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Summary. — T o  s t u d y  t he relationship o f  Jun in  virus (JV) t o  
populat ions o f  peripheral blood mononuclear cells (PBMC) from 
pat ients  w i t h  Argentine Haemorrhagic Fever  ( A H F ) ,  blood sam­
ples were obtained during t h e  acute  period o f  disease a n d  cul­
tured a s  total ,  adherent,  and non-adherent cell populations.  J V  
w a s  sequential ly sought in these  cell populat ions  b y  using an 
Infectious Centre (I(') assay,  whereas free .IV in t h e  supernatants  
w a s  evaluated b y  plaque formation.  IC were obtained in cultures 
o f  total  PBMC from 8 o u t  of  I!) patients .  Maximum numbers of  
IC showed high variation a m o n g  patients ,  ranging from 3 t o  
4 1 0  IC per 10" viable P13M0. In contrast,  IC were sporadically 
demonstrated in t h e  non-adherent cell population.  The  release of  
•IV into  culture supernatants  w a s  detected  o n l y  in total  PBMC 
cultures, t h u s  in t h e  presence o f  macrophages.  These  results de­
monstrate that  circulating monocytes  (macrophages) are targets  
for  J V  replication contributing t o  t h e  viral spread in t h e  acute  
phase of  A I I F .  
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Introduction 

Argentine Haemorrhagic Fever  ( A H F )  is a n  acute  sys temic  disease whic 
is endemo-epidemic in a wide rural area o f  Argentina (Maiztegui  et al., 198(3 
Several studies  have  shown the  lymphotropism o f  Jun in  virus (JV).  t l  
aetiological agent  o f  t h e  disease. T h e  presence of  viral ant igens associate 
wit h changes  in lympho-haemopoiet ic  t issues h a s  been s o  far t h e  most  pe  
inanent  ami specific alteration found in J V  infection of humans  a n d  lal 
oratory animals  (Maiztegui, 1075; Weissenbacher  et al., 1987). These  change 
mainly  consisting o f  bone  marrow inhibition or destruction, a n d  l y m p h o c y  
depletion in l y m p h  nodes  (Ponzinibio  et al., 1977; Gonzalez  et al., 1980; Ca 
hal lal et al,., 1981), have  been interpreted a s  a direct or indirect viral actic 
leading t o  immunodepression observed during t h e  acute  period of A H F .  

5H 
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Recent studies  which demonstrate  t h a t  J V  can b e  consistently isolated 
b y  cocultivation of peripheral  blood mononuclear cells (PBMC) of pat ients  
with  A H F  sugges t  t h a t  some of these cells could b e  infected w i t h  J V  (Am-
brosio et al., 1986). The  present  w o r k  aimed t o  elucidate t h e  relationship of 
J V  wi th  populations of PBMC f r o m  pat ients  w i t h  A H F .  Studies  were  per­
fo rmed  o n  c u l t u r e d  t o t a l  P B M C ,  a s  well a s  a d h e r e n t  a n d  n o n - a d h e r e n t  cells, 
ob ta ined  o n  admiss ion  f r o m  p a t i e n t s  w i t h  a clinical diagnosis  of A H F .  

Materials and Methods 

Patients. B l e e d  samples  were  collected c n  admiss icn  (4 t o  12 d a y s  a f t e r  t h e  onset  of symptoms)  
f rom 19 p a t i e n t s  w i t h  a clinical d iagncsis  of A H F .  

The  aetiological diagnosis w a s  establ ished in  eve ry  case b y  a seroconversion i n  neu t ra l i za t ion  
tes ts  (Webb  et al., 1969). 

Blood mononuclear cells separation and cultivation. P B M C  were  obta ined  b y  cen t r i fuga  t i o n  
on Ficol l -Hypaque g rad ien t s  (Boyum,  1968). T h e  cells a t  t h e  in ter face  were  collected o n  phos­
phate-buffered sal ine (PBS).  P B M C  were  washed  twice wi th ,  a n d  resuspended in.  a m e d i u m  
consisting of RPMI-1640,  w i t h  1 0 %  inac t iva ted  foe ta l  bovine se rum (IFBS),  ant ibiot ics ,  a n d  
ext ra-L-glutamine (Complete medium) .  T h e  cell popula t ions  ob ta ined  appea red  over  9 5 %  vi­
able ( t rypan  b lue  s ta in ) ,  a n d  t h e  homogenei ty ,  moni to red  b y  Giemsa s t a i n ,  w a s  m o r e  t h a n  9 5 % .  

Ha l f  of t h e  t o t a l  PBMC f r o m  each  p a t i e n t  w a s  k e p t  i n  a siliconized glass  t u b e  a s  a cell sus­
pension in Complete med ium,  conta in ing 2 x l 0 6  cells/ml. Cultures were  ma in ta ined  a t  37 °C, 
in 4 %  CO-2 fo r  6 t o  10 d a y s .  

T h e  remain ing  ha l f  of t h e  P B M C  suspension w a s  used  t o  o b t a i n  s epa ra t ed  adhoren t  a n d  
non-adherent  cell popula t ions  of follows. T h e  cell suspension w a s  a d j u s t e d  t o  5 — 7 x 10 6  cells/ml 
with Complete medium containing 5 0 %  IFBS, placed in plast ic  tissue culture f lasks,  and in­
cubated  f o r  2 h r  (37 CC, 4 %  CO2). This  whole procedure  was  repea ted  once t o  a l low remain ing  
suspended monocytes  t o  adhe re  t o  a f r e sh  p las t ic  surface.  Adhe ren t  colls were removed  f r o m  
culture f lasks b y  us ing  RPMI-1640  m e d i u m  conta in ing  2 (jig/ml l idccaine,  a n d  subcul tured  i n  
Lab-Tek chambers  (Miles Sc. ^ 4280). These  cu l tures  wore ma in t a ined  w i t h  Complete  med ium 
plus  2 0 %  I F B S ,  a n d  used a s  macrophage  f rac t ion .  

Non-adherent  cells were collected a n d  m a i n t a i n e d  a s  cell suspensions conta in ing 106 cell/ml 
in Complete med ium.  These  cells were  used a s  l ymphccy te  f rac t ion .  Absence of macrophages  
f rom the  non-adheren t  cell suspensions w a s  moni to red  b y  t h e  add i t i on  of immunoboads  (Bio-Rad,  

180-1001) i n to  a sample  f r o m  each  cul ture ,  a n d  t h e  search of phagocyt ic  cells. 
Since m a r k e d  leukopaenia  is one of t h e  p rominen t  f ea tu res  of A H F  v e r y  low n u m b e r s  of blood 

cells were general ly ob ta ined;  therefore ,  in 3 of t h e  p a t i e n t s  only  t o t a l  PBMC popu la t ion  was  
examined. 

Sampling of cultured cell suspensions. O n  different  d a y s  i n  cu l tu re  ( f rom 1 t o  10) t h r ee  ali-
quots  were wi thdrawn f r o m  t o t a l  PBMC a n d  lymphocyte  suspensions.  T h e  cells were pel leted 
b y  centr i fugat ion (250 g,  10 min) ,  a n d  individual  s u p e r n a t a n t s  were s to red  a t  — 70 °C un t i l  
tested fo r  t h e  presence of J V .  

JV detection assays. In t race l lu la r  J V  w a s  eva lua ted  in t o t a l  P B M C  a n d  lymphccy tes  b y  
a n  Infect ious Centre  (IC) a s say  (Ahmed  et al., 1937) modified a s  follows: t h e  cellular pel le t  
f rom each  sample  w a s  resuspended a s  106 cell/ml in RPMI-1640  med ium,  w i t h  1 0 %  h e a t  in­
act ivated h u m a n  a n t i - J V  s e r u m  (NT t i t r e  = 10 240). Cells were incuba ted  i n  a w a t e r  b a t h  a t  
37 °C fo r  1 h r ,  w i t h  gent le  mix ing  every  15 min .  Following incubat ion ,  t h e  cells were washed  
three t imes  w i t h  t h e  Complete  med ium.  T h e  s u p e r n a t a n t  of t h e  t h i r d  washing,  pe r fo rmed  in  
a to ta l  volume of 1 ml ,  w a s  saved  a n d  inccula ted  o n t o  Vero  cells t o  score f ree ,  non-neutra l ized 
J V  a s  P F U .  

The  washed cell suspension, w i t h  a k n o w n  viable  cell concent ra t ion  ( t r y p a n  b lue  s ta in) ,  w a s  
placed undi lu ted  a n d  in  five-fold di lut ions  o n t o  Vero cell monolayers  grown in 24 well t issue 
plates (0.1 ml/well). T h e  p l a t e d  mononuclear  cells were immedia te ly  immobilized b y  a d d i n g  
0.1 ml  of 0 . 5 %  agarose i n  a n  over lay  m e d i u m  described elsewhere (Webb  et al., 1969). A f t e r  
adsorption a t  37 °C f o r  1 hour ,  1 m l  of t h e  s a m e  over lay  w a s  careful ly added  in to  each  well.  
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Plates  were incubated f o r  4 <layH a t  37  °C in 4 %  CO2. Development  of p laques  was  revealed b]  
a d d i n g  1 ml/well of a second over lay  conta in ing  neu t r a l  red  (0.041 mg/ml)  o n  d a y  5, incubat ioi  
f o r  a n  e x t r a  d a y ,  t hen  count ing  p laques  o n  d a y  6.  I C  resul ts  were expressed p e r  106 v iab le  PBM(  
inoculated.  

I n  cell-free s u p e m a t a n t s  .JV was t i t r a t e d  b y  inoculation of undi lu ted  a n d  10-fold d i lu t ion  
o n t o  Vero cells grown in 24-well t issue cu l tu re  p la tes .  T h e  presence of J V  w a s  de tec ted  b y  th< 
deve lopment  of P F U ,  following procedures  described b y  W e b b  et at. (1969). 

Interferon asa<iy. I n t e r f e ron  ( IFN)  was  searched f o r  in t h e  s u p e m a t a n t s  of t o t a l  PBMC f r o n  
8 pa t i en t s .  O n  di f ferent  d a y s  in cul ture ,  f r o m  1 t o  (5, samples  of s u p e m a t a n t s  were wi thdrawn 
a n d  clarified of cells a s  described. I F N  de te rmina t ions  were pe r fo rmed  b y  inhibit ion of C P I  
of vesicular s t oma t i t i s  v i rus  o n  Wish  cell monolayers  (S tewar t ,  1909). Endogenous  a - I F N  titrei 
were  a l so  eva lua ted  in t h e  se rum of each p a t i e n t  s tud ied  (Levis  et al., 1984). 

Results 

I n  H out  o f  I!) pat ients  I C  assay  demonst  rated intracellular J V (Table 1). The 
m a x i m u m  number o f  infectious ce l l sobtained in t h e  sequential assays  rangec 
from 3 t o 4 I O p e r  108 viable mononuclear cells. I C  from pat ient  8 (Table l ) r e n  
dered uncountable,  presumably d u e  t o  t h e  except ional ly  high titre of  J V  
In  this  patient ,  w h e n  test ing the  supernatant  o f  the  third washing  aftei  
t reatment  o f  t h e  cells w i t h  ant i -JV serum, development  o f  P F U  showec 
t h a t  non-neutralized J V  w a s  still present causing IC t o  appear confluent, 

Sequential  IC posit ive assays  from the  s a m e  pat ients  demonstrated thai 
1 he numbers  o f  IC tended t o  increase wi th  the  t ime  which  PBMC were kept  ir 
culture (data n o t  shown).  IC were not detected  before three d a y s  in culture 
w i t h  t h e  except ion of  severely ill individuals (i.e. pat ients  number  4 and ( 
in  Table  I, w h o  died of  t h e  disease, rendered 33  a n d  30 IC per 10® cells 
on d a y s  2 a n d  3 in culture, respectively). Peak titre of  J V  released intc 
t h e  culture s u p e m a t a n t s  ranged from undetectable t o  7 x l 0 6  P F U / m  

Tahle I. Maximum numbers of IC and JV litres in supematants of I'BMC 
and lymphocytes from patients with AIIF 

P a t i e n t  T o t a l  P B M C  Lymphocy te s  
n u m b e r  n u m b e r  

IC*  J V  t i t r e s  in IC J V  t i t r e s  i n  
s u p e m a t a n t s  s u p e m a t a n t s  

( I 'FU/ml)  (PFU/ml)  

1 103 1 x 102 3 X E G  
2 :t N E G  0 X E G  
:i 10 N E G  3 X E G  
4 :i:i N E G  0 X E G  
r. 7(1 ( ix  1 r»2 N I )  X D  
it 41(1 0.4 x 102 10 X E G  
7 2(1 0.4  x 102 0 X E G  
H U N C  7 X 10" N D X D  

* I C  p e r  10° v iable  mononuclear  (.'ells p l a t ed  
UNC — Uncountable ;  IC appeared  confluent  
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Table 2. Frequency oř positive IC assays i n  blood samples Írom patients w i t h  A H F  

Cell population Time f rom disease onset (days) Total  (%) 

4 to  6 7 to 9 10 t o  12 

Total PBJIC 1/10* 5/7 2/2 8/19 (42) 

Lymphocytes 1/0 2/6 0/1 3/16 (18.7) 

* Posit ive/total of pat ients  studied 

(Table 1). J V  w a s  not  detected in supernatants  f r o m  PBMC cultures t h a t  
rendered negat ive  IC assays .  

J V  w a s  demonstrated in t h e  supernatant  of only t w o  subcultures  of macro­
phages  t h a t  could b e  m a i n t a i n e d  m o r e  t h a n  72 h o u r s  a s  conf luent  mono­
layers.  M a x i m u m  t i t r e s  of 102 P F U / m l  were  o b t a i n e d  i n  samples  of t h e s e  
s u p e r n a t a n t s  collected o n  d a y  6 i n  cu l ture .  T a b l e  2 shows t h a t  t h e  f r e q u e n c y  
of I C  de tec t ion  increased  b y  d a y s  w h i c h  e lapsed  be tween  t h e  clinical onset  
of t h e  disease a n d  t h e  m o m e n t  i n  w h i c h  blood samples  w e r e  o b t a i n e d  f r o m  
t h e  pa t i en t s .  

N o  I F N  a c t i v i t y  w a s  de t ec t ed  i n  t h e  s u p e r n a t a n t s  of t o t a l  P B M C  cul tures  
f r o m  8 p a t i e n t s  t h a t  were  s t u d i e d  f o r  t h i s  purpose .  On ly  3 of 8 cu l tu res  
(from p a t i e n t s  5, 7, a n d  8 in  T a b l e  1) r ende red  posi t ive  I C  assays .  I n  t h e  
sera of t hese  t h r e e  p a t i e n t s  t h e  endogenous  a - I F N  t i t r e s  were  4, 1280, a n d  
32 I U / m l ,  respect ively .  T h e  sera  of t h e  r e m a in ing  five p a t i e n t s  h a d  a - I F N  
t i t r e s  r ang ing  f r o m  16 t o  16 000 I U / m l .  

T h e  d e c a y  of cell v iabi l i ty ,  a s  d e t e r m i n e d  b y  sequen t ia l  t r y p a n  b lue  
assays,  d i d  n o t  show differences t h a t  could b e  a t t r i b u t e d  t o  t h e  cv toc ida l  
effect of J V .  

Discussion 

T h e  resu l t s  r epo r t ed  herein  d e m o n s t r a t e  t h a t  t h e r e  a r e  p roduc t ive ly  in ­
fected cells a m o n g  P B M C  f r o m  t h e  a c u t e  per iod  of A H F  a s  s h o w n  b y  t h e i r  
abi l i ty  t o  f o r m  I C  o n  Vero cell monolayers .  T h o u g h  n u m b e r s  of I C  w e r e  
generally low a n d  d isp layed  h igh  va r i a t i ons  f r o m  ind iv idua l  t o  ind iv idua l ,  
t hey  wrere h igher  i n  t h e  t o t a l  P B M C  t h a n  i n  t h e  l y m p h o c y t e  f r a c t i o n  (Ta­
ble 1). T h e  release of J V  i n t o  t h e  s u p e r n a t a n t s ,  o n l y  d e t e c t e d  w h e n  a d h e r e n t  
cells (macrophages)  were  p r e s e n t  in t h e  cul tures ,  ind ica tes  t h a t ,  a t  a g iven  
t ime, adhe ren t  cells c a r r y  growing J V .  

T h e  low n u m b e r s  of I C  f o u n d  in P B M C  cu l tu res  a r e  on ly  a p a r t i a l  r ep ­
resentat ion of t h e  vira l  i nvo lvemen t  of t h e  en t i r e  haemopoie t i c  s y s t e m  of 
A H F  p a t i e n t s  (González  et al., 1980). Thus,  t h e  IC detected in blood samples  
results f r o m  infected cells entering t h e  blood s t ream f r o m  haemopoietic t is­
sues. I n  add i t ion ,  t h e  v i ru s  car r ied  b y  P B M C  could b e  a t  d i f fe ren t  s tages  
of m a t u r a t i o n ,  because :  a)  i n  t h e  cell f o r m i n g  I C  t h e  in t race l lu lar ly  
located virus,  would  escape neut ra l iza t ion  b y  a n t i - J V  s e r u m  of h igh  speci­
fic ac t iv i ty ;  b)  t h e  de tec t ion  of I C  improves  w i t h  t h e  t i m e  w h i c h  P B M C  a r e  
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kept  in culture,  (litis i n d i c a t i n g  t h a t  a n  i n t e r v a l  is r e q u i r e d  f o r  intracel lu lar  
.JV t o  a p p e a r  a s  in fect ious  v i rus ;  c) u n p u b l i s h e d  d a t a  f r o m  o u r  l a b o r a t o r y  
ind icate  t h a t  .JV a n t i g e n s  can  b e  f a i n t l y  d e t e c t e d  b y  i m m u n o f l u o r e s c e n c e  
o n  acetone-f ixed o r  l i v i n g  FBMC, b u t  o n l y  a f t e r  ô d a y s  in culture.  

T h e  increased f r e q u e n c y  o f  IC detect ion  w h e n  7 o r  m o r e  d a y s  h a v e  e lapsed  
s ince  1 he  clinical onset  o f  A H F (Table  2), can  b e  in terpre ted  a s  i n d i c a t i v e  
o f  t h e  e x t e n t  o f  h a e m o p o i e t i c  t issues  i n v o l v e m e n t  in .)Vr in fect ion.  T h e  u n ­
detectable  a-1 F X  ac t iv i ty  in t h e  supernatants  of  patients'  P B M C  cultures 
is consistent with t h e  presence of  very  low numbers  o f  .JV carrying cells. 
Concomitantly,  t h e  finding o f  high t itres o f  a - I F N  in t h e  sera of  pat ients  
rendering negat ive  IC assays  is another evidence  suggest ive  o f  a larger popu­
lation o f  .J V-infected lymphoid cells, which cannot  be  es t imated  from t h e  
peripheral blood cells alone. 

T h e  f e w  IC which occasionally appear a m o n g  non-adherent cells could  
represent monocyte  contaminations,  a l though previous findings would  allow 
t o  regard t h e m  a s  a n  underestimation o f  infected lymphocytes .  Studies  on 
peripheral blood cells o f  .JV infected guinea pigs  described some  morpho­
logical alteration in lymphocytes  (Carballal ft til., 1981a), a s  well a s  dim­
inished numbers of' T cells (Carballal et al., 1981/;). In pat ients  
with A H  F, a decrease in T and 15 lymphocyte  populations (Arana  et al., 
1977) and a transient inversion ol' T.|/T« ratio have  been described during 
t h e  acute  period o f  t h e  disease (Vallejos  et al., 1989). 

Infectious cells are apparently cleared from t h e  blood o f  t h e  pat ients  b y  
some  mechanism(s) not y e t  elucidated. On d a y  4 after  t h e  treatment w i t h  
immune  plasma,  .JV cannot be isolated from the  patients'  PBMC (Ambrosio 
et at., 1980), a n d  concomitant ly ,  t itres o f  endogenous a - I F N  drop t o  normal 
levels  (Levis  et al., 1984). T h e  low numbers o f  infectious cells make  difficult 
t o  rule out t h e  possibil ity o f  cytocidal .JV infection of  I'B.MC. 

T h e  results reported herein demonstrate  that  in pat ients  w i t h  A H  F per­
ipheral blood monocytes  (macrophages) carry intra-cellular J V ,  which can 
replicate in these  cells. Circulating monocytes  contribute t o  the  spreading 
o f  .JV different tissues. Viral infection o f  macrophages can interfere w i t h  
t h e  role o f  these  cells in the  i m m u n e  response o f  t h e  patients,  t h u s  partially 
explaining t h e  immunodepression t h a t  characterizes t h e  acute  period o f  
AHF1. Furthermore, if J V  multiplication in macrophages is ended b y  a n y  
cytocidal mechanism, subsequent  release o f  reactive products  would con­
tribute t o  a chain of  alterations (Peters, 1984). T h e  results o f  the  present 
s t u d y  in pat ients  with  A H F  are consistent with  (IK; central role assigned t o  
macrophages in the  pathogenesis  o f  arenavirus infections. 

A c/cnowl{'(l(icmr,nlH. T h e  a u t h o r s  WÍHIL to t h a n k  t ho technical s t a l f  of  t h e  I .X.E.V.H f>r their  
aHsistai.ee, a n d  t o  Mfx. Si lv ia  C.:dias f o r  t y p i n g  the  manuscr ip t .  
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