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HEPATITIS B VACCINE TRANSNASAL ADMINISTRATION SYSTEM 

TECHNICAL FIELD 

[0001] 

	

5 	 The present invention relates to a rhinovaccination 

system to administer a hepatitis B vaccine composition to 

nasal mucosa for preventing and treating hepatitis B, which 

is used in combination with a medical nozzle device. 

	

10 	BACKGROUND ART 

[0002] 

Hepatitis B is a hepatitis caused by infection with 

hepatitis B virus (HBV), which gets infected through blood 

or body fluid. 	The persistent infection of HBV to 

	

15 	hepatocyte can cause chronic hepatitis, hepatic cirrhosis, 

hepatocellular carcinoma. 

[0003] 

The treatment of chronic hepatitis B (CHB) is now 

carried out mainly by using interferon preparation (IFN) or 

	

20 	nucleoside analog preparation (NA) as first-line therapy. 

In IFN therapy, some effective examples have been reported 

which increase immunity to sustain the growth inhibition of 

virus effectively, but in general, IFN therapy has low HBV 

clearance rate and strong side effect which has been a big 

	

25 	problem. 	On the other hand, NA therapy has a high HBV 
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clearance rate of about 95 %, but the therapeutic effect is 

temporary and it cannot bring in complete cure. Thus, it 

is necessary to accept the administration over a lifetime. 

Accordingly, NA therapy also has big problems of compliance 

	

5 	and medical economy, and the emergence of drug-resistant 

virus after long-term use has been also reported. 

Therefore a new therapy for CHB has been desired. 

[0004] 

The approved Hepatitis B vaccine in Japan is only a 

	

10 	way that HBs antigen (hepatitis B surface antigen) of 

hepatitis B virus is administered subcutaneously or 

intramuscularly, which has attained some good results in 

major reduction of HBV carriers. For the treatment of CHB, 

the immunotherapy with HBV vaccine has been also tried in 

	

15 	the past, but it has not been sufficiently successful in 

the treatment. 

For the above problem of hepatitis B vaccination, a 

wide variety of the trials have been done until now, in 

which a vaccine for nasal administration has received 

	

20 	attention as a new hepatitis B vaccination. 	However, it 

has been reported that it is impossible to induce a high 

immune response to hepatitis B virus and bring in a 

sufficient therapeutic effect, even though the vaccine for 

subcutaneous or intramuscular vaccination which has been 

25 broadly used in current clinical practice is nasally 
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administered to experimental animals or human beings 

directly. 

[0005] 

In the course of time, the Center for Genetic 

	

5 	Engineering and Biotechnology (CIGB) in Cuba has developed 

a nasal vaccine for the treatment of hepatitis B which 

comprises two kinds antigens, HBs antigen and HBc antigen, 

and then has succeeded in commercialization of product as a 

trade name: HeberNasvac (non-Patent Reference 1), after 

	

10 	clinical testing in Bangladesh. 	In the administration 

method thereof, however, it is required to be used in 

conjunction with subcutaneous vaccination to gain a 

sufficient immune response, i.e., it is a two-cycle 

vaccination, not a complete vaccine for administration to 

	

15 	nasal mucosa. 

[0006] 

As mentioned above, it has been desired to develop 

hepatitis B vaccine for nasal administration as a next- 

generation hepatitis B vaccination and put it to practical 

	

20 	use, which can take the place of a conventional hepatitis B 

vaccine for subcutaneous or intramuscular administration. 

However, any effective hepatitis B vaccination for nasal 

administration has not been found. 	That is, there are 

various problems for the practical use. 

25 
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PRIOR ART 

[0007] 

[Patent Reference 1] WO 2010/114169 

[Patent Reference 2] WO 2007/012319 

5 

SUMMARY OF INVENTION 

[0008] 

(Technical Problem) 

One of the purposes of the present invention is to 

10 	provide a system to administer a hepatitis B vaccine which 

is used in combination with an administration device, which 

is expected to completely cure hepatitis B. 

[0009] 

(Solution to Problem) 

15 

	

	 The present inventors have extensively studied on the 

above problem and then have found that a combination of (i) 

a gel base (material) for spray-administration to nasal 

mucosa comprising carboxy vinyl polymer which is treated by 

adding an outside shearing force to add spray-performance 

20 

	

	and (ii) HBs antigen and HBc antigen, can enhance the 

immune induction in human beings without an adjuvant; and 

further have made an administration system by setting the 

above combination into a metered-dose syringe-based squirt 

having an optimized shape/configuration of the nozzle, 

25 	which can increase the antibody titer for hepatitis B virus 
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to give an excellent therapy effect for hepatitis B. Based 

upon the new findings, the present invention has been 

accomplished. 	The present invention may provide the 

following embodiments. 

	

5 	[0010] 

[1] A rhinovaccination system of hepatitis B vaccine, 

comprising a syringe-based squirt filled with a hepatitis B 

vaccine composition which comprises (i) hepatitis B surface 

antigen (HBs antigen) and/or hepatitis B nucleocapsid 

	

10 	antigen (HBc antigen), and (ii) a gel base material 

comprising carboxy vinyl polymer which is treated by adding 

an outside shearing force to add spray-performance. 

[0011] 

[2] The rhinovaccination system of hepatitis B vaccine 

	

15 	according to [1], wherein the syringe-based squirt is a 

medical syringe having a tip opening in fluid communication 

with a syringe barrel, which is equipped with a rhinal 

spray nozzle comprising 

a hollow nozzle body having a tip portion defining a 

	

20 	nozzle orifice thereon, 

a solid packing rod arranged within the nozzle body, 

and 

a nozzle chamber defined between the packing rod and 

the nozzle body to allow a fluid communication between the 

	

25 	tip opening and the nozzle orifice, 
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wherein the nozzle orifice has a diameter in a range 

between 0.25 mm and 0.30 mm. 

[0012] 

[3] The rhinovaccination system of hepatitis B vaccine 

	

5 	according to [1] or [2], wherein the amount of (i) the 

hepatitis B vaccine is 0.01 - 10 mg/mL per each antigen. 

[0013] 

[4] The rhinovaccination system of hepatitis B vaccine 

according to any one of [1] to [3], wherein the hepatitis B 

	

10 	vaccine composition comprises 0.1 w/v % to 1.0 w/v % 

carboxy vinyl polymer. 

[0014] 

[5] The rhinovaccination system of hepatitis B vaccine 

according to any one of [1] to [4], wherein the spray- 

15 performance is to control (1) the particle-size-

distribution of the sprayed composition, (2) the uniformity 

of spray density, and/or (3) the spray angle. 

[0015] 

[6] The rhinovaccination system of hepatitis B vaccine 

	

20 	according to any one of [1] to [3], wherein the hepatitis B 

vaccine composition is prepared by treating a gel base 

material comprising 0.5 w/v % to 2.0 w/v % carboxy vinyl 

polymer by adding an outside shearing force to control (1) 

the particle-size-distribution of the sprayed composition, 

	

25 	(2) the uniformity of spray density, and/or (3) the spray 
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angle, as spray-performance, to give a gel base material, 

and then 

mixing the resulting gel base material with a virus 

stock solution comprising hepatitis B surface antigen (HBs 

5 antigen) and/or hepatitis B nucleocapsid antigen (HBc 

antigen) homogeneously in a short time without stress. 

[0016] 

[7] The rhinovaccination system of hepatitis B vaccine 

according to any one of [1] to [6], wherein the hepatitis B 

10 	vaccine composition is prepared with a gel base material 

comprising carboxy vinyl polymer that is treated by adding 

an outside shearing force to add spray-performance which is 

to control that (1) as for the particle-size-distribution 

of the sprayed composition, the mean particle size is in a 

15 	range of 30 pm to 80 pm, and the particle distribution 

between 10 pm and 100 pm is 80 % or more, 

(2) the spray density is uniform to form a homogeneous 

full-cone shape, and 

(3) the spray angle is adjusted in a range of 30° to 

20 	70°. 

[0017] 

[8] The rhinovaccination system of hepatitis B vaccine 

according to any one of [1] to [6], wherein the hepatitis B 

vaccine composition is prepared with a gel base material 

25 	comprising carboxy vinyl polymer that is treated by adding 
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an outside shearing force to add spray-performance which is 

to control that (1) as for the particle-size-distribution 

of the sprayed composition, the mean particle size is in a 

range of 40 pm to 70 pm, and the particle distribution 

	

5 	between 10 pm and 100 pm is 90 % or more, 

(2) the spray density is uniform to form a homogeneous 

full-cone shape, and 

(3) the spray angle is adjusted in a range of 40° to 

60°. 

	

10 	[0018] 

[9] The rhinovaccination system of hepatitis B vaccine 

according to any one of [2] to [8], wherein the nozzle 

orifice includes substantially no curved portion. 

[0019] 

	

15 	 [10] The rhinovaccination system of hepatitis B 

vaccine according to any one of [2] to [9], wherein the tip 

portion defining the nozzle orifice has thickness along an 

injection direction of the formulation which is in a range 

between 0.20 mm and 0.30 mm. 

	

20 	[0020] 

[11] The rhinovaccination system of hepatitis B 

vaccine according to any one of [2] to [10], 

wherein the nozzle body includes an inner wall having 

at least a portion formed in a cylindrical shape and the 

	

25 	packing rod includes an outer wall at least a portion 
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formed in a cylindrical shape having a plurality of 

circumferentially spaced grooves, 

wherein the nozzle chamber is defined between the at 

least portion of the inner wall of the nozzle body and the 

	

5 	at least portion of the outer wall of the packing rod, and 

wherein the packing rod includes a vortex-flow 

generation member opposed to the tip portion of the nozzle 

body. 

[0021] 

	

10 	 [12] The rhinovaccination system of hepatitis B 

vaccine according to [11], wherein the vortex-flow 

generation member is formed so that a flow direction of the 

formulation from the grooves of the packing rod is offset 

to a central axis, thereby to generate a vortex flow of the 

	

15 	formulation. 

[0022] 

[13] The rhinovaccination system of hepatitis B 

vaccine according to [11] or [12], wherein the at least 

portion of the inner wall of the nozzle body is formed to 

	

20 	have a cross section substantially-perpendicular to the 

injection direction which is continuously or step-wisely 

reduced towards the injection direction. 

[0023] 

[14] The rhinovaccination system of hepatitis B 

	

25 	vaccine according to any one of [1] to [13], for preventing 
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and/or treating hepatitis B. 

[0024] 

[15] A method for preventing and/or treating hepatitis 

B, comprising administering the hepatitis B vaccine 

5 composition to a patient in need thereof with the 

rhinovaccination system of hepatitis B vaccine according to 

any one of [1] to [13]. 

[0025] 

[16] The rhinovaccination system of hepatitis B 

10 	vaccine according to any one of [1] to [13], for use in 

preventing and/or treating hepatitis B. 

[0026] 

(Effect of the Invention) 

The present invention have made it possible to provide 

15 a nosal hepatitis B vaccine composition comprising 

hepatitis B surface antigen (HBs antigen) and hepatitis B 

nucleocapsid antigen (HBc antigen) as an active ingredient, 

but not needing an adjuvant, which induces a high immune 

response in spite of a small antigen level, and low side 

20 effects because the composition does not comprise an 

adjuvant. By using an administration system equipped with 

a metered-dose syringe-based squirt having an optimized-

shaped rhinal spray nozzle, the hepatitis B vaccine 

composition is expected to be suitably applied for treating 

25 	and preventing hepatitis B. 



11 

The hepatitis B vaccine composition for nasal 

administration of the present invention can be broadly 

spread, attached, and retained for a long time in nasal 

mucosa because the composition comprises a gel base 

	

5 	material comprising carboxy vinyl polymer which is treated 

by adding an outside shearing force to add spray-

performance, thus the hepatitis B vaccine composition of 

the present invention can induce a high immune response in 

spite of a small antigen level. 

	

10 	 The hepatitis B vaccine composition for nasal 

administration of the present invention is expected to not 

only prevent but also treat hepatitis B by using an 

administration system equipped with the metered-dose 

syringe-based squirt having an optimized-shaped rhinal 

	

15 	spray nozzle. 

BRIEF DESCRIPTION OF DRAWINGS 

[0027] 

Fig. 1 is a partially-fragmented side view of a 

	

20 	general structure of a medical syringe comprising a rhinal 

spray nozzle of one embodiment according to the present 

invention. 

Figs. 2(a) and 2(b) are partially-fragmented 

perspective views of the general structure of the rhinal 

	

25 	spray nozzle of one embodiment of the present invention, 
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showing configurations before and after the packing rod are 

inserted within the nozzle body, respectively. 

Fig. 3(a) is a vertical cross-sectional view of the 

rhinal spray nozzle of Fig. 2(b), and Figs. 3(b), 3(c) and 

	

5 	3(d) are horizontal cross-sectional views of the rhinal 

spray nozzle taken along B-B line, C-C line and D-D line of 

Fig. 3(a), respectively. 

Figs. 4(a) and 4(b) are enlarged cross-sectional views 

of the tip portion of the nozzle body, in which the tip 

	

10 	portion is provided with the curved portion in Fig. 4(a) 

but not in Fig. 4(b). 

Fig. 5 shows a result that the particle size 

distribution of the formulation in Example 4 was measured 

with a laser diffraction particle size analyzer, which was 

	

15 	sprayed with the syringe-based squirt of the present 

invention. 

Fig. 6 shows a result that the spray angle of the 

formulation in Example 4 was measured with a high-speed 

microscope, which was sprayed from the tip of the nozzle in 

	

20 	the syringe-based squirt of the present invention. 	The 

spray angle of the sprayed formulation was 52.27°. 

Fig.7 shows a result that the spray behavior of the 

formulation in Example 4 was measured with a spray pattern 

test sheet, which was sprayed with the syringe-based squirt 

	

25 	of the present invention. 	It was a uniform full-cone 
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circle. 

DESCRIPTION OF EMBODIMENTS 

[0028] 

	

5 	 The present invention provides a rhinovaccination 

system of hepatitis B vaccine, comprising 

a medical syringe having a tip opening in fluid 

communication with a syringe barrel, which is equipped with 

a rhinal spray nozzle comprising a hollow nozzle body 

	

10 	having a tip portion defining a nozzle orifice thereon, a 

solid packing rod arranged within the nozzle body, and a 

nozzle chamber defined between the packing rod and the 

nozzle body to allow a fluid communication between the tip 

opening and the nozzle orifice, wherein the nozzle orifice 

	

15 	has a diameter in a range between 0.25 mm and 0.30 mm, 

which is filled with a nasal hepatitis B vaccine 

composition which comprises (i) a gel base material 

comprising carboxy vinyl polymer which is treated by adding 

an outside shearing force to add spray-performance, and 

20 (ii) hepatitis B surface antigen (HBs antigen) and 

hepatitis B nucleocapsid antigen (HBc antigen), which is 

characterized by not needing an adjuvant. 

The "rhinovaccination system of hepatitis B vaccine" 

used herein means a combination of a vaccine composition 

	

25 	and an administration device, that is, the present syringe- 
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based squirt filled with the present hepatitis B vaccine 

composition. 

[0029] 

The "gel base material comprising carboxy vinyl 

	

5 	polymer which is treated by adding an outside shearing 

force to add spray-performance" used herein means, for 

example, a "gel base material comprising a skin/mucosa-

adhesive agent" disclosed in WO 2007/123193, which is a 

base material comprising carboxy vinyl polymer and 

10 optionally comprising gellan gum, whose viscosity is 

adjusted by adding an outside shearing force. The actual 

outside shearing force disclosed in WO 2007/123193 is not a 

simple stirring or shaking, i.e., the operation giving the 

shearing force herein can be carried out with a device 

	

15 	known by a skilled person, for example, a high-speed 

spinning-type emulsifying device, a colloidal mill-type 

emulsifying device, a high-pressure emulsifying device, a 

roll mill-type emulsifying device, an ultrasonic-type 

emulsifying device and a membrane-type emulsifying device 

	

20 	can be used as a device giving shearing force. Especially, 

a homo mixer-type, a comb-type, and an intermittently-jet- 

stream-generating-type, 	high-speed 	spinning-type 

emulsifying devices are preferable. The base material is 

characterized in that the viscosity thereof can be adjusted 

	

25 	to various ones by adding an outside shearing force, and 
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the spray spreading-angle from a spray container and the 

spray density can be controlled to meet the purpose. 	In 

addition, the use of the present rhinovaccination system 

equipped with a metered-dose syringe-based squirt having an 

	

5 	optimized-shaped rhinal spray nozzle can achieve a good 

spray-suitability of a formulation (spray-dispersibility, 

uniformity of formulation particle size, etc.), as is the 

case with the pump-type spray device such as an airless-

type spray device disclosed in WO 2007/123193, and thereby 

	

10 	the use can make the spreading of hepatitis B antigen 

particles in nasal mucosa in a wide spread and in a long 

time to enhance the immunogenicity of the vaccine. 

[0030] 

Carboxy vinyl polymer which is a material ingredient 

	

15 	of the gel base material in the present invention is a 

hydrophilic polymer prepared by polymerizing acrylic acid 

as a main ingredient. 	To the gel base material, any 

ingredients can be added which can be chosen from 

pharmaceutical additives that are generally used to prepare 

	

20 	an aqueous gel agent without any limitation. 

The content of the gel base material comprising 

carboxy vinyl polymer which is treated by adding an outside 

shearing force to add spray-performance is 0.1 - 1.0 w/v 

preferably 0.3 - 0.7 w/v o as the content of carboxy vinyl 

	

25 	polymer. 
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[0031] 

The vaccine of the present invention is characterized 

by comprising hepatitis B surface antigen (HBs antigen) and 

hepatitis B nucleocapsid antigen (HBc antigen) as an 

	

5 	antigen. 	The hepatitis B antigen used herein means 

hepatitis B surface antigen and hepatitis B nucleocapsid 

antigen which are prepared in yeast by recombinant DNA 

technology. 

[0032] 

	

10 	 As the above-mentioned hepatitis B antigen, a virus 

stock solution thereof is used herein, which is purified or 

concentrated to be mixed with the gel base material for 

spray-administration to nasal mucosa. With regard to the 

vaccine of the present invention, the concentration of each 

	

15 	hepatitis B virus antigen is preferably 0.01 - 10 mg/mL, 

more preferably 0.05 - 5 mg/mL. 

[0033] 

Hepatitis B surface antigen (HBs antigen) takes a 

particle form (diameter: about 50 - 60 nm) wherein there 

	

20 	are a lot of antigenic proteins on the lipid membrane. The 

antigenic proteins are composed of originally three domains 

(S, Pre-S1, Pre-S2). 	The antigenic proteins are 

distinguished as follows: the antigen having all the three 

domains is HBsAg L-protein, the antigen lacking Pre-S1 is 

	

25 	HBsAg M-protein, and the antigen lacking Pre-S1 and Pre-S2 
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is HBsAg S-protein. All the antigens can be prepared by 

using recombinant yeast. 

[0034] 

An adjuvant is a generic term of substances having the 

5 modulating-activity of the immune response such as 

enhancement and suppression, and is used as an 

immunopotentiating agent to be added to a vaccine to 

enhance the immunogenicity of an antigen. Until now, a lot 

of adjuvants have been studied. 	The use of an adjuvant 

10 	enhances the immune effect of a vaccine, but it has 

disadvantages of side effects such as inflammation. Some 

adjuvants can be chosen as a candidate to be used in a 

vaccine for nasal administration, but there has not been 

any approved vaccine for nasal administration comprising an 

15 	adjuvant because there has been no adjuvant having a 

pervasive safety. 

[0035] 

The present inventors have found that it is possible 

to prepare a vaccine having a high efficacy and low side 

20 	effects in spite of non-adjuvant and a lower antigen level, 

which is not required to be in conjunction with another 

administration such as subcutaneous vaccination, when the 

gel base material which has the above-mentioned useful 

spray-performance such as high adhesive property to nasal 

25 	mucosa is used with the above-mentioned hepatitis B vaccine. 
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In addition, the present inventors have also found that 

using a device which can spray even a gel base material 

having high viscosity, hepatitis B vaccine composition can 

be sprayed to nasal mucosa, wherein the mean particle size 

	

5 	of the sprayed composition is in a suitable range of 50 pm 

to 120 pm (preferably a range of 70 pm to 100 pm), the 

particle-size-distribution between 10 pm and 100 pm is 50 

or more (preferably, 60 % or more), the spray angle from 

the device is set at a range of 30° to 70° (preferably, a 

	

10 	range of 40° to 60°) so that the composition can be 

administered to the desired site in nasal cavity, and the 

spray density is uniform to form a homogeneous full-cone 

shape. Further the present inventors have also found its 

process and a method for preventing and treating hepatitis 

	

15 	B using the composition. Based upon the new findings, the 

present invention has been accomplished. 

[0036] 

The "full-cone shape" which is used to express 

unbiased and uniform spray density is one of sprayed shape 

	

20 	patterns, and the full-cone shape means homogeneous whole 

circle. 	The opposite word is "hollow cone" which has a 

doughnut shape. 

[0037] 

The vaccine of the present invention can comprise an 

	

25 	additional pharmaceutically-acceptable carrier(s) besides 
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hepatitis B virus antigens and a gel base material for 

spray-administration to nasal mucosa. 	The carrier used 

herein can be a carrier which is generally used in the 

preparation of a vaccine or a formulation for 

	

5 	administration in nasal cavity, which includes, for example, 

saline, buffered saline, dextrose, water, glycerin, 

isotonic aqueous buffer solution, and a combination thereof. 

And, the vaccine of the present invention may optionally 

include a preservative (e.g. thimerosal), an isotonic agent, 

	

10 	a pH regulator, a surfactant, a stabilizing agent (e.g. 

disodium edetate hydrate), and an inactivating agent (e.g. 

formalin). 

[0038] 

The vaccine of the present invention is used for 

	

15 	spray-administration into the nasal cavity. 

The vaccine of the present invention can prevent or 

treat hepatitis B. 

[0039] 

For the administration of the vaccine, the spray is 

	

20 	done to one or both nares with an optimized nose-spray 

nozzle of the present invention, which can be used as a 

disposable device. 

[0040] 

The dosage of the vaccine should be decided 

	

25 	considering the age, sex and weight of a patient or other 
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factors, and the concentration of each hepatitis B virus 

antigen is preferably 0.01 - 10 mg/mL, more preferably 0.05 

- 5 mg/mL. The amount of each antigen to be administered 

is preferably 0.1 - 5 mg/mL, more preferably 0.5 - 2 mg/mL. 

5 	[0041] 

With reference to attached drawings, embodiments of a 

rhinal spray nozzle used for a metered-dose syringe-based 

squirt having the rhinal spray nozzle according to the 

present invention will be described hereinafter. 	In the 

10 	following description, directional terms such as "front, 

"rear", "proximal" and "distal" are conveniently used for 

better understandings, however, those terms are not 

intended to limit the scope of the present invention. Also, 

like components are denoted by like reference signs 

15 	throughout the attached drawings. 

[0042] 

(Medical Syringe) 

Fig. 1 is a partially-fragmented side view of medical 

syringe 1 comprising rhinal spray nozzle 10 of an 

20 embodiment according to the present invention. 	As 

illustrated in Fig. 1, medical syringe 1 generally 

comprises syringe body 4 made of synthetic resin or glass 

having syringe barrel 3 capable of storing a pharmaceutical 

formulation therein, and plunger rod 5 inserted within 

25 	syringe barrel 3 of syringe body 4. Medical syringe 1 also 
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comprises piston 7 having fixing member 5a provided at the 

distal end of plunger rod 5 and sliding within syringe 

barrel 3 so as to pump the formulation in syringe barrel 3 

out of distal tip opening 6 of syringe body 4, finger 

	

5 	flange 8 provided around a proximal end of syringe body 4, 

and plunger end member 9 transmitting the force applied by 

a practitioner such as a medical doctor to plunger rod 5. 

Medical syringe 1 may be similar to the metered-dose 

syringe-based squirt disclosed in WO 2013/145789. 

	

10 	[0043] 

It should be noted that rhinal spray nozzle 10 of the 

present invention may be applicable to any type of medical 

syringes 1 which pump the formulation in syringe barrel 3 

by pushing plunger rod 5 (and piston 7), and thus, the 

15 present invention will not be limited to the known 

configurations of the medical syringe. 	Therefore, the 

present disclosure will eliminate further description for 

the detailed structure of medical syringe (or metered-dose 

syringe-based squirt) 1, and discuss in more detail about 

	

20 	the structure and the function of rhinal spray nozzle 10 

used for the medical syringe. It should be noted that the 

disclosure of WO 2013/145789 is incorporated herein by 

reference into the present application. 

[0044] 

	

25 	(Rhinal Spray Nozzle) 
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As shown in Fig. 1, medical syringes 1 further 

comprises rhinal spray nozzle 10 opposed to tip opening 6 

of syringe body 4, and protection cap 50 for protecting 

sterilized tip portion 22 of rhinal spray nozzle 10 from 

	

5 	contaminant and mechanical impact. Figs. 2(a) and 2(b) are 

partially-fragmented perspective views, showing the general 

structure of rhinal spray nozzle 10 of an embodiment of the 

present invention. 	As shown, rhinal spray nozzle 10 

generally comprises hollow nozzle body 20 having tip 

	

10 	portion 22 with nozzle orifice 21 and solid packing rod 

(packing bar) 30 provided within nozzle body 20. 	Figs. 

2(a) and 2(b) show rhinal spray nozzle 10 before and after 

packing rod 30 is arranged or inserted within nozzle body 

20, respectively. Tip portion 22 of nozzle body 20 has a 

	

15 	circular shape and is provided with nozzle orifice 21 at 

the center thereof. 

[0045] 

Fig. 3(a) is a vertical cross-sectional view of rhinal 

spray nozzle 10 of Fig. 2(b). 	Figs. 3(b), 3(c) and 3(d) 

	

20 	are horizontal cross-sectional views of rhinal spray nozzle 

10 taken along B-B line, C-C line and D-D line of Fig. 3(a), 

respectively. Hollow nozzle body 20 defines internal space 

24 of a substantially cylindrical shape. As shown in Figs. 

3(c) and 3(d), internal space 24 includes nozzle small- 

	

25 	diameter portion 25 closer to nozzle orifice 21 of hollow 
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nozzle body 20, nozzle large-diameter portion 26 opposing 

to tip opening 6 of syringe body 4, and nozzle shoulder 27 

which is designed to have a diameter continuously or step-

wisely reducing from nozzle large-diameter portion 26 

	

5 	towards nozzle small-diameter portion 25. 

[0046] 

On the other hand, solid packing rod 30 to be inserted 

within nozzle body 20 has outer wall 33 having a 

configuration substantially complementary with inner wall 

	

10 	23 of nozzle body 20 (internal space 24). As shown in Figs. 

2(a), 3(c) and 3(d), rod small-diameter portion 35 and rod 

large-diameter portion 36 include rod shoulder 37 which is 

designed to have a diameter continuously or step-wisely 

reducing from rod large-diameter portion 36 towards rod 

	

15 	small-diameter portion 35. 

[0047] 

Preferably, as illustrated in Fig. 3(a), inner wall 23 

of nozzle body 20 is provided with protrusion 23a, while 

outer wall 33 of packing rod 30 is provided with recess 33a 

	

20 	for receiving protrusion 23a. When packing rod 30 is fully 

inserted within internal space 24 of nozzle body 20, 

protrusion 23a may be closely fit in recess 33a to ensure 

connection between packing rod 30 and nozzle body 20. 

[0048] 

	

25 	 Also as illustrated in Figs. 2(a)-2(b) and 3(a)-3(d), 
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packing rod 30 includes a plurality of grooves 38 and 39 

circumferentially spaced from one another both on rod 

small-diameter portion 35 and rod large-diameter portion 36. 

Also, packing rod 30 is inserted within nozzle body 20 so 

5 	as to define gap 40 between nozzle shoulder 27 and rod 

shoulder 37 (Fig. 3(a)). 	Thus, rhinal spray nozzle 10 

assembled as illustrated in Fig. 2(b) has nozzle chamber 42 

defined by grooves 38, 39 and gap 40, which allows fluid 

communication of formulation 2 delivered from tip opening 6 

10 	of syringe body 4 through nozzle chamber 42 to tip portion 

22 of rhinal spray nozzle 10. 

[0049] 

Furthermore, as shown in Fig. 3(b), packing rod 30 

includes vortex-flow generation member 44 opposed to tip 

15 portion 22 of rhinal spray nozzle 10. 	Vortex-flow 

generation member 44 is configured to generate a vortex 

flow of formulation 2 that is delivered from each of 

grooves 38 of rod small-diameter portion 35 before being 

injected from nozzle orifice 21 of nozzle body 20. 	More 

20 particularly, the end portions of rod small-diameter 

portion 35 which define vortex-flow generation member 44 

are formed so as to extend offset the vertical central axis 

of nozzle orifice 21. Thanks to generation of the vortex 

flow of formulation 2 before being injected from nozzle 

25 	orifice 21, the spray angle of formulation 2 can be 
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expanded to spray it in a more uniform manner. 

[0050] 

As illustrated in Figs. 3(c)-3(d), it is preferable to 

design grooves 38 of rod small-diameter portion 35 to be 

	

5 	less than grooves 39 of rod large-diameter portion 36 so as 

to increase the pressure of formulation 2 in vortex-flow 

generation member 44 before being injected from nozzle 

orifice 21. 	Also, thanks to the diameters of rod large- 

diameter portion 36 and rod small-diameter portion 35 which 

	

10 	are designed to continuously or step-wisely be reduced from 

the former to the latter, it is easier to insert rhinal 

spray nozzle 10 deeply into the nasal cavity and to spray 

the formulation towards the inferior nasal concha and even 

deeper portions of the patient. 	Thus preferably, the 

	

15 	diameter of rod small-diameter portion 35 is smaller enough 

than the nasal cavity opening of the patient without 

minimizing fear of the patient. 

Examples 

	

20 	[0051] 

Hereinafter, the invention is illustrated based on 

examples, but are not limited thereto. 

According to the methods shown below, gel base 

materials for spray-administration and hepatitis B virus 

	

25 	stock solutions were prepared, and each gel base material 
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and each virus stock solution were mixed as shown below to 

prepare hepatitis B vaccine compositions for administration 

to nasal mucosa. 

[0052] 

5 	<Preparation of gel base material> 

Example of gel base material for spray-administration (1)  

Ingredients Amount Process of Preparation 
Carboxy vinyl 
polymer 

11.0 mg
column 
Each 	ingredient 	shown 	in 	the 	left 

was 	mixed 	in 	the 	ratio 
corresponding 	to 	each 	weight 	shown 
there, 	and 	stirred 	to 	become 
homogeneous. 	Then, 	the 	mixture 	was 
given 	an 	outside 	shearing 	force 	by 	a 
high-speed 	rotation 	with 	an 
intermittently-jet-stream-generating-type 
high-speed 	spinning-type 	emulsifying 
device. 	The 	resulting 	base 	material 
whose 	viscosity 	was 	suitably 	adjusted 
with 	an 	outside 	shearing 	force 	was 
heated at 90°C for 20 minutes to give a 
gel base material. 

Aspect: 	a clear and colorless 	gel base 
material, 	almost odorless. 
pH: 	7.29 
Viscosity: 	3,800 mPa.s 

L-Arginine 24.0 mg 
Concentrated 
glycerin 

20.0 mg 

Purified 
water 

q.s. 

Total 1.0 mL 

[0053] 

Example of gel base material for spray-administration (2)  

Ingredients Amount Process of Preparation 
Carboxy vinyl 
polymer 

30.0 mg 
Each 	ingredient 	shown 	in 	the 	left 
column 	was 	mixed 	in 	the 	ratio 
corresponding 	to 	each 	weight 	shown 
there, 	and 	stirred 	to 	become 
homogeneous. 	Then, 	the 	mixture 	was 
given 	an 	outside 	shearing 	force 	by 	a 
high-speed 	rotation 	with 	an 
intermittently-jet-stream-generating-type 
high-speed 	spinning-type 	emulsifying 
device. 	The 	resulting 	base 	material 
whose 	viscosity 	was 	suitably 	adjusted 
with 	an 	outside 	shearing 	force 	was 
heated at 90°C for 20 minutes to give a 
gel base material. 

L-Arginine 55.0 mg 
Concentrated 
glycerin 

50.0 mg 

Purified 
water 

q.s. 

Total 1.0 mL 
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Aspect: a clear and colorless gel base 
material, almost odorless. 
pH: 6.32 
Viscosity: 21,230 mPa.s 

[0054] 

<Preparation of virus stock solution comprising hepatitis B 

virus antigen> 

Example of virus stock solution (1)  

Ingredients Amount 
HBs antigen 0.2 mg 
HBc antigen 0.2 mg 
Sodium chloride 7.9 mg 
Disodium hydrogenphosphate 	(Na2HPO4) 1.12 mg 
Sodium dihydrogenphosphate dihydrate 
(Na2HPO4  •2H20) 1.25 mg  
Disodium edetate hydrate 2.23 mg 
Purified water Total 1 mL 

5 	[0055] 

Example of virus stock solution (2)  

Ingredients Amount 
HBs antigen 0.1 mg 
HBc antigen 0.1 mg 
Sodium chloride 7.9 mg 
Disodium hydrogenphosphate 	(Na2HPO4) 1.12 mg 
Sodium dihydrogenphosphate dihydrate 
(Na2HPO4  •2H20) 1.25 mg 

 
Disodium edetate hydrate 2.23 mg 
Purified water Total 1 mL 

[0056] 

<Mixture of gel base material and virus stock solution> 

Example of gel base material (1) and Example of virus 

10 

	

	stock solution (1) mentioned above were mixed in the ratio 

of 1:1 under stirring to give a homogeneous hepatitis B 

vaccine composition for administration to nasal mucosa 

(Example 1). In the same way, Example of gel base material 
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(2) and Example of virus stock solution (2) mentioned above 

were mixed in the ratio of 2:8 under stirring to give a 

homogeneous hepatitis B vaccine composition for 

administration to nasal mucosa (Example 2). 	The mixing 

	

5 	under stirring can be completed softly and in a short time 

without giving a stress such as heat and pressure to the 

hepatitis B vaccine antigen. 	The quantities of each 

ingredient in the resulting hepatitis B vaccine composition 

for administration to nasal mucosa, the physical properties 

	

10 	thereof, and the spray-performances thereof derived by 

spraying the compositions with a suitable device are also 

shown below. 

[0057] 

Example 1  

Ingredients Amount 
Physical property/spray-
performance 

HBs antigen 0.1 mg pH: 	7.15 
Viscosity: 	517 mPa-s 
Spray-performance in 
spraying 250 pL of the 
solution with a spray 
device which has no pump 
function: 
-Mean particle size of 
sprayed formulation: 
55.9 pm 
Ratio of particle size  

between 10 pm and 100 pm:  
87.3 
	% 

Spray angle from the 
device: 	53° 
-Spray 	density: 	full-cone 
uniformly-circle 

HBc antigen 0.1 mg 
Carboxy vinyl polymer 5.50 mg 
L-Arginine 12.00 mg 
Concentrated glycerin 25.00 mg 
Sodium chloride 3.95 mg 
Disodium 
hydrogenphosphate 
(Na2HPO4) 

0.56 mg 

Sodium 
dihydrogenphosphate 
dihydrate 	(Na2HPO4  -2H20) 

0.625 mg 

Disodium edetate hydrate 1.115 mg 
Purified water q.s . 

Total 1.0 mL 

[0058] 

Example 2  



29 

Ingredients Amount 
Physical property/spray-
performance 

HBs antigen 0.08 mg pH: 	6.39 
Viscosity: 	407 mPa-s 
Spray-performance in 
spraying 250 pL of the 
solution with a spray 
device which has no pump 
function: 
-Mean particle size of 
sprayed formulation: 
59.7 um 
Ratio of particle size  

between 10 pm and 100 pm: 
88.8 	% 
Spray angle from the 
device: 	55° 
-Spray 	density: 	full-cone 
uniformly-circle 

HBc antigen 0.08 mg 
Carboxy vinyl polymer 6.00 mg 
L-Arginine 11.00 mg 
Concentrated glycerin 10.00 mg 
Sodium chloride 6.32 mg 
Disodium 
hydrogenphosphate 
(Na2HPO4) 

0.896 mg 

Sodium 
dihydrogenphosphate 
dihydrate 	(Na2HPO4.2H20) 

1.00 mg 

Disodium edetate hydrate 1.784 mg 
Purified water q s .. 

Total 1.0 mL 

[0059] 

Thus, by filling a medical syringe having a tip 

opening in fluid communication with a syringe barrel, which 

is equipped with a rhinal spray nozzle comprising a hollow 

	

5 	nozzle body having a tip portion defining a nozzle orifice 

thereon, a solid packing rod arranged within the nozzle 

body, and a nozzle chamber defined between the packing rod 

and the nozzle body to allow a fluid communication between 

the tip opening and the nozzle orifice, wherein the nozzle 

	

10 	orifice has a diameter in a range between 0.25 mm and 0.30 

mm 

with the formulation for nasally-administering 

hepatitis B vaccine of Example 2 which was prepared with a 

gel base material prepared by adding an outside shearing 

	

15 	force, 

a rhinovaccination system of the hepatitis B vaccine 
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having spray-performance which is to control that (1) as 

for the particle-size-distribution of the sprayed 

composition, the mean particle size is in a range of 30 pm 

to 80 pm [59.7 pm], and the particle distribution between 

	

5 	10 pm and 100 pm is 80 % or more [88.8 %], (2) the spray 

density is uniform to form a homogeneous full-cone shape, 

and (3) the spray angle is adjusted in a range of 30° to 

70° [55°] was able to be prepared. 

[0060] 

	

10 	Efficacy of prevention and treatment in human clinical test  

(Subject) 

As for the evaluation of preventive efficacy, the 

subjects thereof were beforehand tested about immune 

response with subcutaneous and intramuscular inoculation 

	

15 	vaccine and divided to the following three groups: (1) 

vaccine non-responders who were not antibody-induced, (2) 

vaccine responders who were antibody-induced, and (3) 

unvaccinated people as control. As for the evaluation of 

therapeutic efficacy, the subjects thereof were divided to 

	

20 	the following two groups: (4) asymptomatic carriers with 

HBV-emia who did not develop hepatitis, and (5) CHB 

patients in NA treatment. 

[0061] 

<Evaluation of preventive efficacy> 

	

25 	 The hepatitis B vaccine composition for administration 
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to nasal mucosa which was prepared in Example 2 was 

administered to each group's subject by transnasal spray 

with a syringe-based squirt equipped with a rhinal spray 

nozzle in an amount of 0.5 mL for one nostril (in total, 

	

5 	1.0 mL for both nostrils). The (1) vaccine non-responders, 

the (2) vaccine responders, and the (3) unvaccinated people 

received the nasal administration once in two weeks, in 

total three times. 

[0062] 

	

10 	(Efficacy to vaccine non-responders for subcutaneous and 

intramuscular inoculation) 

To 13 vaccine non-responders who had no immune 

response to subcutaneous and intramuscular inoculation, the 

nasal administration of vaccine was carried out three times. 

	

15 	. One month after the final administration, the HBs antibody 

titer and HBc antibody titer were measured. The antibody 

level of HBs and HBc in all the 13 people increased (Table 

Table 	1. 	Efficacy 	to 	vaccine 	non-responders 	for 
subcutaneous and intramuscular inoculation 

Antibody 	level 	of 
HBs 	(mIU/mL) 

Antibody 	level 	of 
HBc 	(S/00) 

Subject pre post pre post 
vaccine 
non-responder 1 

0 __.500* 0.2 15.8 

vaccine 
non-responder 2 

0 _.500* 0.1 1.8 

vaccine 
non-responder 3 

0 n00* 0.1 11.2 

vaccine 
non-responder 4 

0 141 0.1 22.9 
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vaccine 
non-responder 5 

0 263 0.1 33.7 

vaccine 
non-responder 6 

4.4 >500* 0.1 7.7 

vaccine 
non-responder 7 

3.2 39.7 0.1 2.4 

vaccine 
non-responder 8 

6.1 500 0.1 4.5 

vaccine 
non-responder 9 

0 27.3 0.1 0.2 

vaccine 
non-responder 10 

3.1 308 0.1 25.3 

vaccine 
non-responder 11 

0 25.2 0.1 0.9 

vaccine 
non-responder 12 

0 500* 0.1 12.6 

vaccine 
non-responder 13 

8 .500* 0.1 16.8 

>500*: off-scale high 

[0063] 

(Efficacy to vaccine responders for subcutaneous and 

intramuscular inoculation) 

To 19 vaccine responders, the nasal administration of 

	

5 	vaccine was carried out three times. One month after the 

final administration, the HBs antibody titer and HBc 

antibody titer were measured. 	In all the 19 people, the 

antibody level of HBs went above the measurement 

sensitivity (i.e., off-scale high), and the antibody level 

	

10 	of HBc increased (Table 2). 

Table 2. 	Efficacy to vaccine responders 	for subcutaneous 
and intramuscular inoculation 

Antibody 	level 
of HBs 	(mIU/mL) 

Antibody 	level 
of HBc 	(S/CO) 

Subject pre post pre post 

vaccine responder 1 62.4 _>_500* 0.2 15 

vaccine responder 2 110.0 _>_500* 0.1 2.5 

vaccine responder 3 62 500* 0.1 4 
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vaccine responder 4 11.6 .500* 0.2 14.2 
vaccine responder 5 14.1 _>_500* 0.1 1.1 
vaccine responder 6 42 _.500* 0.1 19.2 
vaccine responder 7 61.7 _>.500* 0.1 3.1 
vaccine responder 8 35.5 _>_500* 0.1 10.1 
vaccine responder 9 10.9 _>_500* 0.1 13.1 
vaccine responder 10 57.9 500* 0.1 1.4 
vaccine responder 11 36.9 500* 0.1 59 
vaccine responder 12 44.1 >500* 0.1 7.4 
vaccine responder 13 53.3 500* 0.1 21 
vaccine responder 14 17.1 >500* 0.1 15.7 
vaccine responder 15 30 _>500* 0.1 2.7 
vaccine responder 16 52.1 >500* 0.1 41.9 
vaccine responder 17 37.2 __500* 0.1 34.5 
vaccine responder 18 22.3 >500* 0.1 28 
vaccine responder 19 15 _ .500* 0.1 38.4 

>500*: off-scale high 

[0064] 

(Efficacy to unvaccinated people) 

To 7 unvaccinated people, the nasal administration of 

vaccine was carried out three times. One month after the 

5 	final administration, the HBs antibody titer and HBc 

antibody titer were measured. 	The antibody level of HBs 

and HBc in 6 people increased (Table 3). 

Table 3. Efficacy to unvaccinated people 
Antibody 	level 	of 
HBs 	(mIU/mL) 

Antibody 	level 	of 
HBc 	(S/CO) 

Subject pre post pre post 
unvaccinated 
person 1 

0 157 0.1 14.8 

unvaccinated 
person 2 

0 332 0.1 0.8 

unvaccinated 
person 3 0 19.1 0.1 6.5 

unvaccinated 
person 4 0 0 0.1 2.8 

unvaccinated 
person 5 0 4.6 0.1 0.1 
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unvaccinated 
0 12.7 0.1 10.9 

person 6 
unvaccinated 

0 51.9 0.1 121 
person 7 

[0065] 

<Evaluation of therapeutic efficacy> 

The hepatitis B vaccine composition for administration 

to nasal mucosa which was prepared in Example 2 was 

	

5 	administered to each group's subject by transnasal spray 

with a syringe-based squirt equipped with a rhinal spray 

nozzle in an amount of 0.5 mL for one nostril (in total, 

1.0 mL for both nostrils). 	The (4) asymptomatic carriers 

and the (5) CHB patients in NA treatment received the nasal 

	

10 	administration once in two weeks, in total ten times. 

[0066] 

(Efficacy to asymptomatic carriers) 

To 41 asymptomatic carriers, the nasal administration 

of vaccine was carried out ten times. 	Before the 

	

15 	administration, and 6 months after the final administration, 

HBV-DNA level, the change rate of HBs antigen level, and 

the positive conversion ratio of HBs antibody were 

evaluated. Six months after the final administration, the 

HBV-DNA level did not obviously change, but the HBs antigen 

	

20 	level decreased to 78.6 % from 100 % of the before- 

administration. 	In 20 examples of the total 41 ones, the 

HBs antibody increased, thus the positive conversion ratio 

was 48.8 % (Table 4). 
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Table 4. Evaluation of therapeutic efficacy to asymptomatic 

carriers 

Residual 

ratio 	of 	HBV- 

DNA level 	(%) 

Residual 

ratio 	of 	HBs 

antigen 	level 

(%) 

Positive 

conversion 

ratio 	of 	HBs 

antibody 	(%) 
asymptomatic 
carriers 

no obvious 
change 

78.6 48.8 

[0067] 

(CHB patients in NA treatment) 

To 29 CHB patients in NA treatment, the nasal 

administration of vaccine was carried out ten times. Six 

	

5 	months after the final administration, HBV-DNA level, the 

change rate of HBs antigen level, and the positive 

conversion ratio of HBs antibody were evaluated. 

The HBV-DNA level evaluated before the administration 

was lower than the detective level in all patients because 

	

10 	the patients were in NA treatment, and the level evaluated 

6 months after the final administration still remained 

lower than the detective level. The HBs antigen level was 

79.3 o for 100 % of the before-administration. 	In 11 

examples of the total 29 ones, the HBs antibody increased, 

	

15 	thus the positive conversion ratio was 37.9 % (Table 5). 

Table 5. Evaluation of therapeutic efficacy to CHB patients 

in NA treatment 

Residual 

ratio of HBV- 

DNA level 	(%) 

Residual 

ratio 	of 	HBs 

antigen level 

(%) 

Positive 

conversion 

ratio 	of 	HBs 

antibody 	(%) 
CHB patients 
in NA lower than 79.3 37.9 
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treatment detective 

level and 

without 

change 

Denotation of Reference Numerals 

[0068] 

1: medical syringe, 2: pharmaceutical formulation, 3: 

	

5 	syringe barrel, 4: syringe body, 5: plunger rod, 5a: fixing 

member, 6: opening, 7: piston, 8: finger flange, 9: plunger 

end member, 10: rhinal spray nozzle, 20: nozzle body, 21: 

nozzle orifice, 22: tip portion, 23: inner wall, 23a: 

protrusion, 24: internal space, 25: nozzle small-diameter 

	

10 	portion, 26: nozzle large-diameter portion, 27: nozzle 

shoulder, 30: packing rod, 33: outer wall, 33a: recess, 35: 

rod small-diameter portion, 36: rod large-diameter portion, 

37: rod shoulder, 38, 39: groove, 40: gap, 42: nozzle 

chamber, 44: vortex-flow generation member, 46: curved 

	

15 	portion, 50: protection cap. 
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CLAIMS 

1. A rhinovaccination system of hepatitis B vaccine, 

comprising a syringe-based squirt filled with a hepatitis B 

	

5 	vaccine composition which comprises (i) hepatitis B surface 

antigen (HBs antigen) and/or hepatitis B nucleocapsid 

antigen (HBc antigen), and (ii) a gel base material 

comprising carboxy vinyl polymer which is treated by adding 

an outside shearing force to add spray-performance. 

10 

2. The rhinovaccination system of hepatitis B vaccine 

according to claim 1, wherein the syringe-based squirt is a 

medical syringe having a tip opening in fluid communication 

with a syringe barrel, which is equipped with a rhinal 

	

15 	spray nozzle comprising 

a hollow nozzle body having a tip portion defining a 

nozzle orifice thereon, 

a solid packing rod arranged within the nozzle body, 

and 

	

2.0 	 a nozzle chamber defined between the packing rod and 

the nozzle body to allow a fluid communication between the 

tip opening and the nozzle orifice, 

wherein the nozzle orifice has a diameter in a range 

between 0.25 mm and 0.30 mm. 

25 
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3. The rhinovaccination system of hepatitis B vaccine 

according to claim 1 or 2, wherein the amount of (i) the 

hepatitis B vaccine is 0.01 - 10 mg/mL per each antigen. 

	

5 	4. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 3, wherein the 

hepatitis B vaccine composition comprises 0.1 w/v % to 1.0 

w/v % carboxy vinyl polymer. 

	

10 	5. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 4, wherein the spray-

performance is to control (1) the particle-size-

distribution of the sprayed composition, (2) the uniformity 

of spray density, and/or (3) the spray angle. 

15 

6. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 3, wherein the 

hepatitis B vaccine composition is prepared by treating a 

gel base material comprising 0.5 w/v % to 2.0 w/v % carboxy 

	

20 	vinyl polymer by adding an outside shearing force to 

control (1) the particle-size-distribution of the sprayed 

composition, (2) the uniformity of spray density, and/or 

(3) the spray angle, as spray-performance, to give a gel 

base material, and then 

	

25 	 mixing the resulting gel base material with a virus 
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stock solution comprising hepatitis B surface antigen (HBs 

antigen) and/or hepatitis B nucleocapsid antigen (HBc 

antigen) homogeneously in a short time without stress. 

	

5 	7. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 6, wherein the 

hepatitis B vaccine composition is prepared with a gel base 

material comprising carboxy vinyl polymer that is treated 

by adding an outside shearing force to add spray- 

	

10 	performance which is to control that (1) as for the 

particle-size-distribution of the sprayed composition, the 

mean particle size is in a range of 30 pm to 80 pm, and the 

particle distribution between 10 pm and 100 pm is 80 % or 

more, 

	

15 	 (2) the spray density is uniform to form a homogeneous 

full-corn shape, and 

(3) the spray angle is adjusted in a range of 30° to 

70°. 

	

20 	8. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 6, wherein the 

hepatitis B vaccine composition is prepared with a gel base 

material comprising carboxy vinyl polymer that is treated 

by adding an outside shearing force to add spray- 

	

25 	performance which is to control that (1) as for the 
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particle-size-distribution of the sprayed composition, the 

mean particle size is in a range of 40 pm to 70 pm, and the 

particle distribution between 10 pm and 100 pm is 90 % or 

more, 

	

5 	 (2) the spray density is uniform to form a homogeneous 

full-corn shape, and 

(3) the spray angle is adjusted in a range of 40° to 

60°. 

	

10 	9. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 2 to 8, wherein the nozzle 

orifice includes substantially no curved portion. 

10. The rhinovaccination system of hepatitis B vaccine 

	

15 	according to any one of claims 2 to 9, wherein the tip 

portion defining the nozzle orifice has thickness along an 

injection direction of the formulation which is in a range 

between 0.20 mm and 0.30 mm. 

	

20 	11. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 2 to 10, 

wherein the nozzle body includes an inner wall having 

at least a portion formed in a cylindrical shape and the 

packing rod includes an outer wall at least a portion 

	

25 	formed in a cylindrical shape having a plurality of 
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circumferentially spaced grooves, 

wherein the nozzle chamber is defined between the at 

least portion of the inner wall of the nozzle body and the 

at least portion of the outer wall of the packing rod, and 

	

5 	 wherein the packing rod includes a vortex-flow 

generation member opposed to the tip portion of the nozzle 

body. 

12. The rhinovaccination system of hepatitis B vaccine 

	

10 	according to claim 11, wherein the vortex-flow generation 

member is formed so that a flow direction of the 

formulation from the grooves of the packing rod is offset 

to a central axis, thereby to generate a vortex flow of the 

formulation. 

15 

13. The rhinovaccination system of hepatitis B vaccine 

according to claim 11 or 12, wherein the at least portion 

of the inner wall of the nozzle body is formed to have a 

cross section substantially-perpendicular to the injection 

	

20 	direction which is continuously or step-wisely reduced 

towards the injection direction. 

14. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 13, for preventing 

	

25 	and/or treating hepatitis B. 
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15. A method for preventing and/or treating hepatitis B, 

comprising administering the hepatitis B vaccine 

composition to a patient in need thereof with the 

	

5 	rhinovaccination system of hepatitis B vaccine according to 

any one of claims 1 to 13. 

16. The rhinovaccination system of hepatitis B vaccine 

according to any one of claims 1 to 13, for use in 

	

10 	preventing and/or treating hepatitis B. 


