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Abstract 

 
       The most widely used laboratory test for rabies diagnosis is the fluorescent antibody test 
(FAT), which is recommended by both WHO and OIE, as it is sensitive, specific and inexpensive. 
This “gold-standard” laboratory test is performed with fluorescent antibodies specific to the 
entire rabies virus or to the rabies ribonucleocapsid protein, labeled with a fluorochrome such as 
fluorescein isothiocyanate (FITC). 
In this study, it has been purified the rabies virus ribonucleocapsid and used it for hyper-
immunization of the layer hens. The eggs were collected in order to isolate the specific IgY 
antibodies. The IgY extracts were used for preparing fluorescent conjugates which were used to 
detect rabies virus by FAT in infected cells culture and in the brain tissue of infected mice.  
The methods of extraction of ribonucleocapsid and IgY are easy and feasible in producing a 
quality conjugate that can be used in rabies virus infection surveillance. From 100 ml of IgY 
extracts, it can be obtained around of 600 ml of FITC conjugate, enough to perform, at a dilution 
of 1/20, more than 200,000 FAT assays. This approach in preparing the specific IgY antibodies 
against rabies virus ribonucleocapsid could be useful in surveillance of rabies virus infection. 
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Introduction 
 
Rabies is a serious public health issue in many countries. Each year, the cost for post-
exposure prophylaxis and rabies vaccination is very high throughout the world. According to 
the World Health Organization (WHO), the total global cost for rabies prevention is over 1 
billion US dollars annually, but it is underestimated because of poor surveillance and under-
reporting in many developing countries (P.N. ACHA & al. [1], OIE [2], WHO [3,4]). Rapid 
identification of rabies virus may allow prompter intervention in cases of human exposure 
aimed at controlling the viral replication and reducing the cases of deaths caused by it. 
The etiologic agent of rabies belongs to the Mononegavirales order, Rhabdoviridae family and 
Lyssavirus genus. Lyssaviruses have a 12 kb-long non-segmented ribonucleic acid (RNA) 
genome of negative polarity encoding five viral proteins (3' to 5'): nucleoprotein N, 
phosphoprotein P, matrix protein M, glycoprotein G and polymerase L (WHO [3,4]). The 
lyssavirus particle has a bullet-shaped form with following dimensions: 100 to 300 nm in 
length and 75 nm in diameter. It is composed of two structural and functional units: (i) the 
outer envelope covered with spike-like projections (10 nm in length) corresponding to G-
protein trimers which recognize specific viral receptors on susceptible cells membranes, and 
(ii) the internal helically packaged ribonucleocapsid, which is composed of the genomic RNA 
intimately associated with protein N, polymerase L and its cofactor protein P (formerly named 
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M1). The ribonucleocapsid complex ensures the genome transcription and the replication at 
the level of cytoplasm (C.A. CONSALES & al. [5]; WHO [3,4]). 
OIE (Office international des épizooties - World Organization for Animal Health) and WHO 
both recommend the use of fluorescent antibody test (FAT) as gold standard test to detect 
rabies virus, in the laboratory diagnosis (OIE [2]; WHO [3,4]). The preparations of free viral 
nucleocapsid, isolated from infected cells, did not induce virus neutralization antibody 
formation, but elicited, in immunized animals, the formation of antibodies demonstrable by 
complement fixation or fluorescent antibody tests (T.J. WIKTOR & al. [6]). 
Considering that the rabies virus ribonucleocapsid is highly conserved among the different 
strains (WHO [3,4]), the specific antibodies against it can be used as a tool for detection of the 
rabies virus. It is well known that rabies virus ribonucleocapsid is a highly immunogenic and 
an immunological enhancer. It is also shown that rabies ribonucleocapsid may have an 
enhanced intrinsic ability to stimulate immune response regardless of any ability to act as a 
super-antigen (D.C. HOOPER & al. [7]). Those viral properties are used by scientists to 
obtain high titers of specific antibodies usable in the immunodiagnostic. 
The current trend in the diagnosis depends on the availability and reproducibility of the 
reagents used in diagnostic techniques (P.S.GARDNER & al. [8]). 
The layer hens can be a source of cheap and highly productive IgY antibodies (M. KIM & al. 
[9]). Relative simplicity of the reagents prepared from eggs allows production of large 
amounts of highly specific antibodies. It also suggests that hens may be a potentially useful 
source of standard reagents for diagnostic laboratories (W. DIAS DA SILVA & al. [10]; P.S. 
GARDNER & al. [8]). These antibodies are preferable to the IgG antibodies developed in 
mammals because they have different properties and can lead to the fewer cross-reactions 
when they are used in immunodiagnostic testing (P.S. GARDNER & al. [8]; J. KOVACS-
NOLAN & al. [11]; L. SANDOR & al. [12]; M. TINI & al. [13]). 
In addition to diagnostic purposes, the IgY antibodies have been used as potential tools in oral 
immunotherapy of infectious diseases (R. CHALGHOUMI & al. [14]; J. KOVACS-NOLAN 
& al. [11]; Y. MINE & al. [15]; L. SANDOR & al. [12]; M. TINI & al.[13]). Also, these 
antibodies are easily purified by relatively fast and inexpensive methods applicable in many 
laboratories (G. BIZANOV & al. [16]; G. BIZHANOV & al. [17]; S.C. GEE & al. [18]; J.P.D. 
GOLDRING & al. [19]; P. HANSEN & al. [20]; A. HASSL & al. [21]; B de MEULENAER 
& al.[22]; A. POLSON & al. [23]; L. SANDOR & al. [12]; S. SUN & al. [24]). G.M. 
CAPORALE & al. [25] obtained IgG against rabies virus ribonucleocapsid and they used it in 
the immunodiagnostic of this viral infection. Y. MOTOI & al. [26] prepared IgY antibodies 
against a portion of the rabies virus G protein expressed in E. coli and studied the possibility 
of their use in the post-exposure prophylaxis of rabies infection. S. SUN & al. [24] obtained 
and characterized anti-rabies virus IgY antibodies, but the IgY antibodies against rabies virus 
ribonucleocapsid have not been obtained yet. 
In this study, the IgY antibodies specifically against rabies virus ribonucleocapsid were 
obtained and used to detect rabies virus by FAT in infected cells culture and in the brain tissue 
from infected mice. 
 
Materials and methods 
 
Rabies virus 
The rabies virus strain used for the ribonucleocapsid antigen preparation was the ERA (Evelin 
Rokitniky Abelseth) strain, an attenuated rabies viral strain. The ERA strain is a SAD (Street-
Alabama–Dufferin) strain, isolated from a rabid dog that died in Alabama, USA, in 1935. The 
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ERA strain is a fixed strain and it was purchased in 1999 from ATCC (American Type 
Culture Collection, Wesel, Germany).  
The rabies virus strain used for the mice infection was the CVS-11 (Challenge virus standard) 
strain. CVS-11 is a PV fixed strain of rabies virus, adapted to mouse brain, BHK-21 and chick 
embryo-related cells and it was supplied by Cantacuzino Institute, Bucharest, Romania.  
Ribonucleocapsid antigen preparation 
The ribonucleocapsid was purified by ultracentrifugation in cesium chloride (CsCl) gradient, 
as described by B. DIETZSCHOLD [27]. The rabies virus (ERA strain) was adapted and 
grown on porcine kidney cell line IB-RS-2 (ATCC, Wesel, Germany), with an epithelial 
morphology, that is very well adapted to MEM (minimum essential medium – Gibco-Antisel, 
Bucharest, Romania) with 10 % bovine fetal serum (BFS) (Gibco-Antisel, Bucharest, 
Romania). The cell line comes from Brescia, Italy and was multiplied to the 49th passage. 
In order to obtain the rabies virus suspension, the cells from a vial with IB-RS-2 were 
transferred from liquid nitrogen in a Kolle vial, with 20 ml MEM supplemented with 15 % 
BFS. After 48 hours, the replicated cells were transferred in Bellco vials, with MEM but 
without BFS. After 48 hours, cellular monolayer covering 80 to 90 % of the culture surface 
was inoculated with the ERA virus in order to obtain a multiplicity index of 0.01. Following 
incubation for 48 – 72 hours at 35-36°C, the culture medium was removed and replaced with 
50 ml sterile distilled water to destroy infected cells and free the virus in the suspension. Viral 
suspension was harvested and inactivated with β–propiolactone (Sigma-Aldrich Chemie, 
Taufkirchen, Germany) for 2 hours at 37°C. The inactivated viral suspension was 
concentrated using a Pellicon (Millipore, Billerica, MA, USA) cassette, 100000 Da. A volume 
of 500 ml concentrated viral suspension with a 107.7 TCID50/ml titer was obtained. This 
suspension was processed further in order to obtain the immunization antigen by mixing 7 ml 
viral suspension with 3 g CsCl. The obtained mix was divided into 2 ml centrifuge tubes and 
ultra centrifuged for 22 hours at 4 °C with 70000 x g (TL 100 Beckman centrifuge, TLA-
100.2 rotor, Nyon, Switzerland). After ultracentrifugation, in the median area of the tubes it 
was observed the formation of a band representing the rabies virus ribonucleocapsid; the band 
was collected and dialyzed against a NTE buffer (10 mM Tris-HCl, 0.5 M NaCl, 1 mM 
EDTA, pH = 7.5) for 72 hours.  
Ribonucleocapsid antigen confirmation 
A sample of purified ribonucleocapsid was loaded in a 10 % SDS-PAGE gel for the detection 
of viral proteins by electrophoresis using a method described by U.K. LAEMMLI [28]. For 
electrophoresis it was used a molecular weights standard (Serva Electrophoresis, Heidelberg, 
Germany) containing bovine serum albumin (67 kDa), bovine catalase (60 kDa), ovalbumin 
(45 kDa) and aldolase rabbit muscle (40 kDa). The ribonucleocapsid antigen (1/5 dilution, in 
duplicate) was left to migrate at 200 V for 60 minutes. The electrophoresis gel was then 
stained with 0.1 % Coomassie Brilliant Blue (CBB R-250, Merck, Darmstadt, Germany). 
Ribonucleocapsid protein concentration 
The protein concentration was measured by spectrophotometry using a method described by 
O.H. LOWRY & al. [29] and expressed in mg/ml. 
Immunization schedule 
The antigens used for hens’ immunization were prepared as follows: rabies virus 
ribonucleocapsid separated by ultracentrifugation was diluted in physiological saline solution 
to a 0.6 mg/ml protein concentration. The diluted antigen was blended with Montanide ISA 
50 (Seppic, Castres, France) adjuvant in 1:1 ratio. Finally, the obtained mix was distributed 1 
ml / syringe (protein final concentration of 0.3 mg/ml). In order to obtain IgY against this 
rabies virus ribonucleocapsid, 5 laying hens (Lohmann brown breed) were inoculated using 
the following immunization schedule: for the first immunization the hens were inoculated 
intramuscularly (in the breast muscle) with 1 ml suspension (antigen + adjuvant, 1:1 v/v), in 
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multiple sites. After 14 days the procedure was repeated up to 8 inoculations / hen, with 14 
days interval between inoculations. The experiments performed on animals were made with 
the permission of the animal ethics committee.  
 
IgY extraction 
The eggs obtained weekly were used for an IgY extract batch. The vitellus was carefully 
separated from the albumen and at every 2 yolks there was used 25 ml physiological saline 
solution and 50 ml chloroform (CHCl3). After 24 hours, the mix was centrifuged at 2686 x g 
(J-HC Beckman centrifuge, J.S-5.0 rotor, Nyon, Switzerland) for 20 minutes. The clear 
supernatant was precipitated with ammonium sulfate (1:1 v/v) on ice bath under magnetic 
stirring (A. FETEANU [30]). After precipitation, the suspension was centrifuged at 7462 x g 
(J-HC Beckman centrifuge, J.S-5.0 rotor, Nyon, Switzerland) for 30 minutes, and the deposit 
was suspended in a minimum amount of distilled water. The protein suspension containing 
IgY was dialyzed at cold against physiological saline solution until the complete elimination 
of ammonium sulfate and was biochemically (Gornall method for protein content as described 
by A.G. GORNALL & al. [31] and the lipid content using phospho-vanillin reagent according 
to J.A. KNIGHT & al. [32]) and immunochemically (ELISA, indirect immunofluorescence) 
characterized. The ELISA method used was an “in house” method in which the plates were 
coating with ribonucleocapsid antigen (10 μg protein/ml) in 0.1M carbonate bicarbonate 
buffer, pH 9.6. After blocking with 5% yeast extract in a phosphate buffer, the IgY 
suspensions were added in 19 dilutions (1/50 – 1/102400) and then, the conjugate (anti-
chicken IgY (IgG) (whole molecule) – peroxidase antibody produced in rabbit). The reaction 
was read after 30 minutes with an ELISA spectrophotometer at 405 nm. 
Fluorescent conjugate preparation and characterization 
Two batches of fluorescent conjugate were prepared by labeling two IgY extract samples with 
FITC (fluorescein isothiocyanate) in carbonate-bicarbonate buffer (TCB) at pH = 9.3 as 
described by A. FETEANU [30]. The prepared conjugates were purified by dialysis and gel-
filtration (Sephadex G25 medium) using saline phosphate buffer 0.1 M at pH = 7.2 – 7.4 and 
were biochemically characterized (total protein and labeling factor). 
Fluorescent conjugates were tested by FAT, using a virus inoculated cell substrate (ERA viral 
strain, IB-RS-2 cell line). A FITC labeled anti-rabies sheep IgG conjugate was used as the 
positive control. 
In order to detect the rabies virus (ERA strain), the obtained conjugates (previous titrated by 
DIF,) were tested by direct immunofluorescence (DIF). The rabies virus inoculated cells were 
taken from the culture vial using a glass pipette and transferred to a slide and then left for 30 
minutes at room temperature, in laminar flow hood, under UV radiation to dry. Microscopic 
slides preparations (smears of rabies virus inoculated and non-inoculated cells) were fixed 
with acetone for 30 minutes at 4°C, and stained with FITC anti-rabies conjugate, diluted 1/20 
in 0.1 M saline phosphate buffer with Evans blue for 30 minutes at 37 oC (P. PAYMENT & 
al. [33]). The slide was then washed with saline phosphate buffer at pH = 7.2 – 7.4 for 10 
minutes. After drying, microscope slides were mounted in neutral glycerin and were read 
using a fluorescent microscope (CZ HBO 50/AC Model, Carl Zeiss, Wien, Austria, OB10X 
and OB20X). 
For testing the obtained conjugates on brain tissue from inoculated mice it has been used ten 
female mice, NMRI strain, with a weight of 12-14 g each, divided in two groups. The first 
group consisting of 5 animals was inoculated and the other one, non-inoculated, was used as a 
control group. The testing animals were inoculated intra-cerebrally (midway between the 
internal angle of the ear and the external angle of the eye, without anesthesia) with 0.03 ml 
[90 MICLD50 (the median lethal dose for mice inoculated by the intracerebral route)] of the 
viral suspension of rabies virus CVS-11 (3 x 103 MICLD50/ml), using a small syringe (with an 
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appropriate division scale) with an 0.5 x 16 mm needle.  All the mice were monitored for a 
total of 28 days. All the mice were the subject of necropsy after anesthesia with 0.1 ml of 
xyline/ketamine solution (0.4mg/ml: 10 mg/ml) by intra-peritoneal way and the brain samples 
for testing were collected from all the animals. The brain samples were sectioned transversely 
and the smears were prepared. Fluorescent staining procedure was the one mentioned above 
for the inoculated cells. The experiments performed on animals have been made once again 
with the permission of the animal ethics committee. 
 
Results  
 
Ribonucleocapsid antigen purification 
Four ribonucleocapsid antigen batches (these batches are from the same bulk viral suspension 
divided in four centrifuge tubes of 2 ml each) were prepared and biochemically characterized 
(table 1).  
Table 1. Protein content for the ribonucleocapsid antigen batches 
Ribonucleocapsid antigen batch no. Protein content (mg/ml) 
1 5.8 
2 5.2763 
3 5.68 
4 1.357 
The values of the protein content for the first three batches were similar (between 5.27-5.8 
mg/ml). The fourth extract batch contained 1.357 mg protein/ml and was removed. The first 
three batches were pooled together and to obtain a total of 6 ml volume mix. The mix was 
characterized by electrophoresis. In figure 1, the major band (with an approximate molecular 
weight of 58.5 kDa) observed is characteristic of rabies virus protein N and the minor band 
had an approximate molecular weight of 37.5 kDa.   

 
MW        RNC       RNC 

Fig.1. Polyacrylamide gel (SDS-PAGE), MW, molecular weight markers, ribonucleocapsid 
(RNC) extract (working dilution 1/5); N, protein N; NS (M1), phosphoprotein NS, after 
purification on cesium chloride (CsCl); Proteins were stained in the gel with Coomassie 
Brilliant Blue (CBB R-250). 
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IgY extraction 
The results for the characterization of the IgY extract batches (protein and lipid contents) are 
presented in the Table 2.  
For all the IgY extracts batches a protein concentration higher than 30 mg/ml and a lipid 
concentration higher than 1.3 mg/ml were observed. For the IgY batches obtained from the 
last inoculations, it has been noticed a higher protein and a slightly lower lipid concentrations. 
 
 
Table 2. IgY extracts biochemical characterization 
No. Batch no. Volume (ml) Protein content 

(mg/ml) 
Lipid content (mg/ml) 

1. S0 42 47.826 1.316 
2. S1 66 56.884 2.222 
3. S2 74 55.172 2.029 
4. S3 70 72.125 3.103 
5. S4 92 51.000 3.072 
6. S5 95 54.870 3.971 
7. S6 90 30.612 5.158 
8. S7 97 67.346 5.961 
9. S8 52 37.986 4.199 
10. S9 62 64.609 2.240 
11. S10 65 55.504 4.628 
12. S11 64 62.385 1.951 
13. S12 48 80.733 3.605 
14. S13 62 60.714 1.489 
15. S14 62 77.678 1.450 
16. S15 58 88.095 1.344 
17. S16 60 61.564 1.591 

 
The IgY extracts were immunochemically characterized by indirect ELISA. For the ELISA 
test, rabies virus ribonucleocapsid was used as a coating antigen and the results are presented 
in figure 2. 

IgY extracts titration by ELISA (30 min.)
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Fig.2. IgY extracts titration by indirect ELISA (30 min.) 
 

The S0 IgY batch (harvested before immunization) did not react with ribonucleocapsid 
antigen, showing that it does not contain anti-rabies virus specific antibodies, so it could be 
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used as negative control. Starting from the S3 batch, an indirect ELISA optical density 
increase was observed. Increased values of the optical density resulted from the successive 
hens’ inoculation with ribonucleocapsid antigen. S14 and S15 IgY batches had the highest 
anti-rabies specific antibodies titers, making them useful as positive controls or as reagents in 
immunological tests. The IgY batches selected for labeling with FITC (S14 and S15) showed 
intense fluorescence with a dilution of 1:128 when assayed by IIF (indirect 
immunofluorescence). 
The volume obtained after purification of the IgY ranged between 42 and 97 ml, with a 
protein concentration between 30.61 and 88.09 mg/ml. 
Fluorescent conjugate preparation and characterization 
There were prepared and biochemically characterized two FITC-labeled IgY conjugate 
batches and the following values for the protein concentration and labeling factor were 
obtained: S14 had 4.85 mg/ml total protein and a labeling factor F/P of 6.077 and S15 had 
4.347 mg/ml total protein and an F/P of 6.243.  
In order to detect the rabies virus (ERA strain), the obtained conjugates were tested by direct 
immunofluorescence (DIF). Fluorescence (positive results) was detected for the virus 
inoculated IB-RS-2 cells. Negative results (lack of fluorescence) were obtained for the control 
cells (non-inoculated with rabies virus). The results for the direct immunofluorescence test are 
presented in the figure 3 (a, b, c). In the figure 3a, for the control cells (non-inoculated with 
rabies virus) it can be observed a lack of specific fluorescence, while in the figures 3b and 3c, 
the IB-RS-2 cells inoculated with rabies virus and stained with FITC-IgY conjugates (S14 and 
S15, respectively) showed a specific fluorescence. The cells had many characteristic bright 
yellow-greenish fluorescent corps the size of a pin in their cytoplasm.  

        
 (a)       (b)          (c) 
Fig.3. Direct immunofluorescence test on smears cell cultures (microphotographs). (a) control 
cells (negative; OB10); (b) inoculated IB-RS-2 cells culture stained with IgY-FITC conjugate 
S14 (OB10); (c) inoculated IB-RS-2 cells culture stained with IgY-FITC conjugate S15 
(OB10). 
 
The inoculated mice died within 10-12 days post inoculation (one in the tenth day, two in the 
eleventh day and two in the twelfth day). The brain samples from the inoculated mice were 
sectioned transversely and smears were prepared and observed at the fluorescence 
microscope. 
The fluorescence (positive results) was detected in the brain samples of the virus inoculated 
mice. Negative results (lack of fluorescence) were obtained for the control mice (non-
inoculated with rabies virus). The results for the direct immunofluorescence test are presented 
in figure 4 (a, b, c, d, and e).  
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(a)       (b)         (c) 

    
(d)       (e) 
Fig.B.4. Direct immunofluorescence test on brain imprints from mice (microphotographs). (a) 
DIF – negative reaction – a brain imprint from non-inoculated mouse. (OB10); (b) DIF – 
positive reaction – a brain imprint from inoculated mouse with evident green fluorescence. 
(S14 conjugate. OB10); (c) DIF – positive reaction – a brain imprint from inoculated mouse 
with evident green fluorescence. (S14 conjugate. OB10); (d) DIF – positive reaction – a brain 
imprint from inoculated mouse with evident green fluorescence (Ammon’s horn). (S15 
conjugate. OB20); (e) DIF – positive reaction – a brain imprint from inoculated mouse with 
evident green fluorescence. (S15 conjugate. OB10).  
In the figure 4a, a brain imprint from non-inoculated mice, showed a lack of specific 
fluorescence, while in the figures 4b and 4c, the brain imprints from the inoculated mice and 
stained with FITC-IgY conjugate (S14) presented a specific fluorescence, with fluorescent 
inclusions and many bright yellow-greenish fluorescent corps  the size of a pin in the 
cytoplasm of the cells. In the figures 4d and 4e, the brain imprints from the inoculated mice 
and stained with FITC-IgY conjugate (S15) presented a specific fluorescence, with 
fluorescent inclusions and many characteristic bright yellow-greenish fluorescent corps the 
size of a pin in the cytoplasm of the cells.  
 

 

Discussion 
 

Rabies is a serious public health problem worldwide. Rabies is a disease of the central 
nervous system producing abnormal behavior and paralysis in most infected animals. 
Approximately 300.000 people undergo anti-rabies treatment annually and 35.000 to 50.000 
of them die of rabies (P.N. ACHA & al. [1]; OIE [2]). Administration of rabies vaccine along 
with anti-rabies immunoglobulin is known to prevent development of rabies virus infection; 
however, a prompt and precise diagnosis is essential. For rabies diagnosis, direct 
immunofluorescent detection of the antigens of the rabies virus has been used worldwide as 
the most rapid and reliable method. Most rabies-specific antibodies used for detection of 
rabies virus are made from sera of immunized mammals.  
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G.M. CAPORALLE & al. [25] obtained IgG against rabies virus ribonucleocapsid and 
they used it in the immunodiagnostic of this viral infection. Y. MOTOI & al. [26] prepared 
IgY antibodies against a portion of the rabies virus G protein expressed in E. coli and studied 
the possibility of their use in the post-exposure prophylaxis of rabies infection. S. SUN & al. 
[24] obtained and characterized anti-rabies virus IgY antibodies, but the IgY antibodies 
against rabies virus ribonucleocapsid purified from the virus have not been obtained, yet. 

The method of producing IgY antibody has some advantages over the production of 
antibodies from mammals. By this method there is no need to bleed the animals, it is easy to 
purify a large amount of antibody and it is feasible to produce a specific antibody with a small 
amount of antigen. 

Considering that the rabies virus ribonucleocapsid is highly conserved through the strains 
(WHO [3,4]) and the fact that purified preparations of free viral nucleocapsid, isolated from 
infected cells, did not induce virus neutralization antibody formation, but elicited, in 
immunized animals, the formation of antibodies demonstrable by complement fixation or 
fluorescent antibody tests, the specific antibodies against ribonucleocapsid protein can be 
used as a tool for detection of the rabies virus. 

In this study, it has been isolated the ribonucleocapsid from rabies virus in order to use it 
to immunize the layer hens. The ribonucleocapsid extract prepared was characterized by SDS-
PAGE electrophoresis and after staining the protein bands it was observed a major band with 
an approximate molecular weight of 58.5 kDa and a minor band with an approximate 
molecular weight of 37.5 kDa. These two bands correspond to rabies virus protein N and 
rabies virus phosphoprotein NS respectively, as described by V.M. ZAIDES & al. [34], F. 
SOKOL & al. [35] and G.M. CAPORALLE & al. [25]. The estimated molecular weight for 
rabies virus protein N is 54 kDa, 62 kDa and 57 kDa, respectively. Also, V.M. ZAIDES & al. 
[34] estimated the phosphoprotein NS molecular weight as 37.1 kDa. This data confirmed the 
presence of the rabies virus protein N and phosphoprotein NS both components of the rabies 
ribonucleocapsid.  

After 8 immunizations (14 days interval between immunizations) of the layer hens, the 
protein concentration of the IgY extracts ranged between 30.61-88.09 mg/ml and was superior 
to the one recommended for FITC conjugation, which is 20 mg/ml (P. PERRIN [36]). 
Moreover, the tested extracts showed an intense fluorescence, at a dilution of 1:128, when 
assayed by IIF. These results are better than those previous obtained in the production of IgY 
specific antibodies which states that the recoveries are of 10-15 mg/ml (P.S. GARDNER & al. 
[8]). 

The FITC conjugates prepared with these two IgY extracts meet the two criteria for 
chemical evaluation of a labeling method and it is well known that a good fluorescent 
conjugate has a protein content of 4-20 mg/ml and a F/P value more than 2 (A. FETEANU [ 
30]). 

In estimating the quality of an anti-rabies fluorescent conjugate useful in an 
immunological test, other criteria that must be analyzed are specific fluorescence intensity, 
the amount of inclusions (Negri bodies), and also the lack of fluorescence in negative controls 
(G.M. CAPORALLE & al. [25]). 

The results obtained in FAT with the prepared conjugates, on infected/non-infected cells 
culture, and on the brain from infected/non-infected mice, revealed that conjugates produced 
from IgY obtained from layer hens immunized with ribonucleocapsid can be considered as 
highly specific because they bind to these proteins in intra-cytoplasmic inclusions in infected 
cells.  

Considering the amount of the IgY extract obtained from the hens (in this case, around 
50 ml per each IgY extract batch), it would be possible to supply a large quantity of an anti-
rabies conjugate using a small quantity of the antigen for immunization. The methods of 
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extraction of ribonucleocapsid and IgY are easy and feasible in producing a quality conjugate 
that can be used in rabies virus infection surveillance. From the entire quantity of the each 
S14 and S15 IgY extracts, it can be obtained around of 600 ml of FITC conjugate which it is 
enough to perform, considering a working dilution of 1/20, more than 200,000 FAT assays. 
In conclusion, the specific IgY obtained from hens inoculated with rabies virus 
ribonucleocapsid proved to be useful in the FAT technique in detection of rabies virus in 
inoculated cells culture and in the brain tissue from infected mice.   

 
Acknowledgements 
 
We thank to Biochemist Ana Cismileanu and Dr. L. Ciupescu for the fruitful discussions and 
support. 
 
References 
 
1. P.N. ACHA, B. SZYFRES, Zoonoses et maladies transmissibles communes a l’homme et aux animaux, 

Office International des Epizooties, 57, pp. 534-560 (1989). 
2. OIE, 2011. Manual of Diagnostic Tests and Vaccines for Terrestrial Animals, 2011. Rabies, Chapter 2.1.13, 

available at http://www.oie.int/international-standard-setting/terrestrial-manual/access-online/. 
3. WORLD HEALTH ORGANIZATION, Expert Consultation on Rabies. 1. Report. Geneva: WHO Tech. 

Rep. Series, 931, 121p (2004). 
4. WORLD HEALTH ORGANIZATION, Expert Committee on Rabies. 8. Report. Geneva: WHO Tech. Rep. 

Series, 824, 87p (1992). 
5. C.A. CONSALES, V.L. BOLZAN, Rabies review: immunopathology, clinical aspects and treatment, J. 

Venom. Anim. Toxins incl. Trop. Dis., 13, 1, 5-38 (2007). 
6. T.J. Wiktor, E. Gyorgy, H.D. Schlumberger, F. Sokor, H. Koprowski, Antigenic properties of rabies virus 

components, The Journal of Immunology, 110, 1, 269-276 (1973). 
7. D.C. Hooper, I. Pierard, A. Modelska, L.Otvos, Z.F. Fu, H. Koprowski, B. Dietzschold, Rabies 

ribonucleocapsid as an oral immunogen and immunological enhancer, Proc. Natl. Acad. Sci. USA, 91, 
10908-10912 (1994). 

8. P.S. Gardner, S. Kaye, Egg globulins in rapid virus diagnosis, J. Virol. Methods, 4, 257-262 (1982). 
9. M. KIM, S. HIGASHIGUCHI, Y. IWAMOTO, H.C.YANG, H.Y. CHO, H. HATTA, Egg yolk antibody 

and its application (Review), Biotechnology and Bioprocess Engineering, 5, 2, 79-83 (2000). 
10. W. DIAS DA SILVA, D.V. TAMBOURGI, IgY: A promising antibody for use in immunodiagnostic and in 

immunotherapy, Veterinary Immunology and Immunopathology, 135, 173-180 (2010). 
11. J. Kovacs-Nolan, Y Mine, Avian egg antibodies: basic and potential applications, Avian and Poultry 

Biology Reviews, 15, 1, 25-46 (2004). 
12. L. SÁNDOR, B. JÓZSEF, Application of specific immunoglobulins (IgY) of the egg yolk of birds in the 

veterinary immunodiagnosis and immunotherapy. Review. Magyar Allatorvosok Lapja, 119, 6, 339-343 
(1997). 

13. M. TINI, U.R. JEWELL, G. CAMENISCH, D. CHILOV, M. GASSMANN, Generation and application of 
chicken egg-yolk antibodies, Comparative Biochemistry and Physiology Part A, 131, 569-574 (2002). 

14. R. CHALGHOUMI, Y. BECKERS, D. PORTETELLE, A. THEWIS, Hen egg yolk antibodies (IgY), 
production and use for passive immunization against bacterial enteric infections in chicken: a review, 
Biotechnol. Agron. Soc. Environ., 13, 2, 295-308 (2009). 

15. Y. MINE, J. KOVACS-NOLAN, Chicken Egg Yolk Antibodies as Therapeutics in Enteric Infectious 
Disease: A Review; Journal of Medicinal Food. 5, 3, 159-169 (2002). 

16. G. BIŽANOV, I. JONAUSKIENE, Production and purification of IgY from egg yolk after immunization of 
hens with pig IgG, Bulletin of the Veterinary Institute in Pulawy, 47, 2, 403-410 (2003). 

17. G. BIZHANOV,  G. VYSHNIAUSKIS, A comparison of three methods for extracting IgY from the egg 
yolk of hens immunized with Sendai virus (review), Veterinary Research Communications, 24, 2, 103-113 
(2000). 

18. S.C. Gee, I.M. Bate, T.M. Thomas, D.B. Rylatt, The purification of IgY from chicken egg yolk by 
preparative electrophoresis, Protein Expression and Purification, 30, 151-155 (2003). 

19. J.P.D.GOLDRING, T.H.T. COETZER, Isolation of chicken immunoglobulins (IgY) from egg yolk, 
Biochemistry and molecular biology education, 31, 3, 185-187 (2003). 



Production of rabies ribonucleocapsid antibodies in eggs  
and their use to detect the virus 

Romanian Biotechnological Letters, Vol. 19, No. 2, 2014                                                   9189 

20. P. HANSEN, J.A. SCOBLE, B. HANSON, N.J. HOOGENRAAD, Isolation and purification of 
immunoglobulins from chicken eggs using thiophilic interaction chromatography, J. Immunol. Meth, 215, 1-
7 (1998). 

21. A. HASSL, H. ASPOCK, Purification of egg yolk immunoglobulins. A two-step procedure using 
hydrophobic interaction chromatography and gel filtration. J. Immun. Methods, 110, 225-228 (1988). 

22. B. DE MEULENAER, A. HUYGHEBAERT, Isolation and Purification of Chicken Egg Yolk 
Immunoglobulins. A Review, Food and Agricultural Immunology, 13, 4, 275-288 (2001). 

23. A. POLSON, M.B. VON WECHMAR, M.H.V. VAN REGENMORTEL, Isolation of viral IgY antibodies 
from yolks of immunized hens, Immunological Communications, 9, 5, 475-493 (1980). 

24. S. SUN, W. MO, Y. JI, S. LIU, Preparation and mass spectrometric study of egg yolk antibody (IgY) against 
rabies virus, Rapid Communications in Mass Spectrometry, 15, 9, 708-712 (2001). 

25. G.M. CAPORALLE, A.C.R. SILVA, Z.M. PEIXOTO, L.B. CHAVES, M.L. CARRIERI, R.C. VASSAO, 
First Production of Fluorescent Anti-Ribonucleoproteins Conjugate for Diagnostic of Rabies in Brazil. 
Journal of Clinical Laboratory Analysis, 23, 7-13 (2009). 

26. Y. MOTOI, K. SATO, H. HATTA, K. MORIMOTO, S. INOUE, A. YAMADA, Production of rabies 
neutralizing antibody in hen’s egg using a part of the G protein expressed in Escherichia coli, Vaccine, 23, 
3026-3032 (2005). 

27. B. DIETZSCHOLD, Techniques for the purification of rabies virus, its subunits and recombinant products. 
In: Meslin, F.-X., Kaplan, M.M., Koprowski, H., editors. Laboratory Techniques in Rabies, fourth edition. 
Geneva: World Health Organization. 1996, pp. 175-180 (1996). 

28. U.K. LAEMMLI, Cleavage of structural proteins during the assembly of the head of bacteriophage T4, 
Nature, 227, 680-685 (1970). 

29. O.H. LOWRY, N.J. NOSENBROUGH, A.L. FARR, R.J. RANDALL, Protein measurement with the Folin 
Phenol Reagent, J. Biol. Chem. 193, 265-275 (1951). 

30. A. FETEANU, Labeled antibodies in biology and medicine, Abacus Press, England, 52-202 (1978). 
31. A.G. GORNALL, C.J. BARDAWILL, M.M. DAVID, Determination of serum proteins by means of the 

biuret reaction. J. Biol. Chem. 177, 751-66 (1949). 
32. J.A. KNIGHT, S. ANDERSON, J.M. RAWLE, Chemical basis of the sulfo-phospho-vanillin reaction for 

estimating total serum lipids, Clinical Chemistry, 18, 3, 199-202 (1972). 
33. P. PAYMENT, M. TRUDEL, Methods and techniques in virology, Marcel Dekker Inc., New York, SUA, 

309p (1993). 
34. V.M. ZAIDES, L.I. KROTOVA, L.M. SELIMOVA, M.A. SELIMOV, L.B. ELBERT, V.M. ZHDANOV, 

Reevaluation of the proteins in rabies virus particles, Journal of Virology, 29, 3, 1226-1228 (1979). 
35. F. SOKOL, D. STANCEK, H. KOPROWSKI, Structural proteins of rabies virus, Journal of Virology, 7, 2, 

241-249 (1971). 
36. P. PERRIN, Techniques for the preparation of rabies conjugates. In: Meslin, F.-X., Kaplan, M.M., 

Koprowski, H., editors. Laboratory Techniques in Rabies, fourth edition. Geneva: World Health 
Organization. 1996, pp. 433–442 (1996 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


