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Summary. - Clearance of  Junin (JUN) virus strains with different 
virulence for  Calomys musculinus (Cm) was  followed using the 
Candid Jfel virulent and CbaFHA 5069 attenuated strains. In addi­
t ion,  virulent  virus albino mice  (AM)  were  included as  control  hos t  
and  Venezue lan  equ ine  encephalit is (VEE-VI) virus as  control  
virus. T h e  virus inoculum (Vo) and  t h e  blood samples  (Vt) obta ined 
a t  different  t imes  post-inoculation (p.i.) were  titrated o n  V e r o  cells 
and  t h e  cleared plaque forming-uni ts  (PFU)  were  calculated as t h e  
log V t / V o .  In  C m  bo th  J U N  virus strains were  cleared rapidly 
(within 5 m i n  t h e  Candid  *=1 strain a n d  within 10 m i n  t h e  C b a F H A  
5069 strain);  meanwhi le ,  VEE-VI virus could b e  recovered f r o m  
blood unti l  30 min  p. i. Fur the rmore ,  J U N  and  VEE-VI  viruses 
showed t h e  s ame  behaviour  in A m  as in C m .  W e  conclude tha t  t h e  
J U N  virus strains of  d i f ferent  virulence fo r  C m  did n o t  show diffe­
rences  in the i r  clearance f r o m  t h e  blood of t h e s e  animals.  
Moreover ,  t h e  rapid clearance observed was independen t  of  t h e  
animal hos t  and  viral dose .  
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Introduction 

J u n i n  virus (JUN),  t h e  aetiologic agent  of  t h e  Argent ine  Haemorrhagic  
Fever  (AHF) ,  is a m e m b e r  o f  t h e  Arenaviridae family (Fenner ,  1976). Studies 
per formed dur ing t h e  1960's demonst ra ted  tha t  field m o u s e  Calomys muscu­
linus ( C m )  was t h e  main J U N  virus reservoir (Sabattini  et ah, 1977). Different  
progression of  infection with wild and  high level passaged strains has  been  
demons t ra ted ;  o n e  of  t h e  latter was proposed as live h u m a n  vaccine. Wild 
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strains o f  JUN vi rus  develop persistent  infection in adult  and  n e w b o r n  Cm, 
characterized b y  long  lasting viraemia, v i rus  presence in brain, saliva, lymp ­
ha t i c  o rgans  in  t h e  a b s e n c e  o f  an t ibody  r e s p o n s e  (Sabat t in i  et al., 1977; 
M a r t i n e z  Pera l ta  et al1979; Sabat t in i  a n d  Cont ig iani ,  1982; M e d e o t  et al., 
1987; M e d e o t  et al., 1988). O n  t h e  o t h e r  h a n d ,  w i t h  h i g h  level  laboratory 
passaged s t ra ins  viable v i rus  cou ld  n o t  b e  recovered  f r o m  t h e  b lood .  O n l y  i n  
n e w b o r n  C m  t h e  v i rus  w a s  d e t e c t e d  in  b ra in  s how ing  c learance  b e t w e e n  3 0  t o  
60 days  p .  i. ( M e d e o t  et al., 1987; M e d e o t  et al., 1988). 

V e n e z u e l a n  e q u i n e  encephal i t i s  v i rus  ( V E E )  a n d  o t h e r  a lphavi ruses  s h o w  
inef f ic ien t  c learance  ra tes  b y  t h e  re t icu loendothe l ia l  sy s t em (RES)  resu l t ing  i n  
h igh  level  v i raemia;  m e a n w h i l e  b e n i g n  s t ra ins  w e r e  s h o w n  t o  b e  c leared  rapidly 
b y  t h e  R E S  (Jahr l ing  et al., 1973). T h e r e f o r e ,  t h e  c learance  o f  v i rus  f r o m  b l o o d  
dec reased  v i raemia  b e l o w  t h e  hypothe t ica l  t h r e s h o l d  levels necessa ry  f o r  t h e  
v i rus  t o  invade  t h e  critical t a rge t  t i s sues  (Jahr l ing  etal., 1977). T h u s ,  d i f f e rences  
in  v i raemic  level c aused  b y  t h e  d i f f e ren t  s t ra ins  cou ld  resu l t s  i n  a d i f f e r en t  
progress ion  o f  in fec t ion .  

H e r e  w e  e x t e n d  t h e  a b o v e m e n t i o n e d  c onc e p t  t o  J U N  vi rus  in fec t ion  o f  C m  
i n  o r d e r  t o  explain  t h e  d i f f e r en t  be ha v iou r  o f  wild a n d  passaged  v i rus  s t ra ins  
( M e d e o t  et al., 1987; M e d e o t  et al., 1988). B lood  c learance  curves  o f  C b a F H A  
5069 wild s t rain a n d  o f  t h e  C a n d i d  fcl s t ra in ,  a J U N  vi rus  h u m a n  vacc ine  candi ­
da te ,  a n d  c learance  o f  v i raemia  a f t e r  b lockade  o f  mac rophages  w i th  silica w e r e  
d e t e r m i n e d  i n  adu l t  C m .  

Table 1. The virus strains used in this study 

Virus  Strain Passage history Virulence fo r  C m *  

Jun in  

Candid  41=1 XJGp-2Am-44FRhL-19 Virulent  
( H u m a n  vaccine) X J G p - 2 A m - 4 4 F R h L - 1 9 + A m - l  Virulent  

XJGp-2Am-44FRhL-19+Am-2  U K  

C b a F H A  5069 Am-5  At tenua ted  

VEE-VI Ag80-663 Am-2  U K  

G p :  G u i n e a  pig A m :  Swiss albino mice FRhL:  foetal  rhesus  lung cells certified 
* Lethality via i. c. inoculation;  U K :  unknown  
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Materials and Methods 

Virus strains. JUN and VEE virus strains, their passage histories and virulence for  Cm and A m  
are listed in Table  1. Candid #=1 strain (Barrera Oro, J., personal communication) w a s  kindly 
provided by Dr. J. I. Maiztegui, National Institute o f  Viral Haemorrhagic Disease (INEVH), 
Pergamino, Argentina, as  the culture supernatant harvested at 96 hr p. i. on certified foetal rhesus 
lung cells. Other virus stocks were  suckling mouse  brain suspensions harvested at 10 to 12 days p. 
i., centrifuged at 10, 000 rev/min. All  virus stocks were  stored at -80  ° C  unti l  tested.  

Animals. Both species used in this  s tudy were  ou tbred .  T h e  C m  colony was  iniciated in o u r  labo­
ratory with field animals  f r o m  a nonendemic  z o n e  in Cordoba  Province a n d  proved t o  b e  f ree  o f  
lymphocyte  choriomeningit is  a n d  J U N  viruses (Sabattini  et at., 1977) a n d  o f  Thei ler ' s  virus (unpu­
blished data).  Alb ino  Swiss mice (Am)  were  specific pathogen f r e e  animals  f r o m  INEVH.  In  
accord with previous work (Medeo t  etal., 1987; Medeo t  et at., 1988) and  d u e  t o  t h e  difficulties with 
bleeding o f  animals ,  adul t  C m  and  A m  were  used.  

Silicon dioxide, average particle size between 1 - 5 nm was obtained f r o m  Sigma (Catalogue N o .  
S 5631). It was  sterilized with ho t  air and  suspended in isotonic saline 100 m g / m l .  Immediately 
be fo re  u s e  t h e  silica particles were  dispersed t o  brief exposure  of ultrasonic vibration. ' 

Virus assay. T h e  cloned 76 Vero  cell cul tures  were  employed as  test  hos t  fo r  virus assay. T h e y  

ANIMAL VIRAL S T R A I N  

0.1 

1 

3 

log A." 
v0 

CALOMYS 

5 

1 10 100 MIN 
111 mi i i l i um i i i nim 

Candid No1 

l o g e  

Candid No1*Am2 

tog^t-
V. 

0.1 1 10 100 MIN 
. i i • < • • 'm 

3 -

5 • 
Candid No1+Aml" 

0.1 1 10 100 MIN 
i i i m m  1 i i i mil 

0.1 

1 

3 

va 

1 10 100 MIN 
LL"L I • I I I 

cbaFHA5069 

0.1 

ALBINO 
MICE 

1 10 100 MIN 
m u  I I Mill 1 I I Mill 

l04 
\ 

• — I  

Candid No1 • Ami 

Fig. I 
Clearance rates o f  different  strains of Jun in  virus f rom  Calomys and Albino mice in t he  

blood af te r  intracardiac inoculation 
Each point  represents  a geometr ic  m e a n  of results f rom 5 t o  8 animals.  
Abscissa: minu tes  a f te r  cardiac inoculation; ordinate:  log V , /V 0 .  
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were grown in Minimal Essential Medium (MEM) with glutamine and supplemented with 10% of 
foetal calf serum (FCS) and 5 mg% gentamicine. W h e n  grown to confluency (within 24 to 48 hr) 
the monolayers were  inoculated with tenfold dilutions o f  specimens and incubated under agarose 
overlay as previously described (Contigiani et at., 1977). 

Viral clearance rates. Animals  were  inoculated under either anesthesia by cardiac route with 3.2 
to 3.9 log PFU of JUN virus or 3.1 to 5.0 log PFU of  V E E  virus in 1 ml bovine serum albumine 
(BSA) containig 1 m g  of Evan's Blue (Jahrling et a/., 1973). A t  30 seconds, 1,3,4,6,8,10,  and occa­
sionally 30 m i n  p. i. 0.1 ml  o f  blood was taken f r o m  t h e  orbital s inus  mixed with heparin and  
diluted (1:10) with chilled sterile Hank ' s  solut ion containing 10% F C S .  Af te r  centr ifugation at 
10, 000 rev /min  fo r  30 m i n  t h e  supernatant  f luids were  descarted,  equa l  vo lumes  of H a n k ' s  sol. 
with 10% F C S  were added  and  t h e  samples  were  stored at - 80°C. T h e  Evan 's  b lue  concentrat ion 
was measured spectrophotometrically at 610 n m .  Determinat ion  of t h e  s tandard curve showed a 
linear relationship between 0 and  20 f i $  o f  Evan's  b lue  per  ml.  

T h e  specific clearance of virus f r o m  blood was calculated by comparing t h e  observed concentra­
t ion of virus in blood at each t ipe p. i. (Vt) with t h e  concentrat ion expected if n o  clearance had 
occurred (Vo), by using t h e  Evan 's  b lue  di lut ion me thod .  T h e  log o f  t h e  fract ion V t / V o  is ma the ­
matically equivalent  t o  t he  log P F U  o f  virus cleared (Jahrling  et al., 1973). Differences  in V t / V o  
between t h e  different  strains at 4 and  10 min  were  evaluated by t h e  u s e  o f  t h e  S tuden t ' s  t test  
( P  < 0.05). 

Macrophage blockade with silica. N ine  adul t  C m  were  inoculated with silica, and  J U N  virus 
according t o  t h e  procedure  summar ized  in Tab le  2. Thereaf te r ,  t h e  specific clearance o f  virus in 
blood of these  animals  was de termined  as  described. Nei ther  mortali ty n o r  morbidi ty was 
observed in t he  control  group III. 

Results 

A s  is s h o w n  i n  F i g .  1 t h e  t w o  s t r a i n s  o f  J U N  v i r u s  t e s t e d  i n  C m  w e r e  c l e a r e d  
rap id ly .  T o  d e t e r m i n e  w h e t h e r  t h e s e  r e s u l t s  d e p e n d  o n  t h e  h o s t  o r  o n  t h e  v i r u s  
w e  f o l l o w e d  t h e  J U N  v i r u s  c l e a r a n c e  i n  A m .  T h e  C a n d i d  M s t r a i n  w a s  c l e a r e d  
m o r e  r ap id ly  i n  A m  a s  i n  C m .  A s  i s  s h o w n  i n  T a b l e  3 ,  n e a r l y  100 % o f  t h e  i n p u t  
v i r u s  w a s  c l e a r e d  w i t h i n  4 m i n  i n  C m  i n o c u l a t e d  w i t h  C a n d i d  4=1 a n d  C a n d i d  
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Fig. 2 
Clearance rates of Candid 4t=l strain of Junin virus from  Calomys after the intracardiac 

inoculation pretreated with PBS (I), and pretreated with silica (II) 
Each point represents the geometric mean of results f rom 3 animals. 
Abscissa:  minutes after cardiac inoculation; ordinate: log V , / V 0 .  
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4=1 + Am-1,  whereas  t h e  CbaFHA 5069 and Candid M + Am-2 strains lasted 10 
min t o  b e  cleared. T h e  clearance di f ferences  o b s e r v e d  between  Candid 4=1 and  
Candid 4=1 + Am-1 on o n e  hand and CbaFHA 5069 on t h e  other  w e r e  corrobo­
ra ted  by S t u d e n t ' s  t es t  ( P  — 0.01). No di f ferences  w e r e  f o u n d  a m o n g  Candid fcl 
+ Am-2 and CbaFHA 5069 (P > 0.05) {Table  3). Furthermore,  Candid Jfel strain 
w a s  cleared at s low rates f r o m  C m  blood w h e n  they w e r e  previously treated 
with silica. T h e  v irus  Was essentially not  cleared within 20 min af ter  inoculation 
(Fig. 2). Silica impaired t h e  macrophages o f  t h e  RES within 2 hr  b e f o r e  v i rus  
inoculation. W e  also included t h e  VEE-VI strain a s  another control (Fig. 3). 
T h e  A g 8 0  663 strain o f  VEE-VI v i rus  w a s  cleared relatively slowly, v i rus  w a s  
recovered f r o m  C m  and A m  blood unitl 30  min p. i. N o  correlation with t h e  
a m o u n t  o f  v i rus  inoculated could b e  demonstrated.  

Discussion 

W e  s h o w e d  that both strains of  JUN vi rus  that h a v e  d i f ferent  virulence f o r  
C m  w e r e  faster  taken up  f r o m  the  blood (Fig. 1). T h e  low di f ferences  observed  
could not  explain t h e  d i f ferent  biological behaviour.  T h e  high and  prolonged 
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Fig. 3 
Clearance rates of VEE-VI virus f rom  Calomys and  Albino mice b loods  a f te r  intracardiac 

inoculation 
Each point represents a gcomtcric  mean  of results f rom 5 animals.  
Abscissa: minu tes  al ter  cardiac inoculation; ordinate:  log V t / V 0 .  
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Table  2. Design of the experiment with silica 
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Group No. o f  animal Treatment* T i m e  o f  inoculation 

I 3 PBS - 2  hours  
II 3 Silica - 2  hours  

(50 mg/i.p.) 
III 3 Silica - 2  hours  

(50 mg/i.p.) 

* All  animals except those  in group  III w e r e  inoculated intracardiacally on t ime 0 with 3.8 log  PFU 
of  Candid D=1 strain; i.p.: intraperitoneal route 

viraemia with t h e  CbaFHA 5069 strain (Medeot  etal. 1987;Medeot  etal., 1988) 
w a s  not  related t o  low clearance. Moreover,  t h e  results  obtained with Candid tí 
strain in C m  af ter  t h e  macrophage blockade s u g g e s t  that  t h e  rapid clearance 
observed  is d u e  t o  fas ter  uptake o f  t h e  v i rus  b y  RES cells (Fig. 2). 

A s  expected, t h e  rapid clearance o f  JUN vi rus  w a s  independent  o f  hos t  
species  and o f  v i rus  dose;  with  JUN vi rus  w e  obtained t h e  s a m e  results  in C m  
and A m  (Fig. 1). O n  t h e  other  hand, t h e  A g 8 0  663 strain o f  VEE-VI v i rus  
s h o w e d  di f ferent  clearance in both hos t s  u s e d  (Fig. 3). 

T h e  salient result  o f  our  w o r k  is that  w e  did n o t  observe  a correlation 
between  t h e  high and prolonged viraemia o f  Cba  F H A  5069 strain and its l o w  

Table 3. Statistical evaluation of virus clearance between CbaFHA 5069 and Candid 11=1 strains of 
Junin  virus 

Sample V i r u s  strain Vi rus  cleared p *  
T i m e  % 
(minutes') 

CbaFHA 5069 41.5 
Candid M 77.2 0.01 

4 Candid M + Am-1 78.3 0.01 
Candid D=1 + Am-2 36.9 >0.05 

CbaFHA 5069 98.1 
Candid  « 100 >0 .05  

10 Cand id  # 1  + A m - 1  100 >0 .05  
Cand id  K=1 + A m - 2  98.3 > 0 . 0 5  

* T h e  S tuden t ' s  t es t  was  u sed  t o  corripare t h e  s t ra ins  
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clearance f r o m  blood as  it w a s  previously postulated f o r  M e n g o  and V E E  
v i ruses  (Campbell  et al., 1967; Jahrling  et al., 1973). However,  a disassociation 
b e t w e e n  t h e  clearance rates and pathogenicity o f  virulent and  benign strains o f  
V E E  v i rus  f o r  guinea  pigs  w a s  also demonstrated (Jahrling  et al., 1977). Dif fe ­
r e n c e s  in  v i ru lence  b e t w e e n  s t ra ins  w e r e  corre la ted wi th  a restr icted ability t o  
repl icate  in a n d  des t roy  t h e  h o s t  t i ssue .  Fac to rs  t h a t  d e t e r m i n e  t h e  d i f f e ren t  
repl icat ion a n d  pa thogenes i s  o f  t h e  t w o  s t ra ins  o f  J U N  virus  s h o u l d  b e  s tud ied  
in detail .  M o r e  u n d e r s t a n d i n g  of  t h e  pers i s tence  o f  wild s t ra ins  o f  J U N  vi rus  in  
C m  a n d  o f  t h e  d i f f e ren t  pa thogenes i s  o f  a t t e n u a t e d  a n d  wild s t ra ins  is a l so  
n e e d e d .  Recent ly ,  it h a s  b e e n  repor ted  t h a t  t h e  XJC13  a t t e n u a t e d  strain o f  J U N  
vi rus  inocu la ted  b y  i. p .  r o u t e  t o  n e w b o r n  C m  caused  lethal  encephal i t i s  
(Lampur i  eta!., 1982; L a g u e n s  etal., 1982). C o l u m b i e  et al. (1986) sugges ted  a T 
lymphocy te  m e d i a t e d  i m m u n e  m e c h a n i s m  f o r  t h i s  d a m a g e  o f  C N S .  Prel imi­
nary  e x p e r i m e n t s  t h a t  h a v e  b e e n  d o n e  in o u r  laboratory s h o w e d  t h e  d i f f e ren t  
ability o f  wild a n d  der ived  s t ra ins  t o  replicate in t h e  t h y m u s  o f  C m .  C b a F H A  
5069 wild s t ra ins  t ha t  effect ively repl icates  in t h y m u s  caused  a lack o f  t h e  
i m m u n e  r e s p o n s e  t h a t  m i g h t  b e  respons ib le  f o r  v i rus  pers i s tence  in  C m  (Cont i -
giani  et al., in prepara t ion) .  O n  t h e  cont rary ,  v i rus  cou ld  n o t  b e  recovered f r o m  
t h y m u s  wi th  der ived s t ra ins  t ha t  d id  n o t  persis t  in t h i s  hos t .  F u r t h e r  s tud ies  a r e  
necessary  t o  d e t e r m i n e  t h e  critical d i f f e rences  b e t w e e n  wild a n d  a t t e n u a t e d  
s t ra ins  in  mice .  
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