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Anti-Borrelia pius VIsE ELISA {gG) - —
Test instruction

__ORDERNO. ANTIBODIES AGAINST [IGCLASS | SUBSTRATE | FORMAT |
= 9601- crrelia burgdorferi, Borrelia afze Ag-coated
| El2132-9601-2 G Borrelia garinii, Borrelia VISE Antigen IgG _ microplate wells

7 96 x 01 (96)

Indications: The ELISA test kit provides a semiquantitative or quantitative in vitro assay for human anti-
bodies cof the IgG class against Borrelia antigens in serum or plasma for the diagnosis of infection with
Borrelia and associated diseases: Erythema chronicum migrans, lymphadenosis cutis benigna, acro-
dermatitis chroni mmznmm:_d.co:m_._ow_m_

renica atrophicans, arthritis, carditis, lymphocytic meningoradic

Application: Clinical diagnosis of borreliosis can be achieved by determination cf Borrelia-specific
antibodies of classes IgG and IgM. The Anti-Borrelia pius VISE ELISA (IgG) is based on an optimised
lysate mixture of the most releveani human pathogenic Borrelia strains and also contains recombinant
VIsE. Due to its complete antigen specirum, the ELISA offers a very high sensitivity and is therefore
ideally suited for antibody screening. Samples with positive or borderline ELISA results shouid always be
further investigated using immunobiot.

Principle of the test: The test kit coniains microtiter strips each with 8 break-off reageni wells coated
with a mix of whoie antigen extracts of Borrelia burgdorferi sensu stricto, Borrelia afze il, Borrelia garinii
and recombinant VISE of Borre burgdorferi. In the first reaction step. diluted patient samples are
incubated in the wells. In the case of positive samples, specific IgG antibodies will bind to the antigens.
To detect the bound antibodies, a second incubation is carried out using an enzyme-labelled anti-human
1aG (enzyme conjugate) catalysing a colour reaction.

Contents of the test kit:

Component [ Colour | Format Symbol
1. Microplate wells coated with antigens [ _
2 microplate strips each containing 8 individual e | 12x8 [STRIPS]

| break-off wells in a frame, ready for use ) )
2. Calibrator 1 . |

£ 4 5 m GALT]
200 RU/m! (I9G, human), ready for use darkred | 1x20ml | L. 1]
3. Calibrator 2 d % 2.0mi TCALT|
20 RU/mi {igG, human), ready for use re txeomi (CAL2]
4. Calibrator 3 :
2 RU/ml (IgG, human), ready for use light red 1x20mi )|
5. Paositive contro! b 1%20mi [FOSCoNTR
__ (lgG. human), ready for use 4 xeom EGSTONTREL]
6. Negative control = =
| ; ON 1
| (19G, human), ready foruse _ | geen [1x20m | [NEGTONTROL
7. Enzyme conjugate _
peroxidase-iabelied anti-human IgG (rabbit), green Tx12ml | [CONJUGATE] |

| ready for use
8. Sample buffer

| readyforuse | Tgnthe
9. Wash buffer i
10x concentrat EoIoHTIess
10. Chromegen/substrate solution 7 T
c nlo| LS,
TMB/H,O,, ready for use olourless | 1x12ml ﬁ | SUBSTRATE]
11. Stop solution e —
: | f | [5TOF SoLUT b
0.5 M suiphuric-acid -ready for use e I 1BTOR SOLU _ozlu
12 Testinstryction - A 1 bookiet | -
aw.. Quality control cer — _ 1 protocol |
LLOT| Lot description ﬁ m { Storage temperature
(VO In vitre diagnestic medical device = Unopened usabie un
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T T 777 7 7 Preparation and stability of the Teagenis

reagents must be brought tc rocm temperature {(+18°C to +25°C) approx. 30 minutes before
use. After first use, the reagents are stabie until the indicated expiry date if stored at +2°C ‘o +8°C and

protected from contamination, unless stated otherwise below.

- Coated wells: Ready for use. Tear open the ressalable proteciive wrapping of the microplate at the
recesses above the grip seam. Do nat open until the microplate has reached room temperature ‘o
prevent the individual strips from maistening. Imm ediately replace the remaining wells of a partly used
microplate in the protective wrapping and tightly seal with the integrated grip seam {Do not remove
the desiccant bags),

Once the protective wrapping has been cpened for the first time, the wells coated with antigens can
be stored in a dry place and at a temperature between +2°C and +8°C for 4 months.

ibrators and controis: Ready for use. The reagents must be

- Sample buffer: Ready for use

- Wash buffer: The wash buffer is a 10x concentrate. crystallisation occurs in the concentrated
buffer, warm it to 37°C and mix well before diluting. The quantity required should be removed from the
botle using a clean pipette and diluted with deionised or distilled water {1 part reagent pius
9 parts distiiled water).

For example: For 1 microplate strip, 5 ml concentrate plus 45 ml water.
The working strength wash buffer is stable for 4 weeks when stored at +2°C to +8°C and handled
properly.

- Chromogen/substrate solution: Ready for use. Close the bottle immediately after use, as the

contents are sensitive to light %. The chromogen/substrate solution must be clear on use. Do not use
the solution if it is blue coloured

- Stop solution: Ready for use.

Storage and stability: The test kit has to be stored at a temperature between +2°C to +8°C. Do not
freeze. Unopened, all test kit components are stable until the indicated expiry date

s, calibrators, controls and incubated micropiate sirips should be

reagents must be disposed of in accordance with locai disposal

in have tested negative for HBsAg, anti-HCV,
anti-HIV-1 and anti-HIV-2. Nonetheless, all materials should be treated as being a potential infection
hazard and should be handied with care. Some of the reagents contain the agent sodium azide in a non-
declarable concentration. Avoid skin contact.

Preparation and stability of the patient samples
Samples: Human serum or EDTA, heparin or citrate plasma

Stability: Patient samples to be investigated can generally be stored at +2°C o +8°C ‘or up to
14 days. Diluted samples must be incubated within one wor! ing day

Sample dilution: Patient samples are diluted 1101 with sample buffer.
e Add 10 pl of sample tc 1.0 mi sampie buffer and mix well by vortexing {samgi
stitable for mixing}.
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Incubation

For semiquantative analysis incubate calibrator 2 along with the po
patient samples. For quantitative analys
negative controls and patient samples.

ve and negative controis and
incubate caiibrators 1, 2 and 3 along with the positive and

{(Partly) manual test performance

Transfer 100 pl of the calibrators, positive and negative controls or diluted
patient samples into the individual microplate welis according to the pipetting
protocol.

Incubate for 30 minutes at room temperature (+18°C to +25°C).

Washing: Manual: Empty the wells and subseguently wash 3 times using 300 pl of
working strength wash buffer for each wash.
Automatic; Wash the reagent wells 3 times with 450 ul of working strength
wash buffer (program setiing: e.g TECAN Columbus Washer "Overfiow
Modus™).

Leave the wash buffer in each well for 30 to 60 seconds per washing cycle,
then empty the wells. Afer washing (manual and automated tests),
thoroughly dispose of all liquid from the microplate by tapping it on absorbent
paper with the openings facing downwards to remove all residual wash buffer.

Note: Residual liquid (> 10 pl) remaining in the reagent wells after washing
can interfere with the substrate and lead to false low extinction values.
Insufficient washing (e.g., less than 2 wash cycles, too small wash buffer

arl e fmloa biol
esl-can lead- o faise nign

=5 A

values.
Free positions on the microplate strip should be filled with blank wells of the
same plate format as that of the parameter to be investigated.

Conjugate incubation:  Pipette 100 pl of enzyme conjugate (peroxidase-labelled anti-human IgG) into
(2" step) each of the microplate wells.

Incubate for 30 minutes at room temperature (+18°C to +25°C).

Washin Empty the wells. Wash as described above.
Substrate incubation: Pipette 100 i of chromogen/subsiraie solution into each of the microplate
(3™ step) wells.

Incubate for 15 minutes at room temperature (+18°C to +25°C), protect from
direct suniight.

topping: Pipette 100 pl of stop so 1o each of the micropiate wells in the same
order and at the same speed as the chromogen/substrate solution was intro-

duced.
Measurement: Photometric measurement of the colour intensity should be made at 3

wavelength of 450 nm and a reference wavelength between 620 nm and
850 nm within 30 minutes of adding the stop solution. Prior to measuring
slightly shake the microplate to ensure a hemegenecus distribution of the
solution
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Test performance using fully automated analysis devices — —- ——— — -

Sample dilution and test performance are carried out fu y automatically using an analysis device. The

incubation conditions programmed in the respective software authorised by EUROIMMUN may deviate
htly from the specifications given In the ELISA test instruction However, these conditicns were

validated in respect of the combination of the EURDIMMUN Analyzer |, Analyzer 1-2P or the DSX from

Dynex and this EUROIMMUN ELISA, Validation documents are available on enguiry.

Automated test performance using other fully automated, open system analysis devices is possibie.

However, the combination should be validated by the user

Pipetting protocol

1 {1z 3 4 | 58 T le 8 [ ] 1] w2

A OM__U m‘U.E P22 04__? L_UAN P20 |

B [pos |P T|P15|P23 ] .Om Um.—.«ugw P21

Clneg [P elPi1s|p2a I lcalrslria|ez

olp t|p alrz Tom e 7lpis|pas

Elp 2|ri0|Pis neg | P 8| Pi6|P2s

F|P 3|FP11|P18 Fo1lpP glrP17

G|P 4a|P12|P20 P 2|F10|P18

HIP 5(P13|P21 P 3|P11| P18

The pipetting protocol for microtiter strips 1-4 is an example for the semiguantitative analysis of
24 patient sample (P 1 to P 24),

The pipetting protocol for microtiter strips 7-10 is an example for the guantitative anal

sis of 24 patient
sample (P 1 to P 24).

The calibrators (C 1 to C 3), the positive (pos.) and negative (neg.} controls, and the patient sampies
have each been incubated in one well. The reliability of the ELISA test can be improved by dupticate
determinations for each sample.

The wells can be broken off individually from the strips. Therefore, the number of tests performed can be
malched to the number of samples, minimising reagent wastage,

Both positive and negative controls serve as internal controls for the reliabifity of the test procedure.
They should be assayed with each test run.

Calculation of results

Semiquantitative:- Results can-be evaluated  semiquantitatively by caiculating a ratio of the extinction
yaliis o »_)_J P Tepay .

vaiue of the control or patient sampie over the extinction vaiue of the calibrator 2. Calculate the ratio
according to the following formula:

Extinction of the control or patient sample
Extinction of calibrator 2

= Ratio

—EUROMMUN Teconmends interpreting results as Tollows:

Ratio <0.8: negative
Ratio >0.8 {0 <1.1: borderline
Ratio 21 1: positive



EUROIMMUN

Quantitative: The standard curve from which the concentration of antibodies in the patient samples can

be-taken is obtained by point-to-point plotting of the extinction valuss measured for the 3 calibration sera
against the corresponding units (linsarflinear). Use "point-te-point” plotting for calculation of the standard
curve by computer. The following glot is an example of a typical calibration curve. Plaase do not use thi
curve for the determination of antibody concentrations in patient samples.

20 p—————
18
16
14
12
10
08
06
04
02
0

Extinction

0 20 40 60 80 100 120 140 160 180 200
RU/ml

If the extinction for a patient sample lies above the value of calibrator 1 (200 RU/mI), the result should be
reported as “>200 RU/mI". It is recommended that the sample be retested at a dilution of e.g. 1:400. The
result in RU/mi read from the calibration curve for this sample must then be multiplied by a factor
of 4. The upper limit of the normal range of non-infected persons (cut-off value) recommendad by
EUROIMMUN s 20 relative units (RU)/mi. EUROIMMUN recommends interpreting results as follows:

negative
borderiine
positive

A negative serological result does not exclude an infection. Particularly in the early phase of an infection,
antibodies may not yet be present or are only present in such small quantities that they are not
detectable. In case of a borderline result, a secure evaluation is not possible. I there Is a clinical
suspicion and a negative test resull, we recommend clarification by means of other diagnostic methods
and/or the serclogical investigation of a follow-up sample. A positive result indicates that there has been
contact with the pathogen in the determination of pathogen-specific lgM antibodies, polycional
stimulation of the immune system or antibody persistence may affect the diagnostic relevance of positive
findings. Significant titer increases (exceeding factor Z) andlor seroconversion in a follow-up sample
taken after 7 to 10 days can indicate an acute infaction. To investigate titer changes. sample and follow-
up sample should be incubaied in adjacent wells of the ELISA micropiate within the same test run. For
diagnosis, the clinical picture of the patient always needs to be taken into account along with the
serological findings

Test characteristics

Calibration: As no intemnational reference serum exists for antibodies against Borrelia. the calibration is
performed in relative units (RU)/mi.

For every group of tests performed, the extinction values of the calibrators and the ral
ralic dstermined for the positive and negative ceontrals must
test kit lot A guality control certificate containing these
i for the controis are not achieved, the test resulls may e Inaccurate and the test should be

X N N N N
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The binding activity of the antibodies and the ac

y_of the enzyme used are temperaiire-dependent.
It is therefore recommeanded using a thermos cubaticn steps, The higher the room
temperature {+18°C to +25°C) during the steps, the greater will be the extinction values.
Corresponding variations apply aiso to the incubation times. However, the calibrators are subject to the
same influences, with the result that such variations be largely compensated in the calculation of the
result

Antigen: The antigen source is provided by particularly suitable Borrelia strains (Borrelia burgdorferi
sensu stricto, Borrelia afzelii, Borrelia garinii) as well as recombinant VISE ( varible major protei
sequence, expressed) of Borrella burgdorferi. VISE is 2 newly characterised surface protein of Borre
which is expressed exclusively in vivo and which contains conserved and highly immunogenic
epitopes. The cultured borreiia have been solubilised by using sodium dodecyl sulphate. The used
antigen mixture contains all relevant proteins.

ELISA ﬁm(v was g 4 seriai
dilutions of different patient samples. The coefficient of determination > 0.95. The
iE plus VISE ENISALHSE) isTincay at icast in the) tested concentiation range (8 RU/mi to

124 RU/ml).

Detection limit: The lower detection limit is defined as the mean value of an analyte-free sample plus
three times the standard deviation and is the smallest detectable antibody titer. The lower detection limit
of the Anti-Borrelia plus VISE ELISA (1gG) is 0.7 RU/mi.

Cross reactivity: Cross reactivity of the Anti-Borrelia plus VIsE ELISA (lgG) was evaluated in a study
performed on 256 patient sera with antibodies against Treponema pallidum and 16 patient sera with
antibodies against Leptospira. 95 sera of the Anti-Treponema pallidum-positive sera and 1 serum of the
Anti-Leptospira-positive sera presented reactivity. Therefare, the cross reactivity amounts to 37.1% and.
8.3%, respectively. Cross reactions with antibodies against other spirochactes cannot be axcluded. The
Anti-Borrelia plus VISE ELISA is designed as a screening test which should be followed by a cen-
firmatory test (Western- or line blot). Further sera from patients with different possible influencing factors
were investigated. An overview of these results can be found in the following table.

Possible influencing factors n_|Anti-Borrelia plus VIsE ELISA (laG) pos
Acute EBV infection 33 0%

Anti-HSV 1 12 | 0% -
Anti-CMV 12 0%

Anti-VZzv 12 0% )
Anti-Adenovirus 12 0% -
Anti-RSV 12 0%

Anti-Parainfluenza 12 0%

Anti-Influenza-A virus 12 0%

Anti-Influenza-B virus 12 0%

Anti-Mycoplasma pneumoniae | 12 0%

|Anti-Measles virus 12 0%

Anti-Mumps virus 12 0% -
|Anti-Rubeiia virus 12 0%

Anti-Toxoplasma gondii 11 0%

Anti-Chlamydia pneumaonias 1 0% -
Anti-Helicobacter pylori 12 0% ._
ANA + DNS (AAD) 35 2.8%

Rheuma factor 37 0%

Neurological diseases 54 | 3.7%

33
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Interference: Haemolytic, lipaemic and icteric samples showed no influence on the result up to a con-
centration of 10-mg/mt forhaernogiobin, 20 mgfmi for tiglycerides and 0.4 mg/mi for bilirubin in this
ELISA.

Reproducibility: The reproduci ility of the test was investigated by determining the intra- and inter-
assay coefficients of variation (CV) using 3 sera. The intra-assay CVs are based on 20 determinations
and the inter-assay CVs on 4 determinations performed in 6 different test runs.

Intra-assay variation, n = 20 Inter-assay variation.n =4 x 6
Serum [ Mean value [ cv Serum Mean value | cv
RUMD | (%) RUMY | (%)

1 52 35 1 55 3.6

2 97 3.5 2 103 | 3T

3 128 3.6 3 138 _ 3.8

Specificity and sensitivity: Sera of 165 patients with suspected borreliosis were analysed using the
EUROIMMUN Anti-Borrelia plus VISE ELISA (IgG) and the Borrelia EUROLINE-

-t
Westernblot (igG) as a reference method. The test showed a specificity of 80.2% and a sensitivity of
100%.

h=165 EUROIMMUN EUROLINE-Westernblot
_ positive borderline negative
positive 60 11 g
ELISA borderline 0 | 1 1
negative 0 [ 0 83

Borderline resuits are not included by the calculation of specificity and sensitivity,

Clinical study: 138 patients with ¢l ically characterised borreliosis in different disease stages were

screened with the Anti-Borrelia plus VISE-ELISA (IgG) and Anti-Borrelia-ELISA (IgM). Sensitivities
between 89 to 96% were found.

[ ke 1 EUROIMMUN Anti-Borrelia plus VISE-ELISA (IgG),
n=138 . EUROIMMUN Anti-Borrelia-ELISA (IgM)
19G positive IgM positive 19G and/or IgM positive
i m%:mm_m gorans: 60 68 86 (88.7%)
Clinic 7 Nl owvno_mﬁ LU 22 5 25 (96.29%)
_ :mcﬂozcm_.ﬂmm__o@w_ . 13 2 14 (93 3%)

All ELISA negative results were confirmed as negative by an Anti-Borrelia Westemblot

Reference range: The levels of the anti-Borrelia antibodies (1gG) were analysed with this EUROIMMUN
ELISA in a panel of 500 healthy blood donors, With 2 cut-off of 20 R

((((((((((( S. VVIN @ QU0 OF 2U muf
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i, 5% of the blood don

anti-Borrelia positive (1gG), wich reflects the known percentage of infections in adults.
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-Clinical significance—

The history of Lyme disease, a contagious condition caused by Barrelia burgdorferi and transmitted to
man by ticks, offers infecticlogists a formidable |e sson on how medicine progresses. Clinical description
started in Europe at the tumn of the 18"/20" century with Pick's description of what was then labelled
chronic atrophic acrodermatitis, Fifty years later, Hauser noted the affection was transmitied by ticks.
Independently, Afzelius, then Lipschutz, described erythema migrans -and its relationship with tick bites.
Neurclogical involvement was also described with the skin signs. These early dermatological
descriptions suddenly came inte the limelight in 1975 when an epidemia of arthritis occurred In childran
in Lyme, Connecticut, USA. Many of the affected children had ervthema migrans. Based on these obser-
valions and an epidemiological analysis of the epidemia, Steele and co-workers defined "Lyme disease”
as a rheumatological disorder commeonly associated with erythema migrans and sometimes with multiple
organ involvement. In 1982 Burgdorfer suggested that ticks transmitted “treponema-like spirochastes”,
which were later authentified as the causal agent: Borrelia burgdarferi.

Borrelia burgdorferi as a species of bacteria is belonging to the spirochaetaceas family. This family
includes five genera: borrelia, spirochastes, cristispira, treponema and leptospira, Among about 30 tick
species feeding on humans, ixodes ricinus is the most frequent tick species biting humans in Europe. K
is the vector of Borrelia burgdorfer], which causes Lyme disease, of anaplasma phagocytophilum and the
fick-borne encaphalitis virus. |, ricinus ticks pass through three developmental stages: larvae, nymphs
and adults (females and males). The density of this tick species can be very high, reaching in some
places more than 300 ticks/100 m?. Lyme borreliosis is the most frequent tick-transmitted disease in the
northern hemisphere. In Europe, especially in Central Europe and Scandinavia there are up to 155
cases per 100,000 individuals caused by the species B. burgdorferi sensu stricio, B. afzelli, and
B. garinii {in rare cases also by B. spielmanil and B, bavariensis). The human seroprevalence rate of
antibodies against Borrelia burgdorferi in the normal popu-lation of Germany and other Central European
countries is about 8% (for 1gG); in highly endemic areas even considerably higher with ranges from 18%
to 52%. In East Asia, e.g. in an endemic area in China, the seroprevalence amounts to 26%. Persons

vorking in the area of forestry display anti-Borrelia aniibodies in about 40%, hunters in more than 50% of
ommmm.

A Borrelia burgdorferi infection can manifest itself in the areas of dermatology, neurology, oph-

thalmology, rheumatology and internal medicine. The clinical expression of borreliosis can be divided
into three stages:

Stage I The typical primary manifestation of a Borrelia burgdorferi infection is erythema migrans {80%),
a reddening of the skin which appears around the area of the tick bite and spreads in a circular manner.
The erythema is accompanied by influenza-like general symptoms with fever, shaking chiil, headaches
and vomiting. Lymphadenopathies are observed in a few cases (lymphadenosis cutis benigna). The
leading clinical types of the erythema-free borreliosis (20%) are neurological, arthromyalgic, influenza-
iike, cardiovascular borreliosis and borreliosis with hepatitis, with regional lymphadenitis and mixtures of
these. Stage | can result in spontaneous healing or can develop inte a generalised borreliosis. The
transition phase is generally symptom-free. IgM antibodies against Borrelia burgdorferi can be detected
serologically in 50% to 90% of patients during stage |. Humans produce highly specific antivodies
against the outer surface protein € {OspCj shorlly afier infection with Borrelia burgdorferi. The main
antigen VIsE, which is exclusively expressed in vivo, is the most sensitive antigen for 1gG antibody
detection, whereas OspC is the most sensitive antigen for IgM antibody detection.

Stage ii: A variety of symptoms can develop several weeks to some months after receiving the tick bite.
In the foreground of these are neuralogical manifestations: meningitis, encephalits, asymmetric poly-
neuritis, cranial nerve pareses, Bannwarth's lym phocytic meningoradiculoneuritis. One of the most
frequent neurological symptoms of barreliosis in children is the peripheral facial palsy. Usually the
paresis-of the facial nerve appears en-one-side and afler severai wesks on the opposite side. Alsc
arthritis, particularly of the knee joints, and non-localised pains in the bones, joints and muscles are fre-
quently found. Less frequently are cardiological manifestations such as myocarditis and pericarditis
Antibodies against Borrelia burgdoreri can be detected in 50% to S0% of patients in stage i, In
phase of this stage mainly IgM antibodies are found but in the late phase often only 1aG a
cceur. However, Ight antibodies can persist for a long time. By acd nally determining anticodies
against VisE the serological hit rate can be increased by 20% o 30% VIsE displays the highest sensi-
tvity of all antigens tested far 13G detection

n
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Stage lll: The typical manifestations of a2 Borrelia burgdorferi infection in stage 1l are chronic-relapsing
eresive anhritis, acrodermatitis chronica arophicans and progressive encephalomyelitis, which can
procesd in & similar way to multiple sclerosis. Wit nout treatment the tertiary stage can develop aver a
penod of years to decades after the onginal infection. In this stage, 1gG antibody titers are significantly
increased in 90% to 100% of patients, while Igh antibadies are only rarely detectable

For the diagnosis of neursborreliosis, the determination of antibadies in cerebrospinal fluid is of decisive
importance and far superior to serological testing. An antibody index (Al) discriminates between a blood-
derived and a pathological, brain-derived specific antibody fraction in cerebrospinal fluid (CSF) and takes
into account individual changes in the blood/CSE barrier function.

Various technigues come into guestion for the detection of antibodies against Borrelia burgdorferi:
ELISA, indirect immunofluorescence (lIFT), passive haemagglutination and immunobiot. Gererally,
ELISA or IIFT are used as screening test for preliminary characterisation of the serum sample. According
to guidelines in the USA and in Germany, serological diagnosis should follow the principle of a two-step
procedure: ELISA or indirect immunofluorescence (IIFT) as a first step, which, if reactive, is followed by
an immunoblat. In fresh infections it is recommended performing ELISANIFT and immuno-blot in parallel,
since some weak reactions become deteciable earlier in the bt than in the screening test. VisE, the
mosi sensitive antigen for 1gG antibedy detection, and OspC for IgM ‘antibody detection should be
included in the test. By additionally determining antibodies against VIsE the serological hit rate can be
increased by 20% compared to whole extract Westernblots. Of all recombinant antigens tested, VIsE
possesses the highest sensitivity for the detection of a Barrelia infection
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Anti-Borrelia ELISA (igM)

Test instruction

ORDER NO ANTIBODIES AGAINST

]

iG CLASS | SUBSTRATE FORMAT |

_’m_ 2132-9601 M

Borrelia burgdorferi, Borrelia afzelii,

Ag-coated
Borrelia garinii

g\ :
g microplate wells

96 x 51 {98)

Indications: The ELISA test kit provides a semiguantitative or quantitative in vitro assay for human
antibodies of the lgM class against Borrelia antigens in serum or plasma for the diagnosis of Infection
with Borrelia. Associated diseases: Erythema chronicum migrans, lymphadencsis culis benigna,
acrodermatitis chronica atrophicans, arthritis, carditis, lymphocytic meningoradiculitis, neuroborrelios

Application: Clinical diagnosis of borreliosis can be achieved by determination of Borrelia-specific
antibodies of classes 1gG and IgM. The Anti-Borrelia ELISA {lgM) is based on an optimised lysate
mixture of the most releveant human pathogenic Borrelia strains. Specific cultivation methods help to
ensure a large proportion of OspC in the test. Due io its complete antigen spectrum, the ELISA offers a
very high sensitivity and is therefore ideally suited for antibody screening. Samples with positive ar
borderline ELISA resulis shouid always be further investigated using immunoblot.

Principle of the test: The test kit contains microtiter sirips sach with 8 break-off reagent wells coated
with antigen extracts of Borrelia burgdorieri sensu stricto, Borrelia afzeli and Borrelia garinii. In the first
reaction step, diluted patient sampies are incubated with the wells. In the case of positive samples,
specific IgM antibodies (also lgA and 1gG) will bind to the antigens. To detect the bound antibodies, a

second incubation is carried out using an enzyme-labelled anti-human IgM (enzyme conjugate)
catalysing a colour reaction,

Contents of the test Kit:

| Component | Colour Format Symbol
1 roplate wells coated aniigens .
12 microplate strips each containing 8 individual | - 12x8 [STRIPE
| break-off wells in a frame, ready for use . _
2. Calibrator 1, 200 RU/mI (laM, human), ready for use darkred | 1 x2.0ml [CAL 1
3. Caliprater 2, 20 RUfml (IgM, human), ready for use red 1%20ml CALZ
4. Calibrator 3, 2 RU/mi (igM, human), ready for use lightred | 1x2.0ml CAL3Z|
5. Positive control, (IgM, human), ready for use blue 1x20ml POS CONTROL
|8. Negative control, (IgM, human), ready for use green Tx20ml
7. Enzyme conjugate
peroxidase-labelled anti-human IgM (goat), red | 1x12mi CONJUGATE |
| ready for use
8. Sample buffer |
containing IgG/RF absorbent (anti-human IgG anti- green 1 x 100 ml SAMPLE BUFFER |

(@]

body preparation cbtained from goat), ready for use | ]
Wash buffer
10x concentrate

mno._ocnmmm 1% 100 mi

WASH BUFFER 10x

10 Chromogen/substrate solution |

i el 4 1 T TRAT
TMB/H,O,, ready for use _no_cr_:rmm. ' x12ml SUBSTRATE |

> : 5 i 1x12n [STOP SOLUTION] |
0.5 M sulphuric acid, ready for use ) colourless | 1 x 12 mi | STOP SOLUTION
12 Test instruction = 1 bocklet | Sp——
. -~ | 1 protoco|

11. Stop soiution —1

n m [ Storage temperature
= Unopened usable until
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Note: Al reagents must be brought to room temperature {+18°C to +25°C) approx. 30 minutes before
use. After first use, the reagents are stable until the indicated expiry date i stored at +2°C t0 +8°C and
protected from contamination, uniess stated otherwise below.

- Coated wells: Ready for use. Tear open the resealable protective wrapping of the microplate at the
recesses above the grip seam. Do not open untii the microplate has reached roam temperature
(+18°C to +25°C) to prevent the individual strips from moistening Immediately replace the remaining
wells of a partly used microplate in the profective wrapping and tightly seal with the integrated grip
seam (Do not remove the desiccant bags)

Once the protective wrapping has been opened for the first time, the wells coated with antigens can
be stored in a dry piace and at a temperature between +2°C ang +8°C for 4 months.

- Sample buffer. Ready for use. The green coloured sample buffer contains 1gG/RF absorbent. Serum
or plasma samples diluted with this sample buffer are oniy to be used for the determination of Igil
antibodies.

- Wash buffer: The wash buffer is a 10x concentrate. If crystailisation occurs in the concentrated
buffer, warm it to 37°C and mix well before diluting. The quantity required shouid be removed from the
bottle using a clean pipette and diluted with deionised or distilled water {1 part reagent plus 9 parts
distilled water).

For example: For 1 microplate strip, 5 ml concentrate plus 45 mi water.

o T,

gttt wash bufier is stabie for 4 weeks when stored at +2°C to +8°C and handled

- Chromogen/substrate mo_c:o:” Ready for use. Close the pottle immediately after use, as the

to light 2. The chromogen/substrate soiution must be clear on use. Do not use
e coloured

- Stop soiution: Ready for use.

torage and sta
freeze. Unopened,

temperature between +2°C to +8°C. Do not
t compoenents are stable unti! the indicated expiry date.

ty: The test kit has to be stored at a
Il test ki |

Emmﬁmawm,cowmn__um:m:ﬁmmav_mw.om__cqmwoﬂm_oonqo_mmuaiogmﬁmq Bwoﬁovmm,ﬂmmﬁvmmrof_avm
handled as infectious waste. All reagents must be dispo th iccal disposal
regulations.

sed of in accordance w

Warning: The calibrators and controls of human origin have tested negative for HBsAg, ant-HCV,
anti-HIV-1 and anti-HIV-2. Nonetheless, all materiais should be treated as being a poten
hazard and should be handled with cara. Same of the reacents j

‘1 , .S(( care JSeme citheyieagents,
deciarabie concentration. Avoid skin contact.

in the agent sod
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Preparation and stability of the patient samples

Samples: Human serum or EDTA, heparin or citrate plasma

y: Patient samples to be investigated can generally be stored at +2°C to +8°C for up to
14 days. Diluted samples should be incubated within one working day.

Introduction: Before the determination of specific antibedies of class IgM, antibodies of class 1gG
should be removed from the patient sample: This procedure must be carried out in order to prevent any
rheumatoid factors from reacting with spec fically bound IgG, which would lead 1o false positive igM test
qmmc._.u_m_ and 1o prevent that specific IgG displace IgM from the antigen, which would lead to false Igivi
negative test results.

Functional principle: The sample buffer (green coloured!) contains an anti-human antibody preparation
from goat. IgG of a serum or plasma sample is bound with high specificity by these antibodies and preci-

tated. If the sample also contzins rheumatoid factors, these will be absorbed by the IgG/anti-human
1gG complex.

Separation properties:

- AlllgG subclasses are bound and precipitated by the anti-human IgG antibodies.

- Human serum IgG in concentrations of up to 15 mg per ml are removed (average serum IgG concen-
tration in adults: 12 mg per ml).

- Rheumatoid factors are also removed.

- The recovery rate of the IgM fraction is almost 100%

Performance: The patient samples for analysis are diluted 1:101 with green coloured sample buffer.
For example, add 10 Hl sample to 1.0 ml sample buffer and mix well by vortexing. Sample pipettes are
not suitable for mixing Incubate the mixture for at least 1

SrmDaratire (44050 1o
wies at room temperature (+18°C fo

+25°C). Subsequently, it can be pipetted into the microplate wells according to the pipetting protocol.

Notes:
- b:.w_noa_mm of the class IgG should not be analysed with this mixture.
- It 18 possible to check the efficacy of the IgG/RF absorbent for an individual patient sample by

performing an 1gG test in parallel to the IgM test using the mixture. If the IgG test is negative, the IgM
result can be considered as reliable,

- The calibrators and controls are ready for use, do not dilute them

Medai
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incubation

For semiguantative analysis incubate calibrator 2 along with the positive and negative controls and
patient samples. For quantitative analysis incubate calibrators 1, 2 and 3 along with the positive and
negative controls and patient samples.

(Partly) manual test performance

Sample incubation: Transfer 100 pt of the calibrators, positive and negative controis or diluted
(1% step) patient samples into the individual micropiate wells according to the pipetting

protocol. Incubate for 30 minutes at room temperature (+18°C to +25°C).

Washing: Manual: Empty the wells and subsequently wash 3 times using 300 pl of
working strength wash buffer for each wash.
Automatic: Wash the reagent wells 3 times with 450 pl of working strength
wash buffer (program setting: e.9. TECAN Columbus Washer "Overflow
Modus”)

Leave the wash buffer in each wall for 30 to 60 seconds per washing cycle,
then empty the wells. After washing (manual and automated tests),
thoroughly dispose of all liquid from the microplate by tapping it on absorbent
paper with the openings facing downwards to remove all residual wash buffer.

Note: Residual liquid (> 10 pl) remaining in the reagent wells after washing
can interfere with the-substrate and lead-to false low extinction values.

Insufficient washing (e.g. less than 3 wash cycles, too small wash buffer
volumes, or too_short_residence times) can_lead_to_false high_extincti

w2, MY SNV TESIUCTICE | [o}

values,
Free positions on the microplate strip should be filled with blank wells of the
same plate format as that of the parameter to be investigated.

Conjugate incubation:  Pipette 100 ul of enzyme conjugate (peroxidase-labelled anti-human IgM} into
(2" step) each of the microplate wells. Incubate for 30 minutes at room temperature
(+18°C to +25°C).

Washing: Empty the wells. Wash as described above.

Substrate incubation:  Pipette 100 ul of chron of the micropiate
(3" step) wells. Incubate for 15 minutes at room +18°C to +25°C),

protect from direct sunlight.

=3
Q
o
[}
3
Q

Pipette 100 pl of stop solution into. each of the microplate wells in the-same
order and at the same speed as the chromogen/substrate solution was intro-
duced.

Measurement: Photometric measurement of the colour intensity should be made at a
wavelength of 450 nm and a reference wavelength between 620 nm and
650 nm within 30 minutes of adding the stop solution. Prior to measuring,
carefully shake the microplate to ensure a homogeneous distribution of the
-—selution:- —-———-—— -
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Test performance using fully automated analysis devices

Sample dilution and test performance are carried out fully automatically using an analysis device. The
incubation conditions programmed in the respecti ve software authorised by EUROCIMMUN may deviate
slightly from the specifications given in the ELISA test instruction. However, these conditions were
validated in respect of the combination of the EURGIMMUN Analyzer |, Analyzer 1-2P or the DSX from
Dynex and this EUROIMMUN ELISA. Validation documents are available on enquiry.

Automated test performance using other fully automated, open system analysis devices is possible.
However, the combination should be validated by the user.

Pipetting protocol

1 Z 3 4 & [ s 8 w1z

alcz|PFe|Pp1alpoz n___U 4|P1z| P20

8 |pos |P 7|F15|P23 cz2|p s(epia|pm:

Clneg [P 8|P16| P24 | ica|pslrPia|pPpa T
olp 1|e s|lpi? pos [P 7| P1s| P23

E|p 2|Pi0|P1s neg | P B[ P16l Pos
Flrp3lpii|rie PP oolri7

G|P alrp1z|P2o P 2[pi0| P18

Hip sipi3|pa | P alpit|pig

The pipetting protocol for microtiter strips 1-4 is an example of the semiguantitative determination of
antibodies in 24 patient samples (P 1 to P 24).
The pipetting pratocol for microtiter strips 7-1C is an example of the
antibodies in 24 patient samples (P 1 to P 24).

uantitative determination of

Calibrators (C 1 to C 3), positive (pos.) and negative {neg.) control as well as the patient samples have
been incubated in one well each. The retisbility of the ELISA test can be improved by duplicate deter-
minations of each sample

The weils can be broken off individually from the strips. This makes it possible to adjust the number of
fest substrates used to the number of samples to be examined and minimises reagent wastage.

Both positive and negative controls serve as internal controls for the relfiability of the test procedure.
They should be assayed with each test run

Calculation of results

Semiquantitative: Results can be evaluated semiquantitatively by calculating a ratio of the extinction
value of the control or patient sample over the extinction value of calibrator 2. Calculate the ratio
according to the following formula

Extinction of the conirol or patient sample
Extinction of calibrator 2

= Ratio

EUROIMMUN recommends interpreting results as follows:

Ratio <0 8 negative
Ratio >0.8 to <11 borderline
Ratic 211 positive

Medizinische

mcmo__/\__/\_cz Labordiagnostika H

AG

Quantitative: The standard curve from which the concentration-of antibodies inthe patientsamples cam
be taken is obtained by point-to-point plotting of the extinction vaiues measured for the 3 calibrators
against the corresponding units (linearflinear). Use “point-tc-point” plotting for calcuiation of the standard
curve by computer. The following plot is an example of a typical calibration curve. Plzase do not use this
curve for the determination of antibody concentrations in patient samples

2.000
1.800
1.600
1.400
1.200
1.000
0.800
0.600
0.400
0.200
0,000

Extinction

0 50 100 150 200
RU/ml

If the extinction for a patient sample lies above the value of calibrator 1 (200 RU/mly, the result should be
reported as ">200 RU/mI". It is recommended that the sample be retested at a dilution of e.g. 1:400. The
result in RU/ml read from the calibration curve for this sample must then be multiplied by a factor
of 4. The upper limit of the reference range of non-infected persons (cut-off value) recommended by
EUROIMMUN is 20 relative units RU/ml, EURQIMMUN recommends interpreting results as foilows:
negative
216 to <22 RU/ml: borderline

222 RU/ml: positive

For duplicate determinations the mean of the two values should be taken. If the two values deviate sub-
stantially from one another, EURQIMMUN recommends to retest the samples.

A negative serological result does not exclude an infection. Particularly in the early phase of an infection,
antibodies may not yet be present or are only present in such small quantities that they are not
detectable. In case of a borderline result, a secure evaluation Js not possible. If there is a clinical
suspicion and a negative test result, we recommend clarification by means of other diagnostic methods
and/or the serological investigation of a follow-up sampie. A positive result indicates that there has been
contact with the pathogen, In the determination of pathogen-specific IgM antipodies, polycional
stimulation of the immune system or antibody persistence may affect the diagnostic relevance of positive
findings. Significant titer increases {exceeding factor 2) andlor seroconversion in a follow-up sample
taken after 7-10 days can indicate an acute infection. To investigate fiter changes, sample and foliow-up
sample should be incubated in adjacent wells of the ELISA microplate within the same test run, For
diagnosis, the clinical picture of the patient always needs to be taken into account along with the
serological findings

Test characteristics

Calibration: As no international reference serum exists for antibodies against Borrelia, the calicration is
performed in relative units (RU)/m|

For every group of tests performed, the extinction values of the calibrators and the relative units and/or
ratio values determined for the positive and negative controls must lie n the limits stated for the
relevant test kit lot. A auality control cerfificate containing these reference values is inciuded 1f the
values specified for the controls are not achieved, the test results may be inaccurate and the iest snouia
be repeated
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ly of the antibodies and the activity of the enzyme used are lemperature-depende t

nended-using & thermostat i three incubation steps. The higher the rcom
iemperature (+18°C to +25°C) during the incubation sieps, the greater will be the extinction values.
Corresponding variations apply also to the incubation
However, the calibrators are subject to the same influences, with the resuit that such variations wil! be
largely compensated in the calculation of the result.

Antigen: The antigen source is provided by particularly suitable Borrelia strains (Borrelia burgdorferi
sensu stricto, Borrelia afzelii and Borrelia garini ). The cultured bacteria were solubilised using sodium
dodecyl sulphate. The used antigen mixture contains all relevant proteins.

Linearity: The linearity of the Anti-Borrelia ELISA (IgM} was determined by assaying 4 serial dilutions of
different patient samples. The coefficient of determination R? for all sera was > 0.95. The Anii-Borrelia
ELISA (ight} is linear at least in the tested concentration range (3 RU/mito 177 RU/ml)

Detection fimit: The lower detection limit is defined as the mean value of an analyte-free sample pius
three times the standard deviation and is the smallest detectable antibody titer. The lower detestion
of the Anti-Borrelia ELISA (IgM) is 1.3 RU

Cross reactivity: Cross reactivity of the Anti-Borrefia ELISA (lgM) was evaluated in a study performed
an 263 patient sera with antibodies against Treponema pallidum and 18 patient sera with antibodies
against Leptospira, 26 sera of the Anti-Treponema pallidum-positive sera and 3 sera of the Anti-
Leptospira-positive sera presented reactivity. Therefore, the cross reactivity amounts to 9.9% and
16.7%, respectively. Cross reactions with antibodies against other spirochaetes cannot be excluded. The
Anti-Borrelia ELISA is designed as a screening test which should be followed by a confirmatory test
(Western- or line biot). Further sera from patients with different possible influencing factors were
investigated, An overview of these results can be found in the following table

Fossibie influencing factors n Anti-Borrelia _.m_.m.m.b.:ag positive
Acute EBV infection 27 0%
Anti-CMV__ 19 ] 0%
{Anti-Measles vi 13 0%
| Anti-Mumps virus 2 ) 0%
Anti-Toxoplasma gond 14 0%
Anti-VZV 15 0%
Anti-Rubella virus 10 0%
5 0%
7 0%
8 0%
4 0%
. 45 - 0% |
Rheuma factor 39 0% -
.ch_‘o_om_o& diseases | 54 1.9%

erference: Haemoiytic, lipaemic and icteric samples showed no influence or the result up to a con-
centration of 1C mg/ml for haemoglobin, 20 mg/ml for triglycerides and 0.4 mg/ml for bilirubin in this
ELISA
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Reprodicib

- The reproducibility of the test was investigated -by-determining-the -
assay coefficients of variation {CV) using 3 sera. The intra-assay CVs are based on 20 determinations
ang the inter-assay CVs on 4 determinations performed in 6 different test runs.

Intra-assay variation, n =20 Inter-assay variation,n =4 x 6
Serif _ Mean value Ccv Serum Mean vaiu cv
| (RUm) (%) i (%)
1 75 4.3 1 6.9
2 | 103 2.9 2 6.2 B
3 | 115 34 3 4.7

Specificity and sensitivity: Sera from 150 patients with suspected borreliosis were analysed using the
EUROIMMUN Anti-Borrelia ELISA (IgM) and the EUROIMMUN Anti-Borrelia burgdorferi Westernblot
(IgM) as a reference method. The test showed a specificity of 96.4% and a sensit ity of 100%.

_EUROIMMUN Westernblot
negative
4

06 i

ELISA e e i S A2

N
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Clinical study: 138 patients with ically characterised borreliosis in different disease stages were
screened with the Anti-Borrelia plus VISE-ELISA (IgG) and Anti-Borrelia-ELISA (IgM). Sensitivities
between 89-96% were found.

EUROIMMUN Anti-Barrelia plus VISE-ELISA (laG),
n=138 EUROIMMUN Anti-Borrelia-ELISA (IgM)
| 1gG positive _ igM positive 19G und/oder IgM
| | positive
| erythema migrans, |
n=97 60 | 68 86 (88.7%)
mono- or poly-a | _
n=26 22 | 5 _ 25 (96.2%)
neuroborreliosis, [
| n=15 13 " 4 | 14 (93.3%)

All ELISA negative results were confirmed as negative by an Anti-Borrelia Westernblot

Reference range: The ievels of the anti-Borrelia antibodies (IgM) were analysed with this EUROIMMUN
ELISA in 500 healthy biood donors. With a cut-off of 20 RU/m!, 1.6% of the blood donors were anti-
Borrelia positive (IgM).

Clinical significance

The history of Lyme disease, a contagious condition caused by Borrelia burgdorferi and transmitted to
man by ticks, offers infectiologists a formidabie le sson on how medidine progresses, Clinical description
started in Europe at the turn of the 19"/20" century with Pick's description of what was then !abelled
chronic atrophic acrodermatitis. Fifty years later, Hauser noted the affection was transmitted by ticks.
independently, Afzelius, then Lipschutz, described erythema migrans and its relationship with tick bites.
Neurological —involvement—was also- described —with—the skin signs. These early dermaiological
descriptions suddenly came into the limelight in 1975 when an epidemia of arthritis eccurred in chiidren
in Lyme. Connecticut, USA. Many of the affected children had erythema migrans. Based on these obser-
vations and an epidemiclogical analysis of the epidemia, Steele and co-workers defined "Lyme disease"
as a rheumataiogical disorder commonly associated with erythema migrans and sometimes with multipie
organ invalvement. In 1982 Burgdorfer suggested that ticks transmitted “Treponema-like spirochagtes”,

which were later authentified as the causal agent: Borralia burgdorferi,
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Borrelia burgdorieri as a species of bacteria is belonging to the spirochaetaceae family. This family
includes five genera: borrelia, spirochaetss, cristisgira, freponema and leptospira. Among about 30 tick
species feeding on humans, Ixodes ricinus is the most frequent tick species biting humans in Europe. It
is the vector of Borrelia burgdorferi, which causes Lyme disease, of anaplasma phagocytophilum and the
tick-borne encephalitis virus. | ricinus ticks pass through three developmental stages: larvae, nymphs
and adults (females and males). The density of this tick species can be very high, reaching in some
places more than 300 ticks/100 m? Lyme borreliosis is the most frequent tick-fransmitted disease in the
northern hemisphere. In Europe, especially in Central Europe and Scandinavia there are up to 155
cases per 100,000 individuals caused by the species B. burgdorferi sensu stricto, B. afzelii, and
B. garinii {in rare cases also by B. spigimanii and B. bavariensis). The human seroprevalence rate of
antibodies against Borrelia burgdorferi in the normal popu-tation of Germany and other Central European
countries is about 8% (for IgG); in highly endemic areas even considerably higher with ranges from 18%
o 52%._ In East Asia, €.g. in an endemic area in China, the seroprevalence amounts to 26%. Persons

working in the area of forestry display anti-Borrelia antibodies in about 40%, hunters in more than 50% of
cases

A Borrelia burgdorferi infection can manifest itself in the areas of dermatology, neurology, ophthal-

mology, rheumatology and internal medicine. The clinical expression of borreliosis can be divided into

three stages:

Stage I' The typical primary manifestation of a Borrelia burgdorferi infection is erythema migrans (80%),
a reddening of the skin which appears around the area of the tick bite and spreads in a circular manner
The erythema is accompanied by influenza-like general symptoms with fever. shaking chill, headaches
and vomiting. Lymphadenopathies are observed in a few cases (lymphadenosis cutis benigna). The
leading clinical types of the erythema-free borreliosis (20%) are neurological, arthromyalgic, influenza-
like, cardiovaseuiar borreliosis and borrefiosis with hepatitis, with regional lymphadenitis and mixtures of
lhese. Stage | can result in spontaneous healing or can develop into 2 generalised borreliosis. The

fransition phase is generally symptom-free. IgM antibodies against Borrelia burgdorferi can be detected
serologically in 50% to 90% of patients ing stage | Humans croduce b

=age Gits ProGUce 1

against the outer surface protein C (OspC) shorily after infection with Barrelia burgdorferi. The main
antigen VIsE, which is exciusively expressed in vi vo, is the most sensitive antigen for IgG antibody
detection, whereas OspC is the most sensitive antigen for iaM antibody detection.

tage II: A variety of symptoms can develop several weeks to some months afier recelving the tick bite.
in the foreground of these are neurological manifestations: meningitis, encephalitis, asymmetric poly-
neuritis, cranial nerve pareses, Bannwarth's lym phoeytic meningoradiculoneuritis. One of the maost
frequent neurological symptoms of borreliosis in children is the peripheral facial palsy. Usually the
paresis of the facial nerve appears on one side and after several weeks on the opposite side. Also
arthritis, particularly of the knee joints, and nan-localised pains in the bones, joints and muscles are
frequently found. Less frequently are cardiclogical manife stations such as myocarditis and pericarditis.
Antibodies against Borrelia burgdorferi can be detected in 50% o 90% of patients in stage I, In the early
phase of this stage mainly IghM antibodies are found but in the late phase often only 19G antibodies
occur. However, IgM antibodies can persist for 2 long time. By addgitionally determining antibodies
against VIsE the serological hit rate can be increased oy 20% to 30%. VIsE displays the highest sensi-
tivity of all antigens tested for IgG detection.

Stage |ll: The typical manifestations of a Borrelia burgdorferi infection in stage [ll are chronic-relapsing
erosive arthritis, acrodermatitis chronica atrophicans and progressive encephalomyelitis, which can
proceed in a similar way to multiple sclerosis. Wit hout ireaiment, the tertiary stage can develop over a
period of years to decades after the original infection. In this stage. I9G antibody titers are significantly
increased in 90% to 100% of patients, while Igh antibodies are only rarely detectable.

\\;ub_rﬂrmfmhm@m«uw_m\oT._mmacoﬂ_.m:oﬂm_lﬁj‘mdﬂm‘wﬂ_%ﬁ antibodies in cerebrospinal fluid is of decisive

_Bwonm:om and far superior {o serological testing. An antibody index (Al) discriminates between a blood-
derived and a pathological, brain-derived specific antibody fraction in cerebrospinal fluid (CSF) and takes
to account individual changes in the blood/CSF barrier function
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Various-technigues come-into questionfor the detection of antibodies against Borrelia burgdorier
ELISA, indirect immunofiucrescence (IIFT), passive haemagglutination anc immunoblot Generally,
ELISA or lIFT are used as screening test for preliminary characterisation of the serum sample. According
fo guidelines in the USA and in Germany, serological diagnosis should follow the principle of & two-step
procedure: ELISA or indirect immunofiucrescence (IIFT) as a first step, which, if reactive, is followed by
an immunoblot. In fresh infections it is recommended performing ELISAIIFT and immuno-blot in paratiel
since some weak reactions become detectable eariier in the blot than in the screening test, VIsE. the
most sensitive antigen for IgG antibody detection, and OspC for IgM antibady detection should be
included in the test. By additionally determining antibodies against VIsE the serclogical hit rate can be
increased by 20% compared to whoie exiract Westernblots. OF all recombinant antigens tested, VISE
possesses the highest sensitivity for the detection of a Borrelia infection.
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Seekamp 31, D-23560 Lubeck, Germany

declare Ender our sole responsibility that the WESTERBLOT products

Antl Borrelia burgdorferi-WESTERNBLOT (IgG) DY 2132-#HHt G|
Amtl Borrelia burgdorferi-WESTERNBLOT (IgM) DY 2132-#H4# M|

(product name, order no)

meet the demands of

Directive 98/79/EC on in vitro diagnostic medical devices |
of 27 October 1998 and its transpositions in national laws which apply to iﬁ.
| |

Conformity assessment procedure: Annex l|

_ Lubeck, 04.10.2016 A §X%Af / /

(Place and date of issue)  Dr. Wolfgang Schiumberger Susanne Aleksandrowicz |
- Member of the Board - - Member of the Board -
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Test characteristics
Measurement range: The Westernblot is a qualitative method, No measurement range is provided
Inter- and intra-assay variation: The inter-assay variation was determined by multiple analyses of
characterised samples over several days. The intra-assay variation was determined by multiple analyses
of charactensed samples cn one day. In every case, the intensity of the bands was within the specified
range. This Westernblot displays excellent inter- and intra-assay reproducibility.

interference: Haemolytic, lipaemic and icteric sera showed no effect on the analytical results

Prevalence: Sera from 156 clinically characterised patients and 517 healthy blood donors were
investigated with the EURCIMMUN Anti-Borrelia burgdorferi-Westernblot.

Prevalence
Clinically characterised sera n laG IgM laM/IgG
 Erythema migrans 108 64% 67% 84%
| Neuroborreliosis 32 85% 44% 88%
Arthritis 10 100% 30% 100%
Acrodermatitis 6 83% 50% 100%
Prevalence
Serum samples n IaG lgM
| Healthy blood donors * 517 5% 4%

"MEdical University of Luebeck

The prevalence of anti-Borrelia antibodies from the healthy blood donor samples agrees with the values
from literature [14].

Cross reacii : The quality of the artigen used (whole antigen, SDS extract) and the antigen source
{Borrelia burgdarferi sensu stricto) ensure high specificity of the Westernbiot. The determination of cross
reactivity is not necessary with the Westernblot since specific reactions and unspecific or cross
reactions can be differentiated directly with this test system.

Clinical significance

The history of Lyme disease, a contagious condition caused by Borrelia burgdorferi and transmitted to
humans by ticks, offers infectiologists a formidable lesson on how medicine progresses. Clinical
description started in Europe at the turn of the 19 /20" century with Pick's description of what was then
labelled chronic atrophic acrodermatitis. Fifty years later, Hauser noted the affection was transmitted by
ticks: Independently, Afzelius, then Lipschutz, described érythema migrans and its relationship with tick
bites. Neurological involvement was also described with the skin signs. These early dermatological
descriptions suddenly came into the limelight in 1975 when an epidemia of arthritis occurred in children
in Lyme. Connecticut, USA Many of the affected children had envthe ns. Based on ihese

SaSu U rer nau crywigeinga i
observations and an epidemiological analysis of the epidemia, Steele and co-workers defined "Lyme
disease" as a rheumatological disorder commonily associated with erythema migrans and sometimes
with muliiple organ involvernent. In 1982 Burgdorfer suggested that ticks transmitted “"treponema-like
spirochaetes’, which wers later authentified as the causal agent: Borrelia burgdodferi. . ___
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Borrelia burgdorferi as a species of bacteria is belonging o the spirochaetaceas far This family
includes five genera: Borrelia, spirochetes, cristispira. treponema and leptospira. Among about 30 tick
species feeding on humans, Ixodes ricinus is the most frequent tick species biting humans in Europe
tis the vector of Borrelia burgdorferi, which causes Lyme disease, of anaplasma phagocytophilum and
the tick-borne encephaliis virus. |, ricinus ticks pass through three developmental stages: farvae,
nymphs and adults (females and males). The density of this tick species can be very high, reaching in
some places more than 300 ticks/100 m*. Lyme borreliosis is the most frequent tick-fransmitied disease
in the northern hemisphere. In Eurcpe, especially in Central Europe and Scandinavia there ares up to 155
cases per 100,000 individuals caused by the species B. burgdorferi sensu stricto, B. afzelii, and
B. garinii. The human seroprevalence rate of antibodies against Borrelia burgdorfer in the normal
population of Germany and other Central European countries is about 8% (for 1gG); in highly endemic
areas even considerably higher with ranges from 18% to 52%. In East Asia, e.g. in an endemic area in
China, the seroprevalence amounls to 26%. Persons working in the area of forestry display anti-Borrelia
antibodies in about 40%, hunters in more than 50% of cases.

A Borrelia burgdorferi infection can manifest itself in the areas of dermatology, neurology, oph-
ology, rheumatoiogy and internai medicine. The clinical expressicn of borreliosis can be divided
into three stages:

Stage I: The typical primary manifestation of a Borrelia burgdorferi infection is erythema migrans (80%),
a reddening of the skin which appears around the area of the tick bite and spreads in a circular manner.
The erythema is accompanied by influenza-like general symptoms with fever, shaking chill, headaches
and vomiting. Lymphadenopathies are observed in a few cases (lymphadenasis cutis benigna). The
leading clinical types of the erythema-free borreliosis (20%) are neurological, arthromyalgic, influenza-
like, cardiovascular borreliosis and borreliosis with hepatitis, with regional lymphadenitis and mixtures of
these. Stage | can result in spontaneous healing or can develop into 2 generalised borreliosis. The
transition phase is generally symptom-free. igM antibodies against Borrelia burgdorferi can be detected
serologically in 50% to 90% of patients during stage |. Humans praduce highly specific antibodies
against the outer surface protein C (OspC) shortly after infection with Borrelia burgdorferi. The main
antigen VIsE, which is exclusively expressed in vivo, is the most sensitive antigen for IgG antibody
detection, whereas OspC is the most sensitive antigen for igh antibody detection.

Stage Il A variety of symptoms can develop several waeks 1o some months after receiving the tick bite.
In the foreground of these are neurological manifestations: meningitis, encephalitis, asymmetric
polyneuritis, cranial nerve pareses, Bannwarth's ly mphocytic meningoradiculoneuritis. One of the most
frequent neurological sympioms of borreliosis in children is the peripheral faclal palsy. Usually the
paresis of the facial nerve appears at one side and after several weeks on the opposite side. Also
arthritis, particularly of the knee joints, and non-localised pains in the bones, joints and muscles are
frequently found. Less frequentiy are cardiological manife stations such as myocarditis and pericarditis.
Antibodies against Borrelia burgdorferi can be detected in 50% to 90% of patients in stage 1. In the early
phase of this stage mainly IgM antibodies are found but in the lste phase often only IgG antibodies
occur. However, IgM antibodies can persist for a long time. By additionally determining antibodies
against VisE the serologicsl hit rate can be increased by 20% to 30%. VisE displays the highest sensi-
tivity of all antigens tested for IgG detection.

Stage fll: The typical manifestations of a Borrelia burgdorferi infection in stage ronic-relapsing
erosive arthritis, acrodermatitis chronica atrophicans and progressive encephalomyelitis, which can
proceed in a similar way to multiple sclerosis. Wit hout treatment, the tertiary stage can develop over a
period of years to decades after the original Infection. in this stage, IgG antibody titers are significantly
increased in 90% to 100% of patients, while IgM antibodies are only rarely detectable.

For the diagnosis of neuroborreliosis, the determination of antibodies in cerebrospinai fluid is of decisive
importance and far superior to serological testing. An antibody index (Al) discriminates between a blood-
derived and a pathological, brain-derived specific antibody fraction in cerebrospinal fluid (CSF)-and takes
intc account individual changes in the blood/CSF barrier function.

ay



EUROIMMUN

Various fechniques come into question for the detecti
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to guidelines in the USA and in Germany, serological diagnosis should follow the principle of a two-step

procedure: ELISA or indirect immunofiucrescence

T) as a first step, which, if reactive, is followed by

an immunoblot. In fresh infections it is recommended performing ELISA/IIFT and immunoblot in paraliel
since some weak reactions become detectable earlier in the blot than in the screening test. VISE, the

most sensitive antigen for IgG antibady detection, and OspC for igM antibody detection should be
included in the test. By additionally determining antibodies against VISE the serological hit rate can be
increased by 20% compared to whole extract Westernblots. Of all recombinant antigens tested, VISE
possesses the highest sensitivity for the detection of 2 Borreiia infection.
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Anti-Borrelia burgdorferi-WESTERNBLOT dgM)

Test instruction

| ORDERNO. ANTIBODIES AGAINST | |G CLASS | SUBSTRATE FORMAT |
DY 2132-3001 M Borrelia burgdorferi | TaM _ Antigen coated 30x01(30) |
| DY 213224001 M {complete antigens) g | membrane strips | 240 x 01 (240)

Indication: The Westernblot test kit provides a qualitative in vitro assay for human autoantibodies of the
immunoglobutin class IgM against Barrelia in serum or olasma for the diagnosis of Lyme barreliosis.
Associated diseases: Erythema chronicum migrans, lymphadenocsis cutis benigna, acrodermatitis
chronica atrophicans, arthritis, carditis. lymphoeytic meningoradiculoneuritis and neurobarreliosis.

Principies of the test: The test kit contains test strips with electrophoretically separated antigen extracts
of Borrelia burgdorferi. The biot slrips will be blocked and incubated in the first reaction step with diluted
patient samples. In the case of positive samples, specific antibodies of the class IgM (and IgA, 1gG) w
bind to the antigens. To detect the bound antibodies, a second incubation is carried out using an
enzyme-labelied anti-human IgM (enzyme conjugate) catalysing a colour reaction

Contents of the test kit:

| Campornent Format Format Symbol
1. Test strips
Single strips with electrophoretically 30x1 240 x 1 [ETRIPS]

separated Borrelia burgdorferi antigens
2. Evaluation matrix with contr
Test strip incubated with a po 1 pattern U=l — —
serum per test strip lot
3. Enzyme conjugate
Alkaline phosphatase-labeiled anti-human 2x3ml 16 x3ml CONJUGATE 10x
IgM (goat), 10x concentrate
4. Universal buffer

10x concenirate 1 %100 ml [BOFFER %K)
5. Substrate solution
Nitroblue tetrazolium chioride/5-Bromo-4- [SUBSTRATE
chloro-3-indolylphosphate (NBT/BCIP), | 30 m! Bus0mi \SLIBSTRATE
ready for use
6. Adhesive fo - 8 sheets
7. Testinstruction 1 booklet | 1 booklet - |
[LOT| Lot description - A Storage temperature
[VD] _In vitro diagnostic medical device (¢ = Unopened usable until

. .

kit has to be stored at a temperature between +2°C to +8°C, do not
n

v Th
A T
test kit compoenents are stable until the indicated expiry date.

{ ne

Storage and stabitity
freeze. Unopened. all
Waste disposal: Undiluted patient samples and incubated blot strips should be handled as infectious

waste. Other reagents do not need tc be coliected separately, uniess stated otherwise in official
regulations.
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The foliowing components are-not provided
respective order numbers.

Performance of the test reguires a tion tray:

ZD 9895-0130 Incubation tray with 30 channels (black)

ZD 9898-0144 Incubation tray with 44 channels (black, for the EUROBIotOne and EUROBlotCamera
system)

For the creation of work protocols and the evaluation of incubated test strips using EUROLIneScan
green paper and adhesive foil are required:
ZD 9880-0101 Green paper (1 sheet)

ZD 9885-0116 Achesive foil for approx. 16 test

2D 9885-0130 Adhesive foil for approx. 30 test strips

If a visual evaluation is to be performed in individual cases, the required evaluation protocol can be
ordered under: ZD 2132-0101 Evaiuation protocol visual Anti-Borrelia-burgdorferi-WESTERNBLOT

ne-testkits-but-can-be ordered-at EUROIMMUN TAger the

Preparation and stability of the reagents

Note: The bag containing the olot strips is printed with 2 number in addition to the test kit iot number
This number refers to the sirip batch and is also printed on the cormesponding evaluation template,
These two numbers must malch to ensure correct evaluation of test results,

All reagents must be brought to room temperature (+18°C to +25°C) approx. 30 minutes before use
Unopened, reagents are stable until the indicated expiry date when stored at +2°C to +8°C. After initial
opening, reagents are stable for 12 months or until the expiry date, if earlier, unless stated otherwise in
the instructions. Opened reagents must also be stored at +2°C to +8°C and protected from
contamination

- Coated test strips: Ready for use. Open the packing with the test strips only when the sirips have
reached room temperature to prevent condensation on the strips. After removal of the strips the
packing should be sealed tightly and stored at +2°C to +8°C. To ensure correct evaluation of results,
the lot number on the bag must match the lot number on the strips as well as on the evaluation
matrix.

- Enzyme conjugate: The enzyme conjugate is supplied as a 10x concentrate. For the preparation of
the ready for use enzyme conjugate the amount required should be removed from the bottle using a
clean pipette and diluted 1:10 with ready for use diluted universal buffer. For 1 test strip
ml anti-human IgG concentrate with 1.35 mi ready for use diluted universal buffer. The ready for use
diluted enzyme conjugate should be used at the same working day

- Universal buifer: The universal buffer is supplied as a 10x concentrate. For the preparation of the
ready for use universal buffer the amount required should be removed from the bottle using a clean
pipette and diluted 1:10 with deionised or distilled water. For the incubation of 1 test sirip 1.5 ml
buffer concentrate should be diluted with 13.5 mi deionised or distilied water. The ready for use
diluted universal buffer should be used at the same working day

- m:.om:‘mﬁ solution: Ready for use. Close bottie immediately after use, as the contents are sensitive
to light .

Warning: The control of human origin has tested negative for HBsAg, anti-HCV, anti-HIV-1 and anti-
HIV-2. Nonetheless, all materials should be treated as being a potential infection hazard and should be
handled with care. Some of the reagenis contain the agent sodium. azide -n a2 non-declarable -
concentration. Avoid skin contact.

n
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Preparation and stability of the serum or plasma sampies

Sample mater

* Human serum or EDTA, heparin or citrate plasma.

Stability: Patient samples to be investigated can generally be stored at +2°C to +8°C for up to 14 days
Diluted samples sheuld be incubated within one working day,

Sample dilution: The patient samples for analysis are diluted 1:51 in ready for use diluted universal
buffer. For example, add 30 ul of sample to 1.5 mi ready for use diluted universal buffer and mix well by
vortexing. Sample pipettes are not suitable for mixing.

Blocking:

Sample incubation:
(1% step)

Wash:

Conjugate incubation:

(2" step)

Wash:

Substrate incubation:

(39 step)

Stoppina:

Incubation

According to the number of serum samples to be tested fill each channel of the
incubation tray with 1.5 ml ready for use diluted universal buffer and a blat
strip. Remove the required amount of biot s ips from the packing using a pair
of tweezers. The number on the test strip should be visible

Incubate for 15 minutes at reom temperature (+18°C to +25°C) on a Tocking
shaker. Afterwards aspirate off all the liguid.

Fill each channel with 1.5 ml of the diluted serum samples and incubate at
room temperature (+18°G to +25°C) for 30 minutes on a rocking shaker.

Aspirate off the liquid from each channel and wash 3 X 5§ minutes each with
1.5 ml working strength universai-buffer om a rocking shaker.

Pipette 1.5 ml diluted enzyme conjugate (alkaline phosphatase-conjugated
anti-human IgM) into each channel and incubate for 30 minutes at room
temperature (+18°C to +25°C) on a rocking shaker.

Aspirate off the liquid from each channel. Wash as described above

Pipette 1.5 ml substrate solution into the channels of the incubation tray.
Incubate for 10 minutes at room temperature (+18°C to +25°C) on a rocking
shaker.

and wash each strip 3 x 1 minute

For automated incubation with the EUROBIotMaster select the program Euro02 Inf WE30

For automated _‘:Q_Um:o‘: with the EUROBIotOne select the program Eurc 01/02

Medizinische
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EUROIMMUN

Anti-Borrelia-burgdorferi WESTERNBLOT (IlgM)

Incubation protocol

Blocking

Put the biot strip and 1.5 ml ready for use diluted universal
buffer inlo Lhe incubalion channel

15 min
Shake
II\

1. Step: Sample incubatio
Aspirate off, pipefte 1.5 ml of d
the incubat

N =X

Wash

Aspirate off, wash 3 x 5 min with 1.5 m! working sirength
universal buffer each - -

2. Step: Conjugate incubation

Aspirate off, pipetie 1.5 ml of enzyme conjugate (1:10) into the
incubation channel

30 min
Shake

Wash

Aspirate off, wash 3 x 5 min with 1.5 mI working strength
universal buffer each

3. Step: Substrate incubation

Aspirate off, pipette 1.5 ml of substrate solution into the
incubation channei

10 min
Shake

Stopping

Aspirate off, wash each strip 3 x 1 minute with deionised or
distilled water

Evaluation

EUROLIneScarn (digeal)
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~ 7 7 " Anti-Borrelia-burgdorferi WESTERNBLOT (igh) [40]
Category |Antigens
1 _O_.owm.qmmo:.:o and undefined antigens with the molecular mass 17 kDa, 28 kDa,

Evaluation and Interpretation of the results of the . o Specificily EMment@mnmm@oﬂ%m‘gamﬂ%&%@mjmromj‘dmdma:ﬁc‘md‘aamd into three categories ~

Handling: For evaluation of incubated test strips we generally recommend usmng the EUROLineScan

software. After stopping the reaction using deicnised or distilled water place the incubated test strips 32 kDa, 43 kDa, 47 kDa, 50 kDa, 57 kDa, 59 kDa, 62 kDa and 75 kDa.
onto the adhesive *o__ of the green work protocol using a pair of tweezers. The position of the test strips 2 A genus-specific antigen with a molecular mass of 41 kDa (flageliin).
can cm_ corrected while _w._.wu_, are wet. As soon as all test sirps have been u_mnm.a anto the naﬂno_. they 3 Species-specific and highly specific antigens with the molecular mass 18 kDa, 21722
should be pressed hard using filter paper and left to air-dry. After they have dried, the test strips will be kDa, 25 kDa, 31 kDa, 34 kDa, 39 kDa and 83 kDa,
stuck to the adhesive foil. The dry test strips are then scanned using a flatbed scanner {EUROIMMUN
AG) and evaluated with EUROLineScan. Alternatively, imaging and evaluation is possible directly from IgG class antibodies against Berrelia burgdarferi
the incubation trays (EUROBIoitCamera ang EUROBIotOne). For general information sbout the interpretation of results: In order to evaluate the signals, the band positions and intensity of staining
EUROLineScan program please refer to the EUROLineScan user manual (EURCIMMUN AG). The code must be taken into consideration, as negative sera sometimes produce weak signals in individual bands.
far entering the Test in EUROLineScan isB.b._WB_lgm. Based on experience, the results of the Borrelia burgdorferi WESTERNBLOT test can be divided into
. . . i negative, borderline and positive results.
If a visual evaluation must be performed in exceptional cases, hold the evaluation matrix next to the
stuck-on blot strips and position it so that the biack band above the number on the biot strips lines up Result Characteristics
with the alignment bar of the evaluation matrix. The lot number on the evaluation matrix must match | Negative No bands. or weak intensities of some antigens from categories 1 and 2.
the lot number on the blot strips. Clearly recognisable bands on the biot strips which concur with the Borderline |A distinctive band from category 3 (antigens in category 3 are shaded grey in the evalua-
labelled bands on the evaluation matrix are noted in the evaluation protocol. tion protocoll) and several distinctive signals from categories 1 and 2
¥ ; i ; ) It is recommended that a new sample be taker and the test repeated after a few wesks.
Antigens: The antigen source for the EUROIMMUN Anti-Borrelia-burgdorferi WESTERNBLOT is pro- Positive Mare than one disfinctive band from category 3 (antigens in category 3 are shaded grey
vided by a particularly suitable Borrelia burgdorferi strain [2, 3]. The cultured borrelia have been solubi- in the evaluation on 1 i H ; 4
iy : 4 £ iz 4 : : i protocoll). In addition, and particularly in the case of patients in the late
lised using sodium dodecy! sulphate followed by a separation of the solubilised protein using discontinu- stage of the di numerous bands from categories 1 and 2 can be observed
ous polyacrylamide gel electrophoresis according to molecular mass and transfer of the separated pro- : -
teins to nitrocellulose. From each test kit, 2 cont rol test strips have been removed and incubated with a IgM class antibodies against Borrelia buradarferi
reference serum. One of these stained strips is included in the kit. the other remains with EUROQIMMUN Interpretation of results: In order to evaluate the signals,- the band positions and intensity of staining
for documentation purposes. Diagnostically relevant antigens have been characterised with monoconal must be taken into consideration. The results of the Borrelia burgdorferi WESTERNBLOT test can be
reference antibodies from the German National Reference Laboratory for Borreliae [39]. divided into negative, borderiine and positive results.
. y o - In the early phase of a Borrelia infection IgM antibodies are typically directed against Osp C
ity of the antigens on the test strips: [41, 42, 43] (p 25). IgM antibodies against other specific Borrelia antigens are not considered definiive
Antigen . . Specificity indicators of a fresh Borrelia infaction.
Membrane-vesical protein, p 83 |Degradation product of p 100, high specificity. IgM antibodies against flagellin (p 41) can represent the initial response of the body to Borrelia
Heat shock protein, p 75 Unspecific. burgdorferi. However, an unspecific reaction cannot be excluded, since it is known that antibodies
Heat shock protein, p 82 Unspecific. direcled against other microorganisms cross react with Borrelia burgdorferi flagellin (p 41). For this
57/59 kDa |p 57 and p 59 Unspecific reason, a single band at the position of flagellin (p 41) in IgM detection should not be considered proof of
50 kDa p 50 Unspecific, a fresh infection with Borrelia burgdorferi. If only the flagellin band (p 41) reacts positively, the test should
47 kDa p 47 Probably genus specific. be repeated several weeks later with a fresh blood sample.
43 kDa p43 Unspecific. In the serological investigation of a Borrelia infection the determi ation of antibodie
41 kDa Flagellin, p 41 Genus specific, cross reactivity to other <~m_am, c:o_mm.:. results. IgM antibodies can moam:._.:mm be 8c:a. in serum years after an fection
spirochaetaceae and bacteria having flagelia. following antibiotic treatment. Therefore, the detection of IgM m:ﬁ._coa_ww does not necessarily indicate a
39 kD3 Bmp A, p 38 High specificity wmm.: _:.ﬁmo:o:. A negative IgM result does not exclude a fresh infection. With a second infection, only
34 kDa OspB,p34 Outer surface protein B, high specificity. ~ antibodies of class IgG m:n sl can be formed. ) - : .
32 kDa 032 Unspedific. In the _.m#m stage R coqm__Om_mAm positive _@Z result does not provide any .maa‘_:o:m_ information, ‘acm. to
31 kDa Osp A p 31 Outer surface protein A_Figh Specifict the -antibody -persistence mentioned above. ;_..:m. cause of such *m_mm-oo,m_?m IgM ﬁm.mc:m.onm:. remains
.wm D mw. =X B ] : — 9 .n 2 unclear. They are observed, for example, in infectious mononucleosis, herpes virus infections and
! 2 p chc.z specific, poorly investigated. ; various autoimmune diseases [39]
28kDa  |p28 Unspecific. _ For the diagnosis of a fresh Borrelia infection, a positive IgM result should be confirmed with a positive
25kDa__ |Osp C,p25 Outer surface protein C, high specificity 1gG result using a fresh blood sampie 3-6 weeks later
21122 kDa |p 21/22 High specificity. —
18kDa_ |p 18 Probably specific. Result Characteristics : _
17kDa  |pi7 Poorly investigated. | Negative No antigen bands recognisable or weak intensities of some bands of category 1

\\1‘3\\\!\‘\\ Bordertime —| One antigen band of category 2 {flagellin, p 41) or a weak band of category 3. it is
—~ In“thefower part of the test strip there is a conjugate control membrane chip (IgA, IgG and IgM). Below ﬂmooaam:ama#_mﬁm?mm:mmav_mcmﬁmxm:m:aﬂ:mﬁmw» qmuomﬁmammm_.mﬁms\éooxm

the conjugate control, there is a membrane chip with a control band (Control), Antibodies against Osp C are characteristic for a frash infection.

. L . . . ) Positive Al least one distinctive_band from category 3 {artigens in cate ory 3 are shaded grey in
Attention: A correctly performed determination of antibodies of class IgM against the antigens-deseribed— the evaluation protocoll). Antibodies @mnﬂm:% Owu C are M:m&moﬁmzw:o for % #Mw.:
above is indicated by a posifive reaction of the control band and a positive reaction of the IgM band. infection. s .

fone of th b [ ; Tan or na 8 ; : . . - ) . o
fone of these bands only shows a very weak reaction or none at ali the result is not valic, For diagnosis, the clinical picture of the patient always needs ‘o be taken info account along with the
serological findings.

o
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Test characteristics
Measurement range: The Westernblot is a quaiitative method. No measurement range is provided
Inter- and intra-assay variation: The inter-assay variation was determined by multiple analyses of
characterised samples over several days. The intra-assay variation was determined by multiple analyses

of charactenised samples on one day. In every case, the intensity of the bands was within the specified
range. This Westernblot displays excelient inter- and intra-assay reproducibility.

Interference: Haemolytic, lipaesmic and icteric sera showed no effect on the analytical results.

Prevalence: Sera from 156 clinically characterised patients and 517 healthy blood donors were
investigated with the EUROIMMUN Anti-Borrelia burgdorferi-WESTERNBLOT.

Prevalence
Clinically characterised sera n laG IgM lgM/lgG
Erythema migrans 108 64% 67% B4%
Neuroborreliosis 32 85% 44% 88%
Arthritis 10 100% 30% 100% |
Acrodermatitis 6 83% 50% 100%
Prevalence
[ Serum samples n igG ight
[ Healthy blood donors * 517 5% 4%

"Medical University of Luebeck

The prevalence of anti-Borrelia antibodies from the healthy blood donor samples agrees with the values
from literature [7].

Cross reactivity: The quality of the antigen used (whole antigen, SDS extract) and the antigen source
(Borrelia burgdorferi sensu stricto) ensure high specificity of the Westernblot. The determination of cross
reactivity is not necessary with the Westernbiot, since specific reactions and unspecific or cross
reactions can be differentiated directly with this test system.

Clinical significance

The history of Lyme disease, 3 contagious conditi on, caused by Borrelia burgdorferi, transmitted to
humans by ticks, offers infectiologists a formidatie fesson on how medicine progresses. Clinical
description started in Europe at the tumn of the 18"/20™ century with Pick's description of what was then
iabelled chronic atrophic acrodermatitis [1]. Fifty years later Hauser noted the affection was transmitted
by ficks [1]. Independently, Afzelius, than Lipschutz, described erythema migrans and its relationship
with fick bites. Neurological involvement was also described wilh the skin signs. These earfy
dermatological deseriptions suddenly came into the limelight in 1975 when an epidemic of arthritis
occurred in children in Lyme, Connecticut, USA [1]. Many of the affected children had erythema migrans.
Based on these observations and an epidemiclogical analysis of the epidemic, Steele and co-workers
defined "Lyme disease" as a rheumatological disorder commonly associated with erythema
sometimes with multiple organ involvement. In 19582 Burgdorfer suggested that tick bites transmitted a
Spirochasta which was later authentified as the causal agent: Borrelia burgdorferi [1.2,3]
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Borrelia burgdorfer as a-species-of bacteria is “belonging to the spirochaetaceas far
inciudes five genera: borrelia, spirochaetes, cristi spira, treponema and leptospira. Among about 30 tick
species feeding on humans, Ixodes ricinus is the most frequent tick species biting humans in Europe. It
is the vector of Borrelia burgdorferi which causes Lyme disease, and of the tick-borne encephalitis virus
[4. 5, 8, 7] I. ricinus ticks pass through three developmental stages: larvae, nymphs and adults (females
and males} [8]. The density of this fick species may be very high, reaching in some places more than
300 ticks/100 m? [8]. Lyme borreliosis is the most frequent tick-transmitted disease in the northern
hemisphere [9, 10, 11]. In Europe, especially in Central Europe and Scandinavia there are up to 185
cases per 100,000 individuals caused by the species B. burgdorferi sensu stricto, B. afzelii. and B. garini
[4, 8, 10, 11, 12], The human seraprevalence rates of antibodies against Borreliz burgdorferi in the
normal population of Germany and other Central Eurcpean countries ranges from 18% to 52% [13] In
East Asia, e.g. in China, there are 26% on the average [14]. Persons working in the area of forestry
display anti-borrelia antibodies in about 40%, hunters in more than 50% of cases [7, 15]

A Borrelia burgdorferi ection can manifest itself
ophthalmology, rheumatology and internal medicine 7, 16
divided into three stages:

dermatoiogy, neuroiogy,
xpression of borreliosis can be

Stage I The typical primary manifestation of a Borrelia burgdorferi infection is erythema migrans (80%),
a reddening of the skin which appears around the area of the tick bite and spreads in a circular manner
[17]. The erythema is accompanied by influenza-like general symptoms with fever, shaking chill,
headaches and vomiting [18]. Lymphadenapathies are observed in a few cases (lymphadenaosis cutis
benigna). The leading clinical types of the erythema-free borreliosis (20%) are neurological,
arthromyalgic, influenza-like, cardiovascular, hepatitis, regional lymphadenitis, and mixed (18, 20, 21].
Stage | can result in spontaneous healing or can develop inte a generalised borreliosis. The transition
phase is generally symptom-fres. laM antibodies against Borrelia burgdorferi can be detected
serologically in 50% to $0% of patienis in Stage I. The prevalence of specific IgG antibodies is
considerably lower [22, 23], However, serological tests often provide negative results in this stage of the
iliness [3, 19] In order to overcome this problem a new test was created including the newly identified
VISE {variable major protein-like sequence, expressed), which can be considered as the major antigen
for Borrelia serology. Over 85% of IgG-positive sera can be identified at 2 glance by assessing the VIsE
band in incubated Westernblot strips. VISE allows detection of antibodies against all Borrelia species.
The risk of a false negative reaction due to species differences is ten times lower [24]. Humans also
produce highly specific borreliacidal antibodies against outer surface protein C (OspC) shortly after
infection with Borrelia burgdorferi sensu stricto: immunoglobulin M {IgM) OspC and immunogliobulin G
(1gG) OspC borreliacidal antibodies [25]. VISE is the mast sensitive antigen for 1gG antibody detection,
GspC for Igh antibody detection [3, 26, 27].

Stage II: A variety of symptoms can develop several weeks to some rmonths afer receiving the tick hite.
In the foreground of these are neurological manifestations: meningitis, encephalitis, asymmeiric
pelyneuritis, cranial nerve pareses, Bannwarth's lymphocytic meningoradiculoneuritis (20, 28, 29]. One
of the most frequent neurological symptoms of borreliosis in ch Idren is the peripheral facial palsy.
Usually the paresis of the facial nerve appears at one side and afier several weeks on the opposite side
[20]. Also arthritis, particularly of the knee joinis, and non-localised pains in the bones, joints and
muscles are frequently found [30]. Rarer are cardiological manifestations, such as myocarditis and
pericarditis. Antibodies against Borrelia burgdorferi can be detected in 50% to 90% of patients in stage Il
[24]. In the early phase of this stage, mainly IgM antibodies are found, but in the late phase. often only
lgG antibodies occur, However, ight antibodies can persist for a long time {3, 30]. By additionally
determining antibodies against VISE the serological hit rate can be increased by 20%-30% [31]. VisE
displays the highest sensitivity of all antigens tested for IgG detection [26],

Stage HI: The typical manifestations of 2 Borralia burgdorferi infection in stage il are chronic-relapsing
erosive arthritis, acrodermatitis chronica atrophicans and progressive encephaiomyelitis, which can
proceed in a similar way to multipie sclerosis. Wit hout treatment, the tertiary stage can deveiop over a
pericd of years to decades after the original infection. In this stage. lgG antibodies are significantly
increased in 90% to 100% of patients. while IgM antibocies are only rarely detectable [3, 24].
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For the diagnosis of neuroborreliosis, the determination of antibodies in cerebrospinat fluid is of decisive

- —— —— imporiance and far sunerior ‘o-serotogical testing [21, 28, 22] An Antibody Index (Al) discriminates
betwsen a blood-derived and a pathciogical, brain-derived specific antibody fraction in cerebrospinal
fluid (CSF) and takes into account individual changes in blood/CSF barrier function [33].

Various techniques come into question for the detection of antibodies against Borrelia burgdorferi [34,
35, 36, 37, 38, 38]: ELISA, indirect immunofluorescence, passive haemaggiutination and immunaoblot
[26]. Many investigators employ an ELISA test in parallel with an indirect immurnioflucrescence test for
preliminary characterisation of the serum sample [26, 34]. According to guidelines of the USA and
Germany, serological diagnosis should follow the principle of & two-step procedure: ELISA or indirect
immunofiuorescence (IIFT) as first step: if reactive, followed by Westernbiot [3, 24, 0L In fresh
infections it is recommended performing ELISA/IIFT and Westernblat in parallel, since some weak
reactions becoms detectable earfier in Westernbiot than in the screening tests [12, 24]. VIsE, the most
sensitive antigen for IgG antibody detection. and OspC for ight antibody detection, should be included in
the test [3]. By additionaily determining antibodies against VISE the serological hit rate can be increased
by 20% compared to whole extract Westernblots and by 30% compared to recombinant antigen
Westernblots [24, 27 31} Of all recombinant antigens tested, VIsE possesses the highest sensitivity for
the detection of a Borrella infection [31. 32, 331
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Anti-West Nile Virus ELISA (IgG)

Test instruction

|__ORDERNO. ANTIBODIES AGAINST | IGCLASS | SUBSTRATE | FORMAT |
———C=T0] | IGCIASS | SUBSTRATE | FORMAT |

Ei 2662-9601 G West Nile virus e EGsEGiEd 96 x 01 (36) |

| | = microplate wells _ |

Principle of the test: The ELISA test kit provides a semiguantitative or quantitative in vitro assay for
human antibodies of the IgG class against West Nile virus in serum or plasma. The test kit contains
microtiter strios each with 8 break-off reagent wells coated with West Nile virus antigens. In the first
reaction step, diluted patient samples are incubated in the walls, |n the case of positive samples, specific
IgG (also lgA and igM) antibodies will bind to the antigens, To detect the bound antibodies, a second
incubation is carried out using an enzyme-fabelled anti-human IgG (enzyme conjugate) catalysing a
colour reaction.

Contents of the test kit:
_,O|03uosm3 Colour Format Symbol

i Microplate wei

coated with antigens: 12 microplate strips each |

containing 8 individual break-off welis in a frame, B e
ready for use

2, Calibrator 1 I
200 RU/m {1gG, human), ready for use Sk fee Pyl AL

3. Calibrator 2

20 RU/m! (igG, human), ready for use red 1x2.0ml cALZ
4. Calibrator 3
| 2RUIMI, {IgG, human

P ASN

light red 1x20ml

), ready for use

5. Positive control

(1gG, human), ready for use blue % 2.0ml LPOS CONTROL |
.w._l‘zmmm:<‘mJomwmv_‘o_ = ]

(1gG. human), ready for use | green 1x2.0 [NEG CONTROL )
7. Enzyme conjugate

peroxidase-labelled anti-human IgG (rabbit), green 1x12 ml |CONJUGATE

ready for use
8 Sample buffer

li § ] f ]

ready for use lightblug | 1 x 100 m! {SAMPLE BUFFER]

9. Wash buffer ) ]
10x concentrate coiouriess | 1 x 100 ml | [WASH BUFFER 10x]

10. Chromogen/substrate solution |

TMBIH,0,, ready for e colourless | 1x12ml _ [SUBSTRATE |
! % wm%ﬂ\_mmw_mwmmmo acid; ready for use colourtess | 1x12ml _ [STOP SOLUTION]
12, Test instruction | o~ 1 booklet |
|13. Quality control certificate —— ] - 1 protocal
14. Protective foil _ - 2pieces ]
_HAM_ Lot description ﬁ m » Storage temperature
VO] in vitro diagnostics & Unopened usabie untii ]

-Storage ang-stability: -The-test kit-has to-be stored-ata lemperailre betwsen +2°C o +8°C. Do not
freeze. Unopened. ail test kit components are stable uniil the indicated expiry date

s_and _incubated _microplate_ strips. should_-be

reagenis must be disposed of ccordance with

ed as infeclious waste
aiions.

reg
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Preparation and stabifity of the reagents

Note: Ali reagents must be brought to room temperature (+18°C to +25°C} approx. 30 s
use. After first use, the reagents are stable until the indicated expiry date if stored at +2°C 10 +8°C and
protected from contamination, uniess stated otherwise below.

The thermostat adjusted ELISA incubator must be set at 37°C +-1°C

- Coated wells: Ready for use. Tear open the resealable protective wrapping of the microplate at the

recesses above the grip seam. Do not open until the microplate has reached room temperature to

prevent ihe individual strips from moistening. Imm ediately replace the remai 13 welis of a partly used
microplate in the protective wrapping and tightly seal with the integrated grip seam (Do not remove
the desiccant bag)

Once the protective wrapping has been opened for the first time, the wells coated with antigens can
be stored in a dry place and at a temperature between +2°C and +8°C for 4 months

- Calibrators and controls: Ready for use. The reagents must be mixed thoraughly before use
- Enzyme conjugate: Ready for use. The enzyme conjugate must be mixed thoroughly before use,
- Sample buffer: Ready for use.

- Wash buffer: The wash buffer is a 10x concentrate. If crystallisation occurs in the concentrated
buffer, warm it tc 37°C and mix well before diluting. The quantity required should be removed from the
bottle using a clean pipette and diiuted with deionized or distilled water (1 part reagent pius 9 parts
distilled water).

For example: For 1 microplate strip, 5 mi concentrate plus 45 m! water.
The working strength diluted wash buffer is stable for 4 weeks when stored at +2°C to +8°C and
handied properiy

- Chromogen/substrate solution: Ready for use. Close the bottle immediately after use, as the
contents are sensitive to light. The chromogen/substrate solution must be clear on use. Do not use

the solution if it is biue coioured.

- Stop solution: Ready for use.

Warning: The controls used have been tested negative for HBsAg, anti-H
using enzyme immunoassays and indirect immunafl orescence methoed
should be treated as being a potential infection hazard and should be h
reagents contain the toxic agent sodium azide. Avoid skin contact

Preparation and stability of the patient samples
Samples: Human serum or EDTA, heparin or citrate plasma.

Stability: Patient sampies to be investigated can generally be stored at +2°C to +8°C for up to

Mm_}U_ ution: Patient samples are diluted 1:101 in sample buffer. For exampie. diiute 10 ul serum
in1 i ?_&gmv“\l

.0 ml sample_buffer.and-mix-weli by-verexing-(sample-pipettes-arenot suitable %

NOTE: Calibraters and controls are prediluted and ready for use, do not dilute them

X
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Incubation
For semiquantative analysis incubate calibrator 2 along with the positive and negative controls and
patient samples. For quantitative analysis incubate calibrators 1, 2 and 3 along with the positive and

negative controls and patient samples.

{Partly) manual test performance

Sampie incubation: Transfer 100 pi of the calibrator, positive and negative controls or diluted
(1 step) patient samples into the individual microplate wells according to the pipetting
protocol.
For manual processing of microplate wells, cover the finished test plate with
the protective foil. \When using an automated microplate processor for
incubation, follow the instrument manufacturer's recommendations with
regard to microwell plate sealing.
Incubate 60 minutes at 37°C + 1°C.

Manual. Remove the protective foil and emply the wells and subsequentiy
wash 3 times using 300 ul of wor ing strength wash buffer for each wash
Automatic: Remove the protactive foil and empty the wells and subsequently
wash 3 times with 450 pi of working strength wash buffer (program setting:
e.9. TECAN Columbus Washer "Overflow Madus”),

Leave the wash buffer in each well for 30 to 60 seconds per washing cycle,
then empty the wells. After washing (manual and automated tests),
thoroughly dispose of ali liquid from the microplate by tapping it on absorbent
paper with the openings facing downwards to remove 3l residual wash buffer.
Note: Residual liquid (> 10 pl) in the reagent wells after washing can interfere
with the substrate and lead o false low extinction values. Insufficient washing
(e.g., less than 3 wash cycles, too small wash buffer volumes, aor too short
reaction times) can lead to false high extinction values

Free positions on the microplate strip should be filled with blank wells of the
same plate format as that of the paramster to be investigated

Conjugate incubation: Pipette 100 pl of enzyme conjugate (peroxidase-labelled anti-human 1gG) into
Ama step) each of the microplate wells.
When using an automated microplate processor for incubation, follow the
instrument manufacturer’s recommendations with regard to microweil piate

sealing.

incubate 30 minutes at room temperature (+18°C to +25°C)
Washing: Empty the wells. Wash as described above
Substrate incubation: Pipette 100 pl of chromogen/substrate solution intc each of the microplate
(37 step) wells. Incubate for 15 minutes at room temperature (+18°C to +25°C)

(protect from direct ‘suniight).

Stopping the reaction: Pipette 100 pl of stop solution into each of the microplate wells in the same

order and at the same speed as the chromogen/substrate solution was intro-
duced.

Measurement: Photometric measurement of the colour intensity should be made at a
wavelength of 450 nm and a reference wavelength between 620 nm and

650 nm within 30 minutes of adding-the stop-so lation--Priortomeasuring,—

slightly shake the microplate to ensure a homogeneous distribution of the
solution
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Sample dilution and test performance are carrisd out iully automatically using the anaiysis device. The
incubation conditions programmed in the respect ve software authorised by EUROIMMUN may deviate
slightly from the specifications given in the ELISA test instruction. However, these conditions were
validated in respect of the combination of the EUROIMMUN Analyzer |, Analyzer I-2P or the DSX from
Dynex and this EUROIMMUN ELISA. Validation documents are available on inguiry. Automated test
performance using other fully automated, open system analysis devices is possible, however, the
combination should be validated by the user.

Pipetting protoco!

1 2 | 3 4 5 |8 7 ] 5 10 [ 11 12
alc2|pelrulrz | ci|r a|piz|pa
Blpos |P 7|(P15|P23 CZ|P s|P13|P21
Clneg |P 8|P168|P24 .Om P m.v,_r. P22
DI|P 1|P 9|P17 pos | P 7| P15 P23
E|P 2|Pin|P18 neg |P 8| Pif| P24
FIP 3|(P11|P19 P 3|P 8(P17
GIP 4|(P12 (P20 P 2|P10|P18
HIP 5|P13|P21 P w.mﬂ,_." P18

The pipetting protocol for microtiter strips 1-4 is an example for the semi uantitative analysis of 24
patient samples (P 1 to P 24).

The pipetting protocol for microtiter strips 7-10 is an example for the
samples (P 1 to P 24).

uantitative analysis of 24 patient

The calibrators (C 1 to C 3), the positive (pos.) and negative (neg.) controls, and the patient samples
have each been incubated in one well. The reliab y of the ELISA test can be improved by duplicate
determinations for each sample.

The wells can be broken off individually from the stri
test substrates used to the number of samples to be
Both positive and negative controls serve as internal controls for the reli

TLo o

They shouid be assayed with each test run.

ty of the test procedure.

Calculation of results

Semiquantitative:- Results can be “evaluated semiquantitatively by calculating a ratio of the extinction
value of the control or patient sample over the extinction value of the calibrator 2. Calculate the ratio
according the following formuia:

Extinction of the control or patient sampie
Extinction of calibrator 2

= Ratio

EUROIMMUN recommends interpreting results as follows:

Ratio <0.8: negative
— Ratio>08to<11: —berderkne
Ratio >1.1: positive
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In cases .o,.« borderline test resuits, an additionai patient sample should be taken 7 days later and
_‘m.ﬁmm\ﬁ‘m\fb,omhm:mﬂEﬁtﬁmﬁﬁﬁmemoﬁmdmﬁjﬁm‘.#j‘m‘ﬂmwﬂﬁ of both samples allow proper evaluation of
titer changes.

Quantitative: The standard curve from which the concentration of antibodies in the patient samples can
be taken is obtained by point-to-point plotting of the extinction values measured for the 3 calibration sera
against the corresponding uriits (lin 12ar). Use "point-ta-point” plotting for calculation of the standard
curve by computer, The following plot is an example of a typical calibration curve. Please do not use this
curve for the determination of antibody concentrations in patient samples.

18
1.6
1.4
12

08
0,6
0,4

02

Extinction

e} —
0 20 40 60 80 100 120 140 160 180 200
RU/ml

_ﬁ.Em extinction of a serum sample lies above the value of calibrator 1 (200 RU/ml). The result should be
given as ">200 RU/mI". It is recommended that the sample be re-tested at a dilution of 1:400. The result
In RU/ml read from the calibration curve for this sample must then be multiplied by a factor of 4.

The upper limit of the normal range of non-infected persons (cut-off value) recommended by
EUROIMMUN is 20 relative units (RU)mI. EUROIMMUN recommends interpreting results as follows:

<16 RU/mil: negative
216 to <22 RU/ml: borderline
222 RU/mi: positive

Evaluation informatior

F

or duplicate determinations the mean of the two values should be taken If
the two values deviate substanti y from one another the sample should be retested.

For Em interpretation of borderline results an investigation using further tests (e.g. avidity determination
.Q antibody class IgG) can be helpful. Diagnosis can be secured by the determination of the titer change
in two serum samples taken at an interval of at least 7 days and analysed in parailel.

For diagnosis, the clinical symptoms of the patient should always be taken into account along with the
serological results.
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- ——Testcharacteristics

Calibration: As no quantificated international reference serum exists for antibodies against West Nile
virus, the calibration is performed in relative units (RU).

For every group of tests performed, the extinction values of the calibrators and the relative units and/or
ratios determined for the positive and negative controls must lie within the limits stated for the relevant
test kit lot. A quality control certificate containing these reference values is included. If the values
specified for the controls are not achieved, the test results may be inaccurate and the test should be
iepeated,

The activity of the erzyme used s temperature-dependent and the extinction values may vary if a
thermostat is not used. The higher the room temperature during substrate incubation, the greater will be
the extinction vaiues. Corresponding variations apply also 1o the incubation times. However, the calibra-
tion sera are subject to the same influences, with the result that such variations will be largely compen-
sated in the calculation of the result,

Antigen: The antigen source is z recombinant, detergent-extracted glycoprotein E of WNV from the
membrane fraction of human cells.

Linearity: The linearity of the Anti-West Nile Virus ELISA (IgG) was determined by assaying 4 serial
dilutions of different patient samples. The coefficient of determination R for all sera was > 0.95. The
Anti-West Nile Virus ELISA (1gG) is linear at least in the tested concentration range (10 RU/m! to
160 RU/ml).

Detection limit: The lower detection limit is.defined.as.the mean value of an analyte-free samples plus
three times the standard deviation and is the smallest detectable antibody titer. The lower detection limit
of the Anti-West Nile Virus ELISA (IgG) is 0.4 RU/ml

Cross reactivity: Cross reactivities to other flaviviruses cannot be excluded. They were recognized with
anti-TBE positive and anti-Dengue virus positive samples.

Antibodies against [n] Anti-West Nile Virus ELISA (lgG)
Adenovirus 12 0% 1
Chlamydia pneumoniae 12 0%
CMV 12 0%
12 0%
12] 0% =
12 0% il
Influenza virus A 12 0%
Influenza virus B |12 0%
Measies virus 12 0% !
Mumps virus 12+ 0%
Mycoplasma pneumoniae |12 0%
Parainfluenza virus Pool |12 0%
RSV [12] 0%
Rubella virus 2 0%
Toxoplasma gondii 9 0% |

[vzv 12 0%
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Interference: Haemolytic, lipaemic and icteric samples showed no influence on the result up to a

______concentration_of 10_mg/ml-for haemogiobim, 28 mg/mt for trigtycerides and 0.4 mg/ml for bilirubin in this

ELISA.

y of the test was investigated by determining the intra- and inter-
: nts of variation using 3 sera. The intra-assay CVs are based on 20 determinations and the
inter-assay CVs on 4 determinations performed in 6 different test runs.

Intra-assay variation, n = 20 Inter-assay variation,n = 4 x 6

Serum Mean value | cv Serum Mean value | cv
|| (RU/mi) (%) (RU/mi) (%)
1 - 101 6.1 1 103 5.1

2 104 3.3 2 120 4.9

3 149 2.7 3 171 4.2

Sensitivity and specificity: Samples from 295 patients (origin: Europe) were investgated using the
EUROIMMUN Anti-West Nile Virus ELISA and a neutraiization test (NT) (performed by RKi, Berlin) as a
reference method. The specificity was 96.9%, with a sens vity of 99.5%. Values for 4 of the samples
were borderline and were not included in the calculation.

Reference range: The levels of anti-West Nile virus antibodies (19G) were analyzed with this
EUROIMMUN ELISA in a panel of 500 healthy blood donors. With a cut-off of 20 RU/mI, 1.0% of the
blood donors were anti-West Nile virus positive (1gG).

- Clinical significance

S_‘m& Nile virus (WNV) is an enveloped single-stranded RNA virus of the Flaviviridae family [1]. This
family comprises around 100 virus types that are presently categorized into the three known species
Flavivirus, Pestivirus and Hepacivirus [1, 2, 3, 4, 5]. West Nile virus received its name in 1937 when it
was first isolated from a blood sample of an elderly woman living in the West Nile disirict in Uganda, who
had fever of unknown cause accompanied by neurological disorders [8]. Further isolates were achieved
only in 1951 from the sera of children with weak, unspecific symptoms, namely in Egypt where the virus
is endemically distributed. At that time mice and embryonated hen's £ggs were used for virus detection

e

WNV is present not only in tropical areas, but also in moderate climate region
epidemics were observed in 1951/52 and 1857 in Israel and 1974 and 1983/84 |
mid 90's the virus changed its virulence causing an epidemic accumulation of W )
Aigeria {1924), Rumania (1996/97), the Czech Republic (1997), the Democratic Republic of Congo
(1998), Russia, North America (1999) and Israel (2000) [2, 3, 7, 8, 9, 10, 11, 12].

In the USA 149 infections with 18 cases of death were recorded from 1999 to 2001 In 2002 this number
rose to 4156 infections and 284 deaths. in 2003 i 9858 infections and 262 deaths {7, &, 18], Currentiy
the virus has been detected in seven Canadian provinces, in 48 USA states and in Mexico, as well as in
Puerto Rico, the Dominican Republic, Jamaicsa, Guadeloupe and E| Salvador [3.9, 11

Since 1958, when antibodies against the WNV were first defected in the sera of two Albanians, repeated
outbreaks of West Nile fever have occurred in Southern and Eastern Europe and meanwhile aisa in
Central and West Europe 8, 9, 10, 12, 14, 15]. Its emergence and rapid spread is credited to world
cimate change, long-distance travel and globalization of sconomic trade [9. 12, 13, 15, 16, 17].
Consequent monitori na of West Nile activity by controlling sera of exposed persons is essential i
18,19}, Serotrevaience studies in endemic regions have shown an infection spread of up to 40% [14].
West Nile virus is therefore the Flavivirus with the largest distribution area [2.3.4,5 9]

-
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VNV is transmitted by a number of mosauitoes.
the Culex univittatus complex species are the main arthropod hosts, while
be detected in 37 mosquito species, with Culex foll
Culex vishnui and in France Culex modestus were identified as the main vectors
be found in more than 40 mosquito and in several tick species [3, 4, 5].

the Mediterransan region and in Africa mosquitoes of
America WNV could
2.3,4,7 9] InIndia

Birds represent the vertebrate reservoir [1, 20, 211, Alone in the USA WNV has bess found in mor an
162 species of birds. Many of them showed cal symptoms and thousands of birds died after
contracting a natural infection {7, 8, 10, 20, 21]. Birds that survive develop lifelong immunity. Acting as
coincidental hosts mammals can also become infected when bitten by an infected mosquito [10, 12, 14}
Transmission has additionally been documented via breast milk. bene marrow transplantations, liver and
heart transplants, blood transfusions, lab accidents such as open waunds during handiing of infected
brain tissue as well as transplacental transmission 2,3,4,5,8 22 23 24,25 28 27, 28]. Other than
humans, mostly only horses became ill afier an infection [2. 13, 21]. As well as WNV infection via 2
mosquito bite, a second natural infection source is possible in animals, namely via feeding on in
prey [3, 8]. An experimental infection of cats was successfuily achieved by feeding them infected mice
[20, 21].

70% 10 80% of the humans infected with WNV showed no symptoms [8]. In the remaining 20%-320%,
signs of sudden flu-ike symptoms appear after an incubation period of 2-6 days with fever ranging from
38.5 to 40°C lasting for 3-5 days, nausea, shivering, head and back aches, joint and muscie pain and
other unspecific symptoms such as loss of appetite, dizziness, vamiting, diarrhoea, coughing and a sore
throat [1, 2, 3. 4, 5],

Typical for epidemical occurring fever are exanthema on the breast, back and upper extremities and
neral lymph node swelling {1, 3, 26]. Severe clinical cases af WNV infectians are characterized by
5, pancreatitis_and hepatitis and since 1995, also neurological disorders, as WNV is now
crossing the blood-brain barrier [3]. The neurclogical symptoms begin after a short febrile
prodome phase approximately 1-7 days after infection and become manifest in the form of encephalitis
and meningoencephalitis accompanied by stifiness, spasms and shivering as the result of damage done
fo the basal ganglia [3, 8, 29, 30].

Another widespread symptom is general muscle weakness sim lar to the Guiliain-Barré syndrome and
also polio-like paralysis [29, 30]. Approximately 4%-14% of the hospitalized patient cases are fatal [291.

High risk factors are old age and a weak immune system [1, 3, 29].

An infection with WNV during pregnancy can cause miscarriages, congenital meningitis, birth defects in
approx. 10% of the cases and in an additional 10% of newborns growth disturbances [3, 8, 27, 28].

The diagnosis of WNV can be performed by virus detection or by detection of specific antibodies [1, 4,
17, 18, 18]. As virus isolati cerebrospinai fivid or virus detection using Real-Time

merase Ch Reaction (RT-PCR) is usuaily unsuccessful due to short
viraemia and low virus titers, the detection of specific WNV antibodies using ELISA and IFA has gained

importance [11, 17, 18, 19, 31, 32, 33, 34, 35, 36, 37, 38].

Specific IgM antibodies in serum can be determined using ELISA or IIFT [19]. Antibodies of class IgM
are- detectable in serum from the second ‘day after initial symptoms of the illness occur. A four-fold
increase in titer of the respective class of antibody is considered proof of a WNV infection

Reverse Transcription-

If the IgM test is negative, even though the symptoms indicate a WNV infection, a second serum sample
should be taken and tested for 'gM antibodies a few days later. A combination of ELISA and IIFT
provides close to 100% reliability [17, 18, 31, 32, 33, 34]. Anti-WNV IgM antibodies persist for 2 to 3
months, often for more than a year [4, 17,18, 19, 22].

Antibodies of class 19G are detectable approx. 2 days after the appearance of IgM antibodies 711, 19, 32
33, 34, 40] Twao to Tour Weeks after a positive IgM result the infection can be confirmed and its severity
and prognosis evaluated using a qualitative and guantitative test for the detection of specific WNV lgG
antibodies in the patient serum [34].

an



Medizinische

Labordiagnostika

For the reliable differentiation between acuie and oast infections the detection of low-avidity laG
antibodies gives svidence for a primary-or-an acute WNV infection white nhigh-avidity antibodies indicate
a past or reactivated WNV infection [39, 40, 41]. EUROIMMUN offers additional test systems for
deter

nation of 1gG avidity in both ELISA and JIET farmats, The detection of low-avidity antibodies usin

ELISA and IIFT in parallel is possible for WNV as it is for Texoplasma gendii, rubelia virus,
EBV-EA, EBV-CA and Corona virus [38, 40, 41].
As the degree of similarity within the Flavivirus fam y is high antibody cross reactions can occur [19, 31,

42]. Therefore samples that are positive for specific laM and/or oG antibodies against WNV should be
titrated and investigated on all relevant Flavivirus 1| FT substrates for cross reactions. By comparing the
titer strengths the initial result can be confirmed or disproved by the second detection and an infection
with another Flavivirus identified as the source of iliness [17, 32, 34

To supplement and extend the current Anti-West Nife Virus ELISA and Anti-West Nile Virus IIFT (each
1aG or IgM or avidity) BIOCHIP Mosaics and Profiles for the detection (IFT} of infections with
Flaviviruses and the BIOCHIP Mosaic Fever Profile 1: South-Fast Asia have been developed. With these
tests specific antibodies (IgG and lgM) against seaveral Infectious agents can be westigated
simuitaneously [36, 37, 38, 43, 44, 43]. These supplementary tests allow similar or ambiguous disease
sympioms and potential cross reactions to be clarified and diffsrential diagnostic issues 1o be addressed
{1

A specific antiviral therapy for WNV encephalitis is not available at present [1, 2, 3, 4, 5, 14, 35].
Intensive medical care is the only possibility to positively influence the iliness. Eradication of WNV is
impossible due to the natural bird-mosquito cycle [1]. A vaccine with formalin inactivated WNV is only
available for horses [2, 10]. Therefore public education, vidual precautionary measures and
protection against insect bites are sssential contributions to preventing WNV infections [2, 3, 4, 5 14,
16].
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Anti-West Nile Virus ELISA (IgM)

Test instruction

| _ORDERNO. |  ANTIBODIES AGAINST IGCLASS | SUBSTRATE | FORMAT

| T T | - > = — _ _
El 2662-9601 M | West Nile Viru oM Ag-coated | o 51 (98)

_ | oot Te Vijus | 's microplate wells | X V! (98)

Principle of the test: The ELISA test kit provides 2 semiquantitative in vitro assay for human antibodies
of the igh class against West Nile virus in serum or plasma. The test kit contains microtiter strips each

with 8 break-off reagent wells coated with West Nile virus antigens. In the first reaction step, diluted
patient samples are incubated in the well

. ! - In the case of positive samples, specific IgM (also IgA and
1gG) antibodies will bind to the antigens. To detect the bound antibodies, a second incubation is carried
out using an enzyme-labelled anti-human igM (enzyme conjugate) catalysing a calour reaction.

_Contents of the test kit:

Component B - - Colour | Format | Symboi
1. Microplate wells [
coated with antigens: 12 microplate strips each
containing 8 individual break-off welis in a frame, ready 12248 (STRIPS]
for use
2. Calibrator -
(IgM, human), ready for use darkred | 1x2.0ml
3. Positive control |
(IgM, human), ready for use 20 ese U E
4. Negative control 1x20ml [NEG CONTROL ]
(IgM, humanm), ready for use green x<tm g
5. Enzyme conjugate
peroxidase-labelled anti-human IgM (goat), red 1x12mi [CONJUGATE]

| ready for use
6. Sample buffer |
buffer containing lgG/RF-Absorbent (Anti-human IgG green 1x 100 ml
| antibody preparation obtained from goat), ready for use
7. Wash buffer

SAMPLE BUFFER

10x concentrate colourless |1 x 100 ml |[WASH BUFFER f0x

o m@%ﬂw%wﬂmmmﬁwﬂoﬁwmmmwo_c:o: colourless | 1x 12 ml _ [SUBSTRATE]
9. Stop solution

| 0.5 M sulphuric acid, ready for use colourless | 1x 12 ml g
10, Test instruction — 1 booklet

11 Quality control certificate — 1 protocol -

12. Protective foil

| — 3 pieces |
Storage temperature
Unopened usable untif

“.H<]o|_uh_ Lot description ﬁ m

| In vitro diagnostics
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Storage and stability: The test kit has to be stored at a temperature between +2°C to +8°C. Do not
freeze. Unopened, all test kit components are stable until the indicated expiry date

Waste disposal: Patient samples, calibrators, controls and incubated microplate sirips should be__

-handled—as—infectious wast: . Al Teagents must be disposed of in accordance with local disposal
regulations.
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—Preparation-and stability of the reagenis
Note: All reagents must be brought to room temperature (+18°C to +25°C) approx. 30 minutes before
use. After first use, the reagents are stable until the indicateg expiry date if stored at +2°C to +8°C and
protected from contamination, unless stated otherwise below.
The thermostat adjusted ELISA incubator must be set at 37°C +/- 1°C

- Coated wells: Ready for use. Tear open the resealable protective wrapping of the microplate at the
recesses above the grip seam. Do not open until the microplate has reached room temperature to
prevent the individual strips from moistening. Imm ediately repiace the remaining wells of a partly used
microplate in the protective wrapping and tightly seal with the integrated grip seam (Do not remove
the desiccant bag).

Once the protective wrapping has been opened for the first time, the wells coated with antigens can
be stored in a dry place and at a temperature between +2°C and +8°C for 4 months.

- Calibrator and controls: Ready for use. The reagents must be mixed thoroughly before uise.
- Enzyme conjugate: Ready for use. The enzyme conjugate must be mixed thoroughly before use.

- Sample buffer: Ready for use. The green coloured sample buffer contains IgG/RF absorbent. Serum

or plasma samples diluted with this sample buffer are only to be used for the determination of IgM
antibodies.

- Wash buffer: The wash buffer is a 10x concentrate. If crystallization occurs in the concentrated
buffer, warm it to 37°C and mix well before diluting. The quantity required should be removed from the
bottle using a clean pipette and diluted with deionized or distilled water (1 part reagent plus 9 parts
distiiied water).

For example: For 1 microplate strip, 5 ml concentrate plus 45 ml water.
The working strength diluted wash buffer is stable for 4 weeks when stored at +2°C to +8°C and
handled properly.

- Chromogen/isubstrate soiution: Ready for use. Close the bottle immediately after use, as the
contents are sensitive to light. The chromogen/substrate solution must be clear on use. Do not use
the solution if it is blue coloured.

- Stop solution: Ready for use.

Warning: The control sera used have been tested negative for HBsAg, anti-HCV, anti-HIV-1 and a
HIV-2' using enzyme immunoassays and indirect immunofluorescence methods. Nonetheless, all
materials should be treated as being a potential infection hazard and should be handled with care, Some
of the reagents contain the toxic agent sodium azide. Avoid skin contact
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Preparation and stability of the patient samples

Samples: Human serum or EDTA, heparin or citrate plasma.

Stability: Patient sampies to be investigated can generally be stored at +2°C to +8°C for up to 14 days.
Diluted samples should be incubated within one working day

Introduction: Before the deters ination of specific antibodies of class lgM, antibodies of class 19G
should be removed from the patient sample. This procedure must be carried out in order to prevent any
rheumatoid factors from reacting with specifically bound 1gG, which would lead io false positive IgM test
result ne anligen, which would fead to false IgM

ults, and to prevent specific igG displacing Ight from
negative test results.

Functional principle: The sample buffer (green coloured!) contains an anti-human antibody preparation
from goat. igG from a serum sample is bound with high specificity by these antibodies and precipitated. 'f

the sample also contains rheumatoid factors, these will be absorbed by the IgG/anti-human 1gG
complex.

Separation properties:

- AlllgG subclasses are bound and precipitated by the anti-human IgG antibodies.

- Human serum 1gG in concentrations of up to 15 mg per ml are removed (average serum 19G concen-
tration in adults: 12 mg per ml).

- Rheumatoid factors are also removed.

- The recovery rate of the IgM fraction is almost 100%

Performance: The patient samples for analysis are diluted 1:101 with sample buffer. For example, add
10 pl serum to 1.0 ml sample buffer and mix well. Incubate the mixture for at least 10 minutes at room

temperature. Subsequently, it can be pipetted into the microplate wells accord ng to the pipetting
protocol.

Notes:

- Antibodies of the class IgG should not be analyzed with this mixture.

- It is possibie to check the efficacy of the IgG/RF absorbent for an individual patient sample by
performing an IgG test in parallel to the IgM test using the mixture. If the IgG test is negative, the IgM
result can be considered as reliable.

- The calibrator and controls containing IgM antibodies are pre-diluted and ready for use, do not dilute
them.

Medizinische
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Incubation
(Partly) manual test performance

Sample incubation: Transfer 100 pl of the calibrator, positive and negative controls or diluted
(19 step) patient samples into the individual microplate wells according to the pipetting
protocol.
For manual processing of microplate wells, cover the finished test plate with
the protective foil. When using an automated microplate processor for
incubation, follow the instrument manufacturer's recommendations with
regard to microwell plate sealing.
Incubate 60 minutes at 37°C + 1°C.

Washing: Manual: Remove the protective foil and empty the wells and subsequently
wash 3 times using 300 yl of working strength wash buffer for each wash.
Automatic: Remove the protective foil and empty the wells and subsequently
wash 3 times with 450 pl of working strengin wash buffer (program setting:
e.g. TECAN Columbus Washer “Overfiow Modus").

Leave the wash buffer in each well for 30 to 60 seconds per washing cycle,
then empty the wells. After washing (manual and automated tests),
thoroughly dispose of all liguid from the microplate by tapping it on absorbent
paper with the openings facing downwards to remove ail residual wash buffer.
Note: Residual liquid (> 10 pl) in the reagent wells after washing can interfere
with the substrate and iead to false low extinction values. Insufficient washing
(e.g., less than 3 wash cycles, too small wash buffer volumes, or too short
reaction times) can lead to false high extinction values.

Free positions on the microplate strip should be filled with blank weils of the
same plate format as that of the parameter to be investigated.

Conjugate incubation:  Pipette 100 pl of enzyme conjugate (peroxidase-labelled anti-human IgM) into
(2™ step) each of the microplate wells.
When using an automated microplate processor for incubation, follow the
instrument manufacturer's recommendations with regard to microwell plate
sealing.
Incubate 30 minutes at room temperature (+18°C to +25°C)

Empty the welis. Wash as described above.

Substrate incubation: Pipette 100 pl of chromogen/substrate solution into each of the microplate
(3. step) wells. Iincubate for 15 minutes at room temperature (+18°C to +25°C})
(protect from direct sunlight).

Stopping the reaction.  Pipette 100 Hl of stop solution into each of the micropiate wells in the same

(3" step) order and at the same speed as the chromogen/substrate solution was intro-
duced
Measurement: Photometric measurement of the colour intensity should be made at a

wavelength of 450 nm and a reference wavelength between 620 nm and
850 nm within 30 minutes of adding the stop solution. Prior to measuring,
slightly shake the microplate to ensure a homogeneous distribution of the
solution.
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Test performance using fully automated analysis devices

Sample dilution and test performance are carried out fully automatically using the analysis device. The
incubation conditions programmed in the respecti ve software authorised by EURCIMMUN may deviate
slightly from the specifications given in the ELISA test instruction. However, these conditions were
validated in respect of the combination of the Analyzer |, Analyzer |-2P and the DSX from DOynex and this
EURQIMMUN ELISA. Validation documents are availabie on inquiry. Automated test performanece using

other fully autemated, open system analysis devices is possible, however, the combination should be
validated by the user.

Pipetting protocol

A C P 8(P14|P22

E|P 2|P10|P1B

FIP 3|FP11|P1g

GlP alPiz|P20

R P s|pi3|p2

The above pipetting protocol is an example of the semiquantitative anal
samples (P 1 to P 24)

sis of antibodies in 24 patient

Calibrator (C), positive (pos.) and negative (neg.) control as well as the patient samples have been
incubated in one well each. The reliability of the ELISA test can be improved by duplicate determinations
of each sample.

The wells can be broken off individually from the strips. This makes it possibie to adjust the number of
test substrates used to the number of sampies to be examined and minimizes reagent wastage.

Both positive and negative controls serve as internal controls for the reliability of the test procedure.
They should be assayed with each test run.

Calculation of results

The extinction value of the calibrator defines the upper limit of the reference range of non-infected
persons {cut-off) recommended by EUROIMMUN. Values above the indicated cut-off are to be
considered as positive, those below as negative.

Semiquantitative: Results can be evaluated semiquantitatively by calculating a ratio of the extinction

value of the control or patient sample over the extinction value of calibrator. Use the following formula to
calculate the ratio:

Extinction of the control/patient sample o
Extinction of calibrators = Ratio

mcmo__s_,\_cz recommends interpreting results as follows:

Ratio <0.8: negative
Ratio 20 8to <1 1: borderline
Ratio=*:1- positive”

mcmo__,\__,\_cz@x HH
AG

Evaluation information: For duplicate determinations-the mean of the-two-valses-should—e taken, — — ——

the two values deviate substantially from one another the sample should be retested.

For the interpretation of berderiine results an investigation using further tests (e.g. avidity determination
of antibody class IgG) can be helpful. Diagnosis can be secured by the determination of the titer change
in two serum samples taken at an interval of at least 7 days and analysed in parallel.

For diagnosis, the clinical symptoms of the patient should always be taken into account along with the
serological results.

Test characteristics

Calibration: As no quantificated international reference serum exists for antibodies of the IgM ciass
against West Nile virus, results are provided in the form of ratios which are a relative measure for the
concentration of antibodies

For every group of tests performed, the extinction values of the calibrators and the ratios determined for
the positive and negative controls must lie within the limits stated for the relevant test kit lot. A quality
control certificate containing these reference values is included. If the values specified for the control
sera are not achieved, the test results may be inaccurate and the test should be repeated.

The activity of the enzyme used is temperature-dependent and the extinction vaiues may vary if a
thermostat is not used. The higher the room temperature during substrate incubation, the greater will be
the exiinction values. Corresponding variations apply also to the incubation times. However; the
calibrators are subject to the same influences, with the result that such variations will be largely
compensated in the calculation of the result.

Antigen: The antigen source is a recombinant, detergent-extracted glycoprotein € of WNV from the
membrane fraction of human cells.

Detection fimit: The lower detection limit is defined as the mean value of an analyte-free sample plus
three times the standard deviation and is the smallest detectable antibody titer. The lower detection limit
of the Anti-West Nile ELISA (IgM) is a ratio value of 0.03.

Cross reactivity: Cross reactivities to other flaviviruses cannot be excluded. They were recognized with
anti-TBE positive and anti-Dengue virus positive samples.

Antibodies against n | Anti-West Nile ELISA (IgM}

Borrelia burgdoferi 9 | 0%

CMV 8 0%

EBV-CA 9 0% —
HSV-1/2 2 0% B |

Measles virus 10 0%

Mumps virus 9 0% _
|Parvovirus B19 8 0% .
| Rubella virus 10 0% |

Toxoplasma gondii 10 0%

74 4 0%

Interference: Haemolytic, lipaemic and icteric samples showed no influence on the result up to a
concentration of 16 mg/ml for haemoglobin, 20 mg/ml for triglycerides and 0.4 mg/ml for bilirubin in this
ELISA
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Reproducibility: The reproduci lity of the test was investigated by determining the intra- and inter-_

assay-ceefficientsof variation using 3 sera The intra-assay CVs are based on 20 determinations and the
inter-assay CVs on 4 determinations performed in 6 different test runs.

Intra-assay variation, n = 20 Inter-assay variation, n=4x 6

Serum Mean value Ccv Serum Mean value Ccv

. (Ratio) {%) (Ratio) (%)

1 1.9 59 1 1.9 3.9

2 20 | 22 | | 2 21 | 94
3 _ 24 40 | 3 . 24| 68 |

Sensitivity and specificity: Study I: For the determination of the sensitivity 18 clinically and

serologically precharacterised sera (Robert Koch Institute, Berlin, Germany) were tested with the
EUROIMMUN Anti-West Nile Virus ELISA (IgM). The sensitivity amounted to 94.4%.

Study li: 99 patient sera, characterised as positive at the Saskatchewan Disease Control Laboratory
(Canada) using several serological methods, were investigated with the EUROIMMUN Anti-West Nile
Virus ELISA (IgM), The sensitivity was 93.7%. For the determination of the specificity 500 blood donor
samples were investigated, The specificity was 59.8%.

Reference range: The levels of anti-West Nile virus antibodies (IgM) were analyzed with this
EUROIMMUN ELISA in a panel of 500 healthy blood donors. With a cut-off ratio of 1.0, 0.2% of the
blood donors were anti-West Nile virus positive (IgM).

Clinical significance

West Nile virus (WNV) is an enveloped single-stranded RNA virus of the Flaviviridae famlly [1]. This
family comprises around 100 virus types that are presently categorized into the three known species
Flavivirus, Pestivirus and Hepacivirus [1,2, 3, 4, 5] West Nile virus received its name in 1937 when it
was first isolated from z bloog sample of an elderly woman living in the West Nile district in Uganda, who
had fever of unknown cause accompanied by neurological disorders {8]. Further isolates were achieved
only in 1851 from the sera of children with weak, unspecific symptoms, namely in Egypt where the virus
is endemically distributed. At that time mice and embryonated hen's eggs were used for virus detection

(1l

WNV is present not only in tropical areas, but also in moderate climate regions [2, 3, 4, 5] Significant
epidemics were observed in 1951/52 and 1957 in Israel and 1974 and 1983/84 in South Africa [1]. In the
mid 80's the virus chapged its virulence causing an epidemic accumulation of WNV encepha i
Algeria (1994), Rumania (1996/97), the Czech Republic (1997), the Democratic Republic of Congo
(1998), Russia, North America (1999) and Israel (2000) [2, 3, 7, &, 9, 10, 11, 12]. In the USA 145
infections with 18 cases of death were recorded from 1899 to 2001, In 2002 this number rose io 4156
infections and 284 deaths, in 2003 to 9858 infections and 262 deaths [7, 8, 10] Currently the virus has
been detected in seven Canadian provinces, in 48 USA states and In Mexico, as well as in Puerto Rico,
the Dominican Republic, Jamaica, Guadsloupe and El Salvador [3. 9. 11]

Since 1958, when antibodies against the WNV were first detected in the sera of two Albanians, repeated
outbreaks of West Nile fever have oceurred in Southern and Eastern Europe and meanwhile also in
Central and West Europe [8, 9, 10, 12, 14. 15]. Its emergence and rapid spread is credited to world
ate change, long-distance travel and globalization of economic trade [8, 12, 13, 15 18, 17],
Conseguent monitoring of West Nile activity by controliing sera of exposed persons is essential [15, 17,
18, 19]- Seroprevalence studies in endemic regions have shown an infection spread of up to 40% [14].
West Nlle virus is therefore the Flavivirus with the largest distribution area {2, 2. 4, 5, 9].
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WV is transmitted by a number of mosquitoes: In the Mediterranean region and in Africa mosauitoes of
the Culex univittatus complex species are the main arthropod hosts, while in North America WNV could
be detected in 37 mosquito species, with Culex pipiens being the main vector [1, 2, 3, 4. 7, 9} In India
Culex vishnui and in France Culex modestus were identified as the main vectors [1]. In total WNV could
be found in more than 40 mosquito and in several tick species [3, 4, 5].

Birds represent the vertebrate reservoir [1, 20, 21]. Alone in the USA WNV has been found in more than
162 species of birds. Many of them showed clinicai symptoms and thousands of birds died after
contracting a natural infection [7, 8, 10, 20, 21]. Birds that survive develop lifelong immunity. Acting as
coincidental hosts mammals can also become infected when bitten by an infected mosquito [10, 13, 14].
Transmission has additionaily been documented via breast milk, bone marrow transplantations, liver and
heart transplants, blood transfusions, lab accidents such as open wounds during handling of infected
brain tissue as well as transplacental transmission [2,3,4,5,8,22 23 24, 25 28, 27, 28]. Other than
humans, mostly only horses became ill after an infection {2, 13, 21]. As well as WNV infection via a
mosquito bite, a second natural infection source is possible in animals, namely via feeding on infected
prey [3, 5]. An experimental infection of cats was successfuily achieved by feeding them infected mice
{20, 21].

70% to B0% of the humans infected with WINV showed no symptoms [8]. In the remaining 20%-30%,
signs of sudden flu-like symptoms appear after an incubation period of 2-6 days with fever ranging from
38.5 to 40°C lasting for 3-5 days, nausea, shivering, head and back aches, joint and muscle pain and
other unspecific symptoms such as loss of appetite, dizziness, vomiting, diarrhoea, coughing and a sore
throat [1, 2, 3, 4, 5]

Typical for epidemical occurring fever are exanthema on the breast, back and upper extremities and
general lymph node swelling [1, 3, 26]. Severe clinical cases of WNV infections are characterized by
myocarditis, pancreatitis and hepatitis and since 1996, also neurological disorders, as WNV is now
capable of crossing the blood-brain barrier [3]. The neurological symptoms begin after a short febrile
prodome phase approximately 1-7 days after infection and become manifest in the form of encephalitis
and meningoencephalitis accompanied by stifiness, spasms and shivering as the result of damage done
to the basal ganglia [3, 8, 29, 30].

Another widespread symptom is general muscle weakness similar to the Guillain-Barré syndrome and
also polio-like paralysis [29, 30]. Approximately 4%-14% of the hospitalized patient cases are fatal f2¢1.
High risk factors are old age and a weak immune system [1, 3, 29].

An infection with WNV during pregnancy can cause miscarriages, congenital meningitis, birth defects in
approx. 10% of the cases and in an additional 10% of newborns growth disturbances [3, 8, 27, 28].

The diagnosis of WNV can be performed by virus detection or by detection of specific antibodies [1, 4,
irus isolation from serum or cerebrospinal fluid or virus detection using Real-Time
Reverse Transcription-Pgl Reaction (RT-PCR) is usually unsuccessful due to short
viraemia and low virus titers, the detection of specific WNV antibodies using ELISA and IFA has gained

importance [11, 17, 18, 19, 31, 32, 33, 34, 35, 36, 37, 38].

-
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Specific IgM antibodies in serum can be determined using ELISA or IIFT [19]. Antibodies of class IgM

are detectable-in serum from the second day after initial symptoms of the illness occur. A four-fold
increase in titer of the respective class of antibody is considered proof of a WNV infection

If the IgM test is negative, even though the symptoms indicate a WNV infection, a second serum sample
should be taken and tested for IgM antibodies a few days later. A combination of ELISA and IIFT
provides close to 100% reliability [17, 18, 31, 32, 33, 34]. Anti-WNV IgM antibodies persist for 2 to 3
months, often for more than a year 4, 17, 18, 19, 22].

Antibodies of class lgG are detectable approx. 2 days after the appearance of IgM_antibodies [11,18, 32,
33, 34, 40], Two to four weeks after a positive Ighl result the infection can be confirmed and its severity
and prognosis evaluated using a gualitative and quantitative test for the detection of specific WNV 1gG

antibodies in the patient serum [34],

il

or the refiable differentiation between acute and past infections the detection of low-avi
antioodies gives evidence for a primary or an acute WNV infection, while high-avidity antibodies indicate
@ past or reactivated WNV infection [39, 40, 41].
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EUROIMMUN offers additional test systems for determination of 1gG avidity in both ELISA and IIFT _
formats. The detection of low-avi ty antibodies Using ELISA and [IFT in par is possible for WNV as it
is for Toxoplasma gondil, rubella virus, mmc.m}_mwe,.nbmnanoa_._mc.,quwﬁm_ho, E“_

As the degree of sir itarity within the Flavivirus family is high antibody cross reactions can oceur [19, 31,
42]. Therefore samples that are positive for specific IgM and/or IgG antibodies against WNV should be
titrated and investigated on all relevant Flavivirus Il FT substrates for cross reactions, By comparing the
titer strengths the initial result can be confirmed or dispraved by the second detection and an infection
with another Flavivirus identified as the source of iliness [17, 32, 34].

To supplement and extend the current Ant West Nile Virus ELISA and Anti-West Virus IIFT (each
158G or IgM or avidity) BIOCHIP Mosaics and Profiles for the detection (iIFT} of infections with
Flaviviruses and the BIOCHIP Mosaic Fevar Profile 1: South-East Asia have been developed. With these
tests specific antibodies (IgG and IgM) against several infectious agents can be investigated
simullansously [36, 37, 38, 43, 44, 45]. These supplementary tests allow similar or ambiguous disease

symptoms and potential cross reactions to be clarified and differential diagnostic issues to be addressed
T
1

A specific antiviral therapy for VWWNV encephalitis is not available at present (1, 2, 3 4, 5 14, 35].
Intensive medicai care is the only possibility to positively influence the illness. Eradication of WNV is
impossible due to the natural bird-mosquito cycle [1]. A vaccine with formalin i activated WNV is only
available for horses [2, 10]. Therefore public education, individual precau ionary measures and

protection against insect bites are essential contributions to preventing WNV infections [2. 3, 4, 5, 14,
16].
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Test instruction

Avidity determination of antibodies against Measles Viruses (IgG)

_ -
ORDER NO. ANTIBODIES AGAINST IG CLASS SUBSTRATE FORMAT
| ) Ag-coated
2610-9601- (
m El 261 1-1G | Z_mmwl_mm <__.cmo.m 1gG _,D_Qou_mﬁm wells 96 x 01 {96)

Background

The differentiation between fresh and long-standing infections is one of the greatest challenges
logy. Until now this was based mainly on determination of specific antibodies of the immunoglobulin
ciass IgM, which generally only appear initially. However, the detection of these antibodies is often un-
reliable and problematic due to interfering factors such as persistence of the IgM response, too weak ar
delayed IgM production, and unspecific igM production through polycional B-cell stimulation,

In recent years additional determination of the antibody avidity has become an established method for
identifcation of primary infections. The immune system reacts to an infection by first forming low-avidity
antibodies. With continued disease duration, IgG that are more precisely adapted fo the antigens are

produced - the avidity increases. If high-avidity IgG are detactable in the serum, it can be assumed that
the infection is at a late stage.

Contents of the test system: Ei 2610-9601-1 G:

| Component 3 | Colour Format [ Symbo!
1. Test kit Anti-Measles Viruses ELISA | |

(IgG, order number El 2610-9501 G) |7 = =
2. Positive control HA [FGS CONTROL HA]
i High-avidity anti-Measles (IgG, human), ready for use ey L2 Mm ul Eu
3. Positive control LA |

Low-avidity anti ! ! i blue 1xL3ml g_
4. Ureasolution —|

for Anti-Measles ELISA, ready for use yellow ) =)
5 Phosphate buffer ;

ready for use light blue . 1x12ml [PBS BUFFER |
§. Test instruction ] {1 booklet =
ioT] Lot ﬁ m 1 Storage temperature
WD In-vitro determination

Unopened usable until

Storage and stability: The test kit has to be stored at emperature between 2°C to +8°C. Do not
?mmNm.c:o_um:ma_m ﬂm:mﬁw_%omevo:m:@wﬁm.Hmc_mE:_:.:m.:amnmﬁmamxuiqmﬁo."

Waste disposal: Patient samples, calibrators, controls and incubated microplate strips should be
handled as infectious waste, All reagents are to be disposed of according to official regulations.
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—Preparation-and stability of the reagents—
Note: All reagents must be brought to room temperature (+18 C to +25 C) approx. 3G minutes before

use. After first use, the reagents are stable until the indicated expiry date if stored at +2 C to +8 C and
protected from contamination, unless stated otherwise below.

- Controls: Ready for use. The reagents must be mixed thoroughly before use

- Urea solution: Ready for use. The urea solution included in this test system may only be used for the
avidity determination of antibodies against Measies.

- Phosphate buffer: Ready for use
Warning: The calibrators and controls used have been tested negative for HBsAg, anti-HCV, anti-HIV-1
and anti-HIV-2 using enzyme immunoassays and indirect immuncfiuorescence methods. Nonetheiess,

all materials shauld be treated as being a potential infection hazard and should be handled with care.
Some of the reagents contain the toxic agent sodium azide. Avoid skin contact.

Preparation and stability of the patient samples

Sample material: Human serum or EDTA, heparin or citrate plasma.

m»mc<”_um:mimmﬁ:u_om8_um_3<mmzmm6aoms mm:mﬂm__v\Ummﬁoqmam:maoﬂo&Oﬁo:__uﬁoKamv\m
Diluted samples should be-incubated within-one working day- - - - . N N

Sample dilution: Patient samples are diluted 1:101 sample buffer. For example: dilute 10 ul serum to
1.0 ml sample buffer and mix well by vortexing (sample pipettes are not suitable for mixing)

NOTE: The controls are prediluted and ready for use, do not dilute them.
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Sample incubation
=ample incubation:
(1. step)

Wiash:

Urea incubation:

(2. step)

Viash:

Substrate incubation:
(4. step)

Stopping the reaction:

Measursment:

Medi

nische

Incubation

Transfer 100 il of the controls or diluted patient samples into the individual
microplate wells according to the pipetting protocol.
Incubate for 30 minutes at room temperature (+18°C to +25°C).

Manual: Empty the wells and siubsequently wash 1 time using 300 pl of
working strength wash buffer.

Automatic: Wash reagent wells 1 time with 450 ul of working strength wash
buffer (program setting: e.g. TECAN Columbus Washer “Overflow Modus”)

Leave the wash buffer in each well for 30 to 60 seconds per washing cycle,
then empty the wells. Afer washing (manual and automated tests),
thoroughly dispose of all liquid from the micraplate by tapping it on absorbent
paper with the openings facing downwards to remove all rasidual wash buffer.
Free positions on the microplate strip should be filled with blank wells of the
same plate format as that of the parameter to be investigated

Pipette 200 yl of urea solution into each of the microplate wells of the first
microtiter strip and 200 ul of phosphate buffer into each of the microplate
wells of the second microtiter strip.

Incubate for 10 minutes at room temperature (+18°C to +25°C).

Empty the wells. Wash as described above, but wash 3 times using working
strength wash buffer for each wash.

Attention: Residual liquid (> 10 yl) in the reagent wells after washing can
interfere with the substrate and lead to false low exdinction values.

Insufficient washing (e.q., less than 3 wash cycles, too small wash buffer
volumes, or too short reaction times) can lead to false high extinction values.

Pipette 100 ul of enzyme conjugate (peroxidase-labelled anti-human 1gG) into
each of the microplate wells.
Incubate for 30 minutes at room temperature,

Empty the wells. Wash as described above, but wash 3 times using working
strength wash buffer for each wash.

Pipette 100 ul of chromogen/substrate s
wells,

Incubate for 15 minutes at room temperature (+18°C to +25°C) protect from
direct sunlight

ch of the micropiate

Pipette 100 pl of stop solution into each of the microplate wells in the same
order and at the same speed as the chromogen/substrate solution was intro-
duced.

Photometric measurement of the colour intensity should be made at a
wavelength of 450 nm and a reference wavelength between 620 nm and
650 nm within 30 minutes of adding the stop solution. Prior io measuring,

- slightly shake the-microplate to- enstre o homogeneous distribution of the
solution

t
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Pipetting protocol
23T a]sTsl 7l elslwlnle

A [POs [pos | p7 | py [pas|pas
HA | HA

g | pos | pos P8 | FB [P 16| P16
LA | LA

The above pipetting protocol is an example of the avidity determination of 1gG antibodies in 18 patient
samples (P 1 to P 18).

Controls (pos HA and pos LA) as well as the patient samples have been Incubated in duplicate in one
well each of twa different microtiter stips. The reagent wells of the microtiter strips 1, 3, 5 etc. are
treated with urea solution after the incubation with patients samples, the reagent wells of the microtiter
strips 2, 4, 6 efc. are treated with phosphate buffer.

The wells can be broken off individually from the strips. This makes possible to adjust the number of
tesl substrates used io the number of samples o be examined and minimises reagent wastage

Both positive controls with high-avidity and low-avidity antibodies serve as internal controls for the
reliability of the test procedure. They should be assayed with each test run.

Calculation of resuits
The presence of low-avidity antibodies in a patient's serum has been proved if the ELISA extinction

value is considerably reduced by urea treatment. For an objective interpretation the reiative avidity index
(RAI) is calculated and expressed in percent using the extinction values with and without urea treatment.

mx:._._nzo:a:_._mmm_ﬂumms,::cﬂmm:wmr._._m_.:xBD | . .- e
Extinction of the sample without urea treatment = relative avidity index (RAI) in %

The upper limit of the range of low-avidity antibodies (cut-off value) recommended by EUROIMMUN is
40% RAI. Values below the indicated cut-off are to be considerad as an indication of low-avidity anti-
bodies, values between 40% and 60% RAl as equivocal, values above 60% RAI as an indication of high-
avidity antibodies. If 2 result is classified as equivocal, it is recommended fo collect a second sample not
less than 7 days later and to test it together with the first sampie.

RAL<40%: _indication of low-avidity antibodies——
RAl 40% - 60%: equivocal
RAIl > 60%: indication of high-avidity antibodies

Reliable resuits in the the measurement of igG antibody avidity can only be yielded if the patient sampie
contains & diagnosticaily significant concentration of specific antibodies.

Generaiiy, ihe deter| tion of the relative avidity index is not heipfui in samples which have an O D of
<0.140 after incubaticn without urea treatment.
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For diagnosis, the clinical symptoms of the patient should always be taken into account along with the
serological results,

Attention:

In some patients with an acute infection, very high titers of 136 antibodies can be found. Even though the
specific IgG antibody population is in different maturation stages, boih, high-avidity and low-avidity, the
vacant antigen epitopes are predominantly occupied by high-avidity antibodies in high titer sampies. The
determination of the avidity of the whole specific IgG antivody population can lead to false high RAl
values in results.

False high RAI values were found in some cases of acute infections when the extinction value of the lgG
measurament without urea treaiment was >1.200

It is recommended for samples with extinction values of >1.200 to repeat the avidity determination with a
nigher sample dilution (e. g. 1:401). If low avidity of I9G antibodies is already found at extinction values
0f>1.200, no further testing is necessary.

Test characteristics

A panel of 104 sera from patients with the following diseases was investigated:
10 patients with clinically and serologically diagnosed acute measles infection
14 patients with acute EBV infection and resulting polyclonal stimulation
29 healthy blood donors
44 patients with MMR vaccination more than 6 months ago

7 patients with SSPE after measles infection

In these panels patients with. acute infection showed an average RAl of 13%, whereas the RAI deter-
mined for the remaining patients without acute measles infection was > 80%.

Average RAIl of IgG ab against measles viruses
100
= g0 f = =
| 3 ===
g 0 z . —
2 7 s - > =
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50

. O Acute measles infection (n = 10)

45 .|J

s O Acute EBV infection (n = 14)

a5 |13 Healthy blood donors (n = 29)

& Pat. with MMR vaccination >6 months (n=44)

@ SSPE patients (n = 7)
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Relative avidity index (RAl)in %

Clinical significance

The measles virus (MV) is the maost instantly recognisable member of Morbi iruses, a group of viruses
belonging te the Paramyxoviridae family [1]. No animal reservoir is known. The measles virus causes an
acute feverish iliness which occurs mainly in childhood and is very infectious [2, 3], In 1999, measles still
caused worldwide 873,000 deaths per vear [1, 4, 5} Today they are less frequent because of
vaccination, especially in the western hemisphere [6. 7. However, measles epidemics are still observed
in some countries [2, 3, 4, 5, 6, 8, 9] Individuals acutely infected with the virus exhibit a wide range of
clinical symptoms ranging from a characteristic mild self-limiting infection to death [1, 2, 8, 10].

MV infections are characterised by an incubation period of about 10 days, flue-like symptoms with fever,
malaise, catarrh of the upper respiratory tract, cough, congestion and conjunictivitis. Soon afterwards the
measles rash, a typical exanthema, appears first near the sars, then on the forehead, in the face and
over the rest of the body [1. 5, 8, 11].

Complications arising from MV infections include secondary bacterial pneumonia, otitis media (approx.
1%), encephalitis (approx_1%), myocarditis, miscariage and a condition called subacule solsrosing pan-
encephalitis (SSPE) [5, 12, 13). Persistent MV infection of the afic capsule is an aetiologic factor in
otosclerosis [9, 14]. Anti-measles IgG for the serological diagnesis of otoslcerotic hearing loss has 2 high
specificity and sensitivity [15]. SSPE is a progressive, generally fatal brain disorder caused by chronic
measles virus infection. It occurs about 7 to 10 vears after the infection and generally kills within 2 years
from the onset of the symptoms. The patients suffer from behavioural changes, cognitive deterioration,
vision problems and eventually advanced neurological symptoms, such as severe spasms, and finally
severe physical and mental impairment that leads to death [13]. Males are more commonly affected than

The risk of SSPE from measles was underestimated according to older data {12]. Actual papers put it at
closer to 6.5 to 11 cases of SSPE per 100,000 measles infections; that means 7 to 13 times higher than
‘the earlier estimates [1, 9, 12].
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Women with acute measles infection during pregnancy and a negative result for measles-specific anti-
bodies were observed -e-g-in-Japan;, ndia; Thaitand, Kenya and Brazil 3 of 4 pregnancies ended in
preterm delivery, spontaneous abortion or stillbirth; 2 of 4 neonates were found to have congenital
measles with a positive result for IgM antibodies [5]

Antibodies against MV can be found in the serum of almost all patients during and after a measles
infection. IgM antibodies develop soon after the onset of symptoms and can be measured using ELISA
or indirect immunofiuorescence tests (IIFT) [18, 20, 21, 22]. 50% of patienis have igM antibodies within
three days, more than 90% within 10 days after occurrence of the rash [15, 17]. The Anti-Measles Virus
IgM ELISA is more rapid and sensitive for the serological diagnosis of measles infections than other
tests [15, 18, 19]. MV infections often cause an increase in heterologic antibodies. The statisticaily
evaluated detection rate for antibodies is significantly higher for ELISA and IIFT in comparison with e.g.
neutralisation tests [16, 20]. IgG and IgM antibodies against MV are reliable markers to confirm
suspected measles infections.

Measles myelitis or encephalitis can be verified by detecting antibodies against measles in the cerebro-
spinal fluid (CSF) [23, 24, 25, 26]. These specific antibodies are synthesised in the brain [24]. The
CSF-serum quotient (LSQ) ailows to differenciate between a bicod-derived and a pathoiogical, brain-
derived specific antibody fraction in CSF, taking into account individual changes in the blood/CSF barrier
function [24, 25, 26, 27]. Therefore it is necessary to confirm the presence of antibodies against MV
using ELISA both in CSF and in the serum. During measles myelitis or encephalitis an intrathecal
synthesis of antibodies against MV in CFS takes place. Due to the fact that specific antibodies can pass
the blood-cerebrospinal fluid barrier by diffusion from serum ta CSF it is necessary to determine the
relative CSF/serum quotient (CSQrel., synonym: antibody specificity index) [24, 25, 26]. The quotient is
calculated from the amount of specific anti-measies virus 1gG antibodies in total CSF IgG in proportion to
the amount of specific 1gG antibodies in total serum IgG During conversion the CSF/serum -quotient of
the "pathogen-specific IgG-antibody concentrations C8Qpath-spec. (IgG) is put into relation to the
CSF/serum quotient of the total IgG concentrations CSQ total (19G) [27]. A relative CSQ result above 1.5
indicates the production of spec ibodies in the central nervous system (CNS) and the involvement

aicates e procuction of speci

of the CNS in the disease [25, 26].

With respect to the severe complications known from measles infections, the Robert Koch Institute in
Germany recommends vaceinating small children; with a first shot between the age of 11 to 14 months
and a second between 15 and 23 months {2, 4, 10, 11]. Neutralisation activity and persistence of anti-
bodies are induced in response to the immunisation [6, 15].

Life-long immunity is generally developed. However, antibody levels are 8 to 10 times lower in post-
vaccination sera than in convalescent sera [6, 19, 28]. A passive immunisation with specific immunoc-
giobulin concentrates is usually given to immunos uppressed seronegative individuals, such as tumour

b d o

patients and recipients of transpiants, as well as to seronegative pregnant women after exposure to the
virus

The European Regional Office of the WHO aims at eliminating measles from the region in the following
years by area-wide vaceination campaigns [4, 9, 10} This is expected to limit the number of apparent
infections and especially of severe courses of the disease. For the diagnosis of the remaining cases of
measles infection and of infections acquired outside Europe as well as for the clarification of atypical
courses of the disease in partly immunised patients the anlibody determination in serum and CSF will be
of growing importance (3, 5, 8, 2],

Lel N N N N
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Anti-Measles Virus ELISA (igG)

Test instruction

I~ = —
|__ORDERNO. |  ANTIBODIESAGAINST | IGCLASS | SUBSTRATE | FORMAT
El 2610-6601 G Measles virus _ 1gG _Ag-coated 96 x 01 (96)
microplate wells s

Indication: measles

Principles of the test: The ELISA test kit provides a quantitative or semiquantitative in vitro assay for
human antibodies of the 1gG class against measles virus in serum or plasma. The test kit contains
microtiter strips each with 8 break-off reagent wells coated with measles virus antigens. In the first
reaction step, diluted patient samples are incubated in the wells. In the case of positive samples, specific
lgG antibadies (aiso IgA and 1gM) will bind to the antigens. To detect the bound antibodies. a second

incubation s carried out using an enzyme-labelled anti-human IgG (enzyme conjugate) catalysing a
cclour reaction.

Contents of the test kit

Componenrt Colour Format Symbal
| 1. Micropiate wells
coated with antigens: 12 microplate strips each
containing 8 individual break-off wells in a frame, - 12x8 E
ready for use
2. Calibrator 1
| 5000 1U/ (IgG, human), ready for use X Gl CALal|
|3. Calibrator 2 | R
~ 1000 1U/ {IgG, huiman), ready for use red coloured | 1x2.0ml [caL2]
4. Calibrator 3 In decreasing
250-1UN (160G intensity 1x20 [CAL3]
280W-is B
5. Calibrator 4
501U/ (IgG, human), ready for use dpx28m) e
6. Positive control
| - (I9G,-human),-ready-for usg— —-— —-—--—--— = S e
7. Negative control |
(IgG, human), ready for use green TX20ml E
8. Enzyme conjugate )
peroxidase-iabelled anti-human IgG (rabbit), ready green [ 1x12ml [CONJUGATE]
for use
9. Sampl ffer PO
e o DuTrer iight biue | 1x 100 mi | [SAMPLE BUFFER]
10. Wash buffer
O — colourless 1x 100 ml | [WASH BUFFER 10x
11. Chrom / i
g ﬁz%lw%mmﬂmwwwwwﬁwmm%o_c:oa colourless 1x12mi [SUBSTRATE]
12. Stop solution . i _
0.5 M sulphuric acid, ready for use colourless 1x12m | [STOP SOLUTION]|
13. Testinstruction — 1 bookiet
|14, Quality control certificate . 1 protocol |

[LOT] Lot

4 Storage temperature
Eo In vitro determination

2 Unopened usable untif. ___ __

Storage and stability: The test kit has to be stored at a temperature between +2°C to +8°C. Do not
freeze. Unopened, all test kit components are stable until the indicated expiry date

Waste disposal. Patient sampies, calibrators, controls and incubated microplate strips should be

handled as infectious waste All reagents must be disposed of in accordance with iocai disposai
regulations.
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Preparation and stability-of the reagents-

Note: All reagents must be brought to room temperature (+18°C to +25°C) apprex. 30 minutes before

use. After first use, the reagents are stable until the indicated expiry date if stored ai +2°C to +8°C and
protected from contamination, unless stated otherwise below.

- Coated wells: Ready for use Tear apen the resealable protective wrapping of the micropiate at the
recesses above the grip seam. Do not open until the microplate has reached room temperature to
prevent the Individual strips from moistening. Immediately replace the remaining wells of a partly
used microplate in the protective wrapping and tightly seal with the integrated grip seam (Do not
remove the desiccant bag)

Once the protective wrapping has been opened for the first time, the wells coated with antigens can
be stored in a dry place and at a temperature between +2°C and +8°C for 4 months.

 for use. The reagents must be mixed thorotighly before use

gate: Ready for use, The enzyme conjugate must be mixed thoroughiy befcre use,
Sample buffer: Ready for use

Wash buffer: The wash buffer is a 10x concentrate. If crystallization occurs in the concentrated
buffer, warm it to 37°C and mix well before diluting. The quantity required should be removed from
the bottle using a clean pipette and diluted with deionized or distilled water (1 part reagent plus 9
parts distilled water).

For example: For 1 microplate strip, 5 ml concentrate plus 45 ml water B -
The working strength wash buffer is stable for 4 weeks when stored at +2°C to +8°C and handled
properly.

Chromogen/substrate solution: Ready for use. Close the bottle immediately after use, as the
contents are sensitive to light. The Chromogen/substrate solution must be clear on use. Do not use
the solution if it is biue coloured.

- Stop solution: Ready for use
Warning: The controls and calibrators used have been tested negative for HBsAg, anti-HCV, anti-HIV-1
and anti-HIV-2 using enzyme immunoassays and indirect immuncfluorescence methods. Nonetheless,
all materials should be treated as being a potential infection hazard and should be handled with care.
Some of the reagents contain the toxic agent sodium azide. Avoid skin contact.

Preparation and stability of the patient samples

Samples: Human serum or EDTA; heparin or citrate plasma.

Stability: Patient samples to be investigated can generally be stored at +2°C to +8°C for up to
14 days. Diluted samples should be incubated within one working day.

Sample dilution: Patient samples are diluted 1:101 in sample buffer. For example: dilute 10 ul serum
in 1.0 ml sampie buffer and mix well by votexing (sample pipettes are not suitable for mixing)

NOTE: Calibrators and controis are prediluted and ready for use, do not dilute them
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m..\_cw:mﬁm incubation:
(3" step)

Stopping the reaction:

Measurement:

Incubation
cubate om_&.ﬂmmo_wm to 4 m_ogo with Hjm _OOm:_<m and
Transfer 100 pl of the calibrators, positive and negative controls or diluted

patient samples into the individual microplate wells according to the pipetting
protocol. Incubate for 30 r tes at room temperature (+18°C to +25°C)

Manual: Empty the wells and subsequently wash 3 times using 300 pl of
working strength wash buffer for each wash
Automatic: Wash ﬁmm@ma wells 3 times with 450 gl of working strength wash

m
ing: e,g. TECAN Columbus Washer “Overflow Modus"),

Leave the wash buffer in each well for 30 to 60 seconds per washing cycle,
then empty the wells. After washing (manual and automated tests),
thoroughly dispose of a uid from the micropiate by tapping it on absorbent

paper with the openings facing downwards to remove all residual wash buffer

Note: Residual liquid (> 10 pl) in the reagent wells after washing can interfere
with the substrate and lead to false low extinction values. Insufficient washing
(e.g., less than 3 wash cycles, too small wash buffer volumes, or too short
reaction times) can lead to false high extinction values.

Free positions on the microplate strip should be filled with biank wells of the
same plate format as that of the parameter to be investigated.

mmo: o,ﬂ 5@ B_QOU_M:
(+18°C to +25°C)

Empty the wells. Wash-as described above.

Pipette 100 pl of chromogen/substrate solution into each of the micropiate
wells. incubate for 15 minutes at room temperature (+18°C to +25°C)
(protect from direct sunlight)

Pipette 100 ul of stop solution into each of the microplate wells in the same
order and at the same speed as the chromogen/substrate solution was intro-
duced.

Photometric measurement of the colour intensity should be made at a
wavelength of 456 nm and a reference waveiength between 620 nm and 650
nm within 30 minutes of adding the stop soiution. Prior to measuring,
slightly shake the microplate to ensure a homogeneous distribution of the
solution

Test performance using fully automated analysis devices

Mm:ﬂ_o

vahidated

however,

ution and test performance are carried out fully automaticaily using the anaiysis device. The
tion conditions-programmed-in the respective-software mr;jonmbm py-EURCIMMUN-may deviate
ntly from the specifications given in the ELISA test instructi

However, these conditions were

1 respect of the combination of the EURCIMMUN >nm_<Nm« | or the DSX from Dynex and this
EUROIMMUN ELISA. V
Autcmated test performa

idation documents are available on ina
nce using other fully automated, cpen system anralysis devices is pcssible
Um<mm8ac<3mcmmﬁ
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. Pipetting protocol

2 3 4 5 | B 7 ] 2 | 10 1
A|C3|P 6|P14)P22 Cl e 3|P11|P18
B |pos |P T|P1S|P23 C2 |P 4(P12|P20
C|neg |P B|P16|P24 C3 |2 s5|PI3|P21
DIP 1|P 8|FRT7 ) Ca|P 6[P14|P22
E|P 2|P10|P1e pos [P T|P15| P23
FiP 3jPit|Pig lnea |P B|P1i6| P24
G|p afpi2|P20 P P og|P1T
H|F s F 2|P10| P8

e pipetting _u_‘oﬂoro
samples (P 1 to P 24)

The calibrators (C 1 to C 4), the positive (pos.) and negative (neg.) controls, and the patient samples
have each been incubated in one well, The reliability of the ELISA test can be improved by duplicate
determinations for each sample.

The reagent wells are break-off format. Therefore, the number of tests performed can be matched to the
number of sampies, minimizing reagent wastage.

Both positive and negative controls serve as internal controls for the reliability of the test procedure.
They should be assayed with each test run.

Calculation of results

Semiquantitative: Results can be evaluated semiguantitatively by calculating a ratio of the mxz:ozo.:
“value of the control or patient sample over the extinction value of calibrator 3. Calculate the ratio

according to the following formula:

Extinction of the control or patient sample
Extinction of calibrator 3

= Ratio

EUROIMMUN recommends interpreting results as follows:

Ratio <0.8 negative
Ratio 0.8 to <1.1: borderline
Ratio >1.1: positive

In cases of borderline test results, an additional patient sampie should be taken 7 days later and re-
tested in parallel with the first patient sample. The results of both samples allow proper evaluation of titer
changes

Quantitative: The standard curve from which the concentration of antibodies in the patient samples can
~ be taken is obtained by point-to-point plotting_of the extinction values measured for the 4 calibrators —
against the corresponding units {linear/iinear). Use "point-to-point” piotting for calcuiation of the standard
curve by computer. The fellowing plot is an example of a typical calibration curve. Please do not use this

curve for the determination of antibody concentrations in patient samples
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Extinclion

0,2

[*) 1000 2000 3000 4000 5000
1%]

If the extinction of a serum sample lies above the value of calibrator 1 (5000 U/}, the result should be
given as “>5000 IU/I". It is recommended that the sample be re-tested at a dilution of 1:400. The resuit in
1U/l read from the calibration curve for this sample must then be multiplied by a factor of 4.

The upper limit of the reference range of non-infected persons (cut-off value) recommended by

EUROIMMUN is 250 International Units (IU/1). EUROIMMUN recommends interpreting results as
follows:

<200 1U/1: negative
2200 to_<275 1U/: -borderline
2275 1U: posi

Evaluation information: For duplicate determinations the mean of the two values should be taken, If
the two values deviate substantially from one another the sample should be retested.

For the interpretation of borderline resuits an investigation using further tests (e.g. avidity determination
of antibody class igG) can be helpful. Diagnosis can be secured by the determination of the titer change
in two serum samples taken at an interval of at least 7 days and analysed in parallel.

For diagnosis, the clinical symptoms of the patient should always be taken into account along with the
serological results.

Test characteristics

Calibration: The controls of the Anti-Measles Virus ELISA {lgG} were calibrated using the 3™
international standard serum NIBSC 87/648 (anti-measies and anti-polio virus serum, National Institute
for Biological Standards and Control, Hertfordshire, England. approved as international reference
preparation by the WHO Expert Committee on Biological Standardization). The NIBSC 97/648 serum
contains 3 International Units (IU) per ampoule by definifion and was resuspended in a concentration of
3 1U/ml.

For every group of tests performed. the extinction values of the calibrators and the international units
determined for the positive and negative controis mustiie within the miits stated for the relevant test kit~
lot. A quality control certificate containing these reference values is included. If the values specified for
the controls are net achieved, the test results may be inaccurate and the test should be repeated.

Medizinische
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_The activity of the enzyme used is temperature-dependent and the extinction valies may—vary ifa— — —
thermastat is not used. The higher the room temperature during substrate incubation, the greater will be

the extinction values. Corresponding variations apply also to the incubation times. However, the
caiibrators are subject to the same influences, with the result that such variations will be largely
compensated in the calculation of the result

Antigen: The antigen source is provided by inactivated cell ysates of Vero cells infected wiih the
"Edmonston” strain of measles viruses

Linearity: The linearity of the anti-measles viruses ELISA {IgG) was determined by assaying 4 serial
dilutions of different patient samples. The coefficient of determination R? for all sera was > 0.95. The
Anti-Measles Virus ELISA (IgG) is linear at least in the tested concentration range (52 1UN - 4865 U/}

Detection limit: The lower detection limit is defined as the mean value of an analyte-free sample plus
three times the standard deviation and is the smallest detectable an ibody titer. The lower detection timit
oi:m>::.2_mmm_mm_Emm_._m>e@9mmm_c\_

Cross reactivity: The quality of the antigen used ensures a high specificity of the ELISA. Sera from
patients with infections caused by various agents were investigated with the EUROQIMMUN Anti-measles
virus ELISA (IgG)

Antibodies against a Anti-Measles virus ELISA

(lgG)

Adenovirus a 0%

ChMv 6 0%

EBV-CA 11 0% ——

HSV-1 3 0%

influsnza virus type A ] 0%

Influenza virus type B 11 0%

Mumps virus 4 0%

Mycoplasma pneumonize 4 0% |

Parainfluenza virus types 1-4 1 0%

RSV 9 | 0%

Rubella virus 6 | 0%

Toxoplasma 3 0%

\FAY) 5| 0%

Interference: Haemolytic, lipaemic and icteric samples showed no influence or
concentration of 10 mg/m! for hemoglobin, 20 mg/ml for triglycerides and 0.4 mg/ml for bilirubin
ELISA.

Reproducibility: The reproducibility of the test was investigated by determining the intra- and
inter-assay coefficients of variation using 3 sera. The intra-assay CVs are based on 20 determinations
and the inter-assay CVs on 4 determinations performed in 6 different test runs.

Intra-assay variation, n = 20 Inter-assay variation,n=4x6
Serum Mean value oV Serum Mean value Ccv
L aum (%) - (aum (%)
| 1 830 5.0 1 795 116
2 3410 86 e 3635 5.0
3 3725 56 | e 3946 6.8
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Specificity and sensitivity: 112 clinically characterized patient samples (interlaboratory test samples

from-INSTAND -Germany,Labquality; Fintand an dNEQAS, UKy were examined with the EUROIMMUN ~—

Anti-Measles Virus ELISA (IgG). The test showed a specificity and a sen

ty of 100% each

[
n=112 INSTAND / Labquality / NEQAS (IgG)
positive borderline negative
EUROIMMUN | posittve 89 = 1 0 B
Anti-Measles Virus |  borderline 0 ] 0 0
ELISA (1aG) ) negative 0 0 22

Reference range: The levels of anti-measles virus antibodies (IgG) were analyzed with this
EUROIMMUN ELISA in a panel of 500 healthy blood donors. With a cut-off of 250 1U/1, 94% of the blood

donors were anti-measles virus positive (IgG), which reflects the known percentage of infections in
adults.

Ciinical significance

The measles virus (MV) is the most instantly recogni zable member of Morb iviruses, a group of viruses
belonging to the Paramyxoviridae family [1]. No animal reservoir is known. The measles virus causes an
acute feverish iliness which occurs mainly in childhood and is very infectious {2, 3]. In 1999, measles still
caused worldwide 873,000 deaths per year [1, 4, 5] Today they are less freguent because of
vaccination, especi in the western hemisphere [6, 7]. However, measles epidemics are still observed
in some countries [2, 3, 4, 5, 6, 8, 9]. iuals acutely infected with the virus exhibit a wide range of
clinical symptoms ranging from a characteristic mild self-limiting infection to death [1, 2, 8, 10].

fever

MV infections are characterised by an incubation period of about 10 days, flue-like symptoms
malaise, catarrh of the upper respiratory tract, cough, congestion and conjunctivitis, Soan afterwards the
measles rash, a typical exanthema, appears first near the ears, then on the forshead, in the face and

over the rest of the body [1, 5, 8, 11].

Complications arising from MV infections include secondary bacterial pneumonia, otitis media (approx
1%), encephalitis (approx. 1%), myocarditis, miscarriage and a condition called subacute sclerosing
panencephalitis (SSPE) [5, 12, 13]. Persistent MV infection of the otic capsule is an aetiologic factor in
otosclerosis {9, 14] Anti-measles IgG for the serological diagnosis of otoslcerotic hearing loss has a
high specificity and sensitivity [15]. SSPE is a progressive, generally fatal brain disord
chronic measles virus infecti
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f the symptoms. The patients suffe

deterioration, vision problems and eventually advanced neurological symptoms, such as severe spasms,
and finally severe physical and mental impairment that leads to death [13]. Males are more commonly
affected than females. The risk of SSPE from measles was underestimated according to oider data [12]
Actual papers put it at closer to 6.5 to 11 cases of SSPE per 100,000 measles infections; that means
7 to 13 times higher than the earlier estimates [1, 9, 12]

r

Women with acute measles infection during pregnancy and a negative result for measles-specific
antibodies were observed e g. in Japan, India, Thailand, Kenya and Brazil: 3 of 4 pregnancies ended in
preterm delivery, spontaneous abortion or stillbirth: 2 of 4 neonates were found to have congenital
measles with a positive resutt for IgM antibodies [5]

Antibodies against MV can be found in ihe serum of almost all patients during and after a measies
infection. IgM antibodies develop soon after the onset of symptoms and can be measured using ELISA
or indirect immunoflucrescence tests (IIFT) [18, 20, 21, 22]. 50% of patients have IgM anticodies w
ree days, more than 90% within 1C days after occurrence of the rash [15, 17], The Anti-Measies
ight ELISA is more rapig and sensitve for the serological diagnosis of measles infections than other
tests [15, 18, 19]
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MV infections often cause an increase in heterologic antibodies. The statistically evaluated detection rate

“for antibodies is significantly higher for ELISA and lIFT in comparison with e g. neutralisation tests {16,
20]. 1gG and IgM antibodies against MV are reliable markers to confirm suspected measles infections

Measles myelitis or encephalitis can be verified by detecting antibodies against measies in the
cerebrospinal fluid (CSF) [23, 24, 25, 26]. These specific antibodies are synthesised in the brain [24]

The CSF-serum quotient (LSQ) allows to differentiate between a biood-derived and a pathological, brain-
derived specific antibody fraction in CSF, taking into account individual changes in the blood/CSF barrier
function [24, 25, 26, 27]. Therefore it is necessary to confirm the presence of antibodies against MV
using ELISA both in CSF and in the serum. During measles myelitis or encepha an intrathecal
synthesis of antibodies against MV in CFS takes piace. Due to the fact that specific antibodies can pass
the blood-cerebrospinal fluid barrier by diffusion from serum to CSF it is necessary to determine the
relative CSF/serum quotient (CSQrel., synonym: antibody specificity index) [24, 25, 26]. The quotient is
calculated from the amount of specific anti-measles virus IgG antibodies in total CSF 1gG in proportion to
the amount of specific IgG antibodies in total serum IgG. During conversion the CSF/serum guotient of
the pathogen-specific lgG-antibody concentrations CSQpath-spec. (igG) is put into relation to the
CSF/serum quotient of the total IgG concentrations CSQtotal (1gG) [27]. A relative CSQ result above 1.5
indicates the production of specific antibodies in t he central nervous system (CNS) and the involvement
of the CNS in the disease [25, 26].

With respect to the severe complications known from measles infections, the Robert Koch Institute in
Germany recommends vaccinating small children, with a first shot between the age of 11 to 14 months
and a second between 15 and 23 months [2, 4, 10, 11]. Neutralisation activity and persistence of
antibodies are induced in response to the immunisation [6, 15].

Life-long immunity is generally developed. However, antibody-levels are 8 to 10 times lower- in post-
vaccination sera than in convalescent sera [6, 19, 28]. A passive immunisation with specific
immunoglobulin concentrates is usually given to immunosuppressed seronegative individuals, such as
tumour patients and recipients of transplants, as well as to seronegative pregnant women after exposure
to the virus

The European Regional Office of the WHO aims at eliminating measles from the region in the following

years by area-wide vaccination campaigns (4, 9, 107 THis iS eXpected 1o limit the number of apparent
infections and especially of severe courses of the disease. For the diagnosis of the remaining cases of
measles infection and of infections acquired outside Europe as well as for the clarification of atypical
courses of the disease in partly immunised patients the antibody determination in serum and CSF will be
of growing importance [3, 5, 8, 9].



EUROIMMUN

[#5}

N

10

Y
N

12

13.

o
&

18,

19

Medizinische
Labordiagnostika
AG

A H N N N

Literature references

Rima BK, Duprex WP. Morbilliviruses and human disease. J Pathc! 208 (2006) 199-214

Hogg GG, Darlingion RJ, Hogg KG, Lester R. Measles immunity and immunisation status in
Australian children 1 to 4 years of age. J Paediatr Child Health 42 (2006) 165-169

Karimi A, Arjomandi A, Alborzi A, Rasouli M, Kadivar MR, Obood B, Pourabbas B. Prevalence of
measies antibody in children of different ages in Shiraz, Islamic Republic of Iran. East
Mediterr Health J 10 (2004) 468-473

Cutts FT, Steinglass R. Should measles be eradicated. Br Med J 316 (1998) 765-767.

de Barros EN, Silva EM. Epidemiologic surveillance of measies and rubella in Campinas (SP),

Brazil: the reliability of the data. [Article in Portuguese] Rev Panam Salud Publica 19 (2006) 172-
178.

Gay N, Ramsay M, Cohen B, Hesketh L, Mcrgan-Capner P, Brown D, M

r E. The epidemioclogy
of measles in England and Wales since the 1994 vaccination campaign. Commun Dis Rep
CDR Rev 7 (1097) 17-21.

de Melker H, Pebody RG, Edmunds WJ, Levy-Bruhl D, Valle M, Rota MC, Salmaso S, van den Hof
S, Berbers G, Saliou P, Spaendonck MCV, Crovari P, Davidkin |, Gabutti G, Hesketh L, Morgan-
Capner P, Plesner AM, Raux M, Tische A, Miller E. The seroepidemiology of measles in
Western Europe. Epidemio! Infect 126 (2001) 249-259

Ceylan A, Ertem M, Korukluoglu G, Acemoglu H, Kara IH, Erten PG, Arslan C, Ay ME. An
epidemic caused by measles virus type D6 in Turkey. Turk J Pediatr 47(2005) 309-315

Ota MO, Moss WJ, Griffin DE. Emerging diseases: measles. J Neurovirol 11 (2005) 447-454. -
Shann F_A little bit of measles does you good. Br Med J 218 (1999) 4-5

CDC Measles outbreaks still occur among school-age children and travelers. MMWR 46
(1997) 242-245

Smith TC. Measles vaccine doesn’t cause SSPE. Aetiology (2006)

Yokoyama™ T, Sakurai "M, Aota” Y, Wakabayashi 'Y, "Ohyashiki K. "An adult case of acute
disseminated encephalomyelitis accompanied with measles infection. Intern Med 44 (2005)
1204-1205

Singh MP, Ratho RK, Panda N, Mishra B. Otosclerosis - do we have a viral aetiology? Nepal
Med Coll J 7 (2005) 129-130.

Tische A, Gerike E, Strauss J, Smelhausova M, Mrazova M. Immunoglobulin specific and

conventional methods in the serodiagnosis of measles. [Article in German] Z Gesamte Hyg 35
(1989) 367-369

Roodbari F, Roustai MH, Mostafaie A, Soleimanjdahi H, Foroshani RS, Sabahi F. Development of
an enzyme-linked immunosorbent assay for immunoglobulin M antibodies against measles
virus, Clin Diagn Lab Immunol 10 (2003) 439-442

Rossier E, Miller H, McCulloch B, Sullivan L, Ward K. Comparison of immunofluorescence and
enzyme immunoassay for detection of measles-specific immunoglobulin M antibody. J C
Microbiol 29 (1991) 1069-1071

Pedersen IR, Antonsdottir A, Evald T, Mordhorst CH. Detection of measies igM antibodies by
enzyme-linked immunosorbent assay (ELISA). Acta Pathol Microbiol Immunol Scand [B] 90

e (17 S T B o o e e o i e e e £ =

Glikmana G, Petersen |, Mordhorst CH. Prevalence of IgG-antibodies to mumps and measles
virus in non-vaccinated chiidren Dan Med Bull 35 (1988) 185-187

EUROIMMUN

20

21

22,

23§

24

25

26

27.

28

Medizinische
Labordiagnostika
AG

ST ew

Bouche FB, Brons NH, Houard S, Schneider F, Muller CP. Evaluation of hemagglutinin protein-

—specific Tmmonogtobutin ™ for diagnosis of measies by an enzyme-linked imrmunosorbent —
assay based on recombinant protein produced in a high-efficiency mammalian expression
system. J Clin Microbiol 36 (1998) 3509-3513.

Stécker® W, Fauer* H, Krause* C, Barth E, Martinez A (*EUROIMMUN AG). Verfahren zur
Optimierung der automatischen Fluoreszenzerkennung in der Immundiagnostik. Deutsche
Patentanmeldung (Offenlegungsschrift) DE 10 2006 027 516.0 und WO2007 140952 (20086).

EUROIMMUN AG. Aktuelle Themen der Autoimmundiagnostik und der Infektions-Serologie
Wissenschaftliches Fortbildungsseminar mit Vortragen von Prof. Dr. G. Wick, Prof, Dr. N. Sepp,
Prof, Dr. F Deisenhammer, Dr. med. W. Stocker, Prof. Dr. Gerold Stanek, Prof. DDr Wiirzner,
A. Krapf, Dr. med. Dipl. oec. med. J. Brunner, Innsbruck (2007).

Dennin RH, Herb E. Immunclogical diagnosis in viral infections of the central nervous
system: course of antibody titres against homo- and heterologous viruses. Med Microbioi
| nol 178 {1988} 255-268

00 N/ (Y8

Reiber HO, Lange P. Quan
Serum: Sensitive and Spe
1153-1160

cation of Virus-Specific Antibodies in Cerebrospina! Fluid and
Detection of Antibody Synthesis in Brain. Clin Chem 37 (1981)

Reiber H, Peter JB. Cerebrospinal fluid analysis: disease-related data patterns and evaluation
programs. J Neurol Sci 184 (2001) 101-122

Reiber H, Lange P. Virus-spezifische Antikérper in Liquor und Serum, ELISA-Analytik und
Auswertung mittels Antikérper-Index und Quotientendiagramm. Lab Med 15 (1991) 204-207.

Reiber H, Ungefehr S, Jacobi C. The intrathecal, polyspecific and oligoclonal immune
response in multiple sclerosis. Multiple Sclerosis 4 (1998) 111-117

Dine MS, Hutchins SS, Thomas A, Williams |, Belliini WJ, Redd SC. Persistence of vaccine-
induced antibody to measies 26-33 years after vaccination. J Infect Dis 189 (2004) 123-130.



