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Serological assays can be used for evaluating immune response post vaccination, 

they can be also helpful in studying the status of maternally derived antibodies 

(MDA), and they can also give a diagnostic mirror for viral sero-epidemiology. In 

the present study comparison between hemagglutination inhibition test (HI) and 

Enzyme linked immunesorbant assay (ELISA) and their abilities to detect IBV 

antibodies at different circumstances (post vaccination, infection, and (MDA) was 

studied. HI test for IBV was performed against two distinct IBV serotypes namely 

(Mass- 41, 4/91). Since they are the major vaccines used commercially in the 

Egyptian market. ELISA was performed at two dilutions (1/100, 1/ 1000) which is 

nearly the reciprocal of dilution of (7 and 10) in HI test in a trial to set two points 

for comparing the obtained results From the two tests. ELISA test showed 100% 

sensitivity and specificity at dilution 1/100 and showed 80.96%, 95.5 % 

respectively at 1/1000 dilution. The sensitivity and specificity of HI test were 

80.91%, 95% respectively when Mass-41 antigen was used and was 73.91 %, 62 

% when 4/91 antigen was used .The difference in sensitivity and specificity with 

HI reflects it selectivity during serotyping and this picture will necessarily differ if 

samples were tested against other antigens like (D- 274, 1466,…..etc.,) this 

confirms our point of view for using HI in detecting immunity after IBV 

vaccination. It became obvious that ELISA result may be misleading as seen 

during studying MDA in sample (S-20), ELISA reading at 1/100 dilution was 

12051±2018 with STDV(6384) and was 2406±754 with STDV(2385) at dilution 

1/1000 their Conversion into two base log titer 1/10 will be 14.28±.317 and 

14.56±.4 respectively on the other hand the HI titer was 4.5±.166 with STDV(0.5) 

when Mass – 41 antigen was used and it was 2.4±.476 with STDV (1.5) when 

antigen 4/91 was used, result of ELISA will be conflicting when devising a 

vaccination protocol for such flock. 
 

 

Keywords: IBV, HI, ELISA. 
 

 

INTRODUCTION 
 

Infectious Bronchitis Virus (IBV) is a highly 

contagious acute viral disease of the upper respiratory 

tract of chickens, it can also replicate in epithelial 

tissues of kidneys, gonads and oviduct of chickens 

causing their pathology and affecting the performance 

Lee et al. (2004). 
 

IBV contains four structural proteins. The spike (S), 

and membrane (M) glycoproteins, a small membrane 

protein (E), and the internal nucleo-capsid protein (N) 

Spaan et al. (1988). The S protein is comprised of 

two subunits, S1, which forms the globular head of 

the spike protein, and S2, which anchors the S protein 

in the membrane. The S1 glycoprotein is known to 

induce the production of neutralizing and 

hemagglutination inhibition (HI) antibodies 

Ignjatovic and Galli (1995). The N protein is involved 

in cell-mediated immune responses while the M 

protein of IBV is not recognized as an immunogenic 

protein Seo et al. (1997).  

 

Prevention of IB is achieved mainly through 

vaccination. Although in most cases IBV strains 

within a geographic region are distinct as mentioned 

by Callison et al. (2001), Gelb et al. (2005), 

Ignjatovic et al. (2006). Because IBV undergoes 

frequent changes in the viral genome, mainly in the 

S1 gene which  result in point mutations promoting 

the emergence of new antigenic variants Bochkov    

et al. (2007), Ammayappan et al. (2008) and Lee      

et al. (2008). The multiple IBV serotypes and its 

antigenic variation adds complexity to the proper  

selection of vaccination protocol and proper selection 

of serologic method to analyses the test results 

Jackwood and De Wit (2013). 
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Vaccine strains should be selected to represent the 

antigenic spectrum of isolates in a particular region, 

because attenuated vaccines are known to have a 

limited range of protection, confined in many cases to 

homologous strains, rendering vaccination partially 

successful Lin et al. (2005). The use of heterologous 

vaccine strains, either simultaneouor sequentially, has 

broadened the protection spectrum in some cases 

Cook et al. (1999), but it is difficult to predict which 

combinations may confer the best protection. On the 

other hand, more virulent vaccine strains may have a 

broader range of protection, but their use is not 

recommended to avoid the risk of a disease outbreak 

Darbyshire (1985). 

  

In the present study we were focusing on the value of 

HI test in detecting antibodies against IBV, since it 

can give an individual outlook for the immune titer 

for each vaccine used when distinct IB viral antigens 

are used, this enables corrective action whenever a 

problem is detected. On the contrary to ELISA which 

is giving one total outlook for IBV immune titer post 

vaccination. 
 

MATERIALS  
 

1 -Serum samples 

Table (1) shows the vaccination history, source and 

number of the collected serum samples. 

 
Table 1: Vaccination history of samples under investigation. 
 

Lab. Ref. 

No. 

No. of  

samples 

Breed Age at   

sample 

collection 

Vaccination history 

Age In days Vaccines 

S - 8 10 Bro. 24 D 1   D 

9  D 

14 D 

HB1+IBV (H120) 

IBV - Ma 5 

IBV - 4/91 

S - 14 22 Lay. 182 D  1   D 

9  D 

21 D 

35 D 

42 D 

63 D 

100 D 

110 D 

IB Primer(H120+D-274) 

IBV - 4/91 

IBV – Ma 5 

Triple inact.(NDV,EDS76r,IBV) 

IBV – H 120 

IBV – Ma 5 

IBV- H120 

Triple inact.(NDV,EDS76,IBV) 

S - 15 18 Lay. 280 D  1 D 

8 D 

15 D 

40 D 

80 D 

102 D 

IBV- H120 

Triple inact.(NDV,EDS76,IBV) 

IBV - 4/91 

IBV – Ma 5 

IBV - 4/91 

Triple inact.(NDV,EDS76,IBV) 

S – 16 4 Bro. 32 D 1   D 

14 D 

IB Primer(H120+D-274) 

IB Primer(H120+D-274) 

S – 18 4 Bro. 32 D No data Randum 

S – 19 10 Lay. 245 D  6 D 

13 D 

HB1+IBV(H 120) 

Triple inact.(NDV,EDS76,IBV) 

S - 20 10 Bro. 1   D --- MDA 

S - 22 6 Lay. 245 D 1 D 

8 D 

15 D 

40 D 

80 D 

102 D 

H120 

Triple inact.(NDV,EDS76,IBV) 

IBV - 4/91 

IBV – Ma 5 

IBV - 4/91 

Triple inact.(NDV,EDS76,IBV) 

S  - 23 8 Bro. 24 D 1 D 

7 D 

IB Primer(H120+D-274) 

HB1+IBV 

Total 92 sample 
 

Lay = layers     D=day             Bro = broilers         MDA=maternally derived antibodies 
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2 - Chicken RBCS 

Chicken RBCS were obtained from three 28 day old 

specific antibody negative chicken (SAN) raised for 

this purpose. 
 

3 - Saline 

Sodium chloride 0.9% (ADWIC) ®, Sterile Pyrogen 

free. 
 

4 - ELISA kit. 

Commercial IBV ELISA kit (Proflock; Synbiotics 

Corporation). Lot.1202487 
 

5 - IB viral antigen  

IB viral antigens for HI test were obtained from GD 

Holland, {(Mass- 41) lot 11531-010811 exp. 8/2021, 

(4/91) lot 09601-020209 exp.8/2019. 
 

6 - Negative serum 

Sera from day old SPF chicks were used.    
 

METHODS 
 

Haemagglutination inhibition test (HI). 

HI tests, using IBV antigens (Mass-41 and 4/91) were 

performed as described by Villegas (1991), Villegas 

(2006). Serum dilutions ranged from 1:2 to 1:1024. 

All HI titers were expressed as Iog2 of the reciprocal 

of the highest serum dilution showing complete HI. 
 

ELISA test 

Serum samples were assayed in the commercial IBV 

ELISA systems 1:100 and 1:1000 dilutions, 

respectively, according to the manufacturer's 

instructions. Serum-to positive ratios (SP-ratios) were 

calculated, using the SP ratio formula: 
 

From these SP-ratios, titers expressed as Iog2 values, 

were calculated using identical regression formulas 

(Synbiotics software) for both tests. Also used were 

the positive-negative SP cut-off values of 0.200 

Synbiotics IBV ELISA according to the manufacturer 

recommendation. 
 

 

 
 

 

Statistical analysis. 

Data were statistically analyzed as described by 

Snedecor and Cochran (1967). Using SPSS.16 

computer program, value was used to determine 

significance. 
  

RESULT 
 

Results of the present work are illustrated in tables (2-

7). 

 

Table 2: The Geometric mean titer (GMT) of ELISA titer at dilution 1/100, and their conversion into two base 

logarithmic titer 1/10. 
 

 

GMT of Elisa titer at dilution 1/100 

Converting GMT of Elisa titer at dilution 1/100 

multiplied *10 

into two base log.titer 1/10 (Brugh 1978) 

A - Portion B-Portion 

S
 -

 8
 

S
 -

1
4
 

S
 -

1
5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

S
 -

 8
 

S
 -

1
4
 

S
-1

5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

20356 5788 19443 5960 1355 15032 13455 9684 26322 15.3 13.5 15.2 13.5 11.4 14.8 14.7 14.2 15.7 

8642 16496 11677 10619 6865 17853 4213 3785 22288 14 15 14.5 14.3 13.7 15.1 13.1 12.8 15.4 

7497 17169 18039 5041 8722 19884 17483 8984 17853 13.8 15.1 15.1 13.4 14 15.2 15.1 14.2 15.1 

11099 13717 22869 1269 20861 22694 11275 4441 7648 14.4 14.7 15.4 11.4 15.3 15.4 14.5 16 13.9 

9746 22869 23132   16702 16857 4612 15681 14.2 15.4 15.5   15 15 13.1 14.9 

17747 20189 21455   23249 13861 6415 16137 15.1 15.3 15.4   15.5 14.7 13.6 14.9 

8286 22869 17481   13813 11727  1688 14 15.4 15.1   14.7 14.5  11.7 

76686 22345 22201   7478 2330  9935 15.9 15.4 15.5   13.8 12.2  10.9 

10147 20664 14126   3901 6327   14.3 15.3 14.7   12.9 13.6   

3974 20078 17169   8783 22985   12.9 15.2 15   14.1 15.4   

 21427 21798        15.3 15.4       

 21002 22172        15.3 15.4       

 16086 20468        14.9 15.3       

 21569 21970        15.4 15.4       

 19279 22259        15.2 15.4       

 20636 17510        15.3 15.1       

 23220 16444        15.5 15       

 21256 17143        15.3 15       

 14077         15.3        

 21856         14.7        

 20973         15.4        

 21455         15.3        

10 22 18 4 4 10 10 6 8 10 22 18 4 4 10 10 6 8 

OD sample — OD negative control 

OD positive control — OD negative control 
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Table 3: The Geometric mean titer (GMT) of ELISA titer at dilution 1/1000, and their conversion into two base 

logarithmic titer 1/10. 
 

GMT of Elisa titer at dilution 1/1000 Converting GMT of Elisa titer at dilution 1/1000 multiplied 

*100    into two base log. titer 1/10 (Brugh 1978) 

A-Portion B-Portion  

S
 -

 8
 

S
 -

1
4
 

S
-1

5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

S
 -

 8
 

S
 -

1
4
 

S
-1

5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

8041 4408 8596 280 0 5664 2155 237 4252 15.9 15.9 16.9 12.4 0 16 15.3 15.5 16 

212 4836 2760 1489 1894 5912 525 405 9322 12.1 15.9 12.4 14.8 15.2 16 13.3 16 18 

237 3577 5028 276 4728 6866 4660 819 7631 12.2 15.9 15.9 12.4 15.9 16 13.1 14 18 

1272 4501 12024 331 7892 1077 1077 289 1584 14.5 15.9 18 12.7 17.9 14.3 14.3 12.5 14.9 

805 2378 14212   0 1999 0 3723 13.9 15.5 18    0 15.2  0 15.9 

1847 3784 7810   5406 2482 675 4986 15.2 15.9 17   16 15.6 13.7 16 

1177 13718 3689   4890 1866  930 14.5 16 16   16 15.1  14.1 

1413 8191 10072   7696 469  1305 14.8 17 17   17 13.1  14.6 

233 5014 2814   2870 644   12.1 15.9 15.7   15.8 13.6   

0 5693 2673   2009 8191   0 15.9 15.7   15.2 17   

 5477 9358        15.9 17       

 11504 12160        17 18       

 1980 7975        15.3 17       

 1838 12770        15.1 18       

 2524 15821        15.6 18       

 8630 9393        16 17       

    17925   3577        18 16       

 9517 7054        17 17       

 2970         17        

 2429         15.8        

 5222         15.5        

 8325         16        

 

Table 4: Haemagglutination inhibition (HI) titer of examined samples using Mass-41 and 4/91 IBV antigens 
 

T
it

er
 v

a
lu

e
s 

HI Mass-41 HI- 4/91 

S
 -

 8
 

S
 -

1
4
 

S
-1

5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

to
ta

l S
 -

 8
 

S
 -

1
4
 

S
-1

5
 

S
 -

 1
6
 

S
 -

 1
8
 

S
 -

 1
9
 

S
 -

 2
0
 

S
 -

 2
2
 

S
 -

 2
3
 

to
ta

l 

Number of values Number of values  

0    1     3 4    4 1 10 1  8 24 

1         5 5     1  2   3 

2 1    1 2    4 5    1  2   8 

3 2    2 2    6     1  3   4 

4 1 5   1 2 5   14 5 4     1 3  13 

5 3 8  1  3 5   20  8     1 3  12 

6 2 5 1   1    9  6 9       15 

7 1 2 5 2      10  3        3 

8  2 12       14  1 9       10 

9                     

10        6  6           

total 10 22 18 4 4 10 10 6 8  10 22 18 4 4 10 10 6 8  

 Cut off values  
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Table 5: The Geometric mean titer (GMT) of ELISA titer at dilution 1/100, 1/1000 and their conversion into two 

base logarithmic titer 1/10. 
 

 S - 8 S -14 S -15 S - 16 S - 18 S - 19 S - 20 S - 22 S - 23 

A 17418±6759 19319±869 19279±772 5722±1922 9450±4112 14938±2060 12051±2018 6320±1021 14694±2826 

STDV 21376.7 4078.2 3277.1 3844.05 8225 6514.3 6384 2501.8 7994.3 

B 14.39±.2 15.14±.09 15.1±.06 13.15±.6 13.6±.8 14.65±.25 14.28±.317 13.9±.465 14.1±.6 

STDV .851 .427 .278 1.23 1.6 .81 1.004 1.139 1.7 

C 1523.7±750* 6110±883 8210±980 594±298* 3628.5±1721 4239±818 2406±754 404±122 4216±1075** 

STDV 2372.4 4144.8 4160.6 597.1 3442.9 2588 2385 299.9 3041.8 

D 12.52±1.45 16.09±.14 16.7±.319 13.07±.57 12.25±4.1 14.23±1.59 14.56±.4 11.9±2.44 15.9±.51* 

STDV 4.6 .686 1.36 1.15 8.2 5.04 1.29 5.98 1.45 

E 4.7±.5 5.45±.26 7.61± 4.75±1.6 3±.405 3.9±.433 4.5±.166 10 0.63±.18 

STDV 1.766 1.22 0.6 3.3 0.81 1.37 0.5 0 0.517 

F 3±.33 5.5±.23 7±1.02 0 1.5±.64 0 2.4±.476 4.5±.22 0 

STDV 1.05 1.1 1.02 0 1.29 0 1.5 0.54 0 
 

A=GMT of Elisa titer at dilution 1/100 *=0.05  **=0.01. 

B=Converting GMT of Elisa titer at dilution 1/100 into two base logarithmic titer 1/10 (Brugh 1978). 

C=GMT of Elisa titer at dilution 1/1000 STDV. =standard deviation 

D=Converting GMT of Elisa titer at dilution 1/1000 into two base logarithmic titer 1/10 (Brugh 1978). 

E= Mean HI -Mass 41. 

F= Mean HI -4/91 

 

Table 6: Shows the sensitivity % and specificity % of applied serological tests. 
 

 
ELISA at 

dilution 1/100 

ELISA at dilution 

1/1000 
HI using mass-41 HI using 4/91 

* Sensitivity % 100% 80.96% 80.91% 73.91% 

**Specificity % 100% 95.5% 85% 62% 
 

* Sensitivity =% of positives / tested samples. **specificity = % of negatives / tested samples 

 
Table 7: Shows the correlation between number and varieties of given vaccines, beside intervals up till sample 

collection and the recorded serological values with different serological tests. 
 

 Number and varieties of vaccinal strains given for 

examined flocks 

Time 

elapsed  

from 

vaccination 

till 

sampling 

HI titers  ELISA  

two base 

log.titer 

1/10 
Classical  vaccinal 

strains 

Triple 

inactivated 

vaccine  

Variant 

vaccinal 

strains  

H 

120 

Ma 5 Mass-41 4/91 D 

274 

Mass- 

41 

4/91 1/100 

dilution 

S - 8 ᴵ ᴵ - - ᴵ - 10 days 4.7 3 14.39 

S -14 ш п - п ᴵ ᴵ 72 days 5.45 5.5 15.14 

S - 

15 

ᴵ ᴵ - п п - 178 days  7.61 7 15.1 

S - 

16 

п - - - - п 17 day 4.75 0 13.15 

S - 

18 

Random  3 1.5 13.6 

S - 

19 

ᴵ - - ᴵ - - 232 days 3.9 0 14.65 

S - 

20 

MDA 4.5 2.4 14.28 

S -22 ᴵ ᴵ - п п - 143 day  10 4.5 13.9 

S - 

23 

п - - - - - 17 day  0.63 0 14.1 

 

I = administered once  П = administered twice Ш = administered three times   - = non
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DISCUSSION 

 
Prevention of IB relies mainly on vaccination, 

however it does not confer full protection against the 

heterologous IB variant strains. To devise a 

successful vaccination protocol against IBV it is 

necessary to isolate the circulating viruses in the 

locality and study their relatedness and cross 

protection Callison et al. (2001). The various viral 

strains of IB can be classified according to serotype, 

genotype and protectotype. using virus neutralization, 

or by genotyping, using RT PCR together with 

sequencing or a second specific-primer PCR, or, more 

rarely, using restriction fragment length 

polymorphism (RFLP) Worthington et al. (2008), this 

may not be feasible in developing countries and it is 

time consuming. Other workers such as Cook et al. 

(1999) though of combing classical and variant 

vaccines to widen the protection against IBV but this 

was not completely successful due to  the large 

number of IBV serotypes and the lack of complete 

cross protection. 

 

We thought that it might be helpful to use HI for the 

evaluation of the immune titer for two most prevalent 

vaccine strains in the Egyptian market, since this test 

is efficient in serotyping which will helpful in 

studying sero-conversion post vaccination with these 

strains, this procedure will allow a corrective 

procedure when vaccinal failure is detected, and we 

also suggested rules for interpretation of the HI and 

ELISA results.  

 

The multiple IBV serotypes and its antigenic 

variation, adds complexity to the selection of an 

appropriate serologic method and to the analysis of 

test results. All IBV serotypes would seem to have 

common epitopes (group-specific antigens), which is 

given the moderately high amino acid sequence 

identity within the N and M proteins and the S2 part 

of the spike protein. IBVs also induce type-specific 

antibodies, determined by epitopes of the S1 protein 

Cavanagh and Gelb (2008). Jackwood and De Wit 

(2013). 

 

The advantage of serological studies based on tests 

such as (HI and ELISA) is the historical aspect that 

they bring to the clinical case, since their results can 

measures the reaction of the bird to the disease 

causing agent over a period of time, whereas direct 

diagnostics such as (PCR) requires the presence of 

the virus at the very moment of sampling Auvigne     

et al. (2013).  

 

ELISA testing is unable to differentiate the different 

infectious bronchitis serotypes, as this method 

involves antibody binding to group-specific as well as 

type- specific antigens Mockett and Darbyshire 

(1981). Macnaughton et al. (1981). The antibody 

response assessed by HI and VN, may be used as an 

aid to the diagnosis of the predominant serotype 

present. Dhinakar and Jones (1997), Mockett and  

Darbyshire (1981). 

 

In poultry, high specificity of serological tests is more 

important than high sensitivity, since low sensitivity 

can be compensated for, by using a higher number of 

blood samples. The sensitivity could be calculated as 

the percentages of positives while the specificity 

could be calculated as the percentage of negatives in 

the tested samples De Wit et al. (1997), De Wit 

(2000), Auvigne et al. (2013). In the present study the 

sensitivity of ELISA at dilution 1/ 100 was 100 %, 

and this percent was 80.96% when the dilution was 1/ 

1000, comparatively the HI test performed using 

Mass-41 antigen at cut off value 2 revealed that 80.92 

% of the examined samples were positive for IBV 

antibodies and this percent was 73.91 % when the 4/ 

91 IBV antigen was used. The cut off value in the 

present study was set as 2
2
 (table -4) on the contrary 

for the previous work of Alexander and Chettle 

(1977), De wit et al. (1997) because Villegas (1991), 

Villegas (2006) were using 8 HA units ,while  

Alexander and Chettle (1977), De wit et al. (1997) 

used 4 HA units of  IBV antigen for the test, as for 

the specificity in the present study the percent of 

negative reactors in the examined samples using 

ELISA were (0/92) at dilution 1/100 and was (4/92) 

i.e. 4.3% when ELISA was performed at dilution 

1/1000, and when HI was performed it was (14/92) 

i.e. 15.2% using Mass-41 antigen, and (35/92) i.e. 

38% with 4/91 antigen. De wit et al. (1997) found 

that ELISA is moderately sensitive but highly specific 

when examining sera from non-vaccinated birds ,and 

it is sensitive with variable specificity when examined 

sera were from vaccinated birds., as for HI test the 

results will depend on the cut off values and they 

recorded a specificity of 55 - 100% and wide 

variation in sensitivity. These result fortifies our 

findings, the wide variation in sensitivity is result of 

using distinct antigen i.e. (4/91 or Mass-41). 

 

ELISA showed 100% sensitivity and specificity at 

dilution 1/100 and showed 80.96%, 95.5 % 

respectively at 1/1000 dilution. The sensitivity and 

specificity of HI were 80.91%, 95% respectively 

when Mass-41 antigen was used and was 73.91 %, 62 

% when 4/91 antigen was used. The difference in 

sensitivity and specificity with HI reflects it 

selectivity during serotyping and this picture will 

necessarily differ if samples were tested against other 

antigens like (D- 274, 1466,…..etc.,) this confirms 

our point of view for using HI in detecting immunity 

after IBV vaccination.  

 

It became obvious that ELISA result may be 

misleading as seen during studying MDA in sample 

(S-20), ELISA reading at 1/100 dilution was 

12051±2018 with STDV (6384) and was 2406±754 

with STDV(2385) at dilution 1/1000 their Conversion 
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into two base log titer 1/10 will be 14.28±.317 and 

14.56±.4 respectively on the other hand the HI titer 

was 4.5±.166 with STDV(0.5) when Mass – 41 

antigen was used and it was 2.4±.476 with STDV 

(1.5) when antigen 4/91 was used, result of ELISA 

will be conflicting when devising a vaccination 

protocol for such flock. 

 

The rational for ELISA at dilution 1/1000 is the high 

immune titers observed when dilution was 1/100, and 

because that 4 out of 92 examined sample were 

negative (table -3) although 1:1000 in ELISA is very 

near for 1:1024 (10
th

 dilution of HI starting 1:2) at 

which  6 samples out of 92 were only positive and the 

remaining  84 samples ended before the 9
th

 dilution, 

this had led us to carry on ELISA at dilution 1: 100 

which is very near for 1:128 (7
th

 dilution of HI 

starting 1:2) all examined samples were positive for 

ELISA and HI using Mass-41 IBV antigen but a 

different picture was observed when HI using 4/91 

IBV antigen this confirms the hypothesis that with HI 

you can observe a distinctive pictures for each 

vaccinal strain used .although examined samples were 

(100%) positive for ELISA and HI using Mass-41 

IBV antigen at dilution 1:100 and were (13/93) i.e. 

14.13% when HI was performed using 4/91 antigen, 

and this confirms our point. 

 

The ELISA technique is a sensitive serological 

method gives earlier reactions and higher antibody 

titers than other tests Mockett and Darbyshire (1981). 

Commercial ELISA kits used for monitoring serum 

antibody responses against IBV are broadly cross-

reactive among serotypes and allow for general 

serological monitoring of vaccinal responses and field 

challenges but it lacks strain specificity Karaca and 

Naqi. (1993), De Wit et al. (1997) commercially 

available. ELISAs detects IBV antibodies within one 

week of infection, earlier than by HI or VN tests 

Marquardt et al. (1981), Mockett and Darbyshire 

(1981), De Wit et al. (1997), De Wit (2000).  

 

HI should be used for identifying serotype-specific 

responses to vaccination and field challenges in 

young growing chickens. Because with multiple 

infections and vaccinations, the sera of breeders and 

layers will be cross-reactive thus its results cannot be 

used with a high degree of confidence De Wit et al. 

(1998)., but the low cost, simple test equipment and 

speed of the HI test makes it a very useful procedure 

for routine diagnosis; the limitations must simply be 

borne in mind, and alternative analytical techniques 

should be at hand when doubt arises De Wit et al. 

(1997). 

 

Standard protocol for HI for IBV has been described 

Villegas (1991), Villegas (2006) with minor changes  

from the protocol of Alexander and chettle (1977), 

the test procedure is based on that standard strains 

and isolates of IBV will agglutinate chicken red blood 

cells RBCs after neuraminidase treatment Ruano      

et al. (2000), Schultze et al. (1992). The strain 

selected to produce antigen may be varied, depending 

on the requirements of diagnosis.  In the present study 

sera were analyzed by HI for two serotypes 

(Mass41and 4/91). The serum samples underwent 

serial halving dilution and were mixed with an 

equivalent amount of antigen. After incubation (30 

min at 20°C), washed chicken red blood cells 

(WCRBCS) from SAN chickens, prepared with an 

anticoagulant, were added. After incubation (40mn at 

20°C), the results were read by inclination of the 

plaques and observation of the HI. The antibody titer 

of the serum sample, expressed in log2, corresponds 

to the highest serum dilution leading to complete 

inhibition. The highest tested titer is 10, the well 11 

was left for virus control and well 12 was left for 

(WCRBCS) control. The validity of results was 

ascertained by using a negative serum control sample 

that should not have a titer above or equal to 2 log2. 

 

Haemagglutinating antigen for the HI test could be 

prepared from chorioallantoic fluid harvested from 

IBV-inoculated embryonated chicken eggs. 

Neuraminidase type V in PBS (pH7.2 at 1, 0 units/ml 

final concentration is used to treat IBV for 30 min at 

37 C) Ruano et al. (2000). Antigen titration is 

performed in standard U-bottom 96-well microtiter 

plates using (WCRBCS) close range of an initial 

series of dilutions, i.e. 1/3, 1/4, 1/5, 1/6, etc. gives 

more accurate initial titration. Treatment of IBV with 

bacterial phospholipase C was initially thought to 

enable the virus to agglutinate (WCRBCS) Alexander 

and Chettle (1977), King and Hopkins (1984). 

However, HA antigens produced using highly 

purified phospholipase C preparations often had 

considerably lower titers than those produced using 

unpurified phospholipase C preparations. Subsequent 

studies Ruano et al. (2000). Shultze et al. (1992) 

determined that treatment of IBV with purified 

neuraminidase preparations consistently produced 

high-titer HA antigens. These findings suggested that 

the unpurified phospholipase C preparations were 

contaminated with neuraminidase, this comparison 

will be the subject of our investigation during the 

intended antigen preparation trials. 

 

Auvigne et al. (2013) used typology of the flock 

profiles using clustering methods. This allows 

grouping the flocks according to their resemblance 

without posing any prior hypothesis other than those 

used for the general study design (choice of flocks, 

age at sampling, sampling and testing). As a first step, 

a principal components analysis (PCA) was carried 

out to allow studying the overall variability of the 

dataset and creating new uncorrelated variables, 

summarizing information that may have a biological 

sense and that may contribute to differentiate groups. 

The study of the variability percentage explained by 

each of this new variables and their biological 
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signification allow determining which of these new 

variables have to be retained for the rest of the 

analysis. As a second step, ascending Hierarchical 

Clustering (HC) was performed. For calculation of 

distances between individuals and then assembling 

them in groups according to proximity. The variables 

used in the HC to calculate the distances are the 

coordinates of the flocks on the retained axes by the 

PCA. The HC leads to a dendrogram used to define 

the optimal cluster number. This choice depends on 

the clearness of the separation between the 

dendrogram branches and on the number of flocks in 

each group. As a third step, the means of the new 

variables created at the PCA step are calculated for 

each of the groups and, using the k-means method, 

each flock is reassigned to the group with the nearest 

mean. The representation of these groups on the PCA 

axes allows determining the discriminatory axes 

between groups. If certain axes turn out to be non-

discriminatory, a new iteration of the analysis is 

performed. Finally, as a fourth step, the distribution 

characteristics of the 6 mean serological titers within 

each group are described and the biological meaning 

of these groups is investigated. Auvigne et al. (2013) 

mentioned the typological analysis allows 

interpretation of the results in spite of the existence of 

cross reactions. However, this method requires 

certain choices (number of axes, number of clusters) 

that have an impact on the final result, and it is not an 

absolute classification. However, the fact that the 

obtained classification is coherent with the data of 

experimental infections, even though the 

bibliographical data were not used for the 

classification, is in favor of its relevance. In the 

present study we were not able to use  hierarchical 

clustering because setting a cut off values  will not 

allow to consider values below this cut off  .In the 

present study we used the EXCEL sheets to calculate 

what is presented in (table -5).  

 

ELISA titers as seen in  (table 2,3) couldn't be 

evaluated as it is, and It was also noticed the standard 

error of the  values was very high ranging from (4 to 

43%) which is a very high values indicative of 

nonhomogeneous titers Kurian et al. (2012) examined 

heat treatment, repetitive freezing and thawing and 

three levels of severity of hemolysis as a sample 

mishandling treatments simulated different conditions 

that might occur during routine blood collection, 

transport or storage in a clinical practice setting. Each 

mishandling treatment was experimentally applied 

under laboratory conditions and then samples were 

assayed for antibodies against IBV, AEV and CAV 

using commercial ELISA kits. And found that severe 

hemolysis had the most consistent detrimental effect 

on ELISA performance, producing results that were 

significantly different from the reference standard in 

all three ELISAs, although the direction of the effect 

varied (less positive for the IBV and CAV assays; 

more positive for the AEV assay). Moderate levels of 

hemolysis had a similar, but less consistent, effect to 

that of severe hemolysis, producing results that were 

significantly different from the reference standard 

only for the IBV (less positive) and AEV (more 

positive) ELISAs. Repetitive freeze–thawing also 

produced a significant effect on ELISA results for 

IBV (less positive) and AEV (more positive). The 

IBV ELISA appeared to be most susceptible to the 

effects of serum maltreatment. The findings from this 

study suggest that unpredictable variation in the 

results of ELISAs can occur due to different sample 

mishandling treatments. 

 

In the present study we converted the obtained 

ELISA results at dilution 1/100 in (table-2) and that at 

dilution 1/1000 (table -3) into its two base 

logarithmic titer 1/10 (Brugh 1978), to obtain a 

numerical values that well facilitate the comparison 

between the two tests as performed by De Wit et al. 

(1997) After converting the GMT of ELISA titer 

1/100 multiplied by10 into its base log titer 1/10 

(Brugh 1978), you can observe that the figure 15.4 

will represent the ELISA reading of (20973-22869) 

(table -2), this numeric values were very high 

compared to that of HI at dilution 7 or 10 which were 

zero in most examined samples. 

 

In the present study serum samples submitted for 

investigation were collected from different flocks 

receiving different vaccination programs (table 1), the 

time interval from the last vaccine used until sample 

collection ranged from 10 to 232 day post 

vaccinations (Table-6), the mean two base log titer of 

ELISA at dilution 1/100 was ranging from (13.16 -

15.14) despite of the number of vaccine 

administration which ranged from (2 up to 9 times 

including inactivated vaccine) (table -6). It is also 

apparent that this high titers was observed in samples 

(S – 16,19 and 23) these samples were from flocks 

that did not receive any variant vaccines, this 

apparent high titer masks the fact that birds are at risk 

if challenged with a variant. Comparatively HI titers 

observed were zero in sample (S- 16, 19 and 23) since 

their flock did not receive any vaccine of such strains 

so, although ELISA gave a sensitivity percent of 

100%, 80.96% at the examined dilution (1/100, 

1/1000) respectively and it also gave a specificity 

(100%, 95.5) at the same dilutions, but this is not 

logic for the obtained results compared to HI results. 
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دراسييييييا اةسيييييي ة با المى  يييييييا ب يييييي    ىيييييي  قيمييييييا ام عيييييي ر لىيييييي  اليييييي   ن اليييييي لُ   الُقييييييُ    يييييي اردويييييي   دراسيييييي ى فيييييي  

ال حصييييييييه سييييييي  فيهَسييييييي و ليييييييهه اةل ٍييييييي   اللييييييي ع  َ الييييييي  ل  ر يييييييً ال  ه  ييييييييا بييييييييه ل   ييييييي    يييييييهاو اةل ٍييييييي   

ليىيييييييي  ي اَ البُسيييييييبُليعيي بيييييييلوي ر الىيُرا ا   يييييييهاو فييييييييهَب اةل ٍييييييي   اللييييييي ع  لةيييييييل    ب ييييييي  حيييييييي  اويييييييً  .اللييييييي ع 

ام عييييي ر لىييييي  الييييي   ن   يييييي   َبييييي ل  ال ييييي ر    ييييي    يييييي ه ايييييهاو الييييي   الحميييييها .فييييييهَب اةل ٍييييي   اللييييي ع    ك سييييي  

لمييييي    يييييي  ال ييييي م  لُسييييي  ح يييييُ   ىييييي  دراسيييييا اةسييييي ة با المى  ييييييا لكييييي    يييييه   حصييييييه فيهَسييييييا   ييييي  حييييي     الييييي لُ 

َاليييييي  فيييييي  لح َلييييييا ل  لييييييا  ييييييى  ا اةو يييييي     م لٍ  اا ليييييي   فليييييي  فيييييي  ال حصيييييييه      ييييييه   حصيييييييه سييييييع  اسيييييي

 ل  لمييييي  ٌيييييُ ً بيييييا   ميييييي ا ليييييه ان ام عييييي ر اةليييييييا    ييييي  ايييييَ .الييييي ايى  فييييي    عييييي   ا  فلييييي  فييييي   م ييييييا  ال حصييييييه

 يييييُر  َاحييييي   ايم لييييييا ل مى  يييييا سييييي  فييييييهَب اةل ٍييييي   اللييييي ع  لمييييي   ييييي د  ب ل ع ييييييا الييييي  م ييييي  فييييي    ييييييير اةسييييي ة با 

  الُقيييييا الييييي      ييييي  ام عييييي ر اةليييييييا و ييييي  ا َ قيييييير لى  ييييييا   لييييييا   حييييي  لىييييي  ان ام عييييي ر فبييييي ل  حصييييييى و  المى  ييييييا

( َان ٌييييييي ا 4/91( َسييييييي  ال  يييييييه  ) mass-41)لييييييي و  الييييييي   ن    ييييييي  قيييييييير لى  ييييييييا ل  وييييييييا سييييييي    يييييييه  ال حصييييييييه 

ه  اةسييييي ُ  فييييي    ييييييير المى  يييييا  ى سييييي  لييييي  ٌيييييُ ل يييييهَ  ًَ بيييييا   ميييييي ا ليييييه َييييييُد   يييييهاو ا سييييييكيا َاميييييه  ل ييييي  

َ ٌيييييي ا لميييييي     ييييييي  لييييييه فيهَسيييييي و اةل ٍيييييي   الليييييي ع  َان ال حصييييييييه بخ ييييييخا لييييييىٍر ة  كبيييييي  لصيييييي  ال ييييييي َ  بيييييي ةمه 

ليييييه فكيييييه الم  َليييييا   يييييُد بىييييي  ليييييه  اميييييه  ٌَييييي   الب سيييييبا اةمييييييه  اسييييي ها يةي و الم  َليييييا لٍييييي ا الميييييهه البيهَسييييي . 

اليييي  قيمييييا ال ييييُد  اليييي  اسيييي  م   ام عيييي ر لىيييي  اليييي   ن اليييي لُ  ااوييييه لييييه لييييه    يييي  حيييي   بلسيييي  م     ييييهاو فيهَسيييييا 

( َ  يييييهاو ال حصييييييه الك سييييييكيا  D-274, QX, 4/91, 1466سييييي    ييييي  ال   حييييي و الم ييييي  ه  المسييييي  م ا ح  يييييي ا )

(Mass TYPE.)  عيييييي ر ب يييييي د اة ةيييييي ب  لييييييه يم ييييييا ال يىيييييي و الم  عييييييه  َ حسيييييي  دريييييييا  حسيييييي  دريييييييا دقييييييا اةم

ان دقيييييا ام عييييي ر اةليييييييا َدرييييييا حس سيييييي ً ا ويييييا  و حس سيييييي ً ب ييييي د السييييي ع  ليييييه يم يييييا ال يىييييي و الم  عيييييه  َقييييي  َيييييي 

  يييييي  ال ييييييُال   ىيييييي ل   يييييير اةم عيييييي ر  ىيييييي    بييييييي   09.9% َ 61.08َا وييييييا  0/011%  ىيييييي  ام عيييييي ر ال  بييييييي  011

% فيييييي  ام عيييييي ر ليييييي و  اليييييي   ن اليييييي لُ  بلسيييييي  م   09% َ  61.00دقييييييا اةم عيييييي ر َحس سييييييي ً َقيييييي  ا وييييييا  0/0111

% فيييييييي  وبييييييييت اةم عيييييييي ر  ىيييييييي  اسيييييييي  م   او ةيييييييييه 86% َ 19.00( َا ويييييييي  Mass-41او ةيييييييييه ال  ييييييييه  الك سيييييييييكيا )

ً   يييييي  الى يييييي  ا  قٍييييييه ال يييييي ر  اةو    يييييييا فيييييي  ام عيييييي ر لىيييييي  اليييييي   ن اليييييي لُ  َق ر يييييي( ٌيييييي ي 4/00ال  ييييييه  الم يييييي  ه  )

اظٍييييي ر  يييييُر  لى  ييييييا سييييي  اييييي    يييييه  فيهَسييييييا   ييييي  حييييي   ل   بيييييا  يييييه اةميييييه  فييييي  حييييييه اظٍهام عييييي ر اةليييييييا 

 يييييُر  لى  ييييييا ييييييي   ٌييييي  ايم لييييييا فييييي   مُلٍييييي  َلكىٍييييي  لييييير  كيييييه ا  يييييبا لكييييي  ح ليييييا لى  ييييييا م  يييييا بكييييي    يييييه  

 يييييييا حيييييي   اسيييييي   ا  فيهَسيييييييا اسيييييي   لا فيييييي   م يييييييا ال حصيييييييه الُقيييييي   . ٌيييييي ي الصييييييُر  سييييييُ      يييييي  ا  يييييي ا ب ل ع

ا ويييييا  ( ٌَييييي ا  وعيييييا  يييييحا َيٍيييييا الىقيييييه ال ييييي  اردوييييي  بحوٍييييي .,.D-274 or 1466….etcاو ةيىييييي و اميييييه  لوييييي  )

لىييييي  ا  ييييي ا ب يييييت المامييييي    ييييي  ام عييييي ر اةليييييييا  ىييييي  اسييييي   الً فييييي  دراسيييييا اةيسييييي   المى  ييييييا اةلييييييً ل  ىييييييه لُا يييييي  

 (06190  ± 6106) َييييييي و  ان   ييييييه اةلييييييييا ايييييي ن ( ف يييييي S-20َقيييييي  ظٍييييييه لىيييييي  ٌيييييي ا  ىيييييي  دراسييييييا ال يىييييييا )ال حصيييييييه 

( ب ريييييييييا اوحييييييييها  6418 ± 194) َا وييييييييا الى يييييييي  ا 0/011 ىيييييييي  ال  بييييييييي   (8964) ب ريييييييييا اوحييييييييها  ل ييييييييي ر 

َ ىييييييي  حسييييييي   ال ُ ييييييي ر  ر الوىييييييي    لٍييييييي   ال يييييييير  ىييييييي  ال  بيييييييي  العييييييي د   0/0111 ىييييييي  ال  بيييييييي   (6969) ل يييييييي ر 

( َقييييييييي  اييييييييي ن ال  يييييييييه المىييييييييي    ل مى  يييييييييا اةلييييييييييا بلسييييييييي   ا  04.98±  .4َ) (04.66± .901 ) اييييييييي ن الم  بييييييييي  0/01

.(  ىيييييييي  اسيييييييي  م   او ةيييييييييه ال  ييييييييه  9) ل ييييييييي ر  ل يييييييي اريبييييييييلوحها   (4.9 ±. 4اليييييييي لُ  )ام عيييييييي ر لىيييييييي  اليييييييي   ن 

اسيييييي  م   او ةيييييييه ال  ييييييه   (  ىيييييي 0.9( بييييييلوحها  ل ييييييي ر  ل يييييي اري )6.4 ±0.9)الك سيييييييكيا َقيييييي  ايييييي ن ال  ييييييه المىيييييي    

 ل  م خ ف   ح    لُا ي  ال حصيه.  د  ا ق َب ل  وه  ان ام ع ر اةلييا  (4/00الم   ه  )
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