies conducted over several seasons. Po-
wer to show VE was calculated for each attack rates in
the set. We reported the interquartile range (IQR) for power
and the proportion of underpowered and severely under-
powered trials, respectively defined as trials having !
80% and !70% power per scenario.
2.4. Selected observational studies

We searched PubMed using the terms ‘‘RSV’’ or ‘‘Res-
piratory Syncytial Virus’’ and ‘‘rates’’ or ‘‘incidence’’ or
‘‘burden.’’ Eligible studies had to report rates of RSVH in
infants aged 0e5 months (preferred) or 0e11 months
(more often reported), use laboratory-confirmed RSV cases,
and include at least three RSV seasons (pre-COVID-19).
We selected six studies in different countries to represent
the six sites of the scenarios (Table 1). The selection was
based on the following prioritization criteria: longest obser-
vation period for the country, annual attack rates per age
group readily available in publication, and age group
0e5 months reported. Characteristics of the selected
studies are available in Table 2 [18,25e29]. For simplicity,
the rest of the manuscript refers to the studies by the name
of the country, although they may not be representative of
the entire country’s seasonality.

Kenya and Bolivia were selected for two-country sce-
narios (S1eS3) because they had the longest observation
periods. Four-country scenarios (S4eS7) included Kenya,
Bolivia, and either Germany and Guatemala or the United
States and Spain, respectively representing countries with
substantial or limited year-to-year variation in RSV attack
rates. The degree of year-to-year variation was defined as
the fold-change between the highest and the lowest RSVH
attack rates, with substantial variations corresponding to
over two-fold changes. All six countries were included in
the final scenario (S8).
2.5. Scenarios attack rates

Average RSVH attack rates in the selected studies ranged
from 2.31/1,000 infants to 36.8/1,000 (Supplementary
Fig. 1). This was largely due to methodological differences.
The lowest attack rates were found in studies reporting
RSVH among infants aged 0e11 months (vs.
0e5months), using more severe clinical case definitions [se-
vere acute respiratory infection (ARI)/clinical pneumonia vs
ARI] and less sensitive testing methods (direct fluorescent
antibody and enzyme-linked immunosorbent assay vs.
reverse-transcriptase polymerase chain reaction).

These differences were expected as more severe clinical
case definitions and less sensitive testing methods would
capture a smaller part of the true RSV incidence. Due to
these differences, it was uncertain if RSV incidence was
truly higher in the selected studies that measured generally
high incidence. To avoid these studies weighing more on
power estimations, the attack rates of the selected studies



Table 2. Characteristics of selected studies

Country Authors
Country income

levela Study period Age group Source of cases Case definitionb

Kenya Nokes et al. [27] LMIC 2002e2007 0e11 months Hospitals Clinical pneumonia

Bolivia Chavez et al. [25] LMIC 2012e2017 0e11 months Hospitals SARI

United States Hall et al. [26] HIC 2000/2001 to 2004/2005 0e5 months Hospitals ARI

Spain Vicente et al. [28] HIC 1996/1997 to 1999/2000 0e5 months Hospitals ARI

Guatemala McCracken et al. [18] UMIC 2008e2013 0e5 months Hospitals and
outpatient clinics

ARI

Germany Weigl et al. [29] HIC 1996/1997 to 2000/2001 0e11 months Hospitals ARI

RSV testingc
Total number
of cases Denominator

Range of raw
incidence (per 1,000)

Range of rescaled
incidence (per 1,000)

Degree of
year-to-year variationd

DFA 424 Population estimates 9.4e20.7 6.0e13.2 1.19

RT-PCR - Population estimates 1.2e3.2 5.4e14.4 1.70

RT-PCR 328 Population estimates 11.7e21.7 7.2e13.3 0.85

ELISA 235 Population estimates 16.9e50.1 4.6e13.6 1.96

RT-PCR 709 Population estimates 22.2e154.5 2.5e17.1 5.97

RT-PCR 230 Population estimates 8.5e27.2 5.2e16.7 2.21

a LMIC, low-middle income county; UMIC, upper middle in country; HIC, high income country; according to The World Bank 2022.
b ARI, acute respiratory infection; SARI, severe acute respiratory infection.
c DFA, direct fluorescent antibody test; ELISA, enzyme-linked immunosorbent assay; RT-PCR, reverse-transcriptase polymerase chain reaction.
d The degree of year-to-year variation in attack rates was defined as the fold change between the highest and the lowest annual attack rates

reported in the study.
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were rescaled to obtain common average RSVH attack rate
of 10/1,000 infants (Supplementary Fig. 1). Annual attack

rates were multiplied by 10=1;000
study average attack rate which pre-

served the relative variations (ratios) between annual attack
rates and homogenized the order of magnitude of attack
rates between studies.

The set of attack rates of each scenario corresponded to
all possible combinations of annual attack rates for the sea-
sons and countries included (Table 1). For example, S1
included one season in Kenya and Bolivia. RSVH attack
rates were available for six seasons in these countries, cor-
responding to 6 � 6 5 36 different attack rates. The sce-
narios included 16e3,600 different overall attack rates,
depending on the number of countries and seasons.

As there may be patterns in year-to-year variation in
RSV incidence (eg, alternation in mild and severe seasons),
multiple season scenarios included only consecutive sea-
sons. However, because the observation periods of the
selected studies started at different calendar years, the first
season included could differ in calendar time between
countries of the same scenario (Table 2). For example, sea-
sons 2002 and 2003 in Kenya could be coupled with sea-
sons 2012 and 2013 or 2013 and 2014 in Bolivia but not
with seasons 2012 and 2014 (as those are not consecutive).
We calculated the overall cumulative RSVH attack rates for
each combination of annual attack rates. For simplicity, we
assumed the number of participants to be equal between
countries and seasons. The overall attack rates were used
to calculate power to show VE. VE was assumed to be in-
dependent of attack rates and stable over time.
2.6. Evaluation of strategies to improve the likelihood of
a successful trial

One strategy to improve the likelihood of a successful
trial is to aim for a higher sample size than the minimal
sample size requirement for average incidence. This could
prevent the trial from being underpowered if the attack
rates are lower than expected. To assess the effect of
increasing sample size on the distribution of power, we
calculated the power to show VE in the eight scenarios
when sample size was increased by 10% and 20%.
2.7. Statistical analysis

Statistical power and sample size based on Fisher’s exact
test were done with the exact 2 � 2 package with R [30].
The scenario’s sample size was calculated for average
attack rate (10 RSVH per 1,000 infants) with the ss2 � 2
function. This function repeats statistical power calcula-
tions with varying sample size to determine the smallest
sample size returning the desired power (80%). Statistical
power was calculated for each cumulative attack rates in
the scenarios for the previously determined sample size
by repeating Fisher’s tests and summing probability of
rejection.
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3. Results

3.1. Impact of year-to-year variation in attack rates

3.1.1. Relationship between statistical power and attack
rates.

For a given sample size, the statistical power to show VE
depends on the number of events observed during the trial.
Sample size was calculated to have 80% power for 10
RSVH per 1,000 participants. Thus, power was O80%
when attack rates were higher than 10/1,000 participants
and!80% when incidence was lower than 10/1,000 partic-
ipants (Fig. 1).

3.1.2. Number of seasons.
Extending trial duration while keeping sample size and

VE constant concentrated statistical power around 80%
(Fig. 2, Table 3). In two-country scenarios (S1eS3), the
width of the IQR for power gradually decreased when up
to three seasons were included for VE50% and VE70%.
This decrease was also observed when a third season was
added in four-country scenarios whether additional coun-
tries showed limited (S4eS5) or substantial (greater than
two-fold change) year-to-year variation in attack rates (S6
vs S7) and for both VE values. In two-country scenarios,
including more seasons increased the proportion of trials
with !80% power from 50% in S1 to 56% in S3. Although
the proportion of trials with !80% power was higher in S5
than S4 (85% and 69%), it was 67% in S6 and S7. On the
contrary, the proportion of trials with !70% power
decreased when more seasons were included. No trials
had !70% power when three seasons were included.

3.1.3. Selection of countries.
To assess the influence of country selection, we

compared scenarios including Kenya, Bolivia, and two
countries showing either substantial (Guatemala and Ger-
many, greater than two-fold change, S6 and S7) or limited
(United States and Spain, S4 and S5) year-to-year variation
in RSVH attack rates (Fig. 2, Table 3). The width of the
IQR for power was larger with Guatemala and Germany
than with Spain and the United States. This was observed
in two-season (S6, S4) and three-season scenarios (S7,
S5), and for VE50% and VE70%. The proportion of trials
with !80% power was lower with Guatemala and Ger-
many than with Spain and the United States, for two-
season (67% in S6, 69%in S4) and three-season trials
(73% in S7, 85% in S5). When two seasons were included,
the proportion of trials with !70% power was 3% with
Spain and the United States (S4) and 4% with Guatemala
and Germany (S6).

3.1.4. Number of countries.
In scenarios with two seasons, increasing the number of

countries from two to six (S2, S4, S6, S8) had limited effect
on the width of the IQR for statistical power (Fig. 2,
Table 3). The proportion of trials with !80% power
increased from 56% with two countries in S2 to 73% with
six countries in S8. On the contrary, the proportion of trials
with less than 70% power decreased from 8% to 1% when
the number of countries increased.
3.2. Accounting for variation in sample size

Weassessed the extent towhich year-to-year variation can
be accounted for by increasing the original sample size by
10% or 20%. This corresponded to 986e1,970 additional
participants for VE50% and 444e886 additional participants
for VE70% (Table 3). In all three-season scenarios (S3, S5,
and S7), less than one-quarter of trials had !80% power
when sample size was increased by 10% (Q1 O 80%).
Conversely for S1 (one-season two-country scenario), this
was achieved only by increasing sample size by 20%.
4. Discussion

This study aims to quantify the impact of year-to-year
variation in RSVH attack rates on power to show VE using
realistic parameters. We developed eight RSV maternal vac-
cine trial scenarios with different numbers of countries and
seasons included to illustrate the impact of the selection on
power. Power was mostly influenced by the number of sea-
sons. Although including more seasons decreased the devi-
ations from the targeted power by decreasing the width of
the IQR for power (S1eS7), including more countries had
no clear statistical benefit (S2, S4, S6, and S8). Including
countries with substantial variations in RSVH attack rates
had a small but negative effect, as it increased the width of
the IQR for power (S4eS7). In all scenarios, at least half
of the trials had !80% power and the proportion of trials
with !80% power increased slightly with more seasons
and more countries. Including more seasons centered power
closer around 80% which decreased the proportion of
severely underpowered trial (!70%). To reduce the propor-
tion of underpowered trials !25%, sample size had to be
increased by 10% for the three-season scenarios (S4, S5,
and S7) and 20% for the one-season scenario (S1).

The scenarios included all possible combinations of
RSVH attack rates for the chosen number of seasons and
countries. Consequently, including more countries did not
eliminate extreme scenarios with simultaneous mild or se-
vere seasons in all countries. Thus, only extending the num-
ber of seasons improved the likelihood of achieving the
targeted power. However, as shown in the literature,
including more sites can spread the risk of low attack rates,
low recruitment rates, and improve generalizability to facil-
itate licensing [31,32].

One apparent disadvantage of including more seasons
and countries was the larger proportion of trials with !
80% power. This was due to the selected studies and the pa-
rameters of the scenarios. In most of the selected studies,



Fig. 1. Statistical power to show a statistically significant VE based on the expected number of events for all sets of RSVH attack rates included in
scenarios S1eS8 combined, for VE 5 50% (9,846 participants) and VE 5 70% (4,424 participants). RSVH, respiratory syncytial virus-associated
hospitalization; VE, vaccine efficacy.
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attack rates were higher than average in the first and last
seasons while the mildest seasons were recorded in the
middle of the observation period (Supplementary Fig. 1).
Because multiseason scenarios included only consecutive
seasons, middle seasons with lower incidence were
included in twice as many attack rate calculations than ex-
tremity seasons. Including more seasons or more countries
amplified the effect and increased the proportion of trials
having !80% power. This increase was not observed when
the last and first season were assumed to be consecutive
(data not shown). This underlines that average attack rates
are sensitive to the observation period and should not be
considered as stable values.

As expected, the width of the IQR for power increased
with countries showing substantial year-to-year variation
in attack rates as more extreme attack rates were included.
The effect was small and of similar magnitude with two (S4
and S5) or three seasons (S6 and S7). In field trials, the ef-
fect of including countries with important year-to-year vari-
ation could be counterbalanced by generally high RSVH
attack rates. Particular patterns such as biannual seasonality
can impact ability of trials to show VE. In regions with
alternating mild and severe RSV seasons, like Finland, a
three-season trial could include two mild or two severe sea-
sons, depending on the first season of the trial [17,33]. This
would substantially alter the number of expected events
despite equal recruitment.

Strategies to limit the impact of year-to-year variation in
attack rates on trial outcomes can be integrated in the trial
design. First, the most influential factor in the scenarios was
the number of seasons. For the same sample size, adding a
second season eliminated extreme possibilities and a third
season further centered power (S1eS3). This suggests that
phase III trials should not be conducted over a single season
without strong indications of a severe season coming or
when the duration of the trial is of particular importance
(eg, public health emergencies). Including more than two
seasons should be considered because two mild RSV sea-
sons can occur consecutively (Supplementary Fig. 1).

Second, most trials in the scenarios had !80% power,
suggesting that a safety margin could be added to the min-
imal required sample size (or sample size should be calcu-
lated for a higher power than intended). Year-to-year
variation can be of such amplitude that accounting for the
lowest possible attack rate would likely result in large sam-
ple size increases. However, when combined with including



Fig. 2. Statistical power to show VE based on the expected number of events for the RSVH attack rates included in the set of scenarios S1eS8 and
number of RSVH attack rates in each scenario, for VE 5 50% with 9,846 participants and VE 5 70% with 4,424 participants. (A) Scenarios
S1eS3, including one to three seasons in Kenya and Bolivia. (B) Scenarios S4eS7, including two and three seasons in Kenya, Bolivia, and either
the United States and Spain or Guatemala and Germany. (C) Scenario S8 including two seasons in Kenya, Bolivia, the United States, Spain,
Guatemala, and Germany. RSVH, respiratory syncytial virus-associated hospitalization; VE, vaccine efficacy.
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Table 3. Median and interquartile range for statistical power in scenarios S1eS8 for the base scenario and sample sizes increased by 10% and
20%; and number of combinations of annual attack rates used in each scenario

Scenarios Number
of attack
rates

Vaccine efficacy 50% Vaccine efficacy 70%

Base scenario 10% increase 20% increase Base scenario 10% increase 20%increase

Sample size 9,846 10,832 11,816 4,424 4,868 5,310

Two countries

Scenario S1a 36 80.0 [72.6e85.2] 83.9 [77.1e88.5] 87.1 [81.0e91.2]b 80.0 [72.2e85.8] 84.3 [76.9e89.3] 87.8 [81.1e92.0]b

Scenario S2a 25 79.2 [76.0e81.5] 83.2 [80.3e85.2]b 86.4 [83.8e88.3] 79.1 [75.7e81.6] 83.5 [80.3e85.8]b 87.1 [84.2e89.0]

Scenario S3a 16 79.3 [77.6e81.5] 83.3 [81.8e85.2]b 86.6 [85.2e88.3] 79.3 [77.4e81.6] 83.7 [82.0e85.8]b 87.2 [85.7e89.0]

Four countries

Scenario S4a 300 77.9 [75.2e80.5] 82.0 [79.5e84.4] 85.4 [83.2e87.5]b 77.7 [74.8e80.6] 82.3 [79.5e84.9] 86.0 [83.5e88.2]b

Scenario S5a 500 78.4 [77.2e79.4] 82.5 [81.4e83.4]b 85.8 [84.8e86.6] 78.3 [77.0e79.4] 82.7 [81.6e83.8]b 86.4 [85.3e87.3]

Scenario S6a 96 77.9 [75.0e81.1] 82.0 [79.3e84.9] 85.4 [83.0e87.9]b 77.8 [74.6e81.2] 82.3 [79.3e85.4] 86.0 [83.3e88.7]b

Scenario S7a 192 78.8 [76.4e80.8] 82.8 [80.6e84.7]b 86.1 [84.2e87.8] 78.7 [76.1e80.9] 83.1 [80.7e85.1]b 86.7 [84.6-88.5]

Six countries

Scenario S8a 3,600 77.9 [75.5e80.2] 82.0 [79.8e84.1] 85.4 [83.4e87.3]b 77.8 [75.2e80.3] 82.3 [79.8e84.5] 86.0 [83.8e88.0]b

a S1: one season in Kenya and Bolivia; S2: two seasons in Kenya and Bolivia; S3: three seasons in Kenya and Bolivia; S4: two seasons in Kenya,
Bolivia, United States, and Spain; S5: three seasons in Kenya, Bolivia, United States, and Spain; S6: two seasons in Kenya, Bolivia, Guatemala,
and Germany; S7: three seasons in Kenya, Bolivia, Guatemala, and Germany; S8: two seasons in Kenya, Bolivia, United States, Spain, Guatemala,
and Germany.

b Less than one-quarter of trials underpowered (Q1 � 80% power).
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more seasons, increasing sample size by 10% was sufficient
to reduce the proportion of underpowered trials to !25%.
Intensifying recruitment when and where attack rates are
high would maximize the benefit of including more partic-
ipants but requires predicting RSV circulation weeks in
advance.

Third, the statistical analysis plan should include dispo-
sitions to ensure enough cases are observed during the trial.
For binary outcomes, demonstrating VE requires a fixed
number of events depending on VE [34,35]. Comparing
the number of observed events with the required number
(‘‘case-counting’’) allows one to assess the likelihood of
demonstrating VE without unblinding the trial. Alterna-
tively, adaptive trial designs can be used as ‘‘insurance’’
against overestimating attack rates [36,37]. Adaptive proto-
cols include decision-making rules to modify sample size
or trial duration according to predefined interim data ana-
lyses. Event-driven designs are less dependent on accu-
rately estimating incidence but are impractical for
maternal vaccine trials due to the long delay between vacci-
nation and occurrence of cases. Although event-driven de-
signs will be less likely to be underpowered, an estimate of
attack rates and duration of the trial is still needed to inform
planning of the trial.

The strength of this study is the use of realistic relative
year-to-year variation in RSVH attack rates. The six obser-
vational studies in different countries we selected reported
laboratory-confirmed RSV cases and used testing methods
with O95% specificity [38e40]. The main limitations
result from developing the scenarios to ensure that power
variation was solely due to year-to-year variation. By re-
scaling attack rates only the relative variation (ratios)
between annual attack rates was kept which resolved sys-
tematic underestimation of true RSV incidence due to each
study methodology. However, we cannot exclude that
changes during the studies observation period might have
influenced relative year-to-year variation. Rescaling also
removed differences in RSVH attack rates between coun-
tries, thus true variation may be larger than accounted for
in the scenarios. To assess the impact of rescaling, sce-
narios were run using the original attack rates, before re-
scaling (Supplementary Fig. 2). Without rescaling,
including more seasons still had the largest effect on statis-
tical power while the effect of including more countries was
inconsistent. Second, VE was assumed equal between sea-
sons and between countries. However, maternal VE de-
pends on placental transfer of antibodies, which could
vary with time or between countries. Vaccinating late in
pregnancy can decrease newborns antibody titers [41,42].
Placental malaria and HIV infection were shown to reduce
transfer of antibodies against malaria [43,44]. Third, sce-
narios assumed the same number of participants per coun-
try and per season. In field trials, few sites often contribute
to a majority of the recruitment [18]. The shortfall of events
resulting from low attack rates in a major site would be
more difficult to compensate than in the scenarios. Overall,
rescaling, assuming stable VE and equal recruitment limit
the generalizability and direct applicability of the results
as these parameters can independently impact the outcome
of the trial. Also, all scenarios had a 1:1 randomization ra-
tio. Unequal randomization ratios lead to higher sample
size for the same power [45]. However, the objective was
not to estimate sample size. Finally, all calculations were
based on Fisher’s exact test, known to be conservative [46].
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Our results illustrate how year-to-year variation can
decrease the ability of trials to achieve the primary endpoint
if it is not considered at the design stage. We described
possible avenues to limit and monitor the potential impact,
including adding more seasons or using adaptive trial de-
signs. Sensitivity to overestimating incidence due to normal
year-to-year variation is a peculiarity of vaccine trials that
is often overlooked in sample size discussions. This is
particularly relevant for the RSV field as more phase III tri-
als are expected in the near future, and RSV attack rates
may be less predictable and show different variations due
to the disruption caused by the COVID-19 pandemic. Of
note, similar approaches can be applied to other seasonal
diseases such as influenza or malaria.
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