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Summary 

A pathogenetic s tudy of pleural effusion disease (PED) in rabbits was 
made, using the virulent PED agent or virus (PEDV) and an avirulent 
derivate of this isolate. Independent of infective dose within the range 
examined, the virulent isolate caused fatal clinical disease, whereas the 
avirulent isolate caused subclinical infection. The two isolates differed in 
rapidity of initial spread of infection and in the maximum virus titres in 
serum, but  they both resulted in a similar low level persisting viraemia. 
Circulating virulent virus gradually became avirulent during the viraemia. 

Avirulent infection induced protective immunity to virulent challenge 
during the first week after primary infection, but  full clinical protection 
was not established until after the fourth week. 

The findings, corrobated with other closely comparable observations, 
suggest that  the emergence of PED as an intereurrent mortali ty problem 
during rabbit  passage of pathogenic Treponema pallidum is the result of a 
specific selective pressure on a benign passenger virus. The expression of 
virulence of P E D V  appears to be dependent on length of interval between 
passages. 

Introduction 

Pleural effusion disease (PED) is a rabbit  infection probably caused by  
a host-specific, small, enveloped virus which measures 25--50 nm by  
filtration (6). Although known since 1970 the agent has not been convincingly 
demonstrated by  tissue culture, electron microscopy or specific serological 
technique (8, i3, 16). 



164: K . L .  FENNESTAD: 

P E D  is considered to be a new- disease with characterist ic  clinical signs 
and pleural effusion as the typical  post mortem finding (1, 16). The infection 
is character ized by  a long lasting vi raemia and format ion  of antibodies which 
appear  to have only lit t le neutral izing capaci ty  (4, 16). However ,  there  is 
clinical pro tec t ion  to re-infection af ter  the four th  week (1). 

P E D  emerged during the sixties as a serious in te reur ren t  mor ta l i ty  
problem among rabbits  inoculated with Treponema pcdlidum (7, 9, 10, 18). 
Subsequent ly ,  i t  was shown that. the  causative agent  was being passed f rom 
rabbi t  to rabbi t  as a passenger of the rabbi t  test ieular  suspensions of t repo- 
heroes (3, 8). As such the  infect ion has undoub ted ly  been spread from 
labora to ry  to laboratory ,  bu t  the disease per se appears  to  be confined to 
this exper imenta l  s i tuat ion (1). 

There  is evidence to suggest t ha t  the serial propagat ion  of t reponemes  
in rabbits ,  as pract ised in a number  of laboratories  a t  intervals  of 6 to 
10--14 days, may  have  been ins t rumenta l  in the emergence of disease. B y  
such propagat ion  a normal ly  harmless virus m a y  enter  the  passages and 
gradual ly acquire virulence th rough  a selective pressure on a heterogeneous 
virus popula t ion during hundreds  of passages. Suppor t  for this content ion 
is the enhancement  of virulence of P E D  virus (PEDV) observed in the  
" n a t u r a l "  disease and - -  af ter  its isolation - -  by  cont inued serial propagat ion  
in rabbi ts  a t  intervals  of 3---10 days (Fig. 1). 

However ,  there  is also evidence which might  suggest t h a t  increasing 
t ime of persistence of v i rulent  virus in the  individual  rabbi t  host  m a y  
operate  in the  reverse direct ion by  selecting a popula t ion  of p redominan t ly  
avirulent  P E D V  particles, which appear  to be unable  to cause disease unless 
undergoing new rabb i t  passages at  short  intervals  (t,  6). 

The  present  pa thogenet ic  s tudy  on virulence, viral growth and the 
deve lopment  of pro tec t ion  was carried out  wi th  the  original P E D V  isolate 
and an avi rulent  progeny of this isolate obta ined  from a rabb i t  six months  
af ter  exper imenta l  infection. 

Materials and Methods 

Rabbits 

Conventional albino rabbits (New Zealand-White type), aged 3--5 months, were 
used, and all inoculations were made by the subcutaneous (se.) route in 1 ml amounts. 
Before use, these animals had been employed once for pyrogen testing of protein 
fractions of human blood. All rabbbits came from the same colony (Sse:CPH) which 
has been dosed since 1950. The colony is considered free of PEDV, since convincing 
observations to the contrary have never been made (3). The rabbits used for propagation 
of treponemes at Statens Seruminstitut sinee 1951 also came from this colony (ef. 
Fig. 1). 

Virus Isolates 
The highly virulent PEDV was isolated in 1970 from a freeze-dried rabbit testicular 

suspension of T. pallidum (1). Following isolation the virus was passed serially at short 
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intervals through more than 124 rabbits before preparing a virus stock. The stock 
consisted of pooled rabbit  serum obtained 48 hours after inoculation with blood or 
pleural fluid. I t  will appear from Fig. 1 tha t  the virulence of virus had not become 
"f ixed" at t ime of preparation of the stock pool. 

The avirulent derivate of P E D V  was obtained from blood of a healthy rabbit  six 
months after experimentM neonatM infection with the above mentioned stock virus. 
This isolate was passed seriMly through 61 rabbits at weekly intervals by inoculation 
of 0.2 ml serum mixed with 0.8 ml PBS (pH 7.0). During these ahnost subctinicM 
passages no mortal i ty occurred and typical clinical signs of PED were seen in only 
two rabbits (passages nos. 46 and 55). The stock pool of the isolate consisted of serum 
from the 1 l t h  rabbit  passage obtained 72 hours after inoculation (6). 

Both stocks were stored in 1 ml Miquots at -- 70 o C until required for experiments. 

Assay o/In[ectiviO in Rabbits 

Lack of in vitro methods necessitated the use of rabbits for demonstration and 
quanti tat ion of PEDV. For  these purposes the previously described rabbit  test was 
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Fig. 1. History of P E D  in Copenhagen from initiation of continuous rabbit propa- 
gation of the Nichols' pathogenic Treponema pallidum in 1951. The bars indicate 
mortMity among several hundreds of rabbits annuMly inoculated with  treponemat 
suspensions at intervals of 6--10 days. About 1961 P E D  was recognized as a disease 
enti ty causing intercurrent death among the treponema-inoeulated rabbits, and in 
October 1970 the causative passenger virus was isolated. After isolation P E D V  was 
initiMly carried through 20 passages in femMe rabbits by sc. inoculation of blood or 
pleural fluid at intervals of 2--14 days. The virus was then passed seriMly through 
t70 male rabbits in the same manner, but at intervals of 3--10 days. The black dots 
indicate the annual mortMity during the 3-year period of these passages. The inter- 
current disease problem among the treponema-infected rabbits was solved by removing 
the passenger virus from the rabbit testicular suspensions of t reponemes by p~ssing 
the contaminated treponemes through hamsters arid back to rabbits. This procedure 
was first used in 1970, but due to a mistake not suecesfully accomplished until 1976. 

Until  now (1983) these passages have remained free of P E D V  

12 Arch. ¥irol. 84/3--4 
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used (3). Briefly, the inoculum to be examined was given sc. to a rabbit. Fever together 
with uveitis or death with necropsy findings characteristic of PED, or both, was 
considered as evidence of PEDV in the inoculum. Animals failing to show these signs 
were challenged 30 days after inoculation with the highly virulent PEDV. Presence 
of clinical protection after challenge was considered as evidence of PEDV in the 
inoculum. 

In]ectivities of Virus Stocks 
The number of rabbit-infective doses (RID) per mI of the virus stocks was estimated 

by inoculating 10-fold dilutions in PBS, using 2 ~ 4  rabbits per dilution. The term 
R I D  refers to a dose capable of producing typical signs of F E D  and/or clinical protection 
against challenge. The highest dilution producing these responses was taken as end- 
point t i tre of the virus. In  this way the stock of virulent F E D V  was found to contain 
106 I~ID per ml, while the stock of the avirulent derivate contained 102 I~ID per ml. 

Pathogenicity Experiments 
Uniform groups of rabbits were inoculated with decimal dilutions of the two stocks. 

During a period of 10 days the rabbits were then observed twice daily for clinical signs 
of disease. Dead animals were examined for gross lesions and bacteriologically in order 
to establish the cause of death (1). Surviving rabbits failing to show the typical signs 
of F E D  were challenged with 104 I~tD of P E D V  and observed for a period of 10 days. 

Preparation o/Material/or Virus Demonstration 
In a preliminary experiment six rabbits were inoculated with approximately 

105 R I D  of FEDV.  Two rabbits were killed for the study of infectivities of tissues and 
body fluids at 72 hours, 10 and 20 days after inoculation. From each rabbit was 
obtained serum and heparinized blood. Erythrocytes and buffy coat were washed 
6--8 times in PBS (pH 7.2). Lung, thymus, liver, spleen, kidney, popliteal lymph 
nodes, and brain were frozen at --70 ° C. A t0 per cent suspension (wt/vol) in Hanks '  
solution was prepared from the frozen organs by grinding with sand. Serial 10-fold 
dilutions of the preparations were made in PBS using one rabbit per dilution. 

In  a succeeding experiment two groups of rabbits were inoculated, respectively, 
with PEDV and the avirulent derivate. These rabbits were followed by serum samples. 
Endpoint  virus titres of these samples were determined as for the virus stocks, using 
i - - 3  rabbits per dilution. 

Challenge Following Primary Avirulent Infection 
To observe the temporal development of clinical protection rabbits were inoculated 

with 101 I~ID of the avirulent derivate of PEDV. Groups of rabbits were then challenged 
with 10 ~ I~ID of F E D V  at selected intervals after the primary infection. A control 
group of animals were inoculated with 105 I~ID of F E D V  without primary infection. 

Four groups of animals were examined for viraemia immediately prior to challenge, 
using 0.2 ml of serum mixed with 0.8 ml FBS as inoculum. 

Results 

Virulence and Infectivity o/Isolates 

To  c o m p a r e  t h e  v i r u l e n c e  a n d  i n f e c t i v i t y  of P E D V  a n d  i ts  a v i r u l e n t  

d e r i v a t e ,  g roups  of r a b b i t s  were  i n o c u l a t e d  w i t h  dec r ea s ing  doses  of t h e  t w o  

v i r u s  s tocks .  T h e  a n i m a l s  w e r e  t h e n  s co red  fo r  c inical  s igns of  P E D ,  i. e. d e a t h  
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T a b l e  1. Clinical response o] rabbits after inoculation with P E D V  and an avirulent 
derivate with, results o] subsequent challenge 

I so la t e  

D i lu t i on  N u m b e r  I n c u b a t i o n  Su rv ivo r s  
of of pe r iod  Died  showing  R e s u l t  of 

v i rus  r a b b i t s  (in days)  a (MDT)b fever  uve i t i s  chal lenge c 

PEDV 10 1 8 2 5 (4.0) 3 3 n.d. a 
10-e 8 2 6 (3.5) 2 2 n.d. 
10 -5 8 3 5 (4.4) 3 3 n.d. 
10 -~ 8 3 4 (4.3) 2 2 0/2 
1 0  -7 8 - -  0 0 0 0/8 

PEDV, 10 -1 8 4 5 0 3 0 8/8 
avirulent 10 -2 8 -- 0 0 0 8/8 
derivate 10 3 8 -- 0 0 0 4/8 

10 -4 8 - -  0 0 0 0/8 

I n d i c a t e  d a y  of fever ,  i .e .  a rec ta l  t e m p e r a t u r e  of 40 ° C or  more ,  a f t e r  i nocu la t i on  
b M D T = M e a n  d e a t h  t i m e  as  ave r age  t i m e  in days  a f t e r  i nocu la t i on  
c Chal lenge  inocu la t ion  : 104 R I D .  N u m e r a t o r  equals  n u m b e r  of p r o t e c t e d  a n d  denomi-  

n a t o r  n u m b e r  of r a b b i t s  cha l l enged  
a Not done 

and  fever,  toge the r  wi th  uveitis.  In  assessing the  in fec t iv i ty  of the  two 
isolates all surv iv ing  r abb i t s  failing to  show clinical signs were  chal lenged 
wi th  P E D V  to de t e rmine  whe the r  or no t  the  p r i m a r y  inocula t ion h a d  
induced pro tec t ion  (Table 1). 

Af ter  inoculat ion wi th  P E D V  30 of 40 r abb i t s  developed clinical disease 
and  18 of 20 rabb i t s  died wi th  pleural  effusion. The  sever i ty  of the  clinical 
response did not  a p p e a r  to be dose dependent ,  bu t  the  incuba t ion  period,  
i.e. the  t ime  f rom inoculat ion unt i l  onset  of fever ,  and  the  mean  dea th  t ime  
(MDT) appea red  to  be  inf luenced b y  the  dose. The  i0  r abb i t s  failing to  show- 
a n y  clinical signs were  ful ly suscept ible  to challenge. 

Af ter  inocula t ion wi th  the  av i ru len t  de r iva te  none of the  32 r abb i t s  
showed typ ica l  clinical signs of P E D ,  b u t  ephemera l  fever  occurred  in 3 
of 8 r abb i t s  receiving the  highest  dose. W h e n  challenged wi th  P E D V  20 
of the  32 r abb i t s  were clinically pro tec ted ,  indicat ing t h a t  the  p r i m a r y  
inoculat ion had  induced  clinical i m m u n i t y .  The  remain ing  12 r abb i t s  were  
ful ly suscept ible  to  challenge. 

These  d a t a  indicate  a dose- independent  difference in virulence be tween  
the  two isolates. P E D V  infect ion resul ted  in clinical disease, whereas  
infect ion wi th  the  av i ru len t  de r iva te  a lmos t  exclusively resul ted in a sub- 
clinical response.  

F r o m  the  to ta l  incidence of typ ica l  clinical responses and  the  develop-  
m e n t  of clinical p ro tec t ion  the  med ian  infect ive  doses ( ID50)  per  ml  was 
ca lcula ted  to  be 106.3 for  P E D V  and  t08-0 for the  av i ru len t  der ivate .  

12" 
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T a b l e  2. Concentration o] v irus  in  serum and tissues ]rom s ix  ind iv idua l  rabbi~' at various 
t imes alter inoculat ion wn:th P E D  V 

N u m b e r  of R I D  p e r  m l / g  ~ o n  p o s t - i n o c u l a t i o n  

D a y  3 

M a t e r i a l  1 2 

D a y  10 D a y  20 

3 4 5 6 

S e r u m  1 0 6 1 0 6 1 04 1 04 1 0 a t 0 a 

E r y t t n - o e y t e s ,  w a s h e d  < 10 1 < 10 t < t 0  1 < t 0  1 < t 0  1 < 10 1 

B u f f y  c o a t ,  w a s h e d  < 10 1 < 10 1 <~ I0  1 <~ 10 1 % 10 1 < 10 1 

L u n g  1 0 6 1 05 1 0 s 1 0~ 1 0 3 1 0 a 

T h y m u s  1 04 1 04 1 0 a 1 0 3 1 01 1 0 1 

L i v e r  10 4 10 4 10 4 10 4 10 2 10 2 

S p l e e n  104 10 4 10 2 10 a 104 10 ~ 

K i d n e y  1 04 1 04 1 04 1 0 a 1 03 1 0 ~ 

L y m p h  n o d e s ,  p o p l i t e a l  10 4 10 4 10 4 10 4 10 1 10 2 

B r a i n  10 4 10 4 10 3 10 3 < 10 1 10 1 

S e r u m  a n d  ce l l s  m e a s u r e d  in  m l  a n d  f r o z e n  t i s s u e s  i n  g r a m m e s  

Distribution o/ Virus in Body Fluids and Tissues 

Virus in blood did not appear to be cell associated, but  it was demonstrable 
in serum and almost all tissues examined on days 3, 10 and 20 after inocu- 
lation with PEDV (Table 2). The highest concentration of virus, i.e. about 
106 RID was found in serum and lungs on p.i. day 3. 

In other experiments (data not shown) the same virus concentration 
was found in pleural fluid from animals dying about this time. Pooled fluid 
from the anterior chamber of the eye examined at 60 hours after inoculation, 
i.e. before uveitis became clinically detectable, had a t i tre of 105 and on 
p.i. day 20, i.e. after the clinical uveitis had disappeared, the ti tre of this 
fluid was about 101 RID. 

From p.i. days 3 to 20 there was a generM decrease in t i tre of all materiM 
examined. The significance of the lower titres of various tissues as compared 
with serum is difficult to evaluate, particularly since no at tempts were 
made to remove the blood by perfusion prior to the titrations of tissues 
and because of the method of quantitation. 

Viral Growth and Persistence in Blood 

To examine viral growth and persistence of viraemia, serum was assayed 
for virus content at various times after rabbit infection with the two 
isolates (Figs. 2 and 3). 

After infection with 104 RID of PEDV, virus was demonstrable already 
at  6 hours and then the ti tre increased rapidly to a maximum of about 106 
at  72 hours p. i. Inoculation of a 1000-fold lower dose delayed the appearance 
of virus in serum until between 24 and 48 hours, but  a titre of about 106 
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was still reached at 72 hours. This suggests that the dose of virus had no 
effects on the maximum titre attained. From p.i. day 5 the titre slowly 
declined to about l0 s on p.i. day 20 and on p.i. day 30 it ranged from <101 
to 108. The same range in titres was present during the following five months. 
One rabbit was consistently negative after p.i. day 20, and one was negative 
at 60 and 90 days after inoculation. 

Fig. 3 illustrates the growth and persistence of virus after rabbit infection 
with 101 RID of the avirulent derivate. Virus did not become demonstrable 
in serum until between 36 and 48 hours and a maximum titre of 10 a or 104 
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Fig.  2. Concentra t ion  of virus  in serum after  so, inocu la t ion  of rabbi ts  wi th  104 R I D  
(black dots) and 101 R I D  (open circles) of P E D V .  E a c h  point  represents  geometr ic  

mean  t i tre  of four  rabbi ts .  The  vert ica l  bars  enclose  range of t i t res  

~ 1 0 4  

103 
Q 
w > 10 2 
0 w 

101 
7 

~<10 1 

< r 
~ 0 

I 

' ' a" . . . .  ~ ; '  ' o" 2'o , / t  , , . ; .  , 12 24 6 48 72 5 1 30 2 3 6 

.... Hours ~ I .... Days ~ I Months 
TIME AFTER INOCULATION 

Fig.  3. Concent ra t ion  of virus  in serum after  sc. inocu la t ion  of rabbi ts  wi th  101 R I D  
of the  av iru lent  der ivate  of P E D V .  E a c h  po in t  represents  geometr ic  m e a n  t i tre of 

two  rabbi ts .  The  vert ica l  bars enclose  range of  t i tres  
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Table 3. Clinical response upon primary rabbit inoculation o] serum during viraemia 
alter virulent and avirulent injection 

Number of RID Number of RID 

Day of viraemia 10 8 10 ~ 101 10 ~ 101 

20 1/~, 2/2 ~/2 0/4 0/2 
30 0/2 2/2 0/2 0/4 0/2 
60 0/3 0/5 o/3 0/2 o/2 
90 0/4 0/6 _ b  0/4 0/2 

180 0/3 0/4 0/3 -- -- 

a Numerator equals number of rabbits showing clinical signs of PED and denominator 
number of infected rabbits 

b None of the rabbits were infected 

was reached a t  72 hours.  Af te r  p.i.  d a y  5 the  t i t res  decreased and  on p.i .  
d a y  20 the  t i t re  level was 101 or 102. Three  mon ths  af ter  infect ion virus  was 

still demons t r ab le  in di lut ion 1 : 10, bu t  a f ter  6 mon ths  it  was not.  
The  resul ts  show t h a t  for comparab le  doses of the  two isolates the  

v i ru len t  P E D V  became  de tec tab le  earlier and  reached  a t00- to  1000-fold 
higher m a x i m u m  t i t re  t h a n  the  av i ru len t  isolate. 

Virulence o/Isolates Obtained During Viraemia 

The  in  vivo de te rmina t ion  of vi rus  concent ra t ion  in se rum a t  var ious  
t imes  af ter  infect ion offered an o p p o r t u n i t y  to compare  virulence of circu- 
la t ing virus  on p r i m a r y  r a b b i t  inoculat ion (Table 3). 

Fol lowing infect ion wi th  the  v i ru len t  P E D V ,  infect ious se rum di luted 
10 -1 to 10 -7 a lmos t  inva r i ab ly  resul ted in typ ica l  clinical disease p rov ided  
t h a t  the  se rum was ob ta ined  dur ing the  first  20 days  of v i raemia .  Serum 
f rom p.i .  d a y  30 diluted t0  -1 to 10 -3 caused typ ica l  clinical response in two  
of six rabbi t s ,  b u t  f rom d a y  60 of v i r aemia  se rum di luted 10 -1 to  10 -a neve r  
resul ted  in clinical signs of P E D .  This  suggests  t h a t  the  popula t ion  of 
v i ru len t  P E D V  part icles af ter  p.i .  d a y  20 gradua l ly  was being replaced b y  
a popula t ion  of low or av i ru len t  part icles.  Af ter  infect ion wi th  the  av i ru len t  
der iva te ,  the  isolates f rom se rum ob ta ined  dur ing the  ent i re  per iod of 
v i raemia  were demons t rab le  in se rum dilut ion 10 -1 to 10 -a, bu t  the  p r i m a r y  
r a b b i t  inoculat ion of these  dilutions never  resul ted  in clinical signs of P E D .  

Development o/Protective Response 

The p ro tec t ive  response was tes ted  b y  sequent ia l  infect ion wi th  the  
av i ru len t  isolate and  P E D V .  For  this purpose  groups  of 8 rabb i t s  were 
inocula ted  wi th  the  av i ru len t  isolate. E p h e m e r a l  fever  occurred  on p.i .  
days  3 - - 6  (average 3.6 days) in 13 of 64 animals  observed  for 6 - - 1 0  days,  
bu t  no o ther  cIinical signs of disease were seen. Fou r  of the  groups  of r abb i t s  



were examined for presence of viraemia on p. i. days 30, 36, 60 and 90 and the 
proportion of animals with demonstrable viraemia was 4/8, 7/8, 8/8, and 
7/8. At selected intervals after the primary infection, the various groups of 
rabbits were challenged with PEDV. In addition, a control group received 
the same inoculum (Fig. 4). 
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Fig. 4. Clinical response  a f t e r  v i r u l e n t  cha l lenge  of g roups  of 8 r a b b i t s  a t  d i f fe ren t  
t imes  a f t e r  a v i r u l e n t  infec t ion  

No clinical signs of protection were present 24 hours after chMlenge, i. e. 
at a time when viraemia after avirulent infection had not yet  become 
detectable (Fig. 3). Six days after challenge there was clear evidence of 
protection, but  typical clinical signs occurred in single animals challenged 
on days 12, 18 and 24, indicating individual differences in immunogenic 
or protective potential. At 30 days the only clinical sign of disease was 
transient fever in 2 of 8 rabbits and at all challenges later on there was a 
subclinical response. 

The results show that  101 R I D  of the avirulent virus induced full clinical 
protection against challenge with 105 RID  of the virulent PEDV from the 
4 th - -5 th  week after infection. 

Discussion 

The two isolates of the same origin tested in the s tudy were selected for 
excessive, but  not ultimate virulence and avirulence. The serial rabbit  
passages of the isolates before and after preparation of the virus stocks 
indicate stability of their virulence properties within a relative large number 
of passages. Isolates of PEDV from other laboratories propagating contami- 
nated treponemes in rabbits have varied widely in virulence and behaved 
similarly in serial passages, but  concerning virulence they all appear to fall 
within the range observed in this s tudy (3, 6). 
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The difference in virulence was correlated with a difference in rapidity 
of the initial multiplication and in the maximum titres attained, but  already 
after about three weeks the titre level in the two infections was similar. 
PED is accompanied by  interferon production during the first days after 
infection and there is evidence to suggest that  the interferon response also 
is correlated with the virulence of isolates (2, 5). 

From about one month after the virulent infection, circulating virus 
appeared to lose virulence, i.e. upon primary rabbit  inoculation the various 
dilutions of serum induced mainly a subclinical response as observed after 
avirulent infection. A similar observation was made after infection of baby 
rabbits with virulent PEDV (4). In  these experiments it was also observed 
that  isolates from serum obtained on p.i. days 90 and 120 regained their 
virulence after 2- -6  serial transfers in rabbits, whereas isolates from p.i. day 
180 required from 7 to more than 39 serial passages before virulence appeared 
restored. 

These data  suggest that  throughout the course of infection the original 
virulent virus becomes avirulent and that  the latter property becomes 
increasingly stable. An early change in virulence during residence in the 
host is suggested by  other observations. Thus serial passages of virulent 
PEDV isolates preserved or enhanced virulence provided that  the passages 
were carried out  at  intervals of 3--10 days (mortahty: 51 per cent,), whereas 
virulent isolates became avirulent when the passage interval was prolonged 
to 30 days. Passage at intervals of 20 days resulted in a mortality of 36 per 
cent (1, 6). 

This selection mechanism for virulence depending on the interval between 
passages may explain why PED was first recognized in laboratories using 
the T. pallidum immobilization (TPI) test. This test  was introduced in 1949 
(12) and became widely popular from the fifties, particularly in Europe. 
The test requires propagation of treponemes in rabbits at  short intervals. 
PED emerged between 10 and 20 years later as a cause of intercurrent rabbit  
mortali ty in a number of TPI  laboratories. This may suggest tha t  the change 
in virulence by selection during passages was very slowly imposed, but  
besides the time of contamination of the treponemal suspensions, other 
factors such as the number of animals used per passage, passage interval, 
and the breed of rabbits have probably also been instrumental in the develop- 
ment  of virulence. 

I t  has previously been shown that  acute P E D  is followed by  a rise of 
electrophoretic gamma globulin and that  the concentration of serum IgG 
in viraemic rabbits 180 days after virulent infection is significantly higher 
than in uninfected controls (1, 4). Failure of such antibodies to eliminate 
circulating virus is in accordance with the observation of poor protective 
value of non-infectious immune or hyperimmune sera in passive protection 
experiments (4). The development of clinical protection as seen in the present 
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study may be explained by a cooperation between antibody and cellular 
factors. 

Persisting viraemia is a characteristic of a number of infections caused 
by different viruses and it has been suggested tha t  invasion of the lympho- 
reticular tissues is a common feature of such infections (11, 17). In  the 
present study the titrations of various organs and tissues did not suggest 
any particular site of virus replication, but  this does not exclude replication 
in the lymphoreticuIar tissues. 

PEDV infection resembles lactate dehydrogenase-elevating virus (LDV) 
infection, which cause persisting viraemia in mice, at least with respect to 
discovery and laboratory transmission (15). Both were first found as bio- 
logical contaminants of commonly used biological preparations. LDV occurs 
as a contaminant of transplantable tumours without causing disease, and 
PEDV occurs as a contaminant of treponemal suspensions causing inter- 
current deaths or subclinical infections. LDV contaminated material may 
interfere with the interpretation of experimental results (14), and the same 
may well apply to PEDV contaminated treponemal suspensions. LDV is 
probably larger than PEDV and reaches a maximum plasma titre of 10 l° 
which is considerably higher than tha t  of PEDV. This may perhaps explain 
why PEDV, in contrast to LDV, has not yet  been demonstrated by electron 
microscopy of serum. 
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