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Abstract

Respiratory syncytial virus (RSV) causes substantial morbidity and mortality in young children
and the elderly. There are currently no licensed RSV vaccines, and passive prophylaxis with the
monoclonal antibody palivizumab is restricted to high-risk infants in part due to its modest
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efficacy. Although it is widely agreed that an effective RSV vaccine will require the induction of a
potent neutralizing antibody response against the RSV fusion (F) glycoprotein, little is known
about the specificities and functional activities of RSV F-specific antibodies induced by natural
infection. Here, we have comprehensively profiled the human antibody response to RSV F by
isolating and characterizing 364 RSV F-specific monoclonal antibodies from the memory B cells
of three healthy adult donors. In all donors, the antibody response to RSV F is comprised of a
broad diversity of clones that target several antigenic sites. Nearly half of the most potent
antibodies target a previously undefined site of vulnerability near the apex of the prefusion
conformation of RSV F (preF), providing strong support for the development of RSV vaccine
candidates that preserve the membrane-distal hemisphere of the preF protein. Additionally, the
antibodies targeting this new site display convergent sequence features, thus providing a future
means to rapidly detect the presence of these antibodies in human vaccine samples. Many of the
antibodies that bind preF-specific surfaces are over 100 times more potent than palivizumab, and
several cross-neutralize human metapneumovirus (HMPV). Taken together, the results have
implications for the design and evaluation of RSV vaccine candidates and offer new options for

passive prophylaxis.

One Sentence Summary

High-throughput profiling of anti-RSV F antibody repertoires reveals new opportunities for
vaccine design and passive therapy.

Introduction

Respiratory syncytial virus (RSV) is the leading cause of infant hospitalization in the United
States and accounts for an estimated 64 million infections and 160,000 deaths world-wide
each year. However, despite decades of research, the development of a safe and effective
vaccine against RSV has remained elusive, highlighting the need for novel strategies that
induce protective immune responses. Neutralizing antibodies have been shown to protect
against severe RSV disease in humans and animal models, and therefore it is widely agreed
that an effective RSV vaccine should induce a robust neutralizing antibody response (1-3).

Similar to other pneumoviruses, RSV expresses two major surface glycoproteins: the fusion
protein (F) and the attachment protein (G). Although both have been shown to induce
protective neutralizing antibody responses, F is less genetically variable than G, is absolutely
required for infection, and is the target for the majority of neutralizing activity in human
serum (4-8). RSV F is also the target of the monoclonal antibody palivizumab, which is
used to passively protect high-risk infants from severe disease (9). Consequently, the RSV F
protein is considered to be a highly attractive target for vaccines and antibody-based
therapies.

The mature RSV F glycoprotein initially exists in a metastable prefusion conformation
(preF) (10), before undergoing a conformational change that leads to insertion of the
hydrophobic fusion peptide into the host-cell membrane. Subsequent refolding of F into a
stable, elongated postfusion conformation (postF) (11, 12) results in fusion of the viral and
host-cell membranes. Due to its inherent instability, the preF protein has the propensity to
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prematurely trigger into postF, both in solution and on the viral surface (13). Recently,
stabilization of preF has been achieved by protein engineering (14, 15), and stabilized preF
has been shown to induce higher titers of neutralizing antibodies than postF in animal
models (15).

Despite the importance of neutralizing antibodies in protection against severe RSV disease,
our understanding of the human antibody response to RSV has been limited to studies of
human sera and a small number of RSV-specific human monoclonal antibodies (16—19). The
epitopes recognized by these human antibodies, as well as several murine antibodies, have
defined at least four ‘antigenic sites’ on RSV F (1, 10, 16, 18-20) (table S1). Three of these
sites—I, II, and IV—are present on both pre- and postF, whereas antigenic site @ exists
exclusively on preF. Additional preF-specific epitopes have been defined by antibodies
MPES (17) and AM14 (21). Although serum-mapping studies have shown that site -
directed antibodies are responsible for a large proportion of the neutralizing antibody
response in most individuals (8), there are additional antibody specificities that contribute to
serum neutralizing activity that remain to be defined. In addition, it is unknown whether
certain antibody sequence features are required for recognition of certain neutralizing sites,
as observed for other viral targets (22-25). Finally, understanding the relationship between
neutralization potency and epitope specificity will be critical in the selection and design of
vaccine antigens that induce potent neutralizing responses.

To address these questions, we isolated an extensive panel of RSV F-specific monoclonal
antibodies from the memory B cells of three healthy adult donors and used these antibodies
to comprehensively map the antigenic topology of RSV F. The results show that a large
proportion of the RSV F-specific human antibody repertoire is comprised of neutralizing
antibodies, many of which exhibit remarkable potency. The most potent antibodies target
two distinct antigenic sites that are located near the apex of the preF trimer, providing strong
support for the development of preF-based vaccine candidates that preserve these antigenic
sites. Furthermore, the highly potent neutralizing antibodies described here represent new
opportunities for the prevention of severe RSV disease by passive immunoprophylaxis.

isolation of RSV F-specific monoclonal antibodies from healthy adult donors

In order to comprehensively profile the human antibody response to RSV F, we aimed to
isolate and characterize approximately 100 monoclonal antibodies from the memory B cells
of each of three healthy adult donors. Although these donors did not have a documented
history of RSV infection, healthy adults are expected to have had multiple RSV infections
throughout life (26). We assessed the magnitude of the memory B cell response to RSV F by
staining peripheral B cells with a mixture of fluorescently labeled pre- and postfusion RSV
F sorting probes (fig. S1) (11, 15). Both proteins were dual-labeled in order to eliminate
background due to non-specific fluorochrome binding (27). Flow cytometric analysis
revealed that 0.04-0.18% of class-switched (IgG* and IgA™) peripheral B cells were specific
for RSV F (Fig. 1A, fig. S2), which is significantly lower than the percentage of RSV F-
specific cells observed after experimental RSV infection, suggesting that these three donors
were probably not recently exposed to RSV (28). Index sorting showed that 17-38% of
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circulating RSV F-specific B cells express IgA, indicating that IgA memory B cells to RSV
F are present in peripheral blood (Fig. 1B). Approximately 200 RSV F-specific B cells from
each donor sample were single-cell sorted, and antibody variable heavy (VH) and variable
light (VL) chain sequences were rescued by single-cell PCR (29). Over 100 cognate heavy
and light chain pairs from each donor were subsequently cloned and expressed as full-length
IgGs in an engineered strain of Saccharomyces cerevisiae for further characterization (30).
Preliminary binding studies showed that approximately 80% of antibodies cloned from RSV
F-specific B cells bound to recombinant RSV F proteins (table S2).

Sequence analysis of RSV F-specific antibody repertoires

Sequence analysis of the isolated monoclonal antibodies revealed that all three RSV-F
specific repertoires were highly diverse, each containing between 70 and 98 unique lineages
(Fig. 1C, Data file S1). This result is in stark contrast to the relatively restricted repertoires
observed in HIV-infected patients (31) or in healthy donors after influenza vaccination (32).
Compared to non-RSV-reactive antibodies (33), the RSV F-specific repertoires were skewed
toward certain VH germline genes (VH1-18, VH1-2, VH1-69, VH2-70, VH4-304, and
VHS5-51) (Fig. 1D). A bias toward VH1-69 has also been observed in anti-HIV-1, anti-
influenza, and anti-HCV repertoires (34-36), and recent studies have shown that there is a
significant increase in the relative usage of VH1-18, VH1-2, and VH1-69 during acute
dengue infection (37). Hence, it appears that these particular germline gene segments may
have inherent properties that facilitate recognition of viral envelope proteins. The
distribution of heavy chain third complementarity-determining region (CDRH3) lengths in
RSV F-specific antibody repertoires was skewed towards lengths of 14—-18 amino acids
compared to unselected repertoires (Fig 1E). The average level of somatic hypermutation
(SHM) varied between the three donor repertoires, ranging between 16 and 30 nucleotide
substitutions per VH gene (excluding CDRH3) (Fig. 1F), which is comparable to the average
level of SHM observed in anti-influenza antibody repertoires (32, 38) and consistent with
the recurrent nature of RSV infection (26). Interestingly, several antibodies contained greater
than 50 VH gene nucleotide substitutions, suggesting that multiple rounds of RSV infection
can result in antibodies with very high levels of SHM.

A large proportion of antibodies bind exclusively to preF

We next measured the apparent binding affinities of the IgGs to furin-cleaved RSV F
ectodomains stabilized in the prefusion (DS-Cav1) or postfusion (F AFP) conformation
using biolayer interferometry (11, 15). In all three donor repertoires, a relatively large
proportion of the antibodies (36—67%) bound exclusively to preF (Fig. 2A, B). The vast
majority of remaining antibodies bound to both pre- and postF, with only 5-7% of
antibodies showing exclusive postF specificity (Fig. 2A, B). The low prevalence of postF-
specific antibodies in these donor repertoires is consistent with the observation that less than
10% of anti-RSV F serum-binding activity specifically targets postF (8). However, the
majority of cross-reactive antibodies bound with higher apparent affinity to postF (Fig 2A),
suggesting that these antibodies were probably elicited by and/or affinity matured against
postF in vivo. Hence, the significantly higher proportion of preF- versus postF-specific
antibodies is likely due to the higher immunogenicity of the unique surfaces on preF
compared to postF, rather than an increased abundance of preF in vivo. Finally, as expected
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based on the relatively high degree of sequence conservation of RSV F proteins, most of the
antibodies bound to F proteins derived from subtypes A and B (Fig. 2C).

Since certain antiviral antibody specificities have been associated with poly- and
autoreactivity (39-41), we also tested the RSV antibodies for polyreactivity using a
previously described high-throughput assay that correlates with down-stream behaviors such
as serum clearance (42, 43). One hundred and seventy-seven clinical antibodies, as well as
several broadly neutralizing HIV-1 antibodies, were also included for comparison. In
contrast to many previously described HIV-1 broadly neutralizing antibodies, the vast
majority of RSV F-specific antibodies lacked substantial polyreactivity in this assay (fig.
S3).

RSV F-specific antibodies target six major antigenic sites

To map the epitopes recognized by the RSV F-specific antibodies, we first performed
competitive binding experiments using a previously described yeast-based assay (44).
Antibodies were initially tested for competition with D25, AM14 and MPE8—three
previously described preF-specific antibodies (10, 17, 21)—and motavizumab, an affinity-
matured variant of palivizumab that binds to both pre- and postF (10, 11, 45). Non-
competing antibodies were then tested for competition with a site IV-directed mAb (101F)
(46), a site I-directed antibody (ADI-13390) (table S3), and two high affinity antibodies
from the panel (ADI-14443 and ADI-14469) that did not strongly compete with each other
or any of the control antibodies (table S3). Each antibody was assigned to a bin based on the
results of this competition assay (Data file S1).

In order to increase the resolution of our epitope assignments, we also measured the binding
of each antibody to a panel of preF variants using a luminex-based assay (Data file S1). Each
variant contained 2—4 mutations clustered together to form a patch on the surface of preF. A
total of nine patches that uniformly covered the surface of preF were generated (fig. S4).
Deglycosylated preF was also included to identify antibodies targeting glycan-dependent
epitopes. Previously characterized antibodies D25, AM14 and motavizumab were used to
validate the assay (fig. S4). The combined bin and patch data were then used to assign each
antibody to a single antigenic site (Fig. 3A and B), which we defined based on previously
determined structures, resistance mutations, and secondary structure of the F protein.
Overall, these data show that the large majority of isolated antibodies target six dominant
antigenic sites on prefusion RSV F (@, I, II, III, IV, and V). Interestingly, only a small
proportion of the isolated antibodies had binding profiles similar to that of AM14,
suggesting that antibodies targeting this quaternary epitope are not commonly elicited during
natural infection. None of the antibodies were sensitive to deglycosylation of F,
demonstrating that glycan-dependent antibodies are also rarely elicited by natural RSV
infection. Importantly, all three donor repertoires showed highly similar epitope coverage,
suggesting that the majority of healthy adults produce antibodies targeting each of these six
antigenic sites.

Analysis of the preF- and postF-binding activities of the antibodies targeting each antigenic
site (Fig. 3C and fig. S5) revealed that three sites are almost exclusively found on preF (@,
111, and V). Antibodies targeting site @ and site III have been previously described (10, 17),
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and these sites are located on the top and side of the preF protein, respectively. Between 4
and 22% of antibodies from each donor recognized site @ and between 6 and 26%
recognized site III. A relatively large proportion of antibodies from each donor (14-28%)
recognized the previously undescribed site V (Fig. 3B). The majority of site V antibodies
competed with D25, MPE8 and motavizumab, which was unexpected given the distance
between the epitopes recognized by these three antibodies. The patch mutant analysis
revealed that site V antibodies interact with the a3 helix and B3/B4 hairpin of preF. This
region is located between the epitopes recognized by D25, MPES, and motavizumab,
explaining the unusual competition profile observed for this group of antibodies (fig. S6).
Interestingly, two-thirds of the site V-directed antibodies utilized the same VH-VL germline
pair (VH1-18 and VK2-30) and had CDRH3 lengths of 14 or 15 amino acids (Data file S2).
In addition, many of these antibodies shared certain somatic mutations in both the VH and
VL genes (Data file S2), suggesting a common binding mode. In addition to the three
primarily preF-specific sites, approximately one-third of the antibodies that recognized
antigenic site IV were preF-specific, likely due to contacts with 22, which dramatically
rearranges during the transition from pre- to postF. In summary, the epitope mapping data
show that the large majority of isolated antibodies target six dominant antigenic sites,
approximately half of which are exclusively expressed on preF.

Highly potent neutralizing antibodies target preF-specific epitopes

The 364 IgGs were tested for neutralizing activity against RSV subtypes A and B using a
previously described high-throughput neutralization assay (15). For all three donor
repertoires, 70-80% of the isolated antibodies showed neutralizing activity, and 19-38%
neutralized with high potency (IC5q <0.05 pg/ml) (Fig. 4A, B). Notably, several clonally
unrelated antibodies were >5.0-fold more potent than D25 and >100-fold more potent than
palivizumab (Fig. 4A). Interestingly, there was no correlation between neutralization
potency and level of SHM (P=0.89, r=0.0082) (fig. S7, Data file S1), suggesting that
extensive SHM is not required for potent neutralization of RSV. Consistent with the binding
cross-reactivity data, the majority of neutralizing antibodies showed activity against both
subtype A and B (fig. S8).

We next analyzed the relationship between preF- and postF-binding affinity and
neutralization potency (Fig. 4C). This analysis revealed that greater than 85% of highly
potent antibodies (IC5q < 0.05 pg/ml) were specific for preF (fig. S9). Furthermore, preF-
specific antibodies were more than 8-fold more potent than pre- and postF cross-reactive
antibodies and 80-fold more potent than antibodies that specifically recognized postF (Fig.
4D). Importantly, there was a positive correlation between preF binding and neutralization
(P<0.001, r=0.24), and the apparent preF Kps generally corresponded well with the
neutralization ICsgs (Fig. 5A). In contrast, there was no correlation between postF binding
and neutralization (#=0.44, =—0.07) (Fig. 5B). In addition, relatively few antibodies
neutralized with ICsqs lower than 100 pM, which is consistent with the previously proposed
ceiling to affinity maturation (47, 48).

We next analyzed the relationship between neutralization potency and antigenic site (Fig.
5C). Over 60% of the highly potent neutralizing antibodies targeted antigenic sites @ and V,
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which represent two of the three prefusion-F specific sites. In contrast, antibodies targeting
sites III and IV showed a wide range of neutralization potencies, and antibodies targeting
sites I and II were generally moderate to non-neutralizing. Similar results were obtained for
subtype B viruses (fig. S10). Interestingly, a subset of site [V-directed antibodies neutralized
with substantially lower potency than would be expected based on preF binding affinity (Fig.
5A). There are several possible explanations for this observation, including differences in (i)
the accessibility of different sites on the crowded surface of the virion (ii) the sensitivity of
different sites to the antibody angle of approach, and (iii) the mechanisms of neutralization
for preF-specific antibodies compared with antibodies that are reactive with both preF and

postF.

Several antibodies cross-neutralize RSV and HMPV

Given that the RSV and human metapneumovirus (HMPV) F proteins share 33% amino acid
identity, and certain RSV F-specific antibodies cross-neutralize HMPV (17, 49), we next
tested the antibodies in our panel for neutralizing activity against HMPV. Of the 364
antibodies tested, nine neutralized HMPV and two showed highly potent activity against
both HMPV and RSV (Table 1). Sequence analysis revealed that the nine antibodies
comprise five clonal families, which do not show convergent VH germline gene usage,
CDRH3 lengths, or somatic mutations (Data file S3). Nearly all of the cross-neutralizing
antibodies bound exclusively to preF and competed with MPES (antigenic site IIT) (Table 1).
This result was not unexpected, as MPES has been previously shown to cross-neutralize four
pneumoviruses, including RSV and HMPV (17). Although HMPV F was not used for B cell
sorting, all three donor repertoires contained antibodies that cross-neutralized HMPV,
suggesting that highly conserved epitopes are relatively immunogenic in the context of
natural RSV and/or HMPV infection.

Discussion

An in-depth understanding of the human antibody response to RSV infection will aid the
development and evaluation of RSV vaccine candidates. Although previous studies have
coarsely mapped the epitopes targeted by RSV-specific neutralizing antibodies in human
sera (4, 8), the specificities and functional properties of antibodies induced by natural RSV
infection have remained largely undefined. Here, we have used preF- and postF-stabilized
proteins (11, 15), a high-throughput antibody isolation platform, and a structure-guided
collection of prefusion F mutants to clonally dissect the human memory B cell response to
RSV F in three naturally infected adult donors.

In the repertoires analyzed, the ratio of preF-specific antibodies to those that recognize both
pre- and postF varied slightly among the three donors, with an average ratio of
approximately 1:1. These values are somewhat lower than those reported for human sera,
which showed approximately 70% of anti-F serum binding is specific for preF (8). This
discrepancy may be the result of differences between the levels of individual antibodies in
serum, differences in the B cell phenotypes achieved for a particular specificity, or variation
between donors. Despite these minor differences, the results of both studies suggest that
preF-specific epitopes and epitopes shared by pre- and postF are immunogenic during
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natural RSV infection, whereas the unique surfaces on postF are substantially less
immunogenic.

Our repertoire analysis reveals that the large majority of RSV F-specific antibodies target six
dominant antigenic sites on prefusion RSV F: @, I, II, 111, IV, and V. We defined these sites
based on previously determined structures, resistance mutations, and secondary structure of
the preF protein. It is important to note that the nomenclature for describing RSV F
antigenic sites has evolved over time (6, 50-56), and previous mapping efforts were based
on the postfusion conformation of F and did not include surfaces present exclusively on
preF. The crystal structure of preF has provided critical information about F structure and
function as well as new reagents to map antibody binding sites on the unique surfaces of
preF and surfaces shared with postF. We therefore propose an update to the nomenclature
system for antigenic sites on RSV F, building on previous information but now including
structurally defined regions of preF. To a first approximation, each antibody can be assigned
primarily to one of these sites. However, it is likely that antibody epitopes cover the entire
surface of F and that there are antibodies that bind two or more adjacent antigenic sites
within a protomer and quaternary antibodies that bind across protomers. Thus, the antigenic
site nomenclature will never be precise enough to describe the entire spectrum of RSV F-
specific antibodies, but should be considered as a rationally defined three-dimensional guide
to major antigenic sites of preF.

Importantly, the results show that the most potently neutralizing antibodies target antigenic
sites @ and V, both of which are located near the apex of the preF trimer. These findings are
consistent with results obtained from human sera mapping, which determined that the
majority of neutralizing activity can be removed by pre-incubation with preF (4, 8) and that
preF-specific sites other than site @ make up a considerable fraction of preF-specific
neutralizing antibodies (8). Although antigenic site @ has been shown to be a target of
potently neutralizing antibodies (8, 10), the interaction of antibodies with site V is less well
understood. Interestingly, we found that the majority of site V-directed antibodies share
several convergent sequence features, suggesting that it may be possible to rapidly detect
these types of antibodies in human samples using high-throughput sequencing technology
(57). This may prove to be particularly useful for profiling antibody responses to RSV
vaccine candidates that aim to preserve the apex of the preF trimer.

A limitation of our repertoire analysis is the relatively small number of donors studied. We
chose to isolate a large number of monoclonal antibodies from each donor, rather than to
include a large number of donors with limited numbers of antibodies isolated from each. As
a result, intra-donor comparisons can be made with high certainty, but inter-donor
comparisons are less robust. However, the high degree of similarity among the three donor
repertoires (Fig. 3B), combined with the overall agreement of our findings with those of the
sera analysis published previously (8), suggest that the antibody repertoires analyzed here
are likely representative of naturally infected adult donors.

This extensive panel of antibodies provides new opportunities for passive prophylaxis. More
than 30 of these antibodies neutralize RSV more potently than D25, which served as the
basis for MEDI8897—a monoclonal antibody that is currently in clinical trials for the
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prevention of RSV in young, at risk children (58). Additionally, we have isolated several
antibodies that cross-neutralize HMPYV, including one that neutralizes RSV with a potency
comparable to D25. The identification of a cross-neutralizing antibody with potency
equivalent to D25 suggests that cross-neutralization of HMPV does not necessarily occur at
the expense of potent RSV neutralization.

Although passive prophylaxis with highly potent antibodies may substantially reduce the
RSV disease burden in select populations, an effective vaccine would produce the greatest
benefit at the lowest cost. The development of an RSV vaccine has presented a number of
unique challenges, and selection of the optimal vaccination strategy will be of the utmost
importance. The in-depth analysis of the human antibody response to natural RSV infection
presented here provides insights for the development of such a vaccine. Importantly, our
results suggest that immunization of pre-immune donors with preF immunogens will likely
boost neutralizing responses, whereas the use of postF immunogens would be expected to
expand B cell clones with moderate or weak neutralizing activity. Similarly, immunization
of RSV naive infants with preF immunogens would be expected to activate naive B cells
targeting epitopes associated with substantially more potent neutralizing activity compared
to postF immunogens. In addition, the ideal RSV vaccine should preserve antigenic sites @
and V, since these sites are targeted by the most highly potent antibodies elicited in response
to natural RSV infection. Finally, the reagents described here provide a useful set of tools for
the evaluation of clinical trials, which will be critical for selecting the optimal RSV
vaccination strategy from the many currently under investigation (59).

Materials and Methods

For the detailed Materials and Methods, please see the Supplementary Materials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Anti-RSV F repertoire cloning. (A) RSV F-specific B cell sorting. FACS plots show RSV F
reactivity of IgG* and IgA* B cells from three healthy adult donors. B cells in quadrant 2
(Q2) were single cell sorted. (B) Isotype analysis. Index sort plots show the percentage of
RSV F-specific B cells that express IgG or IgA. (C) Clonal lineage analysis. Each slice
represents one clonal lineage; the size of the slice is proportional to the number of clones in

the lineage. The total number of clones is shown in the center of the pie. Lineage numbering

can be found in Data file S1. Clonal lineages were assigned based on the following criteria:
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1) matching of variable and joining gene segments; 2) identical CDR3 lengths; and 3) >80%
homology in CDR3 nucleotide sequences. (D) VH repertoire analysis. VH germline genes
were considered to be enriched in RSV repertoires if at least two out of three donors showed
>3-fold enrichment over non-RSV-specific repertoires (33). (E) CDRH3 length distribution.
(F) Somatic hypermutation in VH (excluding CDRH3). Red bars indicate the average
number of nucleotide substitutions. Each clonal lineage is only represented once in (D) and
(E). Data for non-RSV reactive IgGs were derived from published sequences obtained by
high-throughput sequencing of re-arranged antibody variable gene repertoires from healthy
individuals (33).
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Fig. 2.

Antibody preferences for conformational state and subtype of RSV F are similar across three
adult donor repertoires. (A) IgG affinities for preF and postF are plotted for each donor.
PreF-specific antibodies are colored pink, preF/postF-cross reactive antibodies are orange,
and postF-specific antibodies are white. N.B., non-binder (B) Percentage of antibodies
within each donor repertoire that are preF-specific, preF/postF-cross reactive or postF-
specific. (C) Percentage of antibodies within each donor repertoire that bind specifically to
RSV F derived from subtype A (black), subtype B (white), or both subtypes A and B (grey).
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Fig. 3.
Antibodies isolated from adult donors recognize six antigenic sites spanning the surface of

preF. (A) Structure of RSV preF with one protomer shown as a ribbon colored by antigenic
site. (B) Percentage of antibodies targeting each antigenic site within each donor repertoire.
The antigenic sites recognized by 215 antibodies with higher than 2 nM affinity for preF
were mapped using a combination of antibody binning and patch variant mutational
analysis. (C) Percentage of preF-specific antibodies targeting each antigenic site.
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T;l;e majority of potent neutralizing antibodies recognize preF-specific sites. (A)
Neutralization IC5qs for the antibodies isolated from each donor repertoire. Data points are
colored based on neutralization potency. Red and blue dotted lines depict motavizumab and
D25 ICsqs, respectively. N.N., non-neutralizing. (B) Percentage of neutralizing antibodies in
each donor repertoire, grouped by potency. (C) Apparent binding affinities for preF and
postF are plotted for each antibody and colored according to neutralization potency. (D)
Neutralization ICsgs are plotted for preF-specific, postF-specific, and cross-reactive
antibodies. Red and blue dotted lines depict motavizumab and D25 IC5gs, respectively.
Black bar depicts median ICsy.
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Fig. 5.
The most potent neutralizing antibodies bind with high affinity to preF and recognize

antigenic sites @ and V. (A) Neutralization ICsy is plotted against apparent preF K and

colored according to antigenic site. N.N., non-neutralizing; N.B., non-binder. (B)

Neutralization ICs is plotted against apparent postF Kp and colored by antigenic site. (C)

Antibodies are grouped according to neutralization potency and colored by antigenic site.
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