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LETTER

Rapid biodegradable microneedles 
with allergen reservoir for skin allergy test
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Abstract 

With the increasing allergy cases worldwide, this study introduces a biodegradable microneedle system to facilitate 
allergy testing process. Dissolving microneedle provides a minimally invasive manner to go through skin barrier while 
avoiding needle phobia among patents, especially children. The microneedles were fabricated using copolymer 
polyvinylpyrrolidone-co-methacrylic acid (PVP-MAA) material. To ensure the successful insertion of microneedles into 
the skin, we tailored the mechanical strength of the copolymer by adjusting the weight ratio of two constituted poly‑
mers. A reservoir was designed to load allergy specimen for the allergy test. This system is expected to offer a simple 
and effective allergy testing that can facilitate the allergy testing protocol.
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Introduction
As allergy cases are rising worldwide, the demand for 
rapid and cordial allergy test is high. Currently, skin prick 
test (SPT) and traditional extract-based allergen-specific 
immunoglobulin E (IgE) blood test are commonly being 
used. To perform a SPT, clinician drops allergen extract 
on the subject’s skin and immediately prick the skin with 
a lancet [1]. Wheals with diameter larger than 3 mm on 
the application site indicates positive SPT results [2]. 
Though SPT must be performed by a well-trained clini-
cian, there still are some common false results in the test 
due to insufficient penetration into the skin and inap-
propriate pricking location, which is classified as human 
errors [2]. Therefore, it is important to develop a method 
to consistently pierce the skin at a controllable depth and 
pattern.

Utilizing microneedles (MN) as an alternative for lan-
cets could be a promising solution to enhance reliability 
of SPT. As a mean to penetrate the skin, MNs with size 
ranging from a few 10 to 100 s of microns were proved 
to successfully pierce through epidermis layer, the 

outermost layer of skin [3]. In terms of medical appli-
cations, MNs were also demonstrated to be capable of 
delivering proteins, vaccines and DNA [4–6]. Kang et al. 
utilized MNs to make micro-incisions in blood vessels 
for enhanced endovascular drug delivery [7]. This work 
showed that the conventional drug delivery path can 
be improved with the assistance of MNs. Additionally, 
MNs can be integrated in patch, which can have uniform 
length and distribution. Therefore, MNs are expected 
to provide an accurate and efficient mean to deliver 
allergy extracts into the skin. This improves repeatability 
between tests and reduces human error that can lead to 
false results.

The concept of using MNs to facilitate allergy testing is 
proposed in Fig. 1. In this system, a large MN patch con-
tains multiple MN arrays which are loaded with different 
predetermined allergen extracts. Size and distribution of 
MNs in the patch should be designed to satisfy the SPT 
standard. A clinician can effortlessly apply the MN patch 
to patients all at once. In comparison with conventional 
SPT protocol, in which a clinician consecutively pricks 
patient’s skin and applies allergy specimen, using MN 
patch possibly saves time and labor cost while minimiz-
ing human errors. Result of the allergy test is then inter-
preted by wheal size on the skin surface, which can be 
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optically measured by a smart phone or similar devices 
with predetermined criteria. This procedure should still 
be performed in a hospital setting due to the danger of 
allergy shock, but this strategy offers the merits of auto-
mation and reliability.

This study presents a biodegradable MN patch target-
ing allergen delivery for the application of allergy testing. 
Achieving this target faces notable material complica-
tion. First, the MN must possess sufficient mechanical 
strength to pierce the skin. Second, for rapid delivery of 
allergen into the skin, the biodegradable polymer should 
have a fast dissolving or degrading rate once inserted in 
the skin. Furthermore, the fabrication process is required 
to be opted against extreme conditions as allergen extract 
might easily degrade. We have designed, fabricated and 
characterized the microneedle patch. This work does not 
include the final testing with allergen in live subjects.

Fabrication
The PVP-MAA MN fabrication protocol is depicted in 
Fig. 2. A 15wt% PVP solution was prepared by dissolv-
ing 3  g of 10,000 average MW PVP (Junsei Chemical 
Co., Japan) in 20  ml distilled water. PVP was selected 
for its biocompatibility and fast dissolution rate [8]. 
Moreover, PVP was proved to successfully deliver bio-
logical material such as sirolimus drugs [9], encap-
sulated inactivated influenza vaccines [10], proteins 
[11], cancer therapeutic agents [12], cosmetic agents 
[13] and thermal ablation therapy agents [14]. MAA is 
a nontoxic monomer acid with strong chemical back-
bone [15]. The solution was magnetically stirred for 1 h 
at room temperature. Then, MAA (Daejung Co., Korea) 
was gradually added, and magnetically stirred for 5  h 
to obtain a homogeneous mixture. The weight ratio of 
PVP and MAA (100:1, 100:5, 100:10, 100:15, 100:20, 

100:25) was prepared. After the copolymer mixture was 
stable, the resultant was pour into the PDMS mold. The 
sample was put in vacuum for 30 min to promote infill 
of all the PDMS mold. Then, the sample was exposed to 
UV light overnight (≥ 12 h).

In order to fabricate the reservoir, a PDMS block 
was extruded to the same size of the MN as a reser-
voir mold. As an alternative of allergen extract, 1wt% 
Rhodamine B solution was dropped in the mold. Then, 
50wt% PVP was poured into the mold and exposed 
to UV light for crosslinking. Then, the PVP base was 
adhered to PVP-MAA MNs by adding a drop of water 
and exposed to UV light. The MN patch was then gen-
tly peeled off from the PDMS mold.  The optical and 
SEM image of the fabricated microneedles are shown 
in Fig. 3.

Fig. 1  The concept of using dissolving microneedle patch to 
facilitate allergy testing Fig. 2  Fabrication of the polymeric microneedle with drug reservoir

Fig. 3  Images of PVP-MAA MN patch. a Optical image of 4 × 4 MN 
patch containing Rhodamine B (scale bar = 2 mm). SEM images 
of a single MN (scale bar = 200 µm) (b) and 4 × 4 MN patch (scale 
bar = 2 mm) (c, d)
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Results and discussions
The mechanical test was performed to ensure the MN 
was strong enough to penetrate into the skin (mainly 
stratum) with minimum failure. The experiment was 
setup as follows: A load cell, which is a force measure-
ment unit, was attached to a micro-stage (Fig.  4a). The 
z-direction micro-stage was controlled by PC interface 
with the fixed feed rate of 10  µm/s. The load cell was 
set to vertically compress the MN from top down. The 
response force was simultaneously collected by Arduino 
interface. The experiment process was recorded using a 
micro-camera. The test was performed on MNs with dif-
ferent copolymer compositions.

The function of the microneedle in the skin prick 
test is to open a pathway in the skin epidermis layer for 
allergen extracts to enter the dermis layer, which con-
tains blood vessels. Albeit that PVP homopolymer is 
strong enough to pierce the skin, it is important to tune 
the mechanical strength of the microneedle for specific 
needs. MAA monomer was selected to form a copol-
ymer with PVP. MAA was utilized in a variety of bio-
medical applications owing to its biocompatibility [16]. 
The incorporation of MAA monomer into PVP matrix 
induces hydrogen bonds, which strengthen the copol-
ymer matrix [17]. A previous study added MAA as an 
additive to increase its copolymer compressive strength 
[18]. As shown in Fig.  4b, the MN with higher MAA 
ratio induced higher compressive force for the same 
z-displacement. The experiment process was observed 
through a camera to ensure that microneedle was verti-
cally pressed (Fig. 4c). When the PVP and MAA weight 
ratio was 100:25, the reaction force gradually gained 
0.1 N for every 10 µm displacement increasement. Data 

indicated that MN hardness increased with increas-
ing MAA content. Epidermis is the outermost layer 
of the skin with average thickness of 200  µm [19]. 
Therefore, we were interested in z-displacement equal 
or over 200  µm. The measured compression force at 
200 µm z-displacement of 100:15 copolymer was 0.82 N 
while that of 100:20 copolymer was 1.18 N, which was 
approximately 1.4 folds. Meanwhile, the different com-
pression force of 100:20 and 100:25 microneedle was 
insignificant at 200  µm of z-displacement. Therefore, 
adding MAA into PVP matrix helped improve the 
mechanical strength of the copolymer structure. Fur-
thermore, it appeared that the reaction force increased 
steadily with z-displacement, which indicated that 
there was no major breakage in the MN.

To further verify the insertion of PVP-MAA MN 
into the skin, we inserted the MN into porcine skin. 
The 4 × 4 array MN, which contained 16 MNs, was 
used in this experiment. The cadaver porcine skin was 
purchased from local market. Skin was stored in the 
freezer (−  20 ℃) and defrosted at room temperature 
for 1 h prior to the experiments. Additionally, the por-
cine skin was kept moist during the whole experiment 
section.

The image of the surface of cadaver porcine skin after 
removing the microneedle is shown in Fig.  5. A suc-
cessful MN insertion leaved a pierced mark on the skin 
which can be easily observed. In Fig.  5a, we counted 
a total of seven pierced marks created by the 100:10 
MN array, which accounts for 43.75% successful inser-
tion. In Fig. 5b, the successful insertion rate was up to 
81.25% for the 100:20 MN array. In this experiment, 
though the MN was not significantly damaged during 
insertion, it sometime could not penetrate through the 
skin. This characteristic can be explained as the follow-
ing: first, the force distribution among MN in an array 
was not uniform, which makes it hard for the MN to 
pierce the skin. Second, skin disperses the compressive 
force due to its natural elasticity, thus, preventing it 
from being pierced.

The ultimate goal is to manufacture a dissolving MN 
patch that can successfully deliver allergen extract into 
the skin at controllable doses. Here, we replaced aller-
gens with Rhodamine B for the ease of observation and 
analysis. Figure  6 shows photographs of the prototype 
of a dissolving MN patch with Rhodamine B as allergen 
extract. PVP-MAA MN dissolved rapidly when brought 
into contact with moisture or water [20]. Therefore, after 
the MN patch was successfully inserted into the skin, MN 
started to degrade, resulting in leaving allergen extract 
into the incision created by MNs. After 10–20  min, 
allergy response can be interpreted according to the SPT 
protocol [2].

Fig. 4  The experiment setup (a) and reaction force (b) of the 
microneedle at different co-polymer ratio. c Optical images of the 
compression process
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Conclusions
In this study, we fabricated a biodegradable MN patch 
that contains allergen extracts to facilitate allergy testing. 
PVP-MAA copolymer was selected as the microneedle 
material owing to it biocompatibility, tunable mechani-
cal strength and fast degrading rate. By changing weight 
ratio of PVP and MAA in the copolymer, the mechanical 
strength of MN was increased to sufficiently insert into 
porcine skin. The dissolving MN patch was designed with 
a reservoir to simultaneously deliver sufficient amount 
of allergen extract once inserted into the skin. The MN 
patch achieved a successful inserted rate of 81.25% in 
porcine skin. This work is expected to simplify the skin 
prick test protocol and minimize human errors in the 
test.

Acknowledgements
The authors thank Prof. WonHyoung Ryu and JiYong Lee for providing the 
microneedles mold and valuable suggestion on material selection.

Authors’ contributions
WTP supervised the findings of this work and reviewed the manuscript. LGT 
designed, performed the experiments and drafted the manuscript. Both 
authors contributed to the final manuscript. All authors read and approved 
the final manuscript.

Funding
This work was supported by the Mid-career Researcher program under the 
National Research Foundation of Korea (NRF-2017R1A2B4011556).

Availability of data and materials
The datasets supporting the conclusions in this article are included within the 
article.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Convergence Institute of Biomedical Engineering and Biomaterials, Seoul 
National University of Science and Technology, Seoul, Korea. 2 Department 
of Mechanical Engineering, Seoul National University of Science and Technol‑
ogy, Seoul, Korea. 

Received: 12 May 2020   Accepted: 9 July 2020

References
	1.	 Heinzerling L et al (2013) The skin prick test–European standards. Clin 

Transl Allergy 3(1):3
	2.	 Bousquet J et al (2012) Practical guide to skin prick tests in allergy to 

aeroallergens. Allergy 67(1):18–24
	3.	 Henry S, McAllister DV, Allen MG, Prausnitz MR (1998) Microfabricated 

microneedles: a novel approach to transdermal drug delivery. J Pharm Sci 
87(8):922–925

Fig. 5  Images of the cadaver porcine after inserted with PVP-MAA microneedle patch. The weight ratio of PVP and MAA was varied at 100:10 (a) 
and 100:20 (b). The successful insertions are marked with yellow circles

Fig. 6  Images of the biodegradable PVP-MAA microneedle patch with drug reservoir base. Rhodamine B was loaded in the thick PVP-MAA base to 
resemble allergy extract



Page 5 of 5Tran and Park ﻿Micro and Nano Syst Lett            (2020) 8:11 	

	4.	 Mikszta JA, Alarcon JB, Brittingham JM, Sutter DE, Pettis RJ, Harvey NG 
(2002) Improved genetic immunization via micromechanical disrup‑
tion of skin-barrier function and targeted epidermal delivery. Nat Med 
8(4):415–419

	5.	 Lin W et al (2001) Transdermal delivery of antisense oligonucleotides 
with microprojection patch (Macroflux®) technology. Pharm Res 
18(12):1789–1793

	6.	 Martanto W, Davis SP, Holiday NR, Wang J, Gill HS, Prausnitz MR (2004) 
Transdermal delivery of insulin using microneedles in vivo. Pharm Res 
21(6):947–952

	7.	 Lee K et al (2020) Microneedle drug eluting balloon for enhanced drug 
delivery to vascular tissue. J Control Release 321:174–183

	8.	 Lee Y, Park S, Il Kim S, Lee K, Ryu W (2020) Rapidly detachable micronee‑
dles using porous water-soluble layer for ocular drug delivery. Adv Mater 
Technol 5(5):1901145

	9.	 Lee JY et al (2017) Transfer-molded wrappable microneedle meshes for 
perivascular drug delivery. J Control Release 268(October):237–246

	10.	 Sullivan SP et al (2010) Dissolving polymer microneedle patches for 
influenza vaccination. Nat Med 16(8):915–920

	11.	 Sun W et al (2013) Polyvinylpyrrolidone microneedles enable delivery of 
intact proteins for diagnostic and therapeutic applications. Acta Biomater 
9(8):7767–7774

	12.	 Moreira AF, Rodrigues CF, Jacinto TA, Miguel SP, Costa EC, Correia IJ (2020) 
Poly (vinyl alcohol)/chitosan layer-by-layer microneedles for cancer 
chemo-photothermal therapy. Int J Pharm 576:118907

	13.	 Aung NN, Ngawhirunpat T, Rojanarata T, Patrojanasophon P, Opanasopit 
P, Pamornpathomkul B (2020) HPMC/PVP dissolving microneedles: a 
promising delivery platform to promote trans-epidermal delivery of 
alpha-arbutin for skin lightening. AAPS Pharmscitech 21(1):25

	14.	 Lin S, Lin H, Yang M, Ge M, Chen Y, Zhu Y (2020) A two-dimensional 
MXene potentiates a therapeutic microneedle patch for photonic 
implantable medicine in the second NIR biowindow. Nanoscale 
12(18):10265–10276

	15.	 Victor SP, Sharma CP (2002) Stimuli sensitive polymethacrylic acid micro‑
particles (PMAA)–oral insulin delivery. J Biomater Appl 17(2):125–134

	16.	 Qu Z, Xu H, Gu H (Jul. 2015) Synthesis and biomedical applica‑
tions of poly((meth)acrylic acid) brushes. ACS Appl Mater Interfaces 
7(27):14537–14551

	17.	 Barbu E, Sarvaiya I, Green KL, Nevell TG, Tsibouklis J (2005) Vinylpyrro‑
lidone-co-(meth) acrylic acid inserts for ocular drug delivery: synthesis 
and evaluation. J Biomed Mater Res A 74(4):598–606

	18.	 Son S-W, Yeon JH (2012) Mechanical properties of acrylic polymer 
concrete containing methacrylic acid as an additive. Constr Build Mater 
37:669–679

	19.	 Benítez JM, Montáns FJ (2017) The mechanical behavior of skin: structures 
and models for the finite element analysis. Comput Struct 190:75–107

	20.	 Sullivan SP, Murthy N, Prausnitz MR (2008) Minimally invasive protein 
delivery with rapidly dissolving polymer microneedles. Adv Mater 
20(5):933–938

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Rapid biodegradable microneedles with allergen reservoir for skin allergy test
	Abstract 
	Introduction
	Fabrication
	Results and discussions
	Conclusions
	Acknowledgements
	References




