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Influenza A virus continue to cause widespread morbidity and mortality. The unprecedented spread of highly 
pathogenic avian influenza virus subtype H5N1 in Egypt is threatening poultry and public health systems. 
Effective diagnosis and control management are needed to control the disease. To this end, polyclonal 
antibodies (PAbs) were developed against the H5N1 avian influenza virus (AIV) and used in an enzyme-linked 
immunosorbent assay (ELISA) to detect the H5 viral antigen. A group of rabbits were immunized with H5N1
vaccine to obtain PAbs as the detector antibody after conjugation with horse radish peroxidase and
fluorescein isothiocyanate (FITC). The conjugated PAbs proved to be specific for the detection of AIV in field 
specimens, and results were confirmed using reference antisera obtained from Veterinary Lab in Weybridge.
Specimens collected from different governorates of Egypt and tested positive for AIV by haemagglutination
test were used to evaluate the produced PAbs. The detection limit of ELISA using the prepared peroxidase 
conjugated PAbs was 1:100,000, while the limit using fluorescein conjugated PAbs was 1:10,000. Extracts
from pharyngeal-tracheal mucus of apparently healthy chickens mixed with H5 AIVs also yielded positive 
signals in ELISA. Such data suggest that these PAbs are useful in the surveillance and diagnosis of AIV in 
birds in Egypt.

ighly pathogenic avian influenza 
(HPAI) viruses have emerged in 
poultry and wildlife worldwide, 

causing sporadic but serious and devastating 
outbreaks. According to the Egyptian Cabinet 
Information and Decision Support Center,
(IDSC, 2008) that Egypt was the third most 
affected country by the disease, where 12.7% 
of the total infections and 8.8% of the total 
death worldwide, i.e., infection to mortality 
rate was 43.8% since the emergence of the 
disease in Egypt till April, 2008. 

These viruses have been restricted to 
hemagglutinin (HA) subtypes H5 and H7, 
although not all viruses of these subtypes are 
highly pathogenic. An outbreak of H5N1 
HPAI in the live bird markets of Hong Kong 
in 1997 resulted in 18 human infections, 6 of 
them (30%) were fatal (Sims, 2003). Similar 
H5N1 HPAI viruses have reemerged in 
several countries in Asia since 2001 and have 
continued to spread through Asia and into the 

Middle East and Eastern Europe (Swayne &
Suarez, 2001). In the United States, it has 
been estimated that influenza A viruses are 
associated with approximately 31,000 death 
annually (Halvorson et al., 1998). 

In addition to their geographic spread, 
H5N1 HPAI viruses were found in multiple 
animal species, such as poultry, wild birds, 
tigers, and leopards (Suss et al., 1994 and 
OIE, 2007). Besides these devastating 
consequences for animal health, H5N1 
infections have resulted in 256 laboratories
confirmed infected people, including 167 
deaths (Subbarao et al., 1998). Human
infections are generally the result of exposure 
to H5N1-infected poultry, and so, reducing 
the prevalence of H5N1 in poultry would have 
a favorable impact on public health. 

The accurate and prompt diagnosis of 
H5N1 infection in birds is a critical 
component of a disease control plan. 
Currently, virus isolation in embryonated eggs 
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or in Madin-Darby canine kidney (MDCK) 
cells and subsequent HA and neuraminidase
subtyping by serological methods constitutes 
as the standard approach for avian influenza 
virus (AIV) detection and serological
classification (Swayne et al., 1998). However, 
conventional culture methods require special 
collection and transport conditions to ensure
virus viability, and the recovery of the results 
may take 1 to 2 weeks, by which time the 
results may no longer be relevant 
(Wanasawaeng et al., 2008).

Molecular detection methods, such as 
standard reverse transcription-PCR (RT-
PCR), have previously been applied for the 
diagnosis of AIV infections and HA subtype 
identification (Munch et al., 2001, and Suarez 
et al., 2007). Additionally, real-time PCR 
assays and a DNA microarray analysis for the 
detection of influenza virus have been 
developed (Li et al., 2001; Aguero et al., 
2007). However, these methods are 
technically demanding, and false-positive 
results may arise from cross contaminations 
between samples. Antigen detection methods
have repeatedly shown their value in the 
diagnosis of various infectious diseases. The 
currently available antigen detection methods, 
such as the FLU OIA TEST (Biostar) and the 
Directigen FLU A kit (BD, Biosciences) 
(Easterday et al., 1997; Wang et al., 2000), 
are based on the detection of the viral 
nucleoprotein, which is conserved in all
influenza A viruses, and therefore, not 
specific for the H5 subtype influenza virus. 
Detection of the H5 antigen would provide 
strong evidence of AIV subtype H5 infection 
(Collins et al., 2002).

The present study describes the preparation 
and characterization of polyclonal antibodies 
(PAbs) against HA and, the development of 
an enzyme-linked immunosorbent assay
(ELISA) and direct fluorescent antibody assay 
(DFA) for the detection of AIV H5 in 
reconstituted clinical Egyptian samples. The 

specificity and sensitivity of the assay were 
evaluated.

Materials and Methods

Viruses

 -Avian influenza Vaccine

Inactivated avian influenza virus (H5N1 subtype, R.E-1 
strain) vaccine was purchased from Kemit, Kamomeel-
Tower-Kornish El-Nile. Maadi, Cairo, Egypt and used 
for rabbit immunization to prepare a specific polyclonal 
antiserum. 

 -Standard Antigen and Antiserum

Avian influenza virus antigens (A/Ck/Scot/59/H5N1) 
and (A/OSt/Den/72420/96/H5N2) and their specific 
polyclonal antibodies were obtained from Veterinary 
Laboratories Agency (Weybridge, England) and used 
as positive controls in ELISA, haemagglutination 
inhibition (HAI), and direct fluorescent antibody 
(DFA) techniques.

Rabbits

Ten healthy Boscat rabbits of about 3 kg body weight 
were used for preparation of avian influenza virus 
(H5N1) polyclonal antiserum. Another five rabbits 
were kept as controls without immunization.

 Rabbit immunization

Each rabbit received 2ml of AI vaccine (live virus 
concentration /dose ≥ 108 EID50/ 0.2 ml before 
inactivation) injected S/C in different sites of the body 
and repeated 5 times at week intervals using incomplete 
Freund’s adjuvant and complete Freund adjuvant with 
the last injection according to Benedict (1967). After 
another week, immunized rabbits were slaughtered and 
their blood was aseptically collected for serum 
separation. 

Titration of AI H5N1 Antibodies in the Prepared 
Antisera

Antibodies (Abs) were titrated by HAI activity and 
ELISA in a 96-well microtiter system. AI virus antigen, 
A/Ck/Scot/59(H5N1), subtype of AIV was used as the 
test antigens. Eight HA units of viral antigen (final 
concentration 4HAU) were pre-incubated with serial 
two fold dilutions of Abs for 30 min at room 
temperature (RT) before the addition of 0.5% chicken 
red blood cells in PBS. The highest Ab dilution that 
completely inhibited haemagglutination was used as the 
antibody titer.
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Preparation and Estimation of the Immunoglobulin 
from the Prepared Antiserum

Immunoglobulins in the prepared anti-sera were 
precipitated using ammonium sulphate solution 
according to the method of Narin & Marrack (1964). A 
commercial kit from Biomerieux Laboratory Reagent 
and products (Maroyl, France) was used for the 
estimation of the concentration of the 
immunoglobulins, their concentration was then 
adjusted to be 20 mg/ml in normal saline.

Conjugation of the Prepared AI-H5N1 IgG

-With horse radish peroxidase: A two-step 
gluteraldehyde method was adopted for the conjugation 
of anti-antibodies with 10 mg horseradish peroxidase, 
according to the method of Tijssen & Kurstak (1984). 

-With fluorescein isothiocyanate: The method 
described by Narin (1969) was performed, where, 
globulin solution mixed with FITC solution at a ratio of 
1:0.8 (V/V) at pH 9.5 for 30 minutes. The unbound 
FITC was removed by dialysis against phosphate buffer 
saline.

Field Samples

Infected chickens with AIV and in contact chickens and 
ducks in Sharqueya, Qalubia, and Kafr Elsheikh
governorates in Egypt were the source of test samples 
in the present investigation. The collected samples 
included trachea, lungs, spleen, and brain of dead 
poultry, and pharyngeal-tracheal mucus samples from 
apparently healthy chickens (table 1). 

Preparation of the Collected Samples

Pooled samples from different organs from dead birds 
were placed in isotonic PBS solution pH 7.0 
supplemented with antibiotics penicillin, (2000U/ml), 
streptomycin (2mg/ml) and gentamycin (50 g/ml). 
These samples were homogenized mechanically to 
prepare 1/10 suspension in minimum essential medium 
plus antibiotics. Quantification of virus samples was 
achieved through haemagglutination assay (HA) 
according to the method of Allen et al. (1978) which 
provides a relative measure of antigen concentration. 

ELISA and Direct Fluorescent Antibody 
Technique.

Homogenates of field samples, collected from AIV 
infected chickens and ducks, were centrifuged at 
15000g for 10 minutes then the supernatant collected 
and tested by ELISA using the prepared IgG 
conjugated-HRP antibodies. Direct ELISA was 
performed according to the method described by 
Kemeny (1991).

Briefly, a sterile charged, flat-bottom polystyrene 
microtitration plate with 96-wells (Titerteck, UK) was 
coated with AIV antigens (prepared in the supernatant 
above) diluted 1:100 in coating buffer, incubated at 4oC 
for 24 hours, and then washed three times. Wells of the 
plate were filled with 100μl blocking buffer, incubated 
at 4oC for 24 hours, then washed three times. Aliquots 
of 100μl of the prepared IgG conjugated-HRP 
antibodies were added to each well and incubated 
overnight at 4oC. Aliquots of 100μl of Orthophenylene 
diamine (OPD) (2:5 w/v) in substrate buffer solution 
and 20 μl of 30% H2O2 were then added. 

The same field samples were fixed on microscope 
slides with acetone for 5 minutes, then dried and 
incubated with fluorescent conjugated-antibody for 10 
minutes, washed and mounted in glycerol buffer. The 
DFA was carried out according to the method of 
Soliman et al. (1989) to evaluate the prepared AIV-
H5N1 IgG conjugated with fluorescence isothiocyanate 
(FITC). 

Results

Poultry samples from different governorates
in Egypt (Sharqueya, Qalubia, and Kafr 
Elsheikh) were collected as infected or as 
contact samples. Most of the samples were 
taken from dead chicken as a main reservoir 
of AIV (Table 1). Ducks represent a main 
reservoir of AIV, therefore, contact samples 
from ducks were implemented in this study.

Table 1. List of Collected Samples

Locality
Chicken Ducks

contact Infected contact Infected

Sharqueya, 10 35 3 -

Qalubia 5 20 7 -

Kafr Elsheikh 15 50 6 -
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As a first step, detection of AI viral antigen in 
the collected pooled samples was performed 
using the haemagglutination assay (HA) 
Samples from Sharqueya had 100% HA 
positive tests and, samples from Qalubia and 

Kafr Elsheikh had 90 and 96% positive HA 
tests, respectively. While, in contact samples 
of chicken and ducks showed few positive HA 
as presented in table (2).

Table 2. Haemagglutination (HA) Activity in Pooled Collected Samples

Locality

Chicken Ducks

Total sample
HA positive

Total sample
HA positive

No. % No. %

Sharqueya
35- infected 35 100 -

10- contact 2 20 3- contact 0 0

Qalubia
20- infected 18 90 -

5-contact 3 60 7- contact 1 14

Kafr Elsheikh
50- infected 48 96

15-contact 5 33 6- contact 2 33

Using H5N1 reference antiserum, the HA 
positive samples of the three governorates 
(Sharqueya, Qalubia, and Kafr Elsheikh) 
chicken and ducks were subjected to the HAI 
technique. The antigen–antibody reaction 
revealed that virus was present in 81% of the 
Sharqueya HA positive samples. In Qalubia 

and Kafr Elsheikh samples, the virus was 
detected in 76% and 75% of the HA positive 
samples, respectively (Table 3). Samples of
contact ducks showed no viral antigen except 
in Kafr Elsheikh samples, one of two samples 
gave positive reaction.

Table 3. Detection of AI- H5 N1 Antigen Using Reference Antiserum

Locality

Chicken Ducks

Total sample
AI-H5N1 Positive

Total sample
AI-H5N1 Positive

No. % No. %

Sharqueya 37 30 81 0 0 0

Qalubia 21 16 76 1 0 0

Kafr Elsheikh 53 40 75 2 1 50

Following the immunization process, the 
H5N1 antibody levels (titers) were detected 
weekly post immunization using HI and 
indirect ELISA. Table (4) shows the gradual 
increase in antibody titers. HI titer at the first 
week was 4 log2 and at the end of 

immunization (5W) it reached 256 log2. 
EIISA confirmed the HI data where, OD of 
the reaction increased in the same manner
(Table 4).
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Table 4. AI-H5N1 Antibody in the Serum of Immunized Rabbits using H1 and Indirect ELISA

Applied test
AI-H5N1 antibody titer/ weeks post immunization

Pre-immunization 1W 2W 3W 4W 5W At slaughter

HI >2 4 8 32 128 256 512

Indirect ELISA 0.27 0.50 0.750 0.91 1.03 1.09 1.154

Antibody aliquots were conjugated to HRP 
and FITC to be used in diagnostic assays. The 
titer of H5N1 IgG conjugated antibodies was 
determined against reference antigen of H5N1 
antigen. Table (5) shows that the HRP 
conjugated antibodies were sensitive as virus 

neutralization agent at a dilution of 1:100,000. 
While the FITC conjugated antibodies gave 
positive reaction with H5N1 as well as H5N2 
reference antigens at a dilution of 1:10,000 
(Table 6). 

Table 5. Titer of the Prepared Anti AIV H5N1 IgG Conjugated with HRP Using OPD.

Test dilution
Optical Density (OD)

Positive results Negative results

1:100 1.054 0.151

1:1000 1.038 0.144

1:10000 0.978 0.134

1:100000 0.832 0.131

Table 6. Titer of the Prepared Anti AIV H5N1 IgG Conjugated with FITC Using the Reference Antigens.

Tested antigen
Tested dilution

1:10 1:100 1:1000 1:10,000 1:100,000

H5N1

H5N2 4+ 4+ 3+ 2+ -

The specificity of the prepared conjugated 
antibodies for detection of AIV in the local 
virus infected samples was carried out using 
direct ELISA and FAT (Table 7). The HRP 
conjugated antibodies specifically bound to
AIV antigen in 73% of Sharqueya samples, in 
93% of Qalubia, and in 87% and 100% of 
Kafr Elsheikh chicken and ducks, respectively 

(Table 7). On the other hand, the FITC 
conjugated antibodies detected the AIV in the 
collected samples with 100% in Sharqueya
samples, 90% in Qalubia samples, and in Kafr 
Elsheikh samples, 97% with chicken and 
100% in ducks (Table 8). Both positive and 
negative FAT were showed in Fig. (1).
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(a) (b)

Figure 1. a) Arrow Represent to the Positive Fluorescent Antibody Reaction b) Negative Fluorescent Antibody 
Reaction

Table 7. Detection of AIV H5N1 Antigen in HA Positive Collected Samples Using the Prepared IgG Conjugated with 
HRP in Direct ELISA

Locality

Chicken Ducks

Total sample
AI-H5N1 positive

Total sample
AI-H5N1 positive

No. % No. %

Sharqueya 30 28 73 0 0 -

Qalubia 16 15 93 0 0 -

Kafr Elsheikh 40 35 87 1 1 100

Table 8. Detection of AIV H5N1 Antigen in HA Positive Collected Samples using the Prepared IgG Fluorescent 
Conjugated-Antibody in the Direct FAT. 

Locality

Chicken Ducks

Total sample
AI-H5N1 positive

Total sample
AI-H5N1 positive

No. % No. %

Sharqueya 30 30 100 0 0 0

Qalubia 10 9 90 0 0 0

Kafr Elsheikh 40 39 97 1 1 100

Discussion

The standard method for detection of the 
influenza viruses is the HI test with reference 
antiserum to the known HA subtypes (Swayne 
et al., 1998). For the HI test, preparation of 
antiserum of good quality is essential. 
Polyclonal antibodies have the potential to 

attach to several antigenic sites on the protein, 
which should reduce the likelihood of a false-
negative reaction by looking at only a single 
antigenic epitope. Polyclonal antibodies are 
also used more typically as immobilized
capture reagents since their heterogeneity 
provides less potential for the immobilization 
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to impact the antigen binding efficiency 
(Tumpey et al., 2005).

The emergence of avian H5N1 virus in 
humans prompted a series of 
seroepidemiological studies. The FAT assay 
and ELISA were the most sensitive and 
specific assays for detecting to avian 
influenza A virus (Shafer et al 1998; OIE, 
2008). In comparison, the traditional HI assay 
detected only H5-specific antibody in sera 
with high neutralizing-antibody titers and did 
not detect the relatively low serum antibody 
titers that developed in many individuals 
following primary infection with avian H5N1 
virus (Lu et al., 1982).

To optimize the utility of the prepared 
antibodies in different serological applications 
in diagnostic laboratory, it must be 
conjugated. The use of FITC labeled antibody 
helps in such rapid diagnosis (Brian & hillor, 
1996) where, fluorescent antibody technique 
has gained a wide acceptance in virology. 

ELISA also showed greater sensitivity, the 
use of specific antiserum against viral 
antigens offers great possibilities of the 
attainment of more accurate information by 
diagnostic virological serology (Hornsleth et 
al., 1981; He et al., 2007). 

In the present study, specificity of the both 
conjugated prepared antibodies was tested 
against standard antigen (H5N1) and the 
results indicated that the H5N1 antiserum was 
highly specific and valuable experimental tool 
in detecting virus in the infected samples. 
Moreover, their titrations were enough for 
detection and identification, especially in 
HRP-conjugate antibodies.

Testing samples collected from three 
different governments (Sharqueya, Qalubia, 
and Kafr Elsheikh) using conjugated 
antibodies revealed that these locally 
conjugated antibodies were successfully 
prepared and its effectiveness were 
determined showing clear positive results with 
H5N1 antigen. The FITC also have strong 

reactivity against H5 antigen (H5N1 & H5N2) 
and both conjugated antibodies (FITC & 
HRP) have the same potential for detecting
viral antigens in chicken or duck samples 
infected or in contact. 

The availability of these antibodies of 
avian influenza virus as local preparation is 
very clinically important for laboratories 
dealing with influenza A virus in Egypt 
where, it save time and cost exhausted for 
importing of such antisera, it was successfully 
used for the specific diagnosis of H5N1 
infections in submitted clinical cases and also 
in an ongoing surveillance program for avian 
influenza.
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