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An unlabelled immunoperoxidase method on paraffin sections was used 
for the diagnosis of pseudorabies (Aujeszky's disease) in 78 young pigs. 
The sensitivity and specificity of this new diagnostic method was compared 
to that of conventional diagnostic methods, namely virus isolation, immuno
fluorescence and histopathology. It was found that this immunoperoxidase 
method was specific and sensitive and therefore can be used as an alter
native diagnostic method. A limited number of cases also were tested with 
an indirect immunogold method on paraffin sections. This method was 
specific but inferior in sensitivity as compared to the immunoperoxidase 
method. The possibilities, advantages and disadvantages of both immuno
peroxidase and immunogold methods are discussed. 

INTRODUCTION 
Immunolabelling of viral antigens in tissue sections is usually done 

with fluorescein-conjugated antibodies. 
In order to obviate some of the deficiencies and limitations of immuno

fluorescence techniques, new marker techniques to make antigen - antibody 
reactions visible have been developed in the last 15 years. These 
techniques are enzyme-conjugated antibody methods. The enzyme most widely 
used for this purpose is the plant enzyme hOlSeradish peroxidase. Immuno
peroxidase methods are generally used in combination with the diamino
benzidine hydrogen peroxide method of Graham and Karnovsky (1966). A 
direct and an indirect immunoperoxidase method (IpX) can be used. Both 
methods are analogous to the direct and the indirect immunofluorescence 
methods. At present direct and indirect IpX are used extensively in the 
veterinary field for early detection of virus multiplication in cell 
cultures (Bartoszcze and Roszkowski, 1979; Krishnaswamy et al., 1981; 
Chasey, 1981; Sutmoller and Cowan, 1974). Aujeszky's disease virus 
multiplication eg can be detected as early as 8 h post inoculation 

(Bartoszcze, 1982). 
Since 1970, an unlabelled three step IpX method called peroxidase

antiperoxidase method (PAP), has been developed (Sternberger et al., 1970). 
It offers the advantage of being easily applicable to paraffin sections of 
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fixed animal tissues (Sternberger, 1974). This highly sensitive method has 

until recently been used almost exclusively for the qualitative study of 

hormones in brain tissue and of immunoglobulins in various tissues of man 

and animals (review: Ducatelle and Hoorens, 1980). The demonstration of 

viral antigens in paraffin sections of fixed tissues with this PAP method 

has gained significant interest only in the last three years (Ducatelle 

et al., 1980; Carthew and Sparrow, 1981; Chu et al., 1982; Ducatelle et al., 

1982; Miry et al., 1983), although this possibility already had been 
investigated ten years ago (Di Stefano et al., 1973). 

The present report is a first account of the value of the unlabelled 

IpX method for diagnostic purposes by comparison with immunofluorescence on 

cryostat sections and virus isolation in cell cultures. These tests were 

made on diagnostic material from pigs with suspected Aujeszky's disease. 

Preliminary tests also were performed to evaluate colloidal gold as a 

marker for viral antigens at the light microscopic level. 

MATERIALS AND METHODS 

1. Materials 

Seventy-eight pigs, ranging in age from fetal to 10 weeks old, were 

included in this study. These were all autopsy cases which were clinically 

suspected of Aujeszky's disease. The animals were usually autopsied within 

the first 24 h post-mortem. At autopsy, as a rule two adjacent specimens 

were sampled from each of the following tissues: transverse slices of the 

cerebral cortex near the sulcus centralis, transverse slices of cerebellum 

through the vermis, and longitudinal slices through the brain stern. Samples 

were also taken from the tonsils and from the lungs. Each time, one of two 

specimens was frozen for cryostat sectioning, while the other specimen was 

fixed in 10% phosphate buffered formalin for paraffin embedding. After at 

least 24 h formalin fixation, the tissues were dehydrated through a graded 

series of alcohol, cleared in xylene and embedded in paraffin (Tissue wax 

TSW20, Medi te, West Germany; melting point 560 to 580 C). 

The rest of the brain and the tonsils were taken for virus isolation. 

2. Methods 

The original unlabelled irnrnunoperoxidase staining method for the 

demonstration of pseudorabies viral antigens in paraffin sections (Ducatelle 

et al., 1982) has been further developed in order to improve the repro
ducibility of the method for routine diagnosis. 
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2.1. Immune sera: 

New Zealand White rabbits were used for the production of hyper immune 
serum against Aujeszky's disease virus. The animals were injected 4 times 

subcutaneously using 5 pig doses of commercial inactivated virus vaccine 

(Geskyvac, Laboratoire Roger Bellon) and 4 times using 5 pig doses of 
commercial live vaccine (Duvaxyn Aujeszky, Duphar), each time with 3 week 

intervals. Three weeks after the last injection, the animals were challeng
ed subcutaneously with 0.5 ml 106 TCID50/ml live virulent Aujeszky's disease 
virus strain 75V19 (Pensaert et al., 1980). The survivors were further 
immunised with commercial live vaccine with 3 week intervals, until a mean 
serum neutral ising antibody titre of 512 was obtained. Antibody titres 
were determined at the virology laboratory as described by Pensaert et al. 
(1980). Blood samples from these rabbits were collected 10 days after the 
last booster vaccination. The globulin fraction of the pooled sera was 
isolated by ammonium sulphate precipitation and dialysis against phosphate 
buffer at pH 6.3. 

Antiserum to rabbit globulins was raised in goats. The animals were 

injected with 0.3 g of rabbit globulins and 0.5 ml of complete Freund's 
adjuvant every 3 weeks for a period of 4 months. Thereafter they were 

boosted every 6 weeks. Blood samples were taken one week after vaccination. 

Anti-peroxidase serum was raised in New Zealand White rabbits. The 
rabbits were injected with 10,000 units of horseradish peroxidase (Type 2, 

Sigma, St. Louis, USA) and 0.5 ml complete Freund's adjuvant every 4 weeks 
for a period of 6 months. They were bled 10 days after the last injection. 

Using this anti-peroxidase, a soluble complex was made with horseradish 
peroxidase according to the method of Sternberger, modified by Vandesande 

(1978). 

2.2. Immunoperoxidase staining procedure: 

Sum paraffin sections from all tissue blocks were cut and stained with 

an unlabelled antibody-enzyme method (Ducatelle et al., 1980). For this 
purpose the sections were first deparaffinated and rehydrated. All incu

bations with sera were done in a moist chamber at 25°C. Between each incu
bation the sections were washed for 5 mins in a 0.01 M tris buffered saline 

solution at pH 7.6 on a shaker platform. 

The sections were first incubated with undiluted normal goat serum for 

20 mins. Thereafter the primary rabbit antiserum to Aujeszky's disease 

virus was used 1/800 diluted with 0.01 M tris buffered saline at pH 8.2. 
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This incubation was done for 2 h. Goat - anti rabbit globulin serum, 

diluted 1/30 with tris buffer at pH 7.6, was put on the sections for 20 m~ 

Finally, the peroxidase - antiperoxidase complex was used for 20 mins. It 

was diluted 1/300 in tris buffer at pH 7.6. After incubation with the sera, 

the sections were immersed for 5 to 7 mins in ajar containing the staining 

solution. This solution consisted of 0.005% H202 and 0.01% 3,3 '-diamino

benzidine-HCl in 0.05 M tris-HCl buffer at pH 7.6. 

After staining the sections were dehydrated and mounted with clear

mount. 

In each batch of 20 immunoperoxidase stained sections, a control 

positive and negative section from an experimentally infected piglet and a 

control non-infected piglet respectively were included. Control of the 

procedure was done on sections of positive material, taking the sections 

through the incubation series, but each time omitting one of the sera. Con

trol of endogenous peroxidase activity was done by bringing sections in the 

staining solution without prior incubation with sera. 

2.3. Immunofluorescence staining: 

8 pm cryostat sections from all frozen specimens were stained with a 

direct immunofluorescence technique using fluorescein labelled antiserum to 

Aujeszky's disease virus prepared in swine at a dilution of 1/5 to 1/30. 

2.4. Virus isolation: 

Virus isolation from all pigs was done by inoculating tissue homogen

ates onto primary pig kidney cells at the virology laboratory of Prof. 

M.B. Pensaert and at the National Institute of Veterinary Research as 

described (Pensaert et al., 1980). 

2.5. Histologic staining: 
Paraffin sections cut adjacent to the immunoperoxidase stained paraffin 

sections were deparaffinated and stained with haematoxylin and eosin (HE) 

and luxol fast blue - periodic acid schiff when appropriate (Luna, 1968). 

2.6. Immunogold staining: 
Paraffin sections adjacent to the immunoperoxidase and histologic 

stained sections from 5 positive and 2 negative cases were used for immuno

gold staining. The sections were prepared as for immunoperoxidase staining. 

Pre-incubation with undiluted normal goat serum and incubation with primary 
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However, the optimal dilution of anti-Aujeszky serum here was 1/400. 
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Thereafter the sections were rinsed in 0.01 M tris buffered saline at 

pH 7.6 and subsequently incubated for 2 h with goat antibodies to rabbit 
immunoglobulin linked to 20 nm colloidal gold particles (GAR G20, Janssen, 
Beerse, Belgium). This antiserum was diluted 1/10 in 0.1% bovine serum 

albumen and centrifuged for 10 mins at 250 xg immediately before use. There
after, the sections were rinsed, dehydrated and mounted as for immuno
peroxidase staining. 

RESULTS 

The immunoperoxidase technique yielded reliable and constantly re
producible results. The application of the immunoperoxidase technique did 
not cause significant technical difficulties, so that it could be learned 
by any laboratory technician in a relatively short time. 

After immunoperoxidase staining of paraffin sections, cells infected 
with Aujeszky's disease virus contained a brown fine granular staining 
product. This staining product was strictly confined to the cells. Both 
the nucleus and the cytoplasm or the cytoplasm alone or the nucleus alone 

could be seen stained brown. The interstitium showed a very faint overall 
background staining, giving a yellowish tinge to the sections. The distri
bution of stain throughout various tissues was similar to that described 
earlier in a study on the relation between histopathology and immuno

peroxidase staining of paraffin sections (Ducatelle et al., 1982). 
In non-infected tissues the brown staining was not present. Neverthe

less, these tissues did contain a yellowish-brown colour where red blood 
cells were present. Endogenous peroxidase activity of leucocytes was not 
seen. Background staining was similar to sections 6f infected tissues. 

The results of the double-blind comparative study of immunofluorescenc~ 
virus isolation, histologic staining and immunoperoxidase staining are 
represented in Table 1. There was complete agreement between the results 
yielded by the 4 methods in 63 out of the 78 cases studied. In 8 cases, a 
positive result given by one method was not substantiated using the other 
3 methods. 

The criteria used for the interpretation of histologic staining (HE) 
were those outlined earlier (Ducatelle et al., 1982). These criteria 
essentially required the presence of foci of necrosis and presence of 
either eosinophylic or arnphophylic intranuclear inclusion bodies in 
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association with these foci. In sections of the central nervous system, 
non-suppurative encephalitic lesions should be present. 

TABLE I Comparative diagnostic study of porcine pseudorabies. 

IF VI 

+ + 

+ + 

+ + 

+ 

+ 

+ + 

+ 

+ 

+ 

+ 

VI Virus isolation. 
IF Immunofluorescence. 
HE Histologic examination. 
PAP = Immunoperoxidase. 

HE PAP 

+ + 

+ 

+ 

+ + 

+ + 

+ 

+ 

+ 

+ 

34 

29 

2 

2 

2 

o 

o 
I 

o 

2 

2 

2 

2 

78 

After immunogold staining of paraffin sections, a number of cells were 

clearly stained pink. The sections showed no background staining. Red 

blood cells were refringent but not stained brown. White blood cells were 

not visible. When comparing these sections with adjacent serial immuno

peroxidase-stained sections, it was obvious though that not all positive 

cells were stained with colloidal gold, or at least that the gold tone was 

not sufficient to be perceptible under the light microscope. 

DISCUSSION 

From Table I can be concluded that virus isolation, immunofluorescent 

staining of cryostat sections, immtilloperoxidase staining of paraffin 
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sections and histologic staining of paraffin sections can all yield reliable 
diagnostic results when properly used for the diagnosis of Aujeszky's dise~ 
in piglets. Immunoperoxidase staining of paraffin sections can thus be con
sidered a useful alternative diagnostic method for this purpose. 

This technique nevertheless has some serious disadvantages. It is 
much more time consuming than immunofluorescence, since it first requires a 
paraffin embedding and thereafter a long series of incubations with sera. 
These incubations with several sera demand many manipulations, thus holding 
a significant risk of technical errors and non-specific reactions (Bergroth 
et al., 1980; Fan, 1980). Finally, immunoperoxidase staining of paraffin 
sections suffers from the same disadvantage as any other technique on 
tissue sections, namely that one only examines a very small portion of 
tissue in only one plane. This inconvenience can be overcome in part by 
cutting semi-serial sections and by taking several tissue specimens. 

Immunopepoxidase staining of paraffin sections also offers a number of 
important advantages (Vandesande, 1979). The most important advantage is 
that it can be applied to fixed tissue specimens. This is particularly of 
interest when diagnostic material has to be transported a long way under 
adverse conditions of climate. The Sternberger immunoperoxidase technique 
also opens up new possibilities for retrospective studies on stored fixed 
tissues. This is being done at present with cases of Aujeszky's disease 
encephalitis (Reinacher and Fraze, pers. commun.). 

As to the technical aspects of this method, the application of the 
immunoperoxidase technique to the tissue sections yielded reproducible 
results and therefore did not require pretreatment of the tissue sections 
with pepsin or trypsin (Dell'Orto et al., 1982). Sera were usually stored 
at -70oC. Sera in use could be kept for 1 to 2 weeks when stored at 4oC. 
This period could be significantly prolonged when adding 0.02 g of sodium 
azide per 100 ml of serum (Sofroniew and Schrell, 1982). Since endogenous 
peroxidase activity was very low, it was unnecessary to block "this enzyme 

(Straus, 1972). 
The Sternberger peroxidase - antiperoxidase immunohistochemical stain

ing method has been claimed to be highly sensitive not only for the demon
stration of hormones in paraffin sections of central nervous tissue 
(Moriarty et al., 1973), but also for the demonstration of immunoglobulins 
in a variety of tissues, eg also in pig tissues (Brown et al., 1974). The 
technique is said to be highly insensitive to long-term fixation of the 
tissues (Celio, 1979) and to paraffin embedding (Halmi, 1978). In the 
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present material, which was used for the demonstration of virus antigens, 

the optimal dilution of the anti-Aujeszky's virus serum was 1/800 but pos
itive staining was still perceptible at a 1/6000 dilution. This is far 
beyond dilutions used for other immunologic techniques on tissue sections. 

The immunogold technique is a newcomer in the grOl~ of immunohisto
chemical methods which are applicable to tissue sections. It was first 
developed for the demonstration of antigens under the electron microscope 
(Horisberger and Vonlanthen, 1977), where it can even be used for the 
simultaneous demonstration of multiple antigens (Larsson, 1979). It has 
only recently been described as a method for the light microscopic staining 

of antigens in paraffin sections (Gu et al., 1981). Pseudorabies virus can 
be demonstrated in ultra-thin sections of infected cell cultures using col
loidal gold-labelled staphylococcal protein A (Weiland, 1981). In the pre
sent study, Aujeszky's disease virus was demonstrated in paraffin sections 
of pig tissues using colloidal gold labelled antibodies. Nevertheless, the 

labelling was obviously incomplete, leaving a lot of antigens unlabelled, 
or insufficiently labelled to be visible with the naked eye. Consequently, 
this indirect immunogold technique is at present not yet useful as a diag

nostic method for pseudorabies in swine in our hands. Further developments 
of the technique will probably make it a useful diagnostic method, because 
of several advantages. The method is shorter and thus less time consllllling 
and less subject to technical errors. The method is also directly trans

ferable to the ultrastructural level, consequently allowing investigation of 
structures and lesions in more detail. Finally, this method is not influ
enced by endogenous peroxidase or pseudoperoxidase activity in the tissues. 
The application of silver-toning on colloidal gold stained sections may 
markedly enhance the contrast and thus improve the sensitivity of immunogold 
staining for light microscopy (Done, pers. commun.). Future applications of 

colloidal gold labelling methods on tissue sections will probably lie in 
the examination of dual or multiple virus infections and in the study of 

early stages of virus morphogenesis. 
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