World Health
Organization

WHO/BS/2022.2434
ENGLISH ONLY

EXPERT COMMITTEE ON BIOLOGICAL STANDARDIZATION
Geneva, 24 to 28 October 2022

Collaborative Study to Evaluate a Candidate World Health Organization
International Standard for Antibodies to Chikungunya Virus

Sally A. Baylis'*#, Constanze Yue!#, Marcus Panning?, Marie-Christin Pauly 2, Lia Laura Lewis
Ximenez de Souza Rodrigues?, Helen Faddy*, Graham Simmons®, Michael Busch®, Barbara S.
Schnierle!, Hanna Roth! Kay-Martin O. Hanschmann! and the Collaborative Study Group§

!Paul-Ehrlich-Institut, Paul-Ehrlich-Strafse 51-59, D 63225 Langen, Germany;
2Universitdtsklinikum Freiburg, University of Freiburg, 79106 Freiburg, Germany; 3Instituto
Oswaldo Cruz, Fundacao Oswaldo Cruz, Rio de Janeiro 21040-900, Brazil; *Australian Red Cross
Lifeblood, Brisbane QLD 4000, Queensland, Australia, 3 Vitalant Research Institute, San Francisco,
CA 94118-4417, USA

*Principal contact: Sally.Baylis@pei.de
#Contributed equally
SListed in Appendix 1

NOTE:
This document has been prepared for the purpose of inviting comments and suggestions on the proposals
contained therein, which will then be considered by the Expert Committee on Biological Standardization
(ECBS). Comments MUST be received by 23 September 2022 and should be addressed to the attention:
World Health Organization, 1211 Geneva 27, Switzerland, attention: Technical Standards and
Specifications (TSS). Comments may also be submitted electronically to the Responsible Officer: Dr

Ivana Knezevic at email: knezevici@who.int.
© World Health Organization 2022



WHO/BS/2022.2434
Page 2

All rights reserved.

This draft is intended for a restricted audience only, i.e. the individuals and organizations havingreceived this draft. The draft may not
be reviewed, abstracted, quoted, reproduced, transmitted, distributed, translated or adapted, in part or in whole, in any form or by any
means outside these individuals and organizations (including the organizations' concerned staff and member organizations) without
the permission of the World Health Organization. The draft shouldnot be displayed on any website.

Please send any request for permission to:

Dr Ivana Knezevic, T echnical Standards and Specifications, Department of Health Products Policy and Standards, World Health
Organization, CH-1211 Geneva 27, Switzerland. Email: knezevici@who.int.

The designations employed and the presentation of the material in this draft do not imply the expression of any opinion whatsoever on
the part of the World Health Organization concerningthe legal status of any country, territory, city or area or of its authorities, or
concerningthe delimitation ofits frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there
may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are endorsed or recommended by
the World Health Organization in preference to others of a similar nature that are not mentioned. Errors and omissions excepted, the
names of proprietary products are distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the information contained in this draft.
However, the printed material is being distributed without warranty of any kind, either expressed or implied. The responsibility for the
interpretation and use of the material lies with the reader. In no event shall the World Health Organization be liable for damages
arising from its use.

This draft does not necessarily represent the decisions or the stated policy of the World Health Organization.



WHO/BS/2022.2434
Page 3

Summary

Chikungunya fever is a mosquito-borne disease characterized by fever and severe joint pain
frequently resulting in long-term morbidity with outbreaks reported in Africa, Asia, Europe and the
Americas. Chikungunya feveris caused by chikungunya virus (CHIKYV), an Alphavirus. Currently,
there are no licensed vaccines available to prevent chikungunya infections. This collaborative study
was undertaken with the aim to assess the suitability of a candidate World Health Organization
(WHO) International Standard (IS) for CHIK'V-specific antibodies; neutralizing antibodies are

potentially an important correlate of protection.

The potency of the candidate IS, related reference preparations and clinical samples were evaluated
using a range of virus neutralization and immunoassays with the aim of assigning an internationally
agreed unitage to the candidate WHO IS. The candidate IS (1502/19) consisted of a lyophilized anti-
CHIKY plasma preparation comprising a pool of three donations from a CHIKV-recovered patient.
A second preparation (1504/19) was produced from pooled plasma from ten anti-CHIKV-antibody
positive blood donations. Both 1502/19 and 1504/19 were included as duplicate samples in the study
to evaluate inter- and intra-assay variability. Seven additional samples were included in the study:
five anti-CHIKV-antibody positive clinical plasma samples of differing titres were included to
investigate commutability of the candidate ISs; two further samples were included to investigate
specificity - an anti-dengue virus /anti-Zika virus antibody positive plasma sample as well as a
sample consisting of a pool of anti-Ross River virus (RRV)—positive plasma donations. CHIKV and
RRYV are both members of the Semliki Forest complex of Alphaviruses and serological cross-
reactivity within the complex has been described.

The collaborative study materials were distributed to 28 laboratories from 13 different countries.
The samples were assayed on three separate days and the data were collated and analysed at the
Paul-Ehrlich-Institut (PEI). Data were returned by 26 of the participating laboratories. The assays
used consisted of a mixture of different types of virus neutralization assays (using CHIKV or
reporter viruses or replicon particles), binding assays (some commercially available some developed
in-house) such as enzyme-linked immunosorbent assays, immunofluorescence tests, microsphere-
based assays, blots and haemagglutination-inhibition assays. The binding assays were directed
against CHIKV virions, virus-infected cells, virus-like particles and recombinant envelope proteins
(E1 alone or in combination with E2). Laboratories performing neutralization assays used their own
virus stocks and in-house developed methods.

The results showed that the candidate ISs were detected consistently by all participants. Intra-assay
variation was considerably lower than inter-assay variation for 1502/19 and 1504/19. Both candidate
ISs were investigated for their ability to harmonize results and assay variability was substantially
reduced to a similar extent, when titres from the panel of samples were expressed relative to either
1502/19 or 1504/19. This harmonization also applied to the anti-RRV antibody positive sample
where it was detected.

Both candidate ISs are stable under recommended conditions of storage, i.e. at or below -20°C, and
are therefore suitable for long term use. On-going real-time and accelerated stability studies of the
candidate IS are in progress. It is proposed that 1502/19 be established as the 15t IS for anti-CHIKV
(immunoglobulin G) neutralizing antibodies with an assigned unitage of 1,000 International Units
per ml
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Introduction

Chikungunya virus (CHIKV) is an arbovirus first identified during an outbreak of dengue-like
ilness in 1952-53 in Tanzania (Robinson, 1955; Lumsden, 1955). Since then, frequent outbreaks of
CHIKYV have been reported in Eastern, Southern, Central and West Africa (Zeller et al., 2016). In
the late 1950s, CHIKV appeared in Thailand for the first time. In 1964, CHIKV and dengue virus
(DENV) type 2 were isolated from a coinfected patient in Vellore, Southern India (Myers and
Carey, 1967). By the 2000s, CHIKV had emerged in La Réunion (Paquet ez al., 2006) and other
islands i the Indian Ocean as well as in India, South East Asia and later in Oceania. In 2013,
CHIKYV was identified in Brazil, being introduced more widely in southern and central America and
the Caribbean (Cauchemez et al., 2014; Cunha ef al., 2020). Sporadic CHIKYV outbreaks have
occurred in the Mediterranean region with the first introduction identified i Italy in 2007 (Angelini
et al.,2007).

CHIKYV is an enveloped, positive-sense RNA Alphavirus belonging to the Togaviridae tamily (Chen
et al.,2018). The virus is maintained in a sylvatic cycle involving non-human primates and
mosquito species present in forest canopies; the urban cycle involves transmission of the virus
between humans and Aedes aegypti and Aedes albopictus mosquito vectors. The emergence of
CHIKYV in La Réunion was associated with a single amino acid change (Ala—Val) in the E1
envelope protein of the virus (Tsetsarkin ef al., 2007). This mutation affected vector specificity
resulting in an increase in CHIKYV infectivity in Ae. albopictus leading to rapid emergence and
spread of the virus beyond La Réunion. Further point mutations have been identified that increase
infectivity and enhance dissemination (Cunha et al., 2020). There are three main genotypes of
CHIKYV - East/Central/South African (ECSA), Asian and West African (WA). The ECSA genotype
gave rise to the Indian Ocean lineage (IOL) following the outbreak in La Réunion in 2006 (Kariuki
Njenga et al., 2008) whilst the Asian genotype gave rise to the Asian/American lineage (AAL)
during outbreaks in the Americas in the last decade (Lanciotti and Lambert, 2016; Archila ef al.,
2022).

Between ~72%-97% of people infected with CHIKV will develop symptoms. Chikungunya fever,
the disease caused by CHIKV infection, is characterized by an acute infection with high fever, rash,
fatigue, myalgia and polyarthralgia/polyarthritis. Symptoms of chikungunya fever are similar to
those caused by DENV and Zika virus (ZIKV), which co-circulate in most endemic areas, making
differential diagnosis challenging. The name chikungunya, in the Tanzanian Makonde dialect,
means “bent over in pain” referring to debilitating arthralgia and joint pain in patients. Symptoms
can persist in ~30% of patients often lasting several months or even years resulting in significant
morbidity (Puntasecca et al., 2021; Doran et al.,2022). In some patients, less frequent clinical
manifestations of CHIKV include neurologic, cardiac and ocular symptoms as well as hepatitis and
haemorrhage. Neonatal encephalitis and neuro-developmental problems may occur as a result of
vertical transmission. CHIKV has been associated with a relatively low mortality, with a case
fatality rate (CFR) of ~0.1%. However, more recent surveillance data from 2019, complied by the
World Health Organization (WHO) has identified a significantly higher CFR of 1.8% in certain
populations, particularly those with comorbidities and the elderly (Puntasecca et al., 2021). Since
there are no antiviral therapies for CHIKV, treatment relies upon management of symptoms.

Because of the significant morbidity and disability-adjusted life years impact associated with long-
term rheumatic sequelae following CHIKYV infection (Puntasecca efal.,2021), and the increased

upper range of the CFR, effective vaccines to prevent infection and disease and counter outbreaks
are urgently needed. Several candidate CHIKV vaccines are in the pipeline, which are at different
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stages of pre-clinical and clinical development, although none have been licensed yet. The vaccines,
include ones based on inactivated viruses, attenuated CHIKV strains, vectored vaccines, nucleic
acid-based vaccines as well as virus-like particles and recombinant proteins (Smalley ef al., 2016;
Goulas et al., 2018). There are several CHIKV genotypes/lineages circulating worldwide, however,
there is only a single serotype. With long-lasting cross-protection between different lineages,
vaccines are expected to protect against different CHIKV strains (Smalley et al., 2016).

Several lines of evidence have shown that protection against CHIKV is primarily correlated with the
induction of neutralizing antibodies (Lum et al.,2013; Yoon et al., 2015; Milligan et al., 2019). The
evidence includes passive transfer of IgG antibodies from convalescent patients affording protection
in mice; neutralizing monoclonal antibodies directed against the CHIKV E1 and E2 envelope
proteins modulate disease in mouse models with some being protective in lethal challenge models in
immunocompromised animals; the presence of anti-CHIKYV plaque reduction neutralization test
(PRNT) titres of > 10 seemed to prevent development of symptoms associated with CHIKV (Yoon
et al.,2015); the early development of neutralizing antibodies is associated with protection against
arthralgia; natural infection appears to confer lifelong immunity to CHIKV (Kam et al.,2012).

Because of the rapid and transient nature of CHIKV outbreaks and the widespread immunity as a
consequence of high infection rates, evaluation of efficacy of candidate vaccines in phase III clinical
trials is logistically challenging. Clinical end-points of clinical trials would typically include
reduction and/or prevention of symptomatic disease and seroconversion, including the generation of
neutralizing antibody responses. An alternative to clinical efficacy being considered by national
regulatory authorities is combining data from human clinical trials and animal studies using bridging
data with well-controlled assays as possible route for vaccine licensing. However, there is a wide
range of assays in use to measure neutralizing antibodies, using different types of virus or antigens
with differing operational conditions and reporting methods resulting in substantial variability. This
lack of standardization makes comparison of results challenging. The aim of this study was to
develop a suitable antibody reference material to be able to compare results of neutralization assays
for anti-CHIKV antibodies, including those generated during natural infection as well as those
produced in response to different candidate vaccines. It is hoped, that the use of such a reference
material or WHO International Standard (IS) will be useful in determining antibody titres that
correlate with protection against CHIKV.

Clinical diagnostic testing for anti-CHIKV antibodies also lacks standardization with variability in
performance of laboratory developed/in-house and commercially available immunoassays.
Reference material for anti-CHIKV antibodies will be useful for serological assay standardization,
mainly as controls for assay performance across different platforms and different test formats. More
standardization will result in better understanding of CHIKYV (sero-)epidemiology.

The Paul-Ehrlich-Institut (PEI), Federal Institute for Vaccines and Biomedicines, asa WHO
Collaborating Centre for both the quality assurance of blood products and in vitro diagnostic devices
and for the standardization and evaluation of vaccines, developed two candidate anti-CHIKV
antibody preparations for testing and comparison across assays and laboratories to evaluate their
suitability as a WHO IS. This study evaluated the potency of the two proposed candidate materials
for a WHO IS for anti-CHIKV antibodies in parallel with other antibody preparations obtained from
CHIKYV convalescent patients and blood donors, using assays in routine use in the participants’
laboratories. The aim was to select the most suitable candidate standard for assay harmonization and
agree on an internationally assigned unitage for the candidate standard following statistical analysis
of the study data at the PEI.
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Study materials

Candidate International Standard —1502/19

The candidate IS (1502/19) was prepared using a pool of three plasma donations from a German
patient who contracted chikungunya whilst travelling in Brazil in 2016. The patient was diagnosed
with CHIKYV infection whilst in Brazil and the diagnosis was reconfirmed upon return to Germany.
The patient displayed signs of arthralgia over a period of several months. Plasma was collected ~8-
11 months after the onset of symptoms. The plasma was obtained from the voluntary, anonymous
donor by plasmapheresis on three separate occasions. The individual plasma donations tested
positive for anti-CHIKV antibodies, but were negative for other Alphavirus antibodies and anti-
DENYV and anti-ZIKV antibodies using a mixture of enzyme-linked immunosorbent assays
(ELISAs) and viral pseudotyping assays (Henss et al., 2019; Henss et al., 2020).

The plasma samples from the donor were tested by NAT to ensure the absence of Human
Immunodeficiency Virus Type 1 (HIV-1) Group M RNA, HIV-1 Group O RNA, Human
Immunodeficiency Virus Type 2 (HIV-2) RNA, Hepatitis C Virus (HCV) RNA, and Hepatitis B
Virus (HBV) DNA using the cobas TaqScreen MPX Test, v2.0 (Roche Diagnostics GmbH,
Mannheim, Germany). No HIV-1/2 RNA, HCV RNA or HBV DNA were detected. In addition, the
plasma was tested for the presence of CHIKV RNA, DENV RNA and ZIKV RNA using the
ExiPrep™ Dx Viral RNA Kit (Bioneer Corporation, Daejeon, Republic of Korea) on the ExiPrep™
16 Dx platform incorporating an internal control. The entire eluate was analyzed by PCR; set-up
was performed using the ExiSpin™ device (Bioneer Corporation) and amplification/detection
reactions using the Exicycler™ 96 Real-Time Quantitative Thermal Block (Bioneer Corporation)
using the AccuPower® ZIKV(DENV,CHIKV) Multiplex Real-Time RT-PCR Kit (Bioneer
Corporation). The plasma samples were negative for CHIKV RNA, DENV RNA and ZIKV RNA.

This candidate IS was evaluated in the Gesellschaft zur Férderung der Qualititssicherung in
medizinischen Laboratorien (INSTAND) External Quality Assessment (EQA) Scheme Group No.
402 Virus Immunology — Chikungunya Virus in 2017, the report is included in Appendix 2. The
candidate IS was designated 402009 in the EQA study. The study investigated qualitative and
quantitative analysis of anti-CHIKV IgM and IgG in the EQA panel as well as anti-CHIKV IgG
avidity. The EQA study was used determine how the candidate IS would perform across a wide
range of assay types.

For the lyophilization the pooled plasma donations were diluted 1:1 with cell culture grade water.
Processing was performed during February 2019. For the processing, 1.0 ml volumes were
dispensed into 7 ml amber glass vials. After completion of the freeze-drying procedure, the vacuum
was broken by the introduction of nitrogen gas and the vials sealed and capped with Flip Off Tear
Off caps. All the operations were performed in a qualified class A clean room (for filling equipment
and in front of the freeze dryer). Residual moisture was determined by Karl Fischer analysis. The
number of filled vials, coefficient of variation of the filled volume and residual moisture content of
the vials is shown in the production summary (Table 1). The filling and lyophilization was
performed at the Division of Reference Standards European Directorate for the Quality of Medicines
and HealthCare, Strasbourg, France. Vials of the candidate IS are intended for reconstitution in 0.5
ml of cell culture grade water.
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Vials of the candidate WHO IS are held at the Paul-Ehrlich-Institut, Paul-Ehrlich-Strale 51-59, D-
63225 Langen, Germany. The vials are kept at-20°C with continuous temperature monitoring.

All manufacturing records are held by PEI and are available on request by the WHO Expert
Committee on Biological Standardization.

Candidate International Standard —1504/19

A second candidate IS (1504/19) was prepared by pooling ten anti-CHIKV positive Puerto Rican
blood donations collected between November 2016 and January 2017. The donors were likely
infected during the CHIKV epidemic of 2014 (Sharp et al., 2014; Simmons et al.,2016). All
donations were anti-CHIKV IgG positive; two donations were borderline anti-CHIKV IgM positive
— the rest were negative. All donations were anti-DENV IgG positive and anti-DENV IgM negative.
Three donations were anti-ZIKV IgG positive and one of these was also anti-ZIKV IgM positive.
All samples tested negative for blood-borne viruses by NAT as described above. Processing was
performed as described above in February 2019. The number of filled vials, coefficient of variation
of the filled volume and residual moisture content of the vials is shown in the production summary
(Table 1). Vials of the candidate IS are intended for reconstitution in 0.5 ml of cell culture grade
water.

Vials of the candidate WHO IS are stored as described above for 1502/19.

Clinical materials

Several clinical materials were included in the study to evaluate, in a limited way, commutability of
the candidate ISs; further samples were included to investigate assay specificity. The samples
included a mixture of anti-CHIKV-positive plasmas (covering a range of low to high titres), anti-
DENV, anti-ZIKV positive plasma as well as anti-Ross River virus (RRV) plasma. The anti-RRV
plasma was included in order to control for specificity since RRV, like CHIKV is also an Alphavirus
and both belong to the Semliki Forest complex where antigenic cross-reactivity is well known.

Plasma samples were obtained from randomly selected Brazilian patients with clinically diagnosed
CHIKYV infection collected in 2016; CHIKV, ZIKV and DENV infections were diagnosed using
virus-specific commercial ELISAs (Euroimmun AG, Liibeck, Germany) and by triplex NAT as
described above. Full-length sequence analysis of one virus isolate from this patient cohort (sample
P9 in the study, was a pool of equal volumes of plasma collected 87 and 146 days post-symptom on-
set) provided evidence of infection by a virus strain belonging to the ECSA genotype (S. Baylis, H.
Roth, unpublished observations). Samples were collected from Brazilian patients from the Viral
Hepatitis Ambulatory/FIOCRUZ/Rio de Janeiro following IRB approval (May 10, 2016 (Fiocruz
IRB ID: 0142/01). All human samples used were collected with the written, informed consent of the
patients for diagnostic purposes according to ethical regulations in Brazil. All other samples were
obtained from voluntary, anonymous blood donors from Puerto Rico and Australia.

The clinical samples, together with the candidate ISs (each provided in duplicate) are shown in
Table 2; all samples have been given a code number P1-P11. Samples were dispensed nto volumes
suitable for the different assays used by each participating laboratory and stored as liquid/frozen
materials. Samples were provided in triplicate. One sample, a pool of anti-RRV antibody-positive
plasma donations, was lyophilized — donation testing and processing was performed as described
above.
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Collaborative Study

Twenty-eight laboratories from 13 different countries volunteered to participate in the study. In
total, 26 laboratories returned results and are listed in Appendix 1. Laboratories from 12 different
countries returned results: Australia (2), Austria (2), Canada (1), China (1), French Polynesia (1),
Germany (7), India (3), Italy (1), Malaysia (1), Sweden (1), Trinidad and Tobago (1), and the United
States of America (5). One laboratory from Brazil and a further laboratory from Australia were
unable to return results due to the onset of the Coronavirus disease 2019 (COVID-19) pandemic.
The participating laboratories included specialist arbovirus laboratories, vaccine manufacturers,
clinical virology laboratories, as well as developers of in vitro diagnostic devices. For the purposes
of data analysis, each laboratory has been referred to by a code number allocated at random and not
representing the order of listing n Appendix 1.

All collaborative study materials were shipped to participating laboratories on dry ice and
participants requested to store the materials at or below -20°C until use. The samples included in the
panel are described above and listed in Table 2. Participants were asked to test the panel using their
routine assay for anti-CHIKV IgG antibodies, testing the panel of samples in three separate assay
runs, using fresh vials of each sample for each run and performing two independent dilution series
where possible. The study protocol is outlined in Appendix 3. For the preparation of dilutions,
participants were requested to use their usual diluent.

Several lyophilized preparations were evaluated in the study and these were reconstituted before use
by participants using cell culture grade water. Samples P1, P3, P5, P6 and P10 which were all
lyophilized were reconstituted in 0.5 ml of water. All other samples were provided as liquid/frozen
materials.

Statistical Methods

The evaluation of raw data was performed with CombiStats version 6.1 (European Directorate for
the Quality of Medicines and HealthCare/Council of Europe, Strasbourg, France) - using a sigmoid,
4-parametric dose-response model (quantitative data) and a quantal response model (qualitative data
- probit-transformed). Both methods are described in detail in the European Pharmacopoeia, chapter
5.3 (Council of Europe, 2021). With both models, the 50% reduction plaque reduction neutralization
or neutralization titres (PRNTso or NTs, respectively) or ECsy titres (other assays) were estimated
(ie. the dilution/titre at which 50% of the maximum signal could be observed, or, for qualitative
data, the cut-off between positive and negative signals).

Further statistical analysis (i.e. estimation of a consensus value for all combined datasets) was
performed with SAS®/STAT software, version 9.4, SAS System for Windows (SAS Institute, Inc.,
Cary, NC, USA). Individual estimates (both PRNT5(/NTs,and ECsy and potencies relative to
samples P1 or P5) were combined using a mixed linear model with random factor ‘assay type’
(neutralization or binding/other assay)and ‘participant’. Combined estimates were accompanied
with 95% confidence intervals. The relative potencies of the panel of samples were estimated
relative to the candidate ISs i.e. samples P1(1502/19) or P5 (1504/19) each with an assigned
potency of 1,000 U/ml.

The coefficient of variation was used to describe the relative variability of the measurements. The
influence of relevant factors (as participant, assay type, sample) on the intermediate precision as
well as the intra-assay precision (repeatability) was evaluated by means of a mixed linear model (an
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analysis of variance, ANOVA,using fixed and random factors) using log transformed ECs,
estimates of the individual results. This method uses (restricted) maximum likelihood estimates,
which may lead to a small difference between the estimated variance and the usual variance
estimator. The inter-assay precision (intermediate precision) was estimated as sum of the variances
of the relevant factors and is described by the coefficient of variation. For the intra-assay precision
(repeatability) the residual variance were used. The measurement uncertainty is described as the
estimated total variance from the ANOVA (sum of variances from relevant factors plus residual
variance), also denoted as coefficient of variation.

Stability Studies

Stability of the candidate ISs are under continuous assessment, through both real-time and
accelerated thermal degradation stability studies. Vials of the two candidates have been stored at -
20°C (the recommended storage temperature) as well as baseline samples stored at -80°C. For the
accelerated thermal degradation, vials were incubated at +4°C, +20°C, +37°C and +45°C for 2
weeks, 1 month, 3 months, 6 months and 1 year. Following incubation atthe respective temperature,
the vials were stored at -80°C until analysis. For analysis, the contents of the vials were
reconstituted in 0.5 ml of cell culture grade water and tested for anti-CHIKV IgG in triplicate using
a commercially available assay (Chikungunya IgG ELISA - EUROIMMUN Medizinische
Labordiagnostika AG, Liibeck, Germany). Testing was performed in accordance with the
manufacturer’s instructions after appropriate dilution. The titres of the samples were expressed
relative to the baseline samples stored at -80°C.

Results

INSTAND EQA

In the mitial evaluation of the candidate IS (1502/19) in the INSTAND EQA, assays used by
participating laboratories included in-house and commercial assays - ELISAs, indirect
immunofluorescence tests/assays (IIFTs or IFA), immunoblots and virus neutralization. All
laboratories participating in the EQA were able to positively detect IgG in the candidate IS,
rrespective of method (46 data sets in total). Data were returned from three different commercially
available ELISAs, two commercially available IFAs, two separate in-house IFAs, one commercial
immunoblot (5 data sets) and one in-house neutralization assay. Further details are available in
Appendix 2. A single laboratory determined the avidity of the candidate standard which was found
to be high (97%). In the case of IgM analysis (M. Kammel, H. Zeichhardt, personal communication)
16 laboratories reported the candidate standard as positive, 19 negative and 9 borderline. Where
quantitative data were returned for anti-CHIKV IgM, titres of the candidate standard were
significantly lower than the EQA sample obtained from an acutely infected patient (24 days after on-
set of disease). Collectively, these data suggest that the candidate IS (1502/19) contains only very
low levels of anti-CHIKV IgM.

Data received — collaborative study

Data were received from a total of 26 of the 28 participating laboratories. In total, 39 datasets were
returned of which, 36 datasets had at least one valid, assay that could be further evaluated. Virus
neutralization data were determined by 16 laboratories (live virus (n=15) and virus replicon particle-
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based (n=1)). Data from ELISA methods were returned by 15 laboratories representing both
commercial (n=8) and in-housed developed assays (n=7). The commercial ELISAs were produced
by three different manufacturers. Further immunoassays include a microsphere-based assay, a
haemagglutionation inhibition assay as well as an immunoblot. Eight laboratories reported results
for IFAs.

Some laboratories reported results for more than one type of assay. Where a laboratory performed
more than one assay method, the results from the different methods were analysed independently, as
if from separate laboratories, and coded, for example, laboratory 26A and laboratory 26B.

The types of methods used by the participants are listed in Table 3.

Neutralization assays

The combined means for the PRNTsyand NTs titres from the different laboratories are shown in
Table 4 and in histogram form in Figures 1A-11A (neutralization data shaded blue). The titres were
determined at PEI based upon the data provided by the participants. Consistent detection of all
positive for anti-CHIKV antibodies was reported by the participating laboratories using
neutralization assays; however, it was not possible to analyse data from Laboratory 3B or
Laboratory 19 due to inconsistencies in dilutions and an incomplete data set, respectively. In the
case of Laboratory 21C, insufficient dilutions were performed in run 1; however it was possible to
analyse data from the subsequent two runs. Laboratory 5 performed repeat testing on two separate
occasions on a sub-set of samples that had undergone one round of freeze-thawing.

The mean titres were within ~2 log;o range for sample P1 (1502/19) and its replicate P3. A similar
range of values (~2-2.5 logj i.e. > 100-fold) for the mean titres was observed for sample P5
(1504/19) and the replicate sample P10. A range of values was observed for the remaining anti-
CHIKYV antibody positive samples included in the study and is not unexpected and likely due to
differing reagents and procedural differences.

Sample P6 which contained anti-RRV antibodies, was detected by Laboratories 3B, 4, 5, 12, 23A
and 27; lower titres were reported by Laboratories 6, 9, 19 and 22A (62.5%). All laboratories

reported sample P2 as negative with the exception of Laboratory 23A where a very low titre was
reported (Table 4).

For all the neutralization assays, laboratories used their own virus stocks and in-house developed
methods (Table 3). Six laboratories used virus strains belonging to the Asian genotype, four of
which used the 181/clone 25 vaccine strain (Levitt ef al., 1986). Six laboratories used CHIKV
strains belonging to the IOL, three of which were based on virus from the 2006 outbreak in La
Réunion (in one case using a replicon particle assay). One laboratory used an ECSA strain. Three
participating laboratories did not disclose the CHIKV genotype/lineage used in the neutralization
assays. There did not appear to be any specific trend regarding under/over reporting of neutralization
titres. For example, in the case of Laboratories 4 and 14, neutralization titres were highest for the
panel of samples, and these two laboratories used Asian and IOL strains in the neutralization assays,
respectively. Laboratory 8 reported generally lower titres across the panel of samples and used a
more recent IOL isolate from 2017 following a European outbreak. The single laboratory using the
ESCYV strain for virus neutralization reported titres in line with the majority of other laboratories. No
trend was observed between laboratories detecting anti-RRV neutralizing antibodies in sample P6
and the use of a specific CHIKV genotype/lineage.



WHO/BS/2022.2434
Page 11

Relative Potencies — Neutralization assays

On the basis of the combined data from the neutralization assays, the mean neutralizing titres were
expressed relative to samples P1 (1502/19) and P5 (1504/19), the two candidate ISs. In both cases,
the assumed potency was 1,000 U/ml for either P1 or P5. The relative potencies are shown in Table
5 (relative to P1 —1502/19) and Table 6 (relative to PS5 — 1504/19). Figures 1B-11B show the
relative potency data for all assays (virus neutralization data is shaded blue). It was not possible to
determine relative potencies for either Laboratory 3A or Laboratory 19.

Expression of the relative potencies for all the anti-CHIKV antibody positive samples resulted in a
reduction in the variation between assays (with the range varying from ~0.5-1.1 log;o) when
potencies were compared to P1(1502/19); (range ~0.7-1.2 log;o when data determined relative to
P5). This harmonization also applied to the anti-RRV antibody positive sample - where it was
detected.

Figure 12A shows the relative potency data across the range of samples for the neutralization
methods; the upper panel shows the mean potencies and the lower left panel shows the mean
potencies relative to P1 and the lower right panel relative to PS5 showing significant reduction in
variation. The relative potency data provide some evidence for commutability of the candidate ISs
for the clinical samples included in the study.

Binding assays

A wide range of antibody binding assays were evaluated in the study; for the analysis, the following
immunoassays have been grouped together: a) ELISAs, assays based in microspheres, immunoblots
and haemagglutination inhibition and rapid tests or b) IFAs.

Laboratory 1 used an in-house developed multiplexed microsphere immunoassay able to detect
CHIKYV m a panel of viruses which included RRV, Barmah Forest virus (BFV), Sindbis virus
(SINV) and CHIKV. Laboratory 1 correctly identified that sample P6 contained anti-RRV
antibodies as well as correctly identifying the anti-CHIKV antibody samples included in the panel;
no reactivity was observed with the negative control sample (P2).

In the case of Laboratory 2A/2B, using a commercial ELISA, data were reported as Sample/Cut-off
ratios for samples P1-P11. Samples P2 and P6— the anti-CHIKV negative samples were both
negative across all assay runs. The rest of the samples were diluted 1:100, 1:200, 1:400 and 1:800
and all duplicate samples tested positive; no end-point was reached. Inspection of the Sample/Cut-
off (S/Co) ratios identified the following ranking - P9 (S/Co 37.4), P1/P3 (pooled S/Co 36.2), P7
(S/Co 33.9), P5/P10 (pooled S/Co 27.4), P8 (S/Co 23.3), and P4/P11 (S/Co 13.0 for both samples).
Comparing this ranking with the mean potencies of the samples determined across all assays (Table
10) the ranking for the highest (P9) and lowest samples titre samples in the panel (P8, then P4 and
P6 which are near identical) were the same. However, the ranking of the other samples is slightly
different i.e. P1/P3 and P5/P10 ranked equal third based on mean potencies, but ranked second and
fourth respectively for the ELISA; sample P7ranked second with respect to overall mean potency,
but third for the ELISA. The reason for the differences might reflect the use of total CHIK'V antigen
in the assay design.

Laboratory 8D used a commercially available anti-CHIKV IgM/IgG rapid test based on CHIKV
virions. The data for this qualitative, rapid test identified all anti-CHIKYV positive samples with the
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exception of P4 and P11 which had the overall lowest mean potencies and were negative in the rapid
test. Samples P2 (negative control) and P6 (anti-RRV positive) both tested negative.

Laboratory 10 tested the panel of samples by haemagglutination inhibition using inactivated
CHIKV.

Laboratory 20 used a commercially available immunoblot to detect and differentiate between anti-
CHIKYV, anti-ZIKV and anti-DENV antibodies. Virus-like particles are the source of the
recombinant antigens for CHIKV and, Equad and NS1 antigens are used for both DENV and ZIKV.
Of note, this assay was used in the INSTAND EQA, however, it was subsequently revised to
improve assay sensitivity and specificity by changes to the antigen composition/presentation for all
three viruses. All the anti-CHIKV antibody positive samples included in the panel tested positive as
well as the anti-RRV sample (P6). In the case of the negative control (P2), although sample tested
positive for anti-ZIKV and anti-DENV antibodies (the antigens included in the assay include ZIKV
NS1 and the envelope protein from DENV); sample P2 was non-reactive for anti-CHIKV
antibodies.

Laboratory 25 using a commercially available ELISA (supplier C) repeated results for some samples
from the second assay run; some results were unexpectedly high. However, other laboratories using
the same method did not report such issues.

Laboratories 3C and 8C using IFAs, tested the samples at a single dilution (1:200 and 1:20,
respectively), and with the exception of sample P2 (the negative control), all samples tested positive
including P6 (anti-RRV antibody-positive).

The mean potencies of the anti-CHIKV-antibody titres are shown in Table 7. Figures 1A-11A
illustrate, in histogram form, these mean potencies. The binding assays, where potencies could be
determined, have been divided into immunoassays such as ELISAs (n=13), immunoblots (n=1),
microsphere based assay (n=1) and haemagglutination inhibition (n=1) and IFAs (n=8). The ELISAs
used a mixture of target antigens: El; E1/E2 heterodimers (alone or in combination with CHIKV
capsid protein (CAP)); CHIKV-infected cells or CHIKYV virions. Three commercially available
ELISAs were used by participants in the study; supplier A (n=2), supplier B (n=2), supplier C (n=4).
Where levels of binding antibodies were determined by IFAs, half of the laboratories used in-house
developed assays and the other half used a single commercially available assay. All assays,
irrespective of design detected the candidate ISs P1 (and replicate P3) and P5 (and replicate P5).
With the exception of Laboratory 26B (albeit at low titre), none of the immunoassays identified
sample P2 as positive. In the case of sample P6 (the anti-RRV antibody- pos itive sample), all the [FA
methods found this samples positive (lower dilutions) whilst for the remalmng immunoassays listed
in Table 7 - 8/15 methods (53%) found sample P6 positive, once again the positivity reflects the
antigenic cross-reactivity between CHIKV and RRV.

Samples P7and P9 have the highest overall potencies across assays and samples P4 and P11 the
lowest (Table 10). In general for the IFAs, P7 and P9 were ranked as the highest and samples P4 and
P11 the lowest. Similar results were observed for the ELISA data using assays from commercial
suppliers B and C where E1/E2 are target antigens as well as Laboratory 15 using an E1-based
ELISA and Laboratory 10 (haemagglutination hibition, using mactivated CHIKV), Laboratory 20
(immunoblot — virus-like particles), Laboratory 23B (E1/E2/CAP).

For the three laboratories using CHIKV virion-based ELISAs, Laboratory 26B found a similar
ranking of samples P4, P11 (lowest titres) and P7 and P11; however this was not so clear cut in the
case of Laboratories 3A and 22B. For the remaining assays/laboratories the ranking of P4; P11 and
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P7 and P9 was not so clear cut — one laboratory (21A) used CHIKV-infected cells whilst Laboratory
1 used CHIKYV together with RRV, BFV, and SINV attached to microspheres.

Relative potencies — Binding assays

On the basis of the combined data from the binding assays (immunoassays including the IFAs), the
mean titres were expressed relative to samples P1 (1502/19) and P5 (1504/19), the two candidate
ISs. In both cases, the assumed potency was 1,000 U/ml for either P1 or P5. The relative potency
data are shown in Table 8 (relative to P1 — 1502/19) and Table 9 (relative to P5— 1504/19). Figures
1B-11B show the relative potency data for all assays (the immunoassay data are shown in orange
and the IFA data in green).

Expression of the relative potencies for all the anti-CHIKV antibody positive samples resulted in a
reduction in the variation between assays (with the range varying from ~0.5-1.6 log;y) when
potencies were compared to P1(1502/19); similar reductions were observed for P5 (1504/19). This
harmonization also applied to the anti-RRV antibody positive sample where it was detected.

This relative potency data is further shown in Figure 12B across the range of samples for the
immunoassays; the upper panel shows the mean potencies and the lower left panel shows the mean
potencies relative to P1 and the lower right panel relative to PS5 showing significant reduction in
variation. The relative potency data provide some evidence for commutability of the candidate ISs
for the clinical samples included in the study.

With the IFAs, relative potency analysis improved agreement between laboratories for the panel of
samples either using sample P1 (1502/19) or sample P5 (1504/19) (Figures 1B-11B). However, the
reduction in variation was not as pronounced for the IFAs compared to either the neutralization
assays or the other immunoassays such as ELISAs. Harmonization was best when P3, P5and P10
were compared to P1 and when P10, P1 and P3 were compared to P5; P1/P3 and P5/P10 were
prepared from pooled plasma donations from a single donor with multiple bleeds or a pool from
several donations, respectively. The lower level of harmonization of the other samples (single
donations) included in the study, may be a consequence of the target antigens in the
immunofluorescence assays which is a mixture of proteins present in the CHIK V-infected cells. In
contrast, other types of immunoassay e.g. ELISAs may target specific antigens such a E1, EI/E2 or
a functional assay such as a virus neutralization where antibodies target neutralizing epitopes present
on viral particles. In the case of laboratory 16, it was not possible to perform relative potency
analysis.

Determination of Overall Laboratory Means — Combined Results

The overall mean values (for all types of assay i.e. virus neutralization as well as the other types of
immunoassay) for the candidate ISs P1(1502/19) and P5 (1504/19) and the other samples are shown
in Table 10 and the range of estimates between laboratories. The combined overall mean values for
both the qualitative and quantitative tests are shown in Table 10 together with the coefficients of
variation and the range of estimates. For the data presented in Table 10, it is clear that samples P1
and the replicate sample P3 are very close in value i.e. 3.42 logo and 3.45 log;o, respectively. In the
case of sample P5 and the replicate sample P10, they have an identical potency of 3.48 log;o. The
overall relative potencies against sample P1 (1502/19) or P5(1504/19) are shown in Tables 11 and
12, respectively. Comparing the 95% confidence intervals for the panel of samples in Table 10 with
those shown in Tables 11 and 12 (relative potency data), for each sample there is a reduction in the
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95% confidence interval when data is expressed relative to either candidate IS i.e. P1 (1502/19) or
P5 (1504/19) once again demonstrating the value of using a standard to facilitate harmonization of
results.

Inter- and intra-assay variation

It was possible to compare inter-and intra-assay variability for the replicate candidate IS
preparations P1/P3 and P5/P10. The data are shown i Tables 13 and 14 for the replicate candidate
IS preparations P1/P3 and P5/P 10, respectively. As expected, inter-assay variability (227% for
samples P1/P3 and 224% for samples P5/P10) far exceeds intra-assay variability for the replicate
samples (38% for samples P1/P3 and 46% for samples P5/P10).

Results of Stability Studies

Accelerated thermal degradation studies have been performed by incubation of vials of 1502/19 and
1504/19 at higher temperature i.e. +4°C, +20°C, +37° and +45C° and compared to vials stored at -
20°C, the normal storage temperature, and the baselne samples stored at -80°C (Tables 15 and 16).
There was a slight drop in titres at the higher temperature.

After 1 year, there was no evidence of loss of titre of the candidate ISs when stored at -20°C the
normal storage temperature, moreover storage of the vials at +20°C for 1 year did not result in a loss
of potency in either preparation. Collectively, these data indicate acceptable stability of the two
candidate ISs.

Conclusions

In this study, a wide range of immunoassays and virus neutralization protocols were used to evaluate
the two candidates ISs for anti-CHIKV antibodies. In general, the panel of samples, including both
candidate ISs, were well detected by the participating laboratories, however, data demonstrated wide
variations in potencies of the candidate ISs and the other study samples which is not unexpected and
regularly observed in similar collaborative studies. However, the aim of such studies is to
investigate whether candidate ISs can be used to harmonize data from different assays. Indeed, it
was found that both candidate ISs (1502/19 -sample P1and 1504/19 — sample P5) were able to
harmonize data between the virus neutralization assays as well as the immunoassays (including the
ELISAs) and to a lesser extent the IFAs evaluated in the study. Overall, the two candidate ISs were
found to have very similar potencies and both performed equally well with respect to harmonization
of results. Furthermore, the relative potency data provide some evidence for commutability of the
candidate standard for evaluation of clinical samples included in the study.

In the study, participants were requested to perform testing for anti-CHIKV IgG antibodies. Prior to
the collaborative study it was established that the candidate IS - 1502/19 (sample P1 and its replicate
P3 in the study) contained only very low levels of anti-CHIKV IgM antibodies by testing at PEI and
during the INSTAND EQA, where the material was either tested negative in some assays or was
borderline positive in others. For the candidate IS — 1504/19, this again contained non-detectable
levels of anti-CHIKV IgM after pooling. Because anti-CHIKV IgM antibodies not just IgG
antibodies are able to neutralize CHIKV (Chua et al., 2017), it was felt that the use of an anti-
CHIKYV IgG antibody-positive, but IgM-negative reference material might be a more
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straightforward choice for an IS and this is reflected in the wording in the draft Instructions for Use
(Appendix 4).

With the CHIKV neutralization assays, laboratories used their own virus stocks covering a wide
range of genotypes/lineages. There was no trend observed with the use of a specific
genotype/lineage with respect to neutralization titres. Candidate IS — P 1 (1502/19) was prepared
from a recovered chikungunya patient who was infected in Brazil in 2016. In the case of the
candidate IS - P5 (1504/19) this was prepared from a pool of plasma donations from Puerto Rico in
2016/2017. Unfortunately, the CHIKV genotype/lineage infecting the respective plasma donors was
not known. In Brazil, when the German plasma donor became ill with chikungunya, both the ECSA
genotype and the AAL lineage was in circulation there (Nunes ef al., 2015). Prior to collection of
the plasma donations in Puerto Rico (Simmons et al., 2016), the AAL lineage was prevalent (Chiu et
al., 2015; Lopez et al., 2019). For the remaining clinical samples included in the study, collected in
Rio de Janeiro, full-length sequence analysis of virus isolated during the symptomatic phase for
sample P9 revealed that the strain belonged to the ECSA genotype. Nevertheless, despite different
CHIKYV strains used by the participants, both candidate ISs harmonized data from different assays
rrespective of plasma source.

In the regions where CHIKYV outbreaks occur, there is frequent co-circulation of DENV and ZIKV.
Therefore, a sample positive for anti-DENV and anti-ZIKV, but negative for anti-CHIKV, was
included in the study as a negative control. There were very small number of cases where sample P2
was reported as sporadically reactive for anti-CHIKV antibodies and titres were very low,
demonstrating, in general very good specificity across the assays used in the study, irrespective of
the format.

In addition, in order to investigate cross-reactivity with other Alphaviruses a plasma pool of anti-
Ross River virus (RRV) was included in the study. The individual plasma samples in the anti-RRV
plasma pool had been previously characterized using a range of assays (including ELISAs and viral
pseudotyping — Henss et al., 2019) to ensure that they were specific for anti-RRV and that
antibodies to other Alphaviruses,that might be expected to be found in Australia, were not present.
Across all assays, ~62% found sample P6 reactive for anti-CHIKV antibodies. This observation is
not unexpected, because RRV, like CHIKV, belongs to the Semliki Forest complex where such
cross-reactivity in well known (Henss ef al. 2020; Nguen et al., 2020). Relative potency analysis of
sample P6 (anti-RRV pooled plasma) against either sample P1 or P5 demonstrated that
harmonization of the reported potencies. This observation would suggest it might be possible to use
P1 or P5 for standardization of anti-RRV assays, however, a separate candidate standard for anti-
RRYV (sample P6 itself) has been lyophilized and will be evaluated in a separate study to be
presented elsewhere.

For the relative potency analysis, both candidate IS anti-CHIKV antibody samples P1 (1502/19) and
P5 (1504/19) were assigned arbitrary unitages of 1,000 units/ml given the similar overall mean
potencies of the two candidate ISs (Table 10, 3.44 log;y (mean of P1and P3) and 3.48 log;y (mean
of P5 and P10). We propose that 1502/19 be established as the 1t World Health Organization
International Standard for anti-CHIKV antibodies (immunoglobulin G) with an International
Unitage (IU) of 1,000 IU/ml for neutralizing activity following reconstitution in 0.5 ml of cell
culture grade water. In the case of the second candidate IS — 1504/19, this may be reserved as a
replacement batch for 1502/19 m the future or else it could be used as a secondary standard (with
unitage inferred by potency data relative to sample P1 (1502/19) in the study (Table 5). The
proposal to select 1502/19 as the IS is partly because of the larger number of vials available and the
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fact that material does not contain antibodies to other arboviruses i.e. DENV and ZIKV, although, at
least for the assays evaluated in this study, the presence of these antibodies did not affect the
performance of 1504/19 the other candidate IS. Clearly, the IS will be valuable for harmonization of
anti-CHIKV antibody neutralization assays. Although harmonization of assays determining binding
antibodies was demonstrated during the study, in this context, the IS should be used rather more
cautiously i.e. simply asa control reagent assuring assay performance — with no unitage being
defined for this purpose and being applicable for the detection of binding antibodies of defined
specificity e.g. anti-CHIKV E1 IgG; anti-CHIKV E1/E2 IgG, the material should not be used to
compare between groups of assays with different specificities. It is important to note that
neutralizing antibodies and binding antibodies are not necessarily interchangeable. In the future, it
may be possible to correlate a defined protective level of neutralizing antibody (defined in IU) with
a surrogate marker that could be measured by an alternative type of immunoassay, however, further
studies are required moving forward to establish such a relationship. The use of IU in types of assay
other than virus neutralization is not currently recommended.

The data from the study also provide anevaluation of the mean estimates for candidate IS — sample
P5 (1504/19) which canbe used as either a secondary standard or else a potential replacement for
the proposed IS (P1-1502/01). These materials have very similar titres and showed very little
difference in their ability to harmonize data (relative potency analysis).

Real-time stability studies have indicated that both candidate ISs are stable under normal conditions
of storage, i.e. at -20°C or below for 6 months and therefore suitable for long term use as well as at
elevated temperatures, i.e. after 3 months incubation at +20°C there was no significant reduction in
anti-CHIKV antibodies (IgG) which would support shipment at ambient temperature. Initial
accelerated thermal degradation analysis indicates a reduction in the levels of anti-CHIKV
antibodies (IgG) at higher incubation temperatures (e.g. +37°C). Shipment at extreme temperatures
should therefore be avoided. On-going studies on the real-time stability under normal storage
conditions as well as studies concerning thermal degradation are in progress.

In conclusion, with the high epidemic potential of CHIKV and the difficulties in the rapid
establishment of clinical trials during outbreaks, the establishment of an IS is an important step
forward in providing a reference material with a traceable common reporting unit to be able to
compare results obtained in different laboratories and better define protective levels of antibodies.
Better standardization is essential in order to facilitate a better understanding of CHIKYV (sero-)
epidemiology globally and with the rapid spread of CHIKV in the last two decades, and the similar
clinical presentation with viruses such as DENV and ZIKV, accurate diagnostic testing is essential.

Recommendations

Based upon the results of the collaborative study, it is proposed that the pooled plasma sample from
a convalescent chikungunya patient who acquired CHIKV in Brazil, code number 1502/19, should
be established as the 15t WHO International Standard for anti-chikungunya virus (immunoglobulin
Q) neutralizing antibodies with a unitage of 1,000 IU/ml. The custodian laboratory is the Paul-
Ehrlich-Institut.

Approximately 2,500 vials are available for distribution (containing 0.5 ml of lyophilized plasma
residue per vial).



WHO/BS/2022.2434
Page 17

Responses from participants

After circulation of the draft report for comment, replies were received from twenty-four
participants; all were in agreement with the conclusions of the report. The majority of the comments
were editorial in nature, including virus strain names and antigens used in assays and the report has
been amended accordingly. One participant commented on the decision to select 1502/19 in
preference to 1504/19 — this has been clarified in the Conclusions, with the decision being based on
the greater number of vials available for 1502/19 and the absence of antibodies in this preparation to
other arboviruses (i.e. DENV and ZIKV). The same participant suggested adding more detail of the
circulating CHIKYV strains likely to have infected the respective plasma donors in the case of
1504/19, this has been addressed with a further citation (Simmons et al., 2014).
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Table 1. Production summary for the candidate International Standards 1502/19 and 1504/19

Code 1502/19 1504/19

Name Anti-CHIKV Anti-CHIKV

No. vials 3090 2130

Presentation 7 ml glass vials, flip off-tear off | 7 ml glass vials, flip off-tear off
seals seals

Nominal fill volume* 1 ml 1 ml

Mean fill mass (g) 1.005 (n=34) 1.007 (n=22)

CV of fill weight (%) 0.12 % 0.21 %

Mean residual moisture (%)

1.52% (n=9)

1.69% (n=9)

CV of residual moisture (%)

8.53 %

8.88 %

*Vial contents to be reconstituted in 0.5 ml of cell culture grade water

CV coefficient of variation

Fill mass was determined at regular intervals throughout the fill
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Table 2. Collaborative study materials

Study code number

Presentation Description of pre paration
(PEI code number)
Pool of three plasma donations from a German
P1 (1502/19) Lyophilized convalescent patient infected with CHIKV in
Brazil
Plasma from an anti-dengue virus antibody-
P2 Liquid/frozen positive, anti-Zika virus antibody-positive
Brazilian patient; negative for anti-CHIKV
Pool of three plasma donations from a German
P3 (1502/19) Lyophilized convalescent patient infected with CHIKV in
Brazil
.. Plasma from an anti-CHIKV antibody-positive
P4 Liquid/frozen Puerto Rican blood donor
. Pool of ten anti-CHIKV antibody-positive
P5 (1504/1 Lyophil
> (1504/19) yophilized Puerto Rican blood donations
. Pool of five anti-RRV antibody-positive
P6 Lyophilized . ) .
yophtize plasma donations; negative for anti-CHIKV
P7 Liquid/frozen Plasr'n'a from an antl—CHIKV antibody-positive
Brazilian convalescent patient
. Plasma from an anti-CHIKV antibody-positive
P8 Liquid/fi
{qUICITozen Puerto Rican blood donor
Plasma from two bleeds from an anti-CHIKV
P9 Liquid/frozen antibody-positive Brazilian convalescent
patient
. Pool of ten anti-CHIKV antibody-positive
P10 (1504/19 Lyophilized
( ) YOpTEe Puerto Rican blood donations
P11 Liquid/frozen Plasma from an anti-CHIKV antibody-positive

Puerto Rican blood donor




Table 3. Collaborative study participants

Lab code Assay method Analyte/CHIKY strain Readout
In-house multiplexed microsphere CHIKV, RRV, BFV, SINV Mean fluorescent intensity
1 immunoassay (IgM and IgG)
A Commercial indirect ELISA (IgG) - |[CHIKYV antigen (total) OD/End-point dilution
supplier A
B Commercial indirect ELISA (IgG) - |CHIKYV antigen (total) OD
supplier A
3A In-house direct ELISA (Ig) Purified CHIKV 181/clone 25 virions OD/End-point dilution
(Asian genotype)
3B Virus neutralization assay CHIKYV (Asian genotype) PRNTs5
3C In-house IFA CHIKV-infected cells (Asian genotype) Single dilution (pos./neg.)
4 Virus neutralization assay CHIKYV 181/clone 25-Luc (Asian NTso (RLU)
genotype)
Virus neutralization assay Attenuated delSnsP3 CHIKYV vaccine NTso
5 ]
strain (IOL)
6 Virus neutralization assay CHIKV-La Réunion (LR) 2006 strain PRNTg
(IOL)
7 No data returned
A Virus neutralization assay CHIKYV Lazio-INMI1-2017 strain (IOL) [ NTs,
2B Commercial IFA (IgM/IgQG) CHIKV-infected cells End-point dilution (pos./neg.)
’C Commercial IFA (IgM/IgG) CHIKV-infected cells Single dilution (pos./neg.)
D Commercial RDT (IgM/IgQG) CHIKYV virions Single dilution (pos./neg.)

Virus neutralization assay

LR2006-OPY1 CHIKYV strain (IOL)

NTso
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Lab code Assay method Analyte/CHIKY strain Readout
10 Haemagglutination inhibition Inactivated CHIKV End-point dilution
1 Commercial indirect ELISA (IgG) — |[CHIKV E1/E2 OD/End-point dilution
supplier B
12 Virus neutralization assay CHIKYV 03/06 strain (IOL) PRNTs5
13A Commercial indirect ELISA (IgG) — |[CHIKYV E1/E2 heterodimers Relative units/ml
supplier C
13B Neutralization assay - reporter virus | CHIKV nLuc NTs
14 Neutralization assay - replicon Replicon particles based on LR2006- NTso
particles OPY1 CHIKYV strain (IOL)
15 In-house indirect ELISA E1 protein of LR2006-OPY1 CHIKV OD/End-point dilution
strain (IOL)
16 In-house IFA CHIKV-infected cells End-point dilution (pos./neg.)
17A Commercial indirect ELISA (IgG) — |[CHIKYV E1/E2 heterodimers OD/End-point dilution
supplier C
17B Commercial IFA (IgM/IgG) CHIKV-infected cells End-point dilution (pos./neg.)
18 Virus neutralization assay CHIKYV 27/05/2014-51 strain (Asian NTso
genotype)
19 Virus neutralization assay CHIKYV 181/clone 25 vaccine strain PRNT;5
(Asian genotype)
Commercial immunoblot (IgG) CHIKYV (WA genotype) virus-like Band mtensity/End-point
20 particles, DENV NS1, DENV Equad, dilution
ZIKV NSI and ZIKV Equad
1A In-house capture ELISA (IgG) CHIKV-infected cells OD/End-point dilution
1B Commercial indirect ELISA (IgG) — |[CHIKV E1/E2 OD/End-point dilution

supplier B
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Lab code Assay method Analyte/CHIKY strain Readout
’1C Virus neutralization assay CHIKV PRNTy
MA Virus neutralization assay CHIKV MY/08/065 strain (ECSA PRNT;
genotype)
9B In-house indirect ELISA CHIKV MY/QS/O65 strain (ECSA OD/End-point dilution
genotype) - virions
In-house IFA CHIKYV MY/06/37348 strain (Asian End-point dilution (pos./neg.)
22C genotype) — detergent-treated infected cell
supernatant
Virus neutralization assay CHIKYV 181/clone 25 vaccine strain PRNTs5
23A .
(Asian genotype)
3B In-house indirect ELISA (IgG) CHIKYV 37997 strain (WA genotype)- ELISA units/ml
virus-like particles (E1/E2/capsid)
2AA Commercial indirect ELISA (IgG) — |[CHIKYV E1/E2 heterodimers Relative units/ml
supplier C
24B Commercial IFA (IgM/IgQG) CHIKV-infected cells End-point dilution
25A Commercial indirect ELISA (IgG) — |[CHIKV E1/E2 heterodimers Relative units/ml
supplier C
5B Commercial IFA (IgM/IgQG) CHIKV-infected cells End-point dilution (pos./neg.)
Virus neutralization assay CHIKYV 181/clone 25 vaccine strain PRNTy
26A .
(Asian genotype)
In-house direct ELISA Purified CHIKV 181/clone 25 virions OD/End-point dilution
26B }
(Asian genotype)
7 Virus neutralization assay CHIKV PRNTjg,
73 Data not returned

Chikungunya virus (CHIKV), Ross River virus (RRV), Barmah Forest virus (BFV), Sindbis virus (SINV), DENV dengue virus, ZIKV Zika

virus; Plaque reduction neutralization titre 50 or 80 (PRNT5¢,g0); neutralization titre 50 (NTsg); enzyme-linked immunosorbent assay
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(ELISA); immunofluorescence assay (IFA); optical density (OD); positive (pos.); negative (neg.); relative light units (RLU).
East/Central/South Africa (ECSA); Indian Ocean lineage (IOL); West African (WA); Luciferase (Luc); conserved fusion loop domain of the
envelope protein (Equad); non-structural protein 1 (NS1). Virus neutralization assays are highlighted in blue.



Table 4. Neutralization titres - combined geometric means PRNT5o/NTsg (logjp), combination of

each independent assay run per laboratory

Sample
Lab code

P1 P2 P3 P4 PS5 P6 P7 P8 P9 | P10 | P11

4 4.22 - 419 | 3.64 | 433 | 249 | 458 | 4.19 | 480 | 440 | 3.93
5 3.58 - 3.57 | 277 | 3.56 | 1.85 | 3.73 | 3.22 | 3.82 | 3.51 | 3.17
6 3.21 - 3.14 | 2.16 | 3.10 | 1.25 | 3.01 | 2.90 | 3.38 -* 3.07
8A 2.00 - 236 | 2.00 | 2.38 - 233 | 1.80 | 248 | 1.93 | 1.98
9 3.41 - 340 | 244 | 320 | 1.49 | 3.29 | 3.02 | 3.48 | 3.26 | 2.82
12 3.50 - 355 261 | 342 | 1.90 | 3.53 | 3.28 | 3.48 | 3.50 | 3.06
13B 2.96 - 3.13 | 3.20 | 3.10 - 333 | 320 | 340 | 3.18 | 2.87
14 4.20 - 443 | 3.62 | 4.18 - 4.69 | 4.06 | 470 | 429 | 3.81
18 2.74 - 279 | 1.70 | 2.67 - 2751 260 | 2.84 | 297 | 241
19 - - - 1.90 - 1.55 - - - - 2.51
21C 3.17 - 295 | 2.59 | 3.29 - 3.04 | 3.18 | 2.85 | 3.19 | 2.93
22A 3.18 - 3.13 | 206 | 3.07 | 1.41 | 278 | 292 | -* 297 | 2.66
23A 3.31 071 | 329 | 272 | 3.70 | 2.12 | 3.54 | 3.35 | 3.62 | 3.53 | 2.91
26A 2.95 - 3.00 | 2.54 | 3.07 - 333 | 2.83 | 326 | 2.87 | 2.51
27 3.81 - 3.80 | 3.12 | 3.75 | 1.93 | 4.16 | 3.61 | 431 | 3.75 | 3.47

*Virus neutralization reported (analysis not possible); data were excluded from Laboratory 3B.
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Table 5. Neutralization titres calculated relative to the candidate IS - sample P1— 1502/19 (1,000 (3
10g10) U/ml)

Sample
Lab code

P2 P3 P4 P5 P6 P7 P8 P9 P10 | P11
4 - 297 | 242 | 3.11 1.28 | 3.36 | 296 | 3.58 | 3.18 | 2.71
5 - 298 | 2.19 | 2.98 1.28 | 3.15 | 2.64 | 3.24 | 293 | 2.59
6 - 2.93 1.97 | 290 | 1.11 | 2.80 | 2.69 | 3.20 2.86
8A - 336 | 3.00 | 3.38 - 332 | 2.80 | 347 | 293 | 297
9 - 299 | 2.04 | 2.82 1.08 | 2.88 | 2.61 | 3.08 | 2.85 | 2.42
12 - 3.05 | 2.11 | 2.92 1.40 | 3.03 | 2.78 | 3.02 | 3.00 | 2.56
13B - 3.17 | 3.06 | 3.15 - 338 | 3.24 | 344 | 322 | 291
14 - 323 | 242 | 2.98 - 349 | 2.86 | 3.50 | 3.05 | 2.61
18 - 3.05 1.92 | 2.93 - 3.00 | 2.85 | 3.10 | 3.23 | 2.67

19 - - - - - - - - - -
21C - 278 | 242 | 3.13 - 2.87 | 3.05 | 272 | 3.03 | 2.76
22A - 2.95 1.88 | 2.89 | 1.23 | 2.60 | 2.74 2.79 | 241
23A - 274 | 241 | 3.17 1.81 | 3.01 | 2.82 | 3.31 | 3.00 | 2.59
26A - 3.05 | 2.67 | 3.12 - 339 | 297 | 331 | 295 | 2.65
27 - 3.05 | 2.29 | 2.95 .11 | 3.30 | 2.80 | 348 | 295 | 2.66
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Table 6. Neutralization titres calculated relative to the candidate IS - sample P5— 1504/19 (1,000 (3
logip) U/ml)
Sample
Lab code

P1 P2 P3 P4 P6 P7 P8 P9 P10 | P11
4 2.89 - 2.86 | 231 | 1.17 | 3.25 | 2.85 | 3.47 | 3.07 | 2.60
5 3.02 - 3.00 | 2.21 | 1.29 | 3.17 | 2.66 | 3.26 | 2.95 | 2.61
6 3.10 - 3.03 | 2.08 - 291 | 279 | 3.31 - 3.02
8A 2.63 - 298 | 2.62 - 295 | 242 | 3.10 | 2.55 | 2.60
9 3.18 - 322 | 227 | 1.34 | 322 | 293 | 3.38 | 3.33 | 2.63
12 3.08 - 313 | 2,19 | 1.47 | 3.11 | 2.86 | 3.00 | 3.08 | 2.064
13B 2.85 - 3.03 | 2.84 - 3.18 | 3.09 | 3.07 | 3.07 | 2.76
14 2.99 - 3.15 | 2.32 - 353 | 276 | 3.53 | 3.04 | 2.68
18 3.07 - 3.12 | 2.03 - 3.07 | 292 | 3.17 | 3.30 | 2.74

19 - - - - - - - - - -
21C 2.87 - 2.65 | 2.30 - 275 | 2.88 | 2.54 | 290 | 2.64
22A 3.11 - 3.06 | 1.99 | 1.42 | 2.71 | 2.85 - 290 | 2.46
23A 2.83 - 253 | 212 | 1.02 | 2.84 | 2.65 | 3.29 | 2.83 | 2.32
26A 2.88 - 293 | 2.60 - 3.26 | 2.89 | 3.19 | 2.80 | 2.57
27 3.05 - 329 | 253 | 1.18 | 3.55 | 2.85 | 3.71 | 3.00 | 2.72
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Table 7. Immunoassays - combined geometric means ECs (log)o), combination of each independent
assay run per laboratory

Assay | Lab Sample
type | code "o T B T P3 | P4 | P5 | P6 | P7 | P8 | P9 | P10 | P11
HI 10 [311] - [316] 205] 296 [ 1.15 | 3.26 | 2.35 | 3.46 | 2.96 | 2.35
IA 1 [ 355 - |361] 340 395|255 411 | 339 | 3.90 | 3.92 | 3.21
IA | 3A | 276 | - | 274|263 312 - |323]280]3.01]3.10]| 262
1A 11 [ 403 | - [398| - [ 38| - |[406]363]455]3.80
IA | 13A 317 - [318| 252|321 - |[365] 287|363 322]258
IA 15 [ 301 | - [3.08] 266|313 1.67 | 341 | 266 | 339 | 3.13 | 2.57
IA | 17A [ 336 | - |[334 | 276|333 1.90 | 3.65 | 3.00 | 3.60 | 3.22 | 2.63
IA | 20 [ 391 - [394| 340 405 250 | 434 | 3.52 | 428 | 402 | 3.27
IA | 21A [ 347 - [ 347347347 - [380 [ 280 | 3.63 347 [ 280
IA | 21B | 541 | - [526]| 462|541 - |571] 511|586/ 556 | 4.95
IA | 2B | 284 | - |28 | 275|318 | - |363] 23231428 | 226
IA | 23B | 384 | - [ 384|340 381 | 227 | 418 [ 347 | 418 | 3.77 | 3.23
IA | 24A | 322 | - [322| 257|319 1.77 | 3.53 | 291 | 3.56 | 3.21 | 2.66
IA | 25A | 326 | - | 331|258 330 1.78 | 3.50 | 2.92 | 3.58 | 3.13 | 2.62
IA | 26B | 3.17 [ 262 | 3.11 | 291 | 350 | - [ 3.53 [ 321 | 352|347 | 2.8
IFA | 8B | 333 | - |[331 ] 311 318 1.95| 3.41 | 3.06 | 3.41 | 3.26 | 3.06
IFA | 16 - 2.96 2.66 3.56 3.56 | 3.86
IFA | 17B | 380 | - |[3.85] 335|385 | 2.15 | 410 | 3.40 | 420 | 3.90 | 3.40
IFA | 22C | 285 | - | 285 285 | 285 | 1.65 2.93 2.51
IFA | 24B | 368 | - [ 378 | 3.38 | 3.88 4.03 | 245 | 3.93 | 3.48 | 2.45
IFA | 25B | 450 | - [ 450 | 417 | 450 | 3.17 | 5.50 | 4.67 | 5.50 | 4.50 | 4.33

(Enzyme) immunoassay/immunoassay (IA); haemagglutination hibition assay (HI); indirect
immunofluorescence assay (IFA). It was noted, that Laboratory 3A used the sample P2 as a negative
control for the ELISA assays. Laboratories 16, 22C and 24B detected all anti-CHIKV antibody
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positive samples; however, no end-point was met for some of the samples or some results were
equivocal for some dilutions.
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Table 8. Immunoassay titres calculated relative to the candidate IS - sample P1 —1502/19 (1,000 (3
10g10) U/ml)

Assay | Lab Sample

type | code ™ p T p3 [ ps | P5 | P6 | P7 | P8 | P9 | P10 | PIl
HI | 10 ~ | 3.05 | 1.94 | 285 | 1.04 | 3.15 | 225 | 335 | 285 | 2.25
A 1 ~ | 3.06 | 2.85 | 341 | 1.98 | 3.56 | 2.84 | 335 | 337 | 2.66
A | 3A | - | 298 | 288 | 337 | - | 347 | 3.05 | 325 | 334 | 2.86
A | 11 = | 295 278 | - | 3.03 | 261 | 336 | 2.78

A | 13A | - | 301 | 235 | 3.04 | - | 349 | 271 | 3.46 | 3.05 | 2.42
A | 15 - | 3.07 | 265 | 3.12 | 1.66 | 3.40 | 2.66 | 338 | 3.13 | 2.56
A | 17A | - | 297 | 240 | 296 | 1.52 | 329 | 263 | 324 | 285 | 227
A | 20 T | 3.03 | 248 | 3.14 | 149 | 343 | 2.61 | 337 | 3.10 | 235
1A | 2IA | - | 3.00 | 3.00 | 3.00 | - | 333 | 233 | 3.17 | 3.00 | 2.33
A | 21B | - | 285 | 221 | 3.00 | - | 330 | 270 | 345 | 3.15 | 2.55
A | 22B | - | 3.00 | 291 | 334 | - | 379 | 249 | 332 | 3.05 | 243
A | 23B | - | 3.00 | 256 | 3.07 | 143 | 3.44 | 2.63 | 3.44 | 3.03 | 2.39
A | 24A | - | 3.00 | 235 | 297 | 1.58 | 331 | 269 | 3.34 | 2.99 | 245
A | 25A | - | 3.05 | 232 | 3.03 | 1.52 | 323 | 264 | 331 | 3.01 | 235
A | 26B | 243 | 294 | 274 | 333 336 | 3.05 | 337 | 329 | 2.65
IFA | 8B | - | 3.00 | 2.85 | 285 | 1.57 | 3.5 | 277 | 3.15 | 3.00 | 2.77
IFA | 16 :

IFA | 17B | - | 3.05 | 255 | 3.05 | 1.32 | 330 | 2.60 | 3.40 | 3.10 | 2.60
IFA | 22C | - | 3.00 | 3.00 | 3.00 | 1.80 3.4 3.00
IFA | 24B | - | 3.10 | 2.55 | 3.20 335 | 1.62 | 325 | 280 | 1.62
IFA | 25B | - | 3.00 | 1.66 | 3.00 | 1.66 | 400 | 3.17 | 400 | 3.00 | 2.83

(Enzyme) immunoassay/immunoassay (IA); haemagglutination ihibition assay (HI); indirect
immunofluorescence assay (IFA)
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Table 9. Immunoassay titres calculated relative to the candidate IS - sample P5 — 1504/19 (1,000 (3
logip) U/ml)
Assay Lab Sample
Type Pl | P2 | P3 | P4 | P6 | P7 | P8 | P9 | Pi0 | PII

HI 10 3.15 - 320 | 2.10 | 1.20 | 3.30 | 2.40 | 3.50 | 3.00 | 2.40
1A 1 2.59 - 266 | 245 | 1.58 | 3.16 | 243 | 295 | 297 | 226
IA 3A 2.63 2.62 | 251 3.10 | 2.68 | 2.88 | 298 | 249
IA 11 3.22 - 3.17 - - 325 | 2.83 | 3.69 | 2.99 -
IA 13A | 2.96 - 297 | 2.30 - 344 | 266 | 3.42 | 3.01 | 2.37
IA 15 2.88 - 295 | 2.53 1.54 | 328 | 2.54 | 326 | 3.01 | 2.45
IA 17A | 3.04 - 3.01 2.43 1.55 | 3.32 | 2.67 | 327 | 2.89 | 2.30
IA 20 2.61 - 290 | 235 | 1.40 | 333 | 252 | 325 | 3.01 | 2.22
IA 21A | 3.00 - 3.00 | 3.00 - 333 | 233 | 3.17 3.0 2.33
1A 21B | 3.00 - 2.85 | 221 - 330 | 270 | 3.45 | 3.15 | 2.55
IA 22B | 2.66 - 2,65 | 2.57 - 345 | 215 | 299 | 271 | 2.09
IA 23B | 2.93 - 294 | 246 | 1.34 | 337 | 253 | 336 | 296 | 2.29
IA 24A | 3.03 - 3.03 | 238 | 1.59 | 334 | 272 | 3.38 | 3.02 | 245
IA 25A | 2.97 - 3.02 | 228 | 149 | 3.20 | 2.61 | 3.28 | 298 | 2.32
IA 26B | 2.67 | 2.06 | 2.61 2.41 - 3.03 | 273 | 3.05 | 291 | 232
IFA 8B 3.15 - 315 | 3.00 | 1.72 | 3.45 | 3.08 | 3.45 | 3.30 | 292
IFA 16 - - - - - - - - - -
IFA 17B | 2.95 - 3.00 | 250 | 1.26 | 3.25 | 2.55 | 3.35 | 3.15 | 2.55
IFA | 22C | 3.00 - 3.00 | 3.00 | 1.80 - 3.08 - - 2.65
IFA | 24B | 2.80 - 290 | 2.25 - 315 | 1.32 | 3.05 | 2.60 | 1.32
IFA | 25B | 2.93 - 293 | 267 | 1.72 | 397 | 3.01 | 3.97 | 3.00 | 2.83

(Enzyme) immunoassay/immunoassay (IA); haemagglutination ihibition assay (HI); indirect

immunofluorescence assay (IFA)
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Table 10. Overall combined means for samples P1-P11

Sample N1 N2 Mean 95% CI
(log1o)

P1 34 97 3.42 2.98 3.87
P2 2 3 1.66

P3 34 95 3.45 3.02 3.87
P4 35 93 2.94 2.09 3.76
P5 34 96 3.48 3.06 3.90
P6 22 56 1.98 1.37 2.59
P7 33 90 3.78 2.85 4.71
P8 35 95 3.18 2.71 3.64
P9 32 79 3.78 3.17 4.39
P10 33 90 3.48 3.02 3.94
P11 35 93 2.98 2.54 3.42

N; — number of participants with results; N, =number of assays overall participants; Mean (log;o) —
consensus mean estimated across assays; 95% CI - 95% confidence interval for mean estimate
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Table 11. Overall potencies relative to candidate IS - sample P1 (1502/19) with an assumed unit age

of 1,000 (3 logjp) U/ml

Sample N1 N2 Mean 95% CI1
(log1o)

P2 2 3 1.30

P3 34 94 3.02 2.94 3.09
P4 33 87 2.51 2.06 2.96
PS5 34 94 3.06 2.93 3.18
P6 20 50 1.43 1.10 1.77
P7 33 90 3.30 2.84 3.77
P8 34 90 2.74 2.46 3.01
P9 32 79 3.33 3.17 3.49
P10 32 87 3.03 2.91 3.15
P11 33 88 2.57 2.28 2.87

N —number of participants with results; N, = total number of results analyzed per sample; Mean
(logjp) — consensus mean estimated across assays; 95% CI - 95% confidence interval for mean

estimate
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Table 12. Overall potencies relative to candidate IS - sample P5 (1504/19) with an assumed unitage
of 1,000 (3 logjp) U/ml.

Sample N1 N2 Mean 95% CI1
(log10)

P1 34 92 2.93 2.80 3.07
P2 2 3 1.03

P3 34 90 2.96 2.80 3.12
P4 33 84 2.46 1.97 2.96
P6 19 47 1.45 1.00 1.90
P7 33 86 3.26 2.84 3.69
P8 34 89 2.68 2.33 3.03
P9 32 74 3.27 3.07 3.47
P10 32 84 2.97 2.85 3.10
P11 33 85 2.52 2.10 2.95

N; — number of participants with results; N, = total number of results analyzed per sample; Mean
(logip) — consensus mean estimated across assays; 95% CI - 95% confidence interval for mean
estimate
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Table 13. Analysis of variance - inter-assay variability and intra-assay variability for P1and P3

Factor CvV
Sample (P1or P3) 0.7%
Participant 150%
Assay type* 95%
Inter-assay variability 227%
Intra-assay variability 38%
Measurement uncertainty (overall variability) 246%

CV - coefficient of variation; *Factor - assay type was not estimable

Table 14. Analysis of variance - inter-assay variability and intra-assay variability for P5and P10

Factor Cv
Sample (P5or P10) 5%
Participant 154%
Assay type* 88%
Inter-assay variability 224%
Intra-assay variability 46%
Measurement uncertainty (overall variability) 251%

CV - coefficient of variation; *Factor - assay type was not estimable
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Table 15. Stability of candidate IS sample P1 (1502/19)
Incubation Incubation time
temperature 2 weeks 4 weeks 3 months 6 months 12 months
-20°C 1.07 1.02 0.98 1.00 0.97
+4°C 0.99 1.02 0.98 1.02 0.95
+20°C 1.02 0.99 0.95 0.97 0.93
+37°C 0.98 0.87 0.63 N.T. N.T.
+45°C 0.83 0.70 N.T. N.T. N.T.

N.T. Not tested — heat-treated lyophilized residue was insoluble. Potency expressed relative to -80°C
baseline samples of 1502/19.

Table 16. Stability of candidate IS sample PS5 (1504/19)

Incubation Incubation time

te mperature 2 weeks 4 weeks 3 months 6 months 12 months
-20°C 1.07 0.97 0.97 0.98 1.02
+4°C 1.02 0.82 1.03 1.00 1.03
+20°C 0.97 1.00 0.97 0.93 0.95
+37°C 0.86 0.89 0.64 0.47 N.T.
+45°C 0.73 0.63 N.T. N.T. N.T.

N.T. Not tested — heat-treated lyophilized residue was insoluble. Potency expressed relative to -80°C
baseline samples of 1504/19.
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Figure 1-11. Histograms showing mean potencies for samples P1-P11 and potencies relative to
candidate International Standards (sample P1(1502/19) and sample P5 (1504/19)

Panels’ 1A-11A show the mean PRNT;s,/NTs, or ECs for each laboratory for each sample (P1-P11)
as log)o dilution (orange background immunoassays (ELISAs, microsphere assays, immunoblots,
haemagglutination inhibition); light green background — indirect immunofluorescence assays; light
blue background - virus neutralization assays).

Panels’ 1B-11B (left-hand side) show the mean potency (log;o U/ml, relative to P1 with assumed
potency of 1000 U/ml) for each laboratory for each sample (P2-P11). Panels 1B-11B (right-hand
side) show the mean potency (log;o U/ml, relative to P5 with assumed potency of 1000 U/ml) for
each laboratory for each sample (P1-P4 and P6-P11).

Figure 12. Box and whisker plots showing data harmonization by reporting of potencies of samples
relative to the candidate International Standards P1(1502/19) or P5 (1504/19)

Figure 12A: neutralization assays; Figure 12B, immunoassays including (ELISAs, microsphere and
haemagglutionation inhibition assays); Figure 12C immunofluorescence assays.

Top panel - mean potencies for each sample for each participating laboratory (where data could be
analysed; lower left panel - mean potencies (logl0 U/ml, relative to sample P1 (with assumed
potency of 1,000 U/ml) for each laboratory for each sample (P2-P11). Lower right panel - mean
potencies (log;p U/ml) relative to sample P5 (with assumed potency of 1,000 U/ml) for each
laboratory for each sample (P1-P4 and P6-P11).

Boxes indicate interquartile range; horizontal lines within each box indicate median; whiskers
indicate the ranges from 5% to 95% percentiles.
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Figure 1B Relative potencies for sample P1
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Figure 2A Geometric mean potencies of sample P2
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Figure 2B Relative potencies for sample P2

27

25

23

21

19

17

15

13

11

0.0
0.4
0.8
1.2
6
0
4

T
«©
N

3.2+
6
0
4
8
2
5.6 4
6.0

Potency relative to P1 (log,, U/ml)



WHO/BS/2022.2434
Page 44

Figure 3A Geometric mean potencies of sample P3
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Figure 3B Relative potencies for sample P3
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Figure 4A Geometric mean potencies of sample P4
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Figure 4B Relative potencies for sample P4
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Figure SA Geometric mean potencies of sample P5
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Figure 5B Relative potencies for sample P5
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Figure 6 A Geometric mean potencies of sample P6
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Figure 7A Geometric mean potencies of sample P7
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Figure 7B Relative potencies for sample P7
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Figure 8 A Geometric mean potencies of sample P8
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Figure 8B Relative potencies for sample P8
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Figure 9A Geometric mean potencies of sample P9
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Figure 9B Relative potencies for sample P9
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Figure 10A Geometric mean potencies of sample P10
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Figure 10B Relative potencies for sample P10
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Figure 11A Geometric mean potencies of sample P11
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Figure 11B Relative potencies for sample P11
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Figure 12A — Virus neutralization assays
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Figure 12B Binding assays (ELISAs, microsphere, immunoblots, hae magglutination inhibition)
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Figure 12C Indire ct immunofluorescence assays
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Appendix 1. List of participating laboratories that returned data (alphabetically according to

country/affiliation)

Scientist(s)

Affiliation

David Smith, Suzi McCarthy

PathWest Laboratory Medicine WA
Perth, Australia

Carmel Taylor, Peter Moore

Queensland Health Forensic and Scientific
Services
Coopers Plains, Australia

Maria Farcet, Thomas Kreil

Takeda Manufacturing Austria AG
Vienna, Austria

Romana Hochreiter

Valneva Austria GmbH
Vienna, Austria

Julien St-Jean

Nexelis, a Q? Solutions Company
Laval, Canada

Bo Zhang, Ya-Nan Zhang, Xiaodan Li

Wuhan Institute of Virology, Chinese Academy of
Sciences, Wuhan, China

Van-Mai Cao-Lormeau, Elsa Dumas-
Chastang

Institut Louis Malardé
Papeete, Tahiti, French Polynesia

Petra Emmerich#, Jonas Schmidt-
Chanasit, Ronald von Possel#

Bernhard-Nocht-Institut fiir Tropenmedizin
Hamburg, Germany; #University of Rostock,
Rostock, Germany

Konstanze Stiba, Katja Steinhagen, Erik
Lattwein

EUROIMMUN AG
Liibeck, Germany

Sarah Schulz, Christina Nolting, Martina
Wild

Mikrogen GmbH
Neuried, Germany

Ina Brune, Helmut Duchmann

NovaTec Immundiagnostica GmbH
Dietzenbach, Germany

Cristina Domingo Carrasco, Andreas
Nitsche

Robert-Koch-Institut
Berlin, Germany

Anna Maria Eis-Hiibinger

Universitatsklinikum Bonn
Bonn, Germany

Beate Mareike Kimmerer

Universitatsklinikum Bonn
Bonn, Germany

Dipankar Das

Bharat Biotech Intl. Ltd.
Hyderabad, India

Asha Mary Abraham, Shoba Mammen,
Rajesh Kannangai

Christian Medical College
Vellore, India

Rajendra Lingala

Indian Immunologicals Ltd.
Hyderabad, India
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Appendix 2. INSTAND External Quality Assessment Scheme. Group No. 402

N:B. The recomLine Tropical Fever IgG and IgM was updated subsequent to this study to increase
sensitivity and specificity of the assay.
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INSTAMND Expert Laboratories

+ Barnhard-Mocht-institut, Nationales Referenzzentrum fur tropische infektionserreger, Abteilung fir virologie,
WHO cCollaborating Centre for Arbovirus and Haemorrhagic Fever Reference and Research, Hamburg:
Prof. Dr. 5. Ginther, Dr. P. Emmerich, Prof. Dr. Dr. ). Schmidt-Chanasit

# Institut fur Mikrobiologie der Bundeswehr [IMB], Nationales Konsiliarlaboratorium fur Frihsommer-
Meningoenzephalitis [FSME], Minchen: PD Dr. G. Dobler, PD Dr. ). J. Bugert

# Paul-Ehrlich-Institut, Bundesinstitut fur Impfstoffe und biomedizinische Arzneimittel, WHO Collaborating Centre for
Quality Assurance of Blood Products and in vitre Diagnostic Devices, Abt. Virologie, Langen:
Dr. M. chudy, Dr. 5. & Baylis, Dr. 1. Krel2

* Liniversitat Leipzig, Institut fur Virologie: Prof. Dr. U. G. Liebert, Dr. M. Maier

» Universitatsklinikum Bonn, Institut for virclogie: Prof. Dr. A.-M. Eis-Hibinger

» Universitatsklinikum Disseldorf, Institut fir Virologie: Prof. Dr. 1. Timm, Prof. Dr. 0. Adams

Carried out by:

INSTAND e.V.

Ubierstr. 20

40223 Diasseldorf, Germany
Tel.: +49 (0)211- 1592 13 0
Fax: +49 (0211 - 1592 1330

Email:  instand{@instand-ev.de

Internet: www.instand-ev.de
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Motes to the evaluation

Guidelines of the German Medical Association (RiliBAK)

The External Quality Assessment (EQA)] scheme "Virus Immunclogy — Chikungunya Virus" (402) is not listed in
the new Guidelines of the German Medical Asseciation on guality assurance im medical laboratery testing
[Bundesarztekammer) RiliBAK = Richtlinie der Bundesdrztekammer zur Qualitdtssicherung
laboratoriumzmedizinischer Untersuchungen). However, it is performed by INSTAND e V. in accordance to the
requirements of the specified RiliBAK Section B2 "Qualitative medical laboratory testing”.

For details on the new RiliBAK, please refer to

*  the English version of the guideline translated by INSTAND e V. with the
consent of the Executive Board of the German Medical Association published FDFl
in "German Medical Science”

Release of reports of EQA schemes in virus diognostics
Each participant of this EQA scheme receives an email with a table allowing to directly cpen and/or save the
report of the corresponding EQA scheme by clicking the respective download button.

Furthermore, each report of a defined EQA scheme will be released on the INSTAND homepage immediately
after completion as POF file under

"EQAS Online J Service for EQA tests / EQA area (Virus Immunology)”

in Englizh language (http:/ fwww.instand-ev.de/en/egas-online service-for-ega-tests. himl) and
in German language (http://www.instand-ev.de/ringversuche-online/ringversuche-service_html).

Certificate

Participation documents are sent out by post for this EQA scheme "Virus Immunology - Chikungunya Virus"
(402) as follows:

* certificate of successful participation,

* confirmation of participation,

* statement of individual results.

The certificate of successful participation of this EQA scheme lists the respective measurands/tests, assigned to
defined test categories, for which the requirements of the EQA scheme are met.

Each test category is individually evaluated for the certificate of successful participation and separately listed
in all participation and evaluation decuments.

The EQA scheme "Virus Immunclogy - Chikungunya Virus" (202) comprises the following test categories:

Test categories
{10) Testing for anti-CHIKV-IgG or anti-CHIKY total
{11) Testing for avidity of anti-CHIKV-g5
{20) Testing for anti-CHIKV-1gM

Report about INSTAND =W EQAS 402 — September 2017 4af10
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Receiving a certificate of successful participation

The INSTAND EQA scheme "Virus Immunology - Chikungunya Virus" (402] is not listed in the RiliBAK, however,
it is performed by INSTAND e.V. in accordance to the requirements of the specified RiliBAK Section B 2.

The evaluation criteria for the results of EQA schemes for the detection of virus specific antibodies follow the
new Guidelines of the German Medical Association, RiliBAK, Specified Section E 2 "Special requirements for
round robin testing of qualitative medical laboratory tests” under (2] Analysing the round robin test results,
sentence 1:

"Analysis is performed based on the target results. The evaluation criteria must be fulfilled for all samples.”
For receiving a certificate of successful participation for a defined EQA scheme it is reguired that you analyzed
all samples of the sample set correctly with the same metheod in the corresponding test categories | 1008
correct results according to the target values).

Exgomple - Program "Virus Immunology - Chikungunya Virus" (4032):

All samples of the sample set have to be tested correctly with the same method in test category 10 "Testing
for anti-CHIEV-1gG or anti-CHIKV-total". The same applies for test categories 11 and 20, respectively, of this
EQA scheme.

Frequency of participation to this EQA scheme and validity of the certificates

The INSTAND EQA scheme "Virus Immunology - Chikungunya Virus" (402] is not listed in the RiliBAK, however,
it is performed by INSTAND e V. in accordance to the requirements of the specified RiliBAK Section B 2.
According to the INSTAND program the EQA scheme "Virus Immunology — Chikungunya Virus" (402] is
performed once a year.

As practiced for EQA schemes regulated in the Specified RiliBAK Section E 2, the validity period for the EQA
scheme "Virus Immunclogy - Chikungunya Virus" (402) is 24 months. The validity of the certificate starts with
the closing date of the EQA scheme [deadline for the receipt of data). This date is printed on top of the
certificates.

Statement of individual results

For this EQA scheme "Virus Immunology - Chikungunya Virus" (402) a statement of individual results is sent
out by post together with the certificate of successful participation and statement of participation.

The statement of individual results lists for each measurand/test, assigned to defined test categories, the
"correct result" with the target value or target value interval as "valid results™ as well as the reported result of
the laboratory as "your results". This information is given line by line for each sample analyzed.

In addition a "+"-symbo! indicates that a certificate of successful participation is issued for a given test
category if the laboratory reached 100% correct results for all samples of a sample set according to the target
values or target value intervals.

Overview of results

A summary of results is given for each of the samples in a table with a specification by test categories. A
success rate is depicted for each of the samples reflecting the portion of "correct” results (expressed as
"percent” correct results and as "number of correct results per number of total results reperted”). In additicon
an overall success rate - based on the results for all samples of a sample set - is given for each of the test
categories.

See Table 2 of the annotation to this report.
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Deployed EQA samples

Anti-CHIEV-positive sera or plasmas of patients are deployed in the EQA scheme "Virus Immunology -

Chikungunya virus” (402). The positive samples are diluted in a2 negative serum/plasma pool of healthy blood
donors.

Negative samples are from a negative sera of healthy blood donors.

Target values

The evaluation of this EQA scheme is based on the determination of target values or target value intervals for
each of the samples analyzed.

Flease note: Reference measurement methods for the determination of target values are not applicable for
virus diagnostics.

The target value of a given EQA scheme sample - preset by the EQA scheme adviser - is confirmed by the
INSTAND Expert Laboratories prior to the distribution of the samples to the participants of this EQA scheme.
The abowe mentioned INSTAND Expert Laboratories test the samples for a second time during the course of
the EQA scheme as regular participants. The final target value for a given sample is derived from the
consensus value from all gualitative results and consensus value from all avidity results in percent. For this the
results reported by the INSTAND Expert Laboratories before and during the EQA scheme are considered.

Accepted statements of results occording to the respective sample property
*  Qualitative results
- "positive”, "negative” or "borderling” {nominal characteristics)
for anti-CHIEV-1gG or anti-CHIKV-total as well as anti-CHIKV-1gM
- "high", "low" or "intermediate/no avidity/no statement possible/not done" (nominal characteristics)
for avidity testing of anti-CHIEKV-1gG
The statement "not done” is allowed, when an analysis was not required for an anti-CHIEV -1g5-
negative sample.
- "not done” or "no avidity”™ for negative samples
* Results in percent
for avidity testing of anti-CHIKV-1gG
the qualitative results and the avidity results in percent are separately evaluated. The results in percent
have to be linked with a qualitative statement. The statement "not done" is allowed, when an analysis was
not required for an anti-CHIEV-1gG-negative sample.
* Results in titer values or in U/ mil
Results in titer values or Ufml are depicted in the fizures "without target value" only for orientation
without disadvantage for the certificate of successful participation. See annex 3.2 to this report.

If the results of a given EQA scheme deviate from the preset target value, it will be investigated whether the
deviating results are due to the test performance in the laboratory or to test immanent problems of commer-
cial or in-house-tests. This investigation is performed together with the INSTAND Expert Laboratories under
the auspices of the EQA scheme adviser and in cooperation with the Joimt Diagnostic Council of DV and GfV.

Determination of evaluation intervals

For anti-CHIEV-1gG or anti-CHIEV-total as well as anti-CHIKV-1ghM:
not applicable

For avidity testing of anti-CHIKV-1gG:

Reszults from avidity testing are semi-quantitative statements. Therefore a final target value derived from a
consensus value from all results in percent cannot be assigned to the results for avidity testing of
anti-CHIEW-Ig5.

In this case the EQA scheme adviser defines - depending on the sample properties - an evaluation interval with
lower and upper percent values for avidity for each of the anti-CHIEV-1gG-positive samples. The reported
results of a laboratory will be evaluated as "correct” or "false” result in accordance to this defined evaluation
interval.
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Annotation of the EQAS Adviser

Dear colleagues,

Below please find a detailed comment on the EQA scheme
"Wirus Immunclogy - Chikungunya Virus" (402) September 2017 with:
* |nformation about test categories, statement of results and evaluation criteria,
* Summary of sample properties, target values, results and success rates as well as
* Annexes with detailed description of all reported gualitative results, titer values, values in U/ml, as well as
values in percent for avidity including differentiation according to test formats, manufacturers and names
of test kits.

Number of participants in this EQA scheme: 39 laboratories

1  Test categories, statement of results and evaluation criteria for this EQA scheme
The following statements of results were requested for each of the test categories in this EQA scheme which
were the basis of evaluation (see Table 1):

Table 1: Test categories, statement of results and evaluation criteria
Evaluation criteria

Statement of results no. of corectly determined
Test categories the following statements of results samples for receiving
were requested a certificate of successful
participation

positive

|10] Testing for o,

anti-CHIKV-IES or anti-CHIKY total negative 5 of 5 samples

borderline
positive samples
high
or
lowr
or
intermediate

i . or

(11] Testing for no statement possible 5 of 5 samples

avidity of anti-CHIKV-12G R —
results in percent

negative samples

not done
or
no avidity
positive
|20) Testing for nesative 5 of 5 samples
anti-CHIKV-1gM ,,,EF g
borderline

Reporting of results in the protocol sheets

Only staterments on qualitative results as stated in Table 1 are considered for receiving a certificate of
successful participation. Results in titer values or U/ml are depicted in the figures "without target value" only
for orientation without disadvantage for the certificate of successful participation. 5ee annex 3.2 to this report.

The simultaneous reporting of different results obtained with one and the same test cannot be accepted and
will be evaluated as a missing value, e g. the simultaneous reporting of a "positive” and "borderline” result for
one and the same sample will not be accepted.

A result has not been considered for evaluation in case you had specified that this result should only be taken
as additional information and ignored as valid result.

We ask you to report also the raw data of your test results (e.g. 5/co, index etc.). We will start to show the
evaluations of these raw data in due time.
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considered as
Sample properties "correct" results Success rates
{target values for all methods per sample
target value intervals)
sampie No. ee/ | Avidity 1EM 1eG/ avidity 1aM
S total total
Sample source Dilution test test test test test test
cat. 10 | cat 11 @t. 20 cat. 10 categony 11 categary 20
Serum of a patient with an acute chikungunya virus infection; diluted
'with a negative sarum of a healthy blood donor, qualitative: qualitative:
_  |chikungunya virus RNA negative; . low . 91.1% 100% (1/1 93.0%¢
402005 tm\:‘é|;l" nerurned from Magl;'lcora J/ Peru; 1:1.19 | positive percent: positive [21/45) percent: (a0/a3)
clinical signs: mosquito bite, fever, exanthema. stomach pains. 0-—43% 100% (1/1)
blood collected: appros. 24 days after onset of disease
J— qualitative:
_ sarum of a patient with a past chikungunya virus infection; diluted 100% 100% (1/1) 93.0%
4-02_00? with a nagative sarum of a healthy blood donor, qualitative: (#5/a5) parcent: (s0/a3)
chikungunya virus RMA not tested; 1:132 |positive high negative 100% (1/1)
traveler returned from French Guiana; o percent: | borderine qualitative:
402007 clinical signs: Exanthema; aching limbs and massive joint pain; 50 - 100% 100% 100% (1/1) 90,7%
= blood collected: appros. 10 months after onset of disease (a5/a5) percent: (39/43)
402005 100% [1/1)
qualitative: qualitative:
Negative serum of a healthy blood donaor withiout signs of a .| no avidity X 100% 100% (1/1) 100%
402008 A R - - negative ) negative I :
chikungunya virus infection percent: [45/45) percent: [43/43)
Flasma pool (three blood collections during convalescence period) from
one patient with a past chikungunya virus infection;
chikungunya virus RMA negative;
traveler raturned from Brazil; clinical signs: arthralgia qualitative: qualitative:
anap0g¢  |blood collectad: within 8-11 months after onset of disease - positive high not 100% 100% (1/1) nat
percent: | evaluated® [45/45) percent: evaluated®
The plasma poel represents o candidate for on anti-chikungunya-igs 50 - 100% 100% (1/1)
WHQ international stondard, provided by Poul-ERrlich-institut, WHO
Collaborating Centre for Quality Assurance of Blood Products and in
vitro Diognostic Devices, Langen.
Success rate for all samples B9.7%" 100%* BA.6%
in test categories 10, 11 and 20, respectively™ (35/39)* )* {33739
Report about INSTAND e.V. EQAS 402 - September 2017 Sof 10
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Legend to Table 2:

The success rates for all samples in test categories 10, 11 and 20, respectively, refer to the number of participating laboratories. Laboratories having reported results obtained by several
methods are recorded only once in the corresponding test category.

Samples 402006 and 402007 (identical samples): Some tests of different manufacturers for the detection of anti-CHIKV-IEM [test category 20 yielded unexpected results. 1t remains to
be clarified whather the discrepant results are dus to reduced analytical specificity of some of the tests or virus specific IgM is persisting.

Sample 2402009 The results for this sample in test category 20 (testing for anti-CHIKV-1EM) have not been evaluated (without disadvantage for the certificate) due to inconsistent results.

we thank Dr. sally A Baylis und Dr_ Constanze Yue from Paul-Ehrlich-institut, WHO Collaborating Centre for Quality Assurance of Blood Products and in vitro Diagnostic Devices, Langen,
for having provided the plasma pool for sample 402009.
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Results in titer values or U/ml are depicted in the figures "without target value" (without disadvantage for
the certificate of successful participation) (s2e annexes).

A detailed description of the results for all samples of this EQA scheme "Virus Immunology - Chikungunya
Virus" (402) including a differentiation according to the test formats, manufacturers and names of test kits is
given in the annexes to this report (see Section 3).

3  Annexes - Tables and figures including differentiation according to test formats, manufacturers and
names of test kits

3.1 Qualitative testing for anti-CHIKY
{Test categories 10, 11 and 20}

3.2 Testing for anti-CHIKV including statements on titer values, results in U/ml
and percent values for avidity, respectively
({Test categories 10, 11 and 20)

We gratefully acknowledge the excellent cooperation with Prof. Dr. Stephan Gunther, Dr. Petra Emmerich and
Prof. Dr. Dr. Jonas Schmidt-Chanasit of the Bernhard-Nocht-Institut (Nationales Referenzzentrum fiir tropische
Infekticnserreger, Abteilung fir Virelogie, WHO Collaborating Centre for Arbovirus and Haemorrhagic Fever
Reference and Research) as well as with the INSTANMD-Expert Laboratories.

We thank Dr. Sally A. Baylis und Dr. Constanze Yue from Paul-Ehrlich-Institut, WHO Collaborating Centre for
Quality Assurance of Blood Products and in vitro Diagnostic Devices, Langen, fior having provided the plasma
pool for sample 402003,

Surplus samples of the current and previous EQA schemes in virus diagnostics are available for test assessment
of your virus diagnostics. Please contact INSTAND e V. for details.

Thank you very much for your kind cooperation.
Sincerely yours,

{ e il K. it

Prof. Dr. Heinz Zeichhardt Dr. Martin Kammel|
EQAS Adviser Assistant EQAS Adviser
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INSTAND e.V. - Gesellschaft zur Forderung der Gualitatssicherung in medizinischen
Laboratorien e.V. - www.instandev.de

in cooperation with

Deutsche Vereinigung zur Bekampfung der Viruskrankheiten e V. (DVV)

Gesellschaft fiir Virologie e V. (GIV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e V. (DGHM)

Annex

3.1 Qualitative testing for anti-CHIKV

Anti-CHIKV-lgG
(test category 10)

Avidity of anti-CHIKV-IgG
(test category 11)

Anti-CHIKV-IgM
(test category 20)

Differentiation according to method, manufacturer and test name
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Gesellschaft zur Forderung der Qualitatssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with . .

Deutsche Versinigung zur Bekiampfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV) . . .

Deutsche Gesellschaft fir Hygiene und Mikrobiologie e V. (DGHM)

EQAS Virology September 2017

Virus immunology Chikungunya virus (402)

Qualitative results for sample 402005
10. Testing for anti-CHIKV-10G or anti-CHIKY total : positive

Total test total positive | borderline | negative | Success rate
43 41 1 3 01.1%

Method § Manufacturer total positive | borderline | negative |  Success rate
EUSA-anti-=CHIKV-IgG (10) 21 21 1] o 100.0%
Eurolmmun - Anti-GHIKW-ELISA (IgG) 17 17 100.0%
NovaTec - ELISA Chikungunya IgG 3 3 100.0%
IBL - Ghikungunya IgG capture ELISA 1 1 100.0%
IFT=anti=-CHIKV-IgG {30} 18 18 1] o 100.0%
Eurolmimun - Anti-CHIKV-IIFT (IgG) 13 13 100. 0%
Eurolnnrmun - Arboniren-Feber-Mosai 1 (IgG) 2 2 100. 0%
im house e z 100.0%
Eurolmimun - Arboviren-Profil 3 (IgG) 1 1 100. 0%
Line-l&-amt-CHIKV-IgG (51) 3 1 1 20.0%
Mikrogen - recomlLine Tropical Fever IgG 5 1 1 3 20.0%
other anti-CHIKV-total {09) 1 1 ] ] 100.0%
in house 1 1 100.0%

Qualitative results for sample 402005
11. Testing for avidity of anti-CHIKV-I1gG : low
Total test total high interned. low Sueeess rate
1 0 o 1 100.0%%

Method / Manufacturer total high interned. low Success rate
ELISA-anti-CHIKV-IgG (10) 1 o o 1 100 . 0%
Eurolmimun - Anti-CHIKW - 1gG Aviditat 1 1 100. 0%

Owd / Lgesd As1723 271.2007 380 IEIIIIIEmnImn Bl. 31
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Qualitative results for sample 402005
20. Testing for anti-CHIKV-IgM : positive
Total test total positive | borderline | negative |  Suceess rate
43 40 o 3 93.0%
Method !/ Manufacturer total positive | borderline | negative |  Success rate
ELISA=anti-CHIKV-Igh (10) 22 22 [ o 100.0%
Eurolmimun - Anti-CHIKW-ELISA (Igh) 17 17 100. 0%
MNovaTex - BLESA Ghisungurya lgh #-capiure: 4 4 100. 0%
IBL - Chikungunya Ighl #-capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-Igh (30) 16 15 o 1 93.8%
Eurolmimun - Anti-CHIKV-IIFT {Igh) 1z 1z 100. 0%
in house 2 2z 100. 0%
Eurinrrmun - Arbovinen-Feber-bosai 1 (Ight) 1 1 0.0%
Euralmimun - Arboviren-Profil 3 {Igh) 1 1 100.0%
Line-l&-anti-CHIKV-IgM (51) 5 3 1] 2 60.0%
Mikrogen - recomLine Tropical Fever Igh 5 3 2 &0.0%

Cwind / Lpes As1723 2012077 &350 i Bl. 32
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Qualitative results for sample 402006
10. Testing for anti-CHIKV-1gG or anti-CHIKY tofal : positive
Total test total positive | borderline | negative |  Success rate
a5 a5 o 1] 100.0%
Method !/ Manufacturer total positive | borderline | negative | Success rate
EUSA-ant=CHIKV=-IgG {10) a1 21 o o 100 .0%
Eurolmimun - Anti-GHIKV-ELISA (IgG) 17 17 100.0%
NovaTec - ELISA Chikungunya IgG 3 3 100. 0%
IBL - Chikungunya IgG capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-IgG {30) 18 18 1] o 100.0%
Eurolmimun - Anti-CHIKV-IIFT (IgG) 13 13 100. 0%
in house 2 2 100.0%
Euminnrnun - Arbovien-Feber-Mosai 1 (Ig5) 2 be] 100.0%
Eurolmimun - Arboviren-Profil 3 {IgG) 1 1 100. 0%
Line=-l&-anti-CHIKV-IgG (51) 5 5 o o 100 .0%
Mikrogen - recomlLine Tropical Fever IgG 5 5 100. 0%
other anti=CHIKV-total (09) 1 1 o 0 100. 0%
in house 1 1 100. 0%
Qualitative results for sample 402006
11. Testing for avidity of anti-CHIKV-1gG : high
Total test total high inbermmed. how Success rate
1 1 o o 100.0%
Method !/ Manufacturer total high inbermmed. how Suceess rate
EUSA-ant-CHIKV-IgG {10) 1 1 o o 100 . 0%
Eurolmimun - Anti-CHIKY - IgG Aviditat 1 1 100. 0%
Qualitative results for sample 402006
20. Testing for anti-CHIKV-IgM : negative borderline
Total test total positive | borderline | negative | Success rate
43 3 2 38 93.0%
Method !/ Manufacturer total positive | borderline | negative |  Success rate
ELISA~anti=CGHIKV-Ight {10} 22 ] 1 21 100.0%
Eurolmimun - Anti-CHIKV-ELISA (Igh) 17 1 156 100.0%
MNovaTex - BLESA Ghisungurya lgh #-capiure: 4 4 100. 0%
IBL - Chikungunya lghl #-capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-Igh (30) 16 3 o 13 Bl.2%
Eurolmimun - Anti-CHIKV-IIFT {Igh) 1z 2 1o B3 . 3%
in house 2 2 100.0%
Eurolmimun - Arboviren-Profil 3 {Igh) 1 1 100. 0%
Euroinrrmun - Arbovnen-Feber-bMosai 1 (ight 1 1 0.0%
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Grp. 402
Qualitative results for sample 402006
20. Testing for anti-GHIKV-IgM
Method !/ Manufaeturer total positive | borderline | negative |  Success rate
Line=-l&=-amti-CHIKV-Igh (51) 5 o 1 4 100 .0%
Mikrogen - recomlLine Tropical Fever Ight 5 1 4 100. 0%
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GIrp. 402
Qualitative results for sample 402007
10. Testing for anti-CHIKV-1gG or anti-CHIKY tofal : positive
Total test total positive | borderline | negative |  Success rate
a5 a5 o 1] 100.0%
Method !/ Manufacturer total positive | borderline | negative | Success rate
EUSA-ant=CHIKV=-IgG {10) a1 21 o o 100 .0%
Eurolmimun - Anti-GHIKV-ELISA (IgG) 17 17 100.0%
NovaTec - ELISA Chikungunya IgG 3 3 100. 0%
IBL - Chikungunya IgG capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-IgG {30) 18 18 1] o 100.0%
Eurolmimun - Anti-CHIKV-IIFT (IgG) 13 13 100. 0%
in house 2 2 100.0%
Euminnrnun - Arbovien-Feber-Mosai 1 (Ig5) 2 be] 100.0%
Eurolmimun - Arboviren-Profil 3 {IgG) 1 1 100. 0%
Line=-l&-anti-CHIKV-IgG (51) 5 5 o o 100 .0%
Mikrogen - recomlLine Tropical Fever IgG 5 5 100. 0%
other anti=CHIKV-total (09) 1 1 o 0 100. 0%
in house 1 1 100. 0%
Qualitative results for sample 402007
11. Testing for avidity of anti-CHIKV-1gG : high
Total test total high inbermmed. how Success rate
1 1 o o 100.0%
Method !/ Manufacturer total high inbermmed. how Suceess rate
EUSA-ant-CHIKV-IgG {10) 1 1 o o 100 . 0%
Eurolmimun - Anti-CHIKY - IgG Aviditat 1 1 100. 0%
Qualitative results for sample 402007
20. Testing for anti-CHIKV-IgM : negative borderline
Total test total positive | borderline | negative | Success rate
43 4 5 34 90.7%
Method !/ Manufacturer total positive | borderline | negative |  Success rate
ELISA~anti=CGHIKV-Ight {10} 22 ] 2 20 100.0%
Eurolmimun - Anti-CHIKV-ELISA (Igh) 17 2 15 100.0%
MNovaTex - BLESA Ghisungurya lgh #-capiure: 4 4 100. 0%
IBL - Chikungunya lghl #-capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-Igh (30) 16 4 2 10 75.0%
Eurolmimun - Anti-CHIKV-IIFT {Igh) 1z 3 2 7 75 .0%
in house 2 2 100.0%
Eurolmimun - Arboviren-Profil 3 {Igh) 1 1 100. 0%
Euroinrrmun - Arbovnen-Feber-bMosai 1 (ight 1 1 0.0%
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Grp. 402
Qualitative results for sample 402007
20. Testing for anti-GHIKV-IgM
Method !/ Manufaeturer total positive | borderline | negative |  Success rate
Line=-l&=-amti-CHIKV-Igh (51) 5 o 1 4 100 .0%
Mikrogen - recomlLine Tropical Fever Ight 5 1 4 100. 0%
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Qualitative results for sample 402008

10. Testing for anti-CHIKV-1gG or anti-CHIKY total : negative
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Grp. 402

Total test total positive | borderline | negative |  Success rate
a5 0 o 45 100.04%

Method !/ Manufacturer total positive | borderline | negative | Success rate
EUSA-ant=CHIKV=-IgG {10) a1 o o 21 100.0%
Eurolmimun - Anti-GHIKV-ELISA (IgG) 17 17 100.0%
NovaTec - ELISA Chikungunya IgG 3 3 100. 0%
IBL - Chikungunya IgG capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-IgG {30) 18 o 1] 18 100.0%
Eurolmimun - Anti-CHIKV-IIFT (IgG) 13 13 100. 0%
Eurinrrmun - Arbovren-Feber-bMosai 1 (IgG) 2 2 100. 0%
in house 2 2 100.0%
Eurolmimun - Arboviren-Profil 3 {IgG) 1 1 100. 0%
Line=-l&-anti-CHIKV-IgG (51) 5 o o 5 100.0%
Mikrogen - recomlLine Tropical Fever IgG 5 5 100. 0%
other anti=CHIKV-total (09) 1 o o 1 100.0%
in house 1 1 100. 0%

Qualitative results for sample 402008
20. Testing for anti-CHIKV-IgM : negative
Total test total positive | borderline | negative |  Success rate
43 0 o 43 100.0%

Method !/ Manufacturer total positive | borderline | negative |  Success rate
ELISA-anti=CHIKV-Igh {10} 23 o o 22 100.0%
Eurolmimun - Anti-CHIKWV-ELISA (Igh) 17 17 100. 0%
MNovaTex - BLESA Chisungurya ighl #-capiure: 4 4 100. 0%
IBL - Chikungunya Ighl #-capture ELISA 1 1 100. 0%
IFT-anti-CHIKV-IghM (30} 16 o o 16 100.0%
Eurolmimun - Anti-GHIKV-IIFT (Igh) 1z 1z 100. 0%
in house 2 2 100.0%
Euroinrrmun - Arbovren-Feber-bMosai 1 (ight) 1 1 100. 0%
Eurolmimun - Arboviren-Profil 3 {IghM) 1 1 100. 0%
Line-lA-anti-CHIKV-IgM (31) 5 o o 5 100.0%
Mikrogen - recomline Tropical Fever Ight 5 100. 0%
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Qualitative results for sample 402009
10. Testing for anti-CHIKY-1gG or anti-CHIKY tofal : positive

GIp. 402

Total test total positive | borderline | negative | Success rate
a5 a5 o 0 100.05%
Method / Manufacturer total positive | borderline | negative | Success rate
EUSA-ant=CHIKV=-IgG {10) 21 21 0 o 100.0%
Eurolmmun - Anti-GHIKV-ELISA (IgG) 17 17 100. 0%
MovaTec - ELISA Chikungunya IgG 3 3 100. 0%
IBL - Ghikungunya IgG capture ELISA 1 100. 0%
IFT-anti-CHIKV-IgG {30} i8 18 0 o 100.0%
Euralmimun - Anti-CHIKV-IIFT (IgG) 13 13 100. 0%
Euminnrnun - Arbovren-Feber-Mosai 1 (lgG) 2 2 100. 0%
in house 2 2 100.0%
Euralmimnun - Arboviren-Profil 3 (IgG) 1 1 100. 0%
Line=-l&=-amti-CHIKV-IgG (51) 5 5 0 o 100.0%
Mikrogen - recomline Tropical Fever IgG =] 5 100. 0%
other anti=CHIKV-total (09) 1 1 o o 100.0%
in house 1 1 100.0%
Gualitative results for sample 402009
11. Testing for avidity of anti-CHIKV-10G : high
Total test total high imbermmed. low Success rate
1 1 o 0 100.0%
Method / Manufacturer total high imbermmed. how Success rate
EUSA-ant-CHIKV-IgG {10) 1 1 o o 100.0%
Euralmimnun - Anti-CHIKY - 1gG Aviditat 1 100. 0%
CGualitative results for sample 402009
20. Testing for anti-CHIKV-IgM : no evaluation
Total test total positive | borderline | negative |  Success rate
43 15 9 19
Method / Manufacturer total positive | borderline | negative |  Success rate
ELISA~anti=CGHIKV-Igh {10) 22 ] ] 5
Eurolmimun - Anti-CHIKV-ELISA (Ight) 17 5 B 4
MovaTexs - ELISA Ghilungunya igh #-capiure 4 3 1
IBL - Chikungunya gkl #-capture ELISA 1 1
IFT-anti-CHIKV-Ight (30) 16 6 1 9
Euralmimnun - Anti-CHIKV-IIFT {Ighd) 1z ] 1 5
in houze 2 2
Euminnrnun - Arboviren-Feber-Mosai 1 (lght) 1 1
Euralmimun - Arboviren-Profil 3 (Igh) 1 1
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GIp. 402
Qualitative results for sample 402008
20. Testing for anti-CHIKWV-Igh

Method / Manufacturer total positive | borderline | negative |  Success rate

Line=-l&=-amti-CHIKV-IgM (51} 5 o 0 5

Mikrogen - recomlLine Tropical Fever Igh

ui
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INSTAND e.V. - Gesellschaft zur Forderung der Gualitatssicherung in medizinischen
Laboratorien e.V. - www.instandev.de

in cooperation with

Deutsche Vereinigung zur Bekampfung der Viruskrankheiten e V. (DVV)

Gesellschaft fiir Virologie e V. (GIV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e V. (DGHM)

Annex

3.2 Testing for anti-CHIKV

Anti-CHIKV-lgG
(test category 10)
Titer values and results as IU/m|

Avidity of anti-CHIKV-lgG
(test category 11)
Percent values

Anti-CHIKV-IgM
(test category 20)
Titer values and results as U/ml

Differentiation according to method, manufacturer and test name
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)

in cooperation with

Deutsche Verein
Gesellschaft fir

igung zur Bekimpfung der Viruskrankheiten e. V. {(DVV)
Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017

sample 402005 , anti-CHIKV-lgG or anti-CHIKV total : positive

10. Testing for anti-CHIKV-1gG or anti-CHIKV total
Frequency of methods (qual. and quant.) sp 402005

percent N= 85

13wy gt vabue

A7T
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Bl g vaba

415 |
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77
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1 ac Barget el
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T T T T — M
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cert.=93.8% F=4
=comect (C) M =fase i [ ]=no tamget vaue jwio. 1Y

IOvD-Berlin,. EQAS-Sepiember 2017

. - 2 0. Testing for ant-CHIKV-QG or anti-CHIKY totl
100 Testing for ant-CHIEV-gG or ant-CHIKY tofal ELISA-AN-GHE-IgG 50.402005
ELISA-ANT-GHIKY-IgG  sp.402005 Eurolmmun - ant-CHIKV-ELISA (1gG)
i percent MN=8 i pencent M= 6
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T T T T 1 I T T T T 1 I
z 4 ] B i ] 2 £ & B o
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Page 89



WHO/BS/2022.2434

Page 90

Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)

in cooperation with
Deutsche Vereinigung zur Bekampfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402005, anti-CHIKV-1gG or anti-CHIKV total : positive

10. Testing for ant-CHIKV-IgE or anti-CHIKV total
IFT-ANE-GHIKV-IgG  Sp.402005

b= e M=13

0 TT o ]

=, = Ed o 2
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10, Testing for anti-CHIKV-IgG of anti-CHIKY total
IFT-ANS-CHIK\V-I0G5D. 402005

n house
b= peroeEnt MN=2
= TL e ]
Z5ED Eal el S|
T T T T 1 M
2 4 g B 1

cart=10000% F0
 — onrect (G} I - e

36
IVD-Bedin, EOAS-Septeraar 2017

10, Testing for anti-CHIKV-IQE or anti-CHIKY total
other AnS-GHIKV-iotal  5p.402005

= percent M= 1

T T T T 1 F
2 4 & B 3

et 108 RS
C - cermecton) M - tae i)

0. Testing for ant-CHIKV-0G o anti-CHIKY total
IFT-ANti-GHIKV-IQE. 5p.402005
Eurnimmaun - ant-CHIKV-IIFT [IgG)
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0. Testing for ant-CHIKV-gG or anti-CHIKY tofal
IFT-Anti-CHIKV-IgG sp. 402005
Eurokmrmun - Arboviren-Profil 3 (IgG)

fier percert MN=1
s e 1
T T T T 1 H
2 4 B ] o
cort =100 P
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10 Testing for anti-CHIKV-gG or anti-CHIKY total
otherAnt-GHIKV-totaisp. 402005

n house
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402005 , avidity of anti-CHIKV-lgG : low |, % avidity: 0 - 49

11. Testing for avidity of anti-CHIKV-IgG
sp.402005 , % avidity: 0 - 49

%o avidity percent N=1

M.<38 1000 4

T T T T 1N
2 4 G -] 10

CCJ=comecticy HM-=2s2(F
farget value=33

1OVD-Berin, EQALS-September 2017

can.=100.0% F=0
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=i W= Flebe=D S0 quaniCE=1_ nHsio=1
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402005 , avidity of anti-CHIKV-lgG : low |, % avidity: 0 - 49

11. Testing for avidity of anti-CHIKV-lgG
Frequency of methods (gual. and quant.) sp 402005
percent M= 2
100
ELISA-anti-CHIKV-igG :l 2
: : . . 1N
2 4 & B 10
cert.=100.0% F=0
CO=comectjcy M = faize (F)
IOvD-Berlin, EQAS-Sepember 2017

5 o - 11. Testing for avidity of anti=CHIKV-lgGi
= s e F FLISA-ANG-GHIKV-GE 50402005 , % avidity: O -
FLISA-ANG-CHIKY-IgG  Sp.402005 | % avidity: 0 - 44 Eurolmmun - ant-GHIKV- igG avidity
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekampfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fiir Virologie e. V. (GFfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)
Virusimmunology Chikungunya virus (402) September 2017
sample 402005 , anti-CHIKV-lgM : positive
20. Testing for anti-CHIKV-IgM
Frequency of methods (qual. and quant.) sp 402005
percent N= 55
- 5w gt vake
308 |
IFT-ardi-CHIKW - Ighd 28
400 |
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20. Testing for anti-CHIKV-Ight g o -G HI Y
IFT-Arti-GHIKV-IgM  5p.402005 Euroiramnun - anti-GHECW-IIFT (ight)
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402005 . anti-CHIKV-lgM : positive

20. Testing for anti-CHIKV-lgM 20. Testing for anti-CHIKV-1gM
IFT-AntHGHIFW-IghMsp. 402005 IFT-Ant-GHECV-Igh4 5p.402005
in house Eurolrmmun - Arboviren-Profil 3 (igh)
e rCEnt = fer ETCER: =
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402006 , anti-CHIKV-1gG or anti-CHIKV total : positive

10. Testing for anti-CHIKV-1gG or anti-CHIKV total
Frequency of methods (qual. and quant.) sp 402006

percent N= 85
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. . 3 0. Testing for ant-CHIKV-gG or anti-CHIKY toetal
100 Testing for ant-CHIEV-IgE or ant-CHIKY tofal ELISA-ANt-GHEV-IgG 5D.402006
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402006 , anti-CHIKV-1gG or anti-CHIKV total : positive

10. Testing for ant-CHIKV-IgE or anti-CHIKV total
IFT-ANE-GHIKV-IgG  Sp.402006
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0. Testing for ant-CHI of anti-CHIKY total
IFT-ARS-CHIFN-IgGsp_ 402006
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10, Testing for anti-CHIKV-IQE or anti-CHIKY total
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10 Testing for anti-CHI
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10 Testing for anti-CHI
IFT-Anti-CHIKV-IgG sp. 402008
Eurokmrmun - Arboviren-Profil 3 (IgG)
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fir Hygiene und Mikrobiologie e. V. (DGHM)

sample 402006 , avidity of anti-CHIKV-lgG : high

Virusimmunology Chikungunya virus (402) September 2017

11. Testing for avidity of anti-CHIKV-lgG
sp.402006 , % avidity: 50 - 100
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GFV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402006 , avidity of anti-CHIKV-lgG : high | % avidity: 50 - 100

11. Testing for avidity of anti-CHIKV-lgG
Frequency of methods (qual. and quant.) sp 402006
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11. Testing for avidity of anti-CHIKV-lgG
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)

in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402006 , anti-CHIKV-1gh : negative borderline

20. Testing for anti-CHIKV-IgM
Frequency of methods (qual. and quant.) sp 402006
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GFV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402007 , anti-CHIKV-lgG or anti-CHIKV total : positive

10. Testing for anti-CHIKV-1gG or anti-CHIKV total
Frequency of methods (qual. and quant.) sp 402007
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402007 , anti-CHIKV-1gG or anti-CHIKV total : positive

. - - 0. Testing for ant-CHIKV-gG or anti-CHIKY toetal
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402007 , avidity of anti-CHIKV-lgG : high |, % avidity: 50 - 100

11. Testing for avidity of anti-CHIKV-IgG
sp-402007 , % avidity: 50 - 100
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fiir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)
Virusimmunology Chikungunya virus (402) September 2017
sample 402007 , avidity of anti-CHIKV-lgG : high |, % avidity: 50 - 100
11. Testing for avidity of anti-CHIKV-lgG
Frequency of methods (gual. and quant.) sp 402007
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402007 , anti-CHIKV-Igh : negative borderline

20. Testing for anti-CHIKV-IgM
Frequency of methods (gual. and quant.) sp 402007
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)

in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fiir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402008 , anti-CHIKV-lgG or anti-CHIKV total : negative

10. Testing for anti-CHIKV-1gG or anti-CHIKY total
Frequency of methods (gual. and quant.) sp 402008
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402008 , anti-CHIKV-lgG or anti-CHIKV total : negative

10, Testing for ant-CHIKV-igE or anti-CHIKY total
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)

in cooperation with

Deutsche Vereinigung zur Bekampfung der Viruskrankheiten e.

Gesellschaft fiir Virologie e. V. (GFfV)

V. (DVV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017

sample 402008 , anti-CHIKV-1gM : negative

20. Testing for anti-CHIKV-IgM
Frequency of methods (qual. and quant.) sp.402008
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Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402009 , anti-CHIKV-1gG or anti-CHIKV total : positive

10. Testing for anti-CHIKV-1gG or anti-CHIKV total
Frequency of methods (qual. and quant.) sp 402009
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Gesellschaft zur Forderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fir Virologie e. V. (GfV)
Deutsche Gesellschaft fir Hygiene und Mikrobiologie e. V. (DGHM)
Virusimmunology Chikungunya virus (402) September 2017
sample 402009 , anti-CHIKV-1gG or anti-CHIKV total : positive
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with

Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)

Gesellschaft fir Virologie e. V. (GfV)

Deutsche Gesellschaft fir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
sample 402009 , avidity of anti-CHIKV-lgG : high , % avidity: 50 - 100

11. Testing for avidity of anti-CHIKV-lgG
sp.402009 , % avidity: 50 - 100
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Gesellschaft zur Firderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
in cooperation with
Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
Gesellschaft fiir Virologie e. V. (GfV)
Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)
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sample 402009 , avidity of anti-CHIKV-lgG : high |, % avidity: 50 - 100
11. Testing for avidity of anti-CHIKV-lgG
Frequency of methods (gual. and quant.) sp 402009
percent N=2
00,0
ELISA-ant-CHIK V-G :I 2
T T T T 1M
2 4 G ] 10
cert.=100.0% F=0
CO=comectjcy M = faize (F)
IDVD-Berlin, EOQAS-September 2017
. . - 11. Testing for avidity of anti-CHIKV-|
= e E JE&-Anti-mth"]-I-gE spwmu:ls % a'.r-d‘rg.r?s% - 1o
HUSA-ANS-CHIKV-IDG  Sp 402009 , % avidity: 50 - 140 Eurolmmun - anti-GHIK\- g5 avidity
Sty peErTeEn MN=1 oy percens M= 1
w5 om W= w.cm T
T T T T 1 h T T T T 1 h
2 4 B 8 ] 2 4 & ] 1@
cart =100 PO cart=10000°% ==0
C-cerecton; M - taze ) Oz cermericy M = e oy
VD Badin, EOAS Sapinmaar 2217 = VDB, ECIAS Sapimnbar 2017
Bi. &79 Cwit2 /LM Fe=1723 2112017 &:3h 2OT4EEE e TR T e e 1]

Eri=AA. Me=, Hisbe=0, S50 quantCE=1_nHisw=1



WHO/BS/2022.2434
Page 112

Gesellschaft zur Farderung der Qualititssicherung in medizinischen Laboratorien e. V. (INSTAND)
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Deutsche Vereinigung zur Bekdmpfung der Viruskrankheiten e. V. (DVV)
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Deutsche Gesellschaft fiir Hygiene und Mikrobiologie e. V. (DGHM)

Virusimmunology Chikungunya virus (402) September 2017
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Study Protocol

Collaborative Study to Evaluate a Candidate World Health Organization
International Standard for Chikungunya Virus Antibodies

Backeground
Chikungunya virus [CHIKV] is an arthropod-transmitted virus of the Toggwinidge family, genus

Alphavirus. CHIEV causes chikungunya fever which is characterized by an acute infection with high
fewver, rash, myalgia and pglyarthralgia.

Currently, no international standard (IS} for the determination of the potency of antibodies
developed following infection with CHIEY is available. Anti-CHIKY antibody potency determination is
important to determine the analytical sensitivity of serclogical assays, to enable discrimination of
cross-reactive CHIKY antibodies from other anti-alphavirus antibodies, to attempt to define clinical
parametars such as protective levels of antibody and to in general achieve better comparability of
results abtained in different laboratories.

The Paul-Ehrlich-Institut (PEI), Federal Institute for Vaccines and Biomedicines, as a WHO
Collaberating Centre for both the guality assurance of blood products and in vitro diagnostic devices
and for the standardization and evalustion of vaccines, developed two candidate anti-CHIEY
antibody preparations for testing and comparison across assays and laboratories to evaluate its
surtability as a WHOCI5.

Objective

The study will evaluate the potency of the two proposad candidate materials for a WHO IS for anti-
CHIKV antibodies in parallel with other antibody preparations using assays in routine use in the
participants’ laboratories. The aim is to select the most suitable candidate standard for assay
harmonization and agree an internationally assigned unitage for the candidate standard following
statistical analysis of the study data at the PEL

Samples
The candidate materials are plasma pools obtained from infected patients:

1. Plasma obtained from a corwalescent German patient with a past Chikungunya virus
infection.

2. Plasma pool obtained from Puerto Rican blood donors with a past Chikungunya virus
infection.

Additional liquid/frozen plasma samples from convalescent chikungunya patients and donors as well
as negative controls are provided to test for commutability as well as specificity of assays used in the
participating laboratories.

Mone of the lyophilized samples nor the liquid/frozen plasma samples have been heat-inactivated.
Assays reguiring heat inactivation should ensure that all samples are appropriately heat-inactivated.
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All materials are not for administration to humans or animals. They are nat for in vitro diagnostic use;
they are for evaluation purposes only and should not be used to determine the validity of assays for
anti-CHIKV antibodies. Eleven samples are provided and coded P1-P11. Three sets of samples are
provided per assay — sufficient for three assay runs. A new set of samples should be used for each
assay run. Laboratories that have indicated that they perform more than one type of assay have been
sent additional samples for each respective assay.

Shipment and Storage of Samples

All samples are shipped on dry ice and should be stored at = -20°C, upon receipt.

Participants are asked to confirm receipt of samples and to report any anomaly on the
“Acknowledgment of Receipt™ form accompanying the plasma samples.

Study Protocol
Participants are reguested to use their preferred methods indicated in the PEl questionnaire for the

detection of anti-CHIEY antibodies according to the listed reguirements:

- Please note, that the provided liquid/frozen plasma materials were NOT heat-inactivated

-  Please perform three independent assays for anti-CHIKV antibodies on three different days.
Each Laboratory will receive 3 sets of samples for 3 independent test repeats. If more than
ong method is to be performed, additional sets of samples have been provided.

- The lyophilized samples should be reconstituted in 0.5 mL of sterile, molecular-grade
water. Use a fresh vial for each assay run.

- Include all samples in each assay to allow for comparison of the antibody potency. If this is
not feasible, please record which samples were tested concurrently.

- Please prepare a series of dilutions for samples F1 — P11 in each independent. If possible, at
least two independent replicate series of dilutions (not two samplings from a single dilution
series) should be assayed.

- For the dilution series it is important to cover the range of quantifiable antibody
concentrations (at least 4 steps) including at least one step beyond the end-point dilution.
For experiment 1, we suggested a starting dilution which is noted in the reporting sheet.
Please adjust dilutions in the subsequent assays if meeded and record the change in the Excel
reporting sheet.

- Please only perform testing for lgG.

- An Excel reporting sheet has been provided for recording all essential information. Only use
the reporting sheet for recording the results to help perform the statistical analysis at PEL

- Please use the Excel reporting sheet to document the results for each dilution. We will use
the raw data for statistical analysis. For neutralization assays, please calculate the
neutralization titer, if possible. However, please also provide with the raw values.

- MNote the cut-off value in the designated field and include for each sample dilution tested if it
is considered positive or negative according to the assay specifications.

- For better comparability, please specify in the reporting shest the conditions of the assay
used [diluent type, virus strain and titer, incubation time, cell seeding conditions usad for the
specific assay) under “Remarks”

- Please note all deviations from the assay protocol in the Excel regorting sheets.

Reporting of Results

Participants are requested to report the results as soon as possible after receipt of the plasma
samples, latest on 31" December 2019. All completed forms (Participant Questionnaire and Results
Reporting form) should be returned by e-mail to Sally Baylis@pei.de and Hanpa Roth@pel de Please

advise the study organizers if you are unable to complete the study in the prescribed time frame.

I

4

"3
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Data Analyvsis

The confidentiality of each laboratory will be ensured with each participant being anonymaous to the
other laboratories. All data resulting from the collaborative study will be analyzed at PEl by an
experienced biometrician. The analysis will assess the potency of all provided materials relative to
each other and the sensitivities of the different assay methods.

Participants will receive a copy of the drafted study report including data analysis, proposed
conclusions and recommendations to the WHO ECES on the use, selection and unitage of the WHO 15
for anti-CHIKY antibodies. It is intended that the finalized report will be submitted to ECBS in 2020
for review by the Expert Committes on Biclogical Standardization and decision of establishment of
one of the candidate |55.

Participation in the WHO collaborative study is further dependant on the following conditions:

- Data obtained in the assays are not to be published or cited before formal decision of the
ECES about the WHO 15 for anti-CHIEY antibody and without permission of the study
arganizer.

- Participants should not use the study materials for purposes other than conducting the
collaborative study. Some of the study materials are covered by material transfer
agreements which permit the use of the materials only in the context of the collaborative
study and the samples should not be used for independent research.

- Individual participant's data will be coded and reported “blind” to other participants during
the preparation of the study report, and also subsequent publications.

- Participants accept responsibility for safe handling and disposal of the materials provided.
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IN Eundesinsitn fir Inp&d: und biomedzinsche Armeimitel  fr Qually Assurance of Bicod Producs and
L)

1% Waorld Health Crganization Infsrmational Standard for
Anfl-Chilkungunya Virus Imm unoglobulin &

FE sods 180218
[Vercion 3.0, Marsh 3033}

1. INTEMDED USE

The World Heafh Organization (WHO) infemational 2andard
for ant-chkungurya wirus (CHEV) smunogiobullin &
(human) was deveioped from & pool of thres plasma
dgonabions from a convalescent chikungunya patient and
evaluaied In an ni=rnational collabora@ve shudy. The principal
use of e nfzmabonal SSamdard ks for @ callbraSon and
harmonization of serciopical assays Tor the quanSfication of
ant-CHIEY meuralzing PS5 The sondard can b= used as
reagent for control for iImmunoassay performance. Furiher
defals of e colaboratve study are avalabie In the report (1)

2. UNITAGE

The nbermabioral 2tandasrd has been assigned a unkage of
1,000 nfernatioral Units (WPml afier reconstiuSion in 0S5 =i
sterie, cell culure grace walsr, The U relstes o antbody
(ig5) rewtralization actvEy for virus neuTalzation 2ssays.

For other types of imrunoassay, the standard may be used
as a control reagent (with no assigned wnitage) foliow ing
diution (diutiocn S0 be determined by user and B assay-
dependenfl. The applcafion of the standard k= applicabis o
detection of specFic CHRY anSgenic targels such as Ef;
EVEl, whole wines — R should not b= used W Compare
bebw ==n groups of assays of deferent specficky.

3. CONTENTE
Each wial contains the fresze-dried residus of 0.5 mi of Fuman
plasma.

4. CAUTION

THIE PREFARATION 13 NOT FOR ADMIMIETRATION TO
HUS AHE

A3 with al Faoteripls of bioiogical origin, @is preparation
should be regarded =3 potentaly farsrdous o Reath. The
plxsma has besn for negabhve Tor hepalifs B virus, hepatiss ©
wrus as wel 3 human imrunodeficlency vies by NAT
besting.

E shoukd be used and discardesd according B0 your own
lborabory's  safefy procsdurss. Such safely procedores
probably wil nchade the wearing of profecive gioves and
avoiding e generafion of asrcsols. Care should be exercised
I opening ampouies of vials, to avold cuts.

6. USE OF MATERIAL
3 pf shouid b

Ireeze-drisd maierial orior to reconziution,

The raterial ls suppled yophized and should be stored at or
below -20°C. Ench vial should be reconsStuted I 05 ml of
sterle  nuckease-free water. The product  should be
reconstiuted just prior 1o use. For vinus neufralzation assays,
the reconstiuted material should be heat-inactvated prior ko
use.

8 STABLITY
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A WHO Collaborating Centre @
Az the siabily shdies wih acceierated condBons ndoate
high shbity of e ophlized reference maferial under the
recommended skorage condiions (at or beiow -20PC), thers s
ng expry dale assigned fo T miomaSonal Standard. This
approach comples wih the recommendations for  the
preparadon, characizrization and s fabils henent of
Infernationsl and other biciogical reference siandards (1), The
reference maledal 5 held at the PaukBwiick-rsShit (PE)
wihin  asswred, iemperatre-confrolied  siorage  faciBes.
Duing k= We cycle the sisbilEy & monfiored at regular
Imfzrvals. The iniemaSonal standard remain: vald wih the
assigned potency and status untl w Endraw n or amended.

Isi vie Disgnozic Devices

Reference materals shoud be stored on recept as ndcated
on e label. Once, diuked or aliquobed, users  should
determine The stablty of the maberial according bo ther own
mefhod of preparabon, siorage and use.

Users who have data supportng any deterioration in the
characteristics of amy reference preparation are encouraged io
contact PEL

7. REFEREMCES

1. Coflaborathe shedy io evauabe a canddate Workd Health
CrganizaSon  nbernational  SSandard  for  antbodes 1o
chisungunya wines. 2022 WHD Ecpert Commttes  on
Biological Standardzabon. WHOBE/2022. 2432

2. Workd Heath Organzation. RecommendaSons for the
preparaion,  characterizabion  and  estsblishment  of
int=rnational and other biciogical reference standards (revised
2004). WHOC Technical Report Series 2006, 932, 73131

B. ACKNOWLEDGEMWENTE
We are grafeful i the anonymous donor w B providsd plesms
and o 3l colaborafve study participants.

% FURTHER INFORMATION
Further imforration for this material can be obfsined as
folow 5:w hoccivdipel de or
WHO Eioiogical Reference PreparaSons:
§ " A

10. CUBTOMER FEEDBACK

Cusiomers are encouraged o provide feedback on the
sufabify or use of the material provided or offer aspects of
our serdce. Please send any comments fio

11. CITATION

In any crcumsiance where S reciplent publishes a reference
o PE raizrals, & & portant that the cormesct name of the
preparafion, the PE code mu—ber, the raee and e address
of FE are cited comecty.

shoccivaiosl ge
Web: hpoiiem. o el.0e
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12. MATERIAL BAFETY ZHEET
Phychoal properiisc {at room tempsratura)

sical 143 L hilized der
Fire_hazand Home:
Chem loal properilec
Cfabie Yes Comroshe: Mo
| Hygroscopic [ Cuidsing: Mo
Famrmabie o] rriant Mo
Other (specify] Materisl of human origin

Handirg: Bee caution, sechion 4
Toxleologheal properties

Effects of inhakbbon: Kot established - awcld

Effects of o Hot established - awcld

Erfects of skin absorption: Mot esiablsfed - avokd

Suggested Firet Ald

nhalation Ceek medical sdvice

Ingestion Geek medical advice

Contact witheyes ‘Wiash thoroughty w ih w aber.
Sesk medical advice

Contact withskin ‘Wash thoroughly with w aker,
Seek medical advice

#otlon on Eplilags and Method of Dis pocal

Epliage of vial contents should be Baken up W ith

absorsent matedal w ethed wth an appropriste

disinfectant Rinse arsa w than appropriate disifectant

Todiow ed by w aber,

Absorbent materials used io treat spllage should be

‘reated & biological wasis.

13, LIABILITY AMD LOZE

Irformation provided by e raSute = ghen afier the exercise
of al reasomable care and skl in i= compliaSion, preparation
and Esue, bt k= provided wihout Babiity to the Recipient in
Es aoclicaion and use.

E iz the responshbily of the Fecipient 1o determine the
appropristeness of e materivs suppled by the rsStute to
the Recipient [“the Goods™) for the proposed appication and
ensure that E has the necessary bechnical skiis o determine
that they are appropriate. Resuls obiained from e Goods
are Wely o be dependent on condbions of use by the
Recipient and B varablity of materials beyond the conrol of
the Nzttt

AN warrarSes ane sxchuded fo S fullest evisnt permized by
law, Inciuding wERoUt Imitabion that the Goods are free from
Irfecticus agents or that the supply of Goods wil not infringe
any rights of any third parsy.

The kstiube shal not b= labie o the Recipient for any
economic kKess whefer direct or indirect, which arise in
connection withiis agresment.

The toftal labiEy of e nsthule n connectom wiEn this
agreement, whefer Tor negligence or breach of agreement or
ptherarise, shal Ik no event exceed 120% of any price pald or
payabis by the Recipient for the supply of the Goods.
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Bundesinsiud iir Impcde und biomedzinsche Armeimiel  br Qually Assurance of Biood Produds and

= ez Disgnosic Dewices ‘E-_..f?s*-'

F amy of the Soods supplied by the instfute should prove not
o mest ther specficabon when siored and used comecSy
(and provided that the Reciplent Res refumed the Goods io
the FsSule ogether with writizn noSfication of such alsged
defect wihin seven days of the Ime when Se Reciplent
discowers o cught b have discoversd the defect), the RSl
shal effer replace the Goods or, af s soie opSion, refund the
handing charge provided o performance of ether one of
the above opSons shal consthute an entre dischange of the
IrsShuis’s Eabity under this Condition.
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