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Summary 
 

It was developed and validated a diagnostic kit - ELI-EDS - for detecting EDS 
antibodies, based on the indirect ELISA technique, using a single dilution of sera to be 
tested. The validation parameters were estimated according to the reference documents with 
reference SR EN ISO / CEI 17025:2005, SR EN ISO 16140:2005 and the OIE Manual. The 
performance parameters determined in this study were: relative specificity and sensitivity, 
limit of detection, precision by repeatability and reproducibility, relative accuracy, 
measurement uncertainty. 
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Egg drop syndrome is a viral disease, caused by an adenovirus type 2 

(EDS). The disease was first described in 1976 and since then is considered a 
major cause of decreased production of eggs in the world, with very serious 
economic implications. The disease is characterized by the production of eggs with 
very thin or without egg shell by poultry which are apparently in a good health. The 
decrease of eggs production can be very fast or may take several weeks (usually 4 
- 10 weeks). Egg production may fall by up to 40%. 

There is no effective treatment for this disease. In exchange, a carefully 
serological monitoring is performed for parent’s flocks, to prevent illness. 
Serological testing should be carried out after the poultry have reached the peak of 
laying. With regard to disease control, poultry can be immunized by an appropriate 
vaccination; therefore, inactivated vaccines are widely used, giving a very good 
protection against the disease (2,4). 

The vaccination efficacy can be controlled by ELISA (antibody detection). 
The higher antibodies titer for a vaccinated flock, the higher protection against the 
disease; high antibody titers indicate a good protection also for hatched chickens 
with maternal antibodies. 

Surveillance programs can be made in case of existence of some rapid, 
sensitive, specific, cheap, reproducible and convincing diagnostic methods. ELISA 
methodology provides the unique combination of sensitivity, specificity and practical use 
for antigen or antibody detection. ELISA methods should correspond to requirements 
such as specificity, sensitivity, detection limit, precision (given by the repeatability 
and reproducibility), and accuracy (3). 
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In Pasteur Institute a diagnostic ELISA kit for detection of antibodies 
against EDS (ELI-EDS) have been developed, the purpose of this study being the 
validation of this method. This kit allows estimating the antibody titre by a single 
dilution of test sera (1). This is useful for vaccination screening, because antibody 
titer determination from a serum is the easiest way to know whether an animal is 
protected or not after immunization. 

 
Materials and methods 

 
To validate the assay used to detect antibodies against EDS, we used the 

kit ELI-EDS, manufactured by Pasteur Institute, which is based on indirect ELISA.  
Reference materials were represented by positive and negative control 

sera supplied by the manufacturer, and the analyte was represented by antibodies 
against EDS from test sera. Additionally, there were tested serum samples from 
poultry vaccinated against EDS and unvaccinated poultry, free of EDS. 

The performance parameters determined in this study were: relative 
specificity and sensitivity, limit of detection, precision (fidelity) by repeatability and 
reproducibility, relative accuracy, measurement uncertainty (3,5). 

To estimate the limit of detection, the reference material – positive control 
serum - was tested in serial dilutions, 2 replicates / dilution, according to the 
protocol specified in the working procedure. There were used 14 dilutions ranging 
from 1/100 to 1/20000, also introducing the dilution of 1/400, which is the working 
dilution indicated by the manufacturer (and for which the positive control serum is 
considered 100% positive). 

The assay repeatability was performed by 10 consecutive determinations 
on control sera, under the working conditions specified in the instructions for use 
(dilution 1/400). Also, the repeatability was tested for a field serum sample, known 
as positive (the sample originates from a chicken vaccinated against EDS). 

To demonstrate the assay reproducibility there were performed 
determinations on different days (by different operators), with the positive and 
negative control sera, under the working conditions specified in the instructions 
(dilution 1/400). 

In order to estimate the sensitivity, there were tested 360 sera from poultry 
vaccinated against EDS. Regarding the specificity there were tested 98 sera from 
unvaccinated poultry, free of EDS. 

The tests were performed according to the kit instructions for use. Results 
interpretation was done according to the criteria described in the instructions, 
correlated with the Sample/Positive ratios (S/P) and ELISA units (EU) based on 
optical density recorded for each sample. 

Evaluation of measurement uncertainty was conducted according to ISO / 
IEC 17025 standard (5). 

The uncertainty was estimated for both reference materials and for a 
serum sample. The uncertainty of type A was determined from 10 measurements 
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made on reference materials and serum sample; the uncertainty of type B was 
given by the certificate of calibration of the ELISA reader. The composed 
uncertainty was calculated taking into account the two types A and B. The 
extended uncertainty of the sample was calculated for a probability with a normal 
distribution (Gauss), with k = 2, corresponding to a level of confidence of 95.45%. 
  

Results and discussions 
 
It was developed and validated a diagnostic kit - ELI-EDS - for detecting 

EDS antibodies, based on the indirect ELISA technique, using a single dilution of 
sera to be tested. Raw results are expressed as optical density values, which can 
be converted (through UNIVET software) on titers or ELISA units (EU), these ones 
being indicators which can be applied in poultry surveillance. These titres are 
determined by linear regression and can be graphically expressed (histograms). 

The validation parameters were estimated according to the reference 
documents SR EN ISO / CEI 17025:2005, SR EN ISO 16140:2005 and the OIE 
Manual (3, 5-7). 

First, we verified the validation criteria required by the kit’s manufacturer, 
which state that the average ODs for positive control serum must be at least 0.800, 
and for the negative control serum should not exceed 0.300. The control sera were 
tested in 4 replicates, in accordance with the instructions provided by manufacturer, 
and the results are presented in Table 1. 

 

Table 1 
Checking validation criteria required by the ELI-EDS kit manufacturer 

Replicate 
ODs positive 

control serum (+) 
ODs negative 

control serum (-) 
1 1.654 0.153 
2 1.689 0.161 
3 1.603 0.187 
4 1.678 0.133 

Average ODs  1.656 0.159 

 

 As it can be noticed, the optical densities (OD) for the control sera were 
ranged within the validation criteria required by the kit. 

The limit of detection was assessed by testing the reference material 
(positive control serum) in serial dilutions, 1/100 - 1/20000. To calculate the S/P 
ratio and ELISA units (EU), the optical density obtained at the usual dilution of 
1/400 was used for reporting the results and has been used as P in the S/P ratio, 
while S was represented by the optical densities obtained for the other dilutions 
(Table 2). 
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Table 2 
Limit of detection, ELI-EDS kit 

 

Dilution of 
positive control 

serum 
OD1 OD2 

Average 
OD 

S/P EU 

1/100 2.221 2.165 2.193 1.331 133 
1/200 2.113 2.021 2.067 1.249 125 
1/400 1.643 1.721 1.682 1.000 100 

1/800 1.543 1.598 1.570 0.928 93 
1/1600 1.421 1.389 1.405 0.820 82 
1/2400 1.165 1.206 1.185 0.678 68 
1/3200 0.834 0.786 0.810 0.435 44 
1/4000 0.765 0.775 0.770 0.409 41 
1/4800 0.603 0.543 0.573 0.282 28 
1/5600 0.541 0.523 0.532 0.255 26 
1/6400 0.412 0.444 0.428 0.188 19 
1/8000 0.231 0.276 0.253 0.075 7 

1/16000 0.154 0.146 0.150 0.008 1 
1/20000 0.165 0.121 0.143 0.003 0 

Negative control 
serum (1/400) 

0.135 0.141 0.138 
- - 

 

According to the instructions for use, ELI-EDS kit has a positive cut-off of 
25 EU. The last dilution of the positive control serum detected as positive is 1 / 
5600, corresponding to 26 EU (> 25 EU). This dilution is 14 times higher than the 
working dilution of the assay. 

The precision (or fidelity) is the ability to resume an analysis with a low 
standard deviation. It is a measure of random error. It can be expressed as 
repeatability and reproducibility. 

The two parameters were determined in relation to reference materials, 
and for repeatability we also used a field serum sample from a chicken vaccinated 
against EDS. 

The criteria for these parameters state that the standard deviation ≤ 5%, and 
coefficient of variation (CV) ≤ 20%. The results were expressed as optical densities, 
and for the field sample in S / P and ELISA units as well (Tables 3 and 4). 

 
Table 3 

The repeatability of control sera, ELI-EDS kit 

No. 
OD Positive control 

serum 
OD negative control 

serum 
1 1.675 0.184 
2 1.624 0.181 
3 1.754 0.193 
4 1.598 0.165 
5 1.656 0.159 
6 1.701 0.158 
7 1.578 0.163 
8 1.689 0.143 
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9 1.801 0.173 
10 1.666 0.189 

Average OD 1.674 0.171 
Std. Dev. 0.0678 0.0159 

% CV 4.05 9.31 
 
 The analysis repeatability is fulfilled because for the two control sera, both 
standard deviation and coefficient of variation are within the admitted limits. 
However, one can notice that the CV of negative serum raised, because of the 
small values used to compute this parameter. 

 
Table 4 

The repeatability of field serum sample, ELI-EDS kit 
No. OD S/P EU 

1 1.156 0.679 68 
2 1.124 0.658 66 
3 1.132 0.663 66 
4 1.110 0.648 65 
5 1.148 0.674 67 
6 1.175 0.692 69 
7 1.210 0.715 72 
8 1.189 0.701 70 
9 1.201 0.709 71 

10 1.158 0.680 68 
Average  1.160 0.682 68 
Std. dev. 0.033 0.021 2 
% CV 2.87 3.1 3 

 
The repeatability is also demonstrated for the field serum sample, whose 

parameters are within the required criteria.  
The results obtained for reproducibility are given in Table 5. 

 

Table 5 
The reproducibility of control sera, ELI-EDS kit 

No. 
ODs Positive 
control serum 

ODs negative 
control serum 

1. 1.726 0.165 
2. 1.814 0.152 
3. 1.760 0.175 
4. 1.688 0.181 
5. 1.716 0.188 
6. 1.735 0.189 
7. 1.584 0.159 
8. 1.525 0.168 

Average ODs 1.693 0.172 
Std. dev. 0.095 0.013 
CV % 5.58 7.82 
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The analysis reproducibility is achieved because for the two control sera, 
both standard deviation and coefficient of variation fall within the allowed limits.  

In this way, the precision of analysis, expressed as repeatability and 
reproducibility was demonstrated. 

The determination of relative specificity and relative sensitivity was 
performed according to ISO 16140 / 2005 standard and OIE recommendations (3,7). 
The relative sensitivity and specificity of ELI-EDS kit were evaluated in relation to the 
poultry immune status: vaccinated or unvaccinated against EDS virus with 
inactivated vaccines. Evaluation of the two parameters was carried out by testing of 
458 serum samples (positive and negative) and establishing the correlation degree of 
the results. The results obtained are shown in the following table: 

 

Table 6 
Relative sensitivity and specificity of ELI-EDS kit 
 Polutry 

ELI-EDS Vaccinated Unvaccinated 

Positive 344 3 

Negative 16 95 

Total 360 98 

  

By testing of the 360 sera from poultry vaccinated against EDS, we 
obtained: 344 positive sera and 16 negative sera (false negative). 
 The analysis of the 98 sera from unvaccinated poultry showed: 95 negative 
sera and 3 positive sera (false positive). By applying the computing formulas, we 
obtained: relative sensitivity = 95.55% and relative specificity = 96.94%, in 
relation to the controlled flocks, vaccinated / unvaccinated against EDS. 

The confidence interval (CI) for relative sensitivity was computed using the 
formula below (at a level of 95%): 

CI (at 95%) ≈ p ± 2 
X

pp )1( −
 

 

where, p is the percentage of relative sensitivity and X - number of analyzed 
samples. 

We obtained a CI value of 95.55 ± 2.2%. 
The confidence interval (CI) for relative specificity was computed using the 

formula below (at a level of 95%): 

CI (at 95%) ≈ p ± 2 
Y

pp )1( −
 

where, p is the percentage of relative specificity and Y - number of analyzed 
samples. 

We obtained a CI value of 96.94 ± 3.5%. 
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Relative accuracy indicates the degree of overall correlation between the 
result obtained by the reference method and the result obtained by the alternative 
method on identical samples; in this study, the alternative method was reported to 
the epidemiological situation (vaccinated / infected poultry – positive and 
unvaccinated poultry - negative). 

Given that there were tested a total of 458 samples, of which 344 were true 
positive and 95 true negative, and applying formulas for calculating, the relative 
accuracy was of 95.85%. Finally, the confidence interval for relative accuracy was 
of 95.85 ± 1.9%. 

From the above data, there is a correlation of 95.85 ± 1.9% between the 
results obtained using ELI-EDS kit and the status of controlled poultry. 

 

Measurement uncertainty. Uncertainty is a parameter associated with the 
result of a measurement, characterizing the spreading of values which, reasonably, 
could be attributed to analyte. One goal is to clearly establish a quantitative 
expression of the analyte and the parameters on which it depends. In principle, the 
sources of uncertainty should be identified; the uncertainty components are 
converted into standard deviations by either direct observations or by data given by 
the certificates of calibration of devices used, etc. In this study, we calculated the 
combined standard uncertainty and the extended uncertainty for a probability of 
95.45% (with a coverage factor k = 2). 

Uncertainty of type A (UA). Estimating the uncertainty of type A is given by 
the standard deviation obtained from measurements made on a reference material 
(control sera), under repeatability conditions. 

For a number of measurements n = 10, with mean ODs of 1.674 for the 
positive control serum and 0.171 for the negative one, there were obtained the 
following uncertainty values: UA(P) = 0.0678 and UA(N) = 0.0159. 

Uncertainty of type B (UB). The type B uncertainty, due to ELISA reader 
calibration, was calculated for k = 2 and obtained a value UB = 0.01. 

The composed uncertainty UC for the reference material was calculated by 
the following relationship: 

    Uc = 
22

BA UU +   

and we obtained the following values: UC(P) = 0.068 (positive control serum); UC(N) 
= 0.0188 (negative control serum). 

The measurement uncertainty was also determined for a positive serum 
sample from the field, in terms of repeatability, with 10 measurements (n = 10).  
By applying the formula corresponding to uncertainty of type A it was obtained UA= 
0.0149; the uncertainty of type B was UB = 0.01, and the composed uncertainty for 
the analyzed sample was UC = 0.073. 

The extended uncertainty for the analyzed sample was calculated by the 
following relationship: 
 

Uext=k x Uc 
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For a normal probability distribution (Gauss), the value k = 2 corresponds 
to a confidence level of 95.45% which is sufficient for the medical laboratory 
analysis. In this way, for the tested serum sample, it was obtained Uext = 0.146. 
Therefore, for the tested serum, the raw result expressed in units of optical density 
is: OD = 1.160 ± 0.146. 

 

Conclusions 
 

Within the Pasteur Institute it was developed and validated the diagnostic 
kit ELI-EDS, which allows determining the antibodies titer by using a single dilution 
of test sera. 

The validation procedure assessed the specific parameters according to 
the requirements of SR EN ISO / CEI 17025:2005 and OIE Manual.  

Limit of detection expressed as dilution is of 1/5600, 14 times higher than 
usual working dilution of the kit. 

The method meets the criteria of repeatability and reproducibility, since the 
experimental standard deviations and coefficients of variation for the two control 
sera (reference materials) are less than the limit admitted by the laboratory (and 
recommended by the OIE).  

The relative sensitivity of the method is of 95.55%, the relative specificity of 
96.94% and the relative accuracy is of 95.85%. 
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