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BACKGROUND
Clesrovimab is a long-acting investigational monoclonal antibody against site IV 
of the respiratory syncytial virus (RSV) fusion protein. Data regarding the safety and 
efficacy of clesrovimab in healthy infants are needed.

METHODS
We randomly assigned healthy preterm and full-term infants entering their first 
RSV season in a 2:1 ratio to receive one intramuscular 105-mg dose of clesrovimab 
or placebo. The primary efficacy end point was RSV-associated medically attended 
lower respiratory infection (including at least one indicator of lower respiratory in-
fection or disease severity) through 150 days after injection. A key secondary effi-
cacy end point was RSV-associated hospitalization during the same period.

RESULTS
A total of 3614 infants received an injection: 2412 infants received clesrovimab, and 
1202 infants received placebo. Through day 150 after injection, RSV-associated 
medically attended lower respiratory infection occurred in 60 of 2398 infants in 
the clesrovimab group (incidence rate over 5-month period, 2.6%) and in 74 of 
1201 infants in the placebo group (incidence rate over 5-month period, 6.5%), for 
an efficacy of 60.4% (95% confidence interval [CI], 44.1 to 71.9; P<0.001). RSV-
associated hospitalization within 150 days was reported in 9 of 2398 infants in the 
clesrovimab group and in 28 of 1201 infants in the placebo group, for an efficacy 
of 84.2% (95% CI, 66.6 to 92.6; P<0.001). Serious adverse events were reported in 
278 of 2409 infants (11.5%) in the clesrovimab group and 149 of 1202 infants (12.4%) 
in the placebo group.

CONCLUSIONS
In healthy preterm and full-term infants, a single dose of clesrovimab reduced the 
incidence of RSV-associated medically attended lower respiratory infection and RSV-
associated hospitalization, with a safety profile similar to that of placebo. (Funded 
by Merck Sharp and Dohme; CLEVER ClinicalTrials.gov number, NCT04767373.)
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Among infants younger than 1 year 
of age, respiratory syncytial virus (RSV) 
causes an estimated 12.9 million lower 

respiratory infections and approximately 2.2 mil-
lion hospitalizations per year worldwide.1 RSV is 
a leading cause of infant hospitalization in high-
income countries and is a frequent cause of in-
fant deaths in low- and middle-income countries.1 
Preterm infants and those with underlying med-
ical conditions are predisposed to severe RSV 
infection,2 but the majority of RSV hospitaliza-
tions occur in full-term healthy infants.3 The 
burden of severe RSV infection is highest during 
the first 6 months after birth,1 when prevention 
is needed. Recently, two RSV preventive therapies 
— the monoclonal antibody nirsevimab (Beyfortus, 
Sanofi)4,5 and the maternal bivalent prefusion F 
vaccine (ABRYSVO, Pfizer)6 — have been licensed 
for use in infants.

Clesrovimab is a human RSV monoclonal anti-
body with three amino acid substitutions (M252Y, 
S254T, and T256E, collectively referred to as YTE)7 
in the Fc portion. Clesrovimab binds site IV of 
the RSV fusion (F) protein,8 which differs from the 
RSV antibodies palivizumab (site II) and nirsevi
mab (site Ø). Site IV is present on prefusion and 
postfusion conformations of the F protein, where-
as site Ø is present on the prefusion conforma-
tion only.9 The availability of RSV antibodies with 
different binding sites may mitigate the risk of 
viral resistance. Surveillance studies have shown 
that site IV is highly conserved,10-14 which makes 
it an attractive prophylactic target because this 
conservation reduces the potential of viral escape. 
An analysis of more than 15,000 A and B se-
quences of RSV in GenBank showed that the bind-
ing epitope for clesrovimab was conserved with 
99.8% identity.15 Clesrovimab also has high tissue 
distribution and concentration in the nasal com-
partment.16

In a phase 1b–2a ascending-dose study in-
volving infants, investigators found that clesrovi
mab had a safety profile similar to that of pla-
cebo and a half-life of approximately 45 days, 
which is amenable to administration once per RSV 
season.17 We performed the phase 2b–3 CLEVER 
(Efficacy and Safety of Clesrovimab in Infants 
[MK-1654-004]) trial to evaluate the efficacy 
and safety of one 105-mg dose of clesrovimab in 
healthy preterm and full-term infants entering 
their first RSV season.

Me thods

Trial Design and Participants

We conducted this double-blind, randomized, 
placebo-controlled trial in 22 countries (Section S1 
in the Supplementary Appendix, available with the 
full text of this article at NEJM.org). The partici-
pants were healthy infants under the chronologic 
age of 1 year who had been born either early or 
moderately preterm (gestational age, 29 weeks 
to 34 weeks 6 days) or late preterm or full-term 
(gestational age, ≥35 weeks), as shown in Figure 
S1 and described in the protocol (available at 
NEJM.org).

Key exclusion criteria were a recommendation 
that the infant receive palivizumab, a recent his-
tory of febrile illness, and any previous preven-
tive RSV treatment. Palivizumab is licensed in 
many countries for infants at increased risk for 
severe RSV disease, including those born at a 
gestational age of less than 35 weeks and those 
with coexisting conditions such as chronic lung 
disease of prematurity and hemodynamically sig-
nificant congenital heart disease. Infants who 
were eligible to receive palivizumab according to 
local guidelines were excluded from the current 
trial but were evaluated in the separate phase 3 
SMART (MK-1654-007) trial, as described in a re-
port now published in the Journal.18 A full list of the 
inclusion and exclusion criteria is provided in Sec-
tion S2 and the protocol.

The infants were randomly assigned in a 2:1 
ratio to receive a 105-mg intramuscular injection 
of clesrovimab or placebo. All the infants were 
stratified according to gestational age, chronologic 
age, and geographic hemisphere. We conducted 
surveillance for respiratory infection during RSV 
season 1 (through day 180 after injection) and 
season 2 (days 365 to 515 in infants who were 
followed to day 515) (Section S3). This report in-
cludes complete efficacy data for the trial; safety 
follow-up is reported through at least 240 days 
after injection for all the infants.

Oversight

The trial was designed by representatives of Merck 
Sharp and Dohme, a subsidiary of Merck, with 
input from a scientific advisory committee com-
posed of external experts. The trial was approved 
by the appropriate institutional review boards and 
regulatory agencies for each trial center. Written 
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informed consent was provided by each infant’s 
parent or guardian. An independent external data 
monitoring committee provided safety oversight 
for the trial, including two planned interim analy-
ses (Section S4). The authors vouch for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol.

End Points and Adverse Events

The primary efficacy end point was RSV-associ-
ated medically attended (inpatient or outpatient) 
lower respiratory infection that included at least 
one indicator of lower respiratory infection or 
one indicator of disease severity from days 1 to 
150 after injection. The case definition that was 
used for the primary end point required confir-
mation of RSV infection on reverse-transcrip-
tase–polymerase-chain-reaction  (RT-PCR) assay 
from a sample obtained within 7 days before or 
12 days after symptom onset or worsening of 
symptoms, along with cough or difficulty breath-
ing and at least one the following indicators of 
lower respiratory infection or disease severity: 
wheezing, chest-wall retractions, rales or crackles, 
hypoxemia, tachypnea, or dehydration caused by 
respiratory symptoms.19-21

The secondary efficacy end points were RSV-
associated hospitalization from days 1 to 150 after 
injection and RSV-associated medically attended 
lower respiratory infection requiring at least one 
indicator of lower respiratory infection or dis-
ease severity from days 1 to 180 after injection. 
Tertiary end points are detailed in the trial pro-
tocol. A definition of RSV-associated medically 
attended lower respiratory infection that includ-
ed at least one indicator of lower respiratory in-
fection and at least one indicator of disease se-
verity (i.e., two or more indicators in total), which 
was similar to the definition used in clinical trials 
of nirsevimab, was assessed post hoc (Section S5). 
Diagnostic criteria for each RSV-associated end 
point are described in detail in Table S2.

Safety and adverse events were primary trial 
end points. Anaphylaxis or hypersensitivity and 
rash were prespecified adverse events of special 
interest. Details regarding adverse-event report-
ing are provided in Section S3. Pharmacokinet-
ics, serum neutralizing antibodies, and antidrug 
antibodies were analyzed by means of methods 
described previously17 according to the blood-draw 
schedule outlined in Section S6.

Statistical Analysis

For the primary efficacy analysis, we estimated 
that a sample size of approximately 3300 partici-
pants would provide the trial with at least 95% 
power to show at least 25% greater efficacy with 
clesrovimab than with placebo (a significant dif-
ference) for the prevention of RSV-associated med-
ically attended lower respiratory infection through 
day 150 (the primary efficacy end point). For the 
key secondary end point, the trial had more than 
93% power to show significantly greater efficacy 
of clesrovimab than of placebo for the preven-
tion of RSV-associated hospitalization through 
day 150. Both the primary and secondary analy-
ses assumed an underlying efficacy of 70% at a 
one-sided type I error of 2.5%. The overall one-
sided type I error in testing the efficacy hypoth-
eses was controlled at 2.5%, given that the sec-
ondary hypothesis would be tested only if the 
primary hypothesis was successfully shown.

Efficacy analyses were performed in the full 
analysis population, which was defined as all the 
participants who had undergone randomization 
and received an injection of clesrovimab or pla-
cebo and were not excluded for certain protocol 
deviations. The estimated efficacy and 95% con-
fidence intervals were calculated on the basis of 
modified Poisson regression with robust variance 
proposed by Zou,22 including gestational age, geo-
graphic hemisphere, and chronologic age as co-
variates. For tertiary end points and subgroups, the 
model included only the trial-group assignment. 
If the model did not converge or if a confidence 
interval could not be estimated with the use of 
the modified Poisson method, an exact binomial 
method proposed by Chan and Bohidar,23 along 
with Blaker’s confidence interval,24 was used.

Efficacy was calculated as 1 minus the rela-
tive risk (as estimated with the Poisson model) 
and is expressed as a percentage. Incidence rates 
were calculated as the number of cases during the 
follow-up period divided by the total follow-up 
time, multiplied by 5 to obtain the 5-month rate 
and by 6 to obtain the 6-month rate. The primary 
and secondary efficacy hypotheses were consid-
ered to have been met if the lower boundary of 
the two-sided 95% confidence interval was great-
er than 25% and 0%, respectively. The methods 
used for the calculation of the number needed to 
immunize and the handling of missing data are 
detailed in Sections S7 and S8.
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Pharmacokinetic, antidrug antibody, and se-
rum neutralizing antibody analyses were conduct-
ed in the per-protocol population, which consisted 
of participants who underwent randomization and 
received an injection of the correct clinical mate-
rial (clesrovimab or placebo) corresponding to 
the assigned trial group. Participants with devia-
tions from the protocol that could substantially 
affect the pharmacokinetic, antidrug antibody, 
or serum neutralizing antibody end points were 
excluded, or their specific data values after the 
deviation were excluded, from the per-protocol 
population.

Safety analyses were performed in the as-
treated population, which included all the par-
ticipants who had undergone randomization and 
received an injection of clesrovimab or placebo 
and were assessed according to the injection they 
actually received. Estimated differences and 95% 
confidence intervals for between-group differences 
in the percentage of participants with events were 
calculated with the Miettinen and Nurminen 
method.25

R esult s

Participants

Of the 3632 infants who underwent randomiza-
tion, 2421 were assigned to receive clesrovimab 
and 1211 to receive placebo. Of these infants, 
3614 (99.5%) received an injection (Fig. S2). A total 
of 2412 infants received clesrovimab, including 
1 who had been assigned to the placebo group 
but received clesrovimab, and 1202 infants received 
placebo. Three infants underwent randomization 
and received an injection at two different trial sites; 
they were counted each time in the assessment for 
eligibility and were given a unique randomization 
number at each site. These 3 infants were ex-
cluded from the efficacy, pharmacokinetic, anti-
drug antibody, serum neutralizing antibody, and 
safety analyses. Included in the primary efficacy 
analyses were 2398 infants (99.0%) in the clesrovi
mab group and 1201 infants (99.2%) in the pla-
cebo group (Table S3). The median age at enroll-
ment was 3.1 months, with most of the infants 
(79.9%) under 6 months of age; 82.5% were late 
preterm or full-term infants. The characteristics 
of the infants were generally similar in the two 
trial groups (Table 1) and were representative of 
healthy infants at risk for RSV disease (Table S4).

Efficacy

The efficacy of clesrovimab, as compared with 
placebo, against RSV-associated end points rang-
ing from mild to severe disease through 150 days 
and 180 days after injection are shown in Fig-
ure 1A and 1B, respectively. In the first 150 days, 
RSV-associated medically attended lower respira-
tory infection (the primary end point) was diag-
nosed in 60 of 2398 infants in the clesrovimab 
group and in 74 of 1201 infants in the placebo 
group (efficacy, 60.4%; 95% confidence interval 
[CI], 44.1 to 71.9; P<0.001). During the same time 
period, RSV-associated hospitalization was report-
ed in 9 of 2398 infants in the clesrovimab group 
and in 28 of 1201 infants in the placebo group 
(efficacy, 84.2%; 95% CI, 66.6 to 92.6; P<0.001).

In a post hoc analysis of RSV-associated medi-
cally attended lower respiratory infection that re-
quired at least one indicator of lower respiratory 
infection plus at least one indicator of disease 
severity from days 1 to 150, the estimate of effi-
cacy was 88.0% (95% CI, 76.1 to 94.0).

The efficacy of clesrovimab increased across 
end points of increasing RSV disease severity 
and persisted through 180 days (Fig. 1). Kaplan–
Meier graphs show a separation of clesrovimab 
and placebo groups through this period (Fig. 2 and 
Fig. S3). Through 180 days, the efficacy of clesrovi
mab was 91.7% (95% CI, 62.9 to 98.1) against 
RSV-associated severe medically attended lower 
respiratory infection and 91.2% (95% CI, 77.2 to 
96.6) against hospitalization for RSV-associated 
lower respiratory infection.

The number of infants who would need to be 
immunized to prevent one case of RSV infection 
through day 150 ranged from 15 (95% CI, 11 to 
21) for RSV-associated acute respiratory infection 
to 108 (95% CI, 60 to 226) for RSV-associated 
severe medically attended lower respiratory in-
fection (Fig. 1).

Through day 150, hospitalization for lower 
respiratory infection of any cause was reported 
in 60 of 2398 infants in the clesrovimab group 
and in 58 of 1201 infants in the placebo group 
(efficacy, 49.0%; 95% CI, 26.7 to 64.5). During 
the same time period, inpatient or outpatient cases 
of medically attended lower respiratory infection 
of any cause were reported in 526 of 2398 in-
fants in the clesrovimab group and in 296 of 1201 
infants in the placebo group (vaccine efficacy, 
13.1%; 95% CI, −0.6 to 24.8).
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RSV infections caused by RSV A and B sub-
types were detected during the trial. The efficacy 
of clesrovimab across subtypes was consistent with 
the overall efficacy (Fig. S4).

The observed efficacy of clesrovimab relative 
to placebo was generally similar across subgroups 

according to gestational age, body weight, chron-
ological age, and geographic hemisphere and was 
consistent with the efficacy for the overall popu-
lation, as evidenced by the overlapping 95% con-
fidence intervals (Fig. 3, Figs. S5 and S6, and Table 
S5). Although a few of the confidence intervals in 

Table 1. Characteristics of the Infants at Baseline.*

Characteristic
Clesrovimab 
(N = 2411)

Placebo 
(N = 1203)

Total 
(N = 3614)

Sex — no. (%)

Male 1228 (50.9) 617 (51.3) 1845 (51.1)

Female 1183 (49.1) 586 (48.7) 1769 (48.9)

Age

Mean — mo 3.7±2.6 3.7±2.6 3.7±2.6

Distribution — no. (%)

<6 mo 1923 (79.8) 964 (80.1) 2887 (79.9)

6 to <9 mo 383 (15.9) 192 (16.0) 575 (15.9)

≥9 mo 105 (4.4) 47 (3.9) 152 (4.2)

Race or ethnic group — no. (%)†

American Indian or Alaska Native 50 (2.1) 18 (1.5) 68 (1.9)

Asian 641 (26.6) 320 (26.6) 961 (26.6)

Black 326 (13.5) 171 (14.2) 497 (13.8)

Multiple 302 (12.5) 138 (11.5) 440 (12.2)

Native Hawaiian or other Pacific Islander 1 (<0.1) 1 (0.1) 2 (0.1)

White 1082 (44.9) 550 (45.7) 1632 (45.2)

Missing data 9 (0.4) 5 (0.4) 14 (0.4)

Hispanic or Latino ethnic group — no. (%)

Yes 682 (28.3) 335 (27.8) 1017 (28.1)

No 1660 (68.9) 834 (69.3) 2494 (69.0)

Not reported, unknown, or missing data 69 (2.9) 34 (2.8) 103(2.9)

Gestational age — no. (%)

≥29 to <35 wk 422 (17.5) 209 (17.4) 631 (17.5)

≥35 wk 1989 (82.5) 994 (82.6) 2983 (82.5)

Geographic region

Northern Hemisphere 1650 (68.4) 814 (67.7) 2464 (68.2)

Southern Hemisphere 761 (31.6) 389 (32.3) 1150 (31.8)

Climate in region

Tropical or subtropical 459 (19.0) 233 (19.4) 692 (19.1)

Temperate 1952 (81.0) 970 (80.6) 2922 (80.9)

Body weight — kg 5.8±2.0 5.9±2.0 5.8±2.0

Body length — cm 59.2±7.6 59.3±7.5 59.2±7.5

*	�Plus–minus values are means ±SD.
†	�Race and ethnic group were reported by the infants’ parents or guardians. Data were reported as missing if a race or 

ethnic group that is not a standard category was reported on the health-report form.
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this analysis had negative lower boundaries, these 
findings were due to the limited number of cases 
in those subgroups, which led to large variability 
and thus to wide confidence intervals spanning 0.

The percentages of infants with non-RSV com-
munity respiratory infections from days 1 to 180 
were similar in the two trial groups. The most 
common infections were human rhinovirus or en-

Figure 1. Efficacy of Clesrovimab for RSV-Associated End Points, According to Disease Severity.

The efficacy of clesrovimab is shown through 150 days (Panel A) and 180 days (Panel B) after injection. The primary efficacy end point 
was respiratory syncytial virus (RSV)–associated medically attended lower respiratory infection (LRI) that resulted in at least one indica-
tor of LRI or disease severity from days 1 to 150 after injection. Secondary efficacy end points were RSV-associated hospitalization from 
days 1 to 150 after injection and RSV-associated medically attended LRI with at least one indicator of LRI or disease severity from days 1 
to 180 after injection. For the primary, secondary, and post hoc end points for RSV-associated medically attended LRI, the model includ-
ed the following prespecified covariates: geographic hemisphere at randomization, gestational age group, and age group at randomiza-
tion. For tertiary end points of hospitalization for LRI, severe medically attended LRI, and acute respiratory infection, the model includ-
ed only the trial-group assignment as a covariate. Incidence rates were calculated as the number of cases during the follow-up period 
divided by the total follow-up time, multiplied by 5 to obtain the 5-month rate and by 6 to obtain the 6-month rate. The number needed 
to immunize was defined as the number of infants who would need to be immunized to prevent one end-point event, calculated as the 
inverse of the product of efficacy and incidence rates. In Panel A, P<0.001 for the primary end point (RSV-associated medically attended 
LRI with ≥1 indicator of LRI or disease severity from days 1 to 150 after injection; lower boundary of the 95% CI, >25%) and the key sec-
ondary end point (RSV-associated hospitalization from days 1 to 150 after injection; lower boundary of the 95% CI, >0%).
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terovirus and severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) (Table S6).

In the absence of RSV prophylaxis in season 2, 
the incidence of RSV disease was similar across 
trial groups in that season (Section S9). The 
5-month incidence rates of RSV-associated med-
ically attended lower respiratory infection were 
5.5% (95% CI, 4.1 to 7.1) for clesrovimab and 5.4% 
(96% CI, 3.5 to 7.9) for placebo.

Pharmacokinetics

Of the time points tested, the peak serum level 
of clesrovimab occurred on day 7 and declined 
over time (Fig. S7). At day 150, the geometric 
mean level of clesrovimab was 10.2 μg per mil-
liliter (95% CI, 10.0 to 10.4) in the per-protocol 
population consisting of 2107 infants. The geomet-
ric mean level at day 150 was 11.7 μg per milliliter 
(95% CI, 11.3 to 12.0) among the 759 infants who 
weighed less than 5 kg and 9.4 μg per milliliter 
(95% CI, 9.2 to 9.7) among the 1348 infants who 
weighed 5 kg or more at the time of injection 
(Table S7).

Antidrug Antibodies

At day 150, positive results for antidrug antibod-
ies were reported in 120 of 2112 evaluable infants 
(5.7%) in the clesrovimab group. Antidrug anti-
bodies were not evaluated in the placebo group. 
The percentage of infants with positive results for 
antidrug antibodies increased over time (10.6% at 
240 days, 36.0% at 365 days, and 55.3% at 515 
days). Antidrug antibodies had no effect on the 
pharmacokinetics of clesrovimab or on serum 
neutralizing antibody titers during the efficacy 
follow-up period. Serum levels of clesrovimab and 
serum neutralizing antibody titers were similar 
across subgroups defined according to the pres-
ence or absence of antidrug antibodies on the basis 
of antibody status at day 150 (Figs. S8 and S9).

RSV F Sequences

The RSV F protein was sequenced in samples ob-
tained from infants with RSV infections. Through 
day 180, RSV with amino acid substitutions in 
the clesrovimab binding site with a variant allele 
frequency of at least 10% were identified in seven 
infants in the clesrovimab group and in one in-
fant in the placebo group. Of those in the cles-
rovimab group, all the variants were at amino acid 
position 446 (three G446R, three G446E, and one 
G446W). One of these infants met the criteria for 

RSV-associated hospitalization; all the others had 
mild infections that did not meet the end-point 
criteria for RSV-associated medically attended low-
er respiratory infection or RSV-associated hospi-
talization.

Safety

The percentages of infants with adverse events 
were generally similar in the two trial groups (Ta-
ble 2). The most common solicited injection-site 

Figure 2. Time-to-Event Analyses.

Kaplan–Meier curves are shown for time-to-event analyses of the percent-
age of infants in the full-analysis population who were free from RSV-asso-
ciated medically attended LRI with at least one indicator of LRI or disease 
severity through day 180 (Panel A) or RSV-associated hospitalization 
through day 180 (Panel B). Tick marks indicate censored data. The inset in 
each panel shows the same data on an expanded y axis.
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adverse event was injection-site pain, and the most 
common solicited systemic adverse event was irri-
tability. Most adverse events were grade 1 or 2 
(Table S8). A low percentage (≤1.2%) of infants 
had a fever (≥102.2°F rectal or ≥101.7°F axillary) 
during the first 5 days.

The percentage of infants who had adverse 
events of special interest was less than 0.5% in 
each trial group (Table 2). All these events were 
nonserious and grade 1 or 2, except for one infant 
in the clesrovimab group who had a grade 3 event 
of urticaria on day 9 after injection, which re-
solved after 4 days. The infant also had a respira-
tory infection on day 7; neither the urticaria nor 
the respiratory infection was considered by the 
investigator to be related to clesrovimab. One 
adverse event of special interest — anaphylaxis 
or hypersensitivity (grade 2 bronchospasm) — 
occurred on day 3 after injection in the clesrovi
mab group, an event that was not considered by 
the investigator to be related to clesrovimab.

One serious adverse event that was considered 
by the investigator to be related to clesrovimab or 
placebo occurred in each trial group. An infant 
who received clesrovimab had an increased body 
temperature (maximum, 100.4°F) for less than 
11 hours on day 4 after injection, for which the 
infant was hospitalized. In the placebo group, 
B-cell precursor acute lymphoblastic leukemia was 
diagnosed in an infant on day 3 after injection.

No adverse events of special interest were re-
ported in infants who were positive for antidrug 
antibodies. The percentage of infants who had 
serious adverse events was similar among those 
with positive antidrug-antibody status (11.7%), 
those with negative antidrug-antibody status 
(11.9%), and those in the placebo group (12.4%) 
through day 365 in season 1, as were the per-
centages of patients with serious adverse events 
from days 365 to 515 in season 2 (2.9%, 3.4%, and 
4.0%, respectively).

The incidence of death was similar in the two 

Figure 3. Efficacy of Clesrovimab through 150 Days after Injection for RSV-Associated End Points, According to Body 
Weight at Randomization.

The efficacy of clesrovimab is shown according to body-weight subgroups in the full analysis population. The model 
included only the trial-group assignment. If the model did not converge or if a confidence interval could not be esti-
mated with the use of the modified Poisson method, an exact binomial method proposed by Chan and Bohidar,23 
along with Blaker’s confidence interval,24 was used.
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groups, in 7 of 2409 infants (0.3%) in the clesrovi
mab group and in 3 of 1202 infants (0.2%) in the 
placebo group. None of the deaths were consid-
ered by the investigator to be related to clesrovi
mab or placebo or attributed to RSV. Details re-
garding deaths are provided in Section S10.

Discussion

In this phase 2b–3 trial, a single 105-mg dose of 
clesrovimab protected healthy preterm and full-
term infants against mild, moderate, or severe 

RSV disease. In addition, the estimated efficacy 
against hospitalization for lower respiratory in-
fection of any cause was 49%. This finding pro-
vides a potential additional public health benefit 
because lower respiratory infection remains a 
predominant cause of infant hospitalization and 
death worldwide.26 In addition, we observed no 
increased incidence or severity of RSV infection 
in the second RSV season in the clesrovimab group 
as compared with the placebo group. This find-
ing aligns with previous findings that infants who 
are protected against RSV infection in their first 

Table 2. Adverse Events (Safety Population).*

Adverse Event
Clesrovimab 
(N = 2409)

Placebo 
(N = 1202)

Estimated Difference 
(95% CI)†

no. of infants (%) percentage points

Overall adverse events‡

Any adverse event

≥1 Adverse event 1816 (75.4) 918 (76.4) −1.0 (−3.9 to 2.0)

Related to clesrovimab or placebo 587 (24.4) 296 (24.6) −0.3 (−3.3 to 2.7)

Any serious adverse event 278 (11.5) 149 (12.4) −0.9 (−3.2 to 1.3)

Related to clesrovimab or placebo 1 (<0.1) 1 (0.1) −0.0 (−0.4 to 0.2)

Death§ 7 (0.3) 3 (0.2) 0.0 (−0.5 to 0.4)

Solicited adverse event or fever on days 1–5  
after injection

Injection-site reaction 223 (9.3) 117 (9.7) −0.5 (−2.6 to 1.5)

Erythema 90 (3.7) 40 (3.3) 0.4 (−0.9 to 1.6)

Pain 122 (5.1) 77 (6.4) −1.3 (−3.1 to 0.2)

Swelling 65 (2.7) 31 (2.6) 0.1 (−1.1 to 1.2)

Solicited systemic adverse event 631 (26.2) 337 (28.0) −1.8 (−5.0 to 1.2)

Decreased appetite 106 (4.4) 61 (5.1) −0.7 (−2.3 to 0.7)

Irritability 450 (18.7) 237 (19.7) −1.0 (−3.8 to 1.7)

Somnolence 303 (12.6) 171 (14.2) −1.6 (−4.1 to 0.7)

With fever 13 (0.5) 14 (1.2) −0.6 (−1.4 to −0.0)

Adverse event of special interest on days 1–42  
after injection

Anaphylaxis or hypersensitivity 1 (<0.1) 0 0.0 (−0.3 to 0.2)

Rash 11 (0.5) 4 (0.3) 0.1 (−0.4 to 0.5)

*	�Safety analyses were performed in the as-treated population, which included all the participants who had undergone 
randomization and received an injection of clesrovimab or placebo, assessed according to the injection they actually 
received. Three participants underwent randomization and received an injection at two different trial sites and were ex-
cluded from the safety analyses. The relatedness of the adverse event to clesrovimab or placebo was determined by the 
investigator.

†	�Estimated differences and 95% confidence intervals were calculated with the Miettinen and Nurminen method.
‡	�Reported adverse events include nonserious adverse events that occurred between day 1 and day 42 and serious ad-

verse events that occurred between day 1 and day 365.
§	� One death in the clesrovimab group that is included in this table occurred on day 487, outside the trial, in a participant 

who discontinued the trial on day 85.
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RSV season do not have more severe disease when 
exposed to RSV thereafter.27

We evaluated a breadth of RSV-associated dis-
ease severity to describe the efficacy profile of 
clesrovimab. Efficacy increased with increasing 
severity of RSV-associated disease and was simi-
lar through 6 months as compared with through 
5 months across end points. Protection through 
6 months could allow for dosing flexibility rela-
tive to the onset of the RSV season. In addition, the 
non–weight-based dosing of clesrovimab offers 
simplicity of administration for health care pro-
viders and may reduce dosing errors.28

We observed efficacy against hospitalization 
for lower respiratory infection of any cause. The 
importance of RSV as a copathogen in childhood 
pneumonia has been shown with data obtained 
during the SARS-CoV-2 pandemic that indicated 
a significant reduction in hospitalization for all-
cause pneumonia and pneumococcal bacteremia 
associated with pneumonia when RSV circulation 
was reduced.29 RSV and pneumococcus may in-
teract through several mechanisms,30 which sug-
gests that prevention of RSV infection may fur-
ther reduce the incidence of lower respiratory 
infection beyond the direct effect on RSV infection.

The diagnostic criteria for medically attended 
lower respiratory infection that we used in the 
calculation of the primary end point were based 
on published literature and information from 
clinical studies, opinions of expert panels on RSV, 
and guidelines of the World Health Organization 
and Centers for Disease Control and Prevention.19-21 
Given the lack of standard diagnostic criteria for 
medically attended lower respiratory infection, it 
is challenging to directly compare the efficacy 
reported here against that of other prophylactic 
therapies. In the MELODY trial of nirsevimab in-
volving healthy infants,5 the primary end point 
required two or more indicators of lower respira-
tory infection and disease severity, which yielded 
approximately 74% efficacy. Using similar criteria 
in a post hoc analysis, we determined an efficacy 
of approximately 88% for clesrovimab. Caveats re-
main against comparing trial outcomes, includ-
ing different populations, trial dates, surveillance 
procedures, and respiratory-symptom collection.

Among clesrovimab recipients, we observed 
seven RSV infections with a sequence variation 
in the clesrovimab binding site at position 446. 
Previously, sequence G446E was identified during 

in vitro testing8 as having reduced neutralization 
by the parental antibody to clesrovimab, RB1, as 
compared with a laboratory reference strain. How-
ever, viral growth curves suggested reduced viral 
fitness. This cost to fitness suggests that these 
viruses are unlikely to have an increased growth-
kinetics advantage over naturally occurring strains 
in vivo or become dominant with widespread use 
of clesrovimab. Additional work to evaluate G446R 
and G446W in vitro is ongoing.

We observed a low level of antidrug antibod-
ies during the primary efficacy period with no 
apparent effect on pharmacokinetics, serum neu-
tralizing antibodies, or safety. Most of the anti-
drug antibodies to clesrovimab have been shown 
to be toward the YTE half-life extending substi-
tutions in the Fc portion of the antibody,31 which 
are outside the active binding site. This factor 
may explain why the serum neutralization activ-
ity of clesrovimab was not affected by antidrug 
antibodies. The percentage of infants who were 
positive status for antidrug antibodies was high-
er at later time points than at day 150, as was 
also observed in our phase 1b–2a study.31 A simi-
lar observation was reported in the MELODY trial 
of nirsevimab.5 An analysis of data regarding 
antidrug antibodies from the phase 1b–2a study 
of clesrovimab showed that the development of 
antidrug antibodies at later time points was as-
sociated with RSV exposure, which resulted in 
both anti-RSV neutralizing titers and antidrug-
antibody responses.31 Adverse events that have 
been associated with antidrug antibodies, such as 
serious hypersensitivity reactions including ana-
phylaxis and serious skin hypersensitivity reac-
tions, were not observed.

Overall, the adverse-event profile of cles-
rovimab was similar to that of placebo, with the 
most common adverse events being conditions 
commonly observed in infants in the trial age 
group. However, rare serious adverse events may 
not be detected in a trial of this size.

These findings show that clesrovimab, admin-
istered as one 105-mg dose before or during the 
first RSV season, provided protection against mild, 
moderate, and severe RSV disease in healthy pre-
term and full-term infants.
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