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Viruslarda Temel Direng
Mekanizmalari

e Random mutasyonlarin
secilmesi

* Rekombinasyon

e Reasortman

Direng gelisimi viruslar arasinda farklilik gosterir

- RNA’li viruslarda daha hizli

- Diren¢ mutasyonlarinin evrim hizi degisken

- Bazen tek bir mutasyon yiksek dizeyde R
kazandirabilir

- Baziilag siniflarina karsi R mutasyonlarin asamali bir
bicimde birikimi sonucu gelisir

- Rileiliskili bazi mutasyonlar virusun fittness ini
dislrir = ilave mutasyonlar fittness i restore
edebilir



Direng nasil gelisir? Mutasyonlar

Gunliik = 10°-10%? yeni viryon olusumu; RT
hatalari nedeni ile yliksek mutasyon hizi

10-3-10% Mutasyon/Replikasyon
3-4 Rekombinasyon / replikasyon

Virusa ait Ozellikler:

1. Kodon kullanim farkhliklar:

2. Alttipler arasinda minor yapisal degisikliklere yol acan aminoasit farkhliklar: ilacin
hedefinde degisiklikle sonuglanmaktadir. Ornegin ayni ilag baskisi altinda farkli
mutasyonlar ortaya ¢ikabilmektedir.

3. Alttipler arasinda belli aminoasit dizilimleri ilag direnci ile iliskili niikleotid

degisimlerini kolaylastirabilmektedir.



Direnc Nasil Gelisir?

Sosyal/kisisel problemler
Rejim ile ilsikli konular

Zayif Potens o
’{oksmlte

Yanlis Doz

. . Zayif Uyum
Konak Genet aktocler i

Zayif Emilim  —| Yetersiz ilac¢ Diizeyi

y
Hizli klirens / Ilac varhigina ragmen
Viral replikasayon

Zayif Aktivasyon

lag Etkilegimleri Direngli Virus




Antiretroviral ajanlar ve genetik bariver.

Jlog

Tekli tedavi ile
VY degisikligi
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Genetik bariyer

Tedavi basarnisizh@ icin gereken
yaklagik mutasyon sayisi

Bir virus bir AV tarafindan inhibe edilirken
bir yandan da diren¢ mutasyonlari gelisen
suslar secilir. Bu olayin ne kolaylikla
gerceklesecegi, gelisecek olan olasi
mutasyonlarin virusun fittness ini
azaltmaksizin diren¢ kazandirabilmesine
bagldir. Bu olgu «genetik bariyer» olarak
bilinmektedir.



* Direnc testleri:
- 11k tani kondugunda (tedavi kararindan bagimsiz olarak)

- Tedavi basarnisizliklarinda: llac altinda iken ya da tercihen ilac
kesildikten sonra ilk 4 hafta icersinde

- Tadaviye baslarken
- Viral yik > 500 kopya/ml olmali



HIV’in Yasam Dongiisii ve Anti-HIV ilacglarin

Hedefleri

An HIV parh le is shown infecting a CD4 T-lymphocyte, |

Giris Inhibitorleri (EI)

llac siniflari:

Nukleosid Revers
Transkriptaz Inhibitorleri
(NRTI)

AZT, ddI, d4T, 3TC, FIC,
ABC, TDF, (TAF)

Non-Nukleosid Revers
Transkriptaz Inhibitorleri
(NNRTI)

EFV, NVP, ETR, RPV

Proteaz Inhibitorleri (PI)

sQv, IDbv, RTV, NFV, fAPV,
Lpv, ATV, TPV, DRV

T20, : ' ep ngous .
Maraviroc/MVC, Integraz Inhibitorleri(INI)
Cinicriviroc/CNC) RAL, EVG, DTG

(AMD3100 AMD 070)



Avrupa HIV diren¢ klavuzu - 2011

Test tercihi Genotipik

Yorumlama - Glncellenen bir veri tabaninin kullanilmasi
- Dizilerin saklanmasi
- Yorumlarda klinik baglamin, tedavi, diren¢ éykisinin de gbz 6nine
alinmasi

Kalite kontrol - Her ¢calismada PK ve NK kullaniimasi
- Sekans edisyonlari izlenebilir olmali
- Cift yonli dizi analizi
- Yilda en az 1 kez dis kalite kontrol
- Her ay ya da 50 6rnekte bir bilinen bir 6rnegin test edilmesi
- Yorumlarin belgelenmesi

Orneklerin saklanmasi Direnc testi o an yapilamiyorsa 2 ml 6rnegin -80’de saklanmasi

Tibbi bakima giriste; Viral yiik > 1000 ml olmali; 500-1000 arasi VY’lerde de denebilir; EACS 2015:
Tedavi basarisizliklarinda 350-500
Tedavi altinda iken ya da kesildikten sonra tercihen ilk 4 hafta icerisinde



ARV direnc testleri

* Genotipik testler:
- RT-PCR sonrasi: - Dizi analizi
- Revers hibridizasyon
- OLA (Oligoniikleotid ligation assay)
- Yeni kusak DNA dizileme
- Allel spesifik PCR

* Fenotipik testler: Ticari
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Nucleotides



Primer ya da Major Mutasyonlar: Tek baslarina olsalar bile duyarhligi dogrudan
azaltirlar, M184 mutasyonlari gibi

Secondary (Accessory mutations): Enhance the viral fitness and decrease the
susceptibility

Signature mutations: are are typically associated with resistance against a particular
drug (I150L-atazanavir)
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Il Antiretroviral Therapy

Pre-Treatment Initial Response Adherence Problems

Predominantly Early Emergence Predominant
Wild Type HIV Drug-Resistant HIV Drug- Resistant HIV

Wild Type HIV
Resistant HIV

David H. Spach, MD. Features of Genotypic and Phenotypic
Resistance Assays. HIV Web Study (www.hivwebstudy.org)



®oDirencli HIV susu 3¢ Yabanil tipteki

sus

Primer infeksiyon 6 ay sonrasi 24 ay sonrasi

sirasindaki izolatlar izolatlar izolatlar
X XoX X X | . . X X°N X X | ART'si X X X X X )
Q00O O®O® | ARTSsiz 000000 e 000000
00000 mmuuu 900000 ) Q0000
L XoX X X X | X X X X N | X X X X X )
L X XoN NOX | X X X X X 000000

David H. Spach, MD. Features of Genotypic and Phenotypic
Resistance Assays. HIV Web Study (www.hivwebstudy.org)



Bazen direncli suslarin bazilari zamanla saptanabilir duzeyin altina inebilir

eo Direncli HIV

esYabanil tipteki HIV suglan

°° suslan

Primer infeksiyon 6 ay sonrasi 24 ay sonrasi
sirasindaki izolatlar izolatlar izolatlar

X X°X X N X X X X X . X X X X X
00000 ART'siz 000000 ART'siz 000000
000000 |mm—— 900000 muu) 900000
000000 X°X X X X 00000 0@
[ X JON JOX ) 000000 000000

David H. Spach, MD. Features of Genotypic and Phenotypic
Resistance Assays. HIV Web Study (www.hivwebstudy.org)



Bazen direncli suslar, mutasyonlarin sagladiz fittness ustunlukleri
sayesinde persiste edebilir

David H. Spach, MD. Features of Genotypic and Phenotypic Resistance Assays. HIV Web Study (www.hivwebstudy.org)

Direncli HIV
-4 suslgrl oo Yabanil tipteki HIV suslari

Primer infeksiyon 6 ay sonrasi 24 ay sonrasi
sirasindaki izolatlar izolatlar izolatlar

X XX X X J 909000 00000

X X X N X (X X X X X 00000 O®

000000 | 000000 =) 0O0000Q

XX X X X J XX X X X J (X X X X X J

000000 000000 00000




ART sirasinda ortaya cikan suslar ART kesildikten sonra da persiste
edebilir

Direncli HIV
oo SU§|§I‘I o¢ Yabanil tipteki HIV suslan

Antiretroviral Therapy (ART) =————) OFF ART
Virologic Breakthrough

000000 000000 000000
000000 000000 000000
000000 ) | 900000 |l 990000
000000 000000 000000
000000 000000 000000

David H. Spach, MD. Features of Genotypic and Phenotypic
Resistance Assays. HIV Web Study (www.hivwebstudy.org)



Plasma
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Extraction of HIV RNA

HIV

Phuephbmdh e ddpnad

David H. Spach, MD. Features of Genotypic and Phenotypic
Resistance Assays. HIV Web Study (www.hivwebstudy.org)



RECall (beta v3.0) - Web based sequence analysis

At this time RECall only supports Firefox and Chrome.

Login: |l |

Password: | |

| Log In ” Register for a New Account l

If you do not yet have an account and wish to give recall a try, you can log in under this test user:

Username: example
Password: test

And submit the example zip file for processing under the POL1200 or WHO_PRRT projects.

Contact Us About RECall What's new? Report a bug
* Recall is provided with no warranty and is for Research Use Only.



Genotipik HIV Direnc Testi
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Differences from Consensus B:

L10l, G17R, K20I, E35D, N37S, M46l, 162V, L63P, A71l, G73S, 184V, LSOM, 193L
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Genotipik Veri () Direng Andlizi

On-Line diren¢ Analiz Yazilimlari

HIV Drug Resistance Database = http://hivdb.stanford.edu/
Geno2Pheno = http://www.geno2pheno.org/

HIV-GRADE = http://www.hiv-grade.de/cms/grade/homepage/
European system for computer-based clinical management of
antiretroviral drug resistance = http://www.euresist.org
https://www.iasusa.org/sites/default/files/tam/23-4-132 pdf
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Wen'in AM1, Calvez V2, Gunthard HF3,
Johnson VA4, Paredes R5, Pillay D6,
Shafer RW7, Richman DD8. 2015 Update
of the Drug Resistance Mutations in HIV-1.

MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO REVERSE TRANSCRIPTASE INHIBITORS
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MUTATIONS Insertion
Amino add abbreviations: &, alanine: C, cysteine: D, aspartate;
E, glutamate; £, phenylalanine: G, glydne H, histidine: I, soleudns: r y | ——Amino add, wild-typs
K. lysine; L. leudine; M, methioning; N, asparagine: P, proling; Amino add position ——ss o .
Q. glutamine: R, arginine; S, sarine; T, threonine; V, valine: Amino add substitution F " —— Asterisk

W, tryptophan: Y, tyrosine. conferring resistance



MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORSP %"
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You may bockmark this page to revisit these results later.

Analysis in progress... (Showing partial results).
This page will be automatically updated every 5 seconds... | Cancel job ]

Submit analysis How to cite Tutorial Decision trees Subtyping process Example sequences Contact us

This application is built and maintained by Tulio de Oliveira, Pieter Libin, Koen Deforche, Sharon Cassol and Anne-Mieke Vandamme.



HIVdb: Genotypic Resistance Interpretation Algorithm
Date: 21-Now-2015 08:55:37 UTC

Sequence includes PR: codons: 8 - 99

Sequence inciudes RT: codons: 1- 235

Thers are no inserions or delefons

Sublype and % similanty fo dosest reference isofafe

1. PR B(93.1%)
2. RT-B(96.0%)

| Sequence Quality Assessment |

|
|
ER g N
[Nooe | L ‘

0 102030405060 nsomot

Gane | QA Problem ~|codons |
RT |SwpCodons, Frame Shifis: | None |
e
BT | Unusua Residues: |none |
25 S0 % 10012515017520022! 250 278 300 328 340 3
Bue hes hacyte areences fom consansys £ fall Sue Mnes haksie stes 3ssoceiad #lh amg eskiance Fed es hadets Q2 sodems
PIMajor Resistance Mutations: None
PiMinor Resistance Mutations: Nons
Other Mutations: K14R, K20R, M23561, N37D, B2V, L83Q, V771, 183L
Protease Inhibitors

atazanavirlr (ATVIT} Susosptible
darunavirir {DRVIr} Susceptible
fosamprenavirr (FPVir}  Susceptible
indinavirfr (IDVIr) Suscaptible
lopinavirir (LPVir) Susceptibls
nelfinavir (NFV) Susceptible
saquinavirir (SQVir} Susceptible
tipranavirir TPV Susceptible
PR Comments

Other

« K20R 53 highly polymorphic, Plselecied accessory mutation that improves HIV-1 replication fitness in viruses
vt other Plresistance mutations.




\Drug Resistance Interpretation: RT

NRTI Resistance Mutations: T215v

NNRTI Resistance Mutations: None

Other Mutations: SG88G, K102M, K122E, 1135T, R172KR, I178L, V1781, T200A, R211K
Nucleoside RTI Non-Nucleoside RTI

lamivudine (3TC) Susceptible efavirenz (EFV) Susceptible

abacavir (ABC) Potential low-level resistance etravirine (ETR) Susceptible

zidovudine (AZT) Lowlevel resistance nevirapine (NVP) Susceptible

stavudine (D4T) Lowlevel resistance rilpivirine (RPV) Susceptible

didanosine (DDI) Potential low-level resistance
emtrcitabine (FTC)  Susceptible
tenofovir (TDF) Susceptible

RT Comments

NRTI

o T215Y/F cause intermediaiehigh-level resistance 1o AZT and d4T and low-level resistance 1o ABC, ddl and
TDF. T215S/CDEWMNAIL do not reduce NRTI susceptibility but arise from viruses that once contained
T215Y/F. The presence of one of these revertant mutations suggests the possibility that the patent may have
once harbored a majority virus population with T215Y/F.

Other
o V178l1s a polymorphic mutation that is frequently selected in patients receving ETR and RPV. It has litle, f any,
efiect on NNRTI susceptibility.

I"llo s -

PR ATVIr DRVIr FPVIr IDVIr LPVIr NFV| SQVIr TPVIr
Total: 0 0 0 0 0 0 0 0
RT 3TC ABC AZT D4T DDI FTC TDF EFV ETR NVP RPV
T25v 0 10 2 22 10 o 3§ - - - -
Total:)! O 10| 20| 20| 10| O 5 ©O O o0 O




HIV-Db mutasyon siniflamalari

PR mutasyonlari:
- Major DRM

- Aksesuar DRM
- Diger

RT Mutasyonlari:
- NRTI DRM

- NNRTI DRM

- Diger

IN mutasyonlari:
Major DRM
Aksesuar DRM
Diger

* None: Yukardaki siniflamalara girmeyenler



* Yen infeksiyonlarda direnc¢ nakli - Aktarilmis direnc¢

Mutasyon Reversiyon suresi

T215Y 2 Ayda %23; 4 ayda %45
M184V 2 Ayda %40; 4 ayda %74

K103N 2 Ayda %36; 4 ayda %63



Yolak -1

Yiiksek diizeyde zidovt

stavudine M41L
direnci ile birlikte L210W
diger NRTI’'lara da T215Y/F
¢apraz direng.

Tenofovir dahil

Yolak -2

Yiiksek diizeyde zidovudiinas
stavudine

direnci ile birlikte

diger NRTI’lara da

Daha dsiuik diizeyede

¢apraz direng.

Dusuk duzeyde

Tenofovir dabhil

direnci







Mutasyon Skorlari

* (1) 0-9: Duyarli

* (2) 10-14: Olasi diisiik diizey direng¢ = Blyuk
olasilikla tam duyarli, fakat degerlendirilen dizide
daha 6nce ARV ile karsilasmis olduguna isaret eden
mutasyonlar s6z konusu

* (3) 15-30: Diisiik duizeyde direng: Suboptimal virolojik
yanit
* (4) 30-59 (ortya diizeyde direnc): Ilac illa kullanilmak

isteniyorsa, ilacin genetik bariyerinin yuksek olmasi ya
da fazla ilag seceneginin bulunmamasi gerekir.

* (5) 60 ve lizeri: Yuksek duzeyde direnc.



Degerlendirme

Mutation Scoring

PR 'ATVir DRV/r FPV/r IDV/r LPV/r NFV SQV/r TPV/r 0-9 DUYARLI, o N .
T74S 0 ¢ o o o 15 0 0 10 -14 OLASI DUSUK DUZEY DIRENC,
Total:; 0 o0 o o0 o0 15 o0 © 15-29 DUSUK DUZEY DIRENC,

RT ' 3TC ABC AZT DAT DDI FTC TDF EFV ETR NVP RPV 30'59?RTA DL_!ZEYDE D!RENC
Mis4v| 60/ 15 .10 10 10| s0 10 4 - ~_ >60 YUKSEK DUZEYDE DIRENC

Total: 60, 15 -10, -10/ 10, 60 -10 0 0 0 0

MARVEL on RT mutations at position 184

HIVdb Algorithm: Comments & Scores

=  M184V/l cause high-level resistance to 3TC and FTC and low-level resistance to ddl and ABC. However,
M184V/l are not contraindications to continued treatment with 3TC or FTC because they increase
susceptibility to AZT, TDF and d4T and are associated with clinically significant reductions in HIV-1
replication. In combination with K101E or E138K, M184l synergistically reduces RPV susceptibility.

Mutation 3TC FTC ABC AZT D4T DDl TDF Footnote: Mutation scores on the left are derived from
‘ published literature linking mutstions and ARVs {the
M184l 60 80 15 10 -10 10 -10 complete details can be found in the HIVdb Release
M1284V 60 80 15 -10 -10 10 -10 Notes).




Mutation Scoring

| PR | ATVIr DRV/r FPV/r IDV/r LPV/r NFV SQVIr TPV/r
Tr4s| ol o o 0 0 15 0 O

=

Totall o o/ o o o 15 o o

RT 3*rc ABCAZTMT DDI F'rc TDF EFV ETR va RPV
ms4v §gj 15, -10 49{ j_q_{ 60 ET e

'Total:| 60/ 15 -10/ -10/ 10, 60| -10. o o o 0

|

iy Patiorns Number of AZT TDF ABC 3TC
Sequences fold, fold, fold, fold,
184V 7022 05124 056z 3.1125 [200570
67N.70R. 184V 1143 37n | 120 45x (20050
41L.184V.210W.215Y 821 85N 165 656G 12000
411184V 215Y 798 6.0s1 112 51s [20080
A1L 67N 184V 210W.215Y 795 [30: 164 |65 [200:
70R.184V 697 0.81s 077 344 [20020
67N.70R.184V.215F 380 77; | 104 | 55; |[20088
B65R. 184V 376 0. 413 1215 1845 12002
74V.184V 37 047 | 52 20050
41L 67N.69D.184V.210W.215Y 359 _ 1810 785 12005
Footnote: Mutation patterns were defined by the presence or absence of major NRTI
drug resistance mutations ; Sequences containing a mixture at a major drug resistance )
positions were excluded; For the cutoffs defined by PhenoSense. open the sample report Fold Resistance
form provided on this page; The full list of all mutation pattems are also available here. [ T —
AZT 3 10
DaT 15 2
TOF 15 B
ABC 3 6
DDi 15 2
3TC 3 20
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Oligonucleotide Ligation Assay

HIV DNA vif vprrev vpu tat nef N
s Y /
GONZE  co NICTINED
tat rev
amplification reaction for WT target:
by PCR Ligase
B——z—® B—1—® WT target
MUT‘la"QEl - AG o AC D & « Report 1st-line ART
Wl —/4 ————— :> ligated product —® resistance
MUT ® ¢ ® ®_~ ® ®___ « Visual readout
amplified DNA AC AC denaturation - Confirm positive HIV
ligation ~ B during CDD e > « 30 min test time
+ = no ligation — « No training required
reaction for MUT target: MUT taraet : 3
wE— o ’ ; Ve 2 T
MUT@—— oron B—— g—@ @—‘( (c:;—@ &—@ P o , .5
G G —® /) €D Ilmw [
oligonucleotide probes = , ~ no ligation / 7 Y
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Drug Resistance Mutations for Surveillance of Transmitted HIV-1 Drug-
Resistance: 2004-2015

total 934 n NRTI NNRTI m

2004-2012
0,47% 6,54% 2,34% 8,88%
2013 62 0 7 2 3
0,00% 11,29%  3,23%  12,90%
2014 172 3 7 3 17
1,74% 4,07% 4,65% 9,88%
2015 486 4 24 14 41

0,82% 4,94% 2,88% 8,44%

Based on Bennett DE et all. Drug Resistance Mutations for Surveillance of Transmitted HIV-1
Drug-Resistance: 2009 Update.DOI: 10.1371/journa l.pone.0004724



Drug Resistance Mutations for Surveillance of Transmitted HIV-1 Drug-
Resistance: 2004-2015 (total 934)

14,00%
12,00%
10,00%
8,00%
6,00%
4,00%
2,00%

0,00%
2004-2012 2013 2014 2015

Pl 0,47% 0,00% 1,74% 0,82%
NRTI 6,54% 11,29% 4,07% 4,94%
NNRTI 2,34% 3,23% 4,65% 2,88%
Any 8,88% 12,90% 9,88% 8,43%

Based on Bennett DE et all. Drug Resistance Mutations for Surveillance of Transmitted HIV-1
Drug-Resistance: 2009 Update.DOI: 10.1371/journal.pone.0004724



Drug Resistance Mutations for Surveillance of Transmitted
HIV-1 Drug-Resistance: 2004-2015

Pl
150 154 V82
VL VLMTAS ATSFLCM
1 3 2
0,21% 0,62% 0,41%
NRTI
V41 K65 T69 L74 F77 Y115 M184 1215
L R D,Ins VI L F VI YFSCDEIV

17 1 1 1 1 1 2 16
3,50% 0,21% 0,21% 0,21% 0,21% 0,21% 0,41% 3,29%

NNRTI
K101 K103 V179 Y181 G190 V108 £E138
EP NS F CIV ASE I KAGQ
1 4 7 2 1 1 47

0,21% 0,82% 1,44% 0,41% 0,21% 0,21% 9,67%



Emergence of E138 mutations among treatment naive HIV-

infected i atients in Istanbul
Year n E138AG %

2009 42 1 2,38%
2010 68 3 4,41%
2011+2012) 43 3 6,98%
2013 62 3 4,84%
2014 172 15 8,72%
2015 486 47 9,67%




Distrubition of HIV Genotypes Protease
Based

Protease
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Distrubition of HIV Genotypes
RT Based
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Transmitted Drug Resistance Mutation
Rates

Korten et all Sayan et all Kuskucu et all
n 273 1306 590
Years 2011 2010-2015 2004-2010 2011-2015
NRTI 6,90% 8,10% 5,92% 5,23%
NNRTI 0,00% 3,30% 3,55% 4,04%
Pl 1,70% 2,30% 0,60% 1,60%
Any 8,60% 10,10% 10,00%




Genetic subtypes of human immunodeficiency
virus type 1 (HIV-1) in Istanbul, Turkey
Giilden Yilmaz *, Kenan Midilli, Salih Tiirkoglu, Ziibeyir Bayraktaroglu,

A. Mert Kuskucu, Emine Ozkan, Leman Atasever,
Semra Calangu, Kemal Altas

Table 2 Distribution of the 19 HIV/AIDS patients with gen-
otype B according to HIV acquisition route

HIV acquisition route Number
Heterosexual contact 11
HIV-positive partner 1
Infant of an infected mother 1
Blood transfusion 2
Not defined 4

Table 3 The HIV genotypes of 27 patients

Genotype Number
A 4

B 19

C 1

D 1

F1 2%

* One Russian sex worker and one high-risk sexual contact with a
foreign partner.



