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Genomics serology to inform therapies and
vaccines for arthritogenic alphaviruses
Adolfo Garc�ıa-Sastrea,b,c,d,e,1

In PNAS, Malonis et al. (1) isolate and characterize
several human monoclonal antibodies (MoAbs) that
neutralize infection with arthritogenic alphaviruses.
Alphaviruses represent a large group of positive-
strand RNA viruses, some of which cause infections
in humans. They are widely distributed, are transmit-
ted by mosquitoes, and have been clinically classi-
fied as encephalitic and arthritogenic, according to
the most prevalent symptoms in human and animal
infections. Among alphaviruses, Chikungunya virus
(CHIKV) is a frequent cause of outbreaks in different
geographic locations and is characterized by fever
and joint inflammation, often accompanied by

persistent joint pain and arthralgia for several
months after initial infection that can lead to joint
immobilization (2). CHIKV is transmitted by Aedes
mosquitoes, and, although most infections take
place in the tropical and subtropical regions, out-
breaks and local transmission of CHIKV have been
known to occur in Europe and the United States too.
The expansion of the geographical distribution of
the Aedes vector has been a major contributor to
the increases in CHIKV infections during the last dec-
ades (3). Other arthritogenic alphaviruses known to
infect humans are Mayaro virus (MAYV), Ross River
virus (RRV), and O’nyong-nyong virus (ONNV),

Fig. 1. Genomics serology to inform therapies and vaccines for arthritogenic alphaviruses. Circulating B cells binding
to the ectodomain of the glycoprotein of MAYV in a convalescent donor previously exposed to CHIKV infection are
single-cell cloned, and their encoded antibodies are sequenced and expressed, and tested for broadly neutralizing
activity in vitro and in vivo against multiple alphavirus. Those with neutralizing properties are being used to map the
recognized conserved epitope/epitopes to which they bind. This information may lead to antibody-based therapeu-
tics and inform vaccine antigen design for the treatment or prevention of arthritogenic alphavirus infections.
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present in South America, the South Pacific, and Africa, respec-
tively. Currently, despite their burden on human health, there
are no available specific treatments or vaccines against any
alphaviruses.

The use of pathogen-specific antibodies to treat viral infec-
tions is an old therapeutic strategy that still is successfully used,
together with vaccination, to prevent postexposure develop-
ment of rabies (4). Although the use of immune globulin to treat
viral infections lost momentum during the last century in favor
of specific antiviral drugs, the development of novel technolo-
gies that allow the rapid identification of MoAbs from circulating
human B cells has resulted in a revival of antibody therapy
to treat viral infections. Today, it is possible to identify and
produce large numbers of human MoAbs from convalescent
individuals, characterize their neutralizing activities, and manu-
facture those most inhibitory to hopefully successfully treat spe-
cific viral infections (5). This allows the rapid development of
antibody-based therapies when outbreaks of new viruses takes
place. For example, antibody therapy has been successfully
developed for Ebola virus (6, 7) and severe acute respiratory
syndrome coronavirus 2 infections (8), and, at this moment, such
therapies, even though expensive and not always efficacious,
continue to be one of the preferred treatments for infection
with these emerging viruses. Immune escape and the need of
an early time window during infection to make a better impact
remain potential problems associated with MoAb therapy of
viral infection. Nevertheless, due to the long life of antibodies,
antibody-based therapy remains a promising strategy to pro-
phylactically protect high-risk groups for several months against
viral infections, especially for those individuals that do not
respond well to vaccination (if there is an existing vaccine).

An important consideration for the isolation of protective
MoAbs from convalescent human donors is the use of the right
viral immunogen as a bait to clone relevant virus-specific B cells.
In the PNAS study (1), Malonis et al. used a soluble, stabilized,
and conformational relevant recombinant antigen derived from
the surface receptor-binding protein of MAYV, containing the rel-
evant antigenic sites recognized by neutralizing antibodies. This
antigen was used to isolate single B cells from patients who pre-
viously experienced CHIKV infection, resulting in an enrichment
of single B cells cross-reactive to both MAYV and CHIKV. A single
donor gave rise to 71 MoAb sequences from single B cell clones,
33 of which demonstrated strong binding to both MAYV
and CHIKV glycoproteins when expressed. Of these, five had
strong neutralizing activities against a variety of arthritogenic

alphaviruses, including MAYV, CHIKV, RRV, and ONNV. Mapping
of these broadly cross-neutralizing antibodies revealed binding
to distinct regions of a specific domain of the CHIKV glycopro-
tein, the B domain of the E2 peptide, highly conserved among
related alphaviruses. When two of these antibodies were pas-
sively administered to mice that were infected with CHIKV or
MAYV, treated animals had decreased viral replication and joint
swelling, suggesting possible therapeutic properties (Fig. 1).

In PNAS, Malonis et al. isolate and
characterize several human monoclonal
antibodies (MoAbs) that neutralize infection
with arthritogenic alphaviruses.

It is of interest that these antibodies, despite their protective
efficacy, and in contrast to most of the broadly neutralizing anti-
bodies against the glycoprotein of HIV (9, 10), showed little affinity
maturation, and were very close to their germ line sequences. This
not only increases their potential to be used for the treatment of
alphavirus infections but also suggests that, given the right immu-
nogen corresponding to the B domain of the E2 protein in its
natural conformation, vaccinated people will quickly induce broad
neutralizing antibodies against alphavirus. Thus, not only do the
antibodies identified by Malonis et al. (1) offer some potential clini-
cal applications for the prevention or treatment of alphavirus infec-
tions, but they also might illuminate the path toward a broadly
protective arthritogenic alphavirus vaccine. Broadly neutralizing
antibodies against multiple strains of influenza viruses have also
being described in the past, and their mapping to the stalk of the
HA viral glycoprotein (11, 12) has spurred the pursuit of broadly
neutralizing influenza vaccines based on the use of immunogens
that stimulate high levels of antibodies against the conserved HA
stalk (13). Similar approaches could be applied for alphavirus vac-
cines. Nevertheless, more research is still needed to demonstrate
the translational aspects of these studies.

In any case, the results depicted in the Malonis et al. PNAS
article (1) offer a glimpse into the conserved regions containing
protective epitopes of arthritogenic alphavirus infection. Kim et al.
(14) have also recently isolated and characterized two human pan-
alphaviruses that protect from both arthritogenic and encephalitic
alpahaviruses but do not neutralize in vitro, suggesting different
mechanisms of protection in vivo than the ones described in
Malonis et al. These studies expand our knowledge of the vulner-
abilities of this group of important human pathogens.
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