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A quantification assay for the Haemagglutinin-Neuraminidase (HN) protein of Newcastle Disease Virus (NDV) has been
developed at CIDC-Lelystad as a candidate in vitro potency test for inactivated Newcastle disease (ND) vaccines. In
studies performed at CIDC-Lelystad, a high correlation was demonstrated between the results of this candidate in vitro
potency assay and the results of the serological potency assay (European Pharmacopoeia monograph 0870; test A)
[1-7]. Furthermore, a high correlation between the serological data (Haemagglutination Inhibition-antibody titres) and
clinical protection after challenge was demonstrated.
Correlation between in vivo and in vitro potency assays was confirmed in a collaborative pre-validation study [8]. In
the pre-validation study three Official Medicines Control Laboratories (OMCLs) determined both the NDV-HN antigen
content and the in vivo potency (vaccination-serology and vaccination-challenge) of 6 vaccine batches. The conclusion
of the pre-validation study was that a large-scale collaborative study should be organised to validate the in vitro method
and the suitability of the reference preparation.
This report describes the outcome of this study. In brief, 14 laboratories (8 OMCLs and 6 vaccine manufacturers)
determined the NDV-HN antigen content of 9 different vaccines in 3 independent tests. The vaccine batches were
produced by 5 different manufacturers and represent a quantitative range of ND antigen content. One vaccine batch
with insufficient potency and one poultry vaccine not containing NDV were included.
Statistical evaluation of the results indicated that the antigen content could be determined with high precision. A
good repeatability as well as reproducibility was found. Furthermore all laboratories found a similar ranking of
the vaccines, based on the antigen content.
Comparison of the antigen content and the in vivo potency of a series of vaccines with relatively low potencies indicated
that a threshold relative antigen level of 7.0 antigen units per dose would discriminate between vaccine batches with
sufficient and insufficient potency. An in vitro assay with this threshold level for antigen content did not result in any
false positive results and only a limited number of false negative results in the BSP055 study.
We conclude that the in vitro measurement of the antigen content of inactivated ND-vaccines with the proposed method
is a reliable alternative potency assay that could be included as a new method in monograph 0870 on ND-vaccines.

Newcastle disease vaccine; potency assay; validation study; in vitro alternative method; ELISA; European Pharmacopoeia.

An NDV antigen quantification assay has been developed
at CIDC-Lelystad as a candidate in vitro potency test for
inactivated ND vaccines. The assay involves the extraction of
antigen from oil emulsion vaccines with isopropylmyristate
(IPM) followed by an in vitro ELISA for quantification of the
HN-protein of NDV in the vaccine.
In studies performed at CIDC-Lelystad, (formerly part of
ID-Lelystad) for a series of 20 inactivated ND vaccines (the
most commonly used ND vaccines in Western Europe) a high
correlation (r2 = 0.86) was demonstrated between the results
of this candidate in vitro potency assay and the results of
the serological potency assay (Ph. Eur. monograph 0870;
test A). Furthermore, a high correlation between the
serological data (HI-antibody titres) and clinical protection
after challenge was demonstrated [1]. The results of this
study have been reported to the Ph. Eur. Experts Group 15V.
In a subsequent study, in co-operation with EDQM and the
IVI (Dr. L. Bruckner), the transferability of the test protocols
was demonstrated [2].
With the aim of reducing the use of animals in the batch
release of such vaccines it has been proposed that the
candidate in vitro antigen quantification assay be included
as an alternative assay for the batch release of inactivated

ND vaccines in addition to the current in vivo methods
now listed in the Ph. Eur. monograph 0870. As 2 in vivo
methods are allowed in the Ph. Eur. monograph (method A
and B), acceptance of the in vitro method would introduce
an additional method in the monograph.
Large quantities of coating antibody, conjugate antibody and
reference preparations have been prepared by CIDC-Lelystad
and can be made available [1].
As the studies performed at CIDC-Lelystad looked promising,
the Ph. Eur. Experts Group 15V proposed that further
demonstration of the correlation between in vitro results
as determined by the ELISA and the in vivo potency
determination by established methods should be performed.
In a pre-validation study with 3 OMCLs as participants,
the correlation between the results of the in vitro method
and the established in vivo methods, was confirmed.
Furthermore, an excellent reproducibility of the proposed
method was observed with respect to the ranking of the
vaccines included in the study [8].
A large-scale collaborative study could then be organised
to further validate the candidate in vitro method and to
establish a biological reference preparation (BRP).
Successful outcome of this large-scale validation study would
hopefully result in the acceptance of an in vitro antigen
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quantification assay as an alternative assay for the batch
release of inactivated ND vaccines in addition to the current
in vivo methods.

The aim of the validation study was to determine the
repeatability and reproducibility of the candidate in vitro
potency assay. Furthermore the suitability of the reference
preparation as a Ph. Eur. BRP was to be determined.

Fourteen European laboratories with experience in
performing ELISAs took part in the study. These included
8 OMCLs and 6 vaccine manufacturers. All laboratories
reported results using the reporting forms provided. The
laboratories have been randomly assigned a code number
from 1 to 14 and are referred to as such throughout the
report. The participants are listed in alphabetical order at
the end of the report in section 10. The assignment of code
numbers was random and does not necessarily correspond
to the order of the listing.

Laboratories were asked to determine the NDV-HN antigen
content of 9 different inactivated vaccines using the
candidate in vitro method. Samples were coded (numbers
1-9) so as not to reveal their identities. Eight commercial
vaccine batches, produced by 5 different manufacturers and
representing a range of ND vaccines with different antigen
contents were used. Seven vaccines passed all release
tests of the manufacturers and therefore were expected to
have sufficient potency. The in vivo potency of 3 of these
vaccines, with relatively low antigen content, was determined
by CIDC-Lelystad (see Annex 2). One vaccine batch was
shown in previous studies to have insufficient potency
(number 2 in this study and number 4 of the first part of
BSP055). One commercial poultry vaccine containing a
similar oil adjuvant as the other vaccines but without NDV
was included as negative control (number 6 in the study).

Antigen from oil emulsion inactivated ND vaccines was
extracted in the aqueous phase using an extraction
technique involving isopropylmyrisate (IPM).
Antigen was quantified using an ELISA. In brief, the ELISA
plate was coated with antibodies against the HN antigen
of NDV. Plates were then incubated with vaccine extracts
and subsequently incubated with a HN-antibody-HRPO
conjugate. Finally the OD was measured after incubation
with TMB, a substrate of HRPO.
Monoclonal antibodies against the HN-antigen, developed
at CIDC-Lelystad, were used for both the coating and the
conjugate.
A reference antigen and internal control antigen (supplied by
CIDC-Lelystad) as well as a negative control were included
on each plate and the activity of the test antigen was
determined in terms of a relative potency to the reference
standard. Since lyophilised inactivated viruses were used as
reference and internal control antigen, no extraction had
to be performed.
The following standard operating procedures were provided:
— Extraction of viral antigens from water-in oil emulsion

vaccines with IPM;
— ELISA for quantification of the HN-protein of NDV

These complete SOP’s were published recently [8].

EDQM distributed the test samples numbered 1-9 and

reagents for the in vitro assay. The 9 vaccines to be
tested were produced by 5 different manufacturers (Fort
Dodge, The Netherlands; Hipra, Spain; Intervet BV, The
Netherlands; Lohmann Animal Health, Germany; Mérial,
France). Monovalent as well as combination vaccines were
included in this study (refer to Table 1). The vaccines
contained either NDV strain Ulster, NDV strain LaSota or
Clone30 NDV. Seven commercial ND vaccine batches that
had been released on the market and were thus presumed to
have adequate potency were tested in this study. Although
one commercial vaccine (number 2) with low antigen content
passed the manufacturers release tests, this batch was
proven to be of insufficient potency in a previous study [8].
This batch was included to test the ability of the in vitro
assay to identify sub-potent batches. One vaccine without
NDV was included as negative control (number 6).

Table 1 – Summary of composition of vaccines used in
the study

Number
of

samples

Type of
sample
vaccine

Composition of
sample vaccine NDV Strain

5 Single NDV LaSota/Clone30/Ulster

2 Combo NDV + EDS Clone30/Ulster

1 Combo NDV + IB +
EDS + TRT Ulster

1 Negative Gumboro -

NDV: Newcastle Disease Virus, EDS: Egg Drop Syndrome, IB: Infectious
Bronchitis, TRT: Turkey RhinoTracheitis

Each participant received the following reagents that were
distributed by EDQM, for the in vitro assay:

Nine inactivated Newcastle
disease vaccines:

10 ml of each vaccine

Coating antibody
IDNDV134.1 (lyophilised):

4 vials (to be resuspended in
1.5 ml distilled water)

HRPO-Conjugate of
IDNDV134.1 (lyophilised):

4 vials (to be resuspended in
1.5 ml ELISA-buffer)

TMB (3,3’,5,5’Tetramethyl-
benzidine):

2 bottles of 60 ml

Reference antigen
(lyophilised):

4 vials (to be resuspended in
1.5 ml ELISA-buffer)

Internal control antigen
(lyophilised):

4 vials (to be resuspended in
1.5 ml ELISA-buffer)

IPM: 1 bottle of 500 ml

ELISA-plates: 12 plates

BSA (Bovine Serum
Albumin):

5 g

The lyophilised test reagents were produced by
CIDC-Lelystad.

The raw data of the in vitro assays were analysed at EDQM
using a parallel line model on log-transformed OD-readings.
Only optical densities in the dynamic range were included
in the analysis. In practice this means that usually not more
than 5 consecutive dilutions are used for the calculations.
The relative potencies are expressed as antigen units per
dose. The reference antigen (candidate BRP) contains
0.5 arbitrarily assigned antigen units per 125 μl after
resuspension of the lyophised content of a vial in 1.5 ml
buffer solution (a vial contains thus 6 antigen units). Since
most inactivated ND vaccines contain approximately 125 μl
water-phase, a vaccine with equal antigen concentration as
the reference antigen contains 0.5 antigen units per dose.
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In order to obtain antigen units per dose for all vaccines,
a correction factor (f) had to be applied to the relative
potencies in the assays to take into account the different
water phase’s (WT) and dose volumes (VT) according to the
formula:

so that a vaccine of 0.5 ml per dose with a water phase of
25% has a correction factor of 1.

An example of the calculation of relative potency against the
reference preparation for a series of vaccines with different
dose volumes and water-phases is provided in Annex 1.

For each type of assay, the vaccines were ranked within
laboratories. An overall ranking of the vaccines per assay
type was also determined. This should help to establish the
reproducibility of the methods, and the consistency of the
assay.

First the OD-readings of the blank wells were inspected. In
general, the values were well below 0.2 as was considered
desirable per protocol. Only in 2 cases, a reading above 0.2
was reported (Lab 7, assay 1, plate 3, row 3 and Lab 11, assay
2, plate 3, row 4). In both cases it was observed that the
other blanks on the plate were well below 0.2 and that the
quality of the assay did not seem to be affected.

The potencies obtained are listed in Tables 2a to 2c, together
with their 95 per cent confidence limits as calculated on the
basis of the intra-treatment variation. OD-values of vaccine
number 6 were in all laboratories close to the baseline and
could therefore not be included in the parallel line analysis.
For this vaccine an estimated upper limit of the potency is
listed.

It was observed that 55 of the 120 assays showed significant
deviations (p < 0.05) from linearity, 33 of which were highly
significant (p < 0.01). It was also observed that 84 of the
120 assays showed significant deviations (p < 0.05) from
parallelism, 67 of which were highly significant (p < 0.01).
It is known that the intra-treatment variation is in practice
often an underestimation of the true assay-variability
because adjacent doses of serial dilutions normally exhibit
auto-correlated errors resulting in excessive numbers of
significant F-values.

Indeed, the 95 per cent confidence limits are on average
only 93 and 107 per cent of the estimated potency, which is
a remarkably high precision for an assay with 2-fold dilution
steps. Only a small increase of the average intra-treatment
variance would already reduce the number of significant
non-linear assays to 5 out of 120, which is a normal

proportion, whereas the precision would still be remarkably
good with confidence limits of 91 and 110 per cent of the
estimated potency. This, together with the observation that
the nature of the non-linearity does not show any systematic
patterns (e.g. quadratic curvature) and that confidence
limits which would reflect the inter-assay variability would
have to be approximately 70 and 143 per cent of the
estimated potency, lead to the conclusion that the degree of
non-linearity is of no practical importance.

The large amount of significant non-parallel assays, however,
cannot be attributed to an underestimation of the residual
variance only. In order to reduce the number of invalid
assays to 6 out of 126, the average residual variance would
have to be 7 times as large as observed, corresponding to
confidence limits of 84 and 120 per cent of the estimated
potency. Even though this is still a fairly good precision
for a 2-fold dilution step, the systematic patterns of the
non-parallelism cannot be ignored. Table 4 shows for each
test vaccine and each laboratory the ratio between the slope
of the test-vaccine and the slope of the reference preparation
(average of the 3 assays). A sign test shows that the slopes
of vaccine numbers 1, 4, 7 and 9 are significantly (p < 0.05)
more shallow than the reference. Vaccine numbers 5 and 8
also tend to be shallower than the reference. Only vaccine
numbers 2 and 3 show no difference of the slope.

Despite the structural non-parallelism and the
underestimated residual variance, potencies were calculated.
The individual results per assay are listed in Tables 2a to 2c.
The average results per laboratory and vaccine are listed
in Table 3, together with the overall geometric mean. For
vaccine number 6, only an upper limit of the potency is
listed. A graphical impression is given in Figure 1.

The average repeatability standard deviation of
ln-transformed potency estimates is 0.18, which implies that
2 independent assays within the same laboratory result in
potency estimates that do not differ by more than a factor
1.7 from each other in 95 per cent of the cases. The average
reproducibility standard deviation varies from 0.18 for
vaccine 3 to 0.35 for vaccine 2 and is on average 0.24. This
implies that 2 laboratories, each having carried out 3 assays,
will find mean potency estimates that will not differ by more
than a factor 2.0 from each other in 95 per cent of the cases.

As can easily be seen from Figure 1 all laboratories found
a similar ranking of the vaccines. All participants rank
vaccine number 2 lowest (disregarding vaccine number
6 and the control antigen). Vaccine numbers 4, 5 and 7
being of similar potency it is not surprising that a few
inversions in the ranking order appear and similarly so for
vaccine numbers 1, 8 and 9. In summary the ranking in
all laboratories is identical or very similar: (Vac. 6) < (Con-
trol) < (Vac. number 2) < (Vac. numbers 4,5,7) < (Vac.
number 3) < (Vac. numbers 1, 8, 9).
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Table 2a – Results per assay for Plate 1 (units/dose): potency estimates and 95 per cent confidence limits of the
estimate per assay

Lab Assay
Control antigen

Correction factor: 1,00

Vaccine 1
Correction factor: 0,60

Vaccine 2
Correction factor: 1,00

Vaccine 3
Correction factor: 1,60

1 6,84 (93% - 107%) 92 (93% - 107%) 2,28 (93% - 107%) 14,4 (93% - 108%)

2 6,13 (93% - 107%) 75 (93% - 107%) 2,41 (93% - 107%) 12,8 (93% - 107%)1

3 5,90 (90% - 111%) 67 (90% - 111%) 2,25 (90% - 111%) 12,9 (90% - 111%)

1 6,40 (96% - 105%) 61 (96% - 105%) 3,87 (95% - 105%) 18,3 (95% - 105%)

2 6,88 (95% - 105%) 64 (95% - 105%) 5,45 (95% - 105%) 20,1 (95% - 105%)2

3 7,00 (95% - 105%) 58 (95% - 105%) 3,80 (95% - 105%) 18,2 (95% - 105%)

1 4,64 (95% - 105%) 67 (95% - 105%) 4,50 (95% - 105%) 25,6 (95% - 105%)

2 4,17 (97% - 104%) 51 (97% - 103%) 4,00 (97% - 103%) 20,6 (97% - 104%)3

3 3,96 (94% - 107%) 78 (94% - 107%) 3,83 (94% - 107%) 19,7 (94% - 107%)

1 3,57 (91% - 110%) 54 (91% - 110%) 4,85 (91% - 110%) 15,1 (91% - 110%)

2 3,28 (93% - 108%) 47 (93% - 107%) 4,09 (93% - 107%) 20,4 (93% - 108%)4

3 3,86 (94% - 106%) 43 (95% - 106%) 3,80 (94% - 106%) 16,7 (94% - 106%)

1 3,50 (95% - 105%) 57 (95% - 105%) 3,36 (95% - 105%) 19,6 (95% - 106%)

2 2,44 (94% - 107%) 50 (94% - 106%) 3,92 (94% - 106%) 16,2 (94% - 106%)5

3 3,18 (93% - 108%) 54 (93% - 108%) 3,46 (93% - 108%) 18,0 (93% - 108%)

1 3,68 (94% - 107%) 61 (94% - 107%) 4,41 (94% - 107%) 20,3 (94% - 106%)

2 3,38 (95% - 105%) 67 (95% - 105%) 5,33 (95% - 105%) 24,6 (95% - 106%)6

3 4,36 (90% - 111%) 56 (91% - 110%) 5,91 (91% - 110%) 22,3 (91% - 110%)

1 3,71 (96% - 104%) 84 (96% - 104%) 3,58 (96% - 104%) 22,1 (96% - 104%)

2 3,86 (95% - 106%) 73 (94% - 106%) 3,42 (95% - 106%) 19,6 (95% - 106%)7

3 5,53 (92% - 108%) 108 (92% - 108%) 2,56 (92% - 109%) 18,3 (92% - 109%)

1 3,01 (92% - 108%) 57 (93% - 108%) 3,23 (92% - 108%) 18,5 (92% - 108%)

2 3,04 (94% - 107%) 60 (94% - 106%) 3,77 (94% - 106%) 21,1 (94% - 107%)8

3 2,87 (94% - 106%) 80 (95% - 106%) 3,71 (94% - 106%) 16,0 (94% - 106%)

1 4,28 (91% - 110%) 58 (91% - 111%) 1,76 (90% - 111%) 15,2 (91% - 110%)

2 4,33 (93% - 107%) 50 (94% - 107%) 1,74 (93% - 108%) 13,7 (93% - 108%)9

3 5,51 (91% - 110%) 75 (92% - 109%) 2,71 (91% - 110%) 16,4 (91% - 110%)

1 4,20 (96% - 104%) 62 (96% - 104%) 3,26 (96% - 104%) 21,7 (96% - 104%)

2 7,19 (92% - 108%) 82 (92% - 108%) 0,89 (92% - 109%) 19,5 (92% - 109%)10

3 6,92 (91% - 109%) 71 (91% - 109%) 2,25 (91% - 109%) 16,9 (91% - 109%)

1 2,57 (93% - 107%) 62 (94% - 107%) 3,94 (94% - 106%) 17,8 (94% - 107%)

2 2,29 (88% - 114%) 69 (89% - 113%) 4,29 (89% - 113%) 24,9 (88% - 114%)11

3 2,19 (91% - 110%) 56 (92% - 109%) 3,39 (92% - 109%) 21,4 (92% - 109%)

1 3,86 (93% - 108%) 65 (93% - 108%) 1,47 (93% - 108%) 11,3 (93% - 107%)

2 3,59 (94% - 107%) 104 (94% - 107%) 1,44 (94% - 107%) 9,7 (94% - 107%)12

3 3,12 (85% - 117%) 73 (86% - 116%) 1,91 (85% - 117%) 17,1 (87% - 115%)

1 n.r. n.r. n.r. n.r.

2 n.r. n.r. n.r. n.r.13

3 6,03 (92% - 109%) 99 (92% - 109%) 2,95 (92% - 109%) 12,4 (92% - 109%)

1 4,67 (88% - 114%) 40 (88% - 114%) 2,93 (88% - 114%) 14,1 (88% - 114%)

2 5,75 (95% - 105%) 53 (95% - 105%) 4,05 (95% - 105%) 20,1 (95% - 105%)14

3 5,59 (87% - 115%) 37 (87% - 115%) 3,87 (87% - 115%) 16,7 (87% - 115%)

n.r. = not reported
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Table 2b – Results per assay for Plate 2 (units/dose): potency estimates and 95 per cent confidence limits of the
estimate per assay

Lab Assay
Control antigen

Correction factor: 1,00

Vaccine 4
Correction factor: 1,00

Vaccine 5
Correction factor: 1,00

Vaccine 6
Correction factor: 1,60

1 6,72 (89% - 113%) 6,8 (89% - 113%) 7,8 (88% - 113%) < 0,05

2 6,12 (92% - 109%) 5,6 (91% - 110%) 8,7 (92% - 109%) < 0,051

3 4,67 (91% - 110%) 6,1 (91% - 110%) 7,0 (91% - 110%) < 0,05

1 6,60 (93% - 107%) 8,2 (93% - 107%) 11,2 (93% - 107%) < 0,13

2 6,29 (91% - 110%) 9,5 (91% - 110%) 12,1 (90% - 111%) < 0,152

3 7,48 (92% - 109%) 10,7 (92% - 108%) 15,8 (92% - 109%) < 0,11

1 4,04 (93% - 108%) 9,5 (93% - 108%) 14,7 (93% - 107%) < 0,37

2 4,40 (85% - 117%) 10,4 (85% - 117%) 12,6 (85% - 117%) < 0,353

3 3,07 (92% - 109%) 9,4 (92% - 108%) 13,0 (92% - 108%) < 0,30

1 3,73 (87% - 115%) 8,5 (87% - 115%) 13,0 (88% - 114%) < 0,87

2 3,39 (90% - 111%) 8,2 (91% - 110%) 11,9 (90% - 111%) < 0,634

3 2,81 (93% - 107%) 7,7 (94% - 107%) 8,2 (94% - 107%) < 0,40

1 3,14 (92% - 108%) 7,1 (93% - 107%) 10,7 (93% - 107%) < 0,60

2 3,04 (90% - 111%) 8,4 (90% - 111%) 11,8 (91% - 110%) < 0,525

3 3,54 (93% - 107%) 6,7 (94% - 106%) 9,2 (94% - 106%) < 0,16

1 4,14 (93% - 108%) 9,3 (93% - 107%) 11,1 (93% - 108%) < 0,09

2 2,99 (94% - 106%) 10,4 (95% - 106%) 14,8 (95% - 106%) < 0,106

3 4,40 (93% - 107%) 13,9 (93% - 107%) 15,4 (93% - 107%) < 0,13

1 3,60 (96% - 104%) 7,7 (97% - 104%) 10,9 (97% - 104%) < 0,24

2 4,52 (97% - 103%) 7,5 (97% - 103%) 11,9 (97% - 103%) < 0,237

3 3,69 (80% - 124%) 5,6 (81% - 122%) 7,8 (82% - 122%) < 0,16

1 3,70 (94% - 106%) 7,9 (95% - 106%) 8,3 (95% - 106%) < 0,16

2 3,01 (95% - 105%) 7,7 (95% - 105%) 8,7 (95% - 105%) < 0,228

3 2,64 (93% - 108%) 10,3 (93% - 107%) 8,8 (93% - 107%) < 0,16

1 5,17 (87% - 115%) 5,8 (87% - 116%) 9,3 (87% - 115%) < 0,27

2 3,49 (91% - 110%) 6,3 (91% - 109%) 10,2 (91% - 110%) < 0,379

3 5,05 (94% - 106%) 5,4 (94% - 106%) 9,6 (94% - 106%) < 0,39

1 4,59 (97% - 103%) 9,5 (97% - 103%) 15,3 (97% - 103%) < 0,02

2 6,66 (94% - 106%) 5,9 (94% - 106%) 11,5 (94% - 106%) < 0,0310

3 6,91 (97% - 104%) 7,8 (97% - 104%) 13,4 (97% - 104%) < 0,03

1 2,71 (94% - 106%) 8,5 (95% - 105%) 8,9 (95% - 105%) < 0,14

2 2,60 (95% - 106%) 7,4 (95% - 105%) 9,4 (95% - 105%) < 0,1611

3 2,06 (88% - 114%) 6,1 (89% - 113%) 7,9 (89% - 113%) < 0,12

1 3,38 (94% - 106%) 4,5 (94% - 106%) 5,3 (94% - 106%) < 0,01

2 3,30 (94% - 106%) 4,6 (95% - 106%) 6,0 (94% - 106%) < 0,0312

3 3,36 (88% - 114%) 6,0 (87% - 115%) 6,8 (88% - 114%) < 0,01

1 n.r. n.r. n.r. n.r.

2 n.r. n.r. n.r. n.r.13

3 5,98 (93% - 108%) 7,7 (93% - 107%) 7,1 (93% - 107%) < 0,11

1 5,09 (91% - 110%) 6,9 (91% - 110%) 9,5 (91% - 110%) < 0,14

2 5,64 (91% - 110%) 6,7 (91% - 110%) 9,7 (91% - 110%) < 0,1614

3 5,16 (96% - 105%) 6,7 (96% - 105%) 9,2 (96% - 105%) < 0,26

n.r. = not reported
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Table 2c – Results per assay for Plate 3 (units/dose): potency estimates and 95 per cent confidence limits of the
estimate per assay

Lab Assay
Control antigen

Correction factor: 1,00

Vaccine 7
Correction factor: 1,00

Vaccine 8
Correction factor: 0,60

Vaccine 9
Correction factor: 1,00

1 6,00 (93% - 108%) 6,2 (93% - 108%) 89 (93% - 108%) 101 (92% - 108%)

2 6,10 (92% - 109%) 7,1 (92% - 109%) 62 (92% - 109%) 88 (92% - 109%)1

3 5,03 (89% - 112%) 5,9 (89% - 112%) 69 (89% - 112%) 92 (89% - 113%)

1 6,27 (96% - 104%) 10,6 (96% - 104%) 75 (96% - 104%) 55 (96% - 105%)

2 6,46 (96% - 104%) 10,6 (96% - 104%) 82 (96% - 104%) 70 (96% - 104%)2

3 7,40 (93% - 107%) 9,8 (93% - 107%) 86 (93% - 108%) 70 (93% - 107%)

1 3,78 (95% - 105%) 12,2 (95% - 105%) 83 (95% - 105%) 88 (96% - 105%)

2 3,92 (95% - 105%) 11,0 (95% - 105%) 80 (95% - 105%) 87 (95% - 105%)3

3 3,07 (92% - 109%) 8,3 (92% - 109%) 82 (92% - 109%) 67 (92% - 109%)

1 3,62 (86% - 116%) 8,5 (87% - 115%) 76 (87% - 115%) 60 (87% - 115%)

2 3,23 (92% - 108%) 8,0 (92% - 108%) 53 (92% - 108%) 41 (93% - 108%)4

3 2,89 (93% - 108%) 7,6 (93% - 107%) 55 (93% - 107%) 38 (93% - 107%)

1 3,64 (93% - 108%) 8,7 (93% - 107%) 60 (93% - 108%) 60 (93% - 107%)

2 2,46 (91% - 110%) 9,2 (92% - 109%) 77 (92% - 109%) 86 (92% - 109%)5

3 3,27 (95% - 106%) 9,2 (95% - 105%) 46 (95% - 105%) 39 (95% - 105%)

1 4,21 (92% - 108%) 10,3 (93% - 108%) 66 (92% - 109%) 41 (92% - 109%)

2 3,08 (94% - 106%) 13,8 (95% - 106%) 49 (94% - 106%) 63 (95% - 106%)6

3 4,14 (91% - 110%) 17,2 (91% - 110%) 58 (92% - 109%) 81 (92% - 109%)

1 3,84 (92% - 109%) 9,4 (92% - 108%) 97 (92% - 108%) 64 (92% - 108%)

2 4,26 (94% - 106%) 9,3 (95% - 106%) 86 (94% - 106%) 61 (94% - 106%)7

3 4,81 (95% - 105%) 10,6 (95% - 105%) 100 (95% - 105%) 72 (95% - 105%)

1 3,32 (94% - 106%) 8,6 (94% - 106%) 77 (95% - 106%) 72 (95% - 106%)

2 3,00 (96% - 105%) 11,0 (96% - 104%) 79 (96% - 104%) 61 (96% - 105%)8

3 2,81 (95% - 105%) 8,8 (95% - 105%) 91 (96% - 105%) 74 (96% - 105%)

1 3,95 (87% - 115%) 5,7 (86% - 116%) 80 (87% - 114%) 68 (87% - 115%)

2 3,65 (84% - 119%) 7,3 (83% - 120%) 98 (84% - 119%) 98 (84% - 119%)9

3 5,81 (88% - 113%) 6,1 (88% - 114%) 106 (87% - 115%) 69 (88% - 113%)

1 4,80 (96% - 104%) 10,4 (96% - 104%) 74 (96% - 104%) 68 (96% - 104%)

2 6,65 (96% - 104%) 7,9 (96% - 104%) 71 (96% - 104%) 80 (96% - 104%)10

3 7,71 (95% - 105%) 6,7 (95% - 105%) 68 (95% - 105%) 68 (95% - 105%)

1 2,50 (93% - 107%) 10,2 (94% - 106%) 78 (94% - 106%) 59 (94% - 106%)

2 2,08 (93% - 107%) 8,6 (94% - 107%) 83 (94% - 107%) 58 (94% - 107%)11

3 2,15 (86% - 117%) 7,4 (88% - 114%) 66 (87% - 115%) 49 (87% - 115%)

1 3,99 (94% - 107%) 5,1 (94% - 106%) 75 (94% - 107%) 71 (94% - 107%)

2 3,60 (92% - 108%) 4,7 (92% - 108%) 66 (92% - 108%) 50 (93% - 108%)12

3 3,16 (92% - 108%) 4,6 (92% - 108%) 79 (92% - 109%) 57 (92% - 109%)

1 n.r. n.r. n.r. n.r.

2 n.r. n.r. n.r. n.r.13

3 6,86 (94% - 106%) 9,4 (94% - 106%) 166 (94% - 106%) 126 (94% - 106%)

1 5,33 (92% - 108%) 11,3 (92% - 108%) 72 (92% - 108%) 64 (92% - 108%)

2 6,36 (93% - 107%) 8,2 (93% - 107%) 56 (93% - 108%) 23 (93% - 108%)14

3 5,45 (86% - 116%) 7,6 (86% - 116%) 64 (86% - 116%) 54 (86% - 116%)

n.r. = not reported
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Table 3 – Combined results per laboratory (units/dose): unweighted geometric mean of the potency estimates per
laboratory and per vaccine and the geometric coefficient of variation (GCV)

Control antigen Test vaccines

Lab Plate 1 Plate 2 Plate 3 1 2 3 4 5 6 7 8 9

Mean 6,28 5,77 5,69 78 2,31 13,3 6,2 7,8 < 0,05 6,4 73 94
1

(GCV) (8%) (21%) (11%) (18%) (4%) (7%) (10%) (12%) n.a. (10%) (20%) (7%)

Mean 6,76 6,77 6,70 61 4,31 18,9 9,4 13,0 < 0,13 10,3 81 65
2

(GCV) (5%) (9%) (9%) (5%) (23%) (6%) (14%) (20%) n.a. (4%) (7%) (16%)

Mean 4,25 3,79 3,57 64 4,10 21,8 9,8 13,4 < 0,34 10,4 82 80
3

(GCV) (8%) (21%) (14%) (24%) (9%) (15%) (5%) (8%) n.a. (22%) (2%) (16%)

Mean 3,56 3,29 3,23 48 4,22 17,3 8,1 11,0 < 0,63 8,0 60 45
4

(GCV) (8%) (15%) (12%) (12%) (13%) (16%) (5%) (28%) n.a. (6%) (22%) (28%)

Mean 3,01 3,23 3,08 53 3,57 17,9 7,4 10,5 < 0,43 9,1 60 59
5

(GCV) (21%) (8%) (23%) (7%) (9%) (10%) (13%) (13%) n.a. (3%) (30%) (48%)

Mean 3,79 3,79 3,77 61 5,18 22,3 11,2 13,8 < 0,11 13,5 57 59
6

(GCV) (14%) (23%) (19%) (10%) (16%) (10%) (24%) (19%) n.a. (29%) (16%) (40%)

Mean 4,30 3,92 4,29 87 3,15 20,0 7,0 10,2 < 0,21 9,7 95 66
7

(GCV) (25%) (13%) (12%) (22%) (20%) (10%) (19%) (25%) n.a. (7%) (8%) (9%)

Mean 2,97 3,09 3,04 65 3,56 18,4 8,6 8,6 < 0,18 9,4 82 69
8

(GCV) (3%) (19%) (9%) (19%) (9%) (15%) (17%) (3%) n.a. (14%) (10%) (11%)

Mean 4,67 4,50 4,38 60 2,03 15,1 5,8 9,7 < 0,35 6,4 94 77
9

(GCV) (15%) (25%) (28%) (23%) (29%) (10%) (8%) (5%) n.a. (14%) (16%) (23%)

Mean 5,93 5,96 6,27 71 1,87 19,3 7,7 13,4 < 0,03 8,2 71 72
10

(GCV) (35%) (25%) (27%) (15%) (95%) (13%) (27%) (16%) n.a. (24%) (4%) (10%)

Mean 2,34 2,44 2,23 62 3,86 21,2 7,3 8,7 < 0,14 8,7 75 55
11

(GCV) (8%) (16%) (11%) (11%) (13%) (18%) (17%) (9%) n.a. (17%) (13%) (10%)

Mean 3,51 3,35 3,57 79 1,60 12,4 5,0 6,0 < 0,02 4,8 73 59
12

(GCV) (11%) (1%) (12%) (28%) (17%) (34%) (18%) (14%) n.a. (6%) (9%) (20%)

Mean 6,03 5,98 6,86 99 2,95 12,4 7,7 7,1 < 0,11 9,4 166 126
13

(GCV) n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Mean 5,32 5,29 5,69 43 3,58 16,8 6,8 9,5 < 0,19 8,9 64 43
14

(GCV) (12%) (6%) (10%) (22%) (19%) (19%) (2%) (2%) n.a. (23%) (13%) (71%)

Overall mean 4,28 4,18 4,22 65 3,13 17,3 7,6 9,9 < 0,14 8,6 78 67

Overall GCV (38%) (36%) (41%) (25%) (42%) (22%) (24%) (29%) n.a. (29%) (31%) (32%)

n.a. = not applicable
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Table 4 – Relative slopes of the vaccines: average ratios (n = 3) between the slope of the test-vaccine, and the reference
vaccine

Lab Vac 1 Vac 2 Vac 3 Vac 4 Vac 5 Vac 7 Vac 8 Vac 9

1 1,08 1,01 1,00 0,97 1,01 0,83 1,05 0,95

2 0,92 1,02 1,01 0,98 0,92 0,97 0,94 0,89

3 0,96 1,01 1,02 0,87 0,86 0,88 0,96 0,88

4 0,96 1,00 1,03 0,95 0,93 0,97 0,96 0,95

5 0,95 0,85 0,98 0,85 0,82 0,84 0,95 0,85

6 0,95 0,95 0,94 0,90 0,90 0,90 0,99 0,86

7 0,96 0,97 1,11 1,02 1,08 0,97 1,00 0,95

8 0,92 0,99 1,03 0,95 0,90 0,94 0,94 0,88

9 0,85 1,03 1,21 1,10 1,02 1,02 0,90 0,96

10 0,97 0,66 0,90 0,87 0,94 0,93 0,99 0,93

11 0,93 1,04 1,07 0,94 0,94 1,00 1,00 0,97

12 0,99 1,00 0,89 0,99 0,92 0,88 1,00 0,76

13 0,86 0,90 0,99 0,94 0,92 0,92 0,85 0,79

14 0,92 0,99 0,97 0,91 0,92 0,92 0,93 0,89

Mean 0,94 0,96 1,01 0,95 0,93 0,93 0,96 0,89

The batch potency of inactivated ND vaccines is routinely
measured in vaccination experiments. Many animals are
used in these batch release tests. The in vitro quantification
of the antigen content of inactivated ND vaccines seems a
promising alternative to these animal experiments.
At CIDC-Lelystad an in vitro assay has been developed to
quantify the NDV-HN protein in inactivated ND-vaccines. The
results of this assay correlated with the serological response
of vaccinated chickens, as well as with clinical protection
of vaccinated chickens after challenge with virulent NDV
[1,3,7]. After the production of large batches of lyophilised
reagents [1] a series of validation studies was performed
to evaluate the suitability of this in vitro test as candidate
potency assay.
First in house validation tests were performed. This was
followed by a transferability study where 2 independent
laboratories studied the suitability of the protocols [2,
6]. Satisfactory results of these studies resulted in the
organisation of a collaborative feasibility study by EDQM
within the Biological Standardisation Program (BSP055
study, part 1). In this pre-validation study 3 OMCL’s
confirmed the good correlation between the antigen content
of inactivated ND-vaccines and both the serological response
after vaccination and clinical protection after vaccination
and challenge with virulent NDV-Herts [8]. The positive
results of the pre-validation study were followed by this
large-scale collaborative validation study to determine the
reproducibility of the test results and the suitability of the
reference preparation. Furthermore positive results of this
study should also lead to a proposal for a threshold antigen
level that would be indicative of sufficient potency.
Although in a large number of analyses significant deviations
from linearity and parallelism was observed, a high assay

precision was found in this study. Two independent assays
within the same laboratory are estimated not to differ by
more than a factor 1.7 from each other in 95% of the cases.
Two laboratories, each having carried out 3 assays, would
be expected to find mean potency estimates that differed
not more than a factor of 2.0 from each other in 95% of the
cases. These results indicate acceptable repeatability as well
as reproducibility.

The observation that many assays show significant deviations
from parallelism and/or linearity is a potential problem. The
residual error estimated from the observed assay variation is
very low compared to the slope, resulting in high F-ratios and
too optimistic confidence limits. Since the reproducibility of
the assay is very satisfactory and a good correlation with in
vivo results has been shown, it may be questioned whether
the degree of non-parallelism and non-linearity justifies the
rejection of so many assays or even the entire method. If the
F-ratios and confidence limits are calculated on the basis of
a slightly higher but still acceptable residual variance (e.g.
80 to 125 per cent of the estimated potency) most assays
would be statistically valid. In this respect the method
can be regarded as superior to the older, more variable
methods, which are not able to detect this small deviation
from parallelism or linearity, would there be any.

During development and validation of the NDV antigen
quantification assay a lyophilised antigen preparation was
used as reference. Advantage of the use of such a reference
is the long-term stability [6]. In this way validation of new
reference vaccine batches in animal tests every two years
because of the limited shelf life of these batches, can be
avoided. The high precision of the antigen quantification
assay in combination with the long-term stability indicates
the suitability of this lyophilised reference preparation
as BRP.
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Figure 1 – Overview of potency estimates per laboratory and per vaccine
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Most important is to avoid false positive results in the antigen
quantification assay, i.e. vaccine batches with insufficient
potency (less that 50 PD50 per dose) should not pass the in
vitro test. We therefore propose a threshold antigen level of
7.0 antigen units per vaccine dose, related to the candidate
BRP used in BSP055 (6 AU/vial), as indicator of sufficient
potency (Annex 2). This would lead to insufficient results in
all 49 in vitro tests performed in 14 different laboratories
for the vaccine batch with insufficient potency in vivo
(number 4 in BSP055-1 and no 2 in BSP055-2). However,
some false negative results cannot be avoided as can easily
be seen in Figure 1 of BSP055-2. In this study a threshold
antigen level of 7.0 antigen units per dose would lead to false
negative results for vaccine number 4 in 4 of 14 laboratories
and for vaccine number 5 for 1 of 14 laboratories. One
participating laboratory (no. 12) had clearly lower results for
a series of vaccines in comparison with all other laboratories
and scored false negative results for both vaccine number 4
and 5. Also in BSP055-1 a threshold antigen level of 7.0
antigen units per dose would lead to false negative results
for vaccine number 6 in 5 out of 10 in vitro tests and mean
results in 2 of 3 laboratories. Since vaccine numbers 4 and
5 of BSP055-2 both have relatively low antigen levels and
sufficient but moderate in vivo potency, the number of false
negatives is limited and seems acceptable. Furthermore,
introduction of an in vitro test in the monograph would
leave the possibility open to retest in vivo vaccine batches
that scored insufficient in the in vitro antigen test.

Stability studies performed at CIDC-Lelystad on the
Reference Antigen and the Control Antigen stored at –20°C
over a period of 3.5 years show no systematic decrease in the
activity of either material. In accelerated degradation studies
samples of the reference antigen stored at room temperature
for up to 33 weeks showed no systematic decrease in activity
however samples stored at 37 °C showed a small decrease
after 8 weeks.
This data suggests the material will be stable for extended
periods at –20°C and below. The stability of the material
will continue to be monitored by EDQM and its collaborators
throughout the duration of use of the BRPs.

In conclusion, the satisfactory results of this large-scale
collaborative validation study and the preceding validation
studies strongly argue for the introduction of this in vitro
test as additional method for potency measurement of
inactivated ND-vaccines in the Ph. Eur. This introduction
would hopefully reduce the use of animals for routine
potency testing of these vaccines significantly.
Based on the results of this study it is therefore proposed to
introduce this in vitro method and to establish the reference
preparation used in the study as a Ph. Eur. BRP with an
assignment of 6 antigen units per vial.
Determination of suitability of a test vaccine, in relation
to the reference preparation would then be based on
an assigned cut of value. A detailed evaluation of the
appropriate cut-off level is provided in annex 2, which
includes reference to in vivo potency estimates of selected
test vaccines used in this and the previous study, in
comparison to the results of the proposed in vitro assay.
A review of the data suggests that a cut-off value of 7 antigen
units per dose would be suitable (refer to Annex 2).
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3 vaccine batches from the BSP055-2 study that had
relatively low antigen content were measured for in vivo
potency. Results showed that all were above release
specification level. Combination of these results with data
previously generated in the first part of the BSP055 study
leads to a proposal of a threshold antigen level of 7.0 antigen
units per dose. This threshold level would not lead to any
false positive results for the data in the BSP055 studies and
would result in only a limited number of false negatives, even
though several vaccine batches were tested that showed
borderline potency.

Generation of data to determine a threshold for the relative
antigen content that is indicative of sufficient in vivo potency
of inactivated ND vaccines.

In the BSP055-2 validation study 14 laboratories performed
an antigen quantification assay for inactivated ND-vaccines
as a candidate in vitro potency test. Nine vaccine batches
with a range of antigen content were used in this study,
including one vaccine batch with insufficient potency.

The potency of 3 vaccine batches, from 3 different
manufacturers, was determined in vivo at CIDC-Lelystad
using the two potency tests that are described in the
European Pharmacopoeia (EP2002:0870). These 3 batches
were selected because of their relatively low antigen content.
Since the vaccine batch with the lowest antigen content
had already been tested a number of times in vivo, the
three batches with the next lowest antigen content that
were derived from different manufacturers were selected.
The results of these in vivo tests will be compared with
previously generated in vivo results of the first part of the
BSP055 study.

The results of both the vaccination-serology test and the
vaccination-challenge test are presented in Table 5. A
good dose response effect was obtained for the serological
results for all 3 vaccine batches. As reported previously the

HI-antibody titres after vaccination with 1/50 dose were
all clearly below the threshold for sufficient potency, i.e.
a HI-titre of 4. However, all 3 batches induced sufficient
clinical protection after challenge with virulent NDV strain
Herts. For one batch no significant regression was found
for the protection after vaccination with different doses.
However, since the total number of chickens that were
protected (31 of 60) was more than 50% and since 12 of 20
chickens were protected after vaccination with 1/50 dose,
we conclude that this vaccine batch contained more than
50 PD50 per dose.

These results were compared with previous data from the
first part of BSP055, plus additional tests on the vaccine
batch with insufficient potency performed at CIDC-Lelystad.
All data are summarised in Table 6.

Since PD50 values of more than 100 have very large
confidence intervals, these values were all scored as > 100.

Two of the three vaccine batches from the BSP055-2
study that were tested had clearly sufficient potency in the
vaccination-challenge assay. Although the potency assay
for the third vaccine batch was not valid (no significant
regression), this batch also seemed to have sufficient potency
based on the survival rates observed.

After evaluation of all data on the vaccines that were tested
in the candidate in vitro potency assay as well as in the
Pharmacopoeial in vivo assays, we conclude that a very
good correlation exits between the antigen content of these
inactivated ND-vaccines and the potency in vivo.

For determination of a threshold antigen level that is
indicative of sufficient potency, a comparison with the
results of the vaccination-challenge assay should be made,
since the HI-antibody titres were often below the threshold
level of 4.0 and varied considerably between laboratories
(see BSP055-1: reference 8).

We therefore propose a threshold antigen level of 7.0 antigen
units per dose.

In the BSP055 studies such a threshold did not lead to any
false positive results and only a limited number of false
negative results were observed.

Table 5 – Potency assays vaccines BSP055-2

Vaccine Dose Mean HI antibody titre (log2) Protected PD50/dose Mean IVRP AU/dose

3 1/25 4.5 20/20

3 1/50 3.4 20/20

3 1/100 2.2 12/20

> 100 17.3

4 1/25 1.9 11/20

4 1/50 1.3 12/20
> 50* 7.6

4 1/100 0.6 8/20

5 1/25 3.0 20/20

5 1/50 2.0 16/20

81 9.9

5 1/100 0.8 7/20

Control 0.1 0/20

*No significant regression

IVRP: in vitro relative potency, AU: antigen units IVRP: in vitro relative potency, AU: antigen units
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Table 6 - Antigen content of inactivated ND-vaccines and in vivo potency

Vaccine BSP055
Study

Mean IVRP*
AU/dose PD50/dose Mean HI antibody-titre after vaccination with

1/50-dose (log2)c

2 1 0.5 1.5a - 3.9c - 5.5b 0.1

4 - 2 1 - 2 3.8 - 3.1 9.0a - 24c - 25c - 31a - 49c 0.9

6 1 5.6 76c - >100a - >100b 1.2

4 2 7.6 >50c 1.3

5 2 9.9 81c 2.0

3 2 17.3 >100c 3.4

5 1 57 >100a - >100c - >100b 3.7

3 1 119 >100a - >100c - >100b 3.6

1 1 155 >100a - >100c - >100b 4.2

* Mean value in BSP055 study. IVRP: in vitro relative potency, AU: antigen units
a Measured at OMCL 2 (BSP055-1)
b Measured at OMCL 3 (BSP055-1)
c Measured at CIDC-Lelystad (BSP055-1 and BSP055-2)
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