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ABSTRACT

Studies for detection of antibodies against an isolate of influenza A virus HON2 were carried out by ID,
ELISA and HI with 38 experimental turkey poults, 9 of which were infected intravenously, 9
tracheally, 8 orally, 6 by contact and 6 control.

Titre, antibody and S/P values by ELISA differed from test to test and route of infection. ID detected
100% positive poults after intravenous, 85.71% after tracheal, 83.33% after oral infection and 66.67%
positive contact poults. Lower values were obtained with ELISA in the orally infected poults (80%)
and with HI in the contact poults (50%). The highest per cent HI positive results were obtained on the
14™ day and on the 21% day with ID and ELISA.

HI detected more positive sera than ID and ELISA in the intravenously and tracheally infected groups.
ID detected more positive contact birds than HI and ELISA. The highest precipitin titres varied in
relation to the route of infection starting with the tracheal, oral, intravenous and spontaneous (contact)
infection. The S/P of ELISA and the haemagglutinin titre reached high values after intravenous
infection and lower values after tracheal, spontaneous and oral infection.

Highest sensibility to infection in turkey poults showed HI followed by ID (93.75% - 72%) and ELISA
(89.66% - 68%). In the contact poults ID detected more positive birds than ELISA (88.89%) and HI

(77.77%). ELISA and ID results varied from 86.67% - 88.,89%.
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INTRODUCTION

Because of their high sensitivity turkey poults
are often used in experiments with isolates of
avian influenza A viruses (AIV). With AIV
nucleoprotein infection into the host antibodies
are formed both against the surface viral
antigens (haemagglutinin and neuraminidase)
and against the deeper antigens (matrixen and
nucleoproteiden) which antibodies can be
detected by diagnostic tests, such as the
haemagglutination inhibition test (HI), the
immunodiffusion (ID) and the enzyme linked
immunosorbent assay (ELISA). Experimental
results from HI, ID and ELISA vary. The HI
test has advantage compared to ELISA (1, 2);
sensibility of ELISA equals 99.4%, specificity
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100% and agreement 99.6%. In other cases the
advantage is on behalf of ELISA (3).

When ELISA is compared to ID, ELISA has
the advantage (2, 4). Zhou et al. (2) determine
99.5% sensitivity, 99.4% specificity and 99.5%
agreement of ID; later higher results ID - 100%
sensitivity, 99.8% specificity and 99.8%
agreement are obtained (4).

We compared the diagnostic value of the
standard HI, the commercial ELISA and a
modified ID with intravenously, tracheally and
orally infected with avian influenza isolate
A/duck/Bulgaria/05 turkey poults.

MATERIAL AND METHODS

1.Virus. A/duck/Bulgaria/05 isolate (5) of
influenza A virus from a wild duck Anas
plathyrynchos of 10° titre and embryo
infectious half dose (EIDso/0.1ml) was used,
calculated by Reed & Muench (6 ).
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2.Experimental birds. Thirty-eight 30 day-old
turkey poults of the Beltsville breed were used;
9 poults were infected intravenously, 9
tracheally, 8 orally with 0.1 ml of allantoic
fluid from chicken embryos (CE) infected with
the cultivated virus; 6 birds received allantoic
fluid from intact CE (control) and other 6 were
in contact control. The birds were kept in two 4
x 4 m isolated rooms, at 13-hour daylight, 20
°C, 70% humidity, 1.8 m long feeding and
watering front. Vaccines were not applied.

3. Samples. Blood samples were collected and
studied for presence of antibodies on day 0
(prior infection) and after infection on day 7,
14, 21 and 28. From a total of 172 samples, 39
were collected from each of the intravenously
and tracheally infected groups, 34 from the
orally infected, and 30 from each the contact
control and control groups; 62 samples were
obtained from the healthy population, 32 from
the 0-day group and 30 from the control group;
110 samples were obtained from the infected
population, 30 from each the intravenously and
tracheally, 26 from the orally infected and 24
from the contact groups.

4. Serological tests. The subtype specific
antibodies were detected with HI and the type
specific antibodies with ID and ELISA.

4. 1. HI was carried out according to OIE
standards (7).

4. 2. ID was carried out as described by Beard
(8) with modification (live antigen). Precipitin
levels were determined by serial serum
dilutions from 1:2 — 1:256 in saline. Average
geometric titres (GT) were calculated: GT of
positive undiluted sera equals 1.

Antigen and hyperimmune serum was supplied
by Animal Health Service (The Netherlands).
Noble (DIFCO) 0.6 % agar which was
dissolved in 7,2 % NaCl and preserved with
0,001% solution of sodium
ethylmercuritiosalicylate — Fluka chemie
(ERG) was used. Aliquots of 17 ml of agar
were poured in Petri dishes. One central and
six peripheral wells 5,0 mm in diameter and at
2,4 mm distance between the central and the
peripheral wells were cut and 0,05 ml of
antigen were poured into the central well and
positive serum with antibody into two opposite
peripheral wells. Patient’s serum was added to
the empty peripheral wells (up to 4). The
loaded Petri dishes were incubated in a wet
chamber at 20 °C — 25 °C for 72 h. ID was used
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in the qualitative determinations except in the
positive sera in which quantity of precipitins
was determined by serial dilutions of sera in
buffer solution from 1:2 — 1:256.

4. 3. ELISA. We used a test-kit for detection of
antibodies against avian influenza (Antibody
Test Kit, IDEXX, # 09269-EA477). Sera were
diluted 1:500 and the relative antibody content
equaled the S/P ratio (sample/positive control).
Serum samples of S/P < 0.5 were considered
negative and those of S/P > 0,5 were
considered positive. Tests and calculations
were carried out with the help of software x
Check 3.3 and TECAN reader at 650 np
wavelength.

4. 4. Statistical analysis. The comparative
results from the three diagnostic tests were
processed by StatMost program version 2.50®.
Comparison of sensibility, specificity and
agreement results was carried out by the
method of Courtney and Cornell (9).

RESULTS

Antibodies were determined on the 7" day in
the infected and on the 14™ day in the contact
poults by all ID, ELISA and HI. On day 21
maximum ID positive results — 9 (100%) were
obtained in the intravenously infected poults, 7
(85.71%) in the tracheally infected, 6
(83.33%) in the orally infected and 4 (66.67%)
in the contact poults.

The summarized results showed that HI has
higher sensitivity in the intravenously and
tracheally infected poults (97.22% and
80.36%) compared to ID (90.97% and 63.09%)
and ELISA (87.75% and 60.66%) (Table 1).
In the orally infected group and in the contact
birds more positive results were obtained by
ID. In the orally infected ID detected 60.92%
positive poults followed by HI (56.99%) and
ELISA (56.76%) and in the contact poults ID
detected 37.50% positive, ELISA 33.33% and
HI 29.17%.

ID studies on all sera detected 90% positive
results in the intravenously, 60.00% in the
tracheally, 57.69% in the orally infected group
and 37.50% in the contact group. Highest GT
was determined in the tracheally (1:23.5) and
orally (1:23.33) followed by the intravenously
infected (1:13.13) and contact poults (1:8). The
reciprocal titres in the tracheally infected reached
1:128 on the 21* day, in the orally infected and
intravenously infected 1:64 on the 7" day and in
the contact poults 1:8 on the 14" day.
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Table 1. Summarized positive poults results obtained in serological studies by HI, ID and ELISA after

infection with avian influenza A virus strain A/duck/Bulgaria/05 via different routes of infection.

Infected Test

Means

Tracheally | HI 80,36

1D 63,09

ELISA 60,66

Venouslly | HI 97,22

1D 90,97

ELISA 87,75

Orally HI 56,99

1D 60,92

ELISA 56,76

Contact HI 29,17

1D 37,50

ELISA 33,33

Legend : * - percent

Highest ELISA S/P values of 3.302 were
determined in the intravenously infected on the
21* day, 3.115 in the tracheally infected on the
21* day, 2.791 in the contact poults on the 28"
day, and 1.517 in the orally infected on the 28"
day.

HI detected highest AAT of 1:736 in the
intravenously infected poults on the 7" day
with reciprocal titres from 1:128 — 1:2048; in
the tracheally infected poults AAT equaled
1:253.71 on the 14™ day with reciprocal titres

from 1:16 — 1:1024; in the contact poults AAT
reached 1:256 on the 28" day with reciprocal
titres from 1:64 — 1:256; and lowest AAT of
1:128 in the orally infected poults on the 28"
day with reciprocal titres from 1:8 — 1:256.

When ID and ELISA were compared to HI
100% specificity was determined (Table 2).
Highest sensitivity was obtained with HI, from
93.75 — 72% with ID and from 89.66% - 68%
with ELISA depending on the route of
infection.

Table 2. Summarized positive poults results from comparison of ELISA and ID to HI used for antibody

detection after infection with avian influenza A virus
and contact.

strain A/duck/Bulgaria/05 via different routes

Test HI
Infected Sensitivity Specificity Agreement
Venouslly 89,66 %* 100 % 95,24 %
ELISA | Tracheally 68,00 %** 100 % 87,30 %
Orally 87,50 9o*** 100 % 95,45 %
Venouslly 93,10 %** 100 % 96,84 %
ID Tracheally 72,00 %** 100 % 88,89 %
Orally 93,75 Yo*** 100 % 97,73 %

Legend: * - P<0,05; ** - P<0,01; *** - P< 0,001

Comparison between ID and ELISA (both
detecting type-specific antibodies) showed
higher sensitivity of ID in all experimental
birds (Table 3). The specificity and agreement
results differed from the sensitivity results.
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Highest specificity (maximum) was
demonstrated in the contact poults, 97.78% in
the tracheally infected and 94.44% in the
intravenously infected poults; agreement
between 97.92% - 92.06% in the above order.
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Table 3. Summarized positive results from comparison of ELISA to ID sensibility, specificity and
agreement results after infection with avian influenza A virus strain A/duck/Bulgaria/05.

Test ID
Infected Sensitivity Specificity Agreement
Venouslly 88,89 % ** 94,44 % 92,06 %
ELISA | Tracheally 88,89 %o*** 97,78 % 95,24 %
Orally 86,67 Yo*** 96,55 % 93,18 %
Contact 88,89 %o*** 100,00 % 97,92 %

Legend: ** - P<0,01; *** - P< 0,001

DISCUSSION

The positive results varied in relation to the
route of infection, day of appearance and test.
Their values tended to increase with time
based on precipitin detection by ID, IgG
antibodies as detected by ELISA, and
haemagglutinins by HI. With HI after the
intravenous and tracheal infection maximal
number of poults with haemagglutinins and
higher antibody titre are detected -earlier
compared to the tests detecting precipitins and
IgG antibodies (ID and ELISA).

It can be suggested that the high wvalues
obtained later by the tests detecting type-
specific antibodies are due to the fact that their
antigens are localized deep in the virion,
accessible to deep antigen has only after
destruction of the virion (2, 10). After
intravenous and tracheal infection the surface
viral antigens (haemagglutinins) come directly
in contact with the immunocompetent cells
from the blood stream, the tracheal mucosa and
the lung parenchyma which sooner results in
larger number of positive birds and higher
antibody titres. In the orally infected and
contact poults smaller numbers of positive
birds and sera and antibody titres of lower
values were obtained by all tests because of the
weak antigen stimulating in the orally infected
and the delayed access of the virus in the
organism of the contact birds.

Higher values were obtained by the tests for
detection of type-specific antibodies compared
to the test for detection of subtype-specific
antibodies in the contact birds (also lower in
the orally infected) because of the massive
antigen teasing after the virion capside is
destroyed. The similarity of results obtained
from the orally infected and contact birds
suggest that in the spontaneously infected
contact poults most of the virus penetrates via
the oral route.

Capua et al. (12) in spontaneous cases of
infection obtain results similar to ours in the
contact group with close reciprocal
haemagglutinin values, respectively 1:128/0.05
ml and 1:256/0.05ml.

The HI test proved to be positive until the 14"
day after the intravenous and tracheal infection
confirmed the results of Capua et al. (12) and
the results of Meilin Jin et al. (14) from
spontaneously infected birds. On the 7" day we
obtained less positive results (88.89%) than
Karunukaran et al. (13), who detect 97.99%
positive poults, and Mohan et al. (11) -
93.75%.

The ID results also differed: on the 7" day
after infection we obtained higher values
(88,89%) than Karunukaran et al. (13) and
Mohan et al. (11), who obtained 52.35%, but
on the 14™ day results coincide (100%).

The results from comparing HI to ELISA and
ID confirm the results of Zhou et al. (2, 4) of
HI advantage and differ in ELISA and ID
results. Zhou et al. (2, 4) determine higher
sensitivity of ELISA compared to ID
sensitivity (100% - 99.4%). We obtained
higher ID sensitivity antigen compared to
ELISA (88.9% - 86.67%). The differences in
the comparative sensitivity, specificity and
agreement results are due to the different ways
of test preparation. Meilin et al. (14) also
found out a 6% difference between the results
with two different ELISA Kkits.
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