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Summary.  - Circulating immune complexes (CICs) precipitated from the sera of  rabbits recovered from 
infection with rabbit virulent (lapinized) rinderpest virus (RPV) were found to contain RPV antigen and 
rabbit IgG. The CICs persisted for  at least 7 7  days post infection. The CICs and the antigen isolated from 
them by  chromatography on Sepharose-6B were found to be  non-infectious. RPV-specific antibodies could 
be  detected in the antisera raised in rabbits against the CICs and the isolated antigen. Furthermore, the 
antigenic content of  CICs competed with the attenuated strain and the virulent isolate Hisar of  RPV in 
competition ELISA. Identical CICs were not detected in the sera of calves vaccinated with RBOK strain. 
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Introduction 

RPV of cattle, measles virus (MV) of humans and canine 
distemper virus (CDV) of  dogs belong to morbillivirus 
genus of the family paramyxoviridae. Formation of CICs 
has been reported in MV infection (Ziola etal., 1983; Salmi 
et al., 1986) and platelet-associated CICs have been found 
in CDV infection (Krakowka et al., 1987). In the case of 
RPV infection, formation of CICs has not been reported. 
The present study was undertaken to search for the forma­
tion of CICs in RPV infection. 

Materials and Methods 

Virus. Lapinized RPV (LRPV), Nakamura III strain, virulent 
for rabbits was used at its 998th rabbit passage in the form of 
spleenic tissue. Tissue culture rinderpest vaccine (TCRP), prepa­
red with attenuated RBOK strain o f  RPV grown in primary calf 
kidney cell culture was used for vaccinating the calves. 

Experimental animals. Adult male rabbits and cross-bred cal­
ves o f  either sex, aged 5 - 6  months were used. 
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Infection and vaccination. Eight rabbits were infected intrave­
nously (iv) with 1 % suspension o f  LRPV in sterile P B S  at a dose 
rate of 1 mi per rabbit. The  rabbits which recovered from the 
infection were used in this study. Six uninfected rabbits which 
were kept separately constituted the control group. Six calves were 
vaccinated subcutaneously (sc) with 1 ml o f  TCRP. 

Serum samples were collected at weekly intervals from the 
recovered and control rabbits from the 21st day post infection (p.i.) 
till the 77th day p.i. The vaccinated calves were bled 2 months post 
vaccination (p.v.); unvaccinated calves' serum constituted the  
control. Sera were  either used f r e sh  o r  kept  a t  - 2 0  ° C  before  
use. Sero-conversion w as  conf i rmed by  neutralization test and 
ELISA. 

Precipitation of CICs and separation of antigens and antibo­
dies. CICs were precipitated from the sera with 3.5 % (w/v) 
PEG-6000 as described by Creighton et al. (1973). T o  separate 
the antigen and the antibody, the precipitates were disolved in 
0.1 mol/l glycine-IlCl p l l  3.0 and fractionated on Sepharose-6B 
(Pharmacia), equilibrated with 0.05 mol/1 PBS pH 7.4. PBS was used 
for elution, and the eluted fractions were monitored and collected by 
a fraction collector (Pharmacia). Fractions corresponding to A28O peak 
were pooled and concentrated by reverse dialysis against PEG-20 000. 
The peaks obtained were tested for their reactivity with antiserum 
species globulin in immunodiffusion. The  method of  Dische 
(1955) was used for detection o f  nucleic acids in the  first peak. 
The protein content o f  PEG precipitated CICs (PPCICs) and 
Sepharose-6B peak I (SPI) was estimated by the standard method. 
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Detection of RPVantigen in SPI. ELISA, as used by Lahiri and 
Thomas (1985) for detection o f  ribonucleoprotein complexes, was  
employed to detect the RPV antigen in SPI. Briefly, the wells o f  
microtiter plate (Dynatech) were coated with 0.2 ml o f  SPI (from 
control or recovered rabbits), diluted to 5 pg/ml in 0.05 mol/1 
carbonate buf fer  pH 9.6. Gelatin (1 % in PBS) was  used for 
blocking. Bovine anti-RPV hyperimmune serum (HIS) diluted 
1:400 in PBS containing 0.05 % Tween-20 was  incubated with 
coated antigen. Normal bovine serum (NBS) acted as control. 
Rabbit anti-bovine horseradish peroxidase (IIRPO) conjugate 
(Dako) and O-phenylendiamine-II2O2 solution were used as con­

juga te  and  substrate, respectively. Af te r  stopping the reaction with 

2 N  H 2 S O 4 ,  the  absorbance a t  492  nm  ( A 4 9 2 )  for  each well was 

read in an  ELISA reader (Dynatech). A two-fold o r  higher diffe­

rence between  A 4 9 2  values corresponding t o  HIS and N B S  was 

considered positive. 

For  detection of RPV antigen in SPI obtained after fractionation 

o f  3.5 % PEG precipitates from vaccinated calves sera, rabbit anti-

RPV HIS, normal rabbit serum (NRS) and swine anti-rabbit HRPO 

conjugate (Dako) were used. 
/nfectivity of PPCICs and SPI. The infectivity o f  rabbit PPCICs 

and SPI antigen was  tested in rabbits. Three rabbits (group I) were 

inoculated iv with 1 ml  o f  PPCICs diluted to 1 mg/ml in PBS, and 

three rabbits (group II) were inoculated similarly with SPI. Rabbits 

inoculated with LRPV (group III) served as control. Clinical symptoms 

and temperature responses were recorded and post mortem examina­

tions conducted at death or  on the 6th day p.i. 

Detection of antibodies in antisera to PPCICs and SPI. The  

antisera t o  rabbit PPCICs and SPI were raised in rabbits. The  

reactivity o f  these antisera with the  R B O K  strain o f  RPV was 

tested in  ELI S A according t o  Sharma  et al. (1983), except that the 

coating w a s  done  with a linear sucrose gradient purified virus 

diluted t o  5 p.g/ml in 0.05 % mol/1 carbonate buffer  pH 9.6. 

Fractionation of SPI antigen. The  SPI antigen was  further 

fractionated on Ultrogel A - 2  (LKB).  T h e  procedure used was 

identical t o  t he  fractionation o n  Sepharose-6B. 

Competition ELISA. T o  find out  the  antigenic relatedness 

between the  Ultrogel fractionated peaks and the  RPV,  competition 

ELISA was  carried out  according t o  Abu  Elzein and Crowther 

(1982). The  coating was  done with the Ultrogel A-2 peak I (UPI)  

or  II (UPII) and N R S  was  used for  blocking. The  UPI and UPII 

were competed with the  attenuated RBOK strain and the virulent 

Hisar isolate for bovine anti-RPV antibody. Zero and 100 % 

competition controls were included in each test. The  competition 

in % was  plotted against the logio o f  competitor concentration. 

Considering the  competition line for  homologous liquid phase 

virus as  the  standard, distance between this line and that for 

heterologous liquid phase virus at 50 % competition was measu­

red. Antilog o f  these  differences indicated the relative difference 

in the  weight o f  the  competitor to give equivalent competition t o  

that o f  the  homologous liquid phase virus. 

10 20 3 0  « )  5 0  80 

Fig. 1 
Fractionation of PEG precipitates of rabbits' sera on Sepharose-6B 

Recovered serum (continuous line), control serum (broken line). Abscissa: 
eluate including the void volume (ml); ordinate: transmittance ( %). 

Fig. 2 
Reactivity of Sepharose-6B fractionated peaks with anti-species 

globulin serum in immunodiffusion 
Scpharosc-GB peak I (1) and II (2), goat anti-rabbit IgG serum (3). 

Results 

All the 8 rabbits infected with LRPV developed clinical 
signs characteristic of RPV infectionn in rabbits, i.e. ano­

rexia, pyrexia and diarrhoea. Five of these rabbits suc­
cumbed to disease; post mortem examinations confirmed 
death due to RPV. The CICs precipitated from the recovered 
rabbits' sera gave 2 peaks after fractionation on Sepharose-
6B; similarly processed sera from the control rabbits gave 
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Fig. 3 
Detection of RPV antigen in SPI from recovered rabbits' sera at 

different days p.i. by ELISA 
Recovered serum ( • ) ,  control serum (O) .  Abscissa: days p.i.; ordinate: A492 

values corrected by subtracting those obtained with NBS. 

very minor peaks (Fig. 1). In immunodiffusion, only the 
peak I from the infected rabbits was found to react with goat 
anti-rabbit IgG serum (Fig. 2). At this stage of our study the 
nature of the peak I was not known, so both its nucleic acid 
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Fig. 4 
ELISA reactivity of different rabbit sera with density gradient 

purified RPV strain RBOK 
Sera diluted 1:400 in PBS-tween. Abscissa: anti-RPV HIS (A), anti-CIC 
serum (B), anti-Sepharose-6B peak I antigen(s) serum (C), healthy rabbit 

serum (D). No serum added conjugate control (E); ordinate: A492. 

Table I. Clinical observations and post-mortem findings in rabbits infected with rabbit PPCIC, SPI and LRPV 

Group of Rabbit 
rabbits No. 

Infected 
iv witha 

Clinical observations Group of Rabbit 
rabbits No. 

Infected 
iv witha 

Anorexia Pyrexia Diarrhoea on day 

Group of Rabbit 
rabbits No. 

Infected 
iv witha 

Anorexia 

0 1 2 3 4 5 

I 1408 only on - - - - - - -

1st day 

1452 PPCIC only on - - - - - - -

0 m g )  1 st & 2nd day 

2752 - - -
_ 

- -

H 1410 _ _ — _ _ — - — 

2625 SPI - - - - - - - -

2642 (Img) only on - - _ - -

1st day 

HI 0288 3rd day -H-f - - + + + +  + + 

LRPV onwards (day 2-5 ) 

7444 2nd day + + +  - — ± + + + 

onwards (day 2-5) 

7448 3rd day -H-f - - ± + + -H-f-

(DNA and RNA)  and protein content was estimated. It was 
found to  contain protein but no nucleic acids. 

By ELISA, the RPV antigen could be detected in the SPI 
from the recovered rabbits' sera from the 21 st till the 77th day 

p.i. (till the studies were made), whereas the corresponding 
minor peak (I) from the control rabbits' sera was negative 
for the RPV antigen (Fig. 3). The SPI from the sera of vaccinated 
calves was also found to be negative for the RPV antigen. 
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fectious. The reactivity of the antisera to PPCICs and SPÍ 
antigen with the RBOK strain of RPV in ELISA is shown 
in Fig. 4. Both the antisera were found to have anti-RPV 
antibodies; antiserum to the PPCICs gave a strong reaction 
which was comparable to that of the anti RPV-HIS, which 
indicated the viral (RPV) specificity of the CICs. 

The SPI antigen could be resolved into 2 peaks by 
fractionation on Ultrogel A-2 (Fig. 5). The results of the 
competition of Ultrogel A-2 peaks with an attenuated strain 
and a virulent isolate of the RPV (Table 2)  indicated anti­
genic similarity between the Ultrogel peaks and the RPV, 
as competitors showing antilog difference of <100 are con­
sidered to be strongly related (Abu Elzein and Crowther, 
1982). This further proved that CICs contain RPV anti-
gen(s). 

5 Discussion 
Fractionation of the Sepharose-6B peak I antigen from recovered 

rabbit serum by molecular exclusion chromatography on Ultrogel A-2 _ . 
Abscissa: eluate including the void volume (ml); ordinate: transmittance (%). T h t  P r e s e n t  S t u d >  l n d l C a t e d  t h a l  P a t e n t  CICs  are 

formed in rabbits recovered from infection with the LRPV. 

Tahle 1. Clinical observations and post-mortem findings in rabbits infected with PPCIC, SPI and LRPV (continued) 

Group of rabbits Ra bbit Infected Mortality Post-mortem lesions in 
No. iv with" Spleen Caecum Peyer's 

patches 
Sacculus 
rotundus 

I 1408 
1452 

2752 

PPCIC 
(Img) 

survived 
survived 

survived 

- - -

n 1410 
2625 
2642 

SPI 
flmg) 

survived 
survived 
survived 

- - -

m 0288 
7444 
7448 

LRPV 
died on 5th day 
survived 
died on 5th day 

+++ 
+++ 
++ 

++ + 

+ + 

++ ++ 

++ 
+ 

+++ 

"AM materials used for infection dissolved in PBS. One mg corresponds to protein content. PPCIOPEG-precipitated CIC; SPI = Sepharose-6B peak I 
antigen; LRPV - I % spleenic tissue from a rabbit infectcd with LRPV at 998th passage; (+++) = severe; (++) = moderate; (+) = mild; (±) = semi-solid 
faeces; ( - )  — not found. 
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Table 2. Antigenic relationship between (Jltrogel A-2 fractionated peaks and RBOK strain and Hisar isolate ofRPV in competition ELISA 

Solid phase Differences in competitor weights' with 
coated antigen ~ ; . 

RBOK strain Hisar isolate 

UPI 83.1S 15.14 

UP n 18.20 91.20 

UP I - Ultrogel A-2 peak I; UP II — Ultrogel A-2 peak II. "Antilog of logio difference in competition lines (at 50% competition) between homologous 
antigen and heterologous liquid phase virus. 

The clinical observations arid post mortem findings of The PEG precipitates from the recovered rabbits' sera could 
rabbits infected with the rabbit PPCICs and SPI (Table 1) be fractionated into two peaks, one of  which (peak II) 
indicated that the PPCICs and the SPI antigen are non-in- contained the rabbit IgG, indicating that what we  got. in the 
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precipitates was something bound to the rabbit IgG (an 
immune complex), and that the antigenic content of these 
immune complexes (ICs) lays in the peak I. A s  no nucleic 
acid could be detected in tne peak I, the possibility of 
DNA-anti-DNA antibody or RNA-anti-RNA antibody ICs 
was ruled out. The proteinaceous nature of this peak was 
confirmed and the RPV antigen could be detected in it in 
sera samples from the 21st to the 77th day p.i., suggesting 
the persistence of CICs for at least 77 days p.i. In MV 
infection, the persistence of CICs up to 3 months has been 
reported (Ziola et al, 1983). Several investigators (Cordier 
et al., 1977; Moretta et al., 1978; Mingari et al., 1978) have 
shown that following the binding of the ICs to the IgG 
Fc-receptor on mononuclear cells, a process of dissociation 
proceeds and the cells from which the ICs are dissociated, 
become incapable of  binding the IgG type ICs again or 
acting as  effectors, suggesting that the IgG Fc-receptor is 
rapidly shed. If an analogous phenomenon operates in 
rabbits, the CICs may not find enough IgG Fc-receptor 
bearing cells (which can phagocytize these) to bind and 
lead to the persistence of  IgG type CICs in the circula­
tion. 

The PPCICs and the SPI antigen isolated from them were 
found to b e  non-infectious. Infectious ICs have been re­
ported in different infections, e.g. lactic dehydrogenase 
virus infection in mice (Notkins et al., 1966), lymphocytic 
choriomeningitis in mice (Oldstone and Dixon, 1967), aleu-
tian disease of mink (Porter et al., 1980), but in ail of them 
non-neutralizing antibodies participate in the ICs. One of 
the reasons for the non-infectious nature of the ICs in the 
RPV infection may be that the ICs are formed with neutral­
izing antibodies, as  non-neutralizing antibodies have not 
been detected in R P V  infection. The absence of  RNA in the 
SPI pointed out that the ICs formed in the case of RPV 
infection may not contain the complete infectious virions; 
in the case of  M V  only the hemagglutinin protein (Perrin 
and Oldstone, 1977) and in human immunodeficiency virus 
only the p24 protein (Schupbach et al., 1984) have been 
shown to form ICs. 

Antisera to the PPCICs and the SPi antigen were raised 
in the species from which they were isolated (rabbits). Both 
these sera were found to contain anti-RPV antibodies, which 
proved the R P V  antigen(s) to  be the antigenic content of the 
CICs. Bartfeld et al. (1989) used similar approach to prove 
the antigenic content of  the CICs observed in amyotrophic 
lateral sclerosis t o  be the enterovirai antigen. 

In our study the SPI was resolved into two peaks by 
chromatography on Ultrogel A-2. i n  competition ELÍSA, 
both these peaks competed with the virulent Hisar isolate 
and the attenuated RBOK strain of RPV, which not only 
confirmed the antigenic content of the ICs to be the RPV 
antigen(s), but it also indicated that trie SPÍ antigen con­
sisted of two fractions. 

The virus-specific CICs could not be detected in the 
vaccinated calves. The CIC formation may be associated 
with the disease caused by a virulent virus, just as anti-nu-
clear antibodies (ANAs) are produced in rabbits in infection 
with LRPV but not with the attenuated lapinized avianized 
(Fukuda and Yamanouchi, 1981) and RBOK (Rattan et al., 
1993) strains of RPV. Furthermore, Darsley et al. (1988) 
found that the LRPV infection is immunosuppressive; 
whereas the attenuated RBOK strain is not immunosuppres­
sive, it rather slightly enhances both the humoral and cell-
mediated immune responses (CMIR). For the persistence of 
the CICs, the immunosuppression may become operative in 
the case of LRPV-infected rabbits, and on the other hand 
normal or slightly boosted humoral and CMIR may get rid 
of the CICs when formed in case of  the calves vaccinated 
with the RBOK strain. Similar studies on the cattle recov­
ered from rinderpest would clarify this point. 

The formation of the CICs in the infection with M V  is 
well documented and the present study indicates occurrence 
of them in rabbits infected with RPV. M V  antibodies (Shi-
rodaria et al., 1979; Filimonova et al., 1982) and M V  
genomic RNA in lymphocytes (Andjaparidze et al., 1989) 
have been reported in patients with autoimmune disorders. 
The autoimmune disorders like systemic lupus erythemato­
sus, chronic glomerulonephritis and rheumatoid arthritis are 
accompanied by the CIC formation. The ANAs have been 
established as the diagnostic markers of the autoimmune 
disorders (Tan, 1988). The LRPV has been shown t o  induce 
the ANAs (Fukuda and Yamanouchi, 1981; Imaoka  et al, 
1988; Rattan et al., 1993), but the involvement of RPV in 
autoimmune disorders has not been reported. So far  there 
have been no reports regarding the induction of the ANAs 
in MV infection. A positive correlation of  these factors 
suggests a possible inter-relationship between mor'bil-
liviruses, CICs, ANAs and autoimmune disorders. 
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