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Summary 

Treatment  of mice with Corynebacterium parvum enhances their resistance to 
encephalomyocarditis (EMC) virus infection. In EMC-virus-infected mice, pre- 
treated with C. parvum,  neither interferon production nor antibody responses were 
increased. A decrease of virus recovery was observed in cultures of macrophages 
taken from the peri toneum of mice early after injection of C. parvum and infected 
with EMC-virus in vitro. The data suggest that C. parvum acts by increasing in- 
trinsic antiviral activity of macrophages. 

Corynebacterium parvum;  Encephalomyocarditis virus; Macrophage 

Introduction 

Treatment  of mice with Corynebacterium parvum is known to enhance their re- 
sistance to tumor growth (Berd, 1978; Halpern, 1979), bacterial (Adlam et al., 1972; 
Collins and Scott, 1974; Miyata et al., 1980), protozoal (Nussenzweig, 1967) and 
some viral infections (Cerutti, 1974; Kirchner et al., 1977a, 1978). In a previous 
study, we showed a protective action of C. parvum against encephalomyocarditis 
(EMC),  herpes and influenza virus infections (G6niteau et al., 1977). Since re- 
sistance was most pronounced in experiments using EMC, we have used this virus 
to study the mechanisms of action of C. parvum.  Resistance against viral infection 
is complex and involves multiple mechanisms. Interferon is an important early 
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component of host resistance to EMC-virus (Gresser et al., 1976). Antibodies also 
seem to play a role since Murphy and Glasgow showed that the administration of 
anti-EMC-virus neutralizing antibodies to immunosuppressed mice restored their 
resistance to infection (Murphy and Glasgow, 1978). Hence, we investigated the 
effect of treatment with C. parvum on interferon and antibody production during 
EMC-virus infection. Furthermore, it has been suggested that macrophages play a 
role in natural resistance to EMC virus (Allison, 1974; Dickinson and Griffiths, 
1966) and activation of these cells by C. parvum is a well-known phenomenon. This 
led us to also study their role in C. parvum-stimulated resistance in our experi- 
mental model. 

Materials and Methods 

In a first experiment we determined EMC-virus levels in serum, brain and spleen 
of control and C. parvum-pretreated EMC virus-infected mice. Groups of three 
mice (Swiss female, specific pathogen-free, 18-20 g) received single intraperito- 
neal injections of 700 I~g dry weight of C. parvum (Wellcome Research Labora- 
tories, Beckenham, Kent, England). Control mice received saline. Two days after 
this pretreatment the mice were infected with EMC-virus at a dose 
(2 x 10 4 TCIDs0) causing about 70% mortality in controls. Previous preliminary 
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Fig. 1. Effect of pretreatment with C. parvum (day 2 before infection) on virus titers in spleen, brain 
and blood of E M C  virus-infected mice. Virus titrations were done by cytopathic effect (c.p.e.) deter- 
mination on L cells. Titers were calculated using the Reed and Muench method and expressed as Tis- 
sue Culture Infectious Doses m/per ml (TCID 5dml). Each point represents one determination on pooled 
samples of 3 mice. 
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e x p e r i e n c e s  showed  us tha t ,  u n d e r  these  cond i t ions ,  C. parvum p r e t r e a t m e n t  p ro -  
v ides  80% p r o t e c t i o n  ( P < 0 . 0 0 1 ) .  B lood ,  sp leens  and  bra ins  were  co l lec ted  f rom 
the  mice  at days  1, 2, 3 and  4 pos t - in fec t ion .  Virus  t i ters  were  d e t e r m i n e d  in s e rum 
and  s u p e r n a t a n t s  of  b ra in  and sp leen  h o m o g e n a t e s .  The  resul ts  are  shown in Fig- 
ure  1. In  the  t r e a t e d  g roup ,  viral  t i ters  were  lower  than  in the  con t ro l  group:  virus  
was never  de tec ted  in b lood  samples  of  C. parvum-treated mice. Whereas  in spleen 
and  b ra in  s amples  of  con t ro l  mice virus  t i ters  rose  progress ive ly ,  in C. parvum- 
t r e a t e d  mice  vi rus  was only  t rans ien t ly  d e t e c t e d  on  days  2 and 3 af te r  infec t ion ,  
wi th  a d i f f e rence  of  a b o u t  2 lOgl0 c o m p a r e d  to controls .  F u r t h e r m o r e ,  lower  virus  
t i ters  in all s amples  were  o b s e r v e d  as ear ly  as 24 h af ter  infect ion.  A second  ex- 
p e r i m e n t  p e r f o r m e d  with a lower  dose  of  C. parvum (100 p,g) gave s imi lar  results :  
4 days  af te r  in fec t ion  virus  t i ters  in sp leen  and bra in  samples  of  C. parvum-treated 
mice were  a b o u t  1 log10 TCIDs0 lower  than  in cont ro l  mice.  W e  conc lude  that  the  
p ro t ec t i ve  effect  of  C. parvum on E M C - v i r u s  infec t ion  in mice was assoc ia ted  with  
d e c r e a s e d  virus  t i ters  in the  b l o o d ,  sp leen  and  bra in .  The  dec rease  was o b s e r v e d  
as ea r ly  as 24 h af te r  infec t ion ,  thus  suggest ing tha t  it was r e l a t ed  to a nonspecif ic  
inc rease  of  host  res i s tance .  T h e r e f o r e ,  an e x p e r i m e n t  s imilar  to that  de sc r ibed  in 
the  p rev ious  sec t ion  was done  to d e t e r m i n e  in t e r f e ron  levels in se rum,  p e r i t o n e a l  
f luid,  sp leen  and  bra in  of  E M C  vi rus- infec ted  mice tha t  had  been  t r e a t e d  with C. 
parvum or  sal ine .  

A s  shown in T a b l e  1 i n t e r f e ron  was not  de t e c t a b l e  in pe r i t one a l  fluid of  con t ro l  
and  C. parvum-pretreated mice at any t ime af ter  infect ion.  In  b lood ,  low t i ters  in- 
t e r f e r o n  (10 IU/ml )  were  d e t e c t e d  only  in con t ro l  mice f rom 2 to 4 days  af ter  in- 
fec t ion.  T h e  h ighes t  were  found  in sp leens  and  bra ins  on days  3 and  4, and  at these  
days ,  the  t i ters  of  i n t e r f e ron  found  in b ra in  were  lower  in C. parvum-treated mice 
than  in con t ro l  mice.  In  a second  e x p e r i m e n t ,  ident ica l  to tha t  desc r ibed  in Tab le  

TABLE 1 

Effect of pretreatment with C. parvum on interferon levels ~' in blood, peritoneal fluid, spleen and brain 
of EMC virus-infected mice 

Time after Interferon levels 

infection (h) Blood b Peritoneal fluid u Spleen ~ Brain c 

Control C. parvum Control C. parvum Control C. parvum Control C. parvum 

4 <10 <10 <10 <10 40 80 <10 40 
24 <10 <10 <10 <10 10 160 <10 <10 
48 10 <10 <10 <10 80 80 160 40 
72 10 <10 <10 <10 320 320 1(;0 20 
96 10 <10 <10 <10 160 80 640 160 

a Assays were done by a c.p.e, inhibition assay on L cells using vesicular stomatitis virus as a chal- 
lenge. Interferon titers were adjusted on a laboratory standard interferon preparation provided by 
Prof. Poindron (France), that was calibrated against the international standard preparation. 

b Blood and peritoneal fluid was titrated individually (5 mice for each point); interferon expressed as 
units/ml. 

c Interferon was determined on 1/10(w/v) pooled homogenates of spleens and brains (5 mice for each 
point); interferon expressed as units/gr. 
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1, in te r fe ron  was only detec ted  in a single bra in  sample from control  mice infected 
4 days previously.  

The re  is no doub t  that  endogenous  in ter ferons  play a role in E M C  virus infec- 
t ion. Thus ,  Gresser  et al. (1976) showed that t r ea tmen t  of mice with ant i - inter-  
feron-a/J3 g lobul in  marked ly  decreased their  resistance to the virus. In accordance 
with t h e s e  studies,  we found  low in te r fe ron  levels in control  mice, the maximal  
in te r fe ron  p roduc t ion  being observed in the spleen on days 3 and 4 after infection.  
At  that  t ime titers of in te r fe ron  detected in spleen samples of C. parvum-treated 
mice were ident ical  to that  of control  mice;  in bra in  samples,  titers of in te r feron  
were lower in C. parvum-treated mice than in control  mice. There  is also no doub t  
that C. parvum can trigger the in te r fe ron  system. Thus,  Ki rchner  et al. (1977b, 
1978) work ing  with C57B1/6 mice repor ted  that C. parvum induces  -/-type inter-  
feron p roduc i i on  both  in vivo and  in vitro. In vivo in te r fe ron  was detectable  f rom 
day 5-20 fol lowing c. parvum inocula t ion  with a peak on day 7. However ,  this 
p roduc t ion  could not  be held responsible  for resistance e n h a n c e m e n t  as early as 1 
day pos t - in fec t ion  as seen in our  studies. 

An t ibod i e s  have also been  repor ted  to be an impor tan t  de t e rminan t  of host re- 
sistance during primary systemic EMC-virus infection (Murphy and Glasgow, 1978; 
Glasgow,  1970). Since C. parvurn has been  shown to enhance  the humora l  reponse  
to var ious ant igens  (Berd,  1978; Liacopoulos-Briot  et al., 1977; W a r t  and Sljivic, 
1974; W a t s o n  and  Sljivic, 1976), it was tempt ing  to speculate that the protect ive 
effect of C. parvum might  be d u e t o  enhanced  product ion  of an t i -EMC-vi rus -an-  

TABLE 2 

Effect of pretreatment with C.parvurn on the antibody response of EMC virus-infected mice 

Antibody type b Treatment Days after EMC virus infection 

4 5 6 7 8 9 11 12 13 14 15 16 

Hemagglutina- Control 64 " 64 32 256 64 n.d. 32 32 128 64 128 n.d. 
tion 
inhibition 

C.parvum 64 64 32 64 32 n.d. 64 256 64 128 256 n.d. 

Neutralization Control n.d. 35 35 35 35 1780 n.d. 300 2000 >4096 35 35 
C.parvum n.d. <4 <4 <4 <4 <4 n.d. 11 <4 <4 <4 <4 

" Inverse of end-point dilution; n.d. = not determined. 
b Antibody was determined on pooled sera of 3 mice from each group. The hemagglutination-inhibi- 

tion test, previously described by Craighead and Shelokov (1961) was used with slight modifications. 
Inactivated sera ~ere adsorbed with a 50% suspension of sheep red blood cells (SRBC) to remove 
nonspecific agglutinins and with a 25% suspension of kaolin to remove nonspecific inhibitors. The 
tested sera were diluted in a 0.05 M borate-buffered 0.12 M KCI solution (pH 8). Four hemagglu- 
tinating units of antigen in 50 ~1 were added to 50 ~1 of the diluted sera. After incubation at room 
temperature for 1 h., 50 ill of a 0.2% suspension of SRBC were introduced. The antibody titer was 
expressed as the reciprocal of the highest dilution causing complete hemagglutination inhibition. The 
neutralization test was performed by adding a virus inoculum containing 100 TCIDs0/0.1 ml to ap- 
propriate dilutions of the tested sera. After 30 min incubation at 37°C of the serum-virus mixtures, 
the residual virus was titrated by c.p.e, determination on L cells. Antibody titers were expressed as 
the reciprocal of the highest serum dilution causing 50% c.p.e, reduction. 
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tibody. Therefore,  in an experiment of similar design as the previous one, anti- 
body titrations were performed on pooled serum samples of three mice from each 
group, sacrificed between the 4th and 16th day after infection. The results of an- 
tibody level determinations are summarized in Table 2. Results obtained with the 
hemagglutination-inhibition method show that there was no significant difference 
between C. parvum-treated mice and control mice. With the neutralization method 
high levels of antibodies were reached in control mice between the 9th and 14th 
day, with a peak level >4096, whereas no antibody was detected in C. parvurn- 
treated mice. This observation is in keeping with the fact that C. parvum antiviral 
effect was obvious as early as 24 h after infection and that at that time virus titers 
were lower in C. parvum-treated mice than in control mice. 

C. parvum is known to be a potent stimulant of the mononuclear phagocyte sys- 
tem (Berd, 1978; Castro, 1974; Mantovani et al., 1976) and there is considerable 
evidence that macrophages are an important component in host resistance (Mo- 
gensen, 1979). Therefore,  we determined EMC-virus titers in peritoneal exudates 
after intraperitoneal inoculation of the virus in C. pan, urn-treated and control mice. 
Five mice from control and C. parvurn-pretreated groups were killed at 1, 2, 6, 8 
and 24 h after infection. 0.5-ml aliquots of peritoneal exudate were collected after 
injection of 1 ml of cold phosphate-buffered saline (PBS) in the peritoneal cavity. 
The pooled peritoneal exudate samples were centrifugated and stored at -70°C.  
Virus titrations were performed by c.p.e, determination on L cells. As shown in 
Table 3, in the treated group, virus titers were always at least 2 log~ TCIDs0 lower 
than in the control group; 24 h after infection the difference was at least 

2 lOgl0 TCIDs0. 
In a final experiment we examined whether peritoneal macrophages from C. 

parvum-treated mice would possess a lesser ability to replicate or an increased 
ability to destroy EMC virus. For this type of experiment the peritoneal cavities 
of 10-15 mice, control or pretreated with C. parvurn 48 h beforehand, were washed 
out with cold Hank 's  solution containing 10 units/ml of heparin. The pooled per- 
itoneal cells were washed twice with Eagle's minimum essential medium (MEM) 
supplemented with 10% inactivated fetal calf serum and resuspended in the same 
medium. 10 ~ cells were plated in 0.5 ml medium per well of tissue culture plates 
(Costar Cluster, Poly-Labo, Strasbourg, France). After a 2-h incubation at 37°C, 
non-adherent  cells were removed by three washes with MEM, and 0.5 ml of fresh 

TABLE 3 

Virus titers ~' in peritoneal exudates of EMC-virus-infected control and C.parvum-pretreated mice 

Virus titer (log~ TCID ~jml) at time (h.) 

1 2 6 8 24 

Co n t r o l  2.58 b 2.32 <2.00 <2.00 4.18 

C.parvurn 2.20 <2.00 <2.00 <2.00 <2.00 

~ Virus titers determined as indicated in the legend of Fig. 1. 
b Each figure represents one determination on pooled exudate of 5 mice. 
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TABLE 4 

EMC virus yield in cultures of peritoneal macrophages of control and C.parvum-pretreated mice 

Dose of virus ino- 
culateda Virus yield (log 10 TCIDs0/ml ) 

Oh 4 h 24 h 4~3 h 

2 x 10 7 Control 5.24 5.12 3.64 <2.00 
C.parvum 5.50 4.58 2.15 <2.00 

2 x 10 6 Control 4.12 4.30 3.00 2.7 
C.parvum 4.12 3.70 <2.00 <2.00 

a Triplicate cultures of cells (2 x 106 cells) were infected with the EMC virus. After 1 h absorption 
period, the cultures were washed and fresh medium was added. Immediately (0 h) and at the indi- 
cated times, cells and fluids were harvested, sonified and assayed for virus content (see legend of Fig. 
1). Each point represents one determination on pooled samples of 3 mice. 

m e d i u m  was added per  well. A d h e r e n t  cells were ma in t a ined  for 24 h at 37°C in 
a 5% CO2/air a tmosphere .  The  m e d i u m  was then removed  and 0.5 ml inocula  of 
EMC-virus  (2 x 106 or 2 x 107 TCIDs0), diluted in M E M  with 2% fetal calf serum, 
were added  into each well. Af ter  1 h at 37°C, the residual  inocu lum was r emoved  
by two washes and  fresh m e d i u m  was added immedia te ly  and after 4, 24 and  48 h 
incuba t ion  at 37°C, cells were scraped off with a rubbe r  po l iceman;  cell suspen-  
sions obtained from 3 wells were pooled and frozen at - 7 0 ° C  until assay after three 
freezing and  thawing cycles. The  results,  summar ized  in Table  4, show that virus 
ti ters decreased with t ime,  and did so more  rapidly in macrophage  cul tures  f rom 
C. parvum-treated mice than in those for control  mice. These results indicate that  
C. parvum-activated macrophages  have an increased inact ivat ing effect on E M C -  
virus. There fore ,  it seems likely that macrophages  from C. parvum-treated mice 
develop  an intr insic a n t i - E M C  activity which might be due to a greater  ability to 
phagocyt ize  and  degrade the virus. 
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