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ABSTRACT - Vaccination is considered one of the most successful public health interventions of the modern 
era. Vaccines are categorized based on the antigen used, delivery system and the route of administration. 
Traditional vaccines are produced from the dead, attenuated or inactivated pathogens that cause disease. However, 
newly developed vaccines are DNA based, liposome based, and virus like particle (VLP) based which are more 
effective and specific to some malignant diseases. The delivery system of vaccines has been advanced along with 
time as well. New delivery systems such as nanoparticles, liposomes, or cells (for DNA) has been proven to 
develop a more efficient vaccine. Most vaccines are administered via intramuscular (IM), subcutaneous (SQ) or 
oral (PO) route. However, these routes of administration have limitations and side effects. An alternative route 
could be oral cavity administration such as buccal or sublingual administration using film dosage form as delivery 
vehicle. In this article, we thoroughly reviewed the possibility of developing a quickly soluble film-based delivery 
system for vaccine administration. We reviewed the different types of new vaccines and vaccine formulations 
such as VLP based, liposome, bilosome, particulate, and summarized their suitability for use in a film dosage 
form. Quickly soluble film dosage form is the most optimized form of buccal administration. A film dosage form 
applied in the buccal cavity has several advantages: they can avoid first pass effect, they are easy to administer 
and prepare, and they are more cost effective. Since there is no first pass effect, only a small quantity of the vaccine 
is needed. Vaccines in their original form or in a nano or microparticulate form can be used in a film. The film 
can also be developed in multilayers to protect the vaccine from degradation by saliva or swallowing. Films are 
easy to prepare, administer, and can be used for systemic and local action. In addition, most of the current vaccines 
use mostly the parenteral route of administration, which has some major drawbacks such as poor induction of 
mucosal immunity, less patient compliant, less potent, high cost and cumbersome production process. Sublingual 
and buccal vaccine delivery can be good alternatives as they are easier to prepare and safer than parenteral 
administration routes. The buccal and sublingual administration have the advantage to produce both systemic and 
mucosal immunity.   
__________________________________________________________________________________________ 
 
INTRODUCTION 
 
Vaccination against fatal diseases has been the prime 
focus to protect public health. It is the goal of the 
scientists to develop methods to stimulate the 
immune system to target malignant cells and destroy 
them efficiently. Vaccination has been proven to be 
the best option for the improvement and maintaining 
public health globally. Vaccines are the most cost-
effective means of preventing a variety of formerly 
common and deadly infectious diseases. However, 
vaccination against established malignancy has been 
largely disappointing [1]. More than 40,000 adults in 
the United States die each year from vaccine-
preventable diseases, such as influenza or 
pneumococcal diseases, or complications from the 
diseases, such as pneumonia [2]. Increasing 

vaccination rates could help reduce the toll from 
these illnesses. Also, many diseases that are rare in 
the developed countries remain endemic in the third 
world due to the lack of healthcare system, or limited 
access to refrigeration, cold chain storage system etc.  
The current most common vaccines are measles, 
mumps, rubella (MMR combined vaccine), 
rotavirus, smallpox, chickenpox, yellow fever, 
shingles, Hib (Haemophilus influenzae type b) 
disease, hepatitis B, HPV (human papillomavirus), 
whooping cough (part of the DTaP combined 
vaccine), pneumococcal, meningococcal etc. Almost 
all of these are administered in liquid dosage form  
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and administered orally, subcutaneously, or 
intramuscularly.  

Different routes of administration of vaccines 
have advantages and disadvantages. Vaccines for 
intramuscular administration are expensive to 
prepare, require cold chain storage and trained 
personnel. On the other hand, oral vaccines are more 
patient compliant, easy to administer, no need for 
cold chain storage system and trained personal. Also, 
oral vaccines can have the potential to stimulate 
mucosa-associated lymphoid tissue (MALT) located 
in the digestive tract and the gut associated lymphoid 
tissue (GALT), both of which are important for the 
induction of effective mucosal response against 
many viruses [3].  In addition, drug or vaccine can be 
administered via oral route in many different forms 
such as liquids, capsules, tablets, chewable tablets, 
etc.  

Oral administration is the most preferred from 
patient’s perspective because it is the most 
convenient, cost-effective, and easy to use.  
Although highly desirable, oral route has some major 
limitations that need to be improved for an effective 
vaccine formulation. These include poor 
bioavailability, degradation of vaccine by enzyme or 
harsh acidic condition of the body, inconsistent drug 
concentration, and taste issues.  Bioavailability is the 
major concern for an orally administered vaccine 
which leads to a great need for identifying better 
options for higher efficacy.  

One of the solutions to overcome the oral 
administration issue was fast dissolving drug 
delivery systems, which were first invented in the 
late 1970s as to overcome swallowing difficulties 
associated with tablets and capsules for pediatric and 
geriatric patients. Although placed in oral cavity, the 
administration of drug via sublingual and buccal are 
different from oral (per oral, PO) administration. 
Unlike oral, sublingual or buccal are systemic, 
directly approachable to blood. Instead of passing 
through the GI tracts such as esophagus, stomach or 
intestine, drug can directly enter to the blood through 
the membrane. Medications taken by buccal or 
sublingual administration provide consistent drug 
concentration levels in the blood, dissolves quickly, 
have immediate onset of action, and can avoid the 
first pass effect. Since there is no first pass effect, the 
bioavailability is high. Therefore, less amount of the 
drug, in comparison with oral administration, can be 
used to elicit desired effect. Also, in case of 
sublingual or buccal the patient does not need to 
swallow the drug. Another advantage of buccal and 

sublingual is that they do not subject proteins and/or 
peptides to the degradation usually caused by 
gastrointestinal administration.  

The most important advantage of buccal and 
sublingual administration is probably that if vaccine 
is administered, it can produce both systemic and 
mucosal immunity [4].  Most of the pathogens infect 
their host through the mucosa, therefore an ideal 
vaccine should induce protective immunity at 
mucosal sites in order to act as a first line of defense 
against infections. However, most of the vaccines 
currently in use are administered via injection such 
as subcutaneous or intramuscular route and have 
very limited mucosal immunity. The limitation of 
these routes is that they induce poor mucosal 
immunity, whereas vaccines administered via 
mucosal routes have proven to be effective for the 
induction of both systemic and local immunity [5]. 
Additionally, mucosal immunization such as 
sublingual and buccal makes vaccine delivery easier 
and safer than parenteral administration routes. 
These are very suitable for mass immunization 
during pandemic situations and improves 
acceptability especially among children [6]. 
Therefore, mucosal administration of vaccine via 
buccal or sublingual could be a great choice for mass 
protection. Among the two, buccal drug delivery was 
identified as a better option for oral administration. 

Various bio adhesive mucosal dosage forms 
have been developed, which includes adhesive 
tablets, gels, ointments, patches, and more recently 
the use of polymeric films or mouth dissolving films 
for buccal delivery [1]. A quickly soluble tablet or 
film dosage form can be used as drug career for 
buccal administration. The quickly soluble oral film 
dosage form has several advantages over other 
dosage forms for vaccines or drugs. Lower 
bioavailability of oral solid drugs, inconvenience of 
administering injections, inaccurate dosing by liquid 
formulations have turned the focus of 
pharmaceutical companies to develop oral film 
forms of medications that eliminate several of these 
limitations. Oral films are easy to prepare, 
administer, and handle. Normally, any 
biodegradable and biocompatible polymer can be 
used to prepare the film including any other material 
needed such as permeation enhancer, plasticizer etc. 
in a simple method. In this review article we intend 
to evaluate the potential use of quickly oro-soluble 
film dosage forms for vaccine delivery.  
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CONVENTIONAL VACCINES AND THEIR 
ADMINISTRATION 
There are mainly five types of vaccines. These are 
live, inactivated, subunit, toxoid, and conjugate 
vaccines. Additionally, there are two types of 
vaccines that still in the experimental stages but 
show great promise. These are DNA, and 
recombinant vector vaccines [7]. Current 
conventional vaccines with their antigen, species 
used, manufacturer and route of administrations are 
listed in Table 1.  

Live vaccines use a weakened (or attenuated) 
form of the pathogens that cause a disease. As these 
vaccines are like the natural infection, they can 
produce strong immune response and can have long-
lasting effect. Only 1 or 2 doses of most live vaccines 
are enough to produce desired immune effect [7]. 
However, live vaccines have some limitations in 
terms of production, handling and side effect. 
Extended safety is required to handle the vaccine 
production when live viruses are used as antigen. 
Extra caution should be taken in certain populations 
- such as people with weakened immune systems, 
long-term health problems, or people who’ve had an 
organ transplant [7]. Another limitation is live 
vaccines need to be well preserved in cold storage 
system which limits their mass use in 
underprivileged countries where mass vaccination is 
mostly needed [8]. Live vaccines protect against 
diseases such as measles-mumps-rubella, rotavirus, 
smallpox, chickenpox, yellow fever, and shingles. 
Liquid dosage forms of the vaccines are 
administered via subcutaneous or oral route (Table 
1).  

Inactivated vaccines use the killed version of the 
antigen (bacteria) that causes a disease. Inactivated 
vaccines usually do not provide immunity as strong 
as live vaccines, multiple doses are required in which 
several booster doses are followed by the prime dose. 
Inactivated vaccines are more stable and safer than 
live vaccines since dead microbes can’t mutate back 
to their disease-causing state. Another advantage of 
inactivated vaccines is these do not require any cold 
storage, therefore can be easily stored and 
transported in a freeze-dried form or powder form. 
This provides a great option for inactivated vaccines 
to be used in underprivileged countries [8]. 
Inactivated vaccines are used to protect against 
hepatitis A, flu, polio, and rabies. Inactivated 
vaccines are administered in suspension form and the 
common routes of administration for these vaccines 

are intramuscular, subcutaneous, and intradermal 
(Table 1).  

Subunit vaccines use only a part of the pathogens 
to stimulate the immune system instead of using the 
entire microbe. In some cases, these vaccines use 
epitopes—the very specific parts of the antigen that 
antibodies or T cells recognize and bind to [7]. Since 
subunit vaccines contain only the essential part of the 
antigens and not the whole microbes, the chances of 
adverse reactions to the vaccine are lower [8]. A 
recombinant subunit vaccine has been made for the 
hepatitis B virus, and research is ongoing on a 
recombinant subunit vaccine against hepatitis C 
virus [7]. Subunit vaccines are administered in 
solution form via intramuscular (IM) or 
subcutaneous (SQ) form (Table 1). 

 Conjugate vaccines are like subunit vaccines. 
Conjugate vaccines only use a small part of a 
bacterium linked to a carrier protein. Some bacteria 
possess an outer coating of sugar molecules called 
polysaccharides. Polysaccharide coatings disguise a 
bacterium’s antigens so that the immature immune 
systems of infants and younger children cannot 
recognize or respond to them. Conjugate vaccines, 
which are a special type of subunit vaccine, get 
around this problem [8]. Conjugate vaccines are used 
to create a more powerful, combined immune 
response: typically, the part of the bacteria being 
presented would not generate a strong immune 
response on its own, while the carrier protein would. 
The piece of bacteria can’t cause illness but 
combined with a carrier protein can generate 
immunity against future infection. Conjugate 
vaccines are used to protect against haemophilus 
influenzae type B (Hib) (Table 1).  

A toxoid vaccine is produced from the toxin 
secreted by bacteria. They use a toxin made by the 
pathogens that causes the disease thus, they create 
immunity to the parts of the pathogen that cause a 
disease instead of the pathogen itself. Therefore, the 
immune response is targeted to the toxin instead of 
the whole pathogen [7]. Toxoid vaccines are used to 
protect against diphtheria and tetanus. These are 
administered in suspension form via intramuscular 
route (Table 1).  
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Table 1. Current marketed vaccines with antigen, species used, dosage form and route of administration 

Vaccine Type Disease Antigen and species used Dosage form Route of 
administration 

Live Measles, Mumps, 
Rubella (MMR)  

Live attenuated virus grown in chick 
embryo culture (measles, mumps) 
and human diploid lung fibroblast 
(rubella) [95] 

Diluent Subcutaneous (SQ) 

Varicella (VAR) Live attenuated virus grown in 
human diploid culture (MRC-5) [96] 

Suspension Subcutaneous (SQ) 

Zoster (HZV) Live attenuated virus grown in 
human diploid culture (MRC-5) [97] 

Suspension Subcutaneous (SQ) 

Yellow Fever Virus grown in living avian leucosis 
virus free chick embryo [98] 

Diluent Subcutaneous (SQ) 

Cholera Fermented in medium containing 
yeast extract [99] 

Suspension Oral  

Rotavirus (RV) Grown in monkey kidney cells or 
vero cells [100] 

Suspension 
Solution  

Oral  

 
Inactivated 

 
Polio (IPV) 

 
Live inactivated virus grown in 
monkey kidney cells or vero cells 
[101] 

 
Suspension 

 
Subcutaneous (SQ) 

Hepatitis A 
(HepA) 

Grown in human diploid culture 
(MRC-5) [102] 

Suspension Intramuscular (IM) 

Rabies  Grown in human diploid culture 
(MRC-5) [103] 

Suspension 
Diluent 

Intramuscular (IM) 

Haemophilus 
influenzae (Hib) 

Polysaccharide purified from culture 
of haemophilus influenzae and 
conjugated to a carrier protein 
such as inactivated tetanus toxoid, or 
the outer membrane vesicle protein 
of Neisseria meningitidis serogroup 
B11 [104, 105] 

Suspension 
Solution  

Intramuscular (IM)      
Intradermal (ID)               
Intranasal (IN) 

Subunit 
 

Hepatitis B (Hep 
B) 

Recombinant expression of HBsAg 
protein, as virus-like particles, in 
yeast cells [107] 

Suspension 
Solution  

Intramuscular (IM) 

Human 
papillomavirus 
(HPV) 

Recombinant vaccine prepared from 
virus like particle of HPV protein in 
yeast [108] 

Suspension Intramuscular (IM) 

Meningococcal 
Group B (MenB) 

Recombinant proteins (neisserial 
adhesion A, neisserial Heparin 
binding antigen, factor H binding 
protein) are individually produced in 
E.coli [109] 

Suspension Intramuscular (IM) 

 
Conjugated 

 
Pneumococcal 
conjugate (PCV13) 

 
Streptococcus pneumoniae serotypes 
grown individually in soy peptone 
broth and conjugated with diphtheria 
protein carrier [110] 

 
Suspension 

 
Intramuscular (IM) 

 
Toxoid 

 
Diphtheria, 
tetanus, & 
acellular pertussis 
(Dtap) 

 
Diphtheria toxin extracted from 
fermentations of Corynebacterium 
diphtheria. Tetanus toxin extracted 
from fermentations of Clostridium 
tetani. Whole Bordetella pertussis 
grown in fermenters [106] 

 
Suspension 

 
Intramuscular (IM) 
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LIMITATIONS OF CONVENTIONAL 
VACCINES 
A route of administration is the path by which a drug 
or vaccine is taken into the body. A substance must 
be transported from the site of entry to the part of the 
body where its action is desired to take place. 
Vaccines have many different routes of 
administration, including Intramuscular (IM), 
Subcutaneous (SC), Intradermal (ID), Oral 
administration, and intranasal spray [9]. 
Intramuscular injections are administered into the 
muscles. Vaccines containing adjuvants should be 
injected IM to reduce adverse local effects. 
Subcutaneous injections are administered into the 
skin, just under the topmost layer into the fat. 
Intradermal (ID) injection administers the vaccine in 
the topmost layer of the skin [9]. In oral 
administration, vaccines are taken up through the 
mouth in liquid form. Oral administration of vaccine 
makes immunization easier by eliminating the need 
for a needle and syringe. Intranasal spray application 
of a vaccine offers a needle-free approach through 
the nasal mucosa of the vaccine [9].  

Most of the vaccines are currently given by 
intramuscular injection (IM) [9].  Although IM 
injections are most common and are easy to 
administer, they unfortunately have quite a few side 
effects. These include but not limited to pain, 
swelling, and erythema [10,11]. Other severe adverse 
effects, such as severe headache with hypertension, 
gastroenteritis, and bronchospasm, also occurs [10]. 
One may also experience severe pain at the site of 
intramuscular injection. Redness, swelling or 
warmth are possible if the administration was not 
properly conducted. There may also be drainage or 
bleeding at the injection site. General discomfort is 
quite common, tingling or numbness can occur as 
well. There may be allergies depending on the drug, 
as well as the person’s vulnerability to various 
allergens. Anaphylaxis is a potentially life-
threatening allergic reaction, which can occur after 
many different exposures, e.g., food, drugs, or 
vaccines. Virtually all vaccines have the potential to 
trigger anaphylaxis. Despite its rarity, anaphylaxis is 
a potentially life-threatening medical emergency that 
vaccine providers need to be prepared to treat [12].  
It’s also normal to have some anxiety about receiving 
an injection, especially an intramuscular injection 
due to the long needle. The intramuscular vaccine 
injections are invasive, expensive, require cold chain 
storage and trained personnel for administration 
[13]. The intramuscular vaccine injections also have 

major adverse effects such as injection-related local 
pain (78%), infection and infestation (52%), 
gastrointestinal disorder (13.4%), nervous system 
disorder (9.4%), and reproductive and breast 
disorders (24.8%) [10]. Some vaccines such as HPV 
16 antigen can induce autoimmune reaction against 
human proteins which might lead to pathologies such 
as spinal muscular atrophy, proximal muscle 
weakness that cause waddling gait, toe-weakening, 
lordosis, frequent falls, difficulty in standing up and 
climbing stairs, cardiovascular and musculoskeletal 
abnormalities, disorder of lipoprotein metabolism 
leading to hypercholesterolemia, and increased 
proneness to coronary artery disease [14].  

The adjuvant in the vaccine is also responsible 
for some adverse effects. The aluminum adjuvant in 
these vaccines or any other vaccine has also been 
shown to cause adverse effects. Stephanie Seneff has 
shown that children may not react acutely to the 
aluminum adjuvated vaccine, which can lead to 
neural damage that is partly mediated by exuberant 
production of nitric oxide [15]. Another important 
factor involved with adverse effect is needle size of 
the injection, especially for infants, children, and 
geriatric patients. Choosing an appropriate length 
and gauge of a needle may be important to ensure 
that a vaccine is delivered to the appropriate site and 
produces the maximum immune response while 
causing the least possible harm [16]. Many vaccines 
are recommended for injection into muscle 
(intramuscularly), although some are delivered 
subcutaneously (under the skin) and intradermally 
(into skin). It has been found that use of 
inappropriate size of needles can cause infant to 
experience local reactions such as redness, swelling, 
tenderness, or hardness [16]. 

Another common route of vaccine 
administration is the oral route. However, oral 
delivery of vaccines has several limitations. 
Parenteral route of administration is the only 
established route that overcomes all these drawbacks 
associated with these orally less/inefficient drugs. 
But these formulations are costly, have least patient 
compliance, require repeated administration, in 
addition to the other hazardous effects associated 
with this route [17]. In order to prompt a robust 
immune response, the oral delivery of antigens needs 
to overcome multiple physicochemical and 
biological barriers in the GI tract. Among them is the 
biological barrier of the intestinal epithelium and its 
mucus secreting layers which serve to digest 
consumed material for nutrient absorption and to 
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protect the body from the invasion of pathogenic 
threats [18,19]. To accomplish these tasks, the GI 
tract includes a highly acidic environment in the 
stomach, a significant pH range along the length of 
the GI tract, and the presence of proteolytic enzymes 
responsible for protein degradation. These 
characteristics can interfere with the delivery of 
fragile biomolecules, such as antigenic proteins or 
peptides, which are highly susceptible to degradation 
and denaturation [20]. Furthermore, there is a 
temporal limitation for the absorption of these 
formulations due to the residence time in the small 
intestine (3–4 h), where most absorption processes 
occur [21]. 

Another major hurdle in the development of oral 
vaccines is that a higher dose of antigen is needed to 
induce an immune response when compared to 
traditional parenteral immunizations [22]. This 
characteristic limit the possible formulations used as 
carriers as they must be able to successfully carry the 
required antigen dosage. Larger doses also increase 
the risk of inducing tolerance instead of stimulating 
a protective response [23]. The GI tract is constantly 
exposed to a variety of pathogens. If a vaccine does 
not induce the appropriate danger signals, the body 
can recognize it as non-pathogenic and avoid 
triggering an immune response, resulting in immune 
tolerance instead of protection [24]. Thus, it is 
critical in the design of oral vaccine carriers to 
include potent adjuvants in order to sufficiently 
stimulate the immune system. Therefore, it is very 
important to develop a suitable dosage form and safe, 
patient compliant route of vaccine administration.  
An orally dissolvable vaccine formulation for buccal 
administration can be a great choice to address the 
above limitations.  
 
Current research in vaccine formulations:  
Researchers are working tirelessly to find an 
effective and easy way to administer and preserve 
vaccines with low cost and no side effects. There are 
many different forms of vaccines under 
investigations. A recent vaccine in the development 
stage is DNA vaccine. DNA based vaccine is a 
promising treatment for malignant cancer. Nano or 
microparticulate form of vaccines is also a new 
development in which multiple antigen including 
prophylactic and therapeutic can be included.  
Liposome based vaccines or particulate vaccines are 
the most common focus of interest as these can 
address all the vaccine limitations and able to elicit 
most effective vaccines. Virus-like particle (VLP) 

based vaccines are also promising vaccines for 
cancer treatment.  
 
DNA Based vaccines  
DNA based vaccines are new types of vaccines 
currently in experimental stages. DNA vaccination 
has emerged as a promising alternative to traditional 
protein-based vaccines for the induction of 
protective immune responses. DNA vaccines offer 
several advantages over traditional vaccines, 
including increased stability, rapid and inexpensive 
production, and flexibility to produce vaccines for a 
wide variety of infectious diseases [14]. Results from 
numerous clinical trials have demonstrated that 
DNA vaccines are well tolerated by patients and do 
not trigger major adverse effects. DNA vaccines are 
also very cost effective and can be administered 
repeatedly for long-term protection. Researchers 
have found that when the genes for a microbe’s 
antigens are introduced into the body, some cells will 
take up that DNA. The DNA then instructs those 
cells to make the antigen molecules. The cells secrete 
the antigens and display them on their surfaces. The 
DNA vaccine couldn’t cause the disease because it 
wouldn’t contain the microbe, just copies of a few of 
its genes. In addition, DNA vaccines are relatively 
easy and inexpensive to design and produce. Despite, 
all of the practical advantages, DNA vaccines have 
limitations. Sometimes, cellular immune responses 
caused by DNA is reduced as a result of immune 
tolerance against endogenous self-antigens in tumors 
[15]. Delivery route plays an important role in DNA 
vaccine’s ability to elicit the desired response. The 
vaccine’s response varied by targeting various 
professional antigen presenting cells (APCs) 
associated with different tissues. Also, different 
materials are required that can meet the requirements 
of each route of delivery. The routes of 
administration that have been investigated for DNA 
vaccines include parenteral routes such as 
intramuscular, intradermal, and subcutaneous 
injection and mucosal routes such as oral, intranasal, 
and vaginal. Parenteral route administration can 
promote activation of tissue-specific APCs (e.g. 
Langerhans cells in the dermis in intradermal 
injection) to induce both the humoral and cellular 
immune responses. On the other hand, the mucosal 
route of vaccine administration can generate local 
immunity at body sites that serve as common routes 
of entry for many pathogens [25]. The vaccine 
formulation of DNA is also an important factor for 
immunogenicity. Thus far the naked DNA has been 
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used for vaccination, however the naked DNA 
elicited measurable levels of antigen-specific 
immunity when administered intramuscularly and, in 
most cases, immune responses were weak [26]. The 
better alternate could be using micro or 
nanoparticulate formulation. The formulation of 
DNA vaccines into micro- and nanoscale particles 
has implications for the immunogenicity of the 
delivered vaccines. It has been found that particles 
ranging in size from 1 to 10 mm are the preferred 
platforms for targeted delivery to APCs due to their 
preferential uptake by APCs over other cells [27]. On 
the other hand, nanoparticles can directly reach the 
lymph nodes, have multiple routes of uptake, and 
often achieve an overall higher transfection 
efficiency when compared to microparticles [28]. 
 
Liposome vaccines 
Liposome is a new biotechnological product which 
consists of a bilayer structure having lipophilic and 
hydrophilic parts. Researchers have been trying to 
develop a vaccine formulation using liposome as 
antigen carrier. Zang et al. have evaluated the 
formulation development using liposome and 
Astragalus. It was found that Astragalus saponins 
can be used as a valuable additive to for enhancing 
the effectiveness of vaccines. Such addition can 
stimulate the immune response significantly that can 
benefit tumor therapy [29]. They also have shown 
that when astragalus saponins, cholesterol, and 
liposome are incorporated into a particulate delivery 
system along with antigen, they are able to enhance 
cellular immune response to a significantly high 
level which can induce cytotoxic T lymphocytes 
(CTLs) against tumors [29]. De Serrano and 
Burkhart also have developed a liposome-based 
vaccine formulation which can be used for the 
treatment of important viral, bacterial, fungal and 
parasitic infections (including tuberculosis, TB) 
[30]. 

In another study, Liang et al. introduced a 
versatile nanovaccine of liposomes-coated gold 
nanocages (Lipos-AuNCs) modified with DCs 
specific antibody aCD11c for targeted delivery of 
adjuvant MPLA and melanoma antigen peptide 
TRP2 to promote the activation and maturation of 
DCs, and enhance tumor-specific immunogenicity 
[32]. The results demonstrated that targeted 
antigen/adjuvants-loaded AuNCs exhibited 
enhanced antitumor immune response to inhibit 
tumor growth and metastasis in both B16-F10 
prophylactic and lung metastasis models [31].  Miao 

also has observed enhanced immune response to 
rabies viruses using liposomes as adjuvants [32]. In 
this study, the immune responses were compared 
between the mice treated with either liposome 
solution (LipoRV) or inactivated rabies vaccine 
(IRV).  Higher levels of interleukin-2 (p < 0.05), 
interferon-γ (p < 0.01), and natural killer cell activity 
(p < 0.05) were observed in the mice immunized 
with LipoRV than those with IRV. The potency of 
LipoRV was significantly higher than that IRV 
(p < 0.05). In addition, three injections of LipoRV on 
days 0, 3, and 14 could elicit similar RVNA levels as 
the five shots of IRV. The results also showed a 
higher survival rate in mice treated with three shots 
of LipoRV (56.2%) than five shots of IRV (40.6%). 
This study suggests that liposome enhances the 
immune response of mice to rabies vaccine and could 
be applied as a potential immunopotentiator [32].  

Lai et al. have investigated the antitumor 
potential of a novel liposomal vaccine, M/CpG-
ODN-TRP2-Lipo [33]. They developed a 
vaccination strategy by assembling the DC-targeting 
mannose and immune adjuvant CpG-ODN on the 
surface of liposomes, which were loaded with 
melanoma-specific TRP2180-188 peptide as 
liposomal vaccine. M/CpG-ODN-TRP2-Lipo 
treatment was used to intendedly induce activation 
of DCs and antitumor- specific immune response in 
vivo. The results demonstrated in vitro that the 
prepared liposomal particles were efficiently taken 
up by DCs. This uptake led to an enhanced activation 
of DCs, as measured by the upregulation of MHC II, 
CD80, and CD86. Furthermore, M/CpG-ODN-
TRP2-Lipo effectively inhibited the growth of 
implanted B16 melanoma and prolonged the survival 
of mice. This therapy significantly reduced the 
number of myeloid-derived suppressor cells 
(MDSCs) and regulatory T cells, while 
simultaneously increasing the number of activated T 
cells, tumor antigen-specific CD8+ cytotoxic T cells, 
and interferon-γ-producing cells. At the same time, it 
was found to suppress tumor angiogenesis and tumor 
cell proliferation, as well as up-regulate their 
apoptosis. Interestingly, MyD88-knockout mice had 
significantly shorter median survival times 
compared to wild-type mice following the 
administration of M/CpG-ODN-TRP2-Lipo. The 
results suggest that the antitumor activities of the 
vaccine partially rely on the Myd88 signaling 
pathway. The results further indicate that compared 
to whole tumor cell lysate-based vaccine, M/CpG-
ODN-TRP2-Lipo (a tumor-specific antigen peptide-
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based vaccine) improved survival of tumor-bearing 
mice as well as enhanced their antitumor responses 
[33].  

Khademi et al. have studied the effect of 
liposome on TB subunit vaccines and found that 
cationic liposomes can increase the potential of 
different TB subunit vaccines by serving as 
adjuvants/delivery systems. They evaluated the 
potential for cationic liposomes to be used as 
adjuvants/delivery systems for eliciting immune 
responses against TB subunit vaccines. They showed 
that cationic liposomes have extensive applications 
either as adjuvants or delivery systems, to promote 
immune responses against Mycobacterium 
tuberculosis (Mtb) subunit vaccines. Cationic 
liposomes can provide long-term storage of subunit 
TB vaccines at the injection site, confer strong 
electrostatic interactions with APCs, potentiate both 
humoral and cellular (CD4 and CD8) immune 
responses, and induce a strong memory response by 
the immune system. Therefore, their results 
concluded that, cationic liposomes can increase the 
potential of different TB subunit vaccines by serving 
as adjuvants/delivery systems. These properties 
further suggested that the use of cationic liposomes 
can be used to produce an efficient vaccine against 
TB infections [34].  
 
Bilosome vaccines 
A different lipid-based carrier being explored for 
oral immunization is bilosome. These are non-ionic 
surfactant vesicles that have adjuvant functionalities 
which can incorporate bile salts in their formulation. 
Bilosomes are typically synthesized with 
monopalmitoyl glycerol (MPG), cholesterol (CH), 
and dicetyl phosphate (DCP); and surfactants such as 
sodium deoxycholate (SDC), or sorbitan tristearate 
(STS). Like liposomes, bilosomes also have a bilayer 
with polar and non-polar ends, which allows them to 
incorporate different type of vaccines. One limitation 
of conventional liposomal vesicles is that they are 
disrupted by bile salts. However, when the vesicles 
are fabricated in the presence of bile salts, such as in 
bilosomes, they are no longer affected by the bile salt 
action and remain stable. These systems can 
stimulate humoral and cellular immune responses 
and the inclusion of bile salts allows for the 
protection of the cargo from the harsh environment 
of the GI tract [35]. One of the main advantages of 
bilosomal formulations is the improved stability that 
they can confer to fragile antigens. A study has 
shown that bilosomes are able to entrap and stabilize 

a variety of fragile antigens, including tetanus toxoid 
(TT), A/Panama (influenza A immunogen), 
diphtheria toxoid, and Bac-VP1 (hand, foot and 
mouth disease vaccine candidate) [36]. Along with 
their use as carrier, bilosomes can also be used as 
adjuvant. The drug release study of bilosomes as 
adjuvant has been carried out using model antigens 
such as bovine serum albumin (BSA) and cholera 
toxin subunit B [37]. The results showed that when 
used as adjuvant, bilosome increases the 
immunogenicity significantly. In addition, the 
immunogenic abilities of bilosomes have been 
explored using various disease models, such as 
mannosylated bilosomes targeting DCs for oral 
immunization against hepatitis B virus that 
generated both systemic and local immunity, 
including mucosal immunity [38]. Bilosomes 
formulations have been found as very promising 
vaccines that have shown capabilities to stimulate 
balanced mucosal and systemic immunity [38]. 

Bilosomes are vaccine delivery systems that can use 
fragile antigens and elicit a long-term immunity and 
protection against lethal diseases.   
 
Particulate vaccines 
Particles in micron or nano size have recently been 
the focus of interest for vaccine delivery. Particulate 
form of vaccine offers several advantages. A 
particulate formulation has huge potential in vaccine 
development as the particle can be used as antigen 
carrier and/or adjuvant and can address the issue of 
adverse effects that are caused by conventional 
vaccines [39]. Particulate carriers can serve as an 
effective antigen delivery system that is able to 
enhance and/or facilitate the uptake of antigens by 
antigen-presenting cells [40,41]. Particle based 
antigen carriers can also serve as a depot for 
controlled release of antigen, thereby increasing the 
availability of antigen to the immune cells [42,43]. 
In addition, particle-based adjuvants possess the 
ability to modulate the type of induced immune 
responses when used alone or in combination with 
other immune-stimulatory compounds [44]. 
Particulates can protect the integrity of antigens 
against degradation until delivered to the immune 
cells as antigens must be protected from the harsh 
acidic conditions of the stomach and enzymatic 
degradation in the GI tract [45,46]. Another 
advantage of using particulate formulation of a 
vaccine is that it can eliminate the use of adjuvants 
which do not have much immunogenic effect and can 
cause side effects. Examples of nanoparticle-based 
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vaccines include oral biodegradable microspheres 
with recombinant anthrax vaccine for immunization 
against anthrax infection, poly (DL-lactide-co-
glycolide (DLPLG) microspheres encapsulating 
phosphorylcholine against Salmonella typhimurium, 
and albumin-chitosan mixed matrix microsphere-
filled coated capsule formulation of the typhoid 
vaccine [47]. 

Monkare et al. have developed a PLGA 
nanoparticle-based microneedle for vaccine delivery 
[44]. The hyaluronan (HA)-based dissolving 
microneedles (MNs) are loaded with PLGA 
nanoparticles (NPs) co-encapsulating ovalbumin 
(OVA) and poly(I:C) for intradermal immunization. 
The NP:HA ratio used for the preparation of 
dissolving MNs appeared to be critical for the quality 
of MNs and their dissolution in ex vivo human skin 
[44]. Results revealed that HA-based dissolving 
MNs loaded with PLGA NPs were developed for 
minimally invasive intradermal vaccination. 
Inclusion of PLGA Nanoparticles in MN mediated 
delivery of vaccine resulted in robust humoral and 
cellular immune response. The results certainly set 
the stage for future development of MN-based 
delivery of particulate vaccines. 

Bhowmik et al. investigated the role of chitosan 
which provides a positive charge on the surface of 
albumin based microparticle. The results showed 
enhancement of the immune response of plasmid 
DNA (pDNA) to hepatitis-B surface antigen 
(HbsAg) vaccine after oral administration. The 
augmentation of both humoral and cellular immune 
responses for a prolonged period after vaccine 
administration was observed [49]. The addition of 
chitosan to the pDNA microparticle provides a 
positive charge on the surface which helps the 
particles penetrate the cell membrane and release 
DNA, leading to the subsequent gene expression 
[50].  

Particle based vaccine can overcome the 
limitations of many antigens which are very sensitive 
to harsh acidic conditions or any enzymatic 
degradation. Also, particulate vaccine can target 
specific areas. The particles can be designed to fulfil 
any purpose. For example, along with antigen 
particle, the matrix can also entrap 
immunostimulatory cytokines such as IL-2, IL-12 
which will increase the immunogenicity of the 
vaccine. In addition, it is possible to incorporate any 
ligand which is specific to the receptors of any cell 
or tissue. For example, Auria A L ligand can be 
included in the particle which is M cell specific [51]. 

When taken up by oral route, the antigen particles are 
absorbed by the M cells in the Peyer’s Patch area. 
Peyer’s patch area is full of M cells which act as a 
gate keeper for the antigens and pass the antigens to 
antigen presenting cells (APCs) to initiate the 
antibody production process. Therefore, adding M 
cell receptor specific ligands will enhance the 
specific targeting and immunogenicity of the 
vaccine. Moreover, it is also possible to incorporate 
any charge on the surface of the vaccine to promote 
specific targeting via electrostatic interaction.  

 
Virus like particle-based vaccines 
Virus like particle (VLP) based vaccine is a new type 
that uses virus like particle as antigen. It contains the 
virus structural proteins, i.e., the capsid of the virus 
which has no DNA in it. VLPs are differentiate from 
soluble recombinant antigens by stronger protective 
immunogenicity associated with the VLP structure 
[52].  Thus, the VLPs can elicit immune response as 
if the immune system has been exposed to a real 
virus [53]. Although VLPs are the capsid of the 
virus, they are unable to replicate and as such are 
harmless and safe. They are excellent prophylactics 
because they are self-assembling bionanoparticles 
(20 to 60 nm in diameter) that expose multiple 
epitopes on their surface and faithfully mimic the 
native virions [54].  Another very important 
advantage is that VLP eliminates the limitations of 
virus-based vaccine. Unlike attenuated bacterial 
vaccines, the authentic and attenuated virions cannot 
be used as antigens in a prophylactic vaccine because 
they would contain oncogenic viral genomes that 
would be infectious [55].  VLPs can address this 
issue in developing vaccines against viral diseases. 
In addition, virus like particles not only resemble 
authentic virions morphologically, but they also 
mimic virions immunologically which means they 
are able to induce high titers of neutralizing 
antibodies to conformational epitopes when 
vaccinated [56,57].  On the surface of VLPs, there is 
an array of antigenic epitopes that mimics the surface 
of native virions more reliably than specific isolated 
subunits or subcomponents of the virus [56]. These 
characteristics provide VLPs with a significant 
advantage over other platforms in developing an 
effective antiviral vaccine. To date, there are only a 
few VLP-based vaccines on the market such as 
Engerix B® and Recombivax HB® against the 
hepatitis B virus (HBV), and Gardasil® and 
Cervarix® against the human papillomavirus (HPV).  
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Several VLP based vaccines are currently under 
investigation. Influenza VLPs have been developed 
by different laboratories. Several studies have shown 
that influenza VLP vaccination induces protective 
immune responses against seasonal, pandemic, and 
avian influenza viruses in animal models [58]. Carter 
et al. reported the development and characterization 
of a COBRA (computationally optimized broadly 
reactive antigen) based vaccine for both seasonal and 
pandemic H1N1 influenza virus isolates using VLPs. 
Nine prototype H1N1 COBRA HA proteins were 
developed and tested in mice using a virus-like 
particle (VLP) format for the elicitation of broadly 
reactive, functional antibody responses and 
protection against viral challenge. The H1N1 
COBRA HA VLP vaccines elicit anti-head antibody 
responses against a broad number of H1N1 [59].  

Ebola VLPs were also developed by Carra et al.  
A procedure to reduce the size of filovirus VLP, 
which permitted the purification of “nano-VLP” 
using chromatography and filtration, was developed 
which can be used as vaccine against malignant 
Ebola. The nano-VLP was lyophilized without loss 
of GP and VLP structure and immunogenicity. It was 
found that lyophilized nano-VLP have greatly 
enhanced thermostability, suggesting that the 
creation of an Ebola VLP vaccine without a cold 
chain requirement is possible [60].  

Boigard et al. investigated a VLP based Zika 
vaccine. The newly emerged mosquito borne Zika 
virus poses a major public challenge due to its ability 
to cause significant birth defects and neurological 
disorders. They describe a safe, effective and 
straightforward strategy to rapidly produce a Zika 
vaccine. VLPs are produced in mammalian cell 
culture suspensions offering a suitable system for 
rapid scale up of manufacturing without the risk of 
working with an infectious agent. The study 
concluded that the Zika VLP platform can put 
forward a vaccine composition and production 
system ready for clinical development of a safe and 
effective prophylactic Zika vaccine, which is greatly 
needed to meet the challenges imposed by the spread 
of the Zika epidemic [61].  
 
Quickly soluble film based buccal vaccine 
delivery system 
Among the various transmucosal routes, buccal 
mucosa is the best choice as it has excellent 
accessibility and is very suitable for administration 
of controlled release dosage forms. Additionally, 
buccal drug delivery has a high patient acceptability 

compared to other non-oral transmucosal routes of 
drug administration [62]. Buccal area has direct 
access to the systemic circulation through the 
internal jugular vein which allows the drug to avoid 
acid hydrolysis in the gastrointestinal (GI) tract and 
bypass hepatic first pass metabolism. Thus, avoiding 
the first pass effect leads to a high bioavailability of 
the drug and can reduce the dose amount. Moreover, 
rapid cellular recovery of the buccal mucosa is 
another advantage of this route [63]. On the other 
hand, the buccal route has some disadvantages in 
drug delivery such as low drug permeability when 
compared to the sublingual membrane [64,65]. In 
addition, the buccal cavity has comparatively smaller 
surface area; the total surface area of the oral cavity 
membranes that are available for drug absorption is 
170 cm2, of which ~50 cm2 represents non-
keratinized tissues, including the buccal membrane 
[66,67]. Another major issue with buccal 
administration in mouth cavity is the continuous 
secretion of saliva (0.5–2 l/day) which leads to 
subsequent dilution of the drug. Swallowing of 
saliva can also potentially lead to the loss of 
dissolved or suspended drug and, ultimately, the 
involuntary removal of the dosage form [68]. 
However, if these limitations are addressed, then the 
buccal route can certainly become much more 
effective and acceptable than the oral route of 
administration. In this review, we intend to evaluate 
the feasibility of buccal administration of vaccine in 
quickly soluble thin film. 

Buccal drug delivery has lately become an 
important route of drug administration. It is 
interesting to note that the permeability of buccal 
mucosa is approximately 4-4,000 times greater than 
that of the skin, but less than that of the intestine [69]. 
An ideal fast dissolving delivery system should have 
the following properties: high stability, 
transportability, ease of handling and administration, 
no special packaging material or processing 
requirements, no water necessary for application, 
and a pleasant taste [69]. Although current vaccines 
are proven to be highly effective, they exhibit several 
drawbacks that need to be addressed. These 
drawbacks greatly inhibit the global mass use of 
current vaccines. Some of these drawbacks include 
the cost of the vaccine itself, adverse effects of 
injectable vaccines, the need to maintain a controlled 
temperature for storing the vaccines, and the need for 
an expert to administer the vaccines [70]. Therefore, 
finding an alternative vaccine formulation that will 
eliminate these drawbacks is becoming the focus of 
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current efforts in vaccine research and development.  
[17].   

Compared with the other mucosa, the buccal and 
sublingual routes are preferable because they 
provide better permeability of the drug [64]. The 
sublingual route is targeted for the delivery of drugs 
exhibiting high permeability across the mucosa and 
is utilized for the treatment of acute disorders. On the 
other hand, the buccal route is preferred for the 
treatment of chronic diseases, where an extended 
release of the drug is desired [71]. Direct access to 
the systemic circulation through the internal jugular 
vein is possible with buccal drug delivery [17]. Many 
other advantages such as oral mucosa's accessibility, 
excellent blood supply, avoiding the hepatic first-
pass metabolism, and rapid repair and permeability 
profile, make the buccal and sublingual routes 
extremely attractive for local and systemic drug 
delivery [72]. In addition, administration via the oral 
cavity or oral mucosal route, including buccal, 
sublingual, and gingival mucosa, has received a great 
deal of attention as a novel delivery route for 
therapeutic drugs because it does not subject proteins 
and/or peptides to the degradation usually caused by 
gastrointestinal administration. Among oral mucosal 
routes, the sublingual route is commonly used for 
immunotherapeutic treatments of allergy because it 
quickly absorbs antigens and allows them to enter the 
bloodstream without passing through the intestine or 
liver, thereby eliciting allergen-specific tolerance 
[73]. Thus, the sublingual administration was shown 
to be safe and no cases of anaphylactic shock in 
humans have been reported so far [74]. Oral films 
dissolve more rapidly than other dosage forms. It is 
very important to address the poor stability of liquid 
dosage forms, especially the aqueous formulations. 
Unlike the thin films, there is a need for great care 
during accurate measurement of the amount of liquid 
and for shaking the bottle every time before 
administration, which contributes to less 
compliance/acceptability by patients [75].  Oral 
dissolving film is extremely useful for pediatric, 
geriatric, and psychiatric patients since it is easy to 
administer and it minimizes the risk of choking or 
suffocation, thus ensuring patient safety [76].  Oral 
films can also be beneficial for bedridden and non-
cooperative patients as they can be administered 
easily with hardly any risk of patients spitting them 
out. The rate of disintegration of an oral film is rapid, 
allowing the drug to be released quickly prior to 
oromucosal absorption. Many drugs that undergo 
degradation in the GI tract are being administered 

employing oral films [77]. The film dosage form of 
a vaccine can elicits both antibody mediated 
(preventative) and cell mediated (activates t-cells to 
destroy virus) mechanisms. Film dosage forms can 
be used to prepare vaccines for administration via the 
mouth cavity, GI mediated, and vaginal routes [78]. 
The current marketed quickly dissolvable film 
dosage forms are listed in the table 2. 

A multilayered film can be designed to deliver 
vaccines. These can be two or three layered, each 
having its own function and structure. In three 
layered film form, the inner layer can be  
mucoadhesive which helps the film to be stick to the 
buccal and sublingual area. It can also contain 
permeability enhancing agent. The middle layer 
contains the vaccines. And the outer layer function is 
to force the vaccine to move to one direction and 
inhibit its dissolution in the saliva. The film of this 
layer should dissolve slowly compare with the other 
two layers. On the other hand, in two layered film 
dosage form, the mucoadhesive layer will containing 
the vaccine so that one extra layer is not needed. This 
layer will also contain the permeation enhancing 
agent. The outer layer will contain the polymer that 
dissolves slowly and protect the vaccines from 
mixing or dissolving in saliva. The films are shown 
in following Figure 1. 

Currently, not many film dosage forms of drugs 
are available on the market. However, there are some 
vaccines in film dosage forms that are being 
developed. These vaccines include  measles vaccine, 
live bacterial typhoid fever vaccine, salmonella 
vaccine, diphtheria toxoid vaccine, tetanus toxoid 
vaccine, poliomyelitis vaccine, rotavirus vaccine 
[79-81], and 9-valent pneumococcal conjugate 
vaccine [82]. The rotavirus vaccine is designed to 
melt quickly in a baby/child’s mouth, prompting the 
baby/child to swallow the vaccine [79,80]. The 
dissolved medication is coated with a material to 
protect it in the child’s stomach, and it is designed to 
release the vaccine in the small intestine where it 
should trigger an immune response to prevent a 
rotavirus infection [81]. Quickly soluble film dosage 
forms can also be used as therapeutic vaccines for 
local administration. One unique example could be a 
film dosage form for the HPV vaccine which can be 
used in the cervix area to create a localized effect.  
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Table 2. List of marketed quickly dissolvable film products 
Product Name  Manufacturer Active Product 

Ingredient (API) 
Dosage form Use of the 

Product 
Listerine Pfizer Cool mint Film strip Mouth Freshener 
Benadryl Pfizer Diphenylhydramine HCL Film strip Antiallergic 
Orajel Del Menthol/Pectin Film strip Mouth Ulcer 

Theraflu Novartis Dextromethorphan HBR Thin Film strip Cough suppressant 
Theraflu Novartis Diphenylhydramine HCl Thin Film strip Cough suppressant 
Theraflu Novartis Phenylephrine HCl/ 

Dextromethorphan HBR 
Thin Film strip Cough suppressant 

Theraflu Novartis Phenylephrine 
HCl/Diphenylhydramine 
HCl 

Thin Film strip Cough suppressant 

Sudafed PE Wolters Kluwer 
Health Inc. 

Phenylephrine Film strip Relieving 
Congestion 

Triaminic Novartis Dextromethorphan HBR Thin Film strip Antiallergic 
Triaminic Novartis Diphenylhydramine HCl Thin Film strip Antiallergic 
Triaminic Novartis Phenylephrine HCl/ 

Dextromethorphan HBR 
Thin Film strip Antiallergic 

Triaminic Novartis Phenylephrine 
HCl/Diphenylhydramine 
HCl 

Thin Film strip Antiallergic 

Chloraseptic Prestige Benzocaine/menthol Film strip Sore throat 
Klonopin Wafers Solvay 

Pharmaceuticals 
Clonazepam Wafer Treatment of 

Anxiety 
Suppress InnoZen Inc. Menthol  Film Cough 

Suppressant  
Gas-X Novartis Simethicone Film Anti Flatuating 
Zuplenz  Galena Biopharma Ondansetron Film Nausea and 

vomiting 
Zofran GSK Ondansetron Film Nausea and 

vomiting 
 
 

The possibility of using different types of 
vaccine in film dosage form as a delivery system 
needs to be evaluated. Live vaccine in film dosage 
form will not be a good choice as size, permeability, 
and regeneration of antigen may cause adverse 
effects. Live attenuated influenza virus (A/PR/8 
strain, H1N1) has been tested for administration via 
the sublingual route and has been found to be safe 
and effective for inducing protective immune 
responses in both mucosal and systemic 
compartments [83]. In an in vivo mice study, Song 
et al. have shown that administration of influenza 
vaccine produced virus-specific IgG in the serum 
and secretory IgA (sIgA) in the respiratory mucosa. 
A single sublingual dose of A/PR/8 virus prevented 
lung pathology induced by influenza virus challenge 
and provided a broad-range cross-protection against 
different influenza virus subtypes. Thereby, the risk 
of potential passage of vaccine virus to the olfactory 
bulb was avoided by using the sublingual route since 

no viral RNA was detected in brains of sublingually 
vaccinated mice, in contrast to mice that received the 
same vaccine intranasally [84].  Therefore, it is 
possible for vaccine administration in film dosage 
form via the sublingual route to elicit a protective 
immune response in both mucosal and systemic 
compartments when appropriate adjuvants and other 
auxiliary materials are used along with the vaccines.  
One approach to widening the choice of vaccine 
types without the use of live-attenuated 
microorganisms is the development of adjuvants and 
delivery systems. These have recently been reviewed 
under the categories of mineral salts, oil-in-water 
emulsions, microbial derivatives, natural products, 
endogenous immunostimulatory factors, inert 
vehicles, and lipid particulates [85]. Some of these 
are more appropriate in mucosal delivery for directly 
targeting the mucosal immune system (MIS). For 
example, alum, which is used in many parenteral 
vaccines, does not induce mucosal immunity. 
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Delivery systems can also be used in combination 
with adjuvants and are designed to increase delivery, 
targeting, protection against degradation and 
controlled release of antigen at a particular site. The 
use of polymeric carriers such as chitosan, 
poly(lactic-co-glycolic acid) (PLGA) and poly lactic 
acid (PLA) have shown success as adjuvants and 
have been used as delivery carriers for vaccines in 
the form of microparticles and nanoparticles [86]. 
Reported use of PLGA include spray-dried 
nanoparticles as carriers for diphtheria CRM-197 
antigen and recombinant hepatitis B surface antigen, 
spray-dried microparticles containing recombinant 
antigen 85B against TB, and wet microspheres 
containing hepatitis B surface antigen [87,88,89]. 

Sun and Xia have listed several mechanisms of 
immune responses that can be initiated by  nano-
material and are related to several factors such as 
depot effect,  NLRP3 inflammasome activation, 
perturbation of DCs membrane, autophagic 

regulation,  lymph node targeting, toll-like receptor 
signaling, B cell activation, T cell differentiation, 
antigen presentation, host DNA release, and soluble 
mediators [88]. In addition, nanomaterial increases 
cellular uptake of vaccines. Due to their small size 
and high surface area, nanoparticles can interact 
easily with biomolecules both at the surface and 
inside cells.   Another example of nano particle 
vaccine is NanoNiccine which is a hybrid nano-
particle based vaccine studied by Yun Hu et al. 
NanoNiccine was composed of a poly(lactide-co-
glycolide) acid (PLGA) core, keyhole limpet 
hemocyanin (KLH) as an adjuvant protein enclosed 
within the PLGA core, a lipid layer, and nicotine 
haptens conjugated to the outer surface of the lipid 
layer. Unlike conventional nicotine vaccine, 
NanoNiccine is not a nicotine-protein conjugate 
vaccine. The cellular uptake study demonstrated that 
NanoNiccine was ideal for internalization and 
processing by dendritic cells (DCs).

 

A.  
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Figure 1: Multilayered film dosage forms, A. Triple layered film with vaccine layer in the middle (top), B. Double layered 
film with vaccines in mucoadhesive layer (bottom).  
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In the animal study with mice immunization, 
NanoNiccine showed up to a 400% higher titer of 
anti-nicotine IgG than the positive control, Nic-
KLH. The results suggest that the immune response 
induced by NanoNiccine was antibody response 
dominant and was found to be safe in mice [89]. In 
another nano-particle based vaccine study, Bharali et 
al. studied the nano-particulate delivery system of 
hepatitis B vaccine. They described the use of 
methoxypolyethylene glycol-poly(lactide-co-
glycolide) nanoparticles as a delivery system for 
recombinant hepatitis B surface antigen (HBsAg). 
The in vitro cell study showed efficient uptake of the 
nanoparticle vaccine which was visualized by 
confocal imaging system. In the animal study of the 
nanoparticle based vaccine, anti-HBs antibodies 
were detected at significantly earlier time points than 
in mice immunized with the nonencapsulated 
recombinant vaccine.  [90].  

Nanomaterial enhances the targeting of 
vaccines. Nanoparticles have some good properties 
such as tropism of lymphatic system, passive 
targeting (easy to be engulfed by macrophages as 
foreign bodies), active targeting (by modification) 
and physical targeting (by encapsulating magnetic 
material). Nanoparticles can be used as a carrier to 
distribute the drug and target only diseased 
tissues/cells, which avoids any effects on normal 
tissues/cells. The ideal design is to insert antibodies 
on the surface of nanoparticles that can bind to 
membrane proteins of specific cancer cells, allowing 
the nanoparticles to act as ‘missiles’ [91]. 

Nanomaterial increases permeability and 
efficacy of drugs passing through biological barriers. 
In a review article by Capron et al., three types of 
biological barriers such as mucosal barrier, skin 
barrier and blood–brain barrier (BBB) were 
discussed. Nanomaterial can improve permeability 
of the drug in order to overcome these barriers. With 
respect to the mucosal barrier, nanoparticles can 
prolong the retention time of gastrointestinal tract, 
synchronously avoiding destruction of the drug by 
the harsh environment of enzymes and sequentially 
improving absorption of the drug by electrostatic 
interactions, hydrophobic interactions, and polymer 
chain interactions [92]. 

Barros et al. also reported a novel delivery 
system of laminated polymer-based film formulation 
for enteric delivery of live bacterial vaccine. The 
experiment showed that a polymer film laminate 
(PFL) made from blended polymer films completely 
released low-molecular-weight dye under intestinal 

conditions (pH 7.0) but failed to release live bacterial 
cells. In contrast, when the polymers were made 
from Eudragit alone, they successfully protected 
dried probiotic or vaccine live bacterial cells from 
SGF for the period of two hours and eventually 
released all viable cells within 60 min of transfer into 
simulated intestinal fluid. A great advantage of 
polymer film-based vaccine is that release kinetic 
can be controlled as needed [93].  
 
Future direction of film dosage form vaccine for 
buccal administration 
The buccal area can be an attractive site for the 
delivery of vaccine because of its accessibility, 
avoidance of the first pass effect, and immunological 
advantages over other mucosal routes of 
administration. Film dosage forms for buccal 
administration dissolve at the first contact with saliva 
in mouth cavity and facilitate the coating of the 
buccal surface, enhancing the delivery of the vaccine 
into the buccal mucosae. These films also assure 
dosing accuracy and elicit the induction of an 
effective immune response.  Buccal mucosae is rich 
in immune cells such as dendritic cells and 
langerhans cells which make it a suitable site for 
vaccine administration [93]. These cells are able to 
uptake vaccines in original form or particulate form 
from films designed for buccal delivery. Any type of 
vaccine can be formulated for buccal administration 
by optimizing the formulation in terms of type of 
antigen, size, surface charge, and specific receptor 
ligands. Particulate formulation of the vaccine 
(instead of the pure form) is most preferable in order 
to avoid the degradation of antigen by saliva. Several 
vaccines are currently under investigation for 
administration via the buccal mucosa using orally 
quickly dissolvable film. In addition, sublingual 
vaccine delivery has recently gained significant 
attention and numerous pre-clinical studies have 
been reported over the last few years. 

In this article, we attempted to review the 
feasibility and suitability of a vaccine film form for 
buccal administration. Among conventional dosage 
forms, live vaccines in their original form are 
probably not suitable for use in film dosage form as 
they are required to have adjuvant. However, if the 
particle is formulated to include the adjuvant, then it 
would be possible to prepare a live vaccine 
formulation for buccal administration. In addition, 
subunit or conjugated vaccines, which are currently 
administered IM or SQ, can also be formulated in 
film dosage form. Gala et al. have conducted a 
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preclinical study in juvenile pigs evaluating the 
physicochemical properties of buccal mucosal 
vaccine. An orally disintegrating film (ODF) 
containing a microparticulate measles vaccine was 
formulated by spray drying for buccal delivery. The 
results showed that the particulate vaccine 
significantly increased the antigen presentation and 
co-stimulatory molecules expression on antigen 
presenting cells, which is a prerequisite for Th1 and 
Th2 immune responses. The study results in juvenile 
pigs also suggested that the ODF measles vaccine 
formulation is a viable dosage form for noninvasive 
immunization that may increase patient compliance 
and commercial distribution [93]. Likewise, it is 
possible that an attenuated vaccine can be delivered 
via a film dosage form. New types of vaccines, such 
as a DNA vaccine, are also highly suitable for a film 
dosage form. Plasmid pDNA administration in the 
oral cavity of mice has been studied. After delivering 
the plasmid DNA, the immune responses of IgA and 
IgG, as well as cell-mediated immune responses, 
were investigated in mice. The study revealed that 
intraoral administration of DNA in the cheek, using 
a jet immunization technique, elicited the highest 
IgA mucosal responses. Intranasal immunization 
produced strong mucosal IgA responses and 
persistent systemic IgG. The study also showed that 
the intraoral administration of the DNA vaccine 
using jet injection technique has the advantage of 
being a simple and rapid way to administer DNA in 
solution and elicit specific mucosal IgA [94].  

Other than the above mentioned two vaccines, a 
significant number of vaccines are in preclinical 
stages of development. In a review article by Heleen 
et al., about 48 vaccines were reported to be in 
preclinical research phase for administration via the 
buccal route [78]. However, all these vaccines are in 
liquid dosage forms which may result in significant 
degradation by saliva. Therefore, formulating such 
vaccines in a particulate film dosage form would 
make them more effective and highly desirable. 
Overall research results of vaccine formulation 
development for buccal administration and the 
parallel development of quickly soluble oral films 
have undoubtedly been very encouraging; they 
certainly promise to change the future of vaccine 
delivery.   
 
CONCLUSION 
 
Vaccines have significantly decreased the morbidity 
and mortality associated with many diseases. Despite 

these successes, shortfalls in vaccination rates still 
exist and more needs to be done to avert needless 
vaccine-preventable diseases and deaths. Based on 
our review of the preparation, characterization, 
efficacy, size, and permeability, it is possible for 
most vaccines to be delivered in film dosage forms 
via the buccal route. Vaccines in film dosage forms 
are more patient compliant, more potent, less 
expensive, and can produce a greater immune 
response. Future directions of the buccal 
administration of vaccines in film dosage forms lie 
in vaccine formulation development.  
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