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Abstract

The recent SARS-CoV-2 pandemic is the hottest topic of the scientific world all
around the globe. Regarding the fast-spreading nature of the infectious agent and
the involvement of all countries, it seems necessary to take fundamental practical
actions to restrain the spread of this deadly viral disease. The first and likely most
important action could be breaking the chain of infection between susceptible hosts
which needs the performance of intensive fast and accurate screening tests for
specific detection of the virus and infected individuals. This review focuses on
different influential aspects of performing a molecular diagnostic test using
standard Real-Time PCR assay to detect SARS-CoV-2. Practical hints for
performing an accurate test and overcoming potential technical problems that might
affect the final result are discussed as well. Moreover, pre-analytical aspects of the
test, including standard sampling, sample transfer, and genome extraction are taken
into consideration. Briefly, both nasopharyngeal and oropharyngeal samples were
taken in the virus transport medium (VTM), highly recommended to be kept in the
cold chain. After primary checks regarding sampling criteria, all samples are
aliquoted in screw-capped tubes. This step is considered with the highest potential
for contamination and the risk of infection for laboratory technicians. So, it should
be performed in biosafety level 2 laminar flow cabinets. Aliquoted samples are then
sent to the genome extraction unit. Genomic RNA extraction is performed by
different methods, including phenol-chloroform precipitation, silica-based
membrane isolation, and magnetic beads. Although precipitation-based methods,
mostly performed using TRIzol are associated with higher yields of RNA, the
presence of impurities such as proteins, salts, polyphenols, and polysaccharides in
the final product is lead to reduced success in the following molecular experiments.
Column-based methods, although more expensive, are more user-friendly and result
in a more pure product. Extracted RNA is subjected to one-step real-time PCR
assay. To perform real-time PCR, it is highly recommended to prepare a reaction
mix for all the samples plus one (n+1) which results in the optimum use of kit
contents, homogenous solution for all samples, and reduced chance of
contamination. Moreover, several control reactions are needed to be included in the
assay including negative control, positive control, and no-template control (NTC).
Currently, available diagnostic kits of SARS-CoV-2 use mostly the TagMan probe
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strategy to detect different viral genes (mostly, E, N, RdRP). Moreover, failure in
sampling is investigated through analysis of the amplification of an endogenous
internal control gene (mostly RNase P). Based on the manufacturers’ instructions,
the thermal profile is set in the real-time PCR instrument. This profile commonly
includes a hold step for reverse transcription of RNA in ~50°C for 10-30 minutes
and another hold step for cDNA pre-denaturation in 95°C ~ for 1-15  minutes.
Amplification cycles (not less than 40 cycles) are then applied via the denaturation
step and annealing/extension step. It is very important to pay attention to the
acquisition of fluorescence in different kits, because they may use different
channels to read the data in pre-defined instruments. At the end of the test, the
threshold cycle (Ct) is defined by the user in the exponential phase of the test, and
all the curves which hit the threshold before cycle 40 can be considered positive if
the shape of the curve is sigmoidal. Analysis and report of the results are dependent
on the accuracy of the test which is deduced from the results of negative control,
positive control, and NTC. The main drawback of the real-time PCR assay to test
SARS-CoV-2 infection is in the pre-analytical step in which inappropriate sampling
may lead to false-negative results. Moreover, the course of the disease in the time
of sampling, sampling area, the shipment of the sample, quality of the extraction kit
as well as quality of the detection kit is all contributed in the final result of the virus
detection.resistance characteristics are determined and appropriate antibiotics are
prescribed.
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1. RdRP: RNA-dependent RNA Polymerase
2. E: Envelope
3. N: Nucleocapsid

dsgame gl Ay pmie gy Sme i
RNA 0551 aloz 51 o9 g (o2 il sloriatis
RNA-dependent RNA) RNA a_ a_ulg 5ol
o= =l (\Y) 85, § = (Polymerase: RdRP
S= st 5l 6l oS b ug s RNA polais
o~—w (Replicative Intermediate) ¢ iS5 ala_wlg
9 Gilasilon jolaie an aS 0 e o)y e
Sl g b oS (e 1 esliiul 8590 (o9,
ogdls w99 RARP (5,255 sl alavly 5l (o g,
MRNA oJg5 Joruo (o095 JoB sl (o5 055 2
9o d 4S5 Sl gy SleiSle Gl Sy
nested-set) o3 ;5 -3 Lo mRNA ;| Lol 3
Wgds oo dilw pgi5 3" 1 Gulate slel 5 (MRNAS
e cwlioe lon el ol () JS2) (YY)
Ol (s 5= S-E-MAN -3 sla 5 i
S 03 3l sy Oliee e 9N ) 5l (omgis)
FESS A,z 3 ey sl L aS 905 (oo ol
5 potilSe ol (VY Y 5l Sleean o Jslow
Fe w5 po5 ond Cbli >y 0y50 p0 2T
el gl orflb o B N ol ol sl
OV ol 00 g yrg crl (a5l posl
RNA 351 0aisSaS g g5l orflbyj 5| i
00 S N 5 sl gy (RARP) 1, L
035 (w9, (Nucleocapsid) oS slS'el iy
DS e Bz (T 519 9,08 g0 y0 ), e &S
oS N 5 50 eodxie ool e bla> sl g
A ol Gl oo F 5 sl as cal onls

ARRY¢

AR 5 65 8 o led TV o555 15jl) ySiidjs mgle alan

L izmen a0 S o2hb wong (ol p955 b9)
bods) (ad 2950 5 Srlew (rl P393k Wy & 4z g
@ Sy (65 )0 aiile Sl wluls jpae
S S 50 (gl add (Dl slad @b bogs (55 )0
() ail oo ovalive B (Sl (5 (om0 5 ST,
U5« Soisdsol, le (g, sl Jds 4 s
s=a> cplple il e Sl e (Sgegn elsl 3128
sgb il (oo 1 V-0 95 b Cogae )5*‘% pas b
g slezel LB (ohg; 55 (g9 uljl ST anl oalad
2l smsns oo nl oL plg a5 a8l (0,155
) cgie al Ml 5 9ged (2l b slo aiged
ol Jodllygiws 3ol 0,5 el gl 5l
Lo bon J5 55 50 9 (WHO) cdloge Sl
L cisie ol ol 5 s i3 sl (CDO)
Real- uile JsSge sl ons 90l g gl S
155 a5 03Y . () +)o aloxil (RT-PCR) Time PCR
e, 550 RT-PCR alosl (5 aejy a5 el
45 0l oo (olaitl gla g pelp dcgeze
b 9,5 05 homam 2V Coulia L ol
15 godate ln 8,8 o, ool 5 A oLl
iz slo 0 sl p (solaisl la el s pul e
slasmln s oies oy s >k (o9 g ol
SARS- g5 po5 3 4>l aw sl 0l (>)b
E g N orflbile o5 Jolis a5 il o0 CoV-2
(O Joaz) O) el
o Ol Jsbow 58 ooy 7555 452 5o
RNA pgi5 51 addyl doz 5 oDl g 4 3585 5 Ll

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6261-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

ohes 5 S M s

¢ o __ORFin | I 0RO s
[ orris ] CTE LT

Transcription via

) an .antl-sense ) — SmRNA o | | AAAAAAAA
Replicative Intermediate I_l

ORF3 mRNA o AAAAAAAA

E mRNA o |_| AAAAAAAA

M mRNA OD—AAAAAAAA
ORF6 mRNA OD—/\.‘\.‘\:\A/\:\;\

Nested-set mRNAs

ORF7 mRNA OD_.—\.-\AAA.—\AA
ORF8 mRNA oﬂ_,\,\‘\;\.‘\‘\,\.‘\

N mRNA AAAAAAAA

ORF10 mRNA OD_.‘\,\..\.V\,\..\..\.‘\

U293 (o0 532 o5 (5929 Slrosk RNA 01 b g g Cuto s p555 -0 31 (smasiny 098 5 Y= (sl gy (oogss i =) JSuo
HRNA)‘&‘“M‘WstKJ%L@LB@SMy“Wd)u&@‘sw‘)‘bmwya)bﬁﬁy@wwd)ﬂaﬁ@b@
(0V) 85 oo )8 odlitsl 3)50 o925 il 5 Slaiblo slo (g W5 Iy 4 23,5 o (nEStEd) 5 5 95 (Slo

Jloim! Gialil jslae 4y 00,5 (oo Jlus)l 9956555
99 51 45 098 (o0 drogi gl ;3 ang p9) (2bS)
e 2 (65 Hged (WS5,L550 5 539 5) 4L
odls JJIVTM lae G S0 )0 Clgws 90,2 9 Wl
sba Slow 51wl WHO 3 CDC JSSgn 3ok 095
cas b (Rayon) oysl, b (Dacron) ys,STs « sowl
oolaiwl (6,18 10 diged (gl (Basl LB) Swdly
S 2Tl pedS ST L 4ty glo lgw g 00,5
O3 9555 18 eolitul 5550 LS W)l e il
bl ooy ol (Soe &5 st SLS 5 5ol
plosl anld )0 oS lee plore 4l g 00,5 Jlab e
OV A0) ol Jos JoSle o

Viral Transport L —wg g drgoi Jmo> Lo
Medium

b g ASged Al 50 o eolitul Ol
YUY ogas gl g (o VO oI o) o Wb
ools JLasl o8 iulo;l au VIM Lo s 5l o) Lo
68l Jslome VIM Lagome CDC [S53; 52l 3555
b il o ) Sl 5 sl 45 e
«(Hanks Balanced Salt Solution) HBSS ¢ 5L

O oy (0 Jg8 8) s jio g puendS (ol

http://rjms.iums.ac.ir

apdgy (el SzsS efg G el SO E
(\\c) ] (Envelope) Y929

SARS-Cov-2 Jedgo ousis ool ,d

lolas 51 5 iz

sl asiged (e WHO Josllygoiws b
Broncho ages jl osletwl SARS-CoV-2 glulis
4 a>g5 b .ol o Alveolar Lavage fluid (BAL)
09 oy, Soday BAL Jlg i (6,5 aiges
3,8 o 03gl] Jlaial 5 (991 oz led rsSassSig
aile (6,50 sl diged 5l Cunl ool Aoyl S diged
e Bl Sli (S5 Lg ) (Slas Al Clse
g oddlo ool ;S8 (2lg g9, B Ll b ]
plosl (s 4 (6 25 Lged b 09l 0l 12 )L i
g9 Jol SLojs) 40 65 Aged 4G5 90 53 29
b ey @bolid Jloil ol ploxl (6 lows @3le
3o Slo 9l elo s dged 5l 0z (00 VL
b g5l 5] (e 10 58I S SIS iged
L g a=8,5 I, 8 Viral Transport Medium (VTM)

VYA

¥4 )}f.j'e":' 4 o)\.».i: AN% 092 lsjll bslilj...! .ﬂ&lﬂﬂl?-ﬂ


http://rjms.iums.ac.ir/article-1-6261-fa.html

Real-time PCRSSS I ookl L SARS-COV-2 g9 JoSlo yarsuis

5 95l g o3lo Cidllae Jwlgm )0 a5 L Lo
8 SalS Ll 3 iged gl 55506 13
S 3 23 g Lna Sl 4503 B 353 o iy
Sloasin 5 ol s g 50 ©ods, e 90 59, S50
o5l S (o b Lo diged g 090 (o0 atdgi le
T 00 Do 9See 09y 9 S9d (o0 AL (SLEWDL
9229 £33 el plil sl 5 05 (o il
e e Jlo)|

Coley pac cmsliol (68 dgas a5 ol S LB
o o Jo B9 b (09 canlial 900 00205
Sl asslar 0pd e IS e a4
Gl Sl a5 sl ools lis > jo dalllas
sladsges 13 wemg ps) b3, sln RT-gPCR
2 V=585 Gugpg b igae a4 Mie o)l )lewy (b
do d Ve-Ve sga> 10 g ol o200 VY B9
e syl (12) el o0y sanlive LIS Late 5
oS e Ol o (JeSlse partis j3 D3
ol Jm (6,0 p digad ogou il iy Yo 4l
g Gloj (omis (LS b (L9 (5lm0) (55l
CaS @2l 5 sl o alizre slo ley) ()1
SLeMbl LT izman 5 o959 po35 @il sl
(V) Gl plxil 5l ool Cavay

aigad &l

SHRNA) (g9 ps5 gzl slp (IS 55k 4
~J2 L glpend b glaghy, Sl oly (oo Lo diged
L gl 5 ok laggin b gl5eil ip,89,08
(magnetic beads) —wbloe glaoy ;| eolai_ul
gl glaailp plos (oo (izmen 05 colinul
SSlegsl sl oo 3l eola ol Lo 1) ool , S8
(YV) ols pll 5.5 (extraction automation)

S Baas p,89,15- 18 L zlysel sl (3, 50
aS 0gd o oslawl (TRIzol) Jgily s, Joloeo
S ol b ogd (o0 g 15l g Sl lge 95>
ol g oals zlZeul (concentration) GRNA oS
I ol b b s,y b 31 s Yoo oo,
b5 b b Ko st n sl (Tl S5z
G 309y aalial i go Consl (Ko gy 5L
o JoSbe Jolie (gl oud gl 5ol GRNA

SSgm 5 «(Fetal Bovine serumlFBS) L5
B s LS 5 g lige aslaliiz aile ol
30 eyl dal iy olee ol By yigtel aiile
k8 5l g et eSS ea b Soglem sla vge )
Jbate 0959 e g ys Berb 50 g ot osls joue
bio (LSl SLaS 5 ez Nt (e 6l
4 JUESl Gl B g 605 diged 5l e o9 9 (2l
OV) A4S o ol 1, oSty los

wigad J& g Joor

OIS adgl 51 5o Gl 5l et a8 5 Clses
Jacul ¥ 0gd o ools I VIM Lo g9l
398 Jol> pliebsl (9506 gl o js JalS (o ates
5 Jom o> 50 (Sogll pi5 g aigei cutd Jlza 1L
9 asges 05 L olyan jlas ol 058 (5,5 5l &S
T Ulss Sso 4 s8I Al (g5, » Slaine nle
By b 5o 9l assel sl eIl adgl 00 5 (e
auY 90 ) a8 Soiglen dassel Jom ogate
ds )O Egame )0 diged) 09h (oo Jo ol ibla>
s Gy, b o gy (el 4288 15 blis 4yY
5 Ohlem 95 g lasin ol a5 Wl iges
Rl Seislen Gl Aiged oaisS” oz 9,8 .03 5 L)
J8 g e Ll 8 g caiged £ cshlom 4 S
sl ansls | o3 alST T L Lo o &l a5 diges
S 0y Lad Ly Lo aSgas oo Jolie oalod
plosl ol Lolow az )0 A=Y slws jo 0l (Jlal
OAN) oy

digod iy b 0y sloylero

diged JB 5 Jo 4 plgi (o0 diged (hndy bl
S=ioden adged Je (ogmatte aY 93 B, L s
ey Sy 0y i by digas Joo I Ll
e (G pae) iged ol slo (98I (Su 58
L d92g s (oo V Ploo) JLo )l VIM (oone
aS ole dge 0ge o)Ll Cunlin Qlgw 925 pac
a3 esdLE L 5 sl ol Jlo )l 09259, (90
a5¥ Lyl, 5wl sl VIM Lo e 5l caslie jlade
s B pdy sl

Lo diged (ol B9, (2l mhaw (2 pdy I am
o 298 5 )2 09h (oo (Sghead ax o Ve JSIIL
bgye o5 50l 5 098 (o0 5k diged (g9l Byb )0 90

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

ARR

http://rjms.iums.ac.ir

AR 5 65 8 o led TV o555 15jl) ySiidjs mgle alan


http://rjms.iums.ac.ir/article-1-6261-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

g gl Al ol B Job o byl (ase Ll oo
Glo ke bl sla o Sojl oolainl pien
4 =90 (RNase, DNase Free) La;llS'ss 51 5)le
A 55t a Sodl ) e Jyama 391
s g Slisle;l sl e 65 canlio CualS
SISl g slaal glizeul 1o SIS ¢ yags ]
gl ad> o el (Sl Sl 5y sl aised
Al Gl wagSee an asses JLanl oy (S
@l ) s s lg (e S el 0S5
5o Ao ol 1Al ails of pagy oRinlojl Jow 5
o) sl Vg b gl jLesY slasga jo el
99 Lot anly diged (35 Jl dl> e o 095 plox]
S aS oy ol 4 oS 6,8 e b ol IS
Cgz oo oolol Cui b 1) diges oS g pb ol IS
) aged sl Daids e )0 5 wed Cdillae gl 5l
s IS 5 4SSl ond S LIS Lylya o
Sl 959,500 ;0 9 4y Coig S 5l ) Wged
5o oS ) Bl Jslons
Real time PCR _iiSTy a3/ 5/50 5 jlw 00lo/
) sl oS 581 ol o o o8 los
Real-time &,g90 45 SARS-CoV-2 JoSlbe (auseis
STy a5 e s il oo sl d> 0 S PCR
S, ,5PCR i Sly | >|0 g cDNA i
oolol (sl 955 (o0 apog wndy (o el g,
s Lo oo reln Jobs (paSTy adol slge (g5le
S 255,50 50 Lol pomel Geizman 5 S s
(YT)ogd ags (reaction mix) oiiSly bglses cdigas
oolaiul 4y gy so STy boglire 4y slo oo 3o
e Bl G ol wS adsl olge polie I aigs
505 0l (ool I s S5k 5 Jaal s 3
WL 5l ey 45 sl ot Sl 55 ) S
Work 3 Lo g9 S an (ST g Lo (3ges
negative ) obis J ;S diges alolddl 03 station
0 g alol oy 3 solaisl g, 4 (control
work station ;o )l lews Glo Aiges 39d o A
s bl 55 o 4831 o s Sem 4 (5,52
@9 4 ba adged ad> o ol ) LS 45 090 (oo
o=l 4 jeed slarack o g (spin-down) culs Xen
Lol 5l L (pizmen Xgd o0 Jale work station

http://rjms.iums.ac.ir

Y.

ohlSen 9 S M s

complementary DNA: ) | S DNA o w ol
(pl »ogdle 040 Real time PCR iiSly 9 (cDNA
o dimly g el 089,15 18 () b gl 5
CJgg .ol (SUbjective procedure) (g0 ,8 LSS
YL (purity) pels ol e a0 Jsiw g, 5l oolaiul
Sl 3 55 03 5 JUal o o i Jpas
RGO IEK GUNRUESI- QI U PP L0 DS A
(VV) 0l a8 o &y (g9 ,he aijo ,la3

Bges jod 5l aw G glFil slo by, 9 Leges
Jobl e aiged & K 5Ly o0 10 Sujslem sl
slie 3l digad joue plin 1o U 0gd oo dilsl alls
I, Lae au RNA L DNA Lol Lol )i o oS0
e AL L 5y sl (ool les e
AL 5 L s szl 5 b coplie da Ko iils
0 BA> gl J>lye b (wash buffer) g
L lad 4o Joate SCalSg sl ianlyd 5o sl
5 o0 la> Lie 5l (Elution)  ,—bgll 3L 5l eolazul
sobate 4 L oS 351 (YY)00,5 (o 9] o
Sasie ol oWk slid I Jolxe jsne Jogusd
Ol e il ad o 1, Vb a0 LSk il
(Vacuum) s slou! sle oliws 5l oolawl byl
Sl plmsl BB 35

sl (b, 59 Sl (e (S sl gl
Olg—ie an 0sd sdalin iz zl Fiul gl oS
00 WLl L2l sla (g 5l (0 50 (Sl
39 90—bigSSl sl 090 (lysis buffer) ouiss 3 ) 3L
a dbged 3 Lol ad 3 lai 5 as 0 0F gleo
S as Sl S5 4 p5Y 0gh plnl LS )90
Sleaily Glizis slo coS )0 a5 SIS (5 soelS
= o8 b ce 1) SalS g sl (glula ol
g 3 oo sslizad UL sLad CuiS s

o Carrier RNA 5l solassl ¢ yioran. ol (g 5lolos
@Sl slad 4 S5 ol Jlast plesil Wil
b5y 5 Solite el sl Bl (YT)ams il
s ol (f o 457 068 g0 ooliiu] Sgiw gl ,Zel
Jbe jsb 4 058 Al e ol sl g )0 SEOS
ol sloslawl U g ,80L ol &l 4y les 0
Jel! 5l eolainl .o )5 o lil dl> o ol o 8L calie
39mai el (JSlse 2,5 ) WL sl oo

\¥a4 B & oyled YV ooy |5]|l b_rll.l'lj.l? .ng.l:nl:.u:


http://rjms.iums.ac.ir/article-1-6261-fa.html

Real-time PCRSSS I ookl L SARS-COV-2 g9 JoSlo yarsuis

oLl Real-time PCR olSiws Lawgs Ciw,eld
s el oS I s 90 Giles sla JUB o
ao B 5o 6Ty oyt ,s sl gl oS el
Aand S yol8 alizee sl S, L onls Juod g
b JUIS Slesl 5 g Jld o Caly oo )5
LY eds garg &S o 6lpogp o colas

NNy Sy

Sl e 9 oS

Sl gl anl B0 Shoe Sl Gliebsl (1
SLo JS 51 iS5 STy 5 cDNA i o Sl5 53
dgs (oo oolaiwl (run) 5 al> 0 S b el
S RT 558 oo 08 o piie J58 Jolis o
(YAl Wl oo AC) sl 8

sl oS olen sla Jasll giws )5 i die [
S Al 5 e S 5 solirad s o
aS Conl gl Wgas gyl J S cpl el oo aogs
asaS L o Ban 5 gl o Gtalejl a0 lgen
ail o oo SARS-CoV-2 yug,u9 slp oo
= e Jr8S sl assed Sl (B nl g egdle
SlsBp e il oo (Al S Jsl> asilys
S eiin J5S sl aiges (] sl 4 43 g
0 oolaiwl (No Template Control) o3I gy (s2ie
STy el e Jols it S 655 ool 553
ol ol gl 4 a5 el (template) 4ges 30 PCR
20,5 oo oolaiul LSy 5l g )le

sleslai vl ¢ are S aiged ailes ieto [
Gl Gl CuS 50 6,8 Al s o Cate S
Ll olgen Cte 505 adged el oud oy
STy Bam slo ()5 b 03 ln e Gtalejl azes
sloolazil g ©gd a5 il a9 Wb .ol PCR
Ol e Ao ol rd o Wl (0, e
asged wtilen 093 o] (ud e (2> b S
S e e J S (sl il e shie J S
sl (Al S sl

J =S diged o/ «dnternal control) A [,
a0 5 (65 ASsed SS9 oo (o2 S
I S| P S| IS PR LI WEd L SV AR VOW) s JES o
Housekeeping ) ,ls a5l sla 5 5l )l slo
s oolaiul RNase P ,.las slusl sls Jolow (genes

@5 4 1 09 ,See 050 Blilen o diged (o900
P9s)See oy S J S adgad BT 50 5 0ad iy
Sg g0 a8l 09> Lolaisl

Real time PCR lxs/

TagMan ;| oaswis gl oo 2S1 ol Jb o
o oolaiwl 09> colas! Bus  olulil sl probe
&9 amoz ;0 b olfiws ST ClblE @ axgs b oS
Solaie slo zge Jsb 4o (data collection) leds|
Oleyor &)jgm0 dny ally oo bo CoS cpl i 5l
T D)AS g diges o 1) colasl Bua o
49 SARS-CoV-2 oz ii gl (Jle yob 4 (Y7
obaiBl o oy pealy 5l Gle (o0 S St diged
1 J S eizmen g RARP g NGB () an 1o
Sge3 oslawl (internal control)

&S ael s conlaiwl 5,90 EuS s abo
4o J—3 5 Real time PCR &.LA)"! i Lisee ol e

Sy g pled Sl cpl (YF)osh oo pudaid oo
@l g, slo oS o (Thermal profile)
ad> 5o 90 Jold (S jobo e (Jg adly (o0 Dglie
oiSlg 09> g (hold) PCR i STy g9, 51 iy
L s, PCR (25Ts 51 (L3 Jolpe a8l (o0 PCR
Sl w2551 (99ed Jladyeé al> 5o 5 CDNA s
=] d9—ed Jd rigres 9 CDNA s b Las e
(Hot Start Taq Polymerase) PCR i Sls 5l oud
o Sl az 0 B0 B ¥ slod ¢ Jaone yob 4 ]
e ad> o gl aado Ve LY Slejosl o
L Loo g by ol a5 09 o0 4285 Jlai )5 cDNA
Sl Edigis) mil aLlS 5 o, Slos 4y azys
2 —ao <oS (RT: Reverse Transcriptase) _ywgSao
(YHew! oglae
al>,0 L, PCR i STy (cycles) slo 4> >
Jiail al> 0 L g £4,% (denaturation) i yulg
S ool aslol (extension) ,.255 / (annealing)
=P o ol ;53 a0 5Y (Two-Step PCR)
S5 5 JLal Al o 5 955 o Arogs o STy
Three-) 59— 55, asbp 58l 045 o alflas & )50
4 PCR STy sle a5 > olass (YV)(Step PCR
g g5 485 L5 40 452 B | S Jpane yob
Sl 03ls (53] ez Al 0 55 S L SIS

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

Y)Y

http://rjms.iums.ac.ir

AR 5 65 8 o led TV o555 15jl) ySiidjs mgle alan


http://rjms.iums.ac.ir/article-1-6261-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

ohes 5 S M s

JSie ) lp ohblerin

St Yo Jds

i 53 Jlotim] OISt

SNy Jpame () S9h () g e S diged i
J5 655 2

0,L9 o3l Jasdljgiws b oads bl gla JUIS %
WNgd (o)
DSy Jazme (guiy 2 095 (g2 Sn J S Liged
J5 s 2

e Gl S (FO L) T 5l iaS o IS oloes s

5o oaisS S5 ple g il n (Sogll wbile s
Slyien 355 sl o5 b o gl Jyane
569 2 35 1) o0 glyFnl SalS g el 2ciS
D9 (g2
D58 gy S Sy Joall s o 12l g
1 sy Se (9253 (2 i I 25Ty slectl
2ed Jolo el

s 0bgd oxiile Jasllygiws boads plosl Jol e

g

Yoore .08 aige |, (ANnealing) Jlas! oyloj 5 Los s
95 wolad Jpame JoSA5 G Lod cnl (21381
ool 23S Ty Caolazs] 2alS b ol jen ] GialS
Jole led oy b glo 8, 0 1) dgas

les w1y gl il 3T ol e ohg gasas

S 53 i 1) )5 5 So Sl Aiged L

30 00505 el e dyd> Cadin 7S diges 1 oolawl %
(AliqUOt) Lg)Lf Lg\.b Ql) L WL;:A ddxie 6"“ JLB
05l Jasdlj5ins b cnliine (55l (slod (o) i
0,L9 o3l Jasdljgiws b oads bl gla JUIS %

Wi (o 2

Sidows jo oriio ol 31 5l oolail 5

b law C80 g Covo gy

oolatul el jlade jo b g Bl cq B0 1Sy sy 51 (SO
el o
PCR STy b g STy (o5l Jlad €DNA i Sles Jilog
FOW PR PSS E
il oaid Ol gy S yold sl g b s e JUS

i calio o g g peul i

o (BB Lo S Slass

O COVIIN | JURET - PRV
el oais gzl Bl canlin oS L b
2,10 5925 PCR 25 Tg 00iiS Canilowe 00le o0 715t aiges jo #

5 o 0 sampling) (Suss glass

el o0id Ay (2950 b o il g9, gy o
i) S comlia (Hold) adgl s yuoly loy g oo il s
(cDNA
€575 Sod ol (HOI) asl (S8 ply (loj 5 oo iy
(Hot start slo o 51 sl 25Ty
sl csliali PCR 28y Jlast (gles g ylo

3,08 3929 STy 0asS Canilas (5 lade diged jo %
e elin 00 ] digel CoeS 5 ColS
8903 Siceos (o (Fogll #

GiSTy T3 5 o Jslomo s oyl

a8lal el jlade af ol oois adlsl by aigas 4y s s =
o5 kS ) S slozmil 5 g3 b g celbial (6 IS5 1 o Jonts

ole yo s JyuS a5 el oo oS 4y bgye)cl sols cans

05 aBlol Gl so b diges 4 gl 5l £9,0
S U5 g 6l o ysld U e yob ol s
9299 )5 oolital Jdwy Sude J7US wiged (5L 5 (Si 55
(o3lasl 51 i olez!
bl (gloo 4o (5,l0g S

Caa J3HS g 8l Skl JUIS Cansyols Sl 2

Sl (S5 glas 5
o Jols Dlypas o5 oS %

Jogas (2iSTy sleil 5o
Sgds
(035 iS5 Jgams)

ol STy (0330) S

S iy loged) ol
S sl oy STy
(Gl 00 LSis

SIS diged 5t St

siks

S S S i

Dg oS sanliw (IC)

OO s [ (ol e

Certe J 7S diged

osthas @S 603188

S

JrsS diged 5l do diges youis 0og)] g 2l yseinl ol

http://rjms.iums.ac.ir

YYY

JrS ased jllcaS 51 oo (B 50 9 (YA) 05
38 aged 4y ol adlal gl oals b Sl
Sgd o oolaiwl 5wl d> o g4,

¥4 )}ﬂj‘@’& 4 0)\.»...:' AN% 092 Isjll hslilj..l: P&lﬂnl?.ﬂ


http://rjms.iums.ac.ir/article-1-6261-fa.html

Real-time PCRSSS I ookl L SARS-COV-2 g9 JoSlo yarsuis

Sl 00l (5 s (Sl gy Slasi 050 (625 Aiges
ol38l 5o (s o De 9,5 L g g ng b azlse
= Sleiel BB )55 S Jsax 5 azd Conslus
Cplo 5l s co bl b el sl pioren 050
b8 log ool )8 (wg g il (2l Lo
Sg-d Byxe wipg 2liplen p e b g anis

(Y)

Wl Slezr olojbw Josdljgiuws 4 azgi L

SARS- (9 n9lis)S JoSlge panteis &Sl p (Fe
A e ol 31 Lol (gl o il g, Cov-2
pos (B 5l 60 150 0Bl (o0 (s ng ogie
(Gslom ) 65100 diged (o) s (655 Aiged
S5 2l g iged & g Jo> 5l diged Jore
h s ol @l atlys (o0 parsitd g gl sl lo
Ol aii o b b og) cpll aseay )8 306 co
500, YU | ced caS dLhas ouisS olul o)lge

Bl yrals el o U 1) Q35 caie 500

S gy
aS ol o oY 053 ol dlie oy
clacl SO ST 4 caus |y Jhhyad g Sis JWS

pode oS ils (sLig S JsSIse o id olRisls)]
&1zl 698 ks oS zulejl jo a8) ol ul (o3
2 Olml (S pade ol iils cblagy cglee 59
15 4 (sl 00 g3lanl o], 1¥A8 Jlus ol azied
15 SARS-COV-2 yug 35 omarieds oligle;l ol

i = 2B g b T8 Sl el ok
ailes 5l aasl asils

References

1. Sun P, Qie S, Liu Z, Ren J, Xi JJ. Clinical
characteristics of 50466 patients with 2019-nCoV
infection. medRxiv. 2020.

2. Dehghanbanadaki H, Seif F, Vahidi Y, Razi F,
Hashemi E, Khoshmirsafa M, et al. Bibliometric
analysis of global scientific research on Coronavirus
(COVID-19). Med J Islam Repub Iran.
2020;34(1):354-62.

3. Read JM, Bridgen JR, Cummings DA, Ho A,
Jewell CP. Novel coronavirus 2019-nCoV: early

aS Sl ool ..\_a..>L$ Sl 9 ;M 6L¢b 4.’94; 651.7-
255 oo LB ekl 090 sl oy 2 Lol e
&liw] b3 ou, b Real time PCR a8 slyslyo
OiiSly ((iSS) i 15905 y9ue 9 «(Threshold)
0 Caie ] o STy A S b Ct oz ol 5
L Ct adly ;0 008 ooyt JB o diges ol ol

Wiged 1,0 a5 Cunl S gl Threshold Cycle
= S el bl 0B Le dges i gld
Oemts Ct g oy o ol SSlogil &g o oSl
‘53_«.».»0 O yga )f.‘:‘ub LgLQ oo Lf)" )99 09...» «<°
(YA s ooy e oy
y abwl las iaSly iS5 o ST IS O)5a
STogd soad 3 a0 Cude digad (] WSy alad
A adged LYY L YD 55 sl JSw 0 Ct oyl
e Ct 1 51 g ca s )55 Ciio dgad (lg—ie
S g S 98 azid AL YL L LYY sl S
Real time _jiolo;l |1, S5 4 oy g Cal lgis o]
o3 2B Sly o paew 3 Sjg0 )0 5 ik (o0
o=l SIS 0gh (o8 duze (6,5 diged pll Lol
s SuSS a5 4y ax gl b olael plas aisS
olazs ‘SJL—«ML&-‘-AJ ‘5‘)_' K_MS wl-ﬁﬁﬁ? 9 oolazw! 3,90
Sl Dgliie (LOD) iged )3 (w9 p9i) Lo (o5
Sy i 5l b diged gl (51550 (uizpen
- 6)15 O‘) ul_A.Q JrE oolaul s g S
58,5 a0 a S (gyedog b eolaiwl el
sbagly 3 (e g e 05 @mlS 6,158
oo 50 (Sogll sac g lusSs Ll o saxie 8
Covo o glpil ds o a8 5l eolaiul b gl el
525 il Cmnl 5T o5 Jo—8 B
=S diges Slod L (Preanalytical) iolejl 5 iaw
25 oIl pf (6,5 diged S aS (5 5k ol
G 5o O o5 e bg ooy p35 by e b
2992 5 pasus il 5 CuSh 4 e Wil o

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

\YY

W4, gd ¥ o )led TV o5 g5jl) i Subjs mgle alan http:/rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6261-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

estimation of epidemiological parameters and
epidemic predictions. MedRxiv. 2020.

4. Guarner J. Three emerging coronaviruses in two
decades: the story of SARS, MERS, and now
COVID-19. Oxford University Press US; 2020.

5. Pormohammad A, Ghorbani S, Khatami A, Farzi
R, Baradaran B, Turner DL, et al. Comparison of
Confirmed COVID-19 with SARS and MERS Cases-
Clinical ~ Characteristics, Laboratory  Findings,
Radiographic Signs and Outcomes: A Systematic
Review and Meta-Analysis. Rev Med Virol. 2020.

6. Organization WH. Laboratory testing for
coronavirus disease ( COVID-19) in suspected
human cases: interim guidance, 19 March 2020.
WHO; 2020.

7. Seif F, Aazami H, Khoshmirsafa M, Kamali M,
Mohsenzadegan M, Pornour M, et al. JAK inhibition
as a new treatment strategy for patients with COVID-
19. Int. Arch. Allergy Immunol. 2020;181(6):467-75.

8. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, et
al. Evolution of the novel coronavirus from the
ongoing Wuhan outbreak and modeling of its spike
protein for risk of human transmission. Sci China
Life Sci. 2020;63(3):457-60.

9.Pan F, Ye T, Sun P, Gui S, Liang B, Li L, et al.
Time course of lung changes on chest CT during
recovery from 2019 novel coronavirus (COVID-19)
pneumonia. Radiology. 2020:200370.

Y10. Organization WH. Laboratory testing for
coronavirus disease 2019 (COVID-19) in suspected
human cases: interim guidance, 2 March 2020.
WHO; 2020.

11. Corman VM, Landt O, Kaiser M, Molenkamp
R, Meijer A, Chu DK, et al. Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-PCR.
Eurosurveillance. 2020;25(3):2000045.

12. Brian D, Baric R. Coronavirus genome
structure and replication. Current Topics in
Microbiology and Immunology.book: Springer;
2005. p. 1-30.

13. Brian D, Chang R-Y, Hofmann M, Sethna P.
Role of subgenomic minus-strand RNA in
coronavirus replication. Positive-strand RNA
viruses: Archives of Virology Supplem. Springer;
1994. p. 173-80.

14. Rota PA, Oberste MS, Monroe SS, Nix WA,
Campagnoli R, Icenogle JP, et al. Characterization of
a novel coronavirus associated with severe acute
respiratory syndrome. Science. 2003;300(5624):
1394-9.

15. Organization WH. Guidance on regulations for
the transport of infectious substances 2019-2020:
applicable from 1 January 2019. WHO; 2019.

16. 2019 Novel Coronavirus (COVID-19)
Specimen Collection Kit Instructions: Centers for
Disease Control and Prevention; 2020 [Available
from: https://health.ri.gov/publications/instructions/
COVID-19-Specimen-Collection-Kit.pdf.

ohlSen 9 S M s

17. Specimen Collection Guidelines: Centers for
Disease Control and Prevention; [cited 2020.
Available from: https://www.cdc.gov/urdo/
downloads/speccollectionguidelines.pdf.

18. Organization WH. Surface sampling of
coronavirus disease ( COVID-19): a practical “how
to” protocol for health care and public health
professionals. WHO; 2020.

19. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang
P, et al. Sensitivity of chest CT for COVID-19:
comparison to RT-PCR. Radiology. 2020:200432.

20. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W,
et al. Correlation of chest CT and RT-PCR testing in
coronavirus disease 2019 (COVID-19) in China: a
report of 1014 cases. Radiology. 2020:200642.

21. Ali N, Rampazzo RACP, Costa ADT, Krieger
MA. Current nucleic acid extraction methods and
their implications to point-of-care diagnostics.
BioMed Res Int. 2017;2017.

22. Thatcher SA. DNA/RNA preparation for
molecular detection. Clin. Chem. 2015;61(1):89-99.

23. Andreasen D, Fog JU, Biggs W, Salomon J,
Dahslveen IK, Baker A, et al. Improved microRNA
quantification in total RNA from clinical samples.
Methods. 2010;50(4):S6-S9.

24. Ong YL, Irvine A. Quantitative real-time PCR:
a critique of method and practical considerations.
Hematology. 2002;7(1):59-67.

25. Tajik Z, Bokharaei-Salim F, Ghorbani S,
Keyvani H, Esghaei M, Monavari SH, et al
Detection of HBV genome in the plasma and
peripheral blood mononuclear cells of Iranian HBsAg
negative patients with HIV infection: occult HBV
infection. Arch Virol. 2018;163(6):1559-66.

26. Barfi S, Narges C, Pouretemad HR,
Poortahmasebi V, Norouzi M, Farahmand M, et al.
Measurement of serum hepatitis B surface antibody
levels in Iranian autistic children and evaluation of
immunological memory after booster dose injection
in comparison with controls. J Med Virol
2019;91(7):1272-8.

27. Yavarian J, Malekshahi SS, Yavarian R,
Yazdani S, Janani L, Jandaghi NZS, et al. Type
specific Real time PCR for detection of human
herpes virus 6 in schizophrenia and bipolar patients: a
case control study. BMC Psychiatry. 2015;15(1):296.

28. Bustin SA, Benes V, Garson JA, Hellemans J,
Huggett J, Kubista M, et al. The MIQE Guidelines:
M inimum I nformation for Publication of Q
uantitative Real-Time PCR E xperiments. Oxford
University Press; 2009.

29. Monteiro AGF, Trindade GF, Yamamura AM,
Moreira OC, Paula VSd, Duarte ACM, et al. New
approaches for the standardization and validation of a
real-time qPCR assay using TagMan probes for
quantification of yellow fever virus on clinical
samples with high quality parameters. Hum Vaccin
Immunother. 2015.


http://rjms.iums.ac.ir/article-1-6261-fa.html

[ Downloaded from rjms.iums.ac.ir on 2024-08-16 ]

Real-time PCRM )I o3laiwl Lv SARS-CoV-2 Y929 J9§J~c un.”or.&u

30. Khoshmirsafa M, Seif F, Mohsenzadegan M,
Najafi M, Mokhtarian K, Shekarabi M. Circulating
microRNAs, valuable biomarkers in biological fluids.
Razi J Med Sci. 2017;24(160):22-36.

\Yo

WA ) e ,es P oyl TYV 0y 93 GjlijﬁJH.uglr.nla.n

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-6261-fa.html
http://www.tcpdf.org

