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Summary 
 

An experimental study was conducted to investigate detection and distribution of 
classical swine fever virus (CSFV) antigen in piglets with different immunological status, 
infected on different infections routes. The experiment was carried out on 24 piglets of 
different age originating from vaccinated sows and 14 unvaccinated piglets originating from 
unvaccinated sows. Two routes of challenge were used: intramuscular and horizontal 
(contact) infection. After death or sacrifice, the samples of spleen, tonsil, kidneys, 
mandibular lympho nodes and terminal part of ileum were collected from all the experimental 
animals. Enzyme linked immunosorbent assay (ELISA) and reverse transcriptase 
polymerase chain reaction (RT-PCR) were used for the detection of the CSFV antigen in 
tissue samples of the experimentally inoculated piglets. The results of our examination 
indicate that RT-PCR technique needs to be included in all the cases when it is not possible 
to establish accurate diagnosis of CSF using other available methods.  
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Classical swine fever (CSF) is an important viral disease caused by an 
RNA-virus, belonging to the family Flaviviridae, genus Pestivirus (Thiel et al., 
1996). Under natural conditions, the mode of entry of CSFV in a pig is the oronasal 
route (Biront and Leunen, 1987; Terpstra, 1988).It is assumed that the route of 
infection has no influence on the spreading of the virus in the organism. After 
infection the virus can be found consistently and in high concentration in the tonsils. 
The tonsils are considered to be the primary site of virus multiplication and after 
that the virus is transffered through lymphatic vessels to the regional lymphonodes 
and enters blood giving rise the initial viraemia. After that the virus spreads through 
the organism and can be detected in different organs (Trautwein, 1988). 

The aim of the research was to examine whether different infection routes 
in pigs of different immunological status influences on the detection and distribution 
of the virus/viral antigen in tissues. This fact can be important for regions where the 
CSF is present as an endemic infection, despite the intensive vaccination program 
with modified live virus vaccines (China strain).  
 
*The presented results are part of the preliminary research supported by the Ministry of 
Science, Republic of Serbia, project No. 20117 
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Materials and methods 
 

Experimental animals and virus. The experiment was carried out on 38 
clinically healthy, conventional weaner pigs, divided in four groups (group A, B, C 
and D). The piglets were of mixed sex, originating from the same herd, known as 
CSF-free. The experimental group A consisted of 8 piglets,out of which 2 piglets 
were aged 21, 28, 37 and 47 days old. The experimental group B consisted of 16 
piglets, out of which piglets were aged 21, 28, 37 and 47 days (4 piglets for every 
age). The experimental animals from group A and B originated from the sows that 
were several time vaccinated with China (C)-strain of CSF virus. The experimental 
groups C and D, consisted of 8 i.e. 6 piglets respectively, aged 35-40 days, not 
vaccinated against CSF and they originated from unvaccinated sows (susceptible 
piglets).     

For challenge infection the CSF virus (strain Baker) was used. The isolate 
was verified as free from BVDV by means of reverse transcriptase–polymerase 
chain reaction (RT-PCR). The 12 selected pigs of different age and immunological 
status were challenged with a dose of 1 ml intra-muscular (i/m) while the remaining 
animals were exposed to horizontal (contact) infection. The titre was 2×105 median 
tissue-culture-infective doses (TCID50/ml).   

Experimental design. The experiment was divided in three subsequent 
periods: the acclimatization, the challenge and the post-challenge (observation) 
period. Upon arrival, the animals were allocated systematically (based on ear-tag 
numbers) to pens within separate compartments. After acclimatization period of 7 
days, when the piglets originating from vaccinated sows were 28, 35, 44 and 54 
days old, 8 piglets from the group A and 6 piglets from the group D were i/m 
inoculated with CSFV. On the same day, the susceptible piglets from the groups B 
and C (No.N/1-8) were added to the groups of directly infected piglets in order to 
imitate and to examine natural (oronasal) contact infection with the same CSFV 
strain.  

After experimental inoculation, in each newly formed group (A, B, C and D) 
there were three sub-groups: two directly infected piglets, i/m challenged on day 
28, 35, 44 and 54 of age, originating from vaccinated sows, 4 piglets of the same 
age originating from vaccinated sows that were exposed to contact infection and 2 
susceptible pigs originating from unvaccinated sows, exposed to horizontal 
infection. The control group consisted of 6 remaining susceptible piglets (ear tags 
No. K/1-K/6) where experimental infection was done on the same day, according to 
the same model  (i/m, 1ml). The newly formed groups of piglets were placed in five 
separate compartments. Each compartment consisted of a well isolated area of 35 
m2, with independent ventilation, assigned for experimental work with the animals. 
Technical design and biosafety measures entirely prevented the possibility of 
mechanic transmission of the virus from one compartment into the other. All 
materials necessary for rectal temperature monitoring, cleansing of the 
compartments and pens, and feeding of the pigs were provided per compartment 
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and were stored in the compartment. After the challenge, all the pigs were 
examined clinically i.e. clinical symptoms, rectal temperature, feed and water intake 
and mortality were recorded daily.  

Sample collection and analyses 
Tissue samples. Necropsy was performed on all animals immediately 

after death. Surviving 4 pigs were euthanized on 35 dpi (T61, Intervet 
International). Tissue samples (tonsils, spleen, kidney, terminal part of ileum and 
mandibular lymph nodes) were collected from every pig that died or had to be 
euthanized in order to examine presence and distribution of CSFV antigen. Total 
number of tissue samples was 190.   

Detection of CSFV antigen in tissues samples. For CSFV antigen 
detection in tissues samples the commercial direct Erns ELISA test kit (Herd Check 
CSFV Ag ELISA Test Kit; IDEXX Laboratories, Scandinavia, Osterbybruk, Sweden) 
were used according to the manufacturer's instruction.  

Detection of viral RNA in tissues samples. Reverse transcriptase 
polymerase chain reaction (RT-PCR) test was used for detecting genomic RNA of 
CSFV in tissues samples. This test was used for direct verification of CSFV in 
tissues samples, that gave negative result on CSFV antigen ELISA test. In total 15 
tissues samples were examined by RT-PCR test. RNA was extracted tissues using 
TRIzol reagent (''Gibco BRL'', Invitrogen ''Life Technologies“,UK) according to 
manufacturer’s recommendation. The “one-tube“or “one-step RT-PCR“ assay was 
performed by using reagents supplied in a commercial "Access RT-PCR System" 
(Promega Corporation, UK), according to the manufacturer`s instruction.  
 

Results and discussions 
 

The results of the clinical examination and pathomorphological changes in 
piglets deriving from vaccinated sows have been described earlier (Polaček et al., 
2007; Prodanov et al., 2007). In the subgroups of susceptible contactly infected 
piglets (No. N/1-N/8), pyrexia started on 8 and 10 day post infection (dpi). After 
that, in all the piglets clinical signs compatible with CSF were noticed (apathy, 
dullness, conjunctivitis, diarrhoea) but were more severe comparing to the signs in 
piglets that originated from vaccinated sows. All the animals in this subgroup died 
on 19 dpi. The following CSFV i/m challenge, animals in the control group (No. K/1-
K/6) exhibited distinct clinical signs of CSFV infection starting from 2 and 3 dpi. 
Clinical picture was dominated by locomotion disorders with signs of ataxia and 
signs of posterior paresis. Clinical signs in this group were more severe comparing 
to the previosly described groups. All the animals in this group died on 13 dpi. The 
results of the examined tissue samples on presence of CSFV antigen using ELISA 
test are presented in Tables 1 and 2. The results of examining tissue samples 
using RT-PCR technique are presented within the same tables.  

After challenge infection with virulent CSFV in the piglets of different age 
that originate from vaccinated sows it was discovered that only one piglet aged 28 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 320  

and 3 piglets aged 54 days survived. This result point on the complexity of the 
infection outcome in piglets of different age and different immunological status 
(passive immunity). The maternal antibodies did not protect the piglets from 
clinically evident disease and death (Prodanov et al., 2007). Biront and Leunen 
(1987) discovered that despite the fact that piglets with detectable maternally 
derived antibodies (MDA) survived challenge infection, the presence of CSFV 
antigen was detected in tonsils.  

In all the examined tissue samples deriving from the control group (i/m 
infected susceptible piglets), the presence of CSFV antigen was detected (ELISA 
test), what is in accordance with the data that highly virulent virus can be detected 
in most of the organs 5-6 dpi (van Oirschot and Terpstra, 1989). This result is in 
accordance with the results of Ressang (1973) who experimentally discovered the 
presence of CSFV antigen in all the examined tissues deriving from succumbed 
susceptible animals.   

Table 1 
The results of detection and distribution of CSF virus/antigen in tissue 

samples of experimentally infected piglets deriving from vaccinated sows 
 No. Spleen Kidney Mandibular 

lymph nodes 
Tonsils Ileum 

I / 1 + + + + + 
I / 6 + + + + + 
II / 2 + + + + + 
II / 3 + + + + + 
III / 3 + + + + + 
III / 4 + + + + + 
IV/ 3 + ± + + + 

 
 

i/m 
challenged 

IV/ 5 - ∅ - ∅ - ∅ - ⊕ - ⊕ 

I / 2 + + + + + 
I / 3 -  ⊕ -  ⊕ - ⊕ - ⊕ - ⊕ 
I / 4 + + + + + 
I / 5 + - ± + + 
II / 1 + ± + + + 
II / 4 + - + + + 

II / 5 + - - + + 

II / 6 + - - + + 

III / 1 + ± + + + 

III / 2 - - ± + + 

III / 5 + + + + + 

III / 6 + - - + + 

IV/ 1 + + + + + 

IV/ 2 - ∅ - ∅ - ∅ - ⊕ - ⊕ 
IV/ 4 - ∅ - ∅ - ∅ - ⊕ - ⊕ 

 
 

Contactly 
infected 

IV/ 6 + + + + + 

No. – Ear-tag number of pigs; (+) positive ELISA result; (-) negative ELISA result; (±) 
doubtful ELISA result; (⊕) - positive RT-PCR result; (∅) - negative RT-PCR result 
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  In the subgroups of the directly (i/m) infected piglets deriving from 
vaccinated sows, the viral antigen detection and distribution in tissues was uniform 
i.e. the largest number of positive results was detected in the examined tissue 
samples of tonsils, terminal ileum, spleen and mandibular lympho nodes (87.5%), 
while the smallest number of positive samples was detected in the examined 
kidney tissue (75%) (Table 2). Vandeputte and Chappuis (1999) assume that 
spleen tissue, lympho nodes and tonsils represent the most favourable samples for 
the detection of infection with moderate and highly virulent strains of CSFV. In the 
same purpose, the examination for antigen detection can be successively done on 
the samples of kidney tissue. According to same authors the virus isolation may be 
done already on 2 dpi. 

Table 2 
The results of detection and distribution of CSF virus/antigen in tissue 

samples of experimentally infected susceptible piglets 
Route of 
infection 

No. Spleen Kidney Mandibular 
lymph nodes 

Tonsils Ileum 

K/1 + + + + + 
K/2 + + + + + 
K/3 + + + + + 
K/4 + + + + + 
K/5 + + + + + 

 
i/m 

challenge 

K/6 + + + + + 
N / 1 + ± + + + 
N / 2 ± - + + + 
N / 3 + - + + + 
N / 4 + + + + + 
N / 5 + + + + + 
N / 6 + + + + + 
N / 7 + ± + + + 

 
 
 

Contactly 
infected 

N / 8 + - + - + 
No. – Ear-tag number of pigs; (+) positive ELISA result; (-) negative ELISA result; (±) 
doubtful ELISA result 

 
It is assumed that the principal means of CSFV transmission is direct 

contact between infected and susceptible pigs (Dewulf, 2002;Terpstra, 1988) and 
under natural conditions, the mode of entry of CSFV in the pig is oronasal route 
(Biront and Leunen, 1987; Terpstra,1988). The presence of the virus in tonsils was 
discovered as earlier as 7 hours after challenge, while the primary viral 
multiplication begins between 7 and 48 hours after infection. It was disovered that 
the viral titre in tonsils remains on high level until 7 dpi. It is presumably late in the 
viremic phase when the virus invades parenchymatous organs. Generally, CSFV 
titres in lymphoid tissue are higher than in parenchymatous organs (van Oirschot 
and Terpstra, 1989).Time at which virus spreading is completed mainly depends on 
the virulence of the virus (Trautwein, 1988). Biront and Leunen (1987) discovered 
that in piglets deriving from vaccinated sows, the level of MDA can have significant 
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influence on the viral replication and on the detection of viral antigen in tonsillar 
tissue. The results of our experiment are in agreement with the assumption that 
tonsils, lymph node, spleen and ileum are the most appropriate tisssues for 
sampling in early detection of infection with CSFV (De Smit, 2000). 

The successful contact (oronasal) infection in added susceptible and 
piglets originating from vaccinated sows may serve as undoubting evidence that 
i/m challenged piglets excreted the sufficient amount of CSFV to provoke horizontal 
infection. However, if we compare the achieved results of the CSFV antigen 
detection, the differences can be noticed depending on the immunological status 
and the route of infection. In the tissue samples deriving from susceptible piglets 
exposed to contact (oronasal) infection (Table 2), the largest number of positive 
results by ELISA test was discovered in mandibular lypho nodes and in terminal 
ileum samples (100%). Spleen and tonsils were positive in 87.5% samples, while 
the least percent of positive samples was found in kidney tissue (37.5%). The 
difference in the number of positive samples can be noticed if we compare the 
above mentioned results with the results in the contactly (oronasaly) infected 
piglets of different age which originate from vaccinated sows. In this piglets, the 
largest number of positive results were discovered in tonsils and in terminal ileum 
samples (81%), spleen (75%) and mandibular lympho nodes (50%), while the 
smallest number of positive samples was detected in examined kidney tissue 
(31%) (Table 1).  
 In the literature, there are not many experiment described on piglets 
deriving from sows vaccinated with C-strain of CSFV because the country 
members of EU stopped with vaccination (Dewulf, 2002). Trautwein (1988) cited 
that even after i/m inoculation, CSFV was found consistently and in high 
concentrations in the tonsils, suggesting that the influence of the inoculation route 
may be less important than infection dose. Mengeling and Packer (1969) assume 
that the route of infection may have some influence on the results but the tonsils 
are certainly the site of the first i.e. primary infection. The results of our 
experimental research point on that the smallest number of positive samples was 
discovered in kidneys tissue, without regard to immunological status and/or route of 
infection.But in situation when vaccination against CSF is carried out on the field, 
we need to take into consideration the importance of knowing immunological status 
of animals. In our reserch it was discovered that this fact can have influence on the 
percentage of detectability of CSFV antigen in tissue samples.  
 In the tissue samples deriving from surviving piglets, CSFV antigen was 
not detected by ELISA test. It should be noticed that in examined tissue samples 
from the above mentioned piglets, presence of viral RNA was confirmed in tonsilar 
tissue and terminal ileum using RT-PCR technique. It is considered that in the case 
of chronic and persistent infection, CSFV antigen may be detected in epithelial cells 
of tonsils and in ileum tissue and tonsils, lymph node, spleen and ileum that are the 
most appropriate tisssues for sampling for early detection of virus (De Smit, 2000). 
It is especially emphasized that the ileum is frequently found positive in more 
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prolonged cases of CSF infections (van Oirschot and Terpstra, 1989). Kleiboeker 
(2002) assumes that laboratory methods applied for diagnosing CSF have high 
sensitivity in acute course but decrease significantly in subacute and chronic 
course of infection. The obtained results are in agreement with the opinion that the 
tonsils are not only the primary target organ for CSFV multiplication but also the 
site for viral persistence (Biront and Leunen, 1987; Dewulf, 2002; Trautwein, 1988). 
The virus may persists for a long time in the tonsils independently, whether the 
animals have antibodies or not (Biront and Leunen, 1987). The survived piglets 
were clinically but not virologically protected and it may be considered that 
secondary outbreaks are not prevented as long as sources of infection remain 
present (Dewulf, 2002; Prodanov et al., 2007). Because chronically and persistently 
infected pigs may live for months and shed the virus, they represent the major 
impediment to control of epizootics (Kleiboeker, 2002). Inapparently infected pigs 
are generally not recognised and may play a crucial role in the spreading of the 
virus (Depner et al., 1996). Also, it should be noticed that there is a difference in 
viral antigen detection in two immunologically different groups (susceptible and 
piglets with MDA) infected in the same way (i/m challenge). It is assumed that host 
factors seem to be of minor importance on the outcome of infections with highly 
virulent strain CSF (Terpstra, 1988), as it is the case of unvaccinated animals, 
originating from unvaccinated sows (susceptible pigs).In the organism of 
susceptible piglets the primery site of viral multiplication are the tonsils and further, 
during the viraemia, are the kidneys and the organs of respiratory and digestive 
tract. The virus can be detected in tissues several weeks after infection (van 
Oirschot and Terpstra, 1989). Studies examining whether different infection routes 
and immunological status have influence on the detection and distribution of viral 
antigen in tissues were not available for the viral strain used in this experiment.  
 

Conclusions 
 

The results of present experiment provide the evidence that the detection 
of CSFV in the examined tissue samples can be useful for diagnosing the disease 
even in piglets which are partially protected with MDA (passive immunity). From the 
present studies it may be concluded that inapparent infection of piglets is possible 
despite the presence of MDA and that these piglets may be a potential source of 
spreading the CSF infection. Diagnostic techniques based on ELISA which are 
widely applied in Serbia for the detecton of CSFV antigen, open up the possibility of 
testing a large number of samples deriving from partially protected animlas 
(passive immunity) in a relatively short time. Furthermore, this testing could enable 
elimination of infected herds while maintaining vaccination. The combined 
application of live vaccines and the detection and elimination of chronically and 
inapparently infected animals are considered to be crucial for the success of CSF 
control programmes (Vandeputte and Chappuis, 1999). Having in mind the results 
of our trial, and for the purpose of early detection of infection, RT-PCR technique 
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certainly has to be included in all the cases when it is not possible to establish 
accurate laboratory diagnosis of CSF using other available methods. 
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