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The New Technologies in the Pandemic Era

Erick Giovani Sperandio Nascimento'*, Adhvan Novais Furtado!, Roberto Badaré', Luciana Knop'
ISENAI-CIMATEC; Salvador, Bahia, Brazil

The pandemic of the new coronavirus affected people’s lives by an unprecedented scale. Due to the need for
isolation and the treatments, drugs, and vaccines, the pandemic amplified the digital health technologies, such as
Artificial Intelligence (AI), Big Data Analytics (BDA), Blockchain, Telecommunication Technology (TT) as well as
High-Performance Computing (HPC) and other technologies, to historic levels. These technologies are being used
to mitigate, facilitate pandemic strategies, and find treatments and vaccines. This paper aims to reach articles
about new technologies applied to COVID-19 published in the main database (PubMed/Medline, Elsevier Science
Direct, Scopus, Isi Web of Science, Embase, Excerpta Medica, UptoDate, Lilacs, Novel Coronavirus Resource
Directory from Elsevier), in the high-impact international scientific Journals (Scimago Journal and Country
Rank - SJR - and Journal Citation Reports - JCR), such as The Lancet, Science, Nature, The New England
Journal of Medicine, Physiological Reviews, Journal of the American Medical Association, Plos One, Journal
of Clinical Investigation, and in the data from Center for Disease Control (CDC), National Institutes of Health
(NIH), National Institute of Allergy and Infectious Diseases (NIAID) and World Health Organization (WHO). We
prior selected meta-analysis, systematic reviews, article reviews, and original articles in this order. We reviewed
252 articles and used 140 from March to June 2020, using the terms coronavirus, SARS-CoV-2, novel coronavirus,
Wuhan coronavirus, severe acute respiratory syndrome, 2019-nCoV, 2019 novel coronavirus, n-CoV-2, covid,
n-SARS-2, COVID-19, corona virus, coronaviruses, New Technologies, Artificial Intelligence, Telemedicine,
Telecommunication Technologies, Al, Big Data, BDA, TT, High-Performance Computing, Deep Learning, Neural
Network, Blockchain, with the tools MeSH (Medical Subject Headings), AND, OR, and the characters [,%,; /., to
ensure the best review topics. We concluded that this pandemic lastly consolidates the new technologies era and will
change the whole way of the social life of human beings. Also, a big jump in medicine will happen on procedures,
protocols, drug designs, attendances, encompassing all health areas, as well as in social and business behaviors.
Keywords: COVID-19. SARS-CoV-2. New Technologies. Al. Big Data. BDA. Telecommunication Technologies.

Introduction

The COVID-19 pandemic is causing serious
disturbances in human society and unprecedented
health and economic crisis. At the same time,
several new technologies are being applied to
the novel pandemic of coronavirus in a global
effort to mitigate the consequences of the disease,
to optimize the efforts against COVID-19, and
to find a drug or vaccine as quickly as possible
to treat and cure people worldwide. Healthcare
fields were fast to adopt digital solutions and the
most advanced technology tools in response to
the COVID-19 pandemic. Many of the solutions
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implemented now could be solidified soon,
contributing to the meaning of new digital-based
models of care. These technologies mainly include
Artificial Intelligence (Al), Telecommunication
Technology (TT), Big Data Analytics (BDA), 3D
Printing Technology (3DPT), High-Performance
Computing (HPC), among others. Due to the
considerable studies on technological innovations
in the combat and control of the COVID-19
pandemic, we decided to summarize them in
Tables (Table 1-6) and Figures (1-28) and describe
the main technologies and their applications to
mitigate the pandemic and help in the solutions
against COVID-19.

General Use of New Technologies Against
COVID-19

New technologies very often are capable of
providing solutions for our daily lives during a
crisis [1, 16, 29, 30]. They have the potential to

www.jbth.com.br



135

New Technologies and COVID-19

JBTH 2020; (June)

‘sjopour 0A1RIpald pling 03 pasn
9q Ued YoIyM ‘suioped pue Spual) USppIY sIoAooun [y oy} ‘uonelaidisjur pue
SISATeue ejep s9[qeuo eye Sig IS[IYM :S[V A UONRIOOSSE Ul Pasn 9q Ued 3|
[z €11 snma oy jJo spooge oy dzZiennou o) IOPIO UL SUOISIOIP
Iopoq oyew 0) [nydjoy AIoA oq UBD UYOIYM ‘UonewlIojul ojep-o3-dn

im  sioyewkorod pue  ‘sysiSojorweprde  ‘siojoop  ‘syspuaros - dinbo
Apuonbasqns pue PIOM 9y} PUNOIE SOOINOS WOI) BIEp OSWN-[edl A[1eou Te1] ereq 31g
oyes 03 9[qe aIe sIOoen (I-AIAQD Shiaeuoiod jo joedwr pue | sordeioy) oAnodje Surkinuopt Aoinb pue soAl] oAes Surdjoy si
[oBaI oy} JurseodIoj pue JuizAJeue Ioj [njosn A[USIYy oq ued ejep 3Ig [I] ‘Sunjew UOISIOAP PUB UOHEN[BAD (SUIN-[BAI JSOu[e) I)Se) JOF
‘woIsAs  uonuoAdrd pue ‘FULIONUOW [P[BAY JUSWIDAOW  ‘UOISSIWISURH | SISeq Y} sopraoxd AFo[outd9) siy) 20uIs 6] IAOQD Jo peaids
oseasip Jo uonuaadld oy spremo) udey 9q ued sainseowr derdordde |opimprIom Y [01UOS pUE Jdex) 0) [nfasn 3inb oq ued | ‘snIia
9Insar & Se pue ‘sisA[eue IOJ AQUSIOLJO J[OSI SPUJ[ Jeyl Jeuwwlof |sIy) Aq paioojur sjuoned Jo Ioquinu 9FIE[ B JNOQE UONBULIOJUI
e ur popraoxd st eep orqnd oArsuoixo  10j  Ajoeded  93e101g | 9103S ueod jey) A30[0uyo9) Juisn anbruyos) onAjeue ue si ejep g
[11] Suturesy
ouryoew Jo prey-qns e ‘Jurured] dodp Jo S$S90ons y) 0} anp
Aqurew ‘sreok mojf 1se[ ay) ul ssaifoxd [enuesqns opew sey J] woIsiA 1omnduwiosy
‘waty) ur Judsaxd uoneuwIojul oY) pue sagewr [e3S1p Surjordiojur s
Aq Surpuejsiopun [9A9[-yS1y & dojorop 03 s1ndwoo Suisn 03
[11] saSewr Aey-x pue 1) 03 parjdde uoym J01u0d PuL UONUIAJLJ | PAIOAD SI Jey) p[oy Areur[drosipiojur ue s1 uoIsiA 1ondwo))
"T-A0D-SYV'S Jo adeospuey
oruoFountuuul Y} 301paxd 0} pasn 9q OS[e ULd AJUIFI[[AUI [eIOYNIY ‘A[IseT
[o16] (Aeyg-x pue 10) sagewr [eo130[01pel pue
JIomou  [emdu  pue  Jurured] dodp  yum  pasn 9q  UBd  I]
‘[8] suroped Arojendsar jounsip I0Y) uo paseq NIom 0) pado[oAdp drom
SIOYISSB[O YI0MIdU [eIndu ‘sjuoned ¢1-qIAOD JO SUIuaIos J[edS-03Ie[ 10,
[L] peads pue  Kpamisues  ySiy  UyHM  POJENSUOWOP  Sem
WAISAS  UONOARP  SNIA  Ppaseq-¥YdSIYD & Suisn su3is9p
Kesse  7-A0D-SYVS JO  Sumuoords  paseq-Juruied]  QUIYOBA (TV) @oua31[ouy
‘[9 ‘s]31Inq u93q sey saFewr 1.0) O10BIOY) JO W)SAS SISATeue paseq-3urured] doop ‘[Z¢1] 3017300 [e1ognIY
& ‘oun 1940 sjuoned ¢1-qIAOD JO SULIO)IUOW PUE UONIIP PALWOINE IO | PUB ASIOU 9q UBD BIBP O} SOWIIWOS 9SNLdq PUE “ejep Jo JJe[ 0}
‘[{] 0o111S U SO[NOS[OW MU FUIUTISOP UI PUB ‘SHWI| J[qBUOSEAI UIIIM SILIIA | NP PAIJLNSAI JBYMIWOS ST AZ0[0Uy0) SIY} JO sn Y} ‘APUdLIND
siy) Surdeay ur pre ueo Iy ‘[¢] (uonewojur [eordojorwopids 10J 9oueyrodu | ‘surened Junorpaid pue ‘Surure[dxs ‘Fuiziugooa1 10y vjep 51q U0
j8a13) YBAIQINO GI-ATAOD Y JO o3e1oA0d owm-[ear apraoid ued 3| paseq s[epouwr asn 03 siondwod Funonnsur ‘Surssasold oFenIue|
[Z] ‘senurt 03 UOT}99IP J1IOUIF I0J W) AY) UMOP SULIQ UBD SN SI] JUSWILAI) | [RINJBU PUB ‘UOISIA JoIndwoo ‘Surured] dumyoewl 0} A[IB[IWIS
grenadordde 10y A[Surpioooe ooiape pue ‘Funndwiod pno[d pue ‘UOISIA | SHIOM I] ‘sown drwepued ur Apuey ur sawod yorym ‘uonendod
ndwo) Ty ‘Surewl [eULRY) JO UOnRIZAUI ) Y3SNoIy §1-AIAOQD JO | oY} JO SUIUIIOS PUL UOIIIJUL JO SYSLI JO JUSWISSISSE A} 0} SOUW0I
swojdwAs pajoadsns pue IOAJJ YIIM S[ENPIATPUI ‘SISTLIA SUTOIIP SIOM UBD I |IT USYM Judwnnsul [nyromod € 9q ued Q0UIFI[AIUI [eIOYNIY
(sojdwrexy) suonednddy uondrsaq A3o10uyd9],

orwapued g1-qIAOD Ut suonedrde oY) pue sordojouyds], MaN ‘I dqeL

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19

136

UOTJUOAIOUIT [BO13INS PUB [BOIPIW QUIDIPAWSQ) ‘SISATeue jep juoned
oy Kyienb orpne pue 09pIa JO BIEp SUI-[BAI SMO[[E JIoMmIou paads-ySiy oy,

‘[61] 91qe[IBAR J0U SI SS90 DG AIAYM SUONEIO] UL SB [[dM SE [0
o) YIIM UOHIIUUOD A} SUIYSI[qRISI A[[ENIUL 10] Df SN SHI0MIU
mou oY) se ‘Aiqeded 1T Dy 9ABY OS[B SIJIAJP SSI[AIM DS
Mmau Ay, [/ ‘L1] Ioroworny axenbs 1ad $291A3p (0000 01 dn
Auo suoddns Dy o[ym “130w0[1y d1enbs 1od $991Ap UOI[IW B
01 dn j10oddns ued DG "[[90 Mau Y} 0) A[SSI[WRAS  JJO PIpURy,,
A[[eonetuoIne SI I3YIOUE 0 [[30 UO WO SUISSOID IDIAIP J[IqOW B
‘SYI0MIU [0 JOUJO UL SY "UONIIUUOD [NBYO.q SSI[AIIM IO IdqY
reondo yipimpueq-ysiy e Aq J0UIU] Y} Pue JI0MIdu duoydo[dy
AU} YIM PIJOAUUOD I SBUUIUE [BOO] Y[, S[[O] IOYIO Ul PAsSnal
a1e Jey sorouanbaiy Jo [ood © woly I9A1ISURT Y) Aq pausisse
s[ouueyd Aouonbal I9A0 [0 Y} Ul (IDAIdJI puk IOPIWSULRI))
IOAIQOSURN} pojewiojne 1omod mo] pue Aele BUUSUE [BOO] ©
[JIM SOABM OIPEBI AQ QJeOIUNWIIOD [[30 B UL SOOIAJD SSI[AIIM DG
Y [[V 'SHq JO WEBANS B SB PIPIWSULRI} PUR IOJIOAUOD [B)TIP-0)
-3o[eue ue AQq papRAu0d ‘Quoyda[e) ayy ur pazni3ip ore sofewn
pue spunos Sunjudsaidor s[eudis So[euy S[[90 PI[[ed SeaIe
[eoryder3003 [[ews ojur pOpIAIP SI s1dpI1aoid AQ paIdA0d BaIe
OOIAIOS O} UOIYM UI ‘SYIOMIOU JR[N[[D [BISIP I8 SYIOMIOU DG

suoneorddy
Hewis + D¢

‘[z] ureyo Ajddns a3 Jo juowoSeurW SAI}OIS AU} UL
j1oddns pue ‘Joru0o 9seasIp Jo ssao01d ayy ur A[Iqeadsen se [[om se ‘siouyred
o1391enS QU [[B O} BIep OwWN-[edl JO IOIO Oy} 9Je)I[Ioe] UBD SWIILIOI[Y

‘[91] sAemyyed Surjoen uoneuop
pue sureyo Ajddns [eorpowr jo Ajjiqeureisns oy Sururejurewt
pue ‘syjuowAed ooueinsur JurSeuew ‘SnIIA U} JO UOISSIWISURI)
o) Suppoen Aq 61-IAOD 03 asuodsar [eqo[3 ay) Jo 1red [eiSojur
ue 9q 03 [enuajod dy) SeY UIeyoxoo[g "pury SIy} Jo sAroussIowd
Sunmp sosuodsar 19)se} 0} Ped] P[NOd Y NSAI B Se ‘pue Jurjew
-UOISIOOP Ao Fupsisse Jo sueowr deoyod pue 9uaredsuen
9snqor apraoid 03 9[qe SI I ‘JudwoSeuew S1WOPIdo Jo ploy oy
ur A3o[out09) A9y & St JYSI| 0) W0 A[JUIAI SBY UIRYINO0[g

ureyoyoo[g

[S1] (SVIAS) siuwaunuioddy axe) [ed1pajA -

:Kj1eal pajuowidny pue AJ[eal [eniA YIm dInjonnsesjul

w0d9[d) 1039q Julsn Aq 9[qIssod mou aJe SUONE}NSU0d AJOWAT ISAY} TIAIMOH
"UOISSIUWISURI) 9SBASIP PUE JOBIUOD UBWI-0)-UBW pue Suroue)sip [e1dos ay Suidjoy
sny) pue JSIA [e3dsoy & Joj paou oy} SUIPIOAR ‘S[[Ed OdPIA [SNOIY) SUONIPUOD
[ESIPAW JIAY) UO S[eUOISSJ01d pouren-[[om WOl UONE)NSU0d B dARY Ued judned v

‘[#1 “€1] suorssiupe 9j0Wal pue ‘FULIO)IUOW ‘UONUIAIIUL
‘UOIJBONPA ‘SIOPUILAI “QITAPE ‘DIBD 10B)U0D URIOIUI[D pue judrjed
20UR)SIP-3U0] SMO[[e 3] [Z]] SIIS0[0UYdI} UOHBIIUNWIIOII)
pue UONBWLIOJUI OIUOIIOI[d BIA UONBULIOJUI PUB SOOIAIDS
PIR[AI-I[BY JO UOINQLSIP AU} ST JUIDIPAW[], 10 Y)[BAYI[A],

QUIOIPAWIAA],

suopedddy

uondrsaq

A3o10uyd9],

www.jbth.com.br



137

New Technologies and COVID-19

JBTH 2020; (June)

"SOOIASP UOHEOIUNWIOD JO SIOqUINU
oS1e[ ySnoxyy Ap[omb pue AJIses sIeulqom pue ‘Sjeyo ‘SUOHEOIUNWWOD
olpne pue odpia Suipjoy ur sdjoy oremyos oy jo uoneordde oyj

‘[sT “p7] suone[al [B100S PuE ‘UOHBINPI AJUB)SIP
‘Sunnuwosod) ‘SuroudIguUOd[e) 10J pasn ore pue wuojjeld
218M1J0S 100d-03-100d paseq-pno[d & ySnoIy} SoIAI0S JBYD dUI[UO
pue Auoydoyoioapia opraoid jey; sorSo[ouyd9) UOHEIIUNWWO))

woyyerd
SUOT)BITUNITIOD
09p1A asudigud
WIOPOIN

v
y3noayy pazAeue ejep uonerndod oy wogg syndur yirm uoISIoIp JUSSI[[oIul ue
oyew ued pue s[e3rdsoy] oy) punore pue ul ISLISIP SNOOJUT JO JUIWUOIIAUD
snoprezey ay) ur Ajjiqerar pue uorsoard ypm sqol sannodar sayeiropun

‘SI9UJ0 pue ‘FULIdIUISUD
OIUOI09[0 ‘SULIOAUISUS ‘[BOIUBRYOOW ‘FULIDOUISUD ToIndwod
‘SULIOOUIS U UONBULIOJUI JO JUSWAAIIYIL o) UO SMBID SO130Q0Y
‘9Jes ou0A1oA0 dooy pue SoAl] Aep-03-Aep JI9Y} UI sueWINy ISISSE
pue djoy ues jeyy sourgoew JudI[oiul udIsap 03 SI $910qOI JO
[0S oY, "s10qo1 JO asn pue ‘uonerado ‘uoronysuod ‘usIsap oy
SOAJOAUI SO130qOY ‘[¢7] SurosurSuo pue 90udrds INdwos Jo
Q0BJIOJUI 9} JB BAIE OIBasal AJeul[dIosSIpIojul ue SI SO10QOY

SO110qOY

SUOIBO0] )OI
SunooJuISIp 10 POsh 9q OS[€ UBD PUB JOUR[[IOAINS BOIE puk 1op1aoid sonsiSof
JO sqol oxel1opun UBd UOIEO0] AJOWAI £q PA[[0JIUOD SI[IIYOA POUUBWIUN ISAY |,

‘[zz] 10qo1 snowouone ue Aq pajoqid o [1z] s1ondwod
pieoquo Aq A[snowouoine ‘rojerodo uewny e Aq [01U0D
9JOWAI JopuUnN IS :AWOUOINE JO SIOIZIP SnoLIeA M djerodo
Kewr SAV( JO WYSIY 9YL "OM) U} USIMIOQ SUONBIIUNUILIOD
JO WQISAS B pue ‘I9[[OJUO0D PISEq-pPunoi3 B ‘Ay() B Sopnjoul
yorym {(SV[)) WISAS JJeIoIE pauuewun ue jo juduodwos e are
SAV "9[oIYoA pauuewun jo ad4) e pue preoquo jorid uewny
' JnOYIM JJeIdlre ue SI (Quolp e se umouy Ajuowrtod [og]
J[OIYQA [BLIOB PAMAIOUN 10) (AV(]) S[OIYQA [BLIdR pauuLwUN Uy

sauoI(]

‘[z ‘1] syuaned swoy-ur Jo SuLiojIuow

Jjowal Aq JJels [eorpaw oy 03 Jarja1 Surpraoid ur [erogouaq 9q ued A3o[outoo)
SI} ‘IOAOQIOJN ‘UMOP padoel} 9q ued osunuerenb oy yoeolq oym syudned
9, "paInsud 9q ued sjuaned oy Aq sunuerenb jo souerdwos oy, ‘syuoned
) YIm 30BJU09 Ul Surwod suosidd oy SurkJruspr ul os[e pue 019z judned
Suryoreas 103 sysiSojorwapido oyy 03 (nydjoy 9q ued I YeAIqINO U JO UISLIO
9y) Suroen I10J pasn oq ued A3ojouyo9) Sy, “SuLream-ysew pue ounuerenb
Jo uonejuswdwr oY) 2INSUD 0) JOPIO UI OUB[[IOAINS I0J SN UL dIB SAUOIDP
‘@oue)sur 104 "6 [-AIAOD Isurese sy oy ur (nydjoy A19A 9q 03 Suraoid st 101
‘(exmng oy JO SALI0JOEY

oyy 03 reqruurs) ssoooid juoumeon oy Sunmp syuswaimbar Jo soSueyo pue
SI0119 AUE JO JJe)s [eoIpaul o) wIojur 0} d[oy Sod1A0p Pejoouuod 9say) ‘sny ],
'Suo1}eo0[ 91393e13S PUE [e31dSoy 9Y) UI JOUINUI A} 0) PAJOAUUOD ATB SOIIAID [V

‘[ ‘1] 19AI9S pnojo [enudd
JY) 0} SU[EW UOISIOIP PUB SONATRUR IOJ JUIS U} ST PAJI[[0D
BIBp O], 039 ‘s10qo1 ‘sauotd 9[rqowr ur pojeIodIodur SIosuds Jo
d[oy oy ym Quop SI Blep JO UONIA[0)) ‘BIEp JO 9FeI0IS puk
‘sonAJeue ‘I9Jsuel} ‘UONIJ[[0d JO SIOSLIdWOD J] "0)9 ‘S)asse Jo
juowdgeurW ‘FULINJOBJNUB PIJLWOINE U YJMOIS SNOPUSWAT)
Ul poJINsal Sey Jey) UONN[OS PjewoIne ue SI SSUIY ], JO JQUIU]

(Lo1)
SSUIY [, JO JouIdu|

suonednddy

uondrsaq

A3ojouyda],

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19

138

‘[z ‘1] a1qeadoooe Aqipear Surtooaq st s)udAd orydersojoy Jurweans
Jo A3oj0uyo9) SIy} ‘woy je Ae}S 03 PUNOq I8 SIIOM ) UdYM YBAIQINO G
AIAOD JO awi} SIy) U “wsijeal-enyn I93jo 03 Afiqe ay) mou sey Aydeisojoq
‘own) owes oy Je Surweans oAl SIy) puope ued dydoad jo spuesnoyg,
‘6 1-AIAOD Surpiedar 03e)s JUIAD [BaI B UO AJ[BNIIIA SOOUJO IO SOWOY JIoY)
wo1y SurAl] a1e s1ayeads aYI] S[99 3] "6 1-ATAOD 03 SO pue ‘saakojdwo
‘s103yeads o) JO 2InS0dXd POINPAI A} SAINSUD I] "SIUSAD OAI] PUB SOIUIIIJUOD
1onpuod 03 Aem mau e paaed sey AydeiSojoy jo ASojouroo) [ensip oy,

‘[2°1] spueiq 119y} p[ing pue ‘sjudr[d mau ppe ‘sjonpoid youne|
UBD SASSAUISNQ AY) “SIY) JO SN Y} AN “FUnNSeIqIM I0J PIdU o)
INOTRIM SIUIAD JIAY) AZI[BNLITA 0 QATBUI)E UR [JIM SUOILI0dI00
sopraoxd 3] -309[qo [euiSuo oYy Jo oFewll (J§ 9JBINOOE UB
JONISUOJAI UBD WeIS0[0Y Y[, ‘AIOWAW SBY JBY} MOPUIM B I
ST 3] "WeI30[01 Ay} PA[[e ST PI0AI AY [, 193[qO 9} WOIJ SAWO0I
yorgm aAem ) Jo opmrjdure xoidwos oy pue aseyd oy ypoq
sp10921 31 {Aydei3ojoyd 03 3sennuod e st 3 ‘saanoadsiod Surdueyd
pim smata ¢ syuasaxd 3 AyderSojoyd g st AydeiSojoyg

Aydei3ojoyg

[z “1] uoneioqerjoo
pUB UOHEOIUNWIIOD JOJ [00} JUS[[I0Xd UB UIq SBY YA ‘OSeasp 61-AIAOD
JO owir} SIY} Ul ‘0§ "JUSWUOIIAUS o) JO joedwll oy} SIOMO[ PUB ‘WSIOAIUISqE
S90Npal ‘s1S00 [dARI) Saonpar ‘dnoid e ur Junjiom oY) sopeiddn ‘Aouaronje
soA0IdWI YA ‘[[e J& SuonoensIp Aue JnoyIm puey je se) 9y uo snooj A[oInuo
ueo o[doad jey) SI Jyoueq enxd oy ‘SUI[oARI) JOJ PIoU oy} JNOyIM ddeds
oures oy ul Joy3a30) aIe Aoy) o] [99) o[doad oxewr 03 AI[Iqe SI ST WNIpaw
SIY} JO Jgouaq JueoyruSIs jsow oy ‘S[[ed 09pIA 10J uondo jeaid e S19PO
Aypear [emaia Jo ASojouyod) oy eaIqIno ¢1-AIAOQD Oy JO sowny 9y} uf

1]
POPI00aI 9q UL JUIIUOD O} PUL ‘PIJISIA 9 ULD SUOHB[NWIS I}
‘SpIEOQAIIYM QANINIUL YSNOIY) dwn-[edl Ul JoyjaS0) JIom Uued
ordoaq ‘Ayanonpoid pue ‘AjAaneaId I0jwod JeaIS JO SIJOUdq
oy syuasaxd ASojouyody s1yy Aq popraoid JUSUIUOIIAUD oY, 039
‘ururen Arejiiw ‘urureny [edIpaw ‘Sururer) [euoneoONpo ‘sowes
dg ‘sowed oopia opnjour suoneosijdde s)| "priom Surjiom oy
WoJJ JUSIOPIP JO dwWes dy} Isowe SI Jey) d0udLadxo pajernwis
e sopiaoid jeyy A3ojouyoo) [enSip ' SI (YA) ARSI [BNIIA

KyrTeoI [emaIp

"01BM}JOS o)
)M PajeI3ajur oq OS[e UBd SAISO[OUYdd) I9Y)0 pue aremijos uonesrdde ayp
1od se sowooIno JseasIp Jo Surepowr pue eyep Ay} SuLd)sISar pue ‘sjuoned
P3o9Jul ‘suonedo] d139ens yoen 0} sdjoy pue y1omjou paads-y3iy e sosn)

‘[9Z] 991A9p 9[1qOW JY) UO AIOAIIP ULY) JSYJLI SIOSMOIq
gom oriqou ur unr jey) suoneorjdde gom pue ‘siondwod doyysop
uo uni 0) pausdisop are yoym suoneordde dopysop 03 3sENUOD
ur puejs uoyo suoneordde o[iqopN ‘wioperd uonnquysip Ay
pue 10jea1d s.uonedrdde ayy uoomjaq jpds Sureq jgoid oy
s ‘ooud e oAey s10U)0 pue ‘o1 are sdde owog 0101 Ae[d
913000 10 (SOT) 2103 ddy 9 se yons ‘wdisAs Sunerodo ojiqow
9y} Jo 10UMO 3 Aq pojerado are yorym suropied uonnqrysip
uoneordde woixy popeojumop Ajerousd ore sddy -ojqe[reae
sdde jo suoriu mou o1e d19y} jey} os soseyoind 1ONON pue
‘SUD]OB-I9PIO ‘SIJIAIOS PISEq-UONBOO] pue SJH) ‘uorewoine
K10)0®] ‘sowes o[Iqow St yons seale Ioyjo ojul uorsuedxo prder
pasned sdde 103 puewop orqnd a3 Jnq ‘saseqejep 30LIUOD pue
Tepud[ed [rRUId SB [ONS douelsIsse AJAnonpord 10 popudjur
Arewrduo a1om sddy -yojem 10 991qe) ‘ouoyd e Se yons 991Adp
d[iqouwr & uo unr o) paudisop uoneordde aremiyos 10 werdord
1omdwos e st ‘dde ue se umouy ose ‘uoneordde ojiqowr y

sdde suoydyrewrg

suonedddy

uondrsaq

A3ojouyda],

www.jbth.com.br



139

New Technologies and COVID-19

JBTH 2020; (June)

‘[z ‘1] pasnai 2q ued pue
J1qe[o4o91 st ysewr pojurid-q¢ yoeHoueN pado[oadp A[mau o) jey) pawIe[o
SI 31 “OPIS JAYI0 Y} U "WIAISAS0IS ) 0} [BIUSWILIAP q 03 dA01d Ued )1 pue
JUSWUOIIAUD ) I0J S[qBIINS JOU SI SI0JeIIdSAT GEN pue SYSBW [Bo13INnS JO asn
YL U (¢ Ul 61-AIAQD 10 suosiad Jo roqunu d31e] € 1591 0} pakojdwd
9q ued ysew o0} SIY[, ‘Judwdo[oAdp Iopun Apeaie SsI A30[ouyod) SIy} Jo
asn oy} yym paonpoid 9q 03 ysew d9.J Y 9seISIP 61-AIAOD JO peaids ayp
urejuod o3 suonedrdde [eonLIo dwos Ul pasn 9q ued A3ojouyod) Junuud q¢

‘[z ‘11 s11ed uwonneoard
paxmbair Suuimorynuew Aq ureyd Ajddns [eqo[3 oy 103 pasu oY)
S[IgIy ‘sny], -oSeioys paxnbar oy 1od se syed JojenuoaA jo
juowrdofoadp pue uSisop oy ur sd[oy 3] "ISO0 pue i} ISSSI[ Ul
jonpoid 9y} Jo uoIsIdoA snoraaxd ayy as1Ad1 Apomb ueo sy [, o[y
[eusip v Jo indur ay) woij jred pazrwolsnd Jo JuLnjorjnuell
oy} I0J proy [eorpawr ayy ur Juidrowe Apeare st Sunund ¢

Sunuig a¢

‘paxmbar roaduaym ‘6 T-AIAOD Y1 10] K3oj0uyo9) Sunurid (¢ Sursn ‘sjuared
PUEB SIONIOM QIBOYI[BIY JOJ SIJIAOD PazZI[euosidd Jo 9InjoBJnuUL SONBLIOPU()
‘[z ‘1] ASojouyody siyy jo suoneordde Ioyio oy Jo owos oIe USISOP
[emsnpur pue ‘Surddewr onoqor ‘ormdes uonow ‘AJrjear [eNIIA SNIIA G
AIAOD Ajnuenb pue 30919p 03 [00) [NJasn & ‘OS[V "6 [-ATAOD 10J Suruueds
3soyo oroeroyy oyl sdjoy ey onbruyody joejuod-uou e SI Juruueds (¢

‘[z ‘1] se1aow pue sowres 09p1A urdooasp ur
[nJosn os[e a1e siouueds (J¢ ‘suoneorjdde jo roqunu o3Ie] © 10§
Pasn 9q Ueod BIEP SIY [, "BIEP PAIOS[[0I JO SN A YIM PIONISUOD
oq uay) ueod [apouwr (¢ Y[, -oouereadde pue adeys syt noqe ejep
3un100[]09 10§ $309[q0 pJ1I0M-[B31 JO SISAJRUER Y} 10J pasn sTndino
Suruueos (¢ ‘uorsuowp as10a1d 1od se jaed sy pue Apoq uewny
o) Suruueds I0J pasn SI AF0[0UYD9) SIY} “QUIDIPAW U] ‘S9s$9901d
SuLI0oUISUS OSIOADI U} JOJ [NJSSA00nS SI AF0]0Uyd9) SIY ], “BIep
[eusip v ot jaed [eorsAyd o) 110AU0D 03 pasn ST SuIUULRdS (¢

Suruueog (¢

‘[z 1] 61-AIAOD 2 Jo peaids
oY} UIBIUOD 0} ‘UIN) Ul Pue JJe)s [edIpatll oy} Jo oouewIopiod oy) ooueyuo 0}
[ngdjey A10A 9q ueo 3] "uondnisip Aue jnoyim sannp Iy} uojrad o) gers
[eorpaw ay3 djoy o3 1opio ur syeydsoy ayp ur pakojdop oq os[e Aew $30qo1
o01[0d SNOWOUOINE A ], ‘UMOPO0] JO s10pI0 oy} Surmoyjoy oxe ojdoad oy ey
wIyuod 0y seare ay) Jurjjoned 105 pakojdop aq ueo j0qo1 do170d snowouone
ue ‘orwopued 6-QIAOQD oY Ul Umopyoo] jo sown juesaid oy Suung

‘[z ‘1] sSureq uewiny 10§ snoid3uep 2q Aew YoIym
SUOIEMIS 9y} 910UST UBD 3] "90USSI[[IUI [BIOYILIE PUL SO130qOI JO
A3oj0uyo9) qns e se paropisuod s1 3] “djoy ynoyym porad Suoj
KIoA ® JOJ PIsn 9q UED J] “JUSWIUOIAUD 9} JNOQE UOHBULIOFUL
199[]09 03 pakojdwd 9q ueod )] ‘Aoudge [BUIAIXS AU JO dOUANYUI
AU} JNOYIIM SSB) AU} INO ALIED 0} Pasn ST J0qOJ SNOWOoUoINe Uy

j0qo1
SNOWouoINYy

“(SYOMION [BINON JUALINIYY ) uo SNNY Paseq sursn orwopued 61-AIAOD
oY) Jo sawodno aqqissod oy 3o1paxd pue ejep [eor3ojorwapido Jeroyjo osn
uoneudy}031e31dSOy QYIWOIJ [OAJUAIPIPBILSINI[108] [BONLI0JOSIuUdWAIINbaI
[opouw 0} S[00} JOYJO PUB UIeyoxoo[q Yim pokojdwo oq uedo aremijos ayJ
‘SUI[opoW 9SBISIP UI SUOISIOOP dWN-[eal Sunjewt ul sd[oy pue jouIdiul oy} Jo
d[oy o yam s1asn oy 03 omod Sunndwod Jo Junowe SnouLIoud e S9[qeud 0}
‘o1qereAe opew pue wojie[d Sunndwod €18 pa1o)s SIUONBWIOJUI AIBSSQU [V
‘[z ‘1] 61-ATIAOD 03 onp sysonbar Jo roquuinu d5Ie] € 9AI3I OyMm SIOPIAoId
QIeOY)[BOY I0J UONN[OS dIe)) J010Jso[eS poudisop A[[eroadso poonponul
‘ourjsul 10 ‘SAem [BIOADS Ul G[-(IAOD Isurede jysy o) nydoy oq
ued Sunndwoo pnop) pnoj) 9[3005) pue ‘AINZY IJOSOIOIA ‘SIOIAIOS
oA\ UOZBWY SB YONS SIOIAIOS USnoIy) XIPION “JOB[S ‘O9pIA WO007Z oYI]
suoneordde jo djoy oy yirm SOAI] [BIISIP IIOY) ONUNUOD 0} Qe UAq dABY
9rdoad “ea1qIno g1-ATAOD Y} PIwe uone[osI [B1o0s Jo sow} judsaid oy uy

‘[z ‘1] amonyseryur oy Suruuni Jo AoUdIOLJ
pasealoul pue 3500 3unerddo paonpar Ul s)Nsal ) "O[qIXo}} oIe
[OIYM S9IINOSAI PUB UOBAOUUL 19)sBJ sop1aoid A3ojouyoo) siy .,
010 “Q0URSI[[OJUI ‘TUDNIOM)OU ‘SOSBqE)Ep ‘OFBI0)S ‘SIOAIOS SB
[Ons JOUIIUI 9} IOAO SOOINOSAI WISAS 10)ndwod Jo AIOAIIP
oy soajoAur Jeyy A3ojouydo) [endip e st Sunndwos pno)

Sunndwoos pno)

suopednddy

uondrsaq

A3ojouyd],

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19

140

‘[8Z] s8nip umou jo Sursodindar pue sajeprpueo 3nip [9AOU JO UOIIBOYIIUIP]

‘spoowr 021718 u1 Yim sweiSord moN

Su1uaI0s emIIA

‘[91] A30[0uyo9) dUIdIBA
dronaedoueu jueurquoddr Arejoudord sy Suisn ‘g1-qIAQD J10J djepIpuRd
QUIOOBA B JO JuoWdO[oApP AU} PAjenIul AJUoddl OS[e ‘Q[IYMUBIW XBABAON
‘Aprys 1 aseyq pa1dud isnl pey (61-AIAOD) 2SBISIP SNIIABUOIOD [9AOU 1) 10
(ELZT-VNYW) 21epIpuRd QUIDIBA PISEq-YN YW SI Jey) pasunouue AJjuddal
sonnaderdy) YN 1o8udssow ur Surzijeroads Auedwoo A30jouyo9)orq paseq
-S( ® ‘PISUOI] UI9Q JOAD SBY QUIOOBA YN OU J[IYA\ Apoq 9y} urgim i
IOAI[Sp pue Jnoddowr YN Y} yoed 03 pasn usaq aAey soponredoueu pidiy
‘spuens (pIoe d19[oNUoqLL) YN 193UISSou JO S)SISU0D YOIYM ‘QUIOOBA PIseq
-V N UB JO 9SBD 9y} U] "AIDAI[OP SNIP Ul PAsn uddq Apeal[e Sey dUIIIPIWOUBN

[91] spaau
[eOIPOU JOUWIUN SSAIPPE 0} SUOTINJOS [BIIPOUT QATIRAOUUI PUE MAU

Surpraoad Jo 9jqedes ‘A3o[ouydd) Surjqeud A9y © St pozIug0dal
Ud9q SBY SAUIIPAW MAU JO Juawdo[dAp Y} ur A30[0Uydj0uLU
Jo asn oy 1oy1a301] Y "S)09]9 [BIANUR JIQIYXS 0 PIUIISOP 9q UBD
Koy} £[[99 3s0Y 9} SULIDIUD puk uryoeye woij i1 JudAdrd Aqaroyy
puB SNIIA © 0) pUIq PUB JORIJUI UBD AQU) ‘SWISAS AIOAI[IP
3nIp [enAnue se joe UBD SO[ONIedOUBN "SWISIUBYOOW SNOLIBA
Jo sueowr Aq uonodyur [eaA Sunean ur djoy 0} uMoys uddq sey
A3ojouyo9joue)N "9oue)Isur 10§ s9[d1Ied [RIIA JO UOII0)OP AU} 10
‘suonjeorjdde onsouSerp pue [BOIPAWOI] UI PASN U IABY IOAJIS
pue pjos se yons sopontedoueN ‘sjeudiew snnaderdy) mou jo
uononpold ay) pue ‘AIAI[IP SnIp pajegie) ‘sonsouserp surpnjour
‘suonjeorjdde snorreA I10j s991Adp pue s9[onaed pazis-oueu Jo
osn soyew jJeyy pey Areurdrosipinur e SI AS0[0UYJOUBN

K3ojouyoojoueN

‘L2l 61-a1A0D
onsougerp 10j AJojouyoe) pesrwoid sr (sorpmporonu) diyo & uo qeq -
‘[z 11 yored sip Aq powoyrod oq [[im 030 ‘ojer uonerdsor ‘9oen HOHY
‘ormyerodwo) oy} Jo SuIp1oodr awm-[edl oyl ‘61-AAO0D Jo swoydwAs ayp
JO SuLiojiuow Oy} UAY}) pue UONOANIP A[Ied 9y 10 pakojdwo oq ueo yojed
Josuasolq siy ], yuswdo[oAdp Jopun st Xy [ yoyed 10Suasolq sso[olim osn-o[3urs
Y OSeasIp 9y} JO SIsouSeIp pue SISAJeue [BOIUI[O UI PISK ST YOIym JOSUSSOIq
oy Jo opdwexa 109y10d © SI J031UOW 9s00N[3 Y "AorInode Y31y opraoid ueo
pue SurAes-}s00 ‘oAnisuas ‘Kojdwd 03 Aseo oq ued jey) sad1Ad9p Jurpraoid
Jo o[qedeo a1e s10sussolq Y} ‘61-AIAOD orwuapued jo own judsard oy uf

[z *1] rendsoy yuoned-nnw oy yo
JUSUIUOIIAUD U Ul OOIASP SSO[OIIM B SB A[OAIIOJJO PIsh joxIew
o) 0} mou A[oInuo SI yYoIym ‘10sudsorq jo AJojouyod) siyJ,
‘Arejrjiua oy jo 11oddns a3 10J pakojdwe oq ued SI0SUISOIq AY)
‘sIem [B01S0[01q JO 9SED O} U] "OAIIISUIS PUE J[qe)S dIe AU ], "030
€10J09S QULIBW JY) ‘ANSNPUI POOJ A} ‘O0UAIOS [EOIPAW SE [ons
Sploy Jo KjoueA apim e ul suoneordde puy A9yJ, SI0sSudsolq
[eoIuIoyo0nd0[d  pue  ‘olodjeozold  ‘ewoyy  ‘jeondo  ore
$10SU0s01q JO SodA} [e13USSSO A} JO SWOS ‘[BUSIS [BILIIO[O UB OJUI
[euSis [eo130]01q Oy} JO UOISIOAUOD Y} J0J PIsn dIe SIOSUIsoIg

Josuasorg

suopedddy

uondrsaq

A3o10uyd9],

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19 141

help people perform daily life work during the
lockdown [31, 32] and bring benefits for mitigating
effects of COVID-19 pandemic such as:

* Planning of activities regarding COVID-19;

* Providing a better experience without
imposing the risks to healthcare and other
workers;

* Manufacturing of items for precautionary
measures related to SARS-CoV-2;

* In-time provisioning of medical items using
smart supply chain;

» Using robotic based treatment for infected
patients aiming at reducing risks and
increasing workplace safety for health
professionals;

* Using virtual and augmented reality for
training purpose;

* Promoting a flexible working environment
for treatment.

* Detecting of images from computerized
tomography (CT) lung scans and faster RT-
PCR correlation;

* Monitoring, in real-time, changes in body
temperature through the use of wearable
Sensors;

* Providing an open-source data platform to
track the spread of the disease;

+ Predicting the number of potential new cases
by area and which types of populations will
be most at risk, as well as to evaluate and
optimize strategies for controlling the spread
of the epidemic;

* Detecting fake news about COVID-19 using
applying machine-learning  techniques,
following words that are excessive or
alarming, and recognize which online
sources are considered eligible to believing
or not.

Ting and colleagues [33] described the potential
application of inter-related digital technologies
for tackling COVID-19 (Table 2) by monitoring,
surveillance, detection and prevention of the
disease through 10T, BDA, Al, and deep learning;
and mitigation of the impact on the healthcare

sector indirectly related to COVID-19 through
telemedicine and education.

They concluded that the successful use
of digital technology to mitigate the major
public health challenge in 2020 will probably
positively influence the public and government
of such technologies for other areas in the future.
As well, according to Brohi and colleagues
[34], Artificial Intelligence (AI), 3D Printing
Technology (3DPT), Big Data Analytics (BDA),
High-Performance ~Computing (HPC), and
Telecommunication Technology (TT) are the
five state-of-the-art technologies that could assist
the scientists and researchers in mitigating and
eliminating COVID-19 (Figure 1).

Artificial Intelligence (AI)

Different studies describing the use of Artificial
Intelligences against COVID-19 and the issues in
that regard are presented below, as well as state-
of-the-art studies on Al techniques (Table 3).
According to Brohi and colleagues [34], Al
applications that rely on deep machine learning and
neural network models are being used as a tool to
help with prediction and detection of COVID-19,
such as detecting COVID-19 through chest
scans with remote monitoring and controlling,
predicting COVID-19 threats, combating fake
news, handling Al-based Apps with geolocation
to follow individuals and inform communities via
real-time interaction on limitations, advice, and
guidelines to avoid COVID-19 hotspots, as well
as in using drug discovery platforms to recognize
molecules with possible effects against SARS-
CoV-2, developing robots as support systems to
disinfect hospitals, restaurants, public transport
hubs, and possible COVID-19 locations without
human intercommunication with infectious objects.
Vaishya and colleagues [50] also described the
quick analysis of irregular symptoms and alert
patients and healthcare authorities that Al can do.
Ai and colleagues [51] similarly reported that Al
can give updated information in real-time that
is helpful in the prevention of COVID-19, since

www.jbth.com.br



142

New Technologies and COVID-19

JBTH 2020; (June)

Table 2. Digital technologies and their impact on public-health strategies.

Examples

databases in the
USA, UK and China

spread

Digital Technologies
Public-health measures IoT Big Data Al Blockchain
Monitoring, surveillance, | +++ +++ ++ +
detection and prevention
of COVID-19 (directly
related to COVID-19)
Real-time tracking Modeling of disease Detection of COVID-19 Manufacturing
and live updates activity, potential from chest imaging (x-Ray) |and distribution
in various online growth and areas of (Beijing Hospital) of COVID-19

vaccines once
they are available

Live tracking of the
at-risk vicinity in

Modeling of the
preparedness and

Prognostication of disease
progression via clinical data,

Insurance claims
from COVID-

Mitigation of impact
(indirectly related to
COVID-19)

Korea (Coronamap. | vulnerability of imaging and Al related illness and
live; Wuhanvirus.kr) |countries in fighting a death

disease outbreak
H+ ++ I ++

Examples

Virtual clinics
(PingAn, China)

Business modeling on
pharmaceutical supplies
for various medications

Al to automatically diagnose
medical conditions unrelated
to COVID-19 (Zhongshan
Ophthalmic Eye Center,
China)

Distribution of
patients’ regular
medication to the
local pharmacy or
patients’ doorstep

Public information

Modeling of the utility

Medical ‘chat bots’ to

dissemination of operating theaters address public inquiries on
via WhatsApp in and clinics with COVID-19
Singaporea manpower projections

+++: high; ++: regular; +: low.
Credit/Source: Ting and colleagues [33].

Figure 1. Key applications of state-of-the-art technologies to mitigate and eliminate COVID-19.

Mass Screening

Predicting
Patients Health
Eradicating Fake
News

Location Tracking
and
Communication

Drug Discovery

Disinfecting
Robots

Face Shields
Ventilators

Oxygen
Mask

Test Kit
Swabs
Reusable
Filter Masks

Hands-Free
Door
Openers

Press Knobs

Artificial Intelligence

3D Printing Technology

Controlling
Spread of
COVID-19

Simulating and

Findign
Effective
Responses

Predicting
COVID-19
Growth

Vaccine
Development

Big Data Analytics

Genome =
Sequencing =
Molecular g
Modeling & | Movement S3
Anti-viral @ | Tracking § S
Drugs é Remote 2=
Vaccine £ | Assistance Eg
Discovery g (Al & 5G) gl—
a | Home g
<, | Delivery =
= using Mobile =
Apps
Work From
Home

Credit/Source: Brohi and colleagues [34].
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Table 3. State-of-the-art studies on Al applications for COVID-19.

Subject Contributions References
Detection and diagnosis  [A CNN-based DeTraC framework is proposed. In particular, the transfer [35]
learning concept is used to utilize wellperformed deep models. For the
pre-trained ResNetl8 model, the DeTraC method achieves competitive
performance, accuracy of 95.12%, sensitivity of 97.91%, and specificity of
91.87%.

A deep CNN model for classification of COVID-19 and the dataset is [36]
designed by collecting 13, 975 chest X-ray images across 13, 870 patients.
The proposed CNN model can achieve the test accuracy of 93.3%.

Using chest CT images, 63 quantitative features of COVID-19 are analyzed [37]
by an RF model. The proposed method can obtain promising results, e.g.,
accuracy of 0.875 and AUC score of 0.91.

The AI4COVID-19 framework is proposed to consider domain knowledge of [38]
medical experts. The input data is cough/sound signals, which may be recorded
by smartphones. The performance is very promising, the classification
accuracy of 97.91% (93.56%) is obtained for cough (COVID-19) detection.

Identifying, tracking, A time-dependent SIR model is proposed to dynamically adjust the control [39]
prevention and control, parameters according to the outbreak policies. The model is also extended to

and predicting the consider undetectable infected cases.

outbreak A modified autoencoder framework is investigated to model the transmission [40]

dynamics of COVID-19. Using the empirical data from the WHO, the model
can achieve an average error of less than 2.5%. An interesting observation is
that a faster intervention can significantly reduce the numbers of infected and
dead cases.

Infrared thermography was also recommended as an early detection strategy [41, 42]
for infected people, especially in crowns like passengers on an airport (Figure
2).

Infodemiology and Data is collected from Sina Weibo, Baidu search engine, and Ali e-commerce [43]
infoveillance 29 marketplace to evaluate public concerns/behaviors and risk perception
to the COVID-19 outbreak. The result shows that fast reaction to quickly
classify rumors and misinformation can well mitigate impacts of irrational
behaviors.

Applications of computer visions for combating the COVID-19 pandemic [44]
are presented. Potential use cases (e.g., risk assessment and diagnosis) and
challenges (e.g., data collection and model sharing) are also discussed.

An Al-driven system, namely a-satellite, is proposed to estimate the risk of [45]
COVID-19 in an hierarchical manner. Data is collected from heterogeneous
sources, e.g., WHO, demographic and mobility data, and social platforms.

Biomedicine and A pre-trained deep learning model is utilized to train a dataset of 4, 895 [46]
pharmacotherapy commercially available drugs. After learning and manual refinement, 10

drugs are selected as potential COVID-19 inhibitors.

For drug repurposing, a data-driven approach is examined over 6, 000 [47]

candidate drugs. The key finding is that the inhibitor CVL218 is very
promising and has a safety profile in monkeys and rats.

A deep generative model, namely CogMol, is proposed to find potential [48]
molecules that can blind three relevant protein structures of coronavirus.
Also, in silico screening experiments are conducted to assess the toxicity of
the generated molecules.

Credit/Source: Pham and colleagues [49].
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Figure 2. Temperature screening in process using thermal images of a subject talking on a hand-held
mobile phone; (a) after 1 min and (b) after 15 min of talking. After 15 min of talking the temperature
of the encircled region increased from 30.56 to 35.15 C, whereas the temperature of the ear region
(indicated by an arrow) increased from 33.35 to 34.82C. Similar system can be used for fever screening.

Credit/Source: Ulhaq and colleagues [11].

it can predict the probable sites of infection, the
necessity for beds, and healthcare professionals
during this emergency. It recognizes features,
causes, and reasons for the spread of infection
helping the process of early detection, diagnosis,
and decision-making. In the near future, Al
will perform an essential role in affording more
predictive and preventive healthcare [51, 53-54].
Moreover, Al aids in developing vaccines and
treatments faster than usual and is also helpful for
clinical trials [55-60]. It also reduces the workload
of healthcare workers [61, 62] and adopts digital
approaches with decision science [51, 63, 64].
McCall [65] pointed out some companies
that it is using Al for predicting the news of the
outbreak (Blue Dot, a Canadian company); and
potential drugs (BenevolentAl and Imperial
College London); designing new molecules that
can halt viral replication (Insilico Medicine); and
use imaging methods (Infervision’s Al).
Unfortunately, patient-level COVID-19 data
is not publicly available. However, Cosgriff and
colleagues [66] described the Medical Information
Mart for Intensive Care (MIMIC), which has been a
model of publicly-available, anonymized electronic
health record data sharing since 1996 that represents

the most studied critical care cohort in the world,
allowing clinicians and computer scientists to
address research questions and build predictive
models [67]. Sun and colleagues [3] described the
online platform that provides real-time coverage
of the COVID-19 outbreak in China, obtained by
using crowdsourced reports from DXY.cn [68], a
social network for Chinese physicians, health-care
professionals, pharmacies, and health-care facilities
established in 2000, by the reports linked to an
online source, concluded that the news reports and
social media can “help reconstruct the progression
of an outbreak and provide detailed patient-level
data in the context of a health emergency”.

In a review study, Alimadadi and colleagues
[5] report the large-scale data of COVID-19
patients that can be combined and analyzed by
advanced machine learning algorithms to a better
comprehension of the pattern of viral spread,
further enhance diagnostic agility and precision,
develop new efficient therapeutic procedures, and
potentially recognize the most susceptible people
based on personalized genetic and physiological
properties. They presented some examples that
represent a good model of the application of Al: the
Allen Institute for Al in partnership with leading
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research groups issued an opensource, weekly
updated COVID-19 Open Research Dataset [69],
which continuously documents COVID-19-related
scholarly articles to accelerate novel research
projects urgently requiring real-time data; the
survival prediction of severe COVID-19 patients
[47, 61]; the discovering potential drug candidates
against COVID-19 [47, 61]; biochemistry (e.g.,
ACE2 expression level) and clinical data (e.g.,
age, respiratory pattern, viral load, and survival)
of COVID-19 patients with underlying medical
conditions can be analyzed by machine learning
approaches to not only identify any reliable
features (e.g., ACE2) for risk prediction but also
further perform risk classification and prediction
for a balanced preparation of ongoing disease
treatment and COVID-19 defense.

However, as well as other studies, Alimadadi
and colleagues [5], see a current hurdle in the
availability of COVID-19-related clinical data,
which would need to be managed and processed
into easily accessible databases. The creation of
integrating COVID-19-related clinical data such
as the UK Biobank, with pre-existing data of
patients, could potentialize the efforts towards a
faster and feasible approach for meaningful data-
mining by bioinformaticians and computational
scientists. A centralized compilation of global
COVID-19 patient data will be helpful for future
artificial intelligence and machine learning
researches to promote predictive, diagnostic, and
therapeutic approaches against COVID-19 and
alike pandemics in the future.

Blasiak and colleagues [70] described the use
of IDentif.Al, a platform that quickly optimizes
infectious disease (ID) combination therapy
design applying artificial intelligence (Al).
The platform IDentif. Al was realized on a 12-
drug candidate therapy search set representing
over 530,000 possible drug combinations. The
combination therapy against SARS-CoV-2 was
composed of remdesivir, ritonavir, and lopinavir,
which the results proposed that the combination
was a 6.5-fold improvement in efficacy than
remdesivir alone. Also, IDentif AI showed

hydroxychloroquine and azithromycin to be
relatively inefficient. The platform analysis was
also capable to confirm clinical trial results to
date without requiring any data from these trials.
So, the IDentif. Al platform suggests that it may
apply to the speedy development of optimal drugs
for this current pandemic and future outbreaks.
Ramdas and colleagues [15] presented a virtual
platform for remote shared care delivery that has
the potential to enhance provider capacity while
mitigating transmission risks and enabling privacy
in COVID-19 pandemic: identity can be withheld,
voices disguised, and patient video made visible
only to the clinician. This technology such as
shared medical appointments (SMAs) has been
used since 1999 in the US and could be very
important in the pandemic especially to mitigate
the transmission of COVID-19.

Thorlund and colleagues [71] developed a
network of COVID-19 interventional clinical
trials (completed, ongoing, and planned) by
the data from the International Clinical Trials
Registry Platform, including those from the
Chinese Clinical Trial Registry, ClinicalTrials.
gov, Clinical Research Information Service -
Republic of Korea, EU Clinical Trials Register,
ISRCTN, Iranian Registry of Clinical Trials,
Japan Primary Registries Network, and German
Clinical Trials Register. They also developed an
artificial intelligence (Al)-based method for data
searches to identify potential clinical studies not
captured in trial registries, and used a content
aggregator service, such as LitCovid, to ensure
their data acquisition strategy was complete. Trials
for COVID-19 were then “mapped according
to geographical, trial, patient, and intervention
characteristics when these data are available.
Syntheses of these trials are urgently needed to
assist clinicians, researchers, and policymakers to
make evidence-informed decisions to minimize
the morbidity and mortality due to COVID-19”.

About chest images, COVID-19, and
pneumonia of different natures share similar CT
characteristics, which contributes to the challenges
in distinguishing between them with accuracy.
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Bai and colleagues [72] used Al to compare if Al
assistance improved radiologists’ performance
in identifying COVID-19 and non-COVID-19
pneumonia on chest CT. Their Al model achieved a
test accuracy of 96% (95% CI: 90-98%), sensitivity
95% (95% CI: 83-100%), and specificity of 96%
(95% CI: 88-99%) with Receiver Operating
Characteristic (ROC) AUC of 0.95 and Precision-
Recall (PR) AUC of 0.90, concluding that the Al
aided the radiologists to distinguish the chest CT
with COVID-19 pneumonia from non-COVID-19
pneumonia (Figures 3).

Singhand colleagues[73]classified COVID-19-
infected patients from chest CT images using
multi-objective differential evolution (MODE),
a novel deep learning model, and convolutional
neural networks (CNN) for classification of
human beings based upon whether they are
affected by COVID-19 or not. A multiobjective
fitness function is designed to classify COVID-
19-infected patients by considering sensitivity and
specificity. For that, they compared their model
with other studies (Table 4).

From an extensive review, it has been found
that the chest CT images can be helpful in the early
classification of COVID-19-infected patients. They
did extensive experiments that reveal the proposed
model “outperforms competitive models, i.e.,
adaptive neuro-fuzzy inference systems (ANFIS),
artificial neural networks (ANN), and convolutional
neural networks (CNN) CNN models in terms of
accuracy, F-measure, sensitivity, specificity, and
Kappa statistics by 1.9789%, 2.0928%, 1.8262%,
1.6827%, and 1.9276%, respectively”. Therefore,
the proposed model is useful for real-time
COVID-19 disease classification from chest CT
images, according to Singh and colleagues [73].

About chest CTs, Laghi [83] disagrees with
some of the optimistic expectations about the
diagnostic value of a particular algorithm applied
to lung CT images as outlined by McCall because
this is not yet supported by scientific evidence.
According to Laghi, the little evidence that has
been reported shows that approximately 50%
of patients with COVID-19 infection have a

normal CT scan if scanned early after the onset of
symptoms [84]. This evidence is the main reason
why the American College of Radiology does not
consider CT imaging as a useful screening test in
asymptomatic individuals [85]. On the other hand,
he deeply believes that Al can and should be used
to support the work of a radiologist and that “the
objective quantification of the disease, expressed
as a percentage of the pulmonary parenchyma
involved, is currently the most interesting
application of Al in COVID-19 infection, which
allows monitoring the course of the disease” [86].

There are many studies using chest CT and
Al Although chest CT is an effective imaging
technique for lung-related disease diagnosis, chest
x-Ray is more widely available, has a lower cost,
and lower ionizing radiation when compared to
CT (Table 5). So, deep learning, one of the most
successful Al techniques, is an effective means
to assist radiologists to analyze the vast amount
of chest x-Ray images, which can be critical for
efficient and reliable COVID-19 screening (Figure
4). Zhang and colleagues’ study [87] developed
a new deep anomaly detection model for fast,
reliable screening of 100 chest x-Ray images
of 70 patients confirmed with COVID-19 and
1,431 additional chest X-ray images with other
pneumonia (Figures 5 and 6).

The initial experimental results show 96%
sensitivity and 70.65% specificity. Shi and
colleagues [88] obtained a sensitivity of 90.70%
and specificity of 83.30% on a large-scale CT
dataset, including 1,658 patients with COVID-19
and 1,027 with non-COVID-19 pneumonia. In
this study, the model obtained the sensitivity of
90.00%, specificity of 87.84% (when T = 0:25) or
the sensitivity of 96.00%, specificity of 70.65%
(when T=0:15) on the x-Ray dataset that contained
100 images from 70 COVID-19 subjects and 1,431
images from 1,008 non-COVID-19 pneumonia
subjects. When compared to the CT-based
screening method, Zhang and colleagues’ x-Ray-
based model performed relative performance.
More importantly, the model only learns from 70
COVID-19 patients, which is less than 5 percent
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Figure 3. COVID-19 classification neural network model.
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Figure 4. Visualizations shown by using different saliency maps that provide additional insights diagnosis.
Adapted from Ghoshal and Tucker [93].
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Figure 5. Diagram of the proposed model.
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Figure 6. Visualization of the patients’ chest X-Ray images (a) and the corresponding Grad-CAMs
obtained by this model; (b) is the Grad-CAMs obtained by the classification head and (c) in the Grad-

CAMs obtained by the anomaly detection head.
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Figure 7. Corona score that is calculated by measurements of infected areas and severity of disease from
CT images. It can be used for identifying patients that are critically ill so that they get immediate medical
attention. Image adapted from Gozes and colleagues [61].
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Credit/Source: Ulhaq and colleagues [11].

of Shi’s study [88]. Hence, the proposed model
that utilizes chest x-Rays can be recognized as an
effective computer-aided diagnosis (CAD) tool
for low-cost and fast COVID-19 screening [87].
According to Pham and colleagues [49], the
Al is applicable in this pandemic in the detection

and diagnosis, identification, prediction, as well as
pharmacotherapy, among other areas of healthcare.
They observed that the Al-based framework is
highly suitable for mitigating the impact and
effect of the COVID-19 pandemic as an amount
of credible COVID-19 data is becoming available.

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19 149

Table 4. Studies of chest CT and Al (Figure 7).

Studies

Results

Li and colleagues [74]

The authors developed a deep learning model (COVNet) to extract visual features from chest
CT for detection of COVID-19. They used visual features to distinguish between community
acquired pneumonia and other nonpneumonia lung diseases. However, COVNet is unable to
categorize the severity of this disease.

Gozes and colleagues [61]

The authors developed an artificial intelligence-based CT analysis tool for detecting and
quantification of COVID-19. The system extracted slice of opacities in the lungs automatically.
The developed system achieved 98.2% sensitivity and 92.2% specificity. The output of system
provides quantitative opacity measure and 3D volume display for opacities. The system is robust
against pixel spacing and slice thickness.

Shan and colleagues [75]

The authors developed a deep learning-based system named VB-net for automatic segmentation
of all the lung and infection sites using chest CT.

Xu and colleagues [76]

The authors developed a prediction model to discriminate COVID-19 pneumonia and influenza-A
viral pneumonia using deep learning techniques. The CNN model was used for prediction. The
maximum accuracy obtained from prediction model was 86.7%.

Wang and colleagues [9]

The authors investigated the radiographic changes in CT images of infected patients. They
developed a deep learning-based prediction model that utilizes the modified inception transfer
learning technique. The features are extracted from CT images for prior diagnosis. The accuracy
0f 89.5% obtained from this method is better than Xu’s model [76] and saved time for diagnosis.

Narin and colleagues [77]

The authors proposed an automatic deep convolution neural network— based transfer models for
prediction of COVID-19 in chest X-ray images. They used InceptionV3, Inception-ResNetV2,
and ResNet50 models for better prediction. The ResNetS0 pre-trained model produced accuracy
of 98%, which is higher than Xu and Wang studies [9, 76].

Sethy and colleagues [78]

The authors developed a deep learning model for detecting COVID-19 from X-ray images.
They extracted deep features and transferred them to support vector machine for classification.
The accuracy of 95.38% obtained from the proposed model, which is better than Xu and Wang
studies [9, 76].

Chen and colleagues [79]

The authors found sensitivity of 100%, specificity of 93.55%, accuracy of 95.24%, from the
platform UNet++ to extract valid areas in CT images (46,096 CT images) using 289 randomly
selected CT images.

Song and colleagues [80]

The authors used neural networkDRENet + ResNet50 [81], with Feature Pyramid Network
(FPN)+ Attention module, with 777 CT images and results of AUC of 0.99 and recall (sensitivity)
0f 0.93. Accuracy of 0.86 and F-Score 0.87.

Jin and colleagues [81]

The authors used 2D CNN based Al system, model name is not specified with 970 CT with
accuracy of 94.98%, an area under the receiver operating characteristic curve (AUC) of 97.91%.

Zheng and colleagues [82]

The authors used Zheng [65] 3D deep convolutional neural Network to Detect COVID-19
(DeCoVNet) from CT volumes, obtained d 0.959 ROC AUC and 0.976 PR AUC.

So, Al studies are not executed at a large scale,
but they are still helpful as they can provide rapid
response and meaningful information to medical
staff and policymakers. However, it is still a big
challenge to design Al algorithms with the current
quality and quantity of COVID-19 datasets. These
1ssues should be resolved with time, but not without
constant effort from the research communities and
the help from official organizations with more
reliable and high-quality data.

In order to create an algorithm or a platform for
Al, it is crucial to have a deep understanding of
the disease (pathogenesis, genetics, the behavior
of the disease, transmissibility, risk groups) and
to have collected credible data. Als need high-
quality input data in order to have good results
in a pandemic. It is important to point out that,
regarding imaging methods (CT and x-Ray), Al is
a powerful tool for radiologists, but still, it is not
completely reliable by itself.
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Table 5. Representative work for X-Ray based COVID-19 diagnosis.

Study

Results

Guszt'av Ga’al and colleagues [89]

The authors used 247 images with the model Attention U-Net+ adversarial+ Contrast
Limited Adaptive Histogram Equalization (CLAHE) [90] with a performance of DSC
of 97.5% on the JSRT dataset.

Abbas and colleagues [35]

The authors used CNN features of pre-trained models on ImageNetand ResNet+
Decompose, Transfer, and Compose (DeTraC), for the classification of COVID-19 chest
X-Ray images from Japanese Society of Radiological Technology (JSRT) + Cohen JP.
COVID-19 image data collection with a performance of a high accuracy of 95.12% (with
a sensitivity of 97.91%, a specificity of 91.87%, and a precision of 93.36%).

Narin and colleagues [77]

The authors used the model pre-trained ResNet50 with transfer learning with an accuracy
of 97% for InceptionV3 and 87% of accuracy for Inception-ResNetV2 (Images from
The open source GitHub repository shared by Dr. Joseph Cohen+Chest X-Ray Images
(Pneumonia) https: //www.kaggle.com/ paultimothymooney/ chest-xray-pneumonia).

Wang and colleagues [36]

The authors used the model COVID-Net: lightweight residual projection expansion
projection-extension (PEPX) design pattern, with 16,756 chest radiography images
across 13,645 patient cases from COVIDx dataset, with a performance of 92.4% of
accurancy on COVIDx dataset.

Asnaoui and colleagues [91]

The authors used the fined tuned versions of VGG 16, VGG19, DenseNet201, Inception-
ResNet-V2, Inception-V3, Resnet50, MobileNet-V2 and Xception with 5856 images
(4,273 pneumonia and 1,583 normal), with the following performance: Resnet50,
MobileNet-V2 and Inception-Resnet-V2 show highly satisfactory performance with
accuracy (more than 96%).

Sethy and colleagues [78]

The authors used Deepfeatures from Resnet50 + SVM classification and Data available
in the repository of GitHub, Kaggle and Open-i as per their validated X-ray images
with a following performance: resnet50 plus SVM achieved accuracy, FPR, F1 score,
MCC and Kappa are 95.38%,95.52%, 91.41% and 90.76%, respectively.

Apostolopoulos and colleagues [92]

The authors used various fine-tune dmodels: VGG19, MobileNet, Inception,Inception
Resnet V2, Xception (1427 X-Ray images) and the perfomace was: accuracy with
Xception was the highest, 95.57, sensitivity of 0.08 and specificity of 99.99.

Ghoshal and Tucker [93]

The authors used dropweights based Bayesian Convolutional Neural Networks
(BCNN) (total of 5,941 PA chest radiography images across 4 classes (Normal: 1,583,
Bacterial Pneumonia: 2,786, non-COVID-19 Viral Pneumonia: 1,504, and COVID-19:
68) and a performance of 88.39% accuracy with BCNN.

Farooq and Hafeez [94]

The authors used 3-step technique to fine-tune a pre-trained ResNet-50 architecture to
improve model performance (COVIDx dataset image) with an accuracy of 96.23% (on
all the classes) on the COVIDx dataset.

Big Data (Figure 8)

datasets collected from available sources such as
health organizations (e.g. WHO), and healthcare

In Pham and colleagues’ study, [49], they
reviewed the emerging literature about Big Data
and found that big data plays an important role
in combating the COVID-19 pandemic through
many promising applications, including outbreak
prediction (Table 6) (Figures 9 and 10), the virus
spread tracking, coronavirus diagnosis/treatment,
and vaccine/drug discovery (Figure 11). Big data
potentially allows outbreak prediction on the
global scope using data analytic tools on large

institutes [95, 96]. Big data has also appeared
to be a hopeful solution for coronavirus spread
tracking by linking intelligent tools such as ML
and DL [97] for developing prediction models,
which could be extremely useful for governments
in controlling the potential COVID-19 outbreak in
the future. Furthermore, big data has the potential
to help COVID-19 diagnosis and treatment
processes. The investigation results from the
literature studies show that big data can improve

www.jbth.com.br



JBTH 2020; (June)

New Technologies and COVID-19 151

many medical procedures from early diagnosis,
disease analysis, and prediction of treatment
outcomes [98, 99]. Finally, data learning from big
datasets also aids to discover potential targets for
an effective vaccine against SARS-CoV-2 [100],
and combining large-scale knowledge graphs,
literature, and transcriptome data, helping to
identify potential drug candidates against SARS-
CoV-2[101].

BDA, Al and TT

According to Brohi and colleagues [34], the
Big Data Analytics (BDA) systems integrated
with Al and TT can be used to perceive swift
insights and undertake proactive decisions
to encounter COVID-19 by extracting and
analyzing data from sources such as hospitals,
clinics, insurance, immigration, and national
databases, travel history, and location-tracking
applications. BDA systems are capable to
classify individuals and communities in many
categories of risk. For example, high-risk
patients, such as those that came from a country
with a high rate of virus spread, can be tracked
down to be quarantined quickly and undergo

health screening. Similarly, the authorities can
“urge the low and medium risk patients such
as those who have recently visited COVID-19
high-risk countries or been in potential contact
with COVID-19 positive patient but are
asymptomatic, to practice self-isolation”. These
types of interventions due to insights provided
by BDA systems have the potential to reduce the
weight on healthcare practitioners and control
the spread of disease. Using BDA, authorities
can conceive prescription models, simulate and
investigate their impacts before implementation
in real-life situations. Furthermore, real-time
trackers such as the COVID-19 map of Johns
Hopkins University, are examining enormous
datasets and updating the number of deaths and
cases. The information produced by the trackers
could be applied to predict the COVID-19 curve
and might allow insight for decisions regarding
public safety and economic stability. BDA
tools are also used by scientists worldwide to
produce an anti-viral drug and vaccine in the
combat against SARS-CoV-2. Some notable
contributions and applications of BDA to
mitigate COVID-19 are described in Wang and
colleagues [116] and Balilla’s studies [117].

Figure 8. Big data and its applications for fighting COVID-19 pandemic.
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Figure 9. The historical datasets from different countries (use of Al-based RNN).
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Figure 10. Observation and predictions for the United States of America (USA).
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Figure 11. Illustration of a data-driven framework for discovering antibody sequences to treat the
COVID-19 disease [115].
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Table 6. Summary of the state-of-the-art studies on big data applications for COVID-19.

Subjects

Contrbutions

References

Outbreak prediction

A big data platform is proposed to estimate the outbreak possibility using the huge
data sets from Italian Civil Protection sources. The first trial is implemented in
Wauhan to predict the population infected with COVID-19 for quarantine

[102]

A big data-based solution is proposed to implement pandemic modeling to interpret
the cumulative numbers of infected people, recovered cases in different regions, i.e.,
Wauhan, Beijing, and Shanghai. This scheme is able to predict the tendency of the
COVID-19 outbreak in the areas at high risks of pandemic.

[103]

A framework is introduced using a large dataset from various regions and countries
such as Korea, China, to estimate the pandemic based on a logistic model that can
adjudge the reliability of the predictions.

[104]

A big data analytic method is investigated in the US with the large-scale datasets
collected from American cities. The approach enables to calculate prediction errors
to optimize the data modeling model for improving stimation

accuracy

[105]

Virus spread tracking

A big data-based analytic methodology for tracking the COVID-19 spread is
considered using a large dataset collected from China National Health Commission
with 854,424 people. The analytic results show a high correlation between the
positive infection cases and the population size.

[106]

A big data-based analytic model is built using datasets collected from China,
Singapore, South Korea, and Italy for virus spread tracking. This model can estimate
the maximum number of infected patients in a certain area.

[99]

A temperature-based model is proposed to evaluate the relationship between
the number of infected cases and the average temperature in different countries
necessary for coronavirus tracking.

[107]

A big data-based unsupervised model is designed for COVID-19 spread tracking
from online data by incorporating a basic news media coverage metric associated
with confirmed COVID-19 cases. The work is in progress for coronavirus tracking tasks.

[108]

Coronavirus diagnosis/
treatment

A robust, sensitive, specific and highly quantitative solution based on multiplex
polymerase chain reactions is proposed to diagnose the SARS-CoV-2. The proposed
scheme has been shown to be an efficient and low-cost method to diagnose
Plasmodium falciparum infections.

[109]

A method is proposed using 6381 proteins in human cells that get infected with
COVID-19 virus. This aims to analyze the data gathered from the Kyoto Genes
storage to serve COVID-19 diagnosis.

[100]

An array of clinical tests have been implemented from the big dataset, from Typical
and Atypical CT/X-Ray imaging manifestation to hematology examination and
detection of pathogens in the respiratory tract. These tests provide a comprehensive
guideline with useful tools to serve the diagnosis and treatment of COVID-19.

[110]

Vaccine/drug discovery

A method is proposed to investigate the spike proteins of SARS-CoV, MERS-CoV
and SARS-CoV-2 and four other earlier out-breaking human coronavirus strains. It
enables critical screening of the spike sequence and structure from SARS-CoV-2
for vaccine development.

[111]

A project is built using a huge dataset collected from the National Center of
Biotechnology Information for facilitating vaccine production. Different peptides
were proposed for developing a new vaccine against COVID-19.

[112]

A solution is proposed based on molecular docking for drug investigations with
over 2500 small molecules, which aims prompting drug repositioning against
COVID-19.

[113]

Credit/Source: Pham and colleagues [49].
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High-Performance Computing

Directing the issues that originate from
COVID-19 demanded research contributions
in areas such as bioinformatics, epidemiology,
and molecular modeling, and these fields need
platforms with the large computational capacity to
address complex scientific obstacles and process
big datasets in short timeframes. To promote the
developments, the White House Office of Science
and Technology Policy, the U.S. Department of
Energy, and IBM developed the COVID-19 HPC
Consortium consisting of the federal government,
academia, and industry leaders who are offering
free compute time and resources on their world-
class machines [118]. Some of the consortium
partners include IBM, Hewlett Packard Enterprise,
Microsoft, Amazon Web Services, AMD, Google
Cloud, NVIDIA, Massachusetts Institute of
Technology, Rensselaer Polytechnic Institute,
University of Illinois, the University of Texas at
Austin, Argonne National Laboratory, Lawrence
Livermore National Laboratory, San Diego
Supercomputer Center and NASA. “Researchers
can submit their proposals to the consortium
to access small clusters and some of the largest
supercomputers in the world. HPC can be utilized
in genome sequencing, understanding the accurate
biological structure of the virus, and modeling
various treatments” (Figures 12-14). Al-driven
HPC platforms can be used to discover appropriate
anti-viral drugs and vaccines for COVID-19.
The papers from Smith and colleagues and UCL
2020 [119, 120] have discussed the use of HPC
infrastructures with supercomputers to tackle
COVID-19.

Blockchain

Blockchain applications own the potential
to control disease outbreaks over time by
producing ‘ledgers’ that are both secure and
updated hundreds of times per day. Also, using
blockchain can promote diagnostic accuracy
and treatment effectiveness, streamline the fast

isolation of groups of cases, follow drug supply
chains and medical supplies, control medical
data, and recognize disease symptom patterns.
In cases such as a virus outbreak, “blockchain
can reduce uncertainty and offer computational
trust, and an automated platform for recording
and exchanging consistent factual information
between multiple parties”, as recently published
by the Scientific Foresight Unit (STOA) of the
European Parliamentary Research Service [16].

Lab-on-a-Chip

Microfluidic chips, also known as “Lab on a
chip”, are versatile and promising technology
[121-125] that can integrate sample preparation,
reactions, and detection on a micron-scale chip
[126-129]. This advanced technology has both
integrated and miniaturized characteristics, which
can integrate a traditional laboratory into a small
chip. The microfluidic technology detects viruses
efficiently in real-time (reportedly 5 min) and
accurately (as low as 1 copy), with few steps and
no need for professional skills (Figure 15). This
technology is also well-suited in Point of Care
Testing (POCT) for viral detection [130]. Zhuang
and colleagues [27] summarized the current
shortcomings of microfluidics (“Lab on a Chip”)
in viral detection and proposes ideas for future
developments. They presented the performance of
microfluidics in virus detection over recent years
(Figures 16 and 17).

According to Zhuang and colleagues [27]
and Knop and colleagues [131], for Covid-2019
detection, the RT-PCR is the gold-standard
method. However, the rapid development of
the epidemic requires faster and more efficient
tests. So, POC instruments such as microfluidic
technology play an important role in diagnosing
the virus during this epidemic. In their review
[27], they found (among others) the ID NOW®
instrument (Abbott™) that can detect positive
samples in 5 min and negative results in 13 min,
and had its emergency use authorized in the US
by U.S. Food and Drug Administration (FDA).
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Figure 12. Sequence analysis COVID-19 (Wuhan-Hu-1) Nspl.

Wuhan-Hu-1 MESLVPGFNEKTHVQLSLPVLQVRDVLVRGFGDSVEEVLSEARQHLKDGTCGLVEVEKGY 60
SARS MESLVLGVNEKTHVQLSLPVLQVRDVLVRGFGDSVEEALSEAREHLKNGTCGLVELEKGV 60
Wuhan-Hu-1 LPQLEQPYVFIKRSDARTAPHGHVMVELVAELEGIQYGRSGETLGVLVPHVGEIPVAYRK 120
SARS LPQLEQPYVFIKRSDALSTNHGHKVVELVAEMDGIQYGRSGITLGVLVPHVGETPIAYRN 120
Wuhan-Hu-1 VLLRKNGNKGAGGHSYGADLKSFDLGDELGTDPYEDFQENWNTKHSSGVTRELMRELNGG 180
SARS VLLRKNGNKGAGGHSYGIDLKSYDLGDELGTDPIEDYEQNWNTKHGSGALRELTRELNGG 180

The Figure represents alignment between Wuhan-Hu-1 Nsp1 and SARS Nsp1 protein sequence. Red highlights
consensus sequences whereas Blue highlights differences in amino-acid sequence. Important residues shown
to play a role in affecting host gene expression and anti-viral signaling are highlighted in green and pink color.
Green highlighting similar residues whereas Pink highlighting residues that are different in COVID-19.

Credit/Source: Sharma and colleagues [28].

Figure 13. Model of COVID-19 (Wuhan-Hu-1) Nspl with Deep and shallow binding site predicted by

SiteMap.

Deep site Shallow site

Residue: 62, 63, 64, Residue: 1,2,3,5,6,7,8,24,28,32,
66, 67, 68, 69, 70, 71, | 35,36,38,40,76,77,78,79,80,86,
72,73,74,111, 113 107,112,113,114,115

b).

a. Represent COVID-19 Nspl model derived using Modeller 9.22, using 2hsx as a template. Red dot
represents Shallow binding site consisting region of alpha-helix and beta-sheets. Blue dots represent
deep binding site present in mostly loop region. b. Represents residues present in deep and shallow
binding site respectively. Residue numbers are as per the structural model (Residue 1 of structure is

residue 12 in the sequence)
Credit/Source: Sharma and colleagues [28].

Also Filmarray® (BioFire™), which integrates
nucleic acid extraction, purification, and PCR
amplification into a single chip, resulting in
sequential and accurate detection; GeneXpert®
(by Cepheid™; approved by the FDA in the US
for COVID-19), which works integrating sample
preparation, nucleic acid amplification, and
detection into a small detection kit; RTisochip®
(CapitalBio™) in China, which can detect 6
common respiratory viruses (influenza) including
COVID-19 in a single chip within 1.5 h; And

Cannon™, developed in Japan, which that can
detect the SARS-CoV-2 in 35 min.

Such advanced technology in POC is bound to
change current medical methods. Countries like
the USA, China, and Japan, have approved their
use, fully demonstrating the application value of
the lab on a chip in POC. The authors also point out
the challenges that microfluidic chips have yet to
overcome when it comes to virus detection, “such
as sample preparation integration, quantitative
methods, the ability to perform throughput and
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Figure 14. Docking and MD simulation results for Nsp1-deep-Remdesivir.
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Credit/Source: Sharma and colleagues [28].

multiplex during a virus outbreak. The material
and design of microfluidic chips, the innovation
of detection methods, and the miniaturization of
instruments” [27] also need to be improved. If
used in association with the Biological mobile
phone, Mobile detection station, or Artificial
Intelligence, the potential for virus detection
is greatly enhanced. In the future, microfluidic
products that meet the criteria for POC proposed
by WHO (which are: being affordable to those at
risk of infection, containing high sensitivity, high

specificity, user- friendly capabilities, being rapid
and robust, equipment-free, and delivered to those
who need it) will be widely available.

3D Printing Technology

According to Brohi and colleagues [34], the rapidly
expanding daily curve of COVID-19 cases has
made it a challenge for countries to meet equipment
demand. There is a worrying shortage of medical
devices and Personal Protective Equipment (PPE)
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Figure 15. Examples of LoC-based platforms for CVD biomarker detection.
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(A) An autonomous capillary microfluidic platform with embedded optics for troponin I detection [133]; (B) a lab-on-a-disc platform for
fully integrated multiplex cardiac marker immunoassays [134]; (C) functionalized SnO2 nanobelt field-effect transistor sensors for label-
free detection of cardiac troponin [135]; (D) detection of multiple cardiac markers with an integrated acoustic platform for cardiovascular
risk assessment [136]. Figure A is reprinted from Mohammed et al., Autonomous capillary microfluidic system with embedded optics for
improved troponin I cardiac biomarker detection, Biosens. Bioelectron., 61, 478-484, Copyright (2014), with permission from Elsevier;
Figure B is reprinted with permission from Park et al., Lab-on-a-Disc for Fully Integrated Multiplex Immunoassays. Anal. Chem. 2012,
84, (5), 2133-2140. Copyright (2012) American Chemical Society; Figure C is reprinted from Cheng et al., Functionalized SnO2 nanobelt
field-effect transistor sensors for label-free detection of cardiac troponin, Biosens. Bioelectron., 26, 4538-4544, Copyright (2011), with
permission from Elsevier; Figure D is reprinted from Mitsakakis et al., Detection of multiple cardiac markers with an integrated acoustic
platform for cardiovascular risk assessment, Anal. Chim. Acta, 699, 1-5, Copyright (2011), with permission from Elsevier.

Credit/Source: Wu and colleagues [132].

Figure 16. Biochip and biochip reader model for PPC/mBio Inc. (USA)

Credit/Source: Knop and colleagues [131].

www.jbth.com.br



158 New Technologies and COVID-19

JBTH 2020; (June)

Figure 17. Biochip protocol (steps).
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for frontline healthcare professionals. During this
pandemic, 3DPT has the potential to save lives.
The companies of 3DPT can design items such as
face shields, face masks, test kit swabs, reusable
filter masks, ventilators, oxygen masks, and other
medical devices quickly. Further, the simple
productions of 3DPT, such as Hands-Free Door
Openers and Press Knobs, could inhibit the spread
of infectious diseases such as COVID-19. For
medical equipment, the FDA has released FAQs on
the use of 3D printed PPE to counter COVID-19 in
the country. Companies have since then massively
used 3DPT to create and provide equipment
to hospitals. However, the FDA has indicated
technical challenges that need to be addressed
for 3DPT invented PPE to be valid. For example,
3D-printed PPE may provide a physical barrier, but
3D-printed PPE is improbable to provide the same
fluid barrier and air filtration protection as FDA-
cleared surgical masks and N95 respirators [137].
According to Kritikos’ research (representing
STOA) [11], the significant benefit of this
technique is that components that are needed in
small quantities “can be produced at a low cost,
as only one type of manufacturing machine is
needed and the blueprints for designs, computer-
aided design (CAD) files, can be distributed or
replicated at the cost of locally-sourced materials”.
Due to its accessibility, tangible design, and
product testing and flexibility, 3D printing
becomes relevant when the supply chains of critical
products are strained, such as in this pandemic
where hospitals and healthcare systems around the

world are facing serious deficiencies of protective
equipment medical supplies. 3D printing can
represent an important role in providing vital
equipment when it is hard to source [11, 16]. For
example, a group of Italian volunteers utilized
their 3D printer to make unofficial copies of a
patented valve, because it was missing at Italian
hospitals, and they distributed them to a hospital
in Brescia where 250 coronavirus patients required
breathing machines. In addition, many companies
in the US turned their 3D-printer business into a
manufacturing place for face shields to be used by
health workers that were performing the tests for
COVID-19. Meantime, 3D manufacturers around
the world are developing 3D-printed face shields,
inspired by the 3Dprinted N95 mask to filter out
airborne particles that could carry the virus. And,
more than 5,000 pairs of 3D printed safety goggles
for medical professionals were created, fabricated,
and donated in China to Chinese hospitals in just
two weeks [11, 16].

Telecommunication Technology

Lockdown policies were the go-to procedure
in several countries in attempts to flatten
the curve and contain COVID-19. Although
lockdowns have severe impacts on the economy
and business, it seems to be an effective process
to reduce the casualties caused by the disease.
Brohi and colleagues’ research [34] considers
Telecommunication Technologies a tool to
track individuals and assist authorities to ensure
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compliance with strict movement orders. It is
possible to warn people from visiting COVID-19
hotspots with location-tracking applications,
Al, and BDA. Healthcare providers can adopt
mobile technology to assess patients with mild
symptoms remotely and give them guidelines
during the period of self-isolation to reduce the
crowd on hospitals [11, 34]. With the union of Al
and 5G technology, medical robots can monitor
patients’ temperature, diagnose and give them
recommendations with minimal intervention of
healthcare workers. TT played an important role in
business continuity during this pandemic. TT has
also made a pivotal role in commercial business in
ordering necessary items while maintaining social
distance and complying with movement control
orders to stay indoors. During this pandemic, many
telecommunication companies have decided to
implement free services to their consumers (Figure
18) [138, 139]. Companies are complying with the
Work from Home (WFH) model and managing
their business, interacting with their employees

using services such as Microsoft Teams, Zoom,
and Skype.

Issues with the Use of AI and Big Data against
COVID-19

According to Naudé [140] and Pham and
colleagues [49], there is a critical difficulty
to make Al and big data platforms and their
applicability a trustful solution in the fight against
COVID-19: a lack of standard datasets. Several
Al algorithms and big data platforms have been
suggested, but they are not experimented with
using the same dataset. Moreover, most datasets
found in the literature have been created thanks
to individual efforts, e.g., the authors obtain
some datasets accessible on the Internet, then
consolidate them to produce their dataset and
evaluate their proposed algorithms. To win this
challenge, the government, health organizations
(e.g., WHO and CDC), and giant firms represent
a pivotal role as they can collaboratively work

Figure 18. An Al-based framework using mobile phones for COVID-19 diagnosis and surveillance.
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for high-quality and big datasets. Diversity
of data sources can be implemented by these
entities, e.g., x-Rayx-Ray and CT scans from
the hospitals, personal information, satellite
data, and statements from self-diagnosis apps.
Adopting these datasets originated from
healthcare organizations, governments, clinical
labs, and patients, Al leverages intelligent
analytic tools for predicting efficient and safe
vaccine/drug against COVID-19, mitigating the
diseases, as well as presenting a better way to
socially and economical lead with the pandemic.
Big data has proved its capability to tackle
the COVID-19 pandemic, providing various
promising solutions to help fight the COVID-19
pandemic. By combining with Al analytics, big
data helps us to understand COVID-19 in terms
of virus structure and disease development. It
can help healthcare providers in various medical
operations from early diagnosis, disease analysis
to prediction of treatment outcomes. With its
great potentials, the integration of Al and big
data can be the key enabler for governments in
fighting the potential COVID-19 outbreak in the
future, according to Pham and colleagues [49].
Some recommendations that can be considered to
promote COVID-19 fighting: Al and big data-based
algorithms should be further optimized to enhance
the accuracy and reliability of the data analytics
for better COVID-19 diagnosis and treatment,
and Al and big data can be used in association
with other emerging technologies to offer newly

effective solutions for fighting COVID-19.
Conclusion
COVID-19  crisis is  promoting  the

implementation of digital solutions quickly and
with an impression never seen before. The list of
innovative digital solutions against COVID-19 is
fast-growing, especially in health devices. These
new innovations include video-visits, mobile-
phone applications, and ‘“chatbots”, artificial-
intelligence (AI) powered diagnostic tools,
voice systems, or mobile sensors such as oxygen

monitors, smartwatches, or thermometers. A new
category of digital service is inspecting people
under investigation at home in quarantine and/or
large-scale population monitoring. Telemedicine
and remote consultation such as Zoom, Google,
Microsoft Teams, and Skype, among others,
have already proven to be useful at a time when
access to health services for non-COVID-19 or
non-acute patients is limited, not recommended,
or postponed. So, it is important to maintain the
new innovations and solutions offered today to
implement tomorrow’s best practices and models
of care and to be prepared for future pandemics.
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