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ABSTRACT

Introduction: The COVID-19 pandemic has
demonstrated that there is an unmet need for
the development of novel prophylactic antiviral
treatments to control the outbreak of emerging
respiratory virus infections. Passive antibody-
based immunisation approaches such as intra-
nasal antibody prophylaxis have the potential

to provide immediately accessible universal
protection as they act directly at the most
common route of viral entry, the upper respi-
ratory tract. The need for such products is very
apparent for SARS-CoV-2 at present, given the
relatively low effectiveness of vaccines to pre-
vent infection and block virus onward trans-
mission. We explore the benefits and challenges
of the use of antibody-based nasal sprays prior
and post exposure to the virus.
Methods: The classic susceptible-exposed-in-
fectious-removed (SEIR) mathematical model
was extended to describe the potential popula-
tion-level impact of intranasal antibody pro-
phylaxis on controlling the spread of an
emerging respiratory infection in the
community.
Results: Intranasal administration of mono-
clonal antibodies provides only a short-term pro-
tection to the mucosal surface. Consequently,
sustained intranasal antibody prophylaxis of a
substantialproportionof thepopulationwouldbe
needed to contain infections. Post-exposure pro-
phylaxis against the development of severe dis-
easewouldbeessential for theoverall reduction in
hospital admissions.
Conclusion: Antibody-based nasal sprays could
provide protection against infection to indi-
viduals that are likely to be exposed to the virus.
Large-scale administration for a long period of
time would be challenging. Intranasal antibody
prophylaxis alone cannot prevent community-
wide transmission of the virus. It could be used
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along with other protective measures, such as
non-pharmaceutical interventions, to bridge
the time required to develop and produce
effective vaccines, and complement active
immunisation strategies.

Keywords: COVID-19; Interventions;
Intranasal antibody prophylaxis; Passive
immunisation; Respiratory infections; SARS-
CoV-2; Treatments

Key Summary Points

There is an urgent need for improved
preparedness to control the outbreak of
emerging respiratory infections.

Intranasal antibody prophylaxis could
serve as an additional protective measure
for the mitigation of the impact of
infectious diseases.

The long-term control of viral
transmission in the community with
intranasal antibody prophylaxis alone
would be challenging, as it would require
continuous large-scale administration.

Antibody-based antiviral nasal sprays have
the potential to provide immediately
accessible universal protection and limit
disease severity in vulnerable and high-
risk individuals.

INTRODUCTION

The COVID-19 pandemic has had a devastating
impact globally with 18.2 million deaths by
31 December 2021, based on excess mortality
estimates [1]. It has demonstrated that there is
an urgent need for improved preparedness to
control the outbreak of pathogenic respiratory
viral infections that will emerge in the future.

Non-pharmaceutical interventions (NPIs),
such as social distancing, can substantially
delay the spread of respiratory infections, but
prolonged enforcement of NPIs is not

sustainable in most communities [2–4]. Vacci-
nation is currently the most effective pharma-
ceutical intervention. Rapid vaccine
development, trial completion and licensure for
SARS-CoV-2 have prevented much of the asso-
ciated morbidity and mortality, especially in
resource-rich countries with high vaccine
uptake rates. The situation in resource-poor
countries is less encouraging. For example, as of
17 March 2022, full COVID-19 vaccine coverage
across Africa was about 15% of the adult popu-
lation [5], whereas in Europe and the USA it was
more than 70%.

As has recently become apparent, vaccine-
induced or natural infection-induced immunity
alone does not always prevent infection and
concomitant infectiousness, but most seem to
provide good protection against serious mor-
bidity (hospitalisation) and death [6]. For
example, longitudinal studies of human coro-
naviruses, both seasonal coronaviruses and
SARS-CoV-2, suggest that immunity to reinfec-
tion is short-lived, perhaps less than 12 months
[7], and immunised people may still get infected
and transmit the virus to others [8]. This short-
lived immunity is attributed to two main fac-
tors. The first is continued viral evolution.
Antibodies target the receptor-binding domain
on the virus spike protein, which is subject to
frequent mutations. SARS-CoV-2 variants
escape vaccine-elicited immunity, as shown by
antigenic cartography [9]. Evolution will always
act to increase the transmissibility of the virus
via the magnitude of the basic reproduction
number R0. There is often a trade-off between
transmissibility and virulence and, as such, this
may or may not be associated with decreased
pathogenicity to the human host [10]. The
second factor is that the SARS-CoV-2 spike
protein does not induce lasting B cell memory,
neither after natural infection nor after vacci-
nation [7]. This has been observed for all novel
SARS-CoV-2 variants of concern, and for all
vaccines irrespective of the technology used for
development [8, 11]. As such, active immuni-
sation with the current generation of vaccines is
insufficient to halt transmission of SARS-CoV-2
virus and will not create herd immunity to
infection [6, 8, 12].
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Additional antiviral prophylaxis tools to
moderate the impact of emerging respiratory
viruses are needed. Passive intranasal immuni-
sation could complement active immunisation
and provide more specific antiviral protection
than NPIs. It may (1) provide fast protection by
preventing viral entry into the epithelial cells in
the conducting airways, hampering the diffu-
sion of the virus across the mucosa [13–16], (2)
prevent virus replication and transmission in
the lower respiratory tract, providing protection
against severe respiratory infection, (3) provide
protection irrespective of the health and age of
the user [17], (4) reduce viral transmission from
person to person [14, 15, 18]; for example, the
majority of SARS-CoV-2 RNA copies and infec-
tious virions are located in the respiratory tract,
and viral load in the upper respiratory tract has
been linked to infectiousness and the magni-
tude of R0 [19, 20]. In contrast to systemic
administration, with intranasal administration
active substances are directly deposited at the
virus’s port of entry, requiring lower doses and
typically inducing fewer side effects
[13, 16, 17, 21].

Much research has recently focused on non-
invasive antivirals that can be easily adminis-
tered intranasally, and promising preliminary
results for their effectiveness against a range of
respiratory virus infections have been reported
(Supplementary Material, Table S1, [16, 22]). In
particular, neutralising monoclonal antibodies
that could be administered intranasally [13], for
example by nose drops or spray, have recently
shown increasing success in animal models and
early human studies for the prevention and
treatment of respiratory viral infections,
including influenza and SARS-CoV-2 infections.

In this study, we explore the benefits of
passive immunisation through the intranasal
administration of monoclonal antibodies.
Employing mathematical models, we illustrate
the potential challenges of large-scale adminis-
tration of intranasal antibody prophylaxis for
the control of the spread of emerging respira-
tory viral infections in the community, focusing
on the recent SARS-CoV-2 outbreak at the
beginning of the pandemic.

METHODS

A deterministic compartmental model was
developed on the basis of a set of differential
equations describing the dynamics of infection
and treatment states. The transmission model is
founded on the classic (mean-field) susceptible-
exposed-infectious-removed (SEIR) epidemio-
logical model in a closed homogeneous popu-
lation which is extended to incorporate the
potential effect of intranasal antibody prophy-
laxis. The possible transitions between states are
presented in Fig. 1 (see also the Supplementary
Material for details on the mathematical model
and analytic derivation of the basic reproduc-
tion number, R0).

The intranasal antibody prophylaxis is
assumed to have one, or more, of the following
modes of action and properties:

Pre-Exposure Prophylaxis

(i) It protects the host cells and/or neutralises
the virus that enters the upper respiratory
tract. Thus, it is effective in providing par-
tial protection to susceptible individuals
when administered prior to their exposure
to the virus, i.e. administration results in
the reduction of the probability of a treated
susceptible individual becoming infected.

Post-Exposure Prophylaxis

(ii) It is partially effective at the initial stage
post-exposure to the virus, before high
level virus replication occurs and the
exposed individual becomes infectious, by
reducing the risk of virus transmission to
the lower respiratory tract and, subse-
quently, reducing the risk of developing
severe disease.

At present, there is no evidence that passive
immunisation with intranasally administered
antibodies could significantly alter the disease
process once symptoms have occurred and
infection has been established, especially when
virus invades the lower respiratory tract and
triggers damage to the lungs. We explored the
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possibility of the intranasal antibody prophy-
laxis being effective when received by a mildly
infected individual in the following ways:

(iii) It decreases the infectious period.
(iv) It decreases the probability of viral trans-

mission to other individuals.

On the basis of the duration of protection
that the current generation of intranasally
administered active substances confer, which
ranges from a few hours to a few days [17], in all
the aforementioned cases it was assumed that
the intranasal antibody prophylaxis provides
only a short duration of protection, i.e. the
treated individuals are not protected after a
limited duration of time post-administration,
unless they receive consecutive doses in a
timely manner. In the numerical examples that
have been studied, the treatment efficacy is
constant over the duration of administration
and there is an immediate protective response,

i.e. the treatment is effective as soon as it is
taken.

Parameter Values

To illustrate the potential population-level
impact of intranasal antibody prophylaxis on
controlling the spread of an emerging respira-
tory virus, we focused on the SARS-CoV-2 out-
break at the beginning of the pandemic when
an effective vaccine was not available (see
Table S2 in the Supplementary Material for the
estimates of the model parameters used). The
case of a higher basic reproduction number
(R0 ¼ 5) which could occur with more trans-
missible strains, like Delta and Omicron, has
also been considered (Supplementary Material,
Fig. S1).

Fig. 1 Schematic diagram showing the possible transitions of individuals between the different health and disease states.
This flow chart is defined precisely in a set of differential equations
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RESULTS

Intranasal antibody prophylaxis that provides a
short-term protection against infection could
delay the spread of the infection in the com-
munity for as long as consecutive doses were
administered to susceptible individuals (Fig. 2).
As antibodies administered intranasally do not
induce long-lasting immunity, the long-term
epidemic control by antibody-based nasal
sprays would be challenging in the absence of
any other interventions.

Continuous large-scale administration of
highly efficacious intranasal antibody prophy-
laxis would be required to contain the number
of severe infections and hospitalisations
(Fig. 3a, b). Stopping the intranasal administra-
tion of monoclonal antibodies when the pro-
portion of susceptible individuals is still very
high would lead to a surge of cases of infection.
The larger the proportion of susceptible indi-
viduals, the larger the epidemic wave that the
population will experience (Figs. 2, 3b). Speedy
rollout of intranasal antibody prophylaxis
campaigns at the start of the epidemic would be
important, especially in cases where the repro-
duction number is large and, concomitantly,
the infection spreads at a high rate (Fig. 3c,
Supplementary Material Fig. S1). It should be
noted that in a small, closed population (e.g. a
household during the self-isolation period or a
small care home which is isolated from the
community) where most, or all, members that
are exposed to the virus receive intranasal pro-
phylaxis continuously, blocking the transmis-
sion and preventing severe infections until the
elimination of the virus within the group could
be feasible. This would depend on the efficacy
of the prophylaxis (e.g. see Fig. S2 in the Sup-
plementary Material).

To evaluate the importance of the different
mechanisms of action of antibody-based nasal
sprays when they are used continuously by
a certain proportion of the population, we
considered the potential impact of each of
them, separately, on severe cases, hospitalisa-
tions and ICU admissions. Preventing the
infection would be the most important and
efficient mechanism when aiming to delay the
spread of the disease and control the rate of
severe diseases (Fig. 4). Antiviral prophylaxis
that prevents the development of severe disease
would not be as effective for controlling severe
diseases, unless a larger proportion of exposed
individuals could be identified and treated in a
timely manner. However, this mechanism of
action would enable the reduction of the overall
number of severe infections, hospitalisations
and ICU admissions. Similarly, reducing the
infectious period, or the probability to transmit
the virus to other individuals, in the case of
mild disease would not be as effective. This is
especially the case where the probability of
developing a severe infection is high in certain
categories within the population, as for COVID-
19 in the absence of vaccination and other
interventions.

DISCUSSION

The use of antibody-based antiviral nasal sprays
could provide fast-acting and timely antiviral
prophylaxis to an individual that is exposed to a
respiratory virus. Acting directly at the nasal
mucosa, the primary entry site of respiratory
viruses, they could potentially prevent both
disease and becoming infectious to others much
faster than systemic interventions.

In the early stage of an infectious disease
outbreak within a community, intranasal anti-
body prophylaxis may provide a stand-alone
approach for a short delay of the spread of the
disease and prevent significant morbidity (re-
quiring hospitalisation) and mortality. It could
therefore help bridge the time needed to
develop and produce effective vaccines for
active immunisation, or drugs for antiviral
treatment. Developing a mathematical model
to describe the potential population-level
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impact of intranasal antibody prophylaxis, we
showed that even when consecutive doses of
highly effective intranasal prophylaxis are
administered to a substantial proportion of the
population, the long-term control of disease
transmission would be challenging. This is due
to the nature of intranasal antibody prophylaxis
providing only short-term (partial) protection
to the mucosal surface. The development of
antibody-based nasal sprays that could also
provide effective post-exposure prophylaxis for
the prevention of severe infections (resulting in
the reduction of the area under the curve of
severe infections) would therefore be particu-
larly important, especially in the absence of
effective vaccines and therapeutic treatments.
In fact, if the nasal spray only reduces the
probability of infection then, depending on the
effectiveness, the use of nasal sprays would have
a similar, or the same, effect as some of the NPIs,
such as wearing face masks or reducing the

number of contacts relevant to infectious dis-
ease spread between individuals.

Nevertheless, there will always be an indi-
vidual benefit for those who use nasal sprays
(e.g. see Fig. S3 in the Supplementary Material
which shows the relative risk of developing
severe infection). Their contribution in reduc-
ing the risk of infection would be important in
many cases. Intranasal antibody prophylaxis
could be an effective measure (1) against infec-
tion in those unvaccinated, (2) where vaccines
do not protect against infection with new vari-
ants, (3) when waning of immunity occurs and
the risk of reinfection increases, (4) within a
household or other small group after a member
has tested positive for a virus, (5) prior to
attending a large gathering of people, such as a
football match [13]. This would be particularly
important if NPIs are not introduced.

Fig. 2 Proportion of hospitalisations over time in a
defined population in the case where there is no
intervention (black line) and the scenario where 50% of
the susceptible population is continuously receiving pro-
phylaxis of efficacy equal to 0.7 (f 1 ¼ f 2 ¼ f 3 ¼ 0:7;
f 4 ¼ 0) for the first 90 days of the epidemic (red
line). bs1 ¼ bm1

¼ bm2
, bsp1 ¼ bmp1 ¼ bmp2 . Initially, a

proportion 0.0001 with mild infection is introduced into a
wholly susceptible population. a R0 ¼ 2:8. b R0 ¼ 5:
These values of R0 have been chosen to mimic the original
SARS-CoV-2 variant that spread widely in Europe in 2020
and the Delta variant that spread in 2021, respectively. In
all cases, intranasal prophylaxis starts before and continues
after the exposure to the virus and during a mild infection
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CONCLUSION

Intranasal antibody prophylaxis has the poten-
tial to provide immediately accessible protec-
tion to individuals that are likely to be exposed
to the virus. The use of antibody-based nasal
sprays could replace some of the non-pharma-
cological prevention and control measures,
including self-isolation and the use of face
mask, reducing some of the associated adverse
consequences of such measures. If exposure to
the virus is prolonged, the use of nasal
sprays with short duration of protection would
become less effective. Intranasal prophylaxis
alone cannot act to prevent community-wide
transmission of the virus. It could constitute an
additional protective measure to vulnerable

people, such as the elderly, those that are
unvaccinated, people with comorbidities and
the immunocompromised, or those visiting
crowded places. In any case, individual beha-
viour in terms of compliance to repeated treat-
ment would be one of the most important
factors for this to succeed, as continuous self-
administration would be required.
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