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ABSTRACT: 

The most broadly utilized techniques for 

transdermal organization of the medications are 

hypodermic needles, skin creams, and transdermal 

patches. The impact of the majority of the 

restorative specialists is restricted because of the 

layer corneum layer of the skin, which fills in as a 

boundary for the particles and along these lines a 

couple of atoms can arrive at the site of activity. 

Another type of conveyance framework called the 

microneedles assists with improving the 

conveyance of the medication through this course 

and defeating the different issues related with the 

traditional definitions. The essential standard 

includes disturbance of the skin layer, consequently 

making micron size pathways that lead the 

medication straightforwardly to the epidermis or 

upper dermis locale from where the medication can 

straightforwardly go into the foundational 

dissemination without confronting the boundary. 

This audit depicts the different potential and 

utilizations of the miniature needles. The different 

kinds of microneedles can be created like strong, 

dissolving, hydrogel, covered and empty 

microneedles. Manufacture strategy chose relies 

upon the sort and material of the microneedle. This 

framework has expanded its application to many 

fields like oligonucleotide conveyance, antibody 

conveyance, insulin conveyance, and surprisingly 

in beauty care products. As of late, numerous 

microneedle items are coming into the market. 

Albeit a ton of examination should be done to 

defeat the different difficulties before the 

microneedles can effectively dispatch into the 

market. 

Keywords: applications; evaluation; fabrication; 

microneedles; types 

 

I. INTRODUCTION: 
Hypodermic needles and skin creams are 

most usually utilized with regards to conveyance of 

the medication through the skin. Needles are less 

acknowledged by patients because of torment 

related with them and skin creams show less 

bioavailability. Skin fills in as the significant 

hindrance for conveying drug through the skin 

course. Skin is comprised of three principle layers-

the furthest layer corneum, center epidermis and 

the thickest of all, dermis. The layer corneum layer 

acts like a significant hindrance as it permits just 

specific atoms like lipophilic and low sub-atomic 

weight medications to go through it. The somewhat 

less porousness of the layer presents numerous 

issues in planning effective detailing . Different 

skin or transdermal conveyance frameworks have 

been researched for further developing medication 

saturation through the skin like nanocarrier stacked 

skin creams, transdermal patches, and microneedles 

The trademark elements of this innovation are the 

quicker beginning of activity, better quiet 

consistence, self-organization, further developed 

porousness and adequacy. Notwithstanding worked 

on remedial benefits, microneedles give 

exceptionally precise reproducible outcomes with 

least between subject inconstancy in 

bioavailability. However it has numerous 

promotion vantages it likewise has a few limits. 

There is the chance of skin aggravation or 

hypersensitivity to delicate skin. Since the needle 

size is tiny and more slender when contrasted with 

the thickness of hair, breaking of microneedle tips 

might occur which whenever stayed inside the skin, 

can create issues. These limits are extremely 

uncommon and can be overwhelmed with cutting 

edge material choice for microneedles. The 

fundamental goal of fostering this innovation is to 

make bigger vehicle pathway of micron size which 

is bigger than sub-atomic aspects and more modest 

than openings by hypodermic needles, to upset the 

layer corneum to permit enormous particles to go 

through along these lines expanding the 

penetrability. Traditional techniques like electric 

strategies iontophoresis and electroporation, 

synthetic/lipid enhancers make pores of nano size 
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which work on the porousness dependent upon 

some degree however fall flat for huge atoms. A 

similar conversation is aggregated for different 

transdermal medication conveyance frameworks. 

The medication conveyance by different 

transdermal frameworks is introduced . The skin 

cream spreads just on the skin surface. It has been 

accounted for that main 10–20% of absolute 

medication stacked in cream is being pervaded 

through the skin. 

 

Mechanism of Action : 

Microneedles exhibit made out of many 

microneedles with length under 1 mm long to 

convey medication and antibodies into skin. In the 

event that microneedle exhibit is connected to a 

cement support to improve its application to the 

skin called as microneedle fix. The component for 

drug conveyance depends on the brief mechanical 

interference of skin and statement of medication 

and immunization inside the dermis, where it can 

promptly reach to its objective site. In addition, 

microneedles structure miniature size drug 

conveyance channels without affecting veins and 

sensitive spots present in practical epidermis and 

dermis. Accordingly, the proficiency of medication 

conveyance is improved alongside huge portion 

and higher atomic size medications can likewise be 

conveyed effortlessly. Accordingly, microneedle 

exhibit is considered as insignificantly intrusive 

gadgets that infiltrate the skin without torment and 

drawing blood. The medication or antibody as 

biomolecules is encased inside or covered on the 

microneedles, which are then brought into the skin. 

These microneedles discharge the medication in the 

dermis following inclusion into the skin. 

Subsequently, the microneedle gadgets having 

number of minuscule needles can sidestep SC 

boundary and convey the ideal measure of 

medication in dermis to accomplish helpful 

reaction. 

 

Types of Microneedle: 

Various sorts of microneedles created and 

explored for their application in drug conveyance 

are strong, covered, dissolving, empty, and 

hydrogel microneedles. Various sorts of 

microneedles with their unique properties. Each 

sort of microneedle has its own particular manner 

of conveying the medication into the epidermis. 

Some are utilized just to make pores in layer 

corneum, some are precoated with the medication 

arrangement on their surface, some are dissolvable 

and some are prefilled with the medication 

arrangement. 

 

 
 

 

Solid microneedles: 

Strong microneedles are for the most part 

utilized for pre-treating the skin by shaping pores. 

Pointed tips of the needles infiltrate into the skin; 

make channels of micron size, through which the 

medication straightforwardly enters the skin layers 

on the use of a medication fix, subsequently 

expanding the saturation. The medication is taken 

up by the vessels to show a foundational impact. It 

very well may be utilized for a neighborhood 

impact too. Strong microneedles convey the 

medication with latent dissemination to skin layers. 

Narayanan et al manufactured strong silicon long 

and tightened microneedles utilizing tetra 
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methylammonium hydroxide carving process. 

Microneedles with a normal stature of 158 μm and 

base width of 110.5 μm were effectively 

manufactured. Later he likewise manufactured the 

gold-covered strong silicon microneedles with the 

component of 250 μm in tallness, the base width of 

52.8 μm, the perspective proportion of 4.73, tip 

point and distance across of 24.5° and 45 μm. The 

outcomes exhibited further developed 

bioavailability and mechanical strength. Li et al 

considered polylactic corrosive microneedles and 

found that biodegradable polymer strong 

microneedles have adequate mechanical solidarity 

to puncture the layer corneum and can upgrade the 

assimilation of the medication. The microneedles 

having 800 μm profundity and thickness of 256 

MNs for each cm2 was found to upgrade the 

medication saturation. Treated steel microneedles 

are additionally considered by different re 

searchers. Improved conveyance of captopril and 

metoprolol tartrate was considered later utilization 

of treated steel MN clusters. 

 

Coated microneedles: 

The microneedles are encircled with the 

medication arrangement or medication scattering 

layer. Ensuing disintegration of medication from 

the layer happens and the medication is conveyed 

rapidly. The measure of medication that can be 

stacked relies upon the thickness of the covering 

layer and the size of the needle which is typically 

extremely less. Baek et al stacked lidocaine on poly 

L-lactide (PLLA) microneedle clusters. The 

stacked lidocaine re rented quickly in phosphate 

cushion saline and was viewed as steady for quite 

some time. Covered microneedle additionally 

investigated for conveyance of multipleagents 

through same definition. Li et al covered each 

microneedle with various plans and medications 

accordingly permitting co-conveyance of numerous 

specialists with various properties. These conveyed 

water dissolvable and water insoluble colors at the 

same time. Chen and associates covered PLA 

microneedles with sulforhodamine B and viewed 

the medication conveyance effectiveness as around 

90%. The in-vitro studies in mice con solidified the 

consistent medication conveyance. 

 

Dissolving microneedles: 

Dissolving microneedles are manufactured 

with biodegradable poly mers by typifying the 

medication into the polymer. Subsequent to 

embedding microneedle in the skin, disintegration 

happens which delivers the medication. The 

application includes just a solitary advance as the 

microneedle isn't to be eliminated out later addition 

as in different cases. The polymer gets de reviewed 

inside the skin and controls the medication 

discharge. The bio-acknowledge capacity and 

disintegration of the polymer inside the skin settle 

on it perhaps the most ideal decision for long haul 

treatment with further developed patient 

consistence. Compelling needle drug dissemination 

is a significant element which deals with issues 

while creating dissolving microneedles. 

Consequently, polymer-drug blending is a basic 

advance in such manufacture. Chen and his 

gathering created tip dissolving microneedles 

which showed quick and productive medication 

conveyance without skin aggravation. Dissolving 

microneedles set aside effort to break up and 

complete inclusion is troublesome. Zhu et al grew 

quickly isolating microneedles mounted on strong 

microneedles which gave adequate mechanical 

solidarity to the miniature needles and approx 90% 

conveyance effectiveness was seen in 30 s. Wang 

et al acquainted the expansion of air pockets with 

the dissolving microneedles to forestall drug 

dissemination in the whole microneedles. These 

were found to accomplish around 80% of 

medication conveyance proficiency in 20 s. 

Distinguishable sharpened stone microneedles were 

created by Chu et al. Sharp polymer tips typified 

with the medication were mounted on dull metal 

shafts what independent or break up on inclusion in 

the skin inside a couple of moments. These 

alterations in dissolving microneedles showed that 

prospects of the quick medication conveyance with 

controlled delivery kinetics. 

 

Hollow microneedles: 

Empty microneedles have an unfilled 

space inside which is loaded up with the 

medication scattering or arrangement. They have 

openings at the tips. On embedding into the skin, 

the medication is straightforwardly kept into the 

epidermis. Various sorts of microneedles (a) Solid 

microneedles use jab with fix approach, are utilized 

for pre-treatment of the skin; (b) Coated 

microneedles use coat and jab approach, a covering 

of medication arrangement is applied on the needle 

surface; (c) Dissolving miniature needles are made 

of biodegradable polymers; (d) Hollow 

microneedles are loaded up with the medication 

arrangement and store the medication in the dermis. 

T.Waghuleetal. Biomedicine and Pharmacotherapy 

109 (2019) or the upper dermis layer. For the most 

part it is utilized for high atomic weight mixtures 

like proteins, antibodies, and oligonucleotides. The 

medication stream rate and delivery strain can be 

changed assuming the medication is to be given by 

a fast bolus infusion. These microneedles are fit for 
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managing an enormous portion of the medication 

as more measure of medication can be obliged into 

the vacant space inside the needle. Keeping a 

consistent stream rate is fundamental here. 

Expansion in the microneedle bore can expand 

stream rate however lead to diminished strength 

and sharpness. In some cases a metal coat is 

applied on the microneedle to build the strength of 

the microneedle however this can make the needles 

sharp. Mishra et al created empty microneedles 

adjusted on the silicon substrate having a length of 

500–600 μm and 100 μm external measurement. 

The stream pace of 0.93 μl s−1 was accomplished 

at 2 K Pa pressure contrast. Maaden and 

collaborators manufactured melded silica empty 

microneedles utilizing hydrofluoric corrosive 

drawing. These microneedles had the option to 

infuse extremely less measure of immunization into 

the skin in a robotized way in this way conquering 

the disadvantages of the hypodermic needle. 

Curiously Suzuki and associates created empty 

microneedles which were mirroring the activity of 

mosquitoes and the planned microneedles showed 

further developed infiltration in the skin. 

 

5. Hydrogel-forming microneedles : 

This sort of microneedle is as of late 

created. Super-expanding polymers are use to make 

microneedles. The polymers comprise the 

hydrophilic construction which makes it fit for 

taking up a lot of water into their three-dimensional 

polymeric organization. These polymers enlarge 

when embedded into the skin because of the 

presence of the interstitial liquid. This prompts the 

development of channels between the fine course 

and the medication fix. Prior to needling, these 

microneedles are simply used to disturb the skin 

obstruction. On expanding, they act as a rate 

controlling layer. They have adaptability in size 

and shape. Simple cleansing and unblemished 

expulsion from the skin are the special properties of 

such microneedles. Migdadietal concentrated on 

hydrogel-framing microneedles to direct metformin 

transdermally to diminish the gastrointestinal 

secondary effects related with the oral conveyance. 

Results exhibited the further developed pervasion 

and bioavailability of the medication with planned 

microneedles. Cross-connected polymers are 

additionally used for creating swellable 

microneedles for drug conveyance 

 

METHODOLOGY OF DRUG DELIVERY: 
A number of delivery strategies have been 

employed to use the microneedles for transdermal 

drug delivery. These include 

• Poke with patch approach 

• Coat and poke approach  

• Biodegradable microneedles 

• Hollow microneedles  

• Dip and scrape  

 

Poke with patch approach : It includes puncturing 

a variety of strong microneedles into the skin 

followed by utilization of the medication fix at the 

treated site. Transport of medication across skin 

can happen by dispersion or perhaps by 

iontophoresis assuming that an electric field is 

applied. 

 

Coat and poke approach: In this methodology 

needles are first covered with the medication and 

afterward embedded into the skin for drug 

discharge by disintegration. The whole medication 

to be conveyed is covered on the actual needle. 

 

Biodegradable microneedles: It includes 

epitomizing the medication inside the 

biodegradable, polymeric microneedles, trailed by 

the inclusion into the skin for a controlled 

medication discharge. 

 

Hollow microneedles: It includes infusing the 

medication through the needle with an empty bore. 

This methodology is more suggestive (reminiscent 

of) of an infusion than a fix.  

 

Dip and scrape ;It incorporates injecting the 

prescription through the needle with an unfilled 

bore. This procedure is more interesting 

(suggestive of) of an imbuement than a fix 

 

Evaluation of microneedles: 

Characterization methods: 

The prescription can be stacked onto or 

into the microneedles either in 

suspension/dispersing structure or encapsulated 

structure (liposomes, nano particles, 

nanoliposomes).The medication can be covered 

with the polymer arrangement or can be applied as 

a fix. Different physicochemical portrayals 

including molecule size, polydispersity list, 

thickness, and zeta potential can be assessed for 

stacked medication relying upon the sort of 

detailing utilized in the microneedles. Drug 

discharge, attachment, penetration tests are 

performed for a fix which is applied later pre-

treatment. The size, inward construction, and 

crystallinity of the liposomes or nanocarriers can be 

performed utilizing a unique light dissipating, X-

beam dispersing, and transmission electron 

microscopy strategy. Dependability investigations 

of medication scattering and microneedles can be 
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learned at an alternate temperature, pH and 

mimicked in-vivo physiological conditions (cell 

line or tissues). Different tests like solvency 

review, drug content, in-vitro discharge tests, and 

biocompatibility review are additionally performed 

on planned microneedle. 

 

Dimensional evaluation: 

Different techniques are utilized to assess 

the needle calculation and to gauge the tip sweep, 

length, stature of the microneedle. Most normal 

strategies are optical or electrical microscopy. 

Examination of a 3D picture gives a superior image 

of needle math and helps in quality control. 

Examining Electron Microscope (SEM) and 

confocal laser magnifying lens have been utilized 

for this reason. SEM produces a picture of an 

example by utilizing an engaged light emission 

which connect with the iotas in the example while 

checking and produce different signs which give 

data about example surface geography and piece. 

Confocal laser magnifying lens delivers high-goal 

pictures. 

 

Mechanical properties or insertion forces:A 

microneedle should be sharp and thin enough so it 

can undoubtedly infiltrate into the skin and 

furthermore be sufficient so it doesn't break when 

inside the skin. Mechanical tests which are 

performed on microneedles. Two significant 

variables for a protected and productive plan of 

microneedles are the power at which the miniature 

needle loses its underlying honesty and the addition 

power. The proportion of these two powers is 

called as the 'wellbeing factor'. The proportion is 

liked to be pretty much as high as could really be 

expected. 

 

In-vitro skin permeation studies: Dissemination 

cell contraption is utilized to track down the 

saturation of the medication through the skin Pig 

ear skin is generally utilized in the investigation 

which is mounted between the receptor and giver 

compartment. The aggregate penetration profiles of 

microneedle treated and untreated skin are thought 

about.  

 

In-vivo animal model studies:An appropriate 

procedure to anesthetize the creature will be 

utilized. One of the boundaries considered is trans-

epidermal water misfortune (TEWL) which is 

estimated previously, then after the fact miniature 

needling. Delfin Vapometer is utilized to quantify 

this boundary 

 

Materials Used to Constitute Microneedles: 

Choice of the material for constitution of 

the microneedle ought to be founded on models, for 

example, delicate creation without harm to touchy 

biomolecules, adequate mechanical strength for 

addition into skin and controlled or fast medication 

discharge according to the necessity. Microneedles 

have been delivered utilizing glass, silicon and 

metals. The utilization of polymers to establish 

microneedles has additionally been investigated; 

strong microneedles have been delivered utilizing 

plastic or biodegradable polymers. Metallic 

microneedles are costly, non-biodegradable and 

fragile. Polymer microneedles defeat the limits of 

silicon and metal microneedles and may give 

benefits like minimal expense, mechanical strength 

and security in the event of coincidental breakage 

of needle in the skin. 

Poly [di(carboxylatophenoxy) 

phosphagene] (PCPP), having phosphorus-nitrogen 

spine and natural side chain, offers strong 

immunoadjuvant movement. Andrianov et al. 

detailed that the warm steadiness of protein and its 

capacity to withstand outrageous assembling 

conditions were higher when the protein was in an 

answer of PCPP covered on strong microneedles 

when contrasted with watery solution.Modulated 

protein discharge was seen from microneedles in 

light of the particle complexing property of PCPP 

alongside salts of multivalent particles, like 

calcium chloride and spermine. 

 Quick dissolving sugars and 

polysaccharides have likewise been investigated to 

get ready dissolvable microneedles. Carbohydrates 

have tended to many detriments of metal miniature 

needles and give fast medication conveyance. 

Microneedles of dextrin can be ready with 

practically no unique creation equipment. 

However, handling issues, for example, 

caramelization and hardships in treatment of liquid 

sugar can be noticed. Besides, sugar microneedles 

are hygroscopic. The material ought to have a high 

Young's modulus so adequate mechanical strength 

can be provided. Micro needles comprised of 

Gantrez AN-139, a mucoadhesive polymer, had the 

option to withstand higher pressure than 

microneedles shaped utilizing poly vinyl liquor 

(PVA), alginic corrosive and Carbopol. 

 

Advantages of microneedles: 

The advantages of microneedles are:  

(1) large molecules can be administered,  

(2) painless administration of the active 

pharmaceutical ingredient,  

(3) first-pass metabolism is avoided,  

(4) quicker recuperating at infusion site than with a 

hypo dermic needle, 
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(5) no fear of needle,  

(6) ease of administration,  

(7) diminished microbial infiltration as contrasted 

and a hypodermic needle, the microneedle 

penetrates just the epidermis,  

(8) explicit skin region can be focused on for 

wanted medication conveyance, 

(9) enhanced drug efficacy may result in dose 

reduction, 

 (10) great decency without long haul oedema or 

erythema, 

 (11) fast medication conveyance can be 

accomplished by coupling the microneedles with an 

electrically controlled micropump, and 

(12) the pace of medication conveyance can be 

controlled all the more successfully by this 

framework as contrasted and medication 

conveyance by means of the layer corneum 

 

Disadvantages of microneedles: The 

disadvantages of microneedles are: 

 (1) measurements precision might be not exactly 

with hypodermic needles, 

(2) cautious utilization of the gadget might be 

expected to stay away from particles ricocheting 

off' the skin surface; assuming the gadget isn't held 

upward, the portion might get away or can infiltrate 

the skin to varying degrees, 

(3) the thickness of the layer corneum and other 

skin layers changes among people thus infiltration 

profundity of particles could shift as well, 

(4) the outer climate, similar to hydration of the 

skin, could influence conveyance, 

(5) repetitive injection may collapse the veins,  

(6) the tip of the microneedle may sever and stay 

inside the skin on evacuation of the fix, 

(7) a limited quantity of medication (under 1 mg) 

can be given by bolus, and 

(8) packed dermal tissue can obstruct empty 

microneedles.. 

 

II. CONCLUSION: 
 Microneedle-based drug delivery system 

has the potential to overcome the problems related 

to the delivery of macromolecules and biologics 

across SC. Various preclinical studies and clinical 

studies demonstrated that microneedle technique 

can be employed as medication conveyance 

apparatus to convey little estimated drug as well as 

enormous atoms, for example, oligonucleotides, 

desmopressin, immunizations, DNA, insulin and 

human development chemical across the skin Not 

just that microneedles are likewise been utilized for 

blood examining, biosensor, signal checking, and 

intrascleral drug conveyanceThere were numerous 

business and protected microneedle methods to 

oversee many medications are recorded in the 

current survey. Hence, microneedle method will 

have a major worldwide wellbeing sway and the 

objective market of the innovation in TDD is 

assessed to be $32 billion, $ 25 billion worldwide 

immunization market and more than $120 billion 

worldwide biologics market. 

Every one of these are conceivable 

because of different choices accessible for 

planning, for example, strong, covered, empty, 

dissolving, hydrogel-shaping microneedles and 

different strategies are set up to oversee helpful 

specialists adequately, incorporating jab with fix, 

coat and jab and plunge and scratch, the medication 

conveyance through microneedles can be 

investigated. Moreover, different creation strategies 

and microneedle materials have been clarified in 

the writing. Regardless of all above, microneedle 

experiences not many downsides like the poor 

mechanical strength, particularly when polymers 

are utilized to create microneedle, wellbeing angle 

as couple of types of microorganisms can be moved 

in to skin and neighborhood irritation. We firmly 

conviction that microneedle method will cross all 

obstacle to be the best ever strategy for TDD. 

 

REFERENCE: 
[1]. S. Henry, D. McAllister, M.G. Allen and 

M.R. Prausnitz, Microfabricated 

microneedles. J. Pharm.(1998) 

[2]. S. Hashmi, P. Ling, G. Hashmi, M. Reed, R. 

Gaugler and W. Trimmer, Genetic 

transformation of nematodes using arrays of 

micromechanical piercing structures. 

BioTechniques (1995)  

[3]. S.Kaushik, A.H.Hord, S.Smitra, M.R. 

Prausnitz, Lack of pain associated with 

microfabricated microneedles. Anesth. 

Analg. (2001) 

[4]. V.P. Shah, Transdermal Drug Delivery, 2 nd 

edition, Marcel Dekker(2003).  

[5]. Matteucci M et al. A compact and 

disposable transdermal drug delivery system. 

Microelectron Eng 2008. 

[6]. D.V. McAllister, O.M. Wang, S.P. Davis, 

J.K. Park, P.J. Canatella, M.G. Allen and 

M.R. Prausnitz, Microfabricated needles for 

transdermal delivery of macromolecules and 

nanoparticles: Fabrication methods and 

transport studies Proc. Natl. Acad.(2003). 

[7]. Langer R. Drugs on target. Science 2001.  

[8]. Gill HS, Prausnitz MR. Coated microneedles 

for transdermal delivery. J Control Release 

2007.  



 

     

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 4, Issue 3 Mar 2022,   pp: 1004-1010 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-040310041010 Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal   Page 1010 

[9]. Xie Y et al. Controlled transdermal delivery 

of model drug compounds by MEMS 

microneedle array. Nanomedicine 2005. 

[10]. Avis KE et al. Pharmaceutical Dosage 

Forms: Parenteral Modifications, 2nd edn. 

New York: Marcel Dekker Inc, 1992.  

[11]. Martanto W et al. Transdermal delivery of 

insulin using microneedles in vivo. Pharm 

Res. 

[12]. K. Ita, Transdermal delivery of drugs with 

microneedles-potential and challenges, 

Pharmaceutics. 

[13]. P. Bora, L. Kumar, A. Bansal, Microneedle 

Technology for Advanced Drug Delivery: 

Evolving Vistas, (2008).  

[14]. 14.M.R. Prausnitz, R. Langer, Transdermal 

drug delivery, Nat. Biotechnol. 26 (11) 

(2008) . 

[15]. M. Gupta, U. Agrawal, S.P. Vyas, 

Nanocarrier-based topical drug delivery for 

the treatment of skin diseases, Expert Opin. 

Drug.  

[16]. 16.A.C. Williams, B.W. Barry, Penetration 

enhancers, Adv. Drug Deliv. Rev 

[17]. 17.Thomas BJ, Finnin BC. The transdermal 

revolution. Drug Discov Today 2004.  

[18]. 18.Prausnitz MR et al. Current status and 

future potential of transdermal drug delivery. 

Nat Rev Drug Discov 2004. 

[19]. 19. Prausnitz MR. Microneedles for 

transdermal drug delivery. Adv Drug 

Delivery Rev 2004. 

[20]. 20. Lambert PH, Laurent PE. Intradermal 

vaccine delivery: will new delivery systems 

transform vaccine administration. Vaccine 

2008.  

 


