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0Z

Giliniimiizde biyosensor teknolojisi ve uygulamalari, hastaliklarin hizli teshisi ve tedavisinin izlenmesi
icin vazgecilmez bir ara¢ haline gelmistir. Bu ¢alismada, sensoérlerin  duyarliligini ve segiciligini
belirleyebilmek dort QCM (Kuvartz Kristal Mikroterazi) sensorti kullandistir. [1]. Deneysel olarak
algilanmasi1 gereken analitlerin konsantrasyon degisimine kars1 frekans farki degismleri alinmis ve
yorumlanmugtir. Sonucta referans sensore karsi kaplanmis olan sensorelerdeki tepkilerin  frekans
degisimleri oaransal olarak algilanan kiitle degisimleri tepkileri elde edilmistir. Sonugta algilanan
kiitle degisimlerinin konsantrasyona gore degisimlerinden, yaklagik dogrusal tepkiler alinmistir. Bu
calismada deneysel olarak kullanilan analitler protein fibronektin (FBN), niikleik asit (DNA),
proteinaz-K ve sigir serum albiimini (BSA) dort farkli biyomolekiil ajanlarinin farkli
konsantrasyonlar1 kullanilarak 3 farkli kaplanmig QCM sensor kullanilarak kiitle degisiminin frekansa
kars1 olan degisimleri alinmistir. Her bir degisimin matematiksel esitlikleri elde edilerek olasi
biyosensdr kullanimlarinda QCM sensorlerin  duyarlt oldugu ve ilgili analitlerin tespitinde
kullanilabilecekleri arastirilmistir.

BSA: Bovin Serum Albumin, FBN: Fibronektin, DNA: Deoksiriboniikleik Asit.

Anahtar Kelimeler: QCM sensér, immiinosensor, sensor sistemi, duyarlilik
APPLICATION OF QCM IMMUNOSENSOR

ABSTRACT

Today, biosensor technology and applications have become an indispensable tool for rapid diagnosis
and monitoring of diseases. [1]. In this study, four QCM sensors are used to determine the sensitivity
and selectivity of the sensors. The frequency difference changes against the concentration change of
the analytes that should be detected experimentally were taken and interpreted. As a result, the
perceived mass changes responses were obtained proportionally to the frequency changes of the
responses of the coated sensors against the reference sensor. As a result, approximately linear
responses were obtained from the changes in the perceived mass changes with respect to the
concentration. The changes of mass change versus frequency were taken using three different coated
QCM sensors using different concentrations of four different biomolecule agents experimentally used
in this study, namely protein fibronectin (FBN), nucleic acid (DNA), proteinase-K and bovine serum
albumin (BSA). By obtaining the mathematical equations of each change, it was investigated that
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QCM sensors are sensitive in possible biosensor uses and that they can be used in the detection of
related analytes.
BSA: Bovin Serum Albumin, FBN: Fibronectin, DNA: Deoxyribonucleic Acid.

Keywords: QCM sensor, immunosensor, sensor system, sensitivity.
1. GIRIS

Giiniimiizde biyosensor kullanilan sistemlerin artarak kullamldiklar1 gozlemlenmektedir. Ozellikle
ucuz ve kisa siireli tekrarlanabilir tepki vermeleri nedeniyle kullanim alanlar1 6zellikle saglik alaninda
artmaktadir. Bu yeni analitik cihazlar, 6zellikle de saglik alaninda ve giivenlikli sensdr sistemleri
tasarimlarinda yaygin olarak kullanim alan1 bulmaktadir.

Cevremizdeki kirleticilerin belirlenmesinde biyolojik ajanlarmn hizli, giivenilir, ucuz ve dogru bir
sekilde tespit edebilen sensor sistemlerine gereksinim duyulmaktadir. Fakat halen kullanilmakta olan
geleneksel yontemler, genellikle merkezi kurulumlarda, dnemli miktarda sermaye ve yiiksek nitelikli
isgiicii gerektiren karmasik analitik laboratuvarlarin kullanilmasini gerektirmektedir. Biyolojik
ajanlarin  tespitinde diisgik maliyetli ve yiksek verimli biyosensoér tabanli cihazlar
gelistirilebilmektedir. Ayrica biyomedikal izleme gibi ¢esitli alanlarda da kullanilabilmektedirler.
Genellikle kiitle degisimini ng mertebesinde se¢ici ve yiiksek duyarlikli olan SAW ve QCM sensorler
bu tiir sistemlerde algilayicilar olarak kullamlmaktadir. [2]. Ozellikle basit yapilar1 nedeniyle QCM
sensorler uygulamalarda tercih edilmektedirler. Bu ¢alismada deneysel olarak kullanilan analitler
protein fibronektin (FBN), niikleik asit (DNA), proteinaz-K ve sigir serum albiimini (BSA) gibi dort
farkli biyomolekiil ajanlarin farkli konsantrasyonlart kullanilarak, ii¢ farkli algilayict ile kaplanmig
QCM sensorler kullanilarak kiitle degisiminin frekansa karsi olan degisimleri elde edilmistir. Bu
sistemde kullanilan analitlerin degisimlerini incelemek igin dort farkli QCM sensor, bunlardan bir
tanesi algilayict kaplanmamis referans sensor olarak kullanilmistir. QCM sensorlerin frekans
farklarini algilamak igin de ticari olarak gelistirilmis QCM200 sistemi kullanilmistir. QCM 200
kullanilarak analitlerin belirlenen konsantrasyonlarina karsi frekans degisimleri alinarak PC de
kaydedilmistir. Deneysel olarak alinan frekans degisimlerini kullanarak, sensorlerin algilanan kiitlesel
duyarliliklar1 ve segicilikleri analiz edilmistir.

2. DENEYSEL CALISMAIAR

Son yillarda, son derece hassas bir sensor olarak QCM'ler, 6zellikle biyomedikal alanlar olmak iizere
cesitli alanlarda yogun bir sekilde galisilmaktadir. [3] [4] [5]. Deneysel ¢alismada QCM sensorler
rezonans frekansinin kiitle degisimine duyarlhidir. QCM sensorlerin elektrotlara kaplanan malzemenin
seciciligi ve duyarlilign farklilastirmaktadir. Deneyde kullanilan analitlerin konsantrasyonuna gore
kiitlesel bagimlilig1 sensorlerde farkli rezonans degisimlerinin olusmasina neden olmaktadir. Hem
analit farklilig1 ve hem de farkli konsatrasyon nedeniyle elde edilen frekans degisimleri olugsmaktadir.
Elde edilen degisimler yorumlanarak algilanan analitin kimligi ve konsantrasyon verisi elde edilmeye
calisilmistir. QCM sensorlerin frekans farklarini algilamak i¢cin QCM200 kullanilmistir. Analitlerin
degisimlerini incelemek dort farkli QCM sensor kullanilmistir. QCM sensorlerden bir tanesi
algilayict kaplanmamis, referans sensdr olarak kullamilmigtir. Deneylerde frekans degisimini
algilamak i¢in QCM 200 kullanilmistir. Herbir Analitin belirlenen konsantrasyonlarina karsi frekans
degisimleri tiim sensorler igin alinarak PC de kaydedilmistir.
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Sekil 1. Deneyde Kullanilan QCM Algilama Sistemi.

Sekil.2 de QCM sensorlerdeki analitlerin adsorbsiyonu sematik olarak gdsterilmistir. Sistemde analit
ve konsantrasyon degisimi QCM sensorlerin frekansinda degisime neden olmaktadir.
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Sekil 2. QCM Sensorlerdeki Analitlerin Adsorbsiyonu.

Sistemde analit ve konsantrasyon degisimi veya kiitlesel degisim QCM sensorlerin frekansinda
olusturdugu degisim Sauerbrey esitligi ile hesaplanabilmektedir. QCM yiizeyindeki kiitle-frekans
iligkisini tanimlayan Sauerbrey denklemi kullanilarak QCM sensorlerdeki frekans degisiminin,
kiitlesel degisimin bulunmasinda da halen kullanilmaktadir [6].

Esitlikte Am kiitle degisimi ve Af frekansdegisimidir. Cocm, 5 MHZ AT-cut QCM'ler i¢in 17.7 ng cm’
2 Hz' degerine sahip kiitle duyarlilik sabitidir. Bu temel aliarak QCM tabanli electronic-Nose (e-
nose) ve electronic-Tonque sistemleri gelistirilmistir. Sistemlerde yaklasik olarak duyarlilik S=1ng/Hz
olarak verilmektedir. Giiniimiize kadar, Sauerbrey esitligi e-nose sistemi ile gaz ortamindaki
degisimlerde ve e-tonque sistemi de sivi ortamindaki kiitlesel degisimleri izlemek amagl olarak
kullanilmaktadir [7], [8]. Bu algilama sistemlerinde QCM sensorler, yiiksek segicilik ve duyarlilik ile
gercek zamanh ¢ikti, basit ve ucuz sistemlerde kullanilabilmektedir [9].

Damutilmis su ile takviye edilmis (FBN, BSA ve DNA) konsantrasyonlar: ile yapilan deneylerde,
frekanstaki zamanla azalma, analitlerin (FBN, BSA ve DNA) yiizey sensorleri iizerindeki kaplama
tabakasina yapistigin1 gostermistir. Deneyler sirasinda farkli konsantrasyon oranlarindaki FBN, BSA
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ve DNA ve saf su ¢ozeltileri 5’er dakikalik araliklarla dlgiilmiistiir. Iki farkli ¢ozelti 6l¢iimii arasinda
da sistemin referans frekans degerine geldigi QCM sensdre distile su verilerek test edilmistir. Elde
edilen Ol¢lim sonuglarina gore analitin konsantrasyonu artirildik¢ca frekans degisimi azalmig ve
referans frekansa gore de Af frekans farki artmustir.

Yapilan deneylerde gozlemlenen durumda Proteinaz-K kristal yiizeyindeki adsorbsiyon sonrasi
absorbe olmadan kristal yiizeyinde uzun siireli olarak yikanana kadar kalabildigi gézlemlenmistir.

A '

QCM, QCM; QCM; QCM;
Sekil 3. QCM, Kaplamasiz Sensér, QCM;, QCM, Ve QCM3;) Kaplamali Sensorler.

Tablo 1. QCM; Frekans1 Ve Frekans Farklar1 Tablosu.

KONSANTRASYON DIiSTILE SU KAPLAMA FREKANS
(ng/nl) TEPKISIi (Hz) FREKANSI (Hz) FARKI AF(Hz)
0,02 (FBN) 5011025,0 5009462,2 1562,8

0,04 (FBN) 5011035,0 50083084 2726,6

0,06 (FBN) 5011075,9 5005867,8 5208,1

0,08 (FBN) 5011083,6 5005312,4 57712

0,2 (BSA) 5011092,6 5009828,9 1263,7

0,4 (BSA) 5011125,8 5008273,0 28528

0,6 (BSA) 5011160,4 5007123,7 4036,7

0,8 (BSA) 5011175,0 5005972,9 5202,1
0,089 (DNA) 5011092,6 5007353,9 1381,0
0,179 (DNA) 5011310,5 5004780,1 6 530,4
0,268 (DNA) 50113404 5004543,9 6796,5
0,358 (DNA) 50114172 5003567,9 7 849,3

Tablo 2. QCM, Frekansi Ve Frekans Farklar1 Tablosu.

KONSANTRASYON DISTILE SU KAPLAMA FREKANS
(ng/pl) TEPKIiSi (Hz) FREKANSI (Hz) FARKI AF(Hz)
0,02 (FBN) 5012490,3 5010403,9 2086,4

0,04 (FBN) 5012540,3 5008658,1 3882,2

0,06 (FBN) 5012687,5 5008526,0 41615

0,08 (FBN) 5012735,1 5006917,0 5818,1

0,2 (BSA) 50127924 5010711,2 2081,2

0,4 (BSA) 5012802,4 5009774,2 3028,2

0,6 (BSA) 5012815,0 5007802,9 5012,1

0,8 (BSA) 5012853,5 5004620,7 8232,8
0,089 (DNA) 5013203,5 5009905,9 3297,6




Journal of Scientific Reports

Mohamed, M. ve Ebeoglu, M. A., Journal of Scientific Reports-C, Sayt 3 1-9, Aralik 2022.
Mohamed, M. and Ebeoglu, M.A., Journal of Scientific Reports-C, Number 3, 1-9, December 2022.

0,179 (DNA) 5013281,6 5007527,0 5754,6
0,268 (DNA) 5013321,0 5005555,1 7765,9
0,358 (DNA) 5013459,9 5005327,0 8129,9

Tablo 3. QCM; Frekansi Ve Frekans Farklar1 Tablosu.

KONSANTRASYON DISTILE SU KAPLAMA FREKANS
(ng/nl) TEPKISi FREKANSI (Hz) FARKI AF(Hz)
(Hz)
0,02 (FBN) 5006763,3 5005561,1 1202,2
0,04 (FBN) 5006773,1 5002787,5 3985,6
0,06 (FBN) 5007042,0 5002420,9 4621,1
0,08 (FBN) 5007045,0 5001878,0 5167,0
0,2 (BSA) 5007044,0 5007019,1 24,9
0,4 (BSA) 5007024,6 5006971,2 53,4
0,6 (BSA) 5007032,7 5006840,9 191,8
0,8 (BSA) 5007046,3 5003001,9 4044,4
0,089 (DNA) 5007047,2 5004438,9 2608,3
0,179 (DNA) 5007054,2 5004024,6 3029,6
0,268 (DNA) 5007055,4 5007034,8 1202,2
0,358 (DNA) 5007068,9 5003168,9 3985,6
FBN
® QCM1 QCM2 QCMs3
QCMO e Dogrusal (QCM1) Dogrusal (QCM2)
Dogrusal (QCM3) Dogrusal (QCMO0) Dogrusal (QCMO0)
7000

5000 [1y=62650x+ 6115 g
4000 |[|QCM;R2=0,84291 @ oo

frekans farki Af(Hz)
8
8

o000 @ ® y = 75534x + 40,5
------ QCM; R*=10,949
1000
0
0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

konsantrasyon pg/pl

Sekil 4. QCM,, QCM;, QCM,; Ve QCM; I¢in FBN Konsantrasyonlarina Gore Frekans Degisimleri.



Journal of Scientific Reports

Mohamed, M. ve Ebeoglu, M. A., Journal of Scientific Reports-C, Say: 3 1-9, Aralik 2022.
Mohamed, M. and Ebeoglu, M.A., Journal of Scientific Reports-C, Number 3, 1-9, December 2022.

BSA
® QCM1 ® QCM2 QCM3
QCMO e Dogrusal (QCM1) «--=--+- Dogrusal (QCM2)
Dogrusal (QCM3) Dogrusal (QCMO) Dogrusal (QCMO0)
10000
—~ 8000 y= 10219x - 521,1 [ ]
T QCM,R2= 0,9416 | ...ooee"""]
5 6000 y=6499,6x+89,05 || Lt "
z QCM,R?=0,9938 |  _..beee O e
S 4000 T P B
L S [ S = 6098,5X - 1970,6
c URTTLLAM RO TSI A y-= X - )
% 2000 Gz R?=0,6334
= 0
02 0.3 04 0.5 0.6 0.7 0.8 0.9
-2000

konsantrasyon pg/ul

Sekil 5. QCM,, QCM;, QCM, Ve QCM; i¢in BSA Konsantrasyonlarina Gére Frekans Degisimleri.

DNA
® QCM1 ® QCM2 QCMs3
QCMO  eeeeeeees Dogrusal (QCM1) «-+<----+ Dogrusal (QCM2)
Dogrusal (QCM3) Dogrusal (QCMO) Dogrusal (QCMO)
10000
— y = 17675x + 2242,4
N 2= 0.0061 | oouesene
I 8000 |fy=21068x+ 878,02 QCM, Rg= 09061 . mzeceesss o
= lAA~RAs vy e L meeee e
] QCM,R*=0,7572 | o I
g % L 2 NI
R |l
: T e
c @ ...t —
S y = 5348x + 2168,9
2 2000 ° QCM, R*=10,9147
0
0.089 0.139 0.189 0.239 0.289 0.339 0.389

konsantrasyon ug/ul

Sekil 6. QCM,, QCM;, QCM, Ve QCM; icin DNA Konsantrasyonlarina Gore Frekans Degisimleri.
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Yapilan deneysel 6l¢iimlerde FBN, BSA ve DNA analitlerinin farkli konsantrasyonlarinin bir sonucu
olarak frekans degisimleri (Af), Sekil 4, 5 ve 6 de verilen 6l¢iim sonuglarinda verilmistir. Verilen
Sekillerdeki sonuglar icin egri uydurma yontemi kullanildiginda QCM,, QCM;, QCM; ve QCM;
sensorlerinin yaklasik dogrusal tepkiler verdigi goriilmektedir. Tiim sensorler igin elde edilen tepkiler,
FBN, BSA ve DNA &lgiimlerine de duyarlidir. QCMg, QCM;, QCM, ve QCMj; sensoérlerinin transfer
fonksiyonlar1 da esitliklerde verilmistir. Esitliklerde verilen QCM,, QCM;, QCM, ve QCM;
sensorlerinin duyarliliklar1 Tablo1.5°de verilmistir.

Tablo 4. QCM,, QCM;, QCM, Ve QCM; Sensérlerine Gore Olgiimlerin Sonucu.

DUYARLILIK KORELASYON BELIRLEME KATSAYISI
(Hz.ul/ng) KATSAYISI ((coefficient of determination)

QCMyen) 3762 0,9746 0,95

QCMy(gsa) 176,35 0,9542 0,9106

QCMopna) 288,97 0,9479 0,9646

QCMy s 6499,6 0,97414153 0,949

QCMygsa) 6499,6 0,99691583 0,9938

QCM;pnp) 21068 0,87016652 0,8591

QCMayran) 10219 0,96930412 0, 9396

QCMyisp) 10219 0,97038331 0,9416

QCMaona 17675 0,95190117 0,9079

QCM3egy) 6098,5 0,91807808 0, 8429

QCMj3sp 6098,5 0,79585132 0,6334

QCM3ppna) 5348,0 0,95640353 0,9354
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Proteinaz-K frekans farki

® Proteinaz K frekansi =~ ===-=- Dogrusal (Proteinaz K frekansi)
1600
1400 -0
S 1200 ______——""—
£ 1000 ° a8
% 600 | _--="" :
L 400 ¢
200
0
0.2 0.3 0.4 05 0.6 0.7 0.8 0.9

Konsantrasyon (pg/pl)

Sekil 7. QCM), Sensérii I¢in Proteinaz-K Konsantrasyonlarinin Gére Olgiimlerin Sonucu.

Sekil.7 verilen transfer fonksiyonu, egri uydurma yontemi ile elde edilmistir. QCM, sensoriiniin
Proteinaz-K konsantrasyonunun bir fonksiyonu olarak duyarhiligi 1407,8Hz.ug/pl’dir. Proteinaz-K
konsantrasyonlarinin degerleri ile degisim frekanslarin degerleri arasindaki korelasyon katsayisi
r=0,9479 olarak hesaplanmistir. Korelasyon katsayist +1'e yakin oldugundan, konsantrasyon degerleri
ile Af frekans degerleri arasinda pozitif dogrusal bir iliski oldugu goériilmektedir. Bu dogrusal iligki,
dogrusal regresyon analizi R?=0,8986 ile de kanitlanabilmektedir.

3. SONUCLAR

Bu ¢alisma, QCM sensorleri kullanan saglik alaninda tasarlanabilecek imiinosensorlerin kullanilacag:
algilayici sistem tasariminda snsor tepkilerinin belirlenmesinde yapilan bir ¢aligma niteligindedir.
Ozellikle belirli kanserli hastaliklar1 veya belirli viriisleri teshis etmek igin kullanilan mevcut
yontemlere alternatif bir yontem olarak degerlendirilebiri. Bu nedenle kanserli hastaliklarin en 6nemli
tedavilerinden birisi de FBN proteinidir. Bu amagla FBN proteinin analit olarak seg¢ilmistir.

Elde edilen sensdr tepkilerinden elde edilen Af degisimleri yorumlanarak algilanan analitin kimligi ve
konsantrasyon verisi elde edilmeye ¢aligilmistir.

Bu bolimde sirasiyla; analitlerimizin (FBN, BSA, DNA ve Proteina-K) parametrelerinin
belirlenmesinde sensorlerin kullanimini ve bu elementlerin (FBN, BSA, DNA ve Proteinaz K) farkli
konsantrasyonlarda damitilmis su karigimlart ile segicilik ¢alismalarini incelemek.

4. TARTISMA
Bu caligmada analitlerimizin parametreleri (FBN, BSA, DNA ve Proteinaz K) QCM sensorleri
kullanilarak incelenmis ve sonuglar yorumlanmuistir.
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Inme vb. tibbi durumlar veya kazalar insan viicudunda énemli nérolojik hasarlar olusturabilir ve iist
ekstremitede, hastanin ellerinde motor fonksiyon kaybma neden olabilir. Insanlara rehabilitasyon
stirecinde yardimc1 olmak icin dig iskelet gibi ¢esitli robotik cihazlar tasarlanmistir; ancak, bu cihazlar
optimum performans elde etmeyen sinirl 6zelliklere sahiptirler. Hastalarin el rehabilitasyon tedavisi,
kliniklerde ve gesitli el rehabilitasyon cihazlar1 kullanilarak bir uzman rehberliginde gerceklestirilir.
Elin rehabilitasyonunda kullanilan cihazlarin gorevi ele pasif, aktif veya aktif yardimli rehabilitasyon
tedavisi saglamaktir. Ancak el rehabilitasyon cihazlarinin herhangi bir standardi yoktur. Bu ¢aligsmada,
el rehabilitasyon cihazlarmin mekanik tasarimlari ve tahrik mekanizmalari tanimlanmakta ve
karsilagtirilmaktadir.

Anahtar kelimeler: El rehabilitasyonu, Digs iskelet, Robotik,
DEVELOPMENT OF DEVICES USED IN HAND REHABILITATION
ABSTRACT

Medical conditions or accidents, such as stroke, can cause significant neurological damage to the
human body and cause loss of motor function in the upper extremity, the patient's hands. Various
robotic devices such as exoskeletons have been designed to assist humans in the rehabilitation
process; however, they have limited features that do not achieve optimum performance. Hand
rehabilitation treatment of patients is carried out in clinics and under the guidance of an expert using
various hand rehabilitation devices. The task of the devices used in the rehabilitation of the hand is to
provide passive, active or active assisted rehabilitation therapy to the hand. However, hand
rehabilitation devices do not have any standards. In this study, mechanical designs and drive
mechanisms of hand rehabilitation devices are described and compared.

Keywords: Hand Rehabilitation, Exoskeletons, Robotics
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1. GiRiS

Robotik rehabilitasyon cihazlar1 engelli insanlara ¢ok yardimci olmaktadir. Fiziksel veya ndrolojik
engelli hastalar icin motor iyilesmeyi ve islevsel bagimsizligi gelistirirken terapistin manuel
caligsmasimi saglar [1].

Giinlimiizde diinya niifusunun %15'inde serebrovaskiiler kazalar, romatoid artrit, karpal tiinel
sendromu veya bir yaralanma nedeniyle alt veya iist ekstremitelerde bir tiir motor sakatlik vardir [2].
El engelleri s6z konusu oldugunda, dis iskeletler, tekrarlanan giinliikk yagam aktiviteleri igin eklemlerin
etkin hareket araligini artirmaya yardimci olur. Bu, 6nemli rehabilitasyon hareketleri ile planli ve
kontrolli bir sekilde yapilir. Ayrica elin karmasik anatomisi ve yiiksek hareket kabiliyeti géz 6niine
alindiginda dis iskeletler, saglikli bir elin hemen hemen tiim hareketlerini gergeklestirebilen, hatta
yapilacak goreve gore yapilandirilabilen robotik cihazlardir. Ayrica, elin boyutuna ve parmaklarin
uzunluguna uyum sagladiklarindan hasta tarafindan rahat ve kullanimi kolaydir [3].

Ote yandan, HandMATE ve Narvaez ve arkadaslarmin gelistirdikleri dis iskeletler sahip olduklar1 15
derecelik serbestlik sayesinde daha iyi parmak hareketliligi sunar [4,5]. Dis iskelet tasariminda 6nemli
bir faktor, basitlik, diisiik maliyet, taginabilirlik ve sezgisel kontrol gibi 6zellikleri gelistirmektir [6].
Butzer ve arkadaslari, ¢ocuk rehabilitasyonuna odaklanan Myo bilezigine ve elektromiyografiye
(EMG) dayali tasinabilir bir 3D prototip olusturan; Wang ve arkadaslari bir mobil uygulama
araciligiyla sesli komutlarla kontrol edilen bir el dis iskeleti tasarladi ve tiretti [7]. Li ve arkadaslar,
“Brainlink Lite” kullanarak beyin sinyallerine dayali verimli bir kontrol sistemi olusturdu [6]. Ancak,
el dis iskeletlerinin her gecen giin gosterdigi ilerlemelere ragmen, elin gergek performansini biitiiniiyle
saglayamayan sinirli islevler hala vardir.

Bu c¢alismada, bu cihazlarin sistematik bir incelemesini sunmak ve gelecekteki projeler ve aragtirmalar
icin bir rehber gorevi gormektir. El rehabilitasyon cihazlari detayli olarak agiklanmig ve tahrik
mekanizmalar1 sunulmustur. Calismanin birincil amaci, nérolojik bir geri bildirim sistemi ile pasif,
aktif ve aktif yardimli egzersizler yapabilen bir evde rehabilitasyon cihazlar igin bir bilgi temeli
olugturmaktir.

2. EL REHABILIiTASYON CiHAZLARI

El rehabilitasyon cihazlari, el igin rehabilitasyon tedavisinin herhangi bir asamasi i¢in tasarlanmis
cihazlar veya dis telleri olarak karakterize edilebilir. El igin rehabilitasyon tedavisi, Kentucky
Universitesi Saghk Departman tarafindan Ozetlendigi gibi belirli egzersiz asamalarinda
tanimlanmigtir. Burada, el rehabilitasyonunun baglangicindan son agamalarina kadar metakarpal
falanks, proksimal falanks ve distal falanks eklemlerinin fleksiyon ve ekstansiyonunu farkli agilarda
tanimlamustir [8].

El rehabilitasyon cihazlar; ortezler, dig iskeletler veya ug¢ efektér tabanli cihazlar olarak
siiflandirilmigtir. Her tip cihaz rehabilitasyon siirecine ¢ok 6nemli faydalar saglar. Ortezler gerekli
destegi saglar ve cogu el breysi gibi ¢alisir. Dis iskeletler ve ug efektor tabanli cihazlar, rehabilitasyon
tedavisine gerekli olan pasif egzersizleri gergeklestirir. Bu elektrikli cihazlar, pnomatik ve mafsal
tabanli sistemler dahil olmak tizere ¢esitli tahrik (eyleyici) mekanizmalarini kullanarak falankslarin
desteklenmesini ve ¢aligtirilmasini saglar. El i¢in birkag rehabilitasyon cihazi yalnizca aktif veya pasif
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egzersizler kullanir. Aktif rehabilitasyon disaridan bir kuvvet uygulanmadan gerceklestirildiginden,
sadece aktif rehabilitasyon tedavisi saglayan cihazlar 6ncelikle ortezlerdir.

Dis iskeletler ve ug-efektor tabanli cihazlar, birden fazla ¢oziimii tek bir cihazda birlestirerek hastalara
hem aktif hem de pasif rehabilitasyon saglar. Tahrigi rehabilitasyon cihazlarina dahil etmek, bir
fizyoterapistle yapilan standart yiiz ylize rehabilitasyona kiyasla motor iyilesmeyi ve rehabilitasyonu
artirir [9,10]. Aktif ve pasif rehabilitasyon saglayan dis iskeletler ve ug efektdr tabanli cihazlar
arasinda rehabilitasyon siirecinde belirgin avantajlar veya dezavantajlar net olmamakla birlikte,
eklemlerin fleksiyon ve ekstansiyonunun kinematik modeli aynidir [11,12]. Bir dig iskelet ve ug
efektor cihazinin mekanik tasarimlari Sekil 1'de gosterilmektedir.

Sekil 1. Bir dis iskelet ve bir ug efektor tabanli cihazlarin mekanik tasarimlari 6rnekleri a) ExoK’ab
dis iskeleti ve b) HapticKnob ug efektor cihazi [13,14].

2.1. Dis iskelet Cihazlan

Dis iskeletler, bir orteze benzer sekilde hedef bolgeye oturacak sekilde tasarlanmis cihazlardir, dis
iskeletler giivenlik ve destek saglar; ancak dis iskeletler, son kullaniciya gii¢ saglayan islevler
saglayan ek bilesenlere sahiptir. Dig iskeletler, kullanicinin fiziksel performansini artiran giyilebilir
elektromekanik cihazlar olarak tasarlanmistir [15]. El rehabilitasyonu i¢in, daha ciddi yaralanmalari
olan hastalar, rehabilitasyona baglamak i¢in ek gii¢ gerektirir.

Dis iskeletler, Sekil 2°de tasarimlarina 6zel ¢oziimler sunar. Dig iskeletler her bir parmagi kapsadigi
i¢in, tek tek eklemler lizerinde ¢alistirma, ayn1 zamanda destek saglarken ilerlemis yaralanmalar1 olan
hastalar igin ¢ok onemlidir. Ayrica, dis iskeletler, yash veya tedavi merkezlerine uzak hastalar igin
gerekli olan tagimabilir ¢oziimleri saglar. Dis iskeletlerle ilgili baslica dezavantajlar, karmasik kontrol
algoritmalarimi1 ve cihazin ayarlanabilir olmasi durumuyla ilgilidir. Bir dis iskelet, her eklem
iizerindeki her bir uzantiyt harekete gegireceginden, konumlandirmayi kontrol etmek karmasik
stratejiler gerektirir. Ayrica, dis iskeletler hastanin eline uyacak sekilde uyarlanmalidir. Ug efektor
tabanli cihazlarla, mekanik tasarimlar u¢ nokta kontroliine odaklanir ve degisen el boyutlarina goére
ayarlanabilir.
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o<

PowerAssistglove Wege's Exoskeleton PowerGrip

Sekil 2. D1s iskelet cihaz 6rnekleri.

2.2. Ug Efektor Cihazlar

Ug efektor cihazlar dis iskeletlerden farklidir, ¢ilinkii eklemler tizerindeki c¢alistirma ug¢ nokta
kontroliine veya tiim parmak yerine distal falanks (DIP) eklemi tizerindeki kontrole dayanir [16].
Tipik olarak, bu cihazlar sabittir, ¢iinkii distal falanks ekleminin uygun konum kontroli ile
caligtinlabilmesi i¢in elin sabitlenmesi gerekir. Sekil 3, bu g¢alismada incelenen son efektor el
rehabilitasyon cihazlarindan bazilarini gostermektedir. Tasinabilirlik, hastalar igin yararli, uzaktan
rehabilitasyon saglar ancak cihazi olasi rehabilitasyon ve ilerleme takibi agisindan sinirlayabilir.
Aubin ve arkadaslari, ug efektor cihazlarmimn hastanin sag veya sol eline ve boyutlarina nasil uyum
saglayabilecegini not ederek, degisen yaralanma siddeti ve el boyutu i¢in tekil bir ¢éziim sunar [17].

HapticKnob

HandCare Amadeo

Sekil 3. Ug efektor cihaz 6rnekleri.

Ug efektor cihazlarin ana avantajlarindan biri, yiiksek diizeyde kontrol ve geri bildirimdir. Dogrusal
raylar ve egzersizler sirasinda ndrolojik tepkileri okuyan ve goriintiileyen bir kontrol sistemi kullanan
Amadeo, her yastan ve siddetten hasta igin eli ¢alistirabilir ve iyilestirebilir [18]. Haptic Knob, kiire
tizerinde kuvvet geri beslemesi ve empedans kontrolii kullanarak dogru kontrol saglayabilir [14]. Ek
olarak, u¢ efektor cihazlar, tasmabilirlik artik bir tasarim yonii olmadigi igin daha fazla algilama
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bileseni kullanabilir [18]. Amadeo, Gloreha, HEXORR ve My-HERO, VAEDA, PneuGlove incelenen
ug efektor cihazlaridir [18,19,20,21, 22,23].

Son efektdr cihazlar, dis iskeletlere gore Onemli avantajlar saglar. Son efektdr cihazlar, genel
rehabilitasyon ilerlemesinden 6diin vermeden ¢ok daha basit kontrol mekanizmalarini icerir. FMA
Olgegi (Fugl-Meyer Assessment-Hand) puanlart 6nemli olgiide farkli olmadigindan, ug efektor
cihazlar, karmagik mekanik tasarimlar olmaksizin yiiksek diizeyde kontrol ve giivenlik saglar. Diger
bir avantaj ise artan kullanict geri bildirimi miktaridir. Amadeo gibi cihazlar, egzersizler yapilirken
hastanin elinin noérolojik profillerini goriintiileyebilir. Ancak, ug efektor cihazlar her bir eklemi tek tek
siirlayamaz ve kontrolii yalnizca bir parmagin ucundan harekete gectiginden, yanlis hizalama riski
artar [24].

2.2.1. El értezleri

Ortez olarak siiflandirilan cihazlar, eli korumak ve desteklemek igin olusturulmus cihazlardir [25].
Bu cihazlarin tiimii aktif terapi saglar (Sekil 4), ancak yalnizca biri direngli egitim saglar. Bu cihazlar
tipik olarak herhangi bir gii¢lendirilmis bilesen icermediginden, terapi hasta girisi ile sinirhidir. Bu
siirlama, daha ciddi yaralanmalar1 olan hastalarin uygun tedaviyi almasini engeller [ 26].

SaeboFlex ScriptOrtez

Sekil 4. El ortez 6rnekleri.

Bazi ortezler, herhangi bir giiglendirilmis bilesen olmadan giiglendirme egzersizleri sagladiklari igin
direngli terapiler kullanir. SCRIPT ve Saebo ortezleri, cihazlarinda direng egitimi saglamak igin yayl
kordlar kullanir. Direngli egzersizler, ge¢ donem el rehabilitasyonunun bir pargasidir, ¢iinkii birincil
amaglar1 uygun hareket ve yerlestirmeyi yeniden saglamaktan ziyade kaslar1 giiclendirmektir [27.28].

3. EL REHABILITASYON CIHAZLARININ TAHRIK MEKANIZMALARI

Tahrik (eyleyici) mekanizmalari, dis iskelet veya ug efektor cihazlarda calistiricilardan iletilen giicii
¢evirmek i¢in cihazlarda kullanilan mekanizmalari tanimlar. Pnomatik eyleyiciler, cihazlar1 harekete
gecirmek i¢in sizdirmaz tiipler veya kanallar gerektirirken, mafsal tabanli tahrik yalnizca eyleyiciden
parmaga dogrudan baglanti gerektirir. Kablo tahrikli sistemler, parmak boyunca bagli kablolar
kullanarak calistirir.

3.1. Pnématik Tahrik

Tipik olarak, pnématik cihazlar, metakarpal falanks, distal falanks ve proksimal falanks (MCP, DIP ve
PIP) eklemlerini harekete gecirmek i¢in pnomatik tiipler veya yollar kullanan hava pistonlari
tarafindan caligtirilir. Pnomatik caligtirma, rehabilitasyon igin yiiksek tork ve kontroli saglar.
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Pnomatik cihazlar arasinda Rutgers Master I ve Power Assist Glove [29,30] bulunur. Pnomatik
cihazlarin 6nemli bir avantaji, agirlik-tork oranidir. SymbiHand ele yalnizca 241 g kiitle ekler ve
Power Assist eldiveni yalnizca 170 g ekler [31,32]. Bununla birlikte, SymbiHand pnomatik
cihazlardan sonra modellenmis olsa da, bir elektrohidrolik sistem kullanir. Ayrica, Gloreha eldiveni,
dogrudan bir pompadan calistirilmak yerine hava dolu mesaneleri kullanarak eli harekete gegirir [20].

Pnomatik cihazlarin ana dezavantaji, gerekli alan, pnomatik ve hidrolik sistemler, kompresor, ayri
hazneler, pompalar ve ek gii¢ kaynaklari dahil olmak {izere birden fazla bilesene baglidir. Diisiik
agirlik secenekleri mevcuttur, ancak pnomatik cihazlar dis iskelet tasarimlarini daha fazla
telerehabilitasyon ve hassas kontrol ihtiyac1 ile engelleyebilir [33]. Ayrica, basingli hava kapali dongii
icinde iyi ¢aligir, ancak cihazlar tarafindan yiiriitiilen ¢alistirma olarak genellikle yavastir. Artan doniis
hiz1, daha iyi tork ve kontrol i¢in daha yiiksek maliyetli ¢6ztimler gerektirir [34].

3.2. Mafsal Tabanh Tahrik

Mafsal tabanli ¢alistirma, uzaktan rehabilitasyon i¢in popiiler bir se¢imdir. 3D baskili veya islenmis
mafsallar kullanarak, lineer aktiiatorler (eyleyiciler) ve degisken motorlar, gii¢lendirilmis tahrigi
cevirir. Bu yontemi kullanan cihazlar arasinda Hand of Hope, CyberGrasp ve HEXORR bulunur. Bu
cihazlar, her bir parmak icin diizlemsel hareket saglamak, hareket araligini giivence altina almak ve
hastalarin esnemesini veya diizlemden disar1 ¢ikmasini 6nlemek i¢in baglantilar kullanir [33]. Mafsal
tabanli ¢alistirma ¢ok yonliidiir ve bir dizi kontrol yontemiyle uygulanabilirken, pnomatik calistirma
pnomatik kontroldrlerle sinirlidir. Aktiatorleri sert bir dis iskelet ile birlestirerek, basit ve genellikle
3D baskili baglantilar ile esneme ve uzama hareketi elde edilebilir [33,35].

Mafsal tabanli ¢alistirmanin bir dezavantaji vardir. Hareket basit olsa da motorlar ve gerekli aktarma
mafsallar sisteme agirlik katabilir [35]. Kompakt bir tasarim saglamak i¢in, Festo'nun Exo Glove ve
Cyber Grasp [36,37] tarafindan goriildiigli gibi, hastanin rehabilitasyon siirecine entegre olabilecek
diger algilama bilesenleri pahasina daha pahali aktiiatorler kullanilabilir. Ayrica, baglantilarin
eklenmesi, dis iskeletin kinematigini karmasiklagtirir. Diger ¢alistirma mekanizmalar tipleriyle,
kinematik, elin boyutlar1 agisindan baglanti tabanli sistemler kadar degismez. Pnomatik ¢aligtirma ile
kinematik degismezdi; bununla birlikte, mafsal tabanl sistemlerde her bir baglantinin kiitlesi, ataleti
ve agirlik merkezi her el igin degisir.

3.3.Kablo Tahrikli Dis iskeletler

Kabloyla tahriklenen dis iskeletler, eli iyilestirmek igin yeterli tork saglamak iizere servo vb. motorlar
kullanir. WearME, SEM Glove ve Delph tarafindan tasarlanan eldiven gibi sistemler, diisiik agirlikli
¢ozlimler icin kablolar kullanir. Kabloyla c¢alisan sistemlerin uygulanmasi, cihazin eyleyici
bilegenlerinin agirligini elden uzaga kaydirmasina olanak tanir [38,39,40].

Kabloyla calisan sistemlerin diger bir avantaji, cihazi ¢evreleyen yumusak dis iskelettir. Yumusak dis
iskelet, hastanin el boyutlarina gore ayarlanabilen bir tasarim saglar [41,42].

Kablolu sistemlerin 6nemli bir dezavantaji, kayip ve kontrol sorunlaridir. Sistem, caligtirmanin
kablolar aracilifiyla ¢evrilmesine bagli oldugundan, cihaz ¢alisirken iletim kayiplar1 yasar [95]. Kablo
tahrikli sistemler, tahrik kablosunu serbest birakmak ve geri ¢ekmek i¢in bu kablonun bir makaraya
dayanmasi gerektiginden, siirtiinme kayiplarina daha yatkindir. Sonug olarak, kontrol ile ilgili bir
sorun var. Sekil 10'da gosterildigi gibi, WearME cihaz1 gibi kabloyla ¢alisan dis iskeletler, cihazi
tamamen calistirmak ve kontrol etmek igin gereken mekanizmalar tarafindan asir1 yiiklenebilir.
Ayarlanabilir tasarimlarda kablonun konumu degisebileceginden, konum kontroliine ek olarak ¢oklu
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kontrol yontemleri kullanilmalidir. Delph'in eli, dogru kontrol saglamak igin {i¢ kontrol yontemi
kullanir: kuvvet, konum ve SEMG [40].

4. TARTISMA

Bu calismada, el rehabilitasyonunda kullanilan cihazlar, tasarimlart ve tahrik mekanizmalari
bakimindan degerlendirilmis ve robotik rehabilitasyon yontemleri hakkinda bilgi verilmistir.
Geleneksel yontemlere kiyasla robotik rehabilitasyonun avantajlarindan bahsedilmistir.

Ortezler esas olarak sadece aktif rehabilitasyon tedavisi saglarken, bazi cihazlarda kullanici direnciyle
egitim saglayan parcalar da bulunur. Ancak ortezlerin diisiik profili ve maliyetleri, daha gelismis dis
iskelet cihazlariyla rekabet etmelerini engellemektedir. Dig iskeletler, giic ve destegin miikemmel
birlesimini saglar. Dig govde, diisiikk maliyetli plastiklerden basilabilirken, malzeme ihtiyacina bagh
olarak yiiksek maliyetlerle dig iskeletler de gelistirilebilir. Bu cihazlar tiim rehabilitasyon terapi
egzersizlerini saglar. D1s iskelet kullanan hastalar, FMA (Fugl-Meyer Assessment-Hand) 6l¢eklerinde
gosterildigi gibi, motor fonksiyon iyilesmesinde daha biiyiik bir iyilesme bildirmektedir. U¢ efektor
cihazlar, hastalarin ilgisini ¢ekecek daha yiiksek algilama yetenekleri ve oyunlari bir araya getirirerek
benzer faydalari saglar. Ug¢ efektor cihazlar biraz daha yiiksek hasta skorlari saglasa da, bunlar tekil
bir konumla siirhdir ve taginabilir olamazlar. Bu nedenle son zamanlarda rehabilitasyonda bir dis
iskelet cihazi tercih edilir.

El rehabilitasyon cihazlarinda, ortezler, dis iskeletler ve u¢ efektér cihazlar farkli dengelerde
rehabilitasyon yararlari saglar. Daha yeni tasarimlar, her birinin avantajlarii tek bir cihazda
birlestirmelidir. Rehabilitasyon cihazlarini degerlendirmek i¢in tek tip bir dlgek olmadigi igin
gelecekteki arastirmalarin yapilmasi gerekecektir.

5. SONUCLAR

Bu calismada, el rehabilitasyonunda kullanilan cihazlarin tasarimlart ve tahrik mekanizmalari
hakkinda bilgi sunulmustur. Geleneksel rehabilitasyon siirecleri rehabilitasyon uzmanlariin
uygulamalarina baglidir. Rehabilitasyonun uygulanmasi ve hastada meydana gelen iyilesmelerin elde
edilmesi zorlu bir siirectir. El rehabilitasyonunda dis iskelet ve robotik cihazlarin kullanilmasiyla
birlikte rehabilitasyonun verimli olarak uygulanabilmesinin oniinii agmaktadir. Bu cihazlarla birlikte
fizyoterapistin is yiikii 5nemli 6l¢iide azalmakta ve ayni1 zamanda hastayla ilgili hizli ve giivenilir bilgi
alinmasimi saglamaktadir. Calismada incelenen dis iskeletler ve ug¢ efektor cihazlar igin klinik
denemelere bakildiginda, Amadeo, Gloreha, HEXORR ve My-HERO cihazlari, FMA &lgeginde en az
7 puanlik bir artig bildirmistir ve standart rehabilitasyon tedavisinin kontrol gruplarindan daha iyi
performans gostermistir [18,19,20,21]. VAEDA, PneuGlove gibi daha kiigiik, tasinabilir cihazlar ise
FMA puanlarini 2-4 puan iyilestirmistir [22,23]. Hem ug efektor hem de dis iskelet, degisen dlgeklerle
FMA puanlarm iyilestirmistir. Bu sonuglar el rehabilitasyonunda kullanilan cihazlarin geleneksel
rehabilitasyon yontemlerine gore giivenilirligini ve iyilestirmeyi artirdigini gostermistir.

TESEKKUR
Bu caligmada el rehabilitasyonu igin tasarlanan, iiretilen ve kullanilan cihazlarin degerlendirilmistir.

El rehabilitasyonu icin geleneksel ve robotik cihazlarin iiretimine ve gelistirilmesine katki saglayan
aragtirmacilara tesekkdir ederim.
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ABSTRACT

In 2019, a new type of coronavirus, Severe Acute Respiratory Syndrome Coronavirus (SARS CoV 2)
(COVID-19), emerged in Wuhan, China, and this virus spread all over the world and seriously
threatened human life. In this review article, the drug and vaccine treatment methods applied against
the COVID-19 virus, which seriously threatens the whole world and takes human health to fatal cases,
are examined in detail. In some of the applied drug and vaccine treatments and negative effects can be
seen as well as positive effects. Due to this reason, the application of some treatment methods has
been stopped. Drug and vaccine studies vary from country to country. For this reason, this study
aimed to discuss the examples of treatment practices of countries and explain the treatment process.

Keywords: COVID-19, Coronavirus, Drug Treatment, Vaccine Treatment.
1. INTRODUCTION

The novel respiratory disease that name is COVID-19 in the coronavirus family has caused by severe
acute respiratory syndrome coronavirus SARS-CoV-2, which appeared in December 2019, in Wuhan
city, China [1, 2], and spread worldwide [3]. As of November 12, 2020, there have reports, resulting
in more than 33 million confirmed deaths, and COVID-19 has caused more than 1 million deaths in
the first 6 months [4]. According to the World Health Organization (WHO) report from 30 December
through 11 October, the number of infections has been over 37 million, and the number of deaths via
COVID-19 has been one million [5]. In 2022, the number of people who died from COVID-19
worldwide will be around 1 million per year [6]. Tyrell and Bynoe made the first definition of
coronavirus in 1966 [7]. Coronaviruses are zones of infectious diseases, and coronaviruses can be
transmitted from a range of animals, as found in humans, pigs, chickens, bats, and dogs [8]. The ways
of transmission of COVID-19 to humans are divided into two indirect and direct via contacting the
infected surfaces, and mouth, nose, and eyes [9]. Another way of transmission is from person to
person by inhalation of droplets [10]. Coronaviruses cause severe diseases in the respiration system
and pathology, gastrology, and neurology fields. The first coronavirus (SARS-CoV) caused severe
respiration disease which was thought to originate in Foshan, China in 2002-2003[11], [12]. The
second coronavirus MERS-CoV originated from Arabian Peninsula in 2012 [13]. The third
coronavirus COVID-19 has caused severe diseases in humans to spread globally in the past 2 decades
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[14]. These CoV viruses of them are zoonotic, and they cause infection in humans [15]. CoV viruses
(SARS-CoV, MERS-CoV, and COVID-19) are enveloped single-stranded RNA beta coronaviruses,
positive-polarity, and they have non-structural proteins [16-18]. Ongoing vaccine trials are testing
with several immune antiviral modulators.

A wide variety of COVID-19 treatment methods have been applied to date. While some of the
treatment methods are the methods of application on drugs, some of them are studies on vaccines for
the prevention of the disease. It is in the form of favipiravir, chloroquine and its derivatives,
Lopinavir, Ritonavir, and various supportive drugs, etc., for patients who have the disease. Various
vaccine studies have been carried out to prevent and minimize the transmission of the disease from the
beginning, and some of these vaccine studies are being applied today. Vaccine studies are in the form
of DNA and RNA-based studies. The most common vaccine treatment method applied today is
Biotech and Sinovach vaccines. Apart from these, there are various vaccine studies such as Moderna,
Sputnik, recombinant vaccines, and Live Attenuated vaccines. In this review, detailed information
about the drug and vaccine studies applied in the treatment of COVID-19 is explained in the relevant
places.

2. PATHOLOGICAL PROCESS OF COVID-19

When the COVID-19 species enter the human body, it poses a great danger to humans because it
affects cellular and humoral immunity of the human. However, this situation is difficult because the
COVID-19 virus uses (Angiotensin Converting Enzyme) ACE 2 and hides inside the cell [19].
Because the COVID-19 virus uses cell membranes, the cell surface serine protease TMPRSS2 and
CD147 proteins37,38,39 and thus it is very difficult to hold and die in the cell [19-22]. The mortality
rate of COVID-19, which is an acute disease, is generally around 2% according to the reports in the
literature. The onset of severe discomfort due to massive alveoli can cause respiratory failure [12, 23,
24]. Xu et al. reported the pathological findings of COVID-19 and the findings of clinical tests [23].
According to this report, a 50-year-old man presented with symptoms such as fever, chills, and dry
cough when he was admitted to the fever clinic. It was stated that this patient had a dry cough with
mild tremors on the first day of his illness but did not go to the doctor and continued his work until the
9" day of his illness. On the 9™ day, it was stated that he caught COVID-19 with inverse time PCR
performed by the doctors. Oxygen therapy has been initiated. Subsequently, a moxifloxacin (0-4 g
once a day, intravenously) supplement was initiated to prevent secondary infection with 5 million
units of interferon alfa-2b twice a day and 500 mg lopinavir plus ritonavir twice daily. 80 mg
methylprednisolone was administered twice to reduce respiratory distress. However, the cough and
weakness did not decrease. On the 12" day of the disease, progressive infiltration and widespread grid
shadow occurred in both lungs. Although the oxygen saturation was 95% on the 13th day, other
symptoms did not improve. On the 14th day, the oxygen saturation dropped to 60 percent and the
patient died due to a heart attack. According to these results, desquamation and hyaline membrane
formation were observed in the right lung tissue of the patient. This was observed to cause shortness
of breath in the patient. It was stated that pulmonary edema and hyaline membrane formation in the
left lung wall membrane suggested early stage acute (Respiratory Distress Syndrome) ARDS. In liver
biopsy test results, microvascular steatosis and mild lobular and portal activity were observed. These
were caused by the drugs given. There were no significant signs of damage to the heart tissue[23]. The
death rate of COVID-19 due to diseases is as in Figure 1.
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Figure 1. COVID-19-related death rate of diseases [25].

“Reprinted from [25]-Draft landscape and tracker of COVID-19 candidate vaccines- Estimating
excess 1-year mortality associated with the COVID-19 pandemic according to underlying conditions
and age: a population-based cohort study-2022).

3. DRUG THERAPY AGAINST COVID-19
It can be evaluated under two headings as antimicrobial drugs and supportive drugs.

3.1. Antimicrobial Drugs against COVID-19

Drugs showing antimicrobial effects against COVID-19 virus are Remdesivir, Favipiravir,
Chloroquine, Hydroxychloroquine, and Lopinavir / Ritonavir. Remdesivir treatment is an antiviral for
research purposes and clinical studies are still ongoing. Similarly, Favirapir continues for research
purposes. Chloroquine and hydroxychloroquine have a limited number of uses[26].

3.1.1. Remdesivir (GS-5734)

This drug application is in the investigational nucleoside analog classification [26]. It is from the
antimicrobial class with Remdesivir activity and has been used against COVID-19 as an antiviral in a
wide-broad range [26—28]. Remdesivir (Gilead Sciences Inc., Foster City, CA, USA) is administered
to the patient during the 10-day, 200 mg on the first day and 100 mg on the other days as a
supplement [29]. This drug can bind to the RNA enzyme RNA polymerase (RNARp) in the form of a
substrate, thus integrating as part of the virus RNA loops [29, 30]. When the cases in the past are
examined, this drug has been used for SARS-CoV, MERS-CoV, and Ebola virus for patients [27, 29].
In the studies performed in mice, it was observed that viral load decreased after virus exposure, and
early Remdesivir drug use (i.e.,> 2 orders of magnitude on day 2-5 post-infection). Thus, it has been
observed that Remdesivir clearly improves the respiratory distress observed because of the disease
caused by the virus, significantly reduces the disease caused by the virus, and stops its progression
[31, 32]. According to data obtained from various countries, patients exposed to COVID-19 virus
were treated with the Remdesivir drug, and the recovery rate was statistically 68% with this drug. 53
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out of a total of 58 patients improved with this drug supplement [29, 33]. However, it is a drug used in
antiviral treatment methods, and it is an antiviral drug used in the treatment of COVID-19 (SARS-
CoV 2) [29, 31].

3.1.2. Favipiravir

Another RNA polymerase inhibitor drug, like Remdesivir, is Favipiravir. Favipiravir (Fujifilm
Toyama Chemical Co. Ltd, Tokyo, Japan) is used in the treatment of COVID-19 [31, 34]. This drug is
known for its effectiveness against oseltamivir-resistant influenza A, B, and C viruses in vitro. This
drug is known for its effectiveness against oseltamivir-resistant influenza A, B, and C viruses in vitro.
It is a wide range of broad spectral antiviral spectrum against COVID-19 and coronavirus family[28,
35]. In COVID-19 patients, favipiravir (n = 35) treatment was supplemented in combination with
inhaled interferon alfa compared to ritonavir (n = 45) [35]. In the favipiravir application, it is given to
the patient in two ways. For this, after 1600 mg is given on the first day, it is given at intervals of 600
mg for 2-5 days. In the second application, 1800 mg is given on the first day. 800 mg administered at
intervals of 2-5 days. Tocilizumab 22 and Chloroquine 23 can be used together as supplements[36].
Favirapy-induced maximum plasma protein binding is two hours after dosing and 54% for humans
[35].

3.1.3. Chloroquine

This drug is antimalarial classification [26]. Chloroquine is one of the drugs used against the SARS-
CoV 2 virus with its immunomodulating property [26, 28, 37, 38]. The mechanism of this drug is
likely to involve viral DNA or RNA assembly, and viral protein glycosylation. ACE2 inhibition and
the emergence of the immunomodulating property of the released cytokine are other mechanisms [26,
39-41]. In in vitro tests, this drug has been observed to inhibit the development of the COVID-19
virus. This situation has also been supported by clinical tests. According to these clinical tests, the
virus-inhibiting properties of chlorogenic were also supported in approximately 100 patients with
COVID-19 disease [28, 38]. The long-term use of chloroquine seriously affects human life negatively,
so long use is not recommended [42].This drug has been used previously in MERS-CoV and SARS-
CoV 1, which are members of the coronavirus family, and its effectiveness in inhibiting viruses is
reported. It has been proven to inhibit the COVID-19 virus (SARS-CoV 2) in Vero E6 cells with a
value of 1.13 uM in 48 hours. For 39 cases diagnosed with COVID-19, 2 X 300 mg of
hydroxychloroquine was administered for 10 periods [42, 43]. On day 6, a significantly higher loss of
viral RNA was observed in nasopharyngeal sampling [42, 43]. Using azithromycin and
hydroxychloroquine in six patients, viral clearance was 100% on day 6. For the monthly study, 78 of
80 COVID-19 cases were achieved by clinical regression, and the rate of obtaining negative data in
PCR results after one week was 83%. On the 8th day, this rate increased to 93% [42, 44]. This drug
has the status of a drug that prevents the virus from entering the cell.

3.1.4. Hydroxychloroquine

This drug is a derivative of chloroquine and this drug is in the antimalarial class [25]. Like
chloroquine, it has immunomodulating properties of the COVID-19 virus[26, 28]. Chloroquine and
hydroxychloroquine are used for antiviral prophylaxis due to their ability to prevent the COVID-19
virus from entering cells [26, 42]. However, enough clinical studies and statistical data have not been
reported for this treatment use[45]. Steps such as inhibition of viral enzymes, transport of DNA or
RNA polymerase, transport of new virus particles, and virus release can be observed in the process of
mechanism. In addition, processes such as ACE 2 cell receptor inhibition, and cytokine release
immunomodulation can be observed [28, 38-40, 46, 47].
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3.1.5. Lopinavir / Ritonavir

Similarly, another drug is Lopinavir. Lopinavir is a protease inhibitor. It is produced from ritonavir
and is usually co-administered with lopinavir. It has been shown that when co-formulated drugs are
administered, the viral load is significantly suppressed in adults and children [48]. These two drugs
are in the HIV protease inhibitor classification [49-51]. While International Chest Diseases experts
recommend the administration of these two drugs to COVID-19 patients with moderate levels [52], it
is given to patients with moderate and severe COVID-19 disease in Europe. Of the 199 patients who
had COVID-19 disease and were laboratory-confirmed, 99 received lopinavir/ritonavir therapy.
Gastrointestinal adverse side effects were not commonly observed in the standard group in this
observation. While the percentages of patients with different time intervals with viral RNA showed a
similar effect, clinical improvement was reported 1 day earlier in lopinavir/ritonavir therapy than in
standard care [48].

3.2. Supportive Drugs

Drugs in this group support other treatment applications used against the COVID-19 virus. It is
recommended to use heparin together with venous thromboembolism prophylaxis. Since the
molecular weight of heparin (LMWH) is not very high, it is recommended to use this pair.
Azithromycin is used in adjunctive therapy according to theoretical knowledge. It is a metered dose
inhalation application of bronchodilators against the risk of viral COVID-19 transmissions [53, 54].

3.2.1. Anticoagulation

In cases caused by COVID-19 infection, thrombosis is a very common condition. This is thought to be
due to infection, advanced age, and comorbidities. Venous thromboembolism (VTE) prophylaxis is
stopped for a fibrinogen count less than 0.5 g / L [26, 53, 55, 56]. Anticoagulation is not
recommended for patients diagnosed with COVID-19 in the absence of venous thromboembolism [26,
57]. It has been reported in the literature that vasculitis and increased occlusion of small pulmonary
vessels in patients infected with postmortem lung infection materials [58], [59].

3.2.2. Azithromycin

Azithromycin is a drug in macrolide antibacterial in classification [60]and, is used against COVID-19
virus for supportive and adjunctive drugs. The macrolide class in which this drug is present shows its
role as an immunomodulator in pulmonary inflammatory conditions. This means that reactive oxygen
type radicals that accumulate in the lungs and damage cells are reduced, inhibited, and their negative
effects are eliminated [42, 61-64]. Drugs such as Clarithromycin, erythromycin, bafilomycin Al and
telithromycin are the counterparts of azithromycin and have immunomodulating activity [65].
Therefore, they are used in COVID-19 viral therapy [65, 66]. It is given to the patient with other drugs
and is an additional drug. In a clinical trial on 20 patients in France, patients were administered
hydroxychloroquine and compared 16 times with controls. These controlled patients refused the
combination of contraindication and hydroxychloroquine. He was treated with a combination of six
200 mg hydroxychloroquine 3 times a day for 10 roses of the process. For the 4-day process, 500 mg
azithromycin was administered on the first day and 250 mg azithromycin was administered on the
other days. According to the results, 100% of the patients treated with the combination in the 6 days
showed that using only hydroxychloroquine, the azithromycin combination, or the control groups,
100% of the patients were cured. In treatment with hydroxychloroquine, 57.1% of patients are cured
and 12.5% are under control [65].
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3.2.3. Interleukin-1 (IL-1) antagonists

Franzetti et al reported the first treatment of interleukin-1 (IL-1) antagonists anakinra with available
therapy for COVID-19 disease [67]. According to this report, it was observed that he got COVID-19
disease when he applied at the hospital with symptoms such as 39 C fever, cough, and sore throat on
March 10, 2020. This patient did not have any health problems except that he was a smoker and his
body mass index was 30.8 kg / m% Various drug treatments were started for this patient, whose
oxygen saturation was 92%. Although the treatment process was initiated with certain doses of drugs
such as lopinavir/ritonavir, hydroxychloroquine, azithromycin, and remdesivir, this patient’s condition
became very critical. On the 7" day, the ratio of arterial oxygen partial pressure to fractional inspired
oxygen (P / F) was 50%. Fever, asthenia, and anorexia also got worse. This patient was immediately
started on anakinra treatment with a dose of 100 mg every 6 hours for 7 days. The patient’s test turned
negative, but permanent critical respiratory functions occurred during the normalization process. On
the 32™ day, the oxygen saturation of this patient was 93% [67].

4. VACCINE STUDIES

One of the most steps in the fight against Covid -19 is vaccination studies. Vaccine studies are
generally of two types. These are passive and active immunity. Vaccines constitute one of the biggest
success stories in the healthcare industry [68].

The vaccination trial should also have a high benefit for each population. According to WHO, “The
vaccine should provide a reasonably positive benefit-risk distribution; it should show high efficacy,
show only moderate or transient side effects, and not cause extreme pain.” The vaccine should be safe
enough to be prescribed to women of all ages, including pregnant and lactating women, and should
include an accelerated onset of protection with a single dose and at least one year of protection [69].

4.1. Traditional Viral Vaccines

Inactivated or attenuated viruses are used in conventional viral vaccines. Thanks to advances in
molecular virology consistent with viral immunology, it is now possible to genetically engineer
vectors expressing only viral antigens that cause immune correlates of defense [70].

However, there are significant trust issues in terms of vaccine trials. Public issues regarding
vaccination should include vaccine safety, vaccine costs, and the latest scientific results, in addition to
vaccination policy and guidelines. Public vaccine admission decisions are based on a combination of
scientific, psychological, sociocultural, and political considerations, all of which need to be better
understood. These problems are very difficult to overcome. Conditions such as lot size required for
production, release controls to market, shelf life required for the drug, filling into single or multiple
dose vials or syringes, and the production of freeze-dried or stabilized liquid formulations cause
global uncertainty in vaccine supply. The transport of vaccines can also pose a problem. It must
follow various specifications, including cold chain standards as well as packaging and labeling in
various languages for various markets [71, 72].

Different cell lines can be used in animal cell culture. Each cell line, virus type, and vaccine definition

require a separate production and purification method. Each cell line also feels different
environmental conditions and stabilization requirements [73, 74].
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4.2. Live Attenuated Vaccines

Pathogens in live attenuated vaccines have been selected to be less virulent. They cannot reproduce
the true disease or soberly mimic the disease in its altered state [75]. The pathogens in live attenuated
vaccines are attenuated, so they mimic the normal infection cycle. By continuously moving the
pathogen to tissue cultures, damaged types of microorganisms may be collected. In either one or two
doses, live attenuated vaccines will offer lifetime protection in the body against the disease-causing
microorganisms. Measles, smallpox, and yellow fever virus vaccines, as well as the tuberculosis
vaccine as a bacterial vaccine, are examples of these vaccines [76]. Pathogenic or genetically
engineered microorganisms capable of expressing one or more defensive genes from another
microorganism make up live recombinant vector vaccines. These vectors cannot grow into the original
virulent virus, and they are not pathogenic in hypersensitive species [77].

4.3. Recombinant Vaccines

Recombinant protein vaccines are a central component of second-generation vaccines, and they’ve
been thoroughly investigated since the 1990s. Such research relies on live recombinant bacteria, fungi,
or viruses that can express antigens from Leishmania parasites. In these systems, bacteria, parasites, or
viruses serve as antigen carriers and adjuvants [76]. The artificial realization of genetic recombination
events is the basis of rDNA science. The technology entails using an appropriate vector to move DNA
fragments of a target gene sequence from several sources to another host (expression systems). This
technology, which has a wide range of uses, could address critical life problems such as improving
health, rising food supplies, and reducing the harmful impacts of various environmental factors. Aside
from the safe use of recombinant pharmaceuticals, this technology is used in biotherapy and
intervention in major diseases, as well as gene therapy and genetic engineering [78].

The following coronavirus vaccine experiments have begun phase 111 trials and have been published in
the literature. Only the most commonly available vaccines are discussed in this publication. Figure 2
shows the achievements of some countries in vaccination studies [79].

Share of people vaccinated against COVID-19, Nov 10, 2021

[l Share of people with a complete initial protocol [l Share of people only partly vaccinated

Figure 2. Share of people vaccinated against COVID-19 (Nov.2021) (“Coronavirus (COVID-19)
Vaccinations - Our World in Data,” 2021) “Reprinted (adapted) from [80] Official data collated by
Our World in Data (2021).
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4.4. Sinovac/Coronavac

In collaboration with the Bhutan Institute, Sinovac has started a Phase 111 vaccine trial to evaluate the
efficacy and safety of 9,000 volunteer healthcare professionals in six Brazilian states [81].

It is a company managed by Helen Yang headquarters based in China. SinoVac Biotech Ltd. has
prepared a vaccine called "CoronaVac". Volunteers in Indonesia and Brazil carried out the first phase
of the studies. CanSino Biologics Inc. announced that it achieved a satisfactory immune response
against the COVID-19 virus in a phase 2 trial on 508 volunteers [82]. The vaccine is manufactured by
Sinovac Life Sciences (Beijing, China) and contains 3 ug / 0.5 mL inactivated SARS-CoV-2 virus and
aluminum hydroxide as an adjuvant [83].

Sinovac is currently the main covid-19 vaccine in many low- and middle-income countries. The first
trials of Sinovac in China have only been reported in Indonesia on adults under 60 years of age [84].
[82]. Sinovac/CoronaVac has fully inactivated virus vaccines as an adjuvant. [85].

Conducted Phase IlI, randomized, multicenter, endpoint-guided, double-blind, placebo-controlled
clinical trials to evaluate the efficacy and safety of the adsorbed COVID-19 vaccine (inactivated)
produced by Sinovac [83].

They published a publication for business officials for Phase 111 research. Sinovac: “This is a phase III
clinical trial involving healthcare professionals to evaluate the efficacy and safety of Sinovac's
Adsorbed COVID-19 (inactivated) vaccine. It will be a placebo-controlled, double-blind study in
which participants will be randomly assigned to either arm (placebo or vaccine). In the vaccination
method, two doses of intramuscular doses (deltoid) are used at 14-day intervals. After the second
week after vaccination, the study will evaluate cases of COVID-19 reported as symptomatic SARS-
CoV-2 infections. Adults (18-59 years old) and Elderly (18-59 years old) are divided into two age
classes for protection and immunogenicity (60 years and over). The safety database aims to identify
adverse reactions with a frequency of 1: 1000 or more in adults and 1: 500 in the elderly. Two groups
were evaluated for 12 months. (Clinical experience background: NCT04456595 Change History for
the Study), Actual Register ICMJE (Submitted on February 10, 2021)”’[83].

4.5. Pfizer/Biontech

Pfizer and BioNTech announced on November 9 that Covid-19 vaccine candidates are closer to being
accepted. After seven days of testing on 43,500 people in phase Il phase clinical trials, it was found
to be met with a 90 percent efficacy rate. It has been reported that the vaccine is free from safety
concerns [86]. Pfizer-BioNTech COVID-19 vaccine contains the following components: “mRNA,
lipids ((4-hydroxybutyl) azanediyl) bis (hexane-6,1-diyl) bis (2-hexyldecanoate), 2 [(polyethylene
glycol) -2000] -N N-ditetradecylacetamide, 1,2-Distearoyl-sn-glycero-3-phosphocholine and
cholesterol), potassium chloride, monobasic potassium phosphate, sodium chloride, dibasic sodium
phosphate dihydrate and sucrose” [87, 88]. During the delivery, packaging, and storage of the
vaccine, the cold chain should be noted. Pfizer vaccine must be stored at 70 °C [89]. On December 10,
an independent advisory panel of the US Food and Drug Administration (FDA) recommended the
Pfizer BioNTech covid-19 vaccine for emergency use. Following this consent, work on
implementation will continue in all 50 states. It is expected that full FDA approval will be issued in a
limited period [90]. This permission: On December 11, 2020, the FDA will take place by the use of
the Pfizer-BioNTech COVID Pathogens in live attenuated vaccines have been selected to be less
virulent. They cannot reproduce the true disease or soberly mimic the disease in its altered state. -19
vaccine to prevent COVID-19, administered in 2 doses 21 days apart. Likewise, the European
Medicines Agency (EUA) has issued an emergency use permit. The first dose of Pfizer-BioNTech
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COVID-19 vaccine was administered, which was reported on December 12, 2020, in the United
States. In the United States of America; 4.393 (0.2%) adverse events were reported after the Pfizer
BioNTech COVID-19 vaccine was received (Usually anaphylaxis and severe allergic reactions - to the
Vaccine Adverse Event Reporting System (VAERS)) (as of January 3, 2021) [91].

Based on the Pfizer-BioNTech COVID-19 vaccine clinical trials (Phase 11/111); A large randomized,
double-blind, placebo-controlled trial was conducted involving more than 43,000 people (median age
=52, range = 16). The vaccine was stated to be 95.0% effective in preventing the disease [87].

In the sample, there were reportedly 170 confirmed cases of covid-19, of which 162 were in the
placebo category. Phase Il trial commencement started on 27 July with the participation of 43,661
people. In the United States, 45 percent of the participants were between the ages of 56 and 85. Pfizer
claims the potential is the same regardless of age or gender. In people over 65 years of age, racial,
racial, and ethnic demographic characteristics are 94 percent effective [92].

4.6. Moderna/ MRNA-1273

Messenger RNA (mRNA) is a very unstable molecule that cells employ to make proteins. In a
laboratory, mMRNA may be generated, and when injected into cells, it can induce protein fragments to
be produced. When these little protein fragments (peptides) exit the cell, the body might mount an
immunological response against them. Using this approach to vaccinate people against COVID-19
infection in Moderna, USA [93]. The MRNA-1273 vaccine is based on mRNA encapsulated in lipid
nanoparticles encoding the prefusion-stabilized full-length spike protein of SARS-CoV-2, the virus
that causes Covid-19. It has been stated that there are no known safety risks other than intermittent
local and systemic reactions [94] The European Emergency Use Authorization (EUA) for a lipid
nanoparticle encapsulated Moderna COVID-19 (MRNA-1273) vaccine was released by the Food and
Drug Administration (FDA) on December 18, 2020. (ModernaTX, Inc; Cambridge, Massachusetts)
[95]Moderna COVID-19 vaccine, efficacy: 94.1%; 95% CIl. 89.3%, 96.8% reported. Vaccine
composition; Based on the SARS-CoV-2 spike glycoprotein (S) antigen encoded by RNA;
Formulated in lipid nanoparticles (LNP). According to the company's statement; “Dosing regimen
Intramuscular 2 series of doses 28 days apart; It has been explained that individuals aged 18 years
and older should be given 100 ug each caused by SARS-CoV-2" [96]. Moderna needs to be kept at
—20 ° C [89]. On December 8, 2020, the Food and Drug Administration (FDA) issued an Emergency
Use Permit (EUA) for the Moderna COVID-19 vaccine, administered in 2 doses 1 month apart to
prevent COVID-19. The Vaccination Practices Advisory Committee (ACIP) issued another
provisional recommendation for the use of the Moderna COVID-19 vaccine on December 19, 2020
[97].

4.7. AstraZenica/ ChAdOx1 nCoV-19/ University of Oxford

This vaccine has been obtained in collaboration with UK research centers and AstraZeneca. Older
individuals seem to tolerate the disease better than younger individuals. It has also been reported to
have similar immunogenicity in all age groups [98].

4.8. Sputnik V/ Gam-COVID-Vac

Gamaleya National Center for Epidemiology and Microbiology in Moscow, Russia reported from the
beginning of the pandemic that it was working on a prototype of Sputnik V funded directly by the
country's sovereign wealth fund (RDIF) [99]. The Sputnik V vaccine of Russia was developed and
registered by the Gamaleya National Center for Epidemiology and Microbiology. The vaccine is
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currently not widely used, although phase 111 clinical trials have not been completed. Latin America
(Mexico and Brazil), Russia, and several Gulf countries (Saudi Arabia and UAE) hosted phase 111
trials with 2,000 volunteers [86]. Sixty-two (1-3%) of the 4902 participants in the placebo group and
16 (01%) of the 14,964 participants in the vaccination group chose to accept the second dose of
vaccine 21 days after the first dose. According to the graph of the event rate in the two groups that
resolved over time, the immunity required to avoid disease was achieved within 18 days after the first
injection. This security applies to individuals of all ages, including those over the age of 60. Those
affected but vaccinated show that the severity of the disease decreases as immunity improves. Three
deaths in the vaccination community resulted in patients with common comorbidities and were
considered unrelated to the vaccine. A negative result was not found regarding the side effect of the
vaccine. Based on the number of confirmed COVID-19 cases, it was confirmed that the vaccine
efficacy was 91 percent 21 days after the first injection, with a predicted reduction in disease
incidence. It has been stated that the vaccination after one dose is very useful in terms of maintenance
[100, 101].

4.9. Vaccine Treatment Results

The results of different vaccine studies conducted in 2021 as a result of clinical examinations are as in
Table 1. According to the findings, some vaccines give a cure result of about 100%, while the lowest
rate is 83%.

Table 1. Recovery vaccine results against COVID-19 in 2021 [102].

Vaccine name Doses Who get vaccine Protection from
COVID-19 (at home)

Moderna 2 ~15000 97%

Pfizer / Biontech 2 ~18600 100%

Sinovac/ Coronavac 2 ~12500 83%

Astrazenaca 2 ~8588 100%
Johnson&Johnson 1 ~22000 85.4%

Sputnic V 2 ~14964 100%

Novavax 2 ~8833 100%

5. CONCLUSION

In this review article, detailed information about the drugs and vaccine applications used in the
treatment process from the onset of COVID-19 disease is given. Clinical reports from treatment
methods are discussed. Drug treatments are generally applications in the form of antimicrobial drugs
and supportive drugs. Drugs used in drug treatments are generally as follows: Emdesivir, Favipiravir,
Chloroquine, Hydroxychloroquine, Lopinavir / Ritonavir, Chloroquine / Hydroxychloroquine, and
supporting agents. Some of these drugs are in clinical practice. DNA and RNA-based vaccines have
been developed for patients with COVID-19 disease. The main ones of these vaccines are Sinovac,
Biotech, Moderna, AstraZeneca, Sputnik V, etc. Although there are many vaccines, they include the
most effective and those that have been authorized and implemented by the FDA and EUA. Vaccine
studies continue in developed and developing countries. In this way, it is aimed to get away from the
economic pressure on countries and psychological factors on people. COVID-19 drug and vaccine
studies are also applied to the structure of the coronavirus family. Therefore, these treatment methods
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will be applied against new coronavirus mutations in the future and will guide new drug and vaccine
studies.
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