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Introduction

The use of vaccines has transformed public health through the 
prevention of many infectious diseases. It has been estimated that 
more than 2.5 million deaths have been averted annually from 

diseases such as diphtheria, measles, pertussis, and tetanus. But, 
as many as 5 million annual deaths could be prevented if vaccines 
were used across wider geographies and demographies.1

Vaccines contain live-attenuated or inactivated pathogens or 
their subunits which can be composed of natural or recombinant 
protein or polysaccharide2 and are usually given by subcutane-
ous or intramuscular injection, routes that are likely to remain 
important for vaccine delivery for years to come.3 However, 
inconvenience, fear, and dislike of injection remain obstacles to 
uptake; furthermore, the injection route creates a risk of needle-
stick injuries.4,5 For these reasons, a significant research effort has 
focused on the development of alternative, needle-free adminis-
tration routes.

Mucosal and particularly nasal delivery is widely regarded as 
the most acceptable alternative to the parenteral route.6 The nasal 
cavity represents an easy to use, highly accessible, and highly vas-
cularised surface that would allow for non-invasive/needle-free 
administration of vaccines. Although some individuals may have 
an aversion to nasal sprays their use is likely to encourage greater 
public acceptance when compared with injection, as has already 
been found for children.  In addition, the intra-nasal approach 
offers the added advantage of the induction of local immunity, 
which can augment protection against organisms invading the 
body via the respiratory tract.

Attempts to develop nasal vaccines have often resulted in 
poor immunogenic responses, most commonly in response to 
inactivated pathogens, which has been overcome by the use of 
live pathogen (as in the case of FluMist nasal influenza virus 
vaccine, MedImmune) and/or inclusion of an adjuvant.7 There 
are two key obstacles to the development of an adjuvant. First, 
it is critical that the adjuvant not only increases any immuno-
logical response, but also that this immunological response is 
associated with greater clinical benefit. Second, safety has been 
a major obstacle for the development of new vaccine adjuvants;8 
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The nasal route is attractive for the delivery of vaccines in 
that it not only offers an easy to use, non-invasive, needle-free 
alternative to more conventional parenteral injection, but it 
also creates an opportunity to elicit both systemic and (cru-
cially) mucosal immune responses which may increase the 
capability of controlling pathogens at the site of entry. Immune 
responses to “naked” antigens are often modest and it is widely 
accepted that incorporation of an adjuvant is a prerequisite for 
the achievement of clinically effective nasal vaccines. Many 
existing adjuvants are sub-optimal or unsuitable because of 
local toxicity or poor enhancement of immunogenicity. Chito-
san, particularly chitosan salts, have now been used in several 
preclinical and clinical studies with good tolerability, excellent 
immune stimulation and positive clinical results across a num-
ber of infections. Particularly significant evidence supporting 
chitosan as an adjuvant for nasal vaccination comes from clini-
cal investigations on a norovirus vaccine; this demonstrated 
the ability of chitosan (ChiSys®), when combined with mono-
phosphoryl lipid, to evoke robust immunological responses 
and confer protective immunity following (enteral) norovirus 
challenge. This article summarizes the totality of the meaning-
ful information (including key unpublished data) supporting 
the development of chitosan-adjuvanted vaccines.
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the challenge being to offer a sufficient degree of incremental 
efficacy while avoiding or minimizing reactogenicity or toxicity.9 
Unfortunately, the majority of adjuvants used in human clinical 
trials appear to have been associated with local and occasionally 
systemic toxicity.10 The most widely accepted vaccine adjuvants 
are in the form of aluminum salts (alum), first used as vaccine 
adjuvants about 80 y ago and a component of several licensed 
parenteral vaccines. However, alum is limited by its inability to 
enhance cell-mediated Th1 or CTL responses, which are impor-
tant in controlling most intracellular pathogens.11 Furthermore, 
alum is not a good inducer of mucosal immunity.12 Despite 
continued research effort and the recent introduction of several 
‘new-generation’ adjuvants, lack of adjuvants has created a bottle-
neck in the development of new parenteral and mucosal vaccine 
products.13

Safety concerns raised in recent years have retarded the devel-
opment of adjuvanted nasal vaccine products in general. First 
came reports of brain uptake/reactogenicity of nasally applied 
adjuvants based on the bacterial enterotoxins Cholera toxin 
(CT) and heat-labile enterotoxin from Escherichia coli (LT) in 
certain strains of mice (e.g., Balb/c and C57BL/6) apparently 
as a result of transit via the olfactory nerve; interestingly these 
adjuvants were not detected in the brains of other strains of mice 
(e.g., CD-1 and other outbred strains) nor in rats, rabbits, and 
baboons.14-16 Second came concerns over use of an LT-based nasal 
influenza virus vaccine (Nasalflu, Berna Biotech) due to associa-
tion with Bell’s palsy (facial nerve paralysis) which subsequently 
led to the product being withdrawn from the market.17,18 In view 
of these events, more comprehensive information on the safety 
of mucosal adjuvants is a prerequisite for development and there 
is an increasing need for route-specific adjuvants and vaccines.19

Archimedes Development Ltd (Archimedes) has developed a 
novel delivery technology based on chitosan (ChiSys®), which 
has been shown to enhance the intranasal delivery of conven-
tional drugs as well as peptides and proteins.20,21 This technol-
ogy has shown promise for the nasal delivery of vaccine antigens, 
with the added benefit that chitosan displays positive adjuvant 
properties, with a potential for clinical benefit. With respect to 
the safety issues raised above, a substantial amount of preclinical 
and clinical safety data has been generated on chitosan and its 
safe use for intranasal drug delivery and as a vaccine adjuvant has 
been widely reported in the literature.22-33

Chitosan: Chemical and Physicochemical 
Characteristics

Chitosan, the generic term for a family of linear polysaccha-
rides which exist as copolymers of β-(1-4)-linked glucosamine 
and N-acetylglucosamine, is commercially obtained by partial 
de-acetylation of α-chitin produced from the exoskeletons of 
crustacea or the cell walls of fungi.34-36

The molecular weight, degree of de-acetylation (charge 
density) and distribution of acetyl groups strongly influence 
the physicochemical and biological properties of chitosan and 
directly affect its utility.20,37,38 Natural chitosan salts tend to be 
largely insoluble above pH 6 which could be problematic for the 

delivery of vaccine antigens that are soluble and stable at neutral 
pH or above.6

Improved aqueous solubility of chitosan has been achieved by 
molecular modification largely associated with primary amine 
groups although hydroxyl groups have also been modified.6,20

In solution, amino groups of chitosan are protonated and the 
resultant soluble polysaccharide is positively charged (cationic) 
conferring chitosan with mucoadhesive properties which are a 
critical component of its use for nasal drug and vaccine delivery 
applications.39,40

Safety of Chitosan

General safety of chitosan
As described above, the term ‘chitosan’ can represent a range 

of polymers individually characterized by their molecular weight, 
degree of de-acetylation and derivatisation, so published safety 
data need to be interpreted with some caution. Nevertheless, chi-
tosan is widely regarded as a biocompatible, nontoxic, and non-
allergenic material that is, therefore, highly suitable for use in 
medical and pharmaceutical applications.41

Chitosan salts, especially those derived from shellfish, have 
been tested for safety and toxicity in a number of animal spe-
cies, and by various routes of administration.22,23 Kitozyme24 
and Primex Corporations25,26 have compiled comprehensive 
information as part of self-certifications to support a “generally 
recognized as safe” (GRAS) status. The safety of chitosan has 
been recently and comprehensively reviewed by, among others, 
Baldrick42 and Kean and Thanou.43

In vivo, the stability of chitosan is affected by molecular 
weight, degree of de-acetylation, and chemical modification;43 
nevertheless, it is generally accepted that chitosan is not degraded 
within the human intestine and thus effectively functions as an 
inert dietary fiber which is excreted via faeces.44-46 The oral LD

50
 

in mice is reported to be 16 g/kg, which is similar to that of 
sugar.46,47

The use of chitosan for pharmaceutical and medical applica-
tions requires highly purified GMP-grade material comprising 
carbohydrate containing little or no residual protein; chitosan-
based products should comply with appropriate pharmacopoeial 
tests. Numerous researchers have demonstrated the absence of 
any allergic response in subjects with shellfish allergy following 
oral challenge with shellfish-derived glucosamine.48,49 Further 
evidence of safety comes from the absence of allergic reactions, or 
any other adverse event, following the use of chitosan dressings, 
even in people with shellfish allergies.50

Chitosan is thus considered to be a nontoxic and non-aller-
genic material that is suitable for use in medical and pharmaceu-
tical applications.41,43

Safety of intranasal chitosan
General considerations
The local pH (5.5–6.5) in the nasal cavity combined with 

the high degree of de-acetylation of chitosans typically used in 
drug/vaccine delivery, and the relatively short time course for 
transit, prevents significant degradation ensuring that nasally 
administered chitosan is cleared by mucociliary mechanisms and 
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swallowed intact. Thus, the potential for toxicological responses 
is reduced and largely limited to transient local effects; systemic 
effects are not apparent in any studies conducted on this intra-
nasally delivered adjuvant.

Preclinical studies conducted with chitosan
Archimedes has conducted more than ten preclinical toxi-

cology studies to assess the safety of shellfish-derived (ex FMC 
Biopolymer) chitosan glutamate (ChiSys®) when given via the 
nasal route.  Nine of these studies have included control groups 
that received drug-free chitosan vehicle; these data have not been 
previously reported (Table 1). All studies were conducted accord-
ing to Good Laboratory Practice (GLP) and they included admin-
istration for 28 d in rats, for 3 mo in dogs and for 6 mo in rabbits.

Chitosan produced either no treatment-related findings, or 
events which were generally of mild severity such as epithelial 
hyperplasia, inflammation, or increased secretions; there were 
no findings that would preclude the use of chitosan in a human 
nasal vaccine (Table 1).

Clinical studies conducted with chitosan
On the basis of robust preclinical safety data, Archimedes 

has administered approximately 3000 doses of shellfish-derived 

chitosan glutamate to more than 1000 human subjects and 
patients.

Archimedes has conducted three studies that specifically eval-
uated drug-free chitosan in man (Table 2). In a 10 d nasal tolera-
bility study in healthy human subjects (Table 2 Study #H1) there 
were 4 groups of subjects; 2 groups received chitosan glutamate 
as solution or powder, and 2 groups received placebo solution or 
powder. Both chitosan formulations were well tolerated with a 
good safety profile across a range of nasal and throat symptom 
scales with no difference between formulations; the most com-
mon symptoms (found in up to 10% of instances) were dry or 
runny nose and all symptoms were mild and transient. Based on 
nasal examinations the most frequent findings were erythema 
and rhinorrhoea, both of which were present in around 50% of 
examinations; all findings were classed as mild or moderate and 
were easily tolerated.

In a separate study (Table  2 Study #H2), deposition and 
clearance were assessed in healthy human subjects following 5 
d of intranasal administration of a chitosan glutamate solution.51 
Four subjects reported a total of 5 adverse effects (blood shot eye, 
headache, itchy nose, sore throat, and watery eyes) which were all 

Table 1. Summary of findings from animal safety studies on drug-free intranasal chitosan formulations†

Study 
ref.

Species/strain 
[no. animals 

dosed]
Dosing regimen

Details of 
chitosan 

glutamate 
formulation

Nominal daily 
chitosan dose

Chitosan treatment-related nasal findings‡

Mg Mg/kg

#A1
Rat/Sprague 

Dawley [10M/10F]
Once daily x 14 d 5 mg/ml — 1.7 None reported

#A2
Rat/Sprague 

Dawley [10M/10F]
Once daily x14 d 5 mg/ml 0.5 2 None reported

#A3

Rat/Sprague 
Dawley [10M/10F] 

[5M/5F in 
recovery group]

Twice daily x 28 d 5 mg/ml 0.125 0.5 None reported

#A4
Rabbit/NZW 

[5M/5F]
Once daily x 10 d 20 mg/ml 2 0.67 None reported

#A5
Rabbit/NZW 

[5M/5F]
Once daily x14 d Powder 40 20

Increased incidence/severity of: epithelial inflammatory 
cell infiltrates, inflammatory exudate overlying 

epithelium, epithelial hyperplasia.

#A6
Rabbit/NZW 

[Interim: 3M/3F 
Main: 6M/6F]

Twice daily x3 or 
6 mo

5 mg/ml 2 0.6

Mild hyperplasia, minimal erosion and minimal 
inflammation of mucosa and minimum or mild 

inflammation of mucosa in 2/6 rabbits dosed at 8 mg/
day for 3 mo.

10 mg/ml 4 1.2
At 6 mo: minimal or mild inflammation of mucosa 

observed in 3/12 rabbits dosed at 2 mg/day; 3/12 rabbits 
dosed at 4 mg/day; and 1/12 rabbits dosed at 8 mg/kg.

20 mg/ml 8 2.4

#A7 Dog/Beagle Once daily x 14 d 5 mg/ml 4 0.5 None reported

#A8
Dog/Beagle 

[3M/3F]
Once daily x 14 d 5 mg/ml 2.5 0.25

Tracheal squamous metaplasia observed in 2M/1F 
animals.

#A9

Dog/Beagle 
[3M/3F + 2M/2F 

in recovery 
group]

Once/twice daily 
x 3 mo

5 mg/ml 4 0.4 None reported

Note: †The data shown in the table above are the unpublished data of Archimedes. ‡Significant systemic effects are not typically seen in intranasal studies 
on adjuvant-only formulations. F, female; M, male; NZW, New Zealand White (rabbit).
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mild in severity (data not previously reported), again indicating 
that chitosan was well tolerated.

Aspden et  al.52 (Table 2 Study #H3) investigated the effect 
of chitosan glutamate solution (once daily administration via 
one nostril for 7 d) on mucociliary transport rate in outpatients 
undergoing surgery to correct a deviated nasal septum. Chitosan 
had no effect on saccharin clearance times, nor did it affect nasal 

histology based on examination of tissue removed from treated 
and untreated sides of the nasal cavity.

The literature cites numerous non-Archimedes sponsored 
clinical studies that have been conducted to investigate the effi-
cacy and safety of chitosan as an intranasal drug delivery system. 
Roon et al.32 (Table 2 Study #H4) investigated the pharmacoki-
netic profile of alniditan-chitosan nasal spray both during and 

Table 2. Summary details of some human clinical trials conducted on chitosan-based intranasal formulations

A. Studies conducted on drug-free solution or powder formulations of chitosan

Study title [publication details] CSN form CSN conc. CSN dose Dosing regimen

N
o.

 s
ub

je
ct

s

N
o.

 d
os

es Conclusions on 
local adverse 

events

#H1
Tolerability of intranasal administration of a 

new excipient, chitosan glutamate
[Archimedes, unpublished data]

Solution
 Powder

5mg/mL
100%

4.0 mg/day for 
10 d

40mg/day for 
10 d

Multiple doses (0.1 mL 
to both nostrils four 
times on Days 1–10) 

Multiple doses(10 mg to 
both nostrils two times 

on Days 1–10)

8
9

320
180

Safety was satisfactory 
and tolerability 

acceptable.

#H2
Deposition, clearance and tolerability of 
chitosan solution [Newman et al. 2004]

Solution 5mg/mL
0.5mg/day 

for 5 d

Multiple doses (0.1mL to 
one nostril on Days 1–5) 
Radiolabelled on Days 

1, 3, 5

14 70
Chitosan was well 
tolerated nasally

#H3
In vivo mucociliary transport study using 
human volunteers [Aspden, et al. 1997]

Solution
Approx. 

6mg/mL†
~0.6mg/day 

for 7 d
Multiple doses (0.1mL to 
one nostril on Days 1–7)

10 70

Chitosan was well 
tolerated nasally and 
the nasal membrane 

appeared healthy and 
normal in all volunteers 
following endoscopic 

examination

B. Studies conducted on solution formulations of chitosan containing a drug

#H4

Pharmacokinetic profile of alniditan nasal 
spray during and outside migraine attacks

Solution 
containing 
20mg/mL 
alniditan

Not 
reported

Not reported
Two doses (0.1mL to 

one nostril on each of 
two days)

13

53

Intranasal alniditan 
administration 

was generally well 
tolerated.

[Roon, et al. 1999]

Solution 
containing 
40mg/mL 
alniditan

Not 
reported

Two doses (0.1mL to 
one nostril on each of 

two days)
14

#H5

Analgesic efficacy and safety of morphine-
chitosan nasal solution in patients with 

moderate to severe pain following 
orthopedic surgery [Stoker et al. 2008]

Solution 
containing 
75mg/mL 
morphine

Not 
reported

Not reported
Single dose (0.05mL to 

one nostril)
24 24

Local adverse 
events associated 

with intranasal 
administration were 

transient and mainly of 
mild severity

Not reported
Single dose (0.1mL to 

one nostril)
24 24

Not reported Single dose (2 x 0.1mL) 24 24

Not reported Single dose (4 x 0.1mL) 23 23

Not reported
Multiple doses (0.1mL to 

one nostril per dose)‡
90‡

>90

Not reported
Multiple doses (2 x 
0.1mL per dose) ‡

>87

#H6

The analgesic efficacy and safety of a novel 
intranasal morphine formulation (morphine 

plus chitosan), immediate release oral 
morphine, intravenous morphine, and 

placebo in a postsurgical dental pain model 
[Christensen et al. 2008]

Solution#1 
containing 
75 mg/mL 
morphine

Not 
reported

Not reported
Single dose (0.1mL to 

one nostril)
45 45

Study medications 
were generally well 

tolerated.Solution#2 
containing150 

mg/mL 
morphine

5mg/mL Not reported
Single dose (0.1mL to 

one nostril)
45 45

Note: †reported as 0.25% w/v as chitosan base; salt content = 42% w/w. ‡177 subjects received multiple doses of morphine-chitosan as follows: 7.5mg 
morphine (n = 90) or 15mg morphine (n = 87). Of these 177 subjects, 87 had already received single intranasal doses whereas the remaining 90 subjects 
received intranasal morphine-chitosan for the first time. CSN, chitosan glutamate.
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outside individual migraine attacks in 27 patients. Intranasal 
administration was well tolerated; nose and mild throat irritation 
and taste disturbance were reported as the main local adverse 
events.

Stoker et al.33 (Table 2 Study #H5) published details of a two-
stage study undertaken in 187 post-bunionectomy patients. In 
the first stage, patients were randomized to 5 groups for an initial 
single-dose: intranasal morphine-chitosan at 3 dose levels; intra-
venous (IV) morphine or placebo; in the second stage, patients 
were randomized to 2 dose levels of intranasal morphine-chitosan 

and received up to 6 doses over 24 h. Local adverse events associ-
ated with intranasal administration (primarily nasal congestion, 
rhinorrea, sneezing, throat irritation, and taste disturbance) were 
mostly mild and transient even during the multiple-dose stage. 
The frequency of events was seen to decrease over time; regard-
less of route of administration, systemic adverse events, were 
dose-related and consistent with expected opioid effects.

Christensen et al.28 (Table 2 Study #H6) reported details of 
a study undertaken in 225 patients with moderate to severe pain 
after third molar extraction. The patients were randomized to 

Table 3. Summary of safety/local tolerabilty and immunogenicity data after intranasal or intramuscular administration of diphtheria vaccines30

Safety/local tolerability

Adverse event

Number of subjects reporting adverse events

Intranasal dose groups (n = 10/group)
IM DT dose 

group (n = 5) 
(Day 0 only)

First dose (Day 0) Second dose (Day 28)

CRM197 + CSN CRM197 + mannitol CRM197 + CSN CRM197 + mannitol

Nasal discharge

Mild 5 4 5 5 -

Moderate 1 1 0 0 -

Nasal blockage

Mild 4 0 2 5 -

Moderate 1 1 1 0 -

Nasal discomfort

Mild 4 2 1 3 -

Moderate 2 2 2 1 -

Fever

Mild 0 0 0 1 -

Severe 0 0 1 0 -

Headache

Mild 3 4 0 3 -

Moderate 2 0 1 0 -

Severe 0 0 1 0 -

Myalgia

Mild 0 1 0 1 1

Pain at 
injection site

Mild - - - - 2

Moderate - - - - 1

Redness at 
injection site

Moderate - - - - 1

Immunogenicity

Day 27 Day 42 Day 27 and Day 42

Serum anti-
diphtheria toxin 

neutralising 
antibody levels

14.8 5.4 20 ~7 6.3 and ~7

CRM197, cross reacting material of diphtheria toxin; CSN, chitosan glutamate; DT, diphtheria toxoid.
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5 single-dose groups: intranasal morphine-chitosan at two dose 
levels, IV morphine, oral morphine, or placebo. Study medica-
tions were generally well tolerated, with no withdrawals due to 
adverse events nor other safety concerns; no serious events were 
reported. The most frequently reported adverse events were typi-
cal systemic opioid effects. In the 90 patients who received intra-
nasal morphine-chitosan, only limited local adverse events were 
observed: erythema in 6 patients, nasal congestion in 4 patients, 
nasal passage irritation in 6 patients, and rhinorrhea in 5 patients.

Effectiveness of Chitosan as a Vaccine Adjuvant

The efficacy of chitosan as an adjuvant has been assessed in a 
series of studies covering numerous disease areas. Some of these 
data have appeared in individual study reports, but the following 
summary provides the first review of the totality of the data.

Diphtheria
Published data from studies in mice and guinea pigs have 

demonstrated that intranasal chitosan glutamate significantly 
enhances both local and systemic antibody responses to a diph-
theria antigen (a non-toxic cross reacting material of diphtheria 
toxin, CRM

197
).53 Mills et al.30 have explored the impact of a chi-

tosan adjuvant in man.
Study outline
Three groups of healthy subjects participated in a proof-of-

principle trial; two groups (n = 10) received two doses (on days 0 
and 28) of intranasal diphtheria vaccine (Group 1 with chitosan; 
Group 2 without chitosan); while a third group (n = 5) received a 
single intramuscular injection (on day 0) of alum-adsorbed diph-
theria toxoid vaccine. Efficacy, was assessed by changes in serum 

(systemic) toxin-neutralising antibody and nasal wash (mucosal) 
anti-DT secretory IgA on Days 27 and 42.

Results
Safety/local tolerability and immunogenicity findings 

obtained in the clinical trial are summarized in Table  3. The 
intranasal administrations were well tolerated with only transient 
mild to moderate nasal effects observed (nasal discharge, block-
age, and discomfort); IM vaccination was associated with mild 
pain at the injection site.

After the first dose (assessed on day 27), the induction of 
toxin-neutralising antibody were similar for nasal CRM

197
 with-

out chitosan and IM vaccination (5.4 IU/ml vs 6.3 IU/ml respec-
tively); the inclusion of chitosan increased the toxin-neutralising 
antibody substantially (14.8 IU/ml). This response exceeds the 
well accepted protective levels of 0.1 IU/ml.54

After the second dose (assessed on day 42) neutralizing anti-
body levels remained similar at about 7 IU/ml in subjects receiv-
ing nasal CRM

197
 without chitosan or the IM vaccination; but in 

the group receiving CRM
197

 + chitosan, levels were significantly 
boosted (20 IU/ml).

No secretory anti-DT IgA was found in subjects at recruit-
ment or after IM injection. A highly significant IgA response 
was observed in nasal washings from the dosed nostril after nasal 
administration, but only after the second dose (on day 42); the 
presence of chitosan increased this response more than 10-fold 
compared with nasal CRM

197
 without chitosan.

Avian influenza
Mann et  al.55 conducted a live-virus challenge study in fer-

rets, a recognized preclinical model for human influenza. Both 
chitosan glutamate (CSN) and N,N,N-trimethylated chitosan 

Table 4. Summary of treatment groups and key findings in intranasal study of H5N1 vaccine candidates in ferrets55

Treatment group (abbreviated 
description) [n = 6/group]]

Challenge 
route

Key findings

Pre-challenge Post-challenge

Immunology – serological responses 
to homologous Clade 1 virus after 

2 doses GMT (number of animal 
demonstrating seroconversion)

Mortality
Number of animals demonstrating 

a detectable viral load

HAI VN SRH URT LRT CNS

1
15 μg HA + CSN  

(CSN adjuvanted)
IN 22 29 23 0/6 6/6 (100%) 0/6 (0%) 2/6 (33%)

2
15 μg HA + CSN  

(CSN adjuvanted)
IT (7/12 = 58%) (8/12 = 75%) (7/12 = 58%) 0/6 3/6 (50%) 2/6 (33%) 0/6 0%)

3
15 μg HA alone 
(Unadjuvanted)

IT
<5  

(0/6 = 0%)
<5  

(0/6 = 0%)
<4  

(0/6 = 0%)
6-Feb 6/6 (100%) 6/6 (100%) 4/6 (67%)

4
15 μg HA + TM-CSN 

(TM-CSN adjuvanted)
IT

259 
(6/6 = 100%)

71 
(6/6 = 100%)

57 
(6/6 = 100%)

0/6 0/6 (0%) 0/6 (0%) 0/6 (0%)

5
0 μg HA (PBS)  

(Placebo control)
IN <5 <5 5 0/6 6/6 (100%) 0/6 (0%) 5/6 (83%)

6
0 μg HA (PBS)  

(Placebo control)
IT (0/12 = 0%) (0/12 = 0%) (1/12 = 8%) 6-May 6/6 (100%) 6/6 (100%) 5/6 (83%

CNS, central nervous system; CSN, chitosan glutamate; GMT, geometric mean titer; HA, haemagglutinin; HAI, haemagglutinin inhibition; IN, intranasal; 
IT, intratracheal, LRT, lower respiratory tract; PBS, phosphate buffered saline; SRH, serial radial hemolysis; TM-CSN, trimethylated chitosan; URT, upper 
respiratory tract; VN, virus neutralization.
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(TM-CSN) were investigated as adjuvants for an inactivated 
NIBRG-14 (H5N1) subunit antigen (derived from influenza 
antigen A/Vietnam/1194).

Study outline
Ferrets received doses of intranasal vaccine or placebo (0.1ml 

per nostril) on days 0 and 21. There were 6 groups (each of 6 
animals): antigen alone, two with chitosan, one with TM-CSN- 
(all 15 µg HA per dose) and two of placebo control (phosphate 
buffered saline [PBS]). On Day 49 animals were given a viral 
challenge with 105 times the median dose required to infect a tis-
sue culture (105 TCID

50
) with highly pathogenic avian influenza 

(HPAI) Influenza A/Vietnam/1194/2004 (H5N1) virus (3 ml 
intra-tracheal [IT] for all representative groups or 0.3ml intra-
nasal [IN] for placebo and CSN groups only).

Animals were monitored for mortality (survival), morbidity, 
clinical signs, and changes to body weight and temperature. Blood 
samples were collected before and after the viral challenge for 
assessment of homologous and cross-clade antibody responses by 
haemagglutination inhibition (HAI), virus neutralization (VN), 
and single radial hemolysis (SRH) assays. Viral load was assessed 
daily for 5 d (quantitative PCR and cell culture methods) in the 
upper respiratory tract (URT), lower respiratory tract (LRT), and 
central nervous system (CNS) by analysis of nasal and throat swabs 
plus representative tissue samples at termination (lung, nasal turbi-
nates, brain, and olfactory bulb etc.). Histopathological examina-
tion of tissue samples was also performed.

Results
Results are summarized in Table  4. Both CSN- and 

TM-CSN-vaccines produced significant antibody responses; 
serologically protective levels of HAI (≥40) and SRH (≥25 mm2) 
were achieved after administration of the TM-CSN adjuvanted 
vaccine. Neither the placebo nor the vaccine without adjuvant 
elicited any antibody response.

After viral challenge the key findings (Table 4) were highly 
consistent with immunological results. All animals receiv-
ing CSN- or TM-CSN-vaccines showed significant protec-
tion against H5N1 infection and all survived the IT challenge 
(Fig. 1). TM-CSN-vaccine was particularly effective in that no 
animal showed any symptoms nor any detectable virus in the 
respiratory tract or brain. Animals receiving the CSN-vaccine 
had no infection in the brain, but some animals showed signs 
of infection in the respiratory tract. By contrast, IT challenge in 
animals receiving placebo or vaccine without adjuvant was asso-
ciated with death (83% and 33% respectively, Fig. 1) and more 
obvious infection (fever, weight loss, and also histopathological 
damage associated with viral replication in the LRT).

Predictably, IN challenge produced less severe infection and 
was not lethal in any animal in either of the groups tested (pla-
cebo and CSN-vaccine). However, there were still demonstrable 
benefits associated with the addition of the CSN adjuvant: most 
notably reduced fever, fewer animals demonstrating viral load in 
the CNS (33% vs 83%) as well as reduction in the viral load in 
both the CNS and URT; viral load associated with the URT was 
also shown to abate over the experimental period

Overall it was concluded that both CSN and TM-CSN were 
clinically effective intranasal adjuvants with the potential to 

protect against mortality and morbidity arising from avian influ-
enza infection.

Norovirus
Norovirus infection is the most common cause of viral gas-

troenteritis in humans56-58 and would benefit from a safe and 
convenient means of mass vaccination, which is not presently 
available. The strategy for development of a nasal vaccine prod-
uct as opposed to one given by parenteral injection was founded 
on the potential to stimulate not only systemic immune responses 
but significantly mucosal immunity. Moreover, there is potential 
to elicit a mucosal immune response at both local (nasal) and dis-
tal sites which could provide protective immunity against enteric 
pathogens. In contrast, orally administered norovirus VLPs are 
reported to be only modestly immunogenic in human subjects.29

The potential of an intranasal norovirus vaccine was first 
demonstrated in the rabbit.59,60 Norwalk Virus Like Particles 
(VLP), a specific class of sub-unit antigen, derived from norovi-
rus GI.1 genotype, were successfully administered as a powder in 
combination with chitosan (ChiSys®,) and a monophosphoryl 
lipid (MPL) adjuvant/immunoenhancer.61

Study outline
Definitive clinical studies involving the MPL/chitosan-VLP 

vaccines have been reported.27,29 El-Kamary et al.29 conducted a 
preliminary dose-escalation study before investigating safety and 
immunological responses in 4 groups of healthy subjects who 
received two doses (3 wk apart) of either MPL/chitosan (50 or 
100 μg VLP per dose, as powder), chitosan only or true placebo 
(puff of air).

Atmar et al.27 assessed the efficacy of intranasal MPL/chito-
san-VLP vaccine (as powder). Subjects received two doses 3 wk 
apart of either the vaccine (100 μg VLP per dose) or placebo; after 
a further three weeks, subjects were challenged by oral adminis-
tration of virus. Serum antibody data were collected at baseline 
and 3 wk after each dose and clinical efficacy was assessed by the 
presence of infection, onset, severity, and duration of illness.

Figure 1. Kaplan-Meier plot showing mortality (percent survival) of fer-
rets (n=6/group) following IT challenge with HPAI H5N1 virus (replot-
ted from55). Bold line = CSN and TM-CSN adjuvanted vaccines, dashed 
line = unadjuvanted vaccine (HA only), dotted line = placebo control. 
Abbreviations: CSN, chitosan glutamate; highly pathogenic avian influ-
enza (HPAI), IT, intratracheal, TM-CSN, trimethylated chitosan.
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Results
Safety/tolerability
Safety/local tolerability findings obtained in the clinical trials 

are summarized in Table  5. Across the two studies, intranasal 
administration was well tolerated; local adverse events were typi-
cally mild and transient with a frequency and severity that was 
similar in VLP-treated and control- or placebo-treated subjects. 
The most common adverse events were nasal stuffiness, dis-
charge, and itching.

Immunological responses
Immunogenicity findings obtained in the clinical trials are 

summarized in Table 6.  In the El-Kamary29 study VLP-specific 
systemic IgG and IgA antibodies increased 4.6-fold and 7.6-fold 
respectively at the 50μg dose of VLP and slightly more (4.8-fold 
and 9.1-fold) at the 100 μg dose. Immunological responses were 
absent in subjects receiving MPL/chitosan or placebo. It was 
concluded that the vaccine with adjuvants was “highly immuno-
genic” and “a candidate for additional study”.

In the Atmar27 study there were similar responses to the MPL/
chitosan-VLP (4.4 and 7.4-fold increases respectively at the 
100 μg dose), with no immunogenic responses to the placebo.

Morbidity after Challenge
Atmar27 reported that the incidence of acute gastroenteri-

tis due to norovirus was significantly decreased compared with 

placebo (37% vs 69%; P = 0.006). Similarly, the incidence of 
infection (defined as one of: evidence of faecal virus shedding; 
antigen detection; a 4-fold, or greater, increase in norovirus-spe-
cific antibodies in serum from pre-challenge to 30 d post-chal-
lenge), decreased from 82% to 61% (P = 0.05). The duration, 
and severity, of any illness was also significantly reduced in those 
receiving MPL/chitosan-VLP (P = 0.011).

These data demonstrate that an intranasal norovirus vaccine 
provides protection against illness and infection following oral 
norovirus challenge. Significantly they represent the first dem-
onstration in man that a chitosan-based vaccine can be effec-
tive for preventing disease and underpin the comprehensive 
immunological data that have been generated using a variety of 
antigens.

Concluding Remarks

Chitosan is a biocompatible (non-toxic) and biodegradable 
mucoadhesive adjuvant that has been shown to augment immu-
nological responses to a variety of nasally administered antigens 
in preclinical models and, more crucially, in human subjects. The 
efficacy of chitosan-based vaccines, in terms of their ability to 
elicit protective immunity, has also been clearly demonstrated by 
means of live virus challenge studies.

Table 5. Summary of local tolerability findings after intranasal administration of chitosan-based norovirus (Norwalk VLP) vaccines and associated control 
formulations27,29

As reported by El-Kamary et al. (2010)29

Local adverse event

Percentage of subjects reporting adverse event

50 μg vaccine (n = 20) 100 μg vaccine (n = 20) MPL/chitosan control (n = 10) Placebo control (n = 11)

First dose Second dose First dose Second dose First dose Second dose First dose Second dose

Nasal pain 45 38.9 40 5.3 10 11.1 18.2 0

Nasal stuffiness 75 83.3 80 78.9 80 66.7 54.5 27.3

Nasal discharge 75 77.8 55 57.9 90 66.7 45.5 18.2

Nasal itching 45 27.8 65 47.4 40 44 9.1 0

Sneezing 60 66.7 75 57.9 40 22 27.3 0

Blood-tinged 
nasal mucus

10 5.6 20 15.8 0 0 9.1 0

Nasal bleeding 0 5.6 5 0 0 0 0 0

As reported by Atmar et al. (2011)27

Local adverse event

Percentage of subjects reporting adverse event

100 μg vaccine Placebo

First dose (n = 50) Second dose (n = 47) First dose (n = 47) Second dose (n = 43)

Nasal discomfort 14 11 4 5

Nasal discharge 30 32 34 23

Nasal stuffiness 30 23 26 19

Nasal itching 14 21 21 12

Sneezing 22 34 23 21

Blood-tinged mucus 2 0 2 0

Nasal bleeding 0 0 0 0

MPL, monophosphoryl lipid; VLP, virus-like particles.
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The mechanism of action of chitosan as an adjuvant for 
nasally administered vaccine antigens is not fully understood. 
The mucoadhesive properties of chitosan would appear to play 
a crucial role in reducing clearance of administered formulations 
from the nasal cavity.62 Chitosan may also facilitate uptake of 
antigen into nasal associated lymphoid tissue (NALT) through 
its transient effect on epithelial tight junctions. Chitosan is also 
reported to exhibit immunomodulatory properties such as stimu-
lation of natural killer (NK) cell and macrophage populations.63 
The viscous properties of chitosan, thereby creating an environ-
ment which can protect the antigen, are important for its role 
as an experimental adjuvant for subcutaneously administered 
vaccines63,64 and it is possible that chitosan also protects nasally 
applied antigens prior to uptake into NALT.

Depending on the particular vaccine antigen employed, chi-
tosan can function as a standalone adjuvant or as a co-adjuvant. 
The excellent safety profile of chitosan is particularly significant, 
given that the majority of alternative vaccine adjuvants have been 
associated with some reactogenicity and/or toxicity.

Encouragingly, there is growing evidence for a number of anti-
gens that positive preclinical findings are translating into good 

immunological responses in humans and, in some instances, 
actual clinical benefits.6 Over the last five years, more than 25 
preclinical and clinical studies have been conducted on intrana-
sal chitosan-based vaccines that are being developed to combat 
at least ten separate diseases, with Archimedes being actively 
involved in most. The most compelling data to date come from a 
clinical investigation on an intranasal dry-powder norovirus vac-
cine which demonstrates the ability of chitosan (ChiSys®), when 
combined with monophosphoryl lipid to evoke robust immu-
nological responses and confer protective immunity following 
(enteral) norovirus challenge.

In view of the tolerability and safety data already available, 
chitosan salts probably represent the greatest opportunity for 
developing nasal vaccines in the imminent future with chitosan 
derivatives and nanoparticles representing longer-term promise.6

Disclosure of Potential Conflicts of Interest
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Table 6. Summary of immunogenicity findings (Norwalk VLP-specific antibody titers) after intranasal administration of chitosan-based norovirus  
(Norwalk VLP) vaccines and associated control formulations27,29

As reported by El-Kamary et al. (2010)29

Vaccine group

Geometric mean titer
Geometric mean fold increase 

vs. pre-vaccination

Serum HAI Serum IgG Serum IgA

Pre-vaccination After dose 1 (Day 21)
After dose 2 

(Day 56)
After dose 2 

(Day 56)
After dose 2 

(Day 56)

50 μg vaccine (n = 18) 13.2 32 52.8 4.6 7.6

100 μg vaccine (n = 19) 25.7 111.9 234.9 4.8 9.1

MPL/chitosan 
control (n = 9)

6.9 9.3 9.3 1.1 1

Placebo control (n = 11) 12.4 19.3 21.9 0.9 1.2

As reported by Atmar et al. (2011)27

Vaccine group

Geometric mean titer

Serum IgG Serum IgA

Pre-vaccination
After dose 
1 (Day 21)

After dose 2 
(Day 42)

Pre-vaccination
After dose 
1 (Day 21)

After dose 
2 (Day 42)

100 μg vaccine 3.2 6.5 14.1 1 3.4 7.4

Placebo control 4.6 4.5 4.8 1.2 1.1 1.2

HAI, haemagglutinin inhibition; IgA, immunoglobulin A; IgG, imuunoglobulin G; MPL, monophosphoryl lipid; VLP, virus-like particles.
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