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Introduction
Section 1. Systemic passive immunization

Larry Zeitlin, Ph.D.

Antibodies (Abs) comprise roughly 1.5% of our blood." This
is a very significant metabolic commitment and underscores
the importance of these molecules for human survival. An
adaptive antibody response first appeared in cartilaginous fish
400 million years ago and this defense mechanism continued to
evolve within this branch of the evolutionary tree.”> With the
appearance of mammals some 200 million years later, antibo-
dies became important not just for protecting the host, but also
for protecting newborns via passive immunization with Abs in
the mother’s milk. Nursing provides newborns with Abs eli-
cited in the mother - by the very pathogenic threats present in
the local environment — to protect them while their immune
systems mature. Another 200 million years later, von Behring
and Kitasato® described the first experimental use of passive
immunization in 1890 and began successfully treating
diphtheria patients with convalescent plasma in 1894. Passive
immunization with polyclonal antibody (e.g. human convales-
cent plasma or plasma from immunized animals) became
a common clinical tool during the first third of the 20th
century.* Due to adverse reactions in recipients of plasma
from non-human species (“serum sickness”), and the advent
of the antibiotic era, passive immunization with serum largely
fell out of favor clinically, especially for bacterial infections;
however convalescent plasma continues to be used for patho-
gens such as Junin virus® and has been evaluated during out-
breaks of Ebola virus®” and SARS-CoV-2.* Hyper
immunoglobulin (HIG), which is high titer polyclonal Ab
purified from convalescent or immunized donors, offers
a superior safety profile compared to convalescent plasma
and forms the basis of 20 FDA-approved products.’

In this Special Focus Issue, Gayatri Mukherjee and collea-
gues review the history of plasma therapy and its evolution to
passive immunization with purified polyclonal preparations
such as intravenous immunoglobulin (IVIG) prepared from
human donors."

Similarly, Laura Saward and colleagues review clinical use of
polyclonal antibody products,” and discuss experiences with
the use of HIG for emerging public health threats, drawing on
Zika, Influenza, and SARS-CoV-2 as examples.

A relatively new, alternative source of HIG relies on the use
of transgenic cows that can produce human polyclonal Abs;"!
Sean Whelan and colleagues describe the use of this technology
for generating HIG with high SARS-CoV-2 titers."”

In contrast to the polyclonal Ab approaches to passive
immunization in which a diverse set of Abs are used, with
the invention of monoclonal antibody (mAb) technology by
Kohler and Milstein,"” it became possible to develop pro-
ducts with highly specific, single mAb components. The
first mAb pharmaceutical product was approved by the
FDA in 1985 (OKT3 to reduce acute rejection of trans-
planted organs,'*) and the first anti-infectious disease mAb
(palivizumab; for immunoprophylaxis of respiratory syncy-
tial virus infection in high risk neonates) was licensed in
1998."> Since then, the 21st century has seen an explosion
of licensed mAbs, primarily for the treatment of cancers
and autoimmune disorders, but with an emerging market
for mAbs for infectious diseases.

Global accessibility to affordable mAb drugs remains a large
public health problem.'® Kevin Whaley and myself review
some of the challenges with meeting manufacturing scales in
order to ensure global access to future potential anti-infective
mAbs."”

While antibiotics led to clinicians moving away from anti-
body therapy in the 1930s, the growing threat of antibiotic
resistance has spurred new efforts to develop anti-bacterial
mADbs for clinical use. This topic is reviewed by Vu Truong
and colleagues.'®

In addition to the high specificity mAbs offer, recent work
has highlighted the capability of customizing the mechanism
of action(s) by a given mAb: whether it is pure steric hin-
drance of a binding or fusion event, or recruitment/interac-
tion with other components of the immune system (e.g.
complement, macrophages, NK cells, etc.). Bronwyn Gunn
and Shuangyi Bai provide a review of the growing knowledge
base for optimizing the functionality of mAbs for passive
immunization."”

Finally, while the presence of antibodies systemically is
critical once a pathogen has breached the skin or mucosa,
passive immunization of mucosal surfaces is an often over-
looked strategy for minimizing infectious pathogen burden
and even, in some cases, excluding pathogens entirely.
Richard Cone’s section of this Special Focus issue covers
these approaches, which he introduces below.
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Section 2. Our frontline immune system: protection by
antibodies secreted into, or directly applied to mucus
surfaces

Richard Cone, Ph.D.

Mucosal, as distinct from systemic immune functions, have
long been protecting young offspring by maternal IgY antibo-
dies delivered in egg by yolk in the case of birds, and maternal
Ig in milk in the case of mammals. Colostrum, the initial dose
of mammalian milk, is essentially a paste of a combination of
antibodies the mother has developed by living in the same
environment into which she delivers her newborn. Not surpris-
ingly, mucosal delivery of antibodies has proven to be robustly
protective in numerous animal studies.”* But to date virtually
all monoclonal antibodies (mAbs) for disease prevention and
infection therapy are delivered systemically. This is evident
from the numerous monoclonal antibody drugs now on the
market. Why are mAbs to be delivered to mucosal surfaces
virtually absent from the market? And why have the protective
actions of antibodies in mucus been so little studied compared
to the protective actions of systemic antibodies?

As has long been known, most antibodies produced by our
immune systems are secreted into mucus instead of into blood
and lymph. Unlike the intensively studied actions of systemic
antibodies, the actions of secreted antibodies in mucus coats
have been less studied. Part of the reason is it is comparatively
difficult to obtain fresh unmodified mucus secretions, and
mucus is a sticky and difficult substance to study compared
to blood. In contrast to the systemic immune system, that only
infrequently encounters pathogens and toxins, the mucosal
system must monitor and keep changing the array of antibo-
dies it secretes to protect against the high influx, and changing
arrays, of pathogens and toxins that contact mucosal surfaces.
Perhaps this is why the mucosal system typically exhibits
relatively short memory times, and has been more challenging
to develop long lasting vaccines; the outstanding exception is
the long-lasting and highly effective polio vaccine.

How do antibodies protect against infections in mucus coats
that are constantly being secreted and shed? Unless an infec-
tion is present, there are few if any active immune cells present,
thus secreted antibodies must function without the help of
immune cells. It has long been thought secreted antibodies
act by neutralizing pathogens, “excluding” pathogens, blocking
attachment sites, or by aggregating pathogens into clusters that
cannot penetrate the mucus coat. But there is a little recognized
and more potent mechanism they perform in mucus; they trap
(immobilize) individual pathogens in the mucus gel. Pathogens
and toxins trapped in mucus in the GI tract are shed in feces,
and others are shed in mucus from the urethra, vagina, lungs,
nose and mouth. Pathogens and toxins trapped in tears,
respiratory mucus, and nasopharyngeal mucus are transported
to the GI tract, where they can be inactivated by gastric acidity
and/or digested and shed in feces.

Over 50 years ago Kremer and Jager*"** discovered that
anti-sperm antibodies in cervico-vaginal mucus of infertile
women can trap sperm even with vigorously shaking flagella.
They showed that the anti-sperm antibodies did not kill or
inactivate sperm since the trapped sperm continue to shake in
place for many hours until they die. They termed this trapping

action the “shaking phenomenon.” This potent trapping func-
tion may also occur in the systemic immune system in gel-like
intercellular spaces but has been little studied.

As Jiri Mestecky discusses in this Special Focus Issue, the
mucosal and systemic immune systems are largely indepen-
dent, and most antibodies delivered systemically fail to be
secreted into and adequately protect mucosal surfaces.”
Mucosal antibodies are produced locally in mucosal epithelia
and transported locally through epithelial cells to the mucus
coat by pIgR receptors for sIgA and sIgM, and FcRn receptors
for IgG. They are also delivered by shed epithelial cells.

Deborah Anderson discusses the development of vaginal
delivery of mAbs for protecting against STDs and
conception.”* With her coworkers, she is developing
a convenient “on demand” contraceptive in a vaginally
inserted, “Postage Stamp” film. Along with human contracep-
tive antibody, HCA, the film can also deliver mAbs against
HIV and HSV, a multi-protection product.

Samuel Lai and his colleagues have recently shown that by
trapping highly motile bacteria, as well as viral particles, in mucus
gel, antibodies can be more potent than by otherwise neutralizing
them.” In this Special Focus Issue he reviews the ability of non-
neutralizing anti-HSV mAbs to protect mice against vaginal
transmission of genital herpes infection, and of anti-LPS mAbs
to trap otherwise vigorously motile bacteria, Salmonella typhi-
murium, in mouse intestinal mucus coat in situ.>°

The trapping mechanism is both potent and elegant, but has
been little studied in part because it requires working with
intact mucus gels: Antibodies diffuse rapidly, almost unhin-
dered through intact mucus gels,”” and thus can rapidly reach
and attach to the surfaces of the pathogens to which they bind
specifically and tightly by means of Fab moieties. The effector
function is performed by the Fc moiety to make transient, low-
affinity bonds to the mucus fibers. In this way an array of
outward facing Fc tails can make sufficient low-affinity bonds
to form high-avidity adhesion to the gel. The critical feature of
this trapping mechanism is that the mucus coat must be an
intact visco-elastic gel. If the gel is diluted it becomes runny,
less elastic, and sperm, bacteria, and even viruses can regain
translational motility. Normal mucus is visco-elastic with opti-
mal trapping ability while retaining good lubrication charac-
teristics. In the respiratory tract if mucus becomes too runny,
less elastic, it cannot be expelled by the ciliary “escalator” and
pools in the lungs. Similarly, if mucus loses its elasticity it can
run from the nose, and the vagina (a symptom of bacterial
vaginosis) abrogating protection by trapping.

Anthony Hickey reviews recent advances with vibrating
screen nebulizers for effective delivery of mAbs deep into the
lungs for rapid immune therapy and protection against respira-
tory infections.”® The initial trials are aimed at therapy for
Respiratory Syncytial Virus, RSV. This method may become
especially important for helping speed the end of the Covid-19
pandemic.

Nicholas Mantis discusses the use of transgenic mice to test
passive immune protection against GI tract pathogens, and
methods for efficient delivery of sIgA to the gut.*” As has
long been known to mucosal immunologists, most bacteria in
the gut are restricted to the luminal surface of the mucus coat
by the apparent viscidity (stickiness) of mucus and now as



revealed by the trapping actions of secreted antibodies. The
predominant antibody in GI tract secretions, sIgA, is especially
well designed for trapping in mucus gel since the pair of Fc
moieties as well as the SC moiety increase the dwell-time of the
antibody with the mucus gel.”

An overall aim of this section of the Special Focus Issue is to
highlight the great potential for rapid advances in mucosal
therapy and prophylaxis now that monoclonal antibodies
have become significantly less costly to manufacture.'”
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