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Early detection of chikungunya virus disease is critical for effective management of the disease. This
study focused on developing the performance of a refractive index detector based on a photonic crystal bio-
sensor that can quickly and accurately detect virus-infected blood and urine components. A geometrical
study was performed to improve the sensitivity in which a very high value of 973.24 um/RIU has been
reached. In this article we have proposed a 2D photonic crystal structure biosensor to detect the
influence of chikungunya virus on blood components and uric acid. After a geometric study, we
found a performance parameter that led to achieve a very high sensitivity of 973.24 um a
transmission efficiency of 68.42 % and aquality factor of 695.18.
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1. INTRODUCTION

Chikungunya virus disease is a mosquito-borne viral
disease that primarily affects the joints, causing severe
joint pain and swelling. It also causes fever, headache,
muscle pain, and rash [1]. The name "chikungunya" is
derived from the Makonde language, spoken in Tanzania
and Mozambique, and means "to become contorted,"
which describes the posture of people affected by the
disease. The virus was first isolated in Tanzania in 1952,
but cases have been reported in Africa, Asia, Europe,
and the Americas. The virus is transmitted by mosqui-
toes of the Aedes genus, particularly Aedes aegypti and
Aedes albopictus, which are also responsible for the
transmission of dengue fever and Zika virus [2].

People at risk for more severe disease include new-
borns infected around the time of birth, older adults (more
than 65 years) and people with medical conditions such as
high blood pressure, diabetes, or heart disease [3].

Chikungunya virus is known to target red blood cells
whose refractive index is 1.40, causing them to become
deformed and leading to a reduction in the number of
red blood cells in the body becomes its refractive index
is 1.39 [4]. This can lead to anemia and other complica-
tions [5].The virus can also affect platelets, which are
responsible for blood clotting a condition known as
thrombocytopenia where their refractive index convert
from 1.35 to 1.33, this can cause bleeding, bruising, and
other complications, particularly in vulnerable popula-
tions such as pregnant women mostly during the second
trimester and the elderly. Intrapartum transmission
has also been documented when the mother was viremic
around the time of delivery [6].

Research has also suggested that the chikungunya
virus can affect the immune system, causing it to pro-
duce certain antibodies that can lead to further compli-
cations. For example, some studies have suggested that
the virus can trigger the production of autoantibodies,
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which can cause damage to healthy cells and tissues in
the body [7]. Early detection of chikungunya virus dis-
ease is crucial for the effective management of the dis-
ease. Biomedical research has focused on developing
diagnostic tools that can detect the virus quickly and
accurately [8].

The detection of the Chikungunya virus in a biosen-
sor involves the use of specific antibodies that can bind
to the virus and generate a signal that can be detected
by the sensor. Biosensors can be designed to detect
various aspects of the virus, such as the presence of
viral particles, viral proteins, or antibodies produced in
response to the virus. Biosensors have several ad-
vantages for virus detection, including high sensitivity,
specificity, and speed, which make them a promising
tool for the rapid and accurate diagnosis of Chikungu-
nya virus infection [9]. Optical techniques are revolu-
tionizing how biological questions can be addressed
directly in the living cell. The optical techniques that
inform on the changes in mechanical properties during
the infection cycle.

The addition of photonic crystals to biosensors has
enabled highly sensitive and facilitated the development
of highly miniaturized biosensors that can be integrated
into portable devices. Photonic crystals are periodic
structures that can manipulate the propagation of light
through a photonic bandgap, by creating point defects or
cavities.Their sensitivity, specificity, and non- intrusive-
ness make optical techniques indispensable to generat-
ing high-fidelity data, significantly improving the tools
available for future research into blood disease [10].

Several research on biosensors-based photonic crys-
tals focuses to ameliorate the phc parameters such as
sensitivity and quality factor.

Tayoub in Ref [11] propose a design for the diagnosis
of malaria- infected red blood cells (RBCs) in the wave-
length range of 1130-1860 nm for TM-polarized light,
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where a high sensitivity of 700 nm/RIU can be achieved.

Sujit Kumari in ref [12] design a biosensor structure
to detect infected red blood cells by malaria parasites
where the maximum sensitivity value obtained from his
structure is 327.7 nm/RIU.

In our study we propose a two-dimensional phc
waveguide as a biosensor to detect the infected blood
component and urine by the chikungunya virus, we
design and simulate a 2D photonic crystal biosensor.
Where the biosensor chip is filled with a blood sample
and urine and according to their refractive index trans-
mission is deliberated. The software package
OPTIFDTD and the 'PWE band solver’ are used.

The proposed structure is based on GaAs rods dis-
tributed hexagonally in an Air wafer, the refractive
index of GaAs material is 3.35 and air is 1 where the
radius of rods and the lattice constant are 0.21 pm and
0.6 um respectively. Fig. 1 represents the proposed
design. Parameters design are summarized in Table 1.
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Fig. 3 - Field distribution.

3. GEOMETRIC STUDY

In this section, we present 3 studies on the design struc-
ture:

In the first one, we change the radius of the annular
pillar from 0.4 to 0.65 um and in the second study we
change the width of the annular pillar from 0.27 to
0.35, and finally in the third one we change the radius
of the central pillar from 0.21 to 0.41 um and we calcu-
late the sensitivity for each change. We limit our study
by these value to ovoid interference between pillars.
Table 2 summarized the calculation results.

The curve in Fig. 4 represents the change in the
sensitivity according to the ring pillar width where the
highest sensitivity reached was 933.78 nm/RIU at this
point the width and the radius of the annular pillar
were 0.35 um, and 0.65 um respectively, and the cen-
tral radius was 0.21 um. Fig. 5 represents the final
design.

Table 2 — Sensitivity value for each Parameter change.
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Fig. 1 — The proposed design
Table 1 — Design Parameters
Design parameter The Value
Length x Width 17 x 16
The refractive index of | 3.35
GaAs
Pillars radius 0.210 pm
Lattice constant 0.6 um
The refractive index of the | 1
area
Ring width 0.65 ym
Ring radius 0.2 pm

The band gap of the photonic crystal structure has
been calculated with the plane wave extension method
(PWE) The complete structure has a certain range of
wavelength in transverse electric mode From 2.078492
to 2.797416 um. The results bad gap was shown in
Fig. 2. The photonic crystal biosensor is excited from the
light source by a Gaussian laser pulse with a central
frequency of 2.31499 pm and by applying an appropriate
boundary condition (perfectly matched layer, PML).
Fig. 3 represents the distribution field.

Change of: The sensitivity
The radius of the | R.=0.4 377.115 nm
annular pillar R.=05 399.299 nm
R.=0.6 534.4 nm
R.=0.65 475.117 nm
The width of the | W=0.27 773.44 nm
annular pillar  "_630 | 499.123 nm
W=0.35 933.78 nm
The radius of the | R.=0.21 475.117 nm
central pillar R.=0.26 | 665.498 nm
R:.=0.31 737.474 nm
R:.=0.41 749.088 nm
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Fig. 5 — The final design

4. DISCUSSION

It appears in Fig. 4 that strong light is confined in
the cavity, this localization of light increases after infil-
tration of the interaction light-matter where a higher
level of sensitivity can be reached.

We detect the normalized transmission spectrum af-
ter the infiltration of the structure of normal and in-
fected blood components such as red blood cells, plate-
lets, and plasma and also the uric acid. All refractive
index of our samples are cited in the Table 3

The normalized taransmission spectrum detected at
the end of the struc- ture by the photodetector looks
like a lauraintz Pic, a shift in the wavelength of our pic
between the infiltration by healthy and infected com-
ponents was shown in Fig. 6-8

After infiltration of the design by the uric Acid, an-
other Pic appears Fig. 9, this phenomenon called by the
Fano resonance which is predominantly used to de-
scribe asymmetric resonance [13].

This Fano resonance is sensitive to the small
change of the environment refractive index [14].

The sensitivity and the quality factor has been cal-
culated for each detection shift. All results are summa-
rized in the Table 3
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Fig. 8 — Normalized transmission spectrum of healthy and
infected plasma
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Fig. 9 — Normalized transmission spectrum of healthy and
infected uric acide

Table 3 — Refractive index of each analyte.

The targuet sampels Refractive
index

RBC Normal 1.4
IInfected 1.39

plasma Normal 1.35
IInfected 1.33

platlets Normal 1.39
IInfected 1.38

uric acid Normal 1.72
IInfected 1.7

Table 4 — Sensitivity, effectiveness and quality factor for each
anlyte

The ana-The sensitivity Quality |[Transmission
lyte factor efficiency
Uric acid  [665.12 nm/RIU _ |483.05 39.70 %
Platlets 973.24 nm 695.18 68.42 %
Plasma 814.0 nm 727,59 64 %

RBC 933.78 nm 778.61 69.2 %

A brief comparison between our study and a few ex-
amples of other recent work has been presented in
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Table 5.

Table 5 — Comparison Research

Refer- [Year [Structures Targeted Appli-{The Sensitivity

lences cation

[15] 2023 [Basal_MCF- Label-Free 308.5(nm/RIU)
cancer

[16] 2023 |Deionized water |bacterial  wa-{232 nm/RIU
terdetection

My 2023 [RBC_UricAcid |Chikungunya [973.24nm/RIU

work virus
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BucokouyyTianBUi JaTYMK MOKA3HUKA 3aJIOMJIEHHA HA OCHOBI IBOBUMipHOTO (DOTOHHOTO KPUC-
Tasa njid Bipycy YukyHryHbsa
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Panme BusiBneHHs XBOpOOM, BUKJIMKAHOI BipyCOM YHUKYHIYHBS, MA€ BUPINIAIbHE 3HAYEHHS A edek-
THBHOIO JIKyBaHHA xBopoou. Ile mocmimxeHHsa Oyso 3ocepemsKeHo HA PO3pOoOIll IPOIYKTUBHOCTI JeTeKTopa
MOKA3HUKA 3aJI0MJIEHHSA HA OCHOBI (DOTOHHO-KPHCTAJIIYHOrO 0l0ceHCcopa, KM MOMKe IIBUIKO M TOYHO BUSIB-
JIATH 3apaskeHl BIpycOM KOMIIOHEHTH KpoBi Ta cedi. [y moKpaleHHA 4yTIUBOCTI OyJIO IIPOBEIEHO I'eOMeT-
PUYHE IOCIIIKeHHs, Y SKOMY OyJIO JOCATHYTO AysKe BHCOKoro sHaveHHs 973,24 mem/RIU. V wmiit crarri Mmu
3aIIPOIIOHYBAJIN JBOBUMIPHUM 010CeHCOP POTOHHOI KPUCTAIYHOL CTPYKTYPH [JiA BUABJICHHS BILIUBY BipycCy
YMKYHTYHBbS HA KOMIIOHEHTU KPOBI Ta CeUOBY KHCJIOTY. [licjis reoMeTprdYHOro JOC/IIKeHHS MU 3HAWILIN
mapaMerp IIPOAYKTHUBHOCTI, SKUU JI03BOJIMB JIOCSITTH YK€ BHUCOKOI 4yTsimBoCTI 973,24 MEM, e(DeKTHBHOCTI

mepenaqi 68,42 % 1 koedirrienta sxocri 695,18.

Knrouoei ciosa: Biocerncop, ®oronni kpucramnu, [lokasuuk samomiienus, Jatunk Bipycy YnkyHryHbs.
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