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After experimental intratracheal infection of chickens with an avian influenza viral isolate 

A/duck/Bulgaria/05 H6N2 (0.2 mL), the potential of the haemagglutination inhibition test (HIT), the 

immunodiffusion test (IDT) and enzyme-linked immunosorbent assay (ELISA) for antibody detection 

was evaluated. The results evidenced that in birds, antibodies to haemagglutinin, precipitating anti-

bodies and IgG antibodies, detectable with ELISA, were formed. Subtype-specific antibodies were 

detected in all infected chickens. Serum titres ranged between 1:4 and 1:128 with predomination of 

1:64 titres (44.8 %). The mean arithmetic titre for the experiment was 1:56.1. Precipitins were found 

out in all infected chickens. The titres ranged from undiluted to 1:128 with prevailing of 1:2 titres 

(27.6%). By means of ELISA, 100% seropositive birds were detected by the 7 and 14th day whereas 

the percentage on days 21 was 85.7% and 28 was 80%. S/P values were the highest by the 14th day 

(up to 2.776). The sensitivity, specificity and test agreement was 100% for HIT and IDT and 93.1% 

for ELISA on the background of a specificity of 100 %. The comparison of the three tests showed a 

specificity of 100 % for IDT and HIT and 93.1% for ELISA, sensitivity of 100 % and test agreement 

of 97.4 % for ELISA. The data for detection of type-specific antigens showed 93.1 % sensitivity for 

IDT and ELISA, specificity of 100 % and test agreement of 97.4 %. 
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immunodiffusion test 

INTRODUCTION 

The analysis of blood sera is extensively 

used for detection of antibodies against 

avian influenza A viruses (AIV). It is uti-

lized as a screening test for detection of 

infection (Arenas et al., 1990; Allwright 

et al., 1993; Otsuki et al., 1995) in the 

course of experimental induction of a dis-

ease (Lu & Castro, 2004), for elucidation 

of sensitive bird species (Abraham et al., 

1986; Allwright et al., 1993; Cadman et 

al., 1994; Swayne & Slemons, 1995), for 

determination of the immune response 

depending on the avian species (Boer et 

al., 1990; Allwright et al., 1993; Cadman 

et al., 1994; Swayne & Slemons, 1995; 

Zhou et al., 1998), for determination of 

the relationship between the age of birds 

and the inoculation dose (Вrugh, 1995; 

Beck & Swayne, 1997; Lu & Castro, 

2004), the detection of the time of anti-

body formation (Meulemans et al., 1987) 

and last but not least, as indicator for 
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evaluation of the efficacy of various vac-

cines (Stone, 1988; Abraham et al., 1988; 

Donahoe, 1997; Garcia-Garcia et al., 

1997; Trani et al., 2003). 

The generally used serological tests 

detect type-specific antibodies raised 

against the nucleoprotein antigen and sub-

type-specific antibodies to the haemagglu-

tinin and neuroaminidase. The most com-

monly used reactions with type-specific 

antigens are the immunodiffusion test 

(IDT) (Beard, 1970; Pearson & Senne, 

1986; Meulemans et al., 1987; Adair et 

al., 1990; Otsuki et al., 1995) and ELISA 

(Snyder et al., 1985; Meulemans et al., 

1987; Fatumbi et al., 1989; Adair et al., 

1990; Arenas et al., 1990; Zhou et al., 

1997; Zhou et al., 1998; Sala et al., 2003), 

and with subtype-specific antigens – the 

haemagglutination inhibition test (HIT) 

(Salk, 1944; Beard, 1970; Meulemans et 

al., 1987; Arenas et al., 1990; Otsuki et 

al., 1995; Sala et al., 2003). 

The comparative investigations of sera 

from hens and chickens using IDT and 

ELISA showed a different sensitivity and 

specificity (Snyder et al., 1985; Meule-

mans et al., 1987; Zhou et al., 1997; Zhou 

et al., 1998; Fatumbi et al., 1989; Adair et 

al., 1990; Arenas et al., 1990; Boer et al., 

1990). The comparison between ELISA 

and HIT also exhibited a variable sensitiv-

ity: equal (Lamichhane & Kirkegaard, 

1997), higher for ELISA (Adair et al., 

1989; Adair et al., 1990; Arenas et al., 

1990) or lower for ELISA (Zhou et al., 

1998). The route of penetration of the 

virus could be a probable cause for these 

discrepancies.  

The predominant localization of AIV 

on respiratory or alimentary epithelial 

cells containing tripsin-like enzymes al-

lows to assume that the intratracheal route 

of experimental infection is the closest to 

the natural one. It is used as a screning 

test for detection of infection (Otsuki et 

al., 1982; Meulemans et al., 1987; Brugh, 

1995; Swayne & Slemons, 1995; Swayne, 

1997; Beck & Swayne, 1997; Swayne & 

Beck, 2005).  

For these reasons, we aimed to inves-

tigate the diagnostic potential of HIT, IDT 

and ELISA after experimental intratra-

cheal infection of chickens with avian 

influenza isolate A/duck/Bulgaria/05 

H6N2. 

MATERIALS AND METHODS 

Experimental chickens 

The experiment was performed with 18 

30-days old Dekalb chickens. Nine of 

them were intratracheally infected with 

0.2 mL allantoic fluid of virus-infected 

chick embryos (CE) and the other nine 

remained uninfected (controls) and were 

intravenously treated with allantoic fluid 

of uninfected CE. 

The chickens were housed in two iso-

lated premises of 2 m
2
 each, at daylight 

regimen of 13 hours, ambient temperature 

of 20 
0
C, air humidity 70%, a common 

feeding front and drinking front of 0.9 m. 

No vaccinations have been performed.  

Virus 

In this experiment, an AIV A/duсk/ Bul-

garia/05 H6N2 isolate from a wild duck 

(Anas plathyrynchos) was used (Zarkov et 

al., 2006). The virus was titrated for de-

tection of embryonic lethal dose (ELD50) 

by the method of Reed & Muench (1938). 

A viral suspension from the 4
th
 passage 

with a titre of 10
5.0
 ELD50/0.1 mL was 

used. 

Blood sampling 

Blood samples were obtained at 7-day 

intervals: day 0 (prior to infection), and 
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days 7, 14, 21 and 28 after the infection. 

The total number of blood samples appro-

priate for testing was 77: 48 from healthy 

birds (39 control and 9 from birds subject 

to infection on day 0) and 29 from in-

fected  population of birds (obtained on 

post infection days 7, 14, 21 and 28). 

Serological tests 

Three tests were used, one of them (HIT) 

for detection of subtype-specific antibod-

ies (antibodies to haemagglutinin) and two 

(IDT and ELISA) − for detection of type-

specific antibodies − precipitating anti-

bodies (precipitins) and IgG antibodies, 

respectively. The protocols of these sero-

logical assays are described in a previous 

work of ours (Zarkov, 2007).  

Statistical analysis of data 

The statistical analysis of data obtained 

from the different diagnostic tests was 

done only in chickens, challenged with a 

viral antigen. The Statistica v.6.0 software 

was used (StatSoft, Tulsa, OK, USA). The 

confidence interval (CI) was calculated at 

a probability of 0.95.  

The relative sensitivity, relative speci-

ficity and test coverage were calculated 

according to Courtney et al. (1990) as 

described earlier (Zarkov, 2007). 

RESULTS  

The results from the HIT, IDT and ELISA 

are presented in Table 1. Тhey show that 

29 samples from infected chickens were 

positive in the HIT and in IDT (S = 100 

%) and 27 − positive in ELISA (S = 93.1 

%). False positive results in non-

inoculated birds were not present (100% 

specificity for all tests). 

All sera from the 7
th
 to the 28

th
 day 

were positive in HIT (S=100 %) (Table 

2). There was a difference in individual 

titres. By days 7 and 28, the titres ranged 

between 1:8 and 1:128, by the 14
th
 day − 

between 1:8 and 1:64 and by the 21
st
 day: 

from 1:4 tо 1:128. The mean arimethric 

titre (MАТ) on the 7
th
 day was 1:61.3, on 

the 14
th
 day − 1:37, on the 21

st
 day − 

1:69.1 (the highest one in this experiment) 

and on the 28
th
 day − 1:59.2. 

Throughout the entire experiment, 

samples with titres 1:64 predominated 

(44.83 %). The MAT values of the indi-

vidual chickens titres in this trial were 

from 1:7 tо 1:96 whereas MAT values of 

Table 1. Sensitivity and specificity of the haemagglutination inhibition test (HIT), the immunodiffu-

sion test (IDT) and ELISA in 77 sera from chickens – healthy and intratracheally infected with 0.2 

mL avian influenza isolate A/duсk/Bulgaria/05 H6N2, tested at 1-week intervals after the infection 

for a period of 4 weeks 

 

Test  Healthy 

population  

(n=48) 

Infected 

population 

(n=29) 

Relative sensitivity (S); 

false negative (FN) 

Relative specificity (Sp); 

false positive (FP) 

+  0 29 S: 100 % Sp: 100 % HIT         

− 48  0       FN:     0 % FP:     0 % 

+  0 27 S: 93.1 % Sp: 100 % ELISA 

− 48  2 FN:   6.9 % FP:     0 % 

+  0 29 S: 100 % Sp: 100 % IDT         

− 48  0 FN:     0 % FP:     0 % 
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all infected birds were 1:56.14. 

IDT-detected precipitating titres (IDT-

positive sera) in infected chickens (Тable 

3) in undiluted and diluted samples were 

up to 1:128, and all were positive (S = 

100 %).  

By the 7
th
 day, the titres of precipitins 

in positive samples were from 1:4 tо 

1:128. On the 14
th
 day from 1:2 to 1:16, 

on the 21
st
 day from undiluted sera to 1:8. 

At the last testing (day 28) from undiluted 

sera to 1:4. The mean titres for the ex-

periment were 1:20.76 and prevailing 

samples had titres 1:2 (27.6 %). 

By means of ELISA (Тable 4) the 

samples from all chickens were positive 

on the 7
th
 and the 14

th
 days (S=100 %). By 

days 21 and 28, one bird (No 6) exhibited 

a negative result. The sensitivity at these 

time intervals was 85.71 % (day 21) and 

80 % (day 28). 

The values of the ratio of tested sam-

ples to positive control (S/P) (considered 

negative when S/P ≤ 0.5 and positive 

when S.P ≥ 0.5), ranged between 0.701 

Table 2. Time- and titre-dependent distribution of antibodies to the haemagglutinin (HIT-positive 

sera) in chickens, intratracheally infected with 0.2 mL avian influenza isolate A/duсk/Bulgaria/05 

H6N2  

 

Days after the  infection  Antibody 

titres 0 7 14 21 28 

1:4 0 %     0 % 0 % 14.3 % 0 % 

1:8 0 % 11.1 % 12.5 % 0 % 20 % 

1:16 0 %     0% 0 % 0 % 0 % 

1:32 0 %  11.1 % 62.5 %       14.3 % 20 % 

1:64 0 %  66.7 % 25 %   42.8 % 40 % 

1:128 0 %  11.1 % 0 %        28.6 % 20 % 

 
Table 3. Time- and titre-dependent distribution of precipitins (IDT-positive sera) in chickens, intra-

tracheally infected with 0.2 mL avian influenza isolate A/duсk/Bulgaria/05 H6N2  

 

Days after the  infection  
Items 

0 7 14 21 28  

Total number of seroreagents 0 (100 %) (100 %) (100 %) (100 %)  

Antibody titres 

Undiluted sera 0 %       0 %  0 % 14.3 % 20 % 

Diluted sera with titre 1:2 0 %   0% 37.5 %  28.5  %  60 % 

Diluted sera with titre 1:4 0 %   22.2 % 0 % 42.9 %  20 %  

Diluted sera with titre 1:8 0 %   0% 12.5 % 14.3 %    0 %  

Diluted sera with titre 1:16 0 %   22.2 % 50 % 0 %    0 %  

Diluted sera with titre 1:32 0 %   0% 0 % 0%    0 %  

Diluted sera with titre 1:64 0 %   33.4 % 0 % 0%    0 %  

Diluted sera with titre 1:128 0 %   22.2 % 0 % 0%    0 %  
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and 2.701 on the 7
th
 day after the infec-

tion,. On the 14
th
 day they were from 

0.539 tо 2.776, on the 21 day from 0.942 

to 1.950 and the 28 day from 0.892 to 

1.929. S/P values over 2.000 were ob-

served in 55.6 % of samples on the 7
th
 day 

and in 62.5 % on the 14
th
 day. At subse-

quent intervals (days 21 and 28) there 

were no birds with S/P values higher than 

2.000. In birds, positive throughout the 

entire experimental period (No No 1, 3, 5 

and 9) there was a tendency towards lower 

values on the 7
th
 day (No No 1, 5), in-

creasing on day 14 and decreasing again 

in subsequent periods. In the other chick-

ens (No No 3, 9)  S/P values gradually 

decreased from the 7
th
 to the 28

th
 day. 

The comparison of data obtained in 

the HIT, IDT and ELISA is done in Table 

5. At a specificity of 100 % for all tests, 

the sensitivity was different in ELISA − 

93.1% vs 100 % for both IDT and HIT. 

The test agreement percentage of ELISA 

was  97.4 % compared to 100 % in IDT 

and HIT.  

There was a correlation between 

IDT/ELISA and HIT/ELISA at Р<0.001 

and r=0.9453. The correlation between 

HIT and IDT was at Р<0.001 with 

r=1.0000. 

Table 4. Time-dependent distribution of ELISA-positive chickens, intratracheally infected with 0.2 mL 

avian influenza isolate A/duсk/Bulgaria/05 H6N2 with regard to the result of the tested samples vs the 

positive control (S/P) 

 

Days after the  infection and S/P values 
Chicken 

0          7        14 21 28 

No 1 0.207 1.855 2.025 1.469 1.199 

No 2 0.295  2.701 2.776 n.t. n.t. 

No 3 0.176  1.880 1.577 0.942 0.892 

No 4 0.265  2.444 2.564 1.855 n.t. 

No 5 0.291  1.432 1.768 1.498 1.104 

No 6 0.212  0.701 0.539 0.295 0.281 

No 7 0.243  2.299 n.t. n.t. n.t. 

No 8 0.288  2.564 2.282 1.635 n.t. 

No 9 0.231  2.510 2.278 1.950 1.929 

Legend: The maximum value of S/P in the test with negative result was 0.295; n.t.= not tested. 

Table 5. Potential of ELISA and IDT compared to HIT (accepted for 100%) for detection of antibodies 

in chickens, intratrachealli infected with 0.2 mL avian influenza isolate A/duсk/Bulgaria/05 H6N2: 

relative sensitivity (S); relative specificity (Sp) and between-test agreement  

 

  HIT-

negative 

(n =48) 

HIT-

positive  

(n =29) 

Relative sensi-

tivity (S); false 

negative (FN) 

Relative speci-

ficity (Sp); false 

positive (FP) 

Between-test 

agreement 

ELISA + 

− 

       0 

48 

      27 

 2 

     S: 93.1 % 

FN:    6.9 % 

     Sp: 100 % 

FP:      0 % 

     97.4 % 

IDT + 

−−−− 

  0 

48 

29 

 0 

S:  100 % 

FN:      0 % 
     Sp: 100 % 

FP:      0 % 

100 % 
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The results of detection of type-

specific antibodies by means of ELISA 

and IDT showed that 27 sera (out of 29 

positive ones) matched in both tests. The 

relative sensitivity of ELISA and IDT was 

93.1 % (Table 6). False negative results in 

ELISA tests were obtained in 6.9 % оf 

sera. The relative specificity was 100 %. 

The agreement of both tests was 97.4 %. 

DISCUSSION 

The data obtained in the present experi-

ments showed that after intratracheal in-

fection with the AIV isolate A/duck/ Bul-

garia/05 H6N2, the chickens reacted with 

formation of antibodies to haemag-

glutinin, precipitins and IgG antibodies. A 

common feature of all three tests was the 

maximum percentage of seroreagents in 

infected birds as early as the 7
th
 day. The 

seroreagents’ percentage persisted to the 

end of the experiment in two tests (HIT 

and IDT), whereas in ELISA, some of 

infected birds showed false negative re-

sults on the 21
st
 and the 28

th
 days (14.29 

% and 20.00 %, respectively).  

The data of our experiment and those 

from other investigators showed a similar-

ity or differences in used tests depending 

on the antigen entry site in the organism 

and the avian species. They are related to 

the period of emergence of antibodies, the 

percentage of positive samples and the 

antibody titres.  

The results in the HIT test confirmed 

the early emergence of antibodies to the 

haemagglutinin – as early as the 7
th
 day. 

Similar data (presence of antibodies from 

the 4
th
 day) are reported by Meulemans et 

al. (1987), whereas Beck & Swayne 

(1997) detected antibodies to the haemag-

glutinin from the 10
th
 day onward and 

Otsuki et al. (1982) − after the 14
th
 day. 

The objectivity of our results is substanti-

ated by the fact that the haemagglutinin is 

located on the surface of the viral particle 

and is the first to provoke an antigenic 

challenge. At the same time, our data 

showed for the first time that the adapta-

tion of the viral strain to the avian species 

was important for antibody titres against 

haemagglutinin, tested in HIT. After in-

fection with a virus, adapted to chickens 

(chicken isolate), resulting antibody titres 

are high − up to 1:2048 (Meulemans et 

al., 1987; Brugh, 1995; Lu & Castro, 

2004), whereas in chickens infected with 

our isolate obtained from a wild duck, 

antibody titres were 16-fold lower (up to 

1:128). 

The results from the IDT, detecting 

type-specific antibodies (precipitins) 

raised against the nucleoprotein antigen, 

are also interesting. Regardless of its loca-

tion in the core of the viral particle, anti-

bodies in our experiments were detected 

Table  6. Potential of ELISA and IDT (accepted for 100%) for detection of type-specific antibodies 

in chickens, intratracheally infected with 0.2 mL avian influenza isolate A/duсk/Bulgaria/05 H6N2: 

relative sensitivity (S); relative specificity (Sp) and between-test agreement 

 

  IDT-

negative 

(n =48) 

IDT-

positive  

(n =29) 

Relative sensi-

tivity (S); false 

negative (FN) 

Relative speci-

ficity (Sp); false 

positive (FP) 

Test  

agreement 

ELISA + 

− 

  0 

48 

27 

  2 

S: 93.1 % 

FN:  6.9 % 

Sp: 100 % 

FP:     0 % 

97.4 % 
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as early as the 7
th
 day and in those of 

Swayne & Beck (2005) on the 5
th
 day. 

These time intervals could be explained 

with phagocytosis of the virion, most 

likely followed by its destruction and the 

early occurring antigen challenge of im-

munocompetent cells. The difference be-

tween our data and those of Beck & 

Swayne (1997) for this early period con-

sists in the fact that the latter detected 

seroreagents only with precipitins (posi-

tive IDT), whereas in the present study, 

the chickens are positive to both HIT and 

IgG antibodies (detected in ELISA).  

Another specific feature observed by us 

in the IDT were the high (maximum) titres 

by the 7
th
 day (precipitin titres up to 

1:128), that decreased later (up to 1:4 by 

the 28
th
 day). The lack of respective litera-

ture data about the level of precipitins 

does not allow us to make any compari-

sons in this connection.  

The summarized data from the ELISA 

in this experiment showed that it was able 

to detect 93.1 % of seroreagents after in-

tratracheal introduction of AIV. The 

probable reasons for the high percentage 

are the route of infection and the amount 

of the used antigen. This is further sup-

ported by the experiments of Beck & 

Swayne (1997) and Lu & Castro (2004).  

The first antibodies, detected in ELISA 

in the experiment of Meulemans et al. 

(1987) appeared on the 6
th
 day. These 

results are close to ours, showing positive 

samples from the 7
th
 day onward. In an-

other trial (Beck & Swayne, 1997) the 

emergence of antibodies was at a later 

period − after the 14
th
 day. In the begin-

ning however, the authors observed false 

negative results (8 %), absent in our study 

at that time. The occurrence of false nega-

tive results according to Beck & Swayne 

(1997) is attributed to the used viral titres. 

In high-titre strains (10
5
 log10 ELD50), the 

percentage of falsely negative results 

reaches 0 %.  

The S/P values on the 14
th
 day in our 

experiments (S/P = 2.776) are three times 

higher than those reported in the experi-

ments of Beck & Swayne (1997) in birds 

at the same age, infected with a virus with 

equal titre (maximum S/P of 0.941 by the 

14
th
 day). Despite the fact that reported 

S/P values increased later, they did not 

reach the rate from our trial.  

With regard to the potential of the 

three tests (HIT, IDT and ELISA) for de-

tection of the time of emergence of anti-

bodies, our studies support the data of 

Lamichhane & Kirkegaard (1997) for 

equal potential and differ from these of 

Meulemans et al. (1987) and Beck & 

Swayne (1997) in favour of IDT and HIT 

compared to ELISA. 

Data comparing the results from HIT, 

IDT and ELISA with regard to their sensi-

tivity, specificity and test agreement are 

reported from Zhou et al. (1997) and 

Zhou et al. (1998). They are about inves-

tigations on field chicken samples without 

stating the route of viral penetration (oral 

or intratracheal). The authors demon-

strated better values for all HIT parame-

ters, and IDT and ELISA potentials were 

found to be equal (Zhou et al., 1997). 

Later studies with IDT and ELISA, de-

termined the superiority of ELISA (Zhou 

et al., 1998). Provided that the route of 

penetration of the virus in chickens is 

known (experimental intratracheal infec-

tion), we observed equal parameters in 

HIT and IDT (100% sensitivity and speci-

ficity). We did not confirm the reported 

equal or superior characteristics of ELISA 

vs IDT. In our experiment ELISA showed 

a lower sensitivity (93.10 %) and test 

agreement (97.40 %) compared to IDT. 

The differences with the experiments of 

Zhou et al. (1997) and Zhou et al. (1998), 
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in our opinion, are probably related to the 

absence of information about the route of 

infection of birds, the amount of viral in-

oculum and the lack of standardized 

methods for preparations of tests for anti-

body diagnostics that makes the compara-

tive assessment not always objective. 
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