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Abstract: The Canine Distemper Virus (CDV) represents a considerable risk to domestic and wild carnivore populations globally,
notwithstanding the existence of vaccinations. This study examines the significant obstacles in creating successful CDV vaccines,
especially regarding virus evolution, immune evasion, cross-species transmission, and vaccine reluctance. This review aims to
consolidate existing research on CDV vaccine development, emphasizing emerging technologies, such as nanoparticle and DNA
vaccines, and their capacity to address present challenges in immunogenicity and cross-species protection. Through the analysis
of recent findings, this review delineates significant gaps in the comprehension of CDV's genetic variety of CDVs, the sustainability
of wildlife reservoirs, and the obstacles to attaining extensive vaccination coverage. This review evaluates the influence of public
health infrastructure and socioeconomic factors on vaccination distribution and uptake constraints, particularly in developing
areas. These findings highlight the significance of a One Health approach, which amalgamates veterinary, wildlife, and public
health viewpoints to address CDV epidemics more efficiently. Future research should focus on augmenting vaccine efficacy in non-
domestic species, increasing public awareness of immunization initiatives, and creating thermostable vaccines for improved
distribution accessibility. This review offers critical insights into the intricacies of the CDV vaccination and presents a framework
for enhancing worldwide initiatives to combat this destructive virus.

Keywords: Canine Distemper Virus, vaccine development, immune evasion, nanoparticle vaccines, cross-species transmission,
immunization coverage, One Health approach.

Introduction
Africa and Europe, and they carry changes that affect the

Innovation in vaccination for the Canine Distemper Virus
(CDV) is essential, yet complex, and has far-reaching
effects on domesticated and wild carnivorous mammals.
CDV is a contagious virus that is associated with high
mortality. It goes beyond household pets because it
endangers wild animals, which calls for such vaccination to
be in place for health and conservation(1). Even though the
population has a vaccine, the continuous occurrence of
outbreaks in countries stresses the public’s understanding of
the virus(2). This review aims to crystallize the existing
literature on CDV and understand the challenges related to
CDV vaccine development, such as the structure of the
Cubed virus, immune system control and transmission
nature, and vaccine utilization reluctance.

Research in the last few years carried out in different
locations has shown how evasion of the host immune
response and genetic variability of CDV pose obstacles to
developing effective and universal vaccines (1). As an
illustration, new strains of CDV have been found in South

efficiency of the vaccines in use. Although these studies
have helped advance the understanding of CDV and host
immunity, including its pathology, there is still a huge
problem not addressed in these studies(3). Virus immune
evasion is particularly prominent in wildlife and
immunocompromised animals. Considering viral changes,
especially in CDV, the possibility of vaccine effectiveness
is essential for determining optimal vaccination
measures(4). Overcoming this gap can result in the
development of an improved vaccine for CDV, effectively
reducing its transmission in domestic and wild populations
and protecting the entire ecosystem(5).

This article aims to conduct an inclusive review of the
barriers encountered in CDV vaccine development and
discuss new tools for this task, especially nanoparticle and
DNA vaccines. Considering the literature that this paper
draws, it seeks to expose the deficiencies of the present
vaccines and determine what can be done to address the
problems(6). This review stands out because it explores the
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confluence of immunology, cross-species transmission, and
public health, and suggests new solutions regarding the
limitations of current vaccination models(7). This approach

addresses the identified gap and prepares a launch pad for
further studies to devise successful and universally relevant
vaccination techniques for CDV.

Table 1: Summary Table for Challenges and Strategies in Canine Distemper Virus (CDV) Vaccine Development

Key Areas
Viral

Evolution &

Immune Evasion

Cross-Species

Transmission

Vaccine Efficacy in

Non-Domesti
Species

c

Vaccine Hesitancy

Global
Distribution

Vaccine

Challenges

- CDV genetic diversity complicates
vaccine efficacy.
- Immune evasion mechanisms
undermine host immunity.

- CDV spreads between domestic
dogs and wildlife reservoirs.
- Wildlife populations sustain the
virus.

- Limited understanding of vaccine
safety and efficacy in wildlife and
endangered species.

- Misinformation among pet owners.
- Fear of vaccine side effects leads to
low vaccination rates.

- Geographic and socioeconomic
barriers in developing regions.
- Cold chain and storage limitations.

Current Approaches

- Use of live-attenuated and

inactivated vaccines.
- Limited recombinant
vaccines.
- Vaccination programs
focusing on  domestic
animals.

- Limited focus on wildlife.

- Modified live vaccines
(MLVs) show mixed results
in wildlife.
- Some recombinant
vaccines.

- Public health campaigns
are sparse.
- Limited  veterinary
outreach.

- Conventional cold chain-
dependent vaccine delivery.

Future Directions

- Development of vaccines

targeting  conserved  viral
proteins.
- Research on immune

modulation to prevent immune
escape.

- One Health approach
integrating  veterinary  and
wildlife conservation.
- Targeted vaccination
programs for wildlife
populations.

- Field trials for nanoparticle
and DNA vaccines in wildlife.
- Research into species-specific
immune responses to vaccines.

- Education campaigns
addressing vaccine safety and
public health risks.
- Increased veterinary
involvement in public
awareness.

- Development of thermostable
vaccines.

This table presents a comprehensive overview of the
obstacles and existing tactics for Canine Distemper Virus
(CDV) vaccine development, emphasizing the domains
necessitating additional study and innovation. Principal
issues encompass viral evolution, interspecies transmission,
vaccine efficacy in non-domestic species, vaccine hesitation
among pet proprietors, and worldwide vaccine delivery
obstacles. Contemporary methods predominantly depend on
established immunization technology, with deficiencies in
accessing wildlife populations and isolated areas. Future
directions highlight the necessity for nanoparticle and DNA
vaccines, more comprehensive One Health policies, and
mitigating ~ socioeconomic  obstacles to  enhance
immunization coverage, particularly in marginalized
regions.

2. Overview of Canine Distemper Virus (CDV)
and Vaccine Development

- Inequitable access to - Innovative  distribution
vaccines. methods (e.g., drone delivery)
for remote areas.
- Strengthening of public health
infrastructure.
21 General Pathogenesis and Viral Structure

Canine Distemper Virus (CDV) is one of the world's most
highly contagious viral diseases and is almost always fatal
to domestic dogs and wild carnivores. As a member of the
Paramyxoviridae family, CDV is a complex, enveloped,
single-stranded, negative-sense RNA virus. Nucleoprotein
(N), phosphoprotein (P), matrix protein (M), fusion protein
(F), hemagglutinin (H), and large polymerase protein (L) are
six proteins that are essential structural elements of this
virus genome. These structural proteins have essential
functions in the ability of the virus to infect host cells, evade
the host immune system, and cause significant difficulties
in creating vaccines(8). The following figure 1 illustrates
the structure of CDV, highlighting the roles of its key
structural proteins and their involvement in viral
pathogenesis and immune evasion.

[Citation: Ahmad, M.T., Hashmi, H.A., Hassan, M.U., Khalig, A., Shah, S.K.A., Maghool, B., Ejaz, A., Jamil, S., Rehman, M.U.,
Fraz, A., (2024). Challenges in developing vaccine for canine distemper. Biol. Clin. Sci. Res. J., 2024: 1159. doi:

https://doi.org/10.54112/bcsrj.v2024i1.1159]



https://doi.org/10.54112/bcsrj.v2024i1.1159

Biol. Clin. Sci. Res. J., Volume, 2024: 1159

Ahmad et al., (2024)

—1

o e

H Protein Binds to

RNA G B
enome nvelope Host Receptor

F Protein Facilitates P Protein M Protein L Protein
Membrane Fusion

-

Viral Entry into Host
Cell

Transcription and

Protein Synthesis in
Cytoplasm

Figure 1: This diagram illustrates the CDV structure, featuring essential components, including the Nucleocapsid (N), RNA genome, envelope,
and surface proteins (H and F). The text demonstrates the binding of the H Protein to the host receptor, while the F Protein promotes membrane
fusion, resulting in viral entrance into the host cell. The subsequent transcription and protein synthesis phases in the cytoplasm are likewise

illustrated.

The CDV envelope is a bilayer of lipids derived from the
outer membrane of the host cell, enclosing embedded
glycoproteins of the virus H and F types. The H protein is
essential for interacting with members of the host cell
surface receptor family and rapidly initiating infection(9).
Consequently, upon binding to the host cell, the F protein
enables the combination of the viral envelope with the host
cell membrane, delivering the viral core into the host cell
cytoplasm. At this stage, the first stage of reproduction of
the virus is completed, which involves the penetration of
intercellular negative-stranded RNA (VRNA) into a host
cell, which then undergoes transcription into positive-
stranded mMRNA, allowing for the expression of proteins that
are constituent parts of the virus. These structural proteins
interact with host cell proteins, which are critical for the
invasion or CDV infection of the host immune system(10).
By affecting essential cells of the immune system, CDV, for
some time, restrains the immune response and causes a
generalized infection with a prolonged presence of the
virus(9).

The risks posed by CDV's immunosuppressive activities of
CDV make it difficult to develop vaccines against CDV.
Genetic mutations, particularly in the H and F proteins, may
change the specific nature of the virus and affect the
effectiveness of hemagglutinin-targeting and fusion-
protein-targeting vaccines head-on(11). For instance,
antigenic drift, such as small changes in surface proteins of
viruses, can cause significant evolution of the viruses due to
the generation of viral variants bearing surface proteins
unrecognizable by antibodies with an active vaccine. This
ability to extravagantly, extraordinarily, and unusually
circumvent strategies helps vaccines function in many
different situations, so that they last long and are effective
against new strains, making it difficult to stimulate their
development. In addition, CDV can impair lymphocytes and
dendritic cells, decreasing the immune response and making
it more difficult for the organism to defend itself
effectively(12).

Different strategies, such as live-attenuated, inactivated, and
recombinant techniques for developing CDV vaccines, are
already in use and have been investigated. Live-attenuated
vaccines, which involve a less active infection, prime the
immune system successfully, as it is almost like a natural
infection by the virus. However, these preparations risk the
loss of virulence over time, mainly when used on species
that are less tolerant to the disease caused by the vaccine,
such as wild carnivores(13). Inactivated vaccines help avoid
these problems because they are derived from killed viruses
and have reduced side effects. However, they are limited by
their lower immunogenicity; hence, many doses are
required for optimal protection. These include recombinant
vaccines, which provide viral antibodies without using the
virus, but instead provide viral proteins or mutant DNA in
other viral vectors(14). However, there are many
limitations, including the more variable efficiency of the
vaccines, and some studies revealed that these 'subunit'
complexes provide no better long-lasting immunity than the
recombinants(15).

Recently, various future technologies have been evaluated,
including nanoparticle-based and mRNA vaccines, which
can enhance the durability and immune responses of
vaccines. Nanoparticle vaccines provide better delivery and
presentation of viral antigens; promisingly, they elicit much
stronger and more targeted immune responses(16). More
work is required to ensure that these new technologies are
able to provide cross-protection for different CDV strains.
Genetic changes or genetic drift of the CDV are additional
hurdles in developing a single CD vaccine. Therefore, the
Development and control of CDV are required through this
additional and emerging stem cell therapy technology(17).

2.2 History of CDV Vaccination Strategies
Canine Distemper virus (CDV) is a common viral illness in

domesticated dogs and other carnivores, and is generally
fatal and highly infectious. Since the 20th century, three
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generations of vaccines have been reported: live, killed, and
recombinant vaccines. All these types have been used in the
fight against CDV, but both have achieved excellent results,
simple good results, and safe and immunogenic results(17).
The first major revival in the clinical immunization of CDV
was accomplished by Nigerian development of live
attenuated vaccines, which occurred in the 1950s as shown
in figure 2. The vaccinated no longer got the disease, as they
had just been given viruses modified to be weaker(18).

Research has demonstrated that the live attenuated vaccine
for CDV is highly efficacious in preventing CDV diseases
because it encompasses multiclonal immunity against CDV.
However, such vaccines are unsafe, especially for
immunocompromised animals or species, because the
vaccine reverts to pathogenicity and causes disease(19). In
one such example, a field description of the lake was done
in Africa in wild dogs and death deal ravaged disease
subsequently caused by the vaccine(20).

Evolution of CDV Vaccines with Details

1970s-1980s

1970s-1980s

1990s-present

1990s-present

Inactivated vaccines

Safer, no risk of

reactivation

Requires multiple
doses, reduced
immunogenicity

===
S

Fiure 2:

Figure 2 shows CDV vaccine development occurred over
several decades, commencing in the 1950s with live
attenuated vaccinations that conferred robust, enduring
protection but posed a danger of virus reactivation,
particularly in impaired animals. Inactivated vaccines were
developed in the 1970s and 1980s, providing a safer option
by utilizing killed viruses. However, these need multiple
doses due to diminished immunogenicity. Since the 1990s,
recombinant and nanoparticle-based vaccinations have
developed, employing new technology to enhance cross-
strain protection and efficacy; however, issues persist about
differential effectiveness among different virus strains.

In the 1970s and the 1980s, inactivated vaccines became
safer. Such vaccines are based on the use of killed viruses,
which eliminate the risk of reverting. However, they were
safer when immunization was concerned but less
immunogenic, requiring a long series of them followed by

Recombinant and
nanoparticle-based
vaccines

Advances in
cross-strain
protection

Varied effectiveness
against new strains

\J

boosters to retain acquired immunity(21). (22) reported that
inactivated vaccines provide only short-term immune
responses to some wild canids, necessitating quick re-
vaccination. Nevertheless, despite their low risk, the fact
that they are not effective in providing long-term immune
responses limits their usage. In the 1990s, protein synthesis
began by using viral vectors to express genes that encode
CDV proteins. These vaccines became more comfortable,
as no more live vaccines could reverse to a virulent
form(23). Despite this inspired hope, there have been
reports of varied responses to vaccines, with some working
better than others. For example, (24) surveyed vaccinated
populations where the results of cellular immune responses
were different, indicating that modifications are needed.

Owing to the alteration in the genomes of the circulating
strains of the canine distemper virus and the appearance of
vaccine-resistant variants, the difficulties associated with
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creating a CDV vaccine have only increased(25). Recent
attempts have focused on blood-created immunity
enhancement with the help of constructs associating
different vaccine strategies with new technologies,
including vaccines based on nanoparticles. These advances
aim to extend the breadth of protection against the disease
in non-target populations, which, in case studies, seeks to
improve the safety of high-risk wildlife populations in
ongoing research(16).

3. Challenges in Immune Response and Vaccine
Efficacy
3.1 Immune Evasion Mechanisms and Vaccine
Response

Canine Distemper Virus (CDV) is an infectious disease
agent that minimizes the chance of being targeted.
Therefore, the inability to develop a CDV vaccine is a
challenge. As already pointed out, CDV focuses on using
standard and immunological defense mechanisms in the
host, especially vertebrate hosts(1). It is vital to appreciate
the existence of these immune evasion strategies to devise
effective vaccines for sustained protection(26).

The host immune system is primarily targeted by CDV,
which consistently attacks and inhibits somatic cell
transducing signal pathways, cadherins, and the type |
interferon (IFN) signalling pathway, which is vital for one's
innate immune response to pathogen invasion(27). CDV
proteins (such as the V and C proteins) and other methods
can also inhibit the activities of IRF factors that induce
antiviral factors, such as interferons known as IRFs(27) as
shown in figure 3. Therefore, since non-productive
synthesis of interferons does not occur, fuel starvation could
take place, thus providing an optimal environment for
multiple virus particle ‘uneducated’ replication. The
interruption proved vital for quickly embedding the couple
from the other within one host (28). In addition to causing
havoc with the primary immune response, CDV negatively
affects adaptive immunity by targeting lymphocytes. The
virus further induces T and B cell apoptosis, resulting in
lymphopenia and poor host immune response. This immune
suppression facilitates not only the persistence of CDV but
also exposes patients to secondary infections, which makes
the disease even more challenging to control(29). Recent
studies, including (3), indicate that this immune suppression
potentiates vaccine development problems by inducing
potent adaptive immune responses.

{Inhibition of IFN Pathway ‘

l

‘ Immune Suppression

'\

‘ Challenges in Vaccine Development

‘ Vaccine Efficacy Variability ‘

v

{Suppression of IRF Factors ’

v

‘ Apoptosis of T and B Cells}

N,

[ Lymphopenia and Susceptibility to Infections

Figure 3

This cycle diagram (Figure 3) depicts the immune evasion
techniques utilized by CDV, including the inhibition of the
IFN pathway, suppression of IRF factors, and induction of
death in T and B cells. These effects result in immunological
suppression, posing obstacles to vaccine development and
contributing to diversity in vaccine efficiency among

various species or breeds. The cycle underscores the
persistent  interconnection among these elements,
complicating the attainment of effective vaccination
responses.

Concerns regarding the efficacy of CDV vaccines also
include differences in immune responses depending on the
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species or breed of dog. For instance, Siberian Huskies seem
to have a compromised humoral immune response to
vaccination, possibly because of breed-specific or
physiological factors. Such variations in immune responses
to CDV infection or vaccines have challenged the
development of a single vaccine for all dog breeds(30).
Some animals are composed of average genetic, anatomical,
or physiological factors, but their wild counterparts, African
hunting dogs, are said to be different(29). To overcome
mass immunization, researchers want to examine the use of
mucosal vaccines to enhance vaccine efficacy by
supplementation with adjuvants. Initial studies have shown
success, especially in inducing better immune responses, in
species with lower vaccine acceptance(21). Nonetheless,
CDV has immune evasion mechanisms that have proven to
be a significant medical challenge for achieving broad-
range vaccine efficacy across various regions(1).

3.2 Maternal Antibodies and Vaccine Challenges in
Neonates:

Female animals provide passive immunity to their fetuses
through maternal immunoglobulins, which can also be
transferred to their offspring through the colostrum(31). In
other words, it challenges effective Canine Distemper Virus
(CDV) vaccination in neonates. As these antibodies can
neutralize the vaccine virus, the protective immune
response of the puppy is not activated(32). As such, even
when it is clarified that they are vaccinated and have high
maternal antibodies, puppies are still likely to succumb to
CDV infection, as the vaccine does not confer sufficient
immunity (19, 32).

Due to the rabies vaccine, the main soft puppies can receive
after these maternal antibodies have been abated from 12 to
16 weeks of age(32). Larson and Schultz (2006)
demonstrated that waiting for 16 weeks to vaccinate
considerably improved success rates because maternal
antibodies were low enough for an adequate immune
response. However, choosing this delaying strategy makes
puppies vulnerable during the first 6-8 weeks of their lives,
with a high day risk of infection. In this context, many
vaccination protocols have been suggested, in which
puppies are initially vaccinated at the age of six to eight
weeks, followed by several doses at intervals of two—four
weeks up to the age of 16 weeks. This approach aims to
elicit a sufficient level of immunity against infection before
the levels of maternal antibodies decline, thereby shortening
the vulnerable phase(33). Vila Nova, Cunha (34) showed
that this protocol enhanced the immunity of different breeds
of dogs.

Some studies have also utilized ‘combination’ vaccines of
live-attenuated and inactivated strains. Regarding
inactivated and adjuvant vaccines, the use of inactivated
vaccines decreases the likelihood of neutralization by the
maternal antibody and can be adjusted with attenuated
vaccines for a better immune response(35). A study
conducted by Gu, Plotkin (36) noted that seroconversion
rates were higher when combination vaccines were used in
puppies in comparison with a single vaccine type.
Considerably, the focus has also been on the application of
adjuvants, other innovations, and even intranasal
vaccination in an attempt to overcome the state of
immunosuppression seen in puppies in the presence of
maternal antibodies. These developmental features have the

potential to reduce maternal antibody incongruence while
providing timely and efficient protection(37).

4. Emerging  Vaccine  Technologies and
Immunogenicity Enhancement

4.1 Nanoparticle and DNA Vaccines in CDV
Immunization:

Developing vaccine  approaches, especially new
nanoparticle and DNA vaccines, can significantly improve
the immunogenicity of Canine Distemper Virus (CDV)
vaccines. These approaches aim to induce even more robust
and longer-lasting immunity than conventional vaccines,
thereby lowering the risk of CDV infection(15). These
vaccines employ nanoparticles to enhance the delivery and
presentation of antigens to the immune system. Because of
their reduced size and increased surface area, antigen-
presenting cells can effectively absorb nanoparticles,
resulting in a more robust humoral and cell-mediated
immune response(6). Moreover, a recent study by Zhang,
Zhu (38) reported that nanoparticle-based CDV vaccines
stimulated more neutralizing antibodies and T-cell
responses than traditional vaccines did. This proves that
nanoparticles can be used to enhance the efficacy of
vaccines by broadening immune responses and improving
durability(39).

Another new method, the delivery of DNA vaccines, has its
ideal benefits because the genetic material of the CDV is
delivered directly into the host cells, where the viral
antigens are synthesized. This phenomenon evokes both
major histocompatibility complex (MHC) class | and MHC
class Il pathways, triggering a broad immune response(40).
Vaccine strategies that employ the transgene incorporating
the CDV vector also activate cytotoxic T lymphocytes, a T
cell type that kills CDV-infected cells(41). In their work,
Chen, Chen (42) focused on CDV DNA vaccines in
particular, and showed that the level of immune cytokines
elicited in vivo in vaccinated dogs was more substantial than
that of conventional vaccines, stimulating T-cell activation.
The advantages of these new vaccine types, nanoparticles,
and DNA vaccines are not limited to enhancing their
immunogenicity. Such nanoparticles can be a more
effective form of specific therapy than naked DNA viruses
with a single CDV antigen(40). In addition, designing and
producing DNA vaccines is straightforward, enabling rapid
and efficient production to scale during outbreaks. Such
concerns would make them much more appealing to future
CDV vaccination(43). Current research trends in
nanoparticle and DNA vaccines suggest that a wider
application of these methods in veterinary medicine is
within reach. However, more trials are warranted to
determine the longevity of the efficacy and safety of
vaccines in various populations of dogs(44). As these
technologies develop hands-over in the future, they are
likely to improve the performance of CDV vaccines to
protect against long-lasting viruses(34).

4.2 Role of Adjuvants in Improving Vaccine
Efficacy:

Adjuvants, such as oil-based formulations, improve the
performance of CDV vaccines, particularly with regard to
immunogenicity. These factors act in a manner that boosts
the body's first-line defense, the innate immune system, and
subsequently promotes adaptive immunity in the body,
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which in turn results in increased antibody synthesis, better
cellular immunity, and longer-term memory of the immune
system(3).

Apart from potential usage in veterinary vaccines for CDV,
oil-based adjuvants like mineral oils and squalene are
somewhat due to their ability to sustain antigen presentation
by inducing a local inflammatory reduction and promoting
antigen uptake by antigen-presenting cells(45). With oil-
based adjuvants, extending protection over vaccines without
adjuvants for longer periods is possible, as more sustained
immune responses are generated. These adjuvants also
maintain the depot effect, an increase in the disease for
which the antigen is exposed to the immune system for an
extended period for persuasion(46).

However, oil-based adjuvants are only partially free of
problems. Several authors have reported local adverse
effects, such as the appearance of injection site granulomas
and inflammation, and systemic adverse effects, such as
fever(47). For instance, (48) found that, although cancer oil
adjuvants boost immune responses in dogs, they are more
likely to cause injection site reactions than alum adjuvants.
This shows that it is essential to strike a balance between
enhanced immunogenicity and reduction of adverse
effects(45). Consequently, emulsion-based or polymeric
nanoparticle adjuvant strategies, or even newer ones, have
been investigated to ensure a robust immune response but
limited reactogenicity(49). Ou, Baillet (50) performed
comparative studies using CDV vaccines formulated with
nanoparticle-based and conventional adjuvants and noted

that higher doses and more robust T-cell responses were
elicited. These new systems encourage the withdrawal of
unwanted side effects without compromising the vaccine's
efficacy, especially when starting medicine(39).

5. Cross-Species Transmission and Wildlife
Vaccination Programs

5.1 Cross-Species Transmission and Wildlife
Reservoirs

Canine Distemper Virus (CDV) presents major issues,
mainly because it exhibits interspecies distance-bridging
properties, especially between domestic dogs and wildlife
as shown in figure 4. The virus affects many carnivores,
including wolves, foxes, and raccoons, which usually serve
as wildlife hosts. Some of these animals can retain the virus
without illness; therefore, CDV remains concealed in the
environment, threatening the rabid dog population(51).
CDV spreads among host species through direct contact and
sharing of resources, such as food, water, or inhalable
elevations(1). One well-publicized outbreak during testing
in the 1990s among Serengeti lions, thought to have been
caused by pet dogs, raises the issue of wildlife turning
prisoner reservoirs. Such outbreaks illustrate how wildlife
reservoirs can threaten preventive strategies based on
domestic  vaccination by reinfecting  previously
unvaccinated or partially vaccinated domestic populations
with the virus (3).

Wildlife Reservoirs (Wolves, Foxes, Raccoons)

— N

Transmission via Direct Contact

Transmission via Shared Resources (Food/Water)

Domestic Dogs

4

Re-infection Despite Vaccination Programs

Transmission via Airborne Particles

Figure 4:

The figure 4 illustrate the transmission of CDV between
domestic and wild species, highlighting the function of
wildlife as asymptomatic carriers and the persistent threat
they present to unvaccinated or partially vaccinated canine
populations. It will also elucidate the complexities of
managing the disease via targeted immunization initiatives
in wildlife and domestic animals.

Managing the control of CDV in mixed systems with
wildlife and domestic animals is challenging. The first step
in the vaccination of domestic dogs is essential, as it
prevents domestic dogs from shedding the disease
virus(19). However, even if domestic dogs are immunized,
the virus may continue to spread among wild animals.
Although targeted wildlife vaccination has been deployed in
some areas, it remains a daunting challenge politically and
logistically(52). For instance, oral bait vaccines meant for

\
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wild carnivores have undertaken fair skill in addressing
CDV in foxes (1). Nevertheless, wildlife vaccination has the
disadvantage of being expensive and time-consuming
because of the need for unique delivery systems and
monitoring intensity of monitoring(53).

Increased biosecurity interventions and disease surveillance
are required to control CDV. High levels of infected
quarantine empathy can contain domestic and wild species
during outbreak(51). Wildlife health surveillance is also
important for controlling CDV, as it is critical for outbreak
response and early detection. In looking at the epidemiology
of the disease, uncontrolled infection of the CDV virus from
host to host brought forth wild animals calls for a more
pluralistic vision(5). Focusing on wildlife as a potential
source of CDV and improving cross-border cooperation
between veterinarians, wildlife biologists, and public health
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agencies will help to formulate better control measures and
management of CDV among domestic and wild
animals(54).

5.2 Vaccination Challenges in Endangered Species

The development of vaccines for endangered species, such
as the Canine Distemper Virus (CDV), raises a range of
moral and practical issues that conservationists must
address to foster the efficient protection of the species. CDV
is a highly contagious and deadly virus that places at-risk
endangered flesh-eating animals, including lions and Amur
tiger(51). Despite this, there are also issues related to the
conflict of human interference in the wildlife subject and the
worry about unforeseen repercussions on the ecological
balance(2).

By the same token, in response to each, it should also be
emphasized what is to protect individual animals and their
populations from diseases and what is to interfere with
‘natural processes. > An advantage of this nature includes,
for instance, the protection of endangered predatory animal
populations from or supply of practical means of disease
catastrophe management — CDV vaccines and flash
introduction(55). Relations within user groups are rarely
primary. The challenge in immunizing against CDV has
been, and remains, to introduce vaccines to endangered
populations. The controversy is well encapsulated in
handling the 1990s Serengeti outbreak of the canine
distemper virus introduced by domestic dogs, or whether
wildlife management has to warrant such vaccination
efforts, as in other cases (1).

In practice, administration of vaccines to endangered
species is often difficult. Seeking out and immunizing in
wild, elusive animals, such as elephants and rhinoceros,
pose risks and require considerable resources. In some
instances, vaccination with wildlife has been practised
effectively, as seen in the case of the Black-footed Ferrets
of North America, where targeted vaccination helped avert
the outbreak of A viral infection that would have wiped out
the population (56). In contrast, certain undertakings, such
as vaccinating wild carnivores in Africa, have been
disappointed due to logistical factors and vaccine concerns.
Issues concerning the safety and efficacy of vaccines
developed for Canine Distemper Virus (CDV) also
influence immunization programs in animal species that are
not domesticated(57). Modified live vaccines (MLV) have
been successful, especially in domestic dogs, but
immunization with endangered species carries some risks.
This includes using MLV in African wild dogs, where
severe MLV-mediated vaccine side effects made specific
conservators hesitant to use vaccines(58). Researchers are
oriented towards more effective but safer options, such as
recombinant or inactivated vaccines that would have
directed protection without reversion to virulence(28).

6. Public Health Implications and Vaccine
Distribution
6.1 Vaccine Hesitancy and Public Health Risks

People's reluctance to vaccinate their pets remains a crucial
concern in public health institutions, and threatens CDV
vaccination campaigns. Outbreaks of canine distemper virus
(CDV) can occur due to gaps in immunization coverage,

misinformation, and concerns about vaccine safety(51).
Such hesitancy must be understood, strategized, and
reversed, as this concerns the safety of both animals and
humanity. Misinformation, especially on social networks
and the Internet, has aggravated the fear of vaccination(59).
According to Sogbesan, Bakare (60), nearly one in four pet
owners refuses the CDV vaccine because of concerns they
read online about vaccine safety. However, the scientific
evidence does not support these concerns. Such
misinformation makes some pet owners not see the need to
have their pets vaccinated, thereby lowering immunization
rates(61).

Another reason for vaccine hesitancy is the lack of adverse
effects. While many vaccines, such as CDV, are clearly
safe, some pet owners are still hesitant because of possible
adverse outcomes such as allergies or autoimmune
disorders(61). An example is a survey conducted by Motta,
Motta (62), in which 20% of pet owners indicated that they
delayed or refused vaccinations for their pets because of
safety issues, which are often exaggerated. Refusal of
vaccination affects the animals in question and has public
health implications. Non-vaccinated pets may harbor CDV,
making it difficult to control the disease in other animals,
including wild ones(62). In a notable case, vaccine
hesitancy was linked to a CDV outbreak in a community in
the US, whereby since the immunization coverage for
domestic dogs was low, the canine distemper virus was
transmitted to resident wildlife populations (62).

Vaccine hesitancy can be reduced through specific
education programs and partnerships with veterinarians. As
Chirico, Ferrari (56) reported, pet owners educated about
vaccine safety through information provided by their
veterinary practitioners were 40% more likely to vaccinate
their pets. Other policy options, such as compulsory
vaccination against rabies as a condition for dog ownership
or more stringent vaccination guidelines before boarding
pets in facilities, should also be considered, as they have
been noted to enhance vaccination uptake rates (61).

6.2 Global Vaccination Programs and
Immunization Coverage:

Canine Distemper Virus (CDV) is a severe infectious
disease that primarily affects carnivores including
domesticated dogs and other animals. Some attempts at
vaccination campaigns against CDV have already been
made, but they are limited by the distribution of vaccines
and immunization coverage, especially in underdeveloped
regions(51). Sufficient information is available to indicate
that socioeconomic status, geographic location, and lack of
health system support all influence the effectiveness of these
campaigns. Typically, higher coverage and effectiveness of
CDV vaccination programs are recorded in developed
nations because of the developed systems of veterinary care,
means of transport, and public health policies(63).
However, there are still gaps in these rates, especially in
rural or low-income areas, where they are generally lower.
According to Chirico, Ferrari (56), vaccination coverage
was reported to be as high as 85% in America’s urban
centers and only 60% in rural America, citing wealth
inequalities, even in wealthier countries.

On the other hand, effective vaccination programs are rare
in developing regions because of a lack of funds, poor
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infrastructure, and weak public health systems. For
instance, in the case of Sub-Saharan Africa, CDV
outbreaks, which are the Canine Distemper virus strains that
have emerged in Africa, are due to low vaccination rates of
pets, as a small percentage of domestic dogs, no more than
30-40 per cent, are vaccinated (3). Regions like these face
cultural and religious barriers, education gaps, and
government skepticism that impede vaccination. Other
factors, such as distance to facilities and difficulty on roads
in poor countries, hardly ease the burden of vaccine
distribution of vaccines(64). In developing countries, where
electricity can be erratic or non-existent, preserving the
vaccines in the cold chain’s required temperature during
transfer and when keeping them is challenging. Because of
these practical problems, some proposals, such as the use of
thermostable vaccines or developed drone systems for
delivery, have emerged(4). In Tanzania, drones are used to
deliver vaccines to remote areas. As such, a 15 per cent
increase in vaccination was noted because of increased
coverage where CDV vaccines were previously lacking
(65).

It is important to note that tackling these global disparities
involves more than one strategy and calls for adequate
funding for the healthcare system, better veterinary services,
and focused community education efforts(1). Concerted
efforts by government, international, and local
organizations are necessary to address these hindrances and
equitably distribute vaccines(28). Equitable access to
vaccines can eliminate the socioeconomic, geographical,
and infrastructural barriers that inhibit CDV vaccination
programs, thereby achieving the goal of immunizing the
world against this dreadful disease(66).

Conclusion

This review has covered the necessary aspects of the
problems and successes related to immunization against
Canine Distemper Virus (CDV), focusing on vaccine
development, vaccine uptake, vaccine and disease
distribution, and vaccine and disease cross-species
transmission. The primary conclusion is that although CDV
vaccines are manufactured. In circulation, many — the
virus’s immune escape strategies, the genetic variations of
the viral strains, and the wild animal reservoirs—negate the
benefits of these vaccinations. In addition to cross-species
transmission and vaccine hesitancy that pose challenges to
disease control, especially among susceptible and
endangered species, emerging technologies such as
nanoparticles and DNA vaccines appear to augment the
immunogenicity of vaccines. The broader significance of
these findings is that, even if some progress has been made
concerning vaccines and strategies to help control the
disease, great multi-sectoral efforts are required to
implement vaccination programs effectively. Managing the
consequences of the One Health approach has brought
together veterinary public health, wildlife health and
management, and human health. Furthermore, pet owners’
vaccine awareness considerations are paramount if better
vaccination rates are to be realized. Higher vaccination rates
indicate that both pets and wildlife are protected. This
literature review offers various contributions to the existing
gaps in the literature. Very few studies have evaluated the
long-term effectiveness and safety of new vaccine

technologies in species other than domestic animals, and
further research is necessary on these vaccines in various
settings. Furthermore, there is a gap in understanding how
wildlife reservoirs contribute to the cycles of CDV
transmission, especially in areas of wildlife-human conflict.
Although such initiatives have begun, a more systematic
examination is needed to ascertain the social and behavioral
factors that inform vaccination uptake, given the initiatives
to mitigate vaccine hesitancy that have commenced. The
improvement of methods for assessing the safety and
efficacy of nanoparticles and DNA vaccines is a priority and
should be applied in real field trials, focusing particularly on
high-risk wildlife populations. Understanding the evolution
of CDV in geographic regions provides an opportunity to
understand how vaccines should be designed to address the
particular strains found in a particular community. In
addition, there is a need for more systematic public health
efforts to address vaccine hesitance and behavioral science
research to resolve vaccine uptake if it is to improve
worldwide. The limitations of this review may include the
selection of the literature analyzed, which might have
missed some rising studies and specific aspects of the region
in question. In addition, there might be interpretation bias in
the findings due to differences in the reviewed studies, such
as methodology and data quality. These weaknesses
highlight the need for more in-depth and better-targeted
investigations to understand the difficulties associated with
the CDV vaccination. In conclusion, the results of this
review focus on the central issues related to the control of
CDV and the importance of vaccination for at-risk animals.
Furthermore, with the progressive trend of this research,
there is adequate room for vaccine improvement and better
public health measures targeting relevant problems. Animal
and human health impacts can be ameliorated through
synergistic measures in more intensive research to resolve
existing knowledge gaps and improve canine distemper
vaccination coverage of pet dogs.
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