Genomika i molekularna
dijagnostika SARS-CoV-2

Ivan-Christian Kurolt

Klinika za infektivne bolesti “Dr. Fran Mihaljevi¢”

Jedinica za znanstvena istrazivanja
ikurolt@bfm.hr



rthocoronavirinae

2
85 §
s§  F
N
322957
T 2 g E - -+
S5558if5: 8
e e
s el o &t A
BESSEsilSFdsre & 0
- & I r] o
SESSLSEESss TS Sl E o
000085‘?5;“'@,?&;;;6‘9#&@
o=9 & Kol B
SOgISS e E S e
a&b .;\KDPP A WP e
F g B o
ol a8 s T
i s it ey x,ﬁe o
‘q}‘ A
[ 19” A _.\,1'-
"@ > \A\a‘“a’}‘\
O g, o o
0\?‘ E‘aﬂfﬁ' ,‘A_-,ﬁ N
&3 06:_:,'3'1'5‘\‘\5(83 R
ABg, 3Syngr, "ah,;ufolra 4o G;;nﬁqﬁ.ﬂ'&qx\ﬁ»
57223.1.5 o e~y Lol 57 mllgg'iml.l&\ﬂ" "
A'Eush's-"-ﬂhhm us-b ,_cw#ov 95 %\&ﬁﬂmfmﬂ : i
¥P_0g155 Obhus.bay. Uz W,AEEI\.PNU' A
a zzu:.ammrnmmm‘g:::l(ug pr Tog gﬁos%\.ﬂ-usﬁﬂ-
ALAS0248.1-Camel-alpha oz 100 & QIUTET0S5.1-Spain
ARQD3268.1-Porcine-epidemic-diamrhea-virus g!éﬁus-mfﬂeca long A
. a1 K A Fri
on i o S o e
ghinolophusbat GOV o 8 QQzarsg 1 o elfing
ucmsﬂ-rj Rh mmam“ ucl:s o & ?ﬁa_T-Pakislah_G“
-"{ °"‘f{-, i - £s 4 3.1 gt \/SZTH002/202001
g3 A o -2
ﬁm!ﬂ \'\'-"‘“'“L ocA® 1
A o }
FGTE.“wE '\M,n-ﬁ e“'o.:::‘i fﬁu n/202002
u«'w" ”.,«*-“" o ool 102002
i e o o
N 3
BB 230 ula,51"-'\ \goﬂ' 5,1390‘5 ) & /202003
* po¥ at W st | s 16/202002
8 23 VIV04/201912
285 aF :5'55,\:3@?3‘;?\ 48 ‘
o S & 95’@&‘& Ky -3 /202003
o e S g.s
o S N 002
& NFET o, i
‘3‘,:\:1‘?!_! .‘-’g"’:}?"i@é’ 2t @ 102003
ST FEST 522
L B @g ;‘Er? TiEr» P
S FTEe T e EzrrrzE %
SEFLFTSS §TeITRE55258 ejiang2013
. FEIFF F5FE2788328%%
SARS-Co\L2 — < v 5 'g;.wﬁ’a::ggg;g.mg 19
Bat-Cov p— v PHSF S TSI EEEGERET
bat-SL-CoV — SF F3Febaat bl cCbC1
B-CoV | piRo-Beta-CoV s Yy g °ﬁ‘§°{""’ﬁw§ggg"“§§ us
SARS-CaV — R q‘é’é’@é‘uﬁg?aiﬁ;ﬁ
MERS-CoV — S § &F F o o & o ¥ Q &
HUman-Cov-004 3 s & o & F-fggztd E
al = §f §5inparbil
a-CoV — & 5.555%%&'%,:
e — TEFTIEEZ ¢
&-CoV — = =2 5
£

Hussain et al. Genes Immun. E‘é‘z‘é‘b‘é’c,’z“ﬁéé)"ﬁ‘é’éi’i views wiicrovioiogy 19; 141-154



Coronavirus

+ ss RNA genom, 29,9 kB
14 ORF, 26 razliCitih proteina

Strukturnih: Spike (S), Envelope (E), Membrane (M), Nucleocapsid (N)
16 nestrukturih proteina — prvenstveno potrebno u replikaciji
6 pomocnih proteina s nepoznatom funkcijom
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Filogenetska raznolikost
SARS-CoV-2 ’
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Implementacija

Prvi slucaj COVID-19 u Wuhanu, Kina

Odluka o uvodenju testa na COVID-19

Isporuka pozitivnih kontrola za COVID-19
Isporuka pocetnica i fluorescentnih proba
Zaprimanje prvog uzorka na testiranje COVID-19
WHO PHEIC

.. 1. autohtoni slucaj u Italiji

.. 1. dokazani slucaj u Hrvatskoj
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Molekularni testovi za SARS-CoV-2

World Health
Organization
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o ki Coronavirus Test Kits Sent to

¢ Coronavirus disease 2019 — States Are Flawed, C.D. C. Says

¢ Technical guidance
assays may

. . . e . »
I house de Some tests distributed by the agency deliver “inconclusive

readings. The C.D.C. will need to ship new ingredients,
Some group
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Summary ti
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Country
China
Germany

Surveillance and case definitions

Hong Kong
Infection prevention and control

Points of entry and mass gatherings
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A Enveluge (env) gene

B RNA-dependent RNA palymerase (RuRg) gene
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A Nasopharyngeal swab and pooled nasal and throat swab

Troe False Fake True Total Weight PPy Weight NPY
positive  positive negative negative (%) (%)
Leffanc et al* n X 3 154 190 e 42 0-94{0-83-1.00) - 182 098(095-1.00)
Viek ez al 25 2 o go w7 —t 295 0-93(0.79-1-00) | | 5356 100 (0-98-100)
Shakit et al* 113 1 4 104 422 B 97 0.95 (0.56-1.00) " 3462 099 (0.97-100)
Landom effects mode - -7 (090-1-00) - 0499 (0498-100)
: {Q=4.84, p=D 08, Fo57 4% Q=1 86, p=U-39: Fa0 O%)
l—l—l
035 05 075 3
B Nasopharyngeal swab and saliva
Lanury ot al 28 7 5 0] 124 e 129 050 0495 (085-0498)
McComick-Baw et sl &7 1 2 105 155 . 653 144 098 (0494-100)
Migueres ot al' M 3 7 79 123 — 146 031 092085
Miler vt al™ 2 1 5% 9 .- 186 78 Q48 (0-92-1.00)
Gresermer et af 2 18 158 ‘e 1086 ‘ 230 095(053-097)
Hansan et al s 6 5 268 - 360 093{0-86-097) » 199 098 (0.96-099]
Altawalsh et o™ 287 18 57 29 P Uw 064 (0-91-0-96) : 189 090 (0-88-0-93)
Sarat et al 5 1 4 an —ie 200 096 (084-100) w1176 099 (098-100)
Procop ot al* 18 1 ] 177 ie 436 097 (0-89-1.00) ‘W a7 1.00{0-99-1.00)
Senok et o 19 9 ! 366 ——— 04 063 (049-0-84) - 544 098 (0496-099)
Bhattacharya et al™ 53 0 5 16 : A 1798 100(0497-1.00) - 003 0761055092}
Yise et aP 49 8 13 w3 —_— 147 085 (076-004) - 106 094 (090-0497)
Mestclagh et ") 33 12 4 1375 — 073 073(059-085) ® nn 097 (096-098)
Random sffects modat < 003 (082097 S 097 (D940
(Qudb-76, p<0-0001; F<79-3%) : (Q=96-46, p<00D0L F506%)
015 05 0% 1
C  Nasopharyngeal swab and nasal swab
Calighan ot af* 7 2 7 44 60 — 008 (0-44-094) —_— 036 086(075-0:95)
Kofima ot 3l 19 4 2 18 13 —— 024 0-83(064-0.96) —i- 048 090 (072-100)
Pare et ol 13 o 4 7 44 ‘. 331 1.00 ((>95-100) i 104 064(033-090)
Tuet s 5 0 2 452 504 - 2w 1,00 {0.§7-100) w7 £00(0-99-100)
Grioamer ot A 25 0 17 0 463 W 6230 100 [0.88-1.00) ¢ 749 095 (693-0-97)
Manyon et al™ 69 1 1 73 354 . 678 0-99 (0-94-300} - 644 096 (094-0.98)
Melulloch et 3 Q 3 2 140 154 e 010 075 (0-46-0 56) - 773 099 (096-1.00)
Random effects modsd - 096 {0-87-1.00) - 095 (088-099)
: (Q=26 38, p-00002; F=340%) : (Q=d5 70, p<0C000L Fo933%]
.'_T_lﬁ' 1
025 05 075 1
D Masophuryngeal swab and throst swab
Patel vt of 18 3 4 121 146 . 76-52 086 (0.67-0-58) - 468 097 (093-0-95)
Wang et al™ 7 5 7 173 192 ——i 2348 058 (0-29-0.85) | 5w 046 (093-099)
Random effects model —— 075 (045-096) & 496 {0-94-0

(=287, prO 0% Fha-558)
035 05 05 1
«— —»
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Q=007 p-0 80, F =0 0%}y

SARS-CoV-2 virusno opterecenje

Yung Tsang et al. Lancet Infect Dis.
2021 Apr 12;S1473-3099(21)00146-8



SARS-CoV-2 virusno opterecenje
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SARS-CoV-2 virusno opterecenje

Clinical sample RT-PCR (all SARS-CoV-2 samples, n=13)
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SARS-CoV-2 virusno opterecenje

Ref Influenca neg Influenca
20 28 B RSV 30 34 kontrola 21 A 31 26

Rezultat poz poz neg neg poz neg neg poz neg neg poz
genE 24,5 33,5 - - 34,5 38,7 - 25,8 - - 29,2
gen RDRp| 26,3 34,5 - - 35,3 - - 27,4 - - 32
Rezultat poz neod. neg neg neod. neg neg poz neg neod. poz
genE 26 34 - - 35,5 - - 28,1 - 35,6 32,8
gen RdRP 30 - - - - - - 33 - - 38,5
Rezultat poz poz neg neg poz neg neg poz neg neg poz
genE 23 33 - - 31 38 - 26 - - 31
gen RdRp 28 38 - - 35 - - 32 - - 35
Rezultat poz poz neg neg poz poz neg poz neg poz poz
genkE 20,54 29,57 - - 30,40 36,24 - 22,45 - 33,08 27,01
genRdRp| 22,26 30,97 - - 32,53 38,60 - 24,44 - 33,90 28,67
Rezultat POz POZ neg neg repeat | repeat neg POZ neg repeat POz
gen: E 25.47 34,56 - - 36.46 37.24 - 27,48 - 37,19 30,29
gen: N 24,68 34,00 - - 36.43 37.26 - 26,72 - 37,08 29,54
gen: RARP 26,57 31,48 - - - - - 28,23 - - 30,34
Rezultat POZ GR NEG NEG GR NEG NEG POZ NEG GR POZ
genE 22,14 32,21 / / 34,39 / / 25,31 / 37,31 28,69
genRdRp| 23,69 / / / / / / 26,76 / / 29,36




SARS-CoV-2 virusno opterecenje

Barkod Hanks Rez Hanks +

+ iClean IClean Barkod Gongdong Rez Gongdong Razlika
0204*577 17,4 0204%649 235 6.1
Barkod Haﬂzg $*5’4Rez Hankg’z Barkod Q?O%Egé‘r{g mediji Re‘zq(fongdong’n?ediji +
Gondong é?g&% 58(%ondong é’%ﬁc + ie?é)a_ %@pié 'iClean Stapic Razlika
0704*2X077 4% 226 1° 0704*329 €3, 0 9792/ 5,3
0704+2Pp047280 54 426,2 8984+349 329 31767 10,3
0704x24p047448 53 21,6 8984913 26,5 55449 2.6
0704+3P§04™453 19 3184 89684+439 23,5 9g1 91 6,8
0704+38904547 35 1 20 89684+448 23,5 37 35 1,9
0704*48804607 59 316,5 8904-£34 252 59987 0,6
0704*458047526 54 516,2 8984+£44 244 54982 4,4
07045804541 15 522,5 8984+444 33,2 91 4107 5,9
0704+5$9047483 54 325,8 8984+444 28 998 2.2 9,5
0704+5P$047607 14 116,5 8964+£28 25,2 534 8.7 5,3
vuou4atoZo 10,2 vou4*r4l 4.4 0,2
0604*541 225 0604*742 33,2 10,7
0604*483 25.8 0604*745 08 2.2



SARS-CoV-2 virusno opterecenje
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Brown et al. JAMA. Published online April 8, 2021



Il Positive AGgPOCT result
Il Negative AgPOCT result
[J Sample not tested

10

Log,, SARS-CoV-2 RNA copies per mL
SARS-CoV-2 RNA concentration

Corman et al. Lancet Microbe 2021 Apr 7

Antigenski testovi

SARS-CoV-2 pandemic: a review of molecular diagnostic tools including sample collection and commercial.. 57
Table 2  Antigen-based detection methods utilized for COVID-19 diagnostics
Ref. Detection method Antigen Sample type  Num.  Days since Sensitivity Specificity
of symptom (% )VLOD (%)
samples onset (days)
[106] Fluorescence MNucleocapsid protein NPS and urine 239 3 68 100
immunochromatographic
assay
[115] Fluorescence Mucleocapsid protein Saliva 103 9 1.7 N/A
immunochromatographic
assay
[116] Chemiluminescence enzyme Nucleocapsid protein NPS 313 N/A 552 99.6
Immunoassay
[117] Fluorescence Mucleocapsid protein (Genscript Non-clinical — N/A N/A Genemedi NiA
immunochromatographic Cat #7034 88 & Genemedi samples (in —0.65 ng/mL,
assay GMP-V-2019nCoV-NO02) PBS buffer) Genscript
—3.03 ng/mL
[118] Fluorescence SARS-CoV-2 antigen NPS 19 N/A NIA (low) N/A
immunochromatographic
assay
[114] Fluorescence SARS-CoV-2 antigen NPSand OPS 127 <7 for93.7% 939 100
immunochromatographic of samples
assay
[119] GICA Nucleoprotein NPS 138 N/A 50 100
[120] GICA Nucleoprotein NPS 148 Median: 4, 302 100
mean: 6.6,
range:
0-34
[121] GICA MNucleoprotein NPS 328 N/A 576 99.5

Jayamohan et al. Anal Bioanal Chem. 2021;413(1):49-71



Serologija

Table 3  Antibody-based tests utilized for COVID-19 diagnostcs

Ref. Detection Antibody Sample type Mum. of Seroconversion Sensitivity Specificity
method samples (days)
[129] GICA IgG and IgM Serum/whole 134 7 96.8' N/A
blood ) )
[130] GICA IgG and IgM Serum/whole 525 N/A BE.667 90.637
blood ) )
[131] GICA IgGand IgM Serum g14 5 B6.89 99.39°
[132] GICA IgG and IgM Serum 179 8 95.10° 91°
[125] CLIA IgGand IgM Serum 285 13 100" N/A
[123] CLIA IgGand IgM Serum 159 14 91.14° R0°
[124] CLIA lg(sand [gM for mucleocapsid protein Serum 222 4 81.5° 96.6°
[133] ELISA IgG and IgM Serum 238 11 £1.3° N/A
[134] ELISA IgG and IgM for nucleocapsid and spike  Serum 214 10 §822 MN/A
protein
[135] ELISA IgGand IgM Serum 15 5 N/A N/A
[136] ELISA IgA, IgM, and IgG Serum 208 5 854 N/A
[126] ELISA lg(s, IgA for spike protein Serum a1 MiA WA M/A

! Highest sensitivity among samples tested
: Sensitivity reported as a mean of all samples tested
N/A. data not reported or not relevant in the context of the referenced publication

Jayamohan et al. Anal Bioanal Chem. 2021;413(1):49-71



Varijante
VoC — Variants of Concern

Lineage + [Country first |Spike Year and |Evidence for Evidence for |Evidence .
WHO " : . . : . Transmission
additional |detected mutations of |month first{impact on impact on for impact |.
label ) : : T : . in EU/EEA
mutations |[(community) [interest detected |transmissibility [immunity on severity
United N501Y, D614G, |September L
Alpha (B.1.1.7 Kingdom P6S1H 2020 Yes (v) [1] No Yes (V) [3, 4] |Dominating
B.1.1.7+ United E484K, N501Y, [December Neutralisation
E484K  |Kingdom  |D614G, P681H |2020 ves (v) [1] V) [2, 5] ves (v) [3] | Outbreaks
K417N, E484K, September Escape (v) [7
Beta |B.1.351 |SouthAfrica |N501Y, D614G, |2SP Yes (v) [6] P ' |Yes (v) [4, 9] | Community
2020 8]
A701V
Kal7T, E484K, December Neutralisation
Gamma |P.1 Brazil N501Y, 2020 Yes (v) [10] V) [11] Yes (v) [4] |Community
D614G, H655Y
, L452R, T478K, |December .
Delta |B.1.617.2 |India D614G. P681R |2020 Yes (v) [12-14] |Escape (v) [15] Community

https://www.ecdc.europa.eu/en/covid-19/variants-concern



Varijante
Vol — Variants of Interest

. . . . : Evidence
WHO L'”e.a?ge | Ceainy it Splke_ Year and month _Ewdence ek _Ewdence = for impact|{Transmission
additional |detected mutations of . impact on impact on .
label ) . . first detected | : on in EU/EEA
mutations |(community) |interest transmissibility [immunity .
severity
L E484K, D614G, Neutralisation .
Eta B.1.525 |Nigeria Q677H December 2020 (m) [5] Community
. B.1.427/B. Neutralisation Sporadic/Trav
Epsilon 1.429 USA L452R, D614G |September 2020 (Unclear [12] V) [12] ol
The E484K, N501Y, Neutralisation Sporadic/Trav
Theta P33 Philippines  |D614G, peg1H |Yanuary 2021 Yes (m) [1] (M) [5] el
V483A, D614G, , Single
B.1.616 |France HE55Y, G669S February 2021 |Detection (c) [17] outbreak
. L452R, E484Q, Neutralisation
Kappa [B.1.617.1 |India D614G. P681R December 2020 |Yes (v) [18] (v) [15, 17] Outbreaks
S477N, E484K, Neutralisation
B.1.620 |Unclear (b) D614G, P681H February 2021 (m) [5, 14] Outbreaks
R346K, E484K, Neutralisation
B.1.621 |Colombia N501Y, January 2021 Yes (m) [1] Sporadic/

D614G, P681H

(m) [5]

https://www.ecdc.europa.eu/en/covid-19/variants-concern



Varijante

Vum — Variants under monitoring

WHO Llne_a}ge * Country first detected|. . . . Year and month Evidence for impact|Evidence for impact|Evidence for impact{Transmission in
additional . Spike mutations of interest . o . 3 i

label mutations (community) first detected on transmissibility [on immunity on severity EU/EEA
B.1.617.3 India L452R, E484Q, D614G, P681R  |February 2021 Yes (m) [1] 'I'S]u"a"sat'on (m) [5, Not detected
B.1.214.2 Unclear (b) ngl_jé N450K, ins214TDR, December 2020 Detected (a)
24283:1? United Kingdom \V367F, E484K, Q613H December 2020 Neutralisation (m) [5] Detected (a)
A.27 Unclear (b) L452R, N501Y, A653V H655Y  |December 2020 |Yes (m)[1] ['\E‘]ma“sa“o” (m) Detected (a)
A.28 Unclear (b) E484K, N501T, H655Y December 2020 Neutralisation (m) [5] Detected (a)
C.16 Unclear (b) L452R, D614G October 2020 Neutralisation (m) [5] Detected (a)
C.37 Peru L452Q, F490S, D614G December 2020 Detected (a)

. P384L, K417N, E484K, N501Y,
B.1.351+P384L South Africa D614G, A701V December 2020 Yes (v) [6] Escape (v) [7, 8] Unclear [9] Detected (a)
K417N, E484K, N501Y, E516Q,
B.1.351+E516Q Unclear (b) D614G, A701V January 2021 Yes (V) [6] Escape (v) [7, 8] Unclear [9] Detected (a)
B.1.1.7+L452R  |United Kingdom L452R, N501Y, D614G, P681H  |January 2021 Yes (V) [1] {\'l%’"a"sat'o” M Iyes (v) [3] Detected (a)
B.1.1.7+S494P |United Kingdom S494P, N501Y, D614G, P681H  |January 2021 Yes (v) [1] ['\i%‘]‘”a“sa“on ™ Ies () [3] Detected (a)
C.36+L452R Egypt L452R, D614G, Q677H December 2020 P'l‘;‘]’"al'sat'o” (m) Detected (a)
. E484K, D614G, N679K, .

AT.1 Russia iNs679GIAL January 2021 Neutralisation (m) [5] Detected (a)

lota B.1.526 USA E484K, D614G, A701V December 2020 Neutralisation (m) [5] Detected (a)
B.1.526.1 USA L452R, D614G October 2020 Pl%’"a"sat'o” (m) Detected (a)
B.1.526.2 USA S477N, D614G December 2020 Detected (a)
B.1.1.318 Unclear (b) E484K, D614G, P681H January 2021 Neutralisation (m) [5] Detected (a)

Zeta |P.2 Brazil E484K, D614G January 2021 Neutralisation (m) [5] Detected (a)
B.1.1.519 Mexico T478K, D614G November 2020 ['\i‘;‘]‘”a“sa“o” (m) Detected (a)
AV.1 United Kingdom N439K, E484K, D614G, P681H |March 2021 Neutralisation (m) [5] Detected (a)
P.1+P681H Italy D614G, E484K, HESSY, KALTT, February 2021 Unclear [24, 25]

N501Y, P681H

https://www.ecdc.europa.eu/en/covid-19/variants-concern




A Convalescent Plasma (n=23)
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Wang et al. 2021. SARS-CoV-2 variants resist antibody

neutralization and broaden host ACE2 usage &
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Otkrivanje novih virusa

— klasi¢na virusologija
Brerlalopka karakiterizacija uzrocnika:

1. Teckukatjalizacie na stanice, oplodena jaja ili miseve
2. Ugstdreatiglukiavadierizaci

e CPE/smrtploda/smrt misa

* Imunofluorescencija / elektronska mikroskopija
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CDC/ F.A. Murphy

Martins et. al. Mem Inst Oswaldo Cruz. 2019. 17;114:e180332



Coverage Depth

Otkrivanje novih virusa
— molekularne metode
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Hvala na paznji!
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