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Why a European multi-center EQA study?

4

* There are a small number of specialized laboratories acro offer HSV drug
resistance testing with limited quality assurance resources.

* At the time of the study was conducted,

» the first pilot scheme for HSV genotyping has j I
www.gcmd.org), QCMD (Quality Control f
> :

d (distributed by
lagnostics)
no proficiency panel for phenotyping ava

* First combined European EQA scher&xv resistance testing, reporting on both

genotypic and phenotypic assays

O




Objectives
4
* To coordinate the first European HSV EQA scheme, enabling: \
I. the evaluation of phenotypic and genotypic methods use HSV, drug resistance testing
In specialized laboratories

Il. the comparison of genotypic, phenotypic and clinica
laboratories

orts'between participating

. the establishment of a network of collaborating laboratories for ongoing quality assurance

\g
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Study design

* 5 participant laboratories

Belgium Rega Institute for Medical Researc U Leuven, Leuven, Belgium; Laboratory
of Virology, RegaVir

France Hospices Civils de Lyo

France National Reference Ce esviruses, La Pitieé Salpétriere-Charles Foix
University Ho

Ireland Microbiology entral Pathology Laboratory, St James’s Hospital,
Dublin

UK Virology er partment, Public Health England (PHE), Colindale,

London



the Antiviral Unit (AVU), Virus Reference Department (VRD), P th England (PHE),
Colindale

Sample HSV | Age/Sex | Clinical notes Treatment Viral load Virus titer
type history (copies/ml) | (PFU/mI)
HSV-EQA-2016-A 33/F Eczema herpeticun Swab 6.1 x 104 3.1x103

1
HSV-EQA-2016-B 2
HSV-EQA-2016-C 1 7/M Ulcer
2
2

Study design
4
* The testing panel was prepared from UK clinical samples submi % 2010 and 2013 to

36 /M Immunosuppre % Ulcer swab 5.3 x 10% 2.2 x 102
N Unknown Ulcer swab 6.9 x 104 2.1 x103
t BMT ACV, FOS Genital swab 4.9 x 104 1.7 x 102

Unknown Ulcer swab 6.7 x 103 2.2 x10?

HSV-EQA-2016-D 19/F Post-allo

HSV-EQA-2016-E 36/ M l@mun pressed

Sample HSV-EQA-2016-E comprised
The five samples (referred he
Dulbecco's Modified Eagle

210 jon of sample HSV-EQA-2016-B in order to help assess assay sensitivity.
% A through EQA-E) were gquantified by gPCR (Geneproof), diluted in



Study design

Participants simultaneously received the panel on dry ice.
Six-week deadline for return of results.

Labs were free to process the samples accordigg to glogal Protocols.

(Unlike most EQA schemes, where large parts oft
return are strictly specified, no such prescijiptio %

Centers had to report: &\
> Phenotypic and genotypic data

» Responses to a questionnairf ribing methodologies, viral strains and reference viral

made for this evaluation).

seguences.




Results

% ed data sets within

t included in the analysis.

* Four out of five laboratories (coded 1 through 4 to preserve an
the allotted turnaround time.

* The fifth center returned partial data sets later, which were

4
OQ




Results: genotypic assays @\
2
C

From the questionnaires, each assay methodology was unigu med to the basic
principle of measuring viral growth in cell monolayers at different'diluti of drug and
h inhibition occurs,

establishing the drug concentration at which a specific Iev@

commonly 50% or 95% (EC., or ECgg).
Each lab used its own reference strains, cell[Nhpe t-off values for drug
susceptibility, but all used the standard multi- a at.

f\




Details of each centre’s phenotypic assay. Resistance cut-offs ar easured in MM unless
followed by a ‘x’, in which cases they are fold-change over wi .

Resistance cut-off ECgy's (HS

thzts)g/pic ﬁslel Reference strains "y ey
1 PRA Vero Scl6, 333 3.0 10 250 24 6.5 38 250 NT
2 Dye-uptake Vero KOS, ROIZ, DM21 6.5 0 NT 13.5 NT 350 NT
3 CPE HEL KOS, G HSV2 10x 3x 3x 10x 10x 3x 3x

1
4 PRA Vero KOS, G HSV2 7. ’ T 330 NT 7.0 NT 330 NT
5 &\ ation shared
PRA: Plague Reduction Assay, whereby cytopathic effect ( ant by microscopically counting the number of viral plaques formed
CPE (Cytopathic Effect) reduction assay, whereby eacf we ssigned a level of CPE from 0 to 5 (0 corresponding to 0% CPE and 5 to 100% CPE), also
after microscopic examination of wells

NT: Not tested.




\ 4

e Although EC., data was available from testing labs, n assay design

precluded direct comparison

Results: phenotypic resistance \
Sop
= the clinically reported susceptibility levels of ei@n itive’, ‘Intermediate’ or

‘Resistant’ to each drug were compared.
* Direct comparison of each lab’s results shov cordance for most sample-drug
combinations (variation between |
noteworthy).

3%and resistant reporting was not considered

o)




Results: phenotypic assays

EQA-A
PCV S
CDV S
FOS S
EQA-B ACV

PCV

CDhV

5\\ S _
S S S
EQA-C ACV R | R
PCV O - S —
CbhVv — | _

FOS R R R

FOS

FOS R R R




Results: phenotypic assays

EQA-D 2

EQA-E

PCV

CbhVv

FOS

ACV

PCV

CDhV

FOS

R

O

@@


https://www.sciencedirect.com/science/article/pii/S1386653217302780?via%3Dihub#tblfn0005

HSV genotypic resistance

* Genotypic resistance assays amplify and sequence 30, the two viral genes
In which nearly all mutations conferring resistance t n available drugs are located.
lar kinases

w x Cellular
Nucleoside Valaciclovir Acycl_ovir_
analogue Famciclovir Penm_clow_r . ‘
Valganciclovir Ganciclovir
Nucleotide \ :
Pyrophosphate
Foscarnet ’

KU LEUVEN



HSV genotypic resistance

\ 4

* After amplification by PCR, complete viral genes (thr %ions encompassing the

relevant domains (one lab) are sequenced using eit e eneration Sequencing,
NGS (one lab) or more commonly, Sanger sequesCingyplatforms (three labs).

e Loci where the consensus nucleotide s e%ies from a reference strain are
classified as resistance-associated, pol r unclear, after consultation with

collated list(s) of known mutation% cts on antiviral susceptibility.




HSV-1 thymidine kinase (UL23)

| POLYMORPHISMS ]

\ 4

A272T
E273Q
S23N
A28V Q67R Q105H i
R30C D77N E111K
C6G E36del M85l 1138V H151Y
A12P  E36K-D Q8IR/W A140V F161L
D14V E39G E95A D141Y
Q15L  R4MH E146G
A7V Pa2L
R20S  E43D
R51W
Y53stop/D/H E95stop R177TW Q261stop
RESISTANCE D35N Q103stop L178R R271V
G56SIV Q104stop H || L158P P2725
P5TH H/Q105P D162A D273R
H58R/L Q109stop
G59RIVIPIW?? S113L c33ry
G61V M121R Q341stop
K62N Yoo R123S T345P
E83K R281stop L364P/stop
T63I/A/IS Q125L/E
P84S T287TM A365T
T64A/S M128A/F/IL
R34C P85S L291S/R
E39G Lo Y8TH G129D 12975
S74stop P131S
ls0 6] [ o] | M 212 226] [81 __ 202] | C336YIstop -
336
1 51 63 33¢
Nt 1 | 153 | 189 ; 528 | ; | 1008 1128
; ATP-binding  site cleoside-binding site ’ |
| | | E E
! i i
| | v v ¥ v
Homopolymer repeats i Nt 184-187 Nt 548-553 Nt 666-669 Nt 896-900
! i 4 As 6 Cs 4Cs 5Cs
i + e Ins / del Ins / del
i Nt 880: del. G Nt 1061: 5Cs del.C
Nt 133-136 Nt 180-183 Nt Nt 615-619 Nt 878880 ¢ 884: del. G Nt 1065: del. A
4 As 4Gs 5 Gs 3 Gs
Ins / del Ins / del Ins / del Ins / del

Ins / del



HSV-1 DNA polymerase (UL30)

5—3’ exonuclease &
Proposed P RNase H domain

Catalytic domain UL42 binding

»
Ll |

functions - ‘
140 362 503 639701 766 825 1197
Proposed 4 P st 1< > —>—> >
subdomains
Pre-NH2’ NH,’ 3’5 exonuclease ~ NH, palm thumb
d-region C
[\ A Il

Regions of NHIZ . - . | CCTOH
Conserved | I |
sequence 1 437- 577- 694- 938- 953- 1235

479 637 946 963
Mutations known to confer D368A  \/460A K532T 96H  L77 Y941H N961K
altered sensitivity to ACV, E370A Y557S M N815S/T
PFA and/or aphidilcolin. Q570R N815L/V/Y/E
(*hypersensitivity to ACV) L583V Y818C
Mutations lethal to the virus E460D K522 i T T821M Egg?gy

G464V P561S G841S/C

Rg42s  V892S

Novel mutations selected in vitro
under PFA or PME derivatives 14M L802F R959H D1070N
and characterized in  our T821M
Laboratory
Mutations selected in vitro
under HPMP derivatives and R700M K960R L1007M
characterized in our Laboratory W998L 11028T
Mutati_ons founq in clinical i§olates H386Y E798K 1922T
associated with  drug-resistance
found in our previous studies.

. T639I Vo04M E1005K S1123L-C A1203T
Genetic GI2E  A102T AB46T g;igé Zggg\s, V905M 11026S  P1124H A1204T
polymorphisms (50, K104Q D66OE | 7say) M906V E1082K  A1128V T1208A

[=oke]| E684D K908R A1099T G1129Vv A1209T
A27T D672N P920S D1103H L1166W T1219M
S33G E675A A995F E1104D E1194D

E70D P1199Q

D72N

A78v/D F171S




Results: genotypic resistance

* Reference strains and assay details for each center’s

Reference strain HSV-1 Reference strain HSV-2

: Sequencin Referenc
Center | UL23 & UL30 Sequencing ?h q g ifl. <
MELNO e NELE] Genbank Name Genbank

1 Complete NGS Strain 17 JN555585 333 KP192856
Partial DNA pol: amino acids 409-979 of

2 Sange Scl6 X03764 333 V00466
HSV-1 - HSV-2 pol was not sequenced g‘ DM21

3 Complete 0S, G HSV2 KOS JQ673480.1 gHSV2 KU310668.1

4 Complete KOS, G HSV2 Strain 17 X14112 HG52 Z86099

5 No information shared

Detection and relevance of non- Ic sites should be independent of the reference sequence

used by a laboratory.




Results: genotypic resistance

EQA-A TK None None

€ None

pol None None None None

Mixed population at nt

EQA-B TK Del C (nt 551-556) 1) 551-556 Del C & wild-  Del C (nt 551)

type

pol None None None
EQA-C TK None ‘ None None

pol S724N \ S724N S724N S724N
EQA-D TK None T288M* None

pol = R628G R628G
EQA-D @ ACV S I/R R

PCV - I/R -

CDV - - S/ -

FOS I R R R


https://www.sciencedirect.com/science/article/pii/S1386653217302780?via%3Dihub#tblfn0005

5.0

>50 : 10.1 0.22
RV-522 (DNA pol wt & 22.4 4.0 25.3 0.19
TK T288M) 15 2.0 16 0.2
29.2 4.5 16 0.2

\ g

Mean FC = 2662.5 Mean FC = 0.7 Mean FC = 0.2

Reference HSV-2 G strain 0.044 >10 25.3 0.60

EC,, : Concentration required to reduce virus in d cytopathicity by 50%



T288M R628G 20 (>417)
2 T288M R628G >20 (>417)
>20 (>213)2
3 R628G 58 (2.4)
4 R628G 0.53 (2.2)
5 R628G 0.80 (3.3)
6 R628G 0.53 (2.2)
7 R628G 0.80 (3.3)
ga R628G 0.36 (1.5)
9a R628G 0.44 (4.7) 0.44 (1.8)
102 T288M >20 (>213) >20 (>83)
112 0.3(3.2) 0.61 (2.5)
HSV-2 ref (G) = 0.048 0.24
0.0942 0.242

Bolded values are resistant; italic ges are intermediate.

others.

ie reference)

EC;, (Lg/ml) & (fold change over f
Clone N

25.26 (3.2)
30.59 (3.8)
30.59 (3.8)2
81.79 (10.2)
63.35 (7.9)
81.79 (10.2)
40.00 (5.0)
63.35 (7.9)
40.00 (5.0)
73.14 (9.1)
23.39 (2.9)
89.44 (11.2)
8.0

8.02

2 Clones 8-11 and the second set of results for clone 2 and the reference were performed on a different date to the

m EQA-D by lab 3.

CDV
0.88 (1.2)
1.16 (1.6)
0.84 (2.6)2
1.16 (1.6)
2.74 (3.8)
3.58 (5)
2.09 (2.9)
1.22 (1.7)
1.07 (3.3)
0.88 (2.8)
1.13 (3.5)
1.16 (3.6)
0.72
0.322

KU LEUVEN
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EQA-D analysis

* EQA-D (original sample): (TK T288M + DNA pol R6 pol R628G)

ow in cell culture
QA pol R628G)

(
In % ture, the double mutant virus was overgrown

N\

* Indeed, genotyping of the viral 0& cell culture) showed only the DNA pol R628G

substitution.
atQuble-mutant virus has a reduced fitness.

* Following growth of the original sam
by the DNA pol R628G mutant viru

= These results sug




Conclusions \
L 2
e i

The gold standard method for detecting HSV resistance c assay, which requires
specialized laboratory experience and is technically demandingwith long turnaround times of up

to three to four weeks.
d eWw days and can be easily set up by
th E Xperience but rely on data generated by

1ISO15189 standard 5.6.3 requires_thatlaboratories participate in an inter-laboratory comparison
or proficiency testing program.

: @ evaluate phenotypic and genotypic methods used for HSV
g In fivegg@ecialized laboratories from four European countries.

In contrast, genotypic tests can be perfor
most clinical microbiology laboratories wi

phenotyping. ¢

First European HSV
drug resistance te




Conclusions \
’ ‘D‘
S

ensitive to all drugs, and
eII characterized deletion

Complete concordance was observed for sample EQA-
for the duplicate samples EQA-B and EQA-E, which con
mutation in the HSV-2 TK gene resulting in a premat

Discordant interpretations were drawn for the ot es, both of which contained
substitution mutations in the DNA poI and/o which can confer variable effects on

antiviral resistance.

Both in vitro studies and clinical ¢ assomate the pol mutation S724N with resistance
to ACV and FOS, an associatiop/suppor by all four reporting labs in this study. However,
discordant reports of susceptibll ndYow-level resistance to CDV and PCV by labs 1 and 3.




2
* Despite being the DNA pol R628G an unknown mutaty %
change as being resistance associated.
idence to |

@Q ustify this declaration:
|

Conclusions @\

3 and 4 reported this

* All three laboratories reported similar circum

» R628G was the only unknown muta
FOS resistance .

» lies within the conserved delta-
» R628C was previously report S ociated with ACV-R

Lab 3 had previously encoub@&&; mutation in a resistant isolate.

r pol that might account for ACV &




L 2
* EQA-D: inability of all but one participant to detect the rasi
value of its inclusion in this exercise.

, b

Conclusions @\
(0)

clated TK mutation -

failed to report the expected
bering of the alignment with the
ding to its omission from reported

* Lab 1 detected a mixed base at position 863 usin
translation of T288 M. Instead, apparently due
reference strain, this was reported at positien
resistance loci.

te successfully sequencing the mixed
population — interpretation difficulti artefacts generated by the NGS methodology
and accompanying bioinform Ine, highlighting the need for rigorous validation of
these techniques in diagnostigysettifgs.

 Lab 1 failed to report genotypic resi

m g-resistant profile of EQA-D would be of critical importance in
nent.

e Accurate detection
the patient’s clinical mana




Other EQAS

TK: wild-type
DNA golwild-typ

EIL-HSVR-2016-A RV-1000 HSV-2 Wild-type

Hépital de la Croix Rousse,
Lyon, France EIL-HSVR-2016-B RV-1001 HSV-2
(2016)

ACV-R, PCV-R, GCV-R

e (A365V)
ol: S724N (S127L,F205C) ACUAR, [FIFARRG LDV

del. Nts 1061-1065 mixed
DNA pol: wild-type

EIL-HSVR-2016-C RV-1002 SV-1

EIL-HSVR-PSL2017-1 RV-1201

\g

ACV-R, PCV-R, GCV-R

Hoépitaux Universitaires La

TK: wild-type

(le'gi 7S)alpetrlere, Paris, France EIL-HSVR-PSL2017-2 RW120 DNA pol: wild-type Wild-type
TK: G del. Nts 837-840 ACV-R, PCV-R, GCV-R, PFA-R,
EIL-HSVR-PSL2017-3 R’ V2 DNA pol: E738S CDV-R, ADV-R
TK: wild-type .
EIL-HSVR-PSL2018- V-14 HSV-1 DNA pol: wild-type Wild-type
Hopitaux Universitaires La TK: Q250 stop
e A -\ - _ _ O ’ _ - i - - - -
(leg(iss)alpetnere, Paris, France EIL-HSVR-P RV-1442 HSV-1 DNA pol: wild-type (H408Y) ACV-R, PCV-R, GCV-R, BVDU-R
RV-1443 HSV-2 LS Reesic ACV-R, PCV-R, GCV-R

DNA pol: wild-type (R604H)

Underlined: novel mutations





