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Human monoclonal antibodies for discovery, therapy,

and vaccine acceleration
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Screening of single B cells from convalescent or vaccinated
people allows the discovery of novel targets for infectious
diseases and rapid production of engineered human
monoclonal antibodies (mAbs) that can prevent or control
infections by passive immunization. Here we propose that the
development of human mAbs can also significantly accelerate
vaccine development by anticipating some of the key biological
and regulatory questions.
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Passive and active immunization

Since the discovery of ‘the serum’ against diphtheria by
von Behring in 1890 [1], passive protection via serum
therapy and active protection via vaccines have been used
in parallel to fight infectious diseases. In the early days,
development of both solutions went hand in hand, often
by the same manufacturers. Indeed, our GSK vaccine
sites in Siena (Italy) and in Marburg (Germany) were
independently started in 1904 to produce sera against
anthrax and diphtheria respectively, and most of the
institutes born in this period used to be named ‘serum
and vaccine institutes’. During the second part of the last
century, the use of serum therapy declined over time due
to tolerability issues and the triumphal advent of anti-
biotics. Today passive immunization is limited mainly to
post exposure prophylaxis for infections such as rabies,
tetanus or hepatitis B [2].

Vaccination, to the contrary, has become the
primary approach for infectious disease prevention and
eradication. Vaccines — providing broad and long-lasting
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protection — represents one of the greatest success stories
of healthcare. Over the decades they prevented millions
of deaths and debilitating sequelae of infectious diseases,
and they keep on doing so [3°]. However, vaccines — like
any other healthcare intervention — have some important
limitations, as the slow onset of action (weeks to months),
the suboptimal effect in some populations — such as
neonates, elderly or immunocompromised — or even
the risk of disease enhancement in some infections such
as Dengue or RSV [4,5].

Constant innovation in the field of vaccination has par-
tially filled these gaps. Adjuvanted vaccines help to boost
immune responses in the elderly [6,7], and maternal
immunization has the potential to prevent diseases in
neonates [8,9]. However, the single most notable limita-
tion of vaccines, which is unlikely to be overcome in the
next decades, is the time required by a vaccine to
stimulate the immune system to build an effective
response within hours.

In this review we will show how the recent advent of
highly potent, fully human mAbs may change again the
picture of infectious disease prevention and therapy. We
believe that mAbs will not only represent an important
weaponry against infectious diseases, but they will also be
a critical accelerator of vaccine development.

From serum therapy to modern antigen-
specific mAbs

Since the first human monoclonal against SARS was
cloned from a convalescent person [10°], a multitude of
methods have been developed to identify, clone, engi-
neer, and produce human mAbs against infectious dis-
eases [11]. Advancement in genome sequencing and
other breakthroughs have allowed the interrogation of
immune responses at the single cell level and identifica-
tion of extremely rare antigen-specific memory B cells
[11,12]. The ability to produce the corresponding mAbs or
Fabs (antigen-binding antibody fragments) has allowed to
discover a plethora of highly functional and fully human
molecules capable to neutralize the pathogen of interest
[10°11]. In the HIV field, human mAbs allowed the
identification of vulnerability sites in the HIV envelope
[13,14], the production of therapeutic antibodies that
compete with the best drugs in controlling viremia as
well as the development of germline targeting (GT)
vaccinology to tailor the antibody responses to specific
sites for which our immune system is blind [15-20]. In
addition, a variety of engineering steps allow functional
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improvements of mAbs transforming them into attractive
commercial products. The wealth of recent progress in
antibody technology and their potential applications for
novel therapies is reviewed elsewhere [21-23].

Human mAbs for vaccine antigen
identification and optimization

In addition of being excellent tools for prevention and
therapy of infectious diseases, mAbs have been instru-
mental in several instances to identify new vaccine
antigens and to define the nature and conformation of
protective epitopes enabling vaccine design and devel-
opment. This approach to vaccinology has been named
‘reverse vaccinology 2.0’ [24°°].

Successful examples of human mAbs playing a pivotal
role in vaccine development are the discovery of the
pentamer-complex of cytomegalovirus (CMV) and the
Pre-Fusion (Pre-F) conformation of the fusion (F) protein
of respiratory syncytial virus (RSV). In the case of CMV,
in the mid-1990s a recombinant form of the fusion protein
gB, known to be the most promising antigen at that time,
was combined with a potent adjuvant and tested in
humans [25-28]. This vaccine showed only moderate
efficacy and development was put on hold. The game
changed when mAbs were isolated from people
previously exposed to CMV. The most potent antibodies
in neutralizing CMV infection of epithelial, endothelial,
and myeloid cells, were not recognizing gB but a complex
antigen made by five proteins (pentamer) [29]. Vaccina-
tion with pentamer-complex induced neutralizing
antibodies that are orders of magnitude more potent than
those induced by gB. This highly promising vaccine
candidate produced recombinantly in CHO is currently
being developed for human trials [30].

In the case of RSV, the first vaccine trial in infants, performed
in 1966 with a formalin inactivated virus (FI-RSV), resulted in
a catastrophic failure with disease enhancement and two
infant deaths (15). The search for new vaccines continued
without success for the next fifty years. Only the isolation and
licensure of Palivizumab, a humanized mAb that prevents
RSV disease in high risk infants, identified the fusion (F)
protein of RSV as a good vaccine target. Since Palivizumab
binds both the pre-fusion and post-fusion form of RSV-F, the
initial efforts to develop a vaccine were focused on the use of
post-F that was easily produced in a recombinant form as
soluble antigen or displayed onto virus-like particles (VLLPs)
[31]. However, the vast majority of potently and fully human
mAbs isolated from convalescent patients were shown to
recognize exclusively the Pre-F making this conformation a
better target for the development of a RSV vaccine [32].
Unfortunately, the Pre-F protein was very unstable and
impossible to produce in its natural form as a vaccine antigen
or for crystal structure studies. Again, the problem was solved
by the Fab fragment of a particularly potent antibody (ID25)
that recognizes an epitope on the apex of the antigen, blocking

itinits Pre-F state [32,33]. D25 allowed to grow crystals of the
antigen—antibody complex and to determine the molecular
structure of Pre-F. This information allowed a structure-based
design of a stabilized RSV pre-F protein by introducing
disulfide bridges and other stabilizing mutations [34°]. This
molecule named DS-Cavl has been shown to induce in
humans neutralizing antibodies that are 1015 times more
potent than those of previous vaccines and is the leading
candidate for most new RSV vaccines [35]. Several candidates
based on DS-CAV1 are currently in Ph1 clinical development
(by Janssen (NC'T03334695); GSK (NC'T03674177); or by
NIH/NIAID/VRC (NCT03049488)) [36].

Human mAbs to control infectious diseases
D25 has also been the starting point to engineer its
derivative MEDI8897, a potent mAb designed to com-
pete with vaccination in the prevention of RSV. After
CDR mutagenesis to enhance binding affinity, reversion
of heavy chain germline residues to minimize the risk to
elicit anti-drug antibodies (ADA) and half-life-extension
by introducing Fc domain modifications, MEDI8897 was
shown to persist up to three-times longer than
Palivizumab in serum and to be up to 150-fold more
potent [37,38]. These characteristics confer the extraor-
dinary advantage to cover new-borns over one entire RSV
season with a single intramuscular injection, while
Palivizumab requires several monthly injections. A piv-
otal Ph2b study recently showed that MEDI8897
is efficacious in reducing medically attended RSV-
confirmed lower respiratory tract infections in pre-term
infants (NC'T02878330). However, during late clinical
development MEDI8897 (co-developed by MedImmune
and Sanofi Pasteur) will be assessed in healthy late- and
full-term infants (Ph2/3: NCT03959488 and Ph3:
NCT03979313), in the offer preventive protection for
all neonates independently of risk predisposition. This
would be the first time that a mAb would be given to such
a broad target population and highlights their potential to
compete soon with vaccines in the space of neonatal
infections.

Human mAbs as accelerators of vaccine
development

So far, we have shown that the isolation of protective
human mAbs can be a key step to identify new vaccines
and therapeutic agents for infectious diseases. In
this section we will show that the development and
licensure of mAbs can also considerably accelerate vac-
cine development. The process of developing antibodies
and vaccines are summarized in Figure 1a and b respec-
tively. Briefly, following the isolation of protective human
mAbs by screening single human B cells from naturally
infected people (black arrows in Figure 1), development
and licensure of an antibody requires engineering and
optimization steps as described for MEDI8897. The
molecule can then be produced and purified using well
established technologies and start preclinical and clinical
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development. Key steps in this process are the identifi-
cation and optimization of functional iz vizro and in vive
assays and the validation of correlates of protection from
infection and/or disease. In addition, epidemiological
studies need to make sure that the functional antibody
is broadly cross-reactive. After these initial steps, con-
sultations with regulatory agencies can be initiated and
decisions about clinical development plans, safety and
efficacy endpoints, population where the clinical trials
will be performed, and trial size will be taken. All these
processes are illustrated as the green and violet boxes in
path A in Figure 1. Following positive outcome of Ph3
clinical studies the antibody can finally be licensed.

While antibody development can take several years, it is
much shorter than vaccine development. As shown in path
B in Figure 1, the first step of vaccine development is the
identification of the target recognized by protective anti-
bodies. The new target needs then to be characterized,
expressed and engineered to become a high-quality

antigen. Vaccine-specific production and purification tech-
nologies need to be developed before manufacturing under
good manufacturing practices. At this point, vaccine devel-
opers need to establish correlates of protection, 7z vitro and
in vivo assays for safety and potency, show passive protec-
tion, perform epidemiological studies and consult with
regulatory agencies on Ph2 and Ph3 clinical studies and
endpoints. These activities usually take several years.

Vaccine development could be significantly shorter (path C
in Figure 1) ifa mAb targeting the same vaccine antigen had
been already developed. In fact, vaccine development could
leverage most of the assays, correlates, methods and regula-
tory approaches put in place during mAb-development and
could move quickly to Ph3.

In conclusion, mAb development not only provides faster
access to disease cure or prevention than any vaccine, but it
can also accelerate vaccine development by anticipating
some of the key biological and regulatory questions.
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MADb/Vaccine co-development offers diverse
treatments for different target populations

It is not difficult to imagine how mAbs and vaccines can
complement each other. For example, ‘superbugs’ such as
Staphylococcus aureus or Pseudomonas aeruginosa are multi-
drug resistant pathogens and increasing concerns of
nosocomial infections [39,40°°,41]. Vaccines, if proven
safe and effective, would be extremely useful for predict-
able events such as elective surgery or patients with
chronic conditions expected to be hospitalized fre-
quently. However, in acute conditions (e.g. emergency
surgery and/or mechanical ventilation) there would not be
enough time to vaccinate, and underlying conditions may
reduce vaccine efficacy (immunocompromised or immu-
nosuppressed subjects). These situations would likely be
better addressed by passive administration of mAbs that
could be used therapeutically in emergency scenarios
such as Ebola outbreaks. Instead vaccines should be
applied in the wider population helping to prevent further
spread and finally extinct the outbreak. Similarly, for
Malaria, mAbs could be given to travellers or military
personnel for protection during their limited stay in
an afflicted region, while the endemic populations
would benefit of cheaper and long-term protective vacci-
nations [42]. Such differentiated solutions for mAbs and
vaccine are possible for many pathogens. Vaccines and
mAbs could also be combined in situations where either
fast onset and long duration of protection are needed.

Conclusions

Co-development of mAbs and vaccines not only offers
the possibility to leverage synergies across the R&D
pipeline and to accelerate vaccine development, but
could lay the foundation for a new era of innovative
products addressing difficult-to-treat infections in frail
target populations. Tailor-made solutions for defined
patient populations would help to fight infections that
have been elusive so far, and to meet many challenges of
our society such as aging, immune-compromised popula-
tions and increasingly multi-drug resistant pathogens.
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