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Summary 

Viruses in blood specimens from patients with hemorrhagic nephroso-nephri- 
tis were isolated in monolayer cultures of human embryo kidney cells and passaged 
in these cultures and in pr imary and continuous swine kidney cell cultures. The 
presence of viruses was demonstrated by  interference with the growth of hetero- 
logous cytopathogenie viruses (poliovirus and Sindbis virus) and by  direct and 
indirect immunofluorescence using human convalescent sera and sera from rabbits  
hyperimmunized with infected cell cultures as sources of antibody. 

The specificity of viruses isolated was confirmed by the regular appearance in 
convalescent sera from patients with ~ of antibodies which inhibited the mul- 
tiplication of viruses in cell culture and blocked staining by  the immunofluores- 
cence method. The viruses isolated were also neutralized and FA staining bloked 
by  homologous immune rabbit  sera. 

Virus was present in greatest quanti ty on the 5th day after inoculation of cell 
cultures. When virus prepared in tissue culture was inoculated into various types 
of laboratory animals, including African green monkeys, no illness developed 
except occasionally among newborn white mice. 

1. Introduction 

Individual a t tempts  to isolate and cultivate under laboratory conditions the 
virus of hemorrhagic nephroso-nephritis (I:LNN, hemorrhagic fever with renal 
syndrome) have not yet  given reproducible results. The first indications that  the 
agent of H N ~  was able to reproduce in cell cultures was given by  the occasional 
appearance of cytopathic changes, which were not found with any regulraity 
(1, 2). The present report describes the cultivation and identification of the virus 
of H1~1~ in tissue cultures using the techniques of interference and immuno- 
fluorescence. 

1 Present address: Institute of Biophysics, Pushchino, Moscow Oblast', USSR. 
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2. Materials and Methods 
2.1.  M a t e r i a l s  f r o m  P a t i e n t s  

For isolation of viruses blood specimens were collected during the first 5 days of 
illness from patients with HNN living in the Primorye Territory of the Far Eastern 
part of the USSR. Sera and blood clots were studied separately. Thirty per cent sus- 
pensions were prepared from the clots by grinding with quartz sand in medium 199 
containing 20 per cent calf serum. The suspensions were centrifuged and the supernatant 
fluids used for the inoculation of cell cultures. Viral reproduction in cell cultures and 
the susceptibility of laboratory animals, were studied. 

For preparation of hyperimmune sera we used strains of virus which had been 
isolated from the blood of patients with HNN and had been passaged 5 to 7 times in 
cell cultures and identified with sera from convalscent patients and hyperimmune 
rabbit sera using interference and immunofluorescence methods as described below. For 
the initial identification of the virus sera from convalescent patients served as the 
source of specific gamma globulin. Later sera of hyperimmunized rabbits were also 
used. 

Sera for serological investigations were collected one to three months after the onset 
of illness from convalescent patients living in loci in the Primorye Territory and also 
from the Bashkir Autonomous Soviet Socialist Republic in the European part  of the 
USSR. As controls we used sera from permanent residents of Leningrad where HNN 
is not found. 

The gamma globulin fractions of human convalescent and hyperimmune rabbit 
sera were prepared by salting out with ammonium sulfate and by the alcohol method 
of C o ~ .  

2.2. Cel l  C u l t u r e s  

The following trypsinized monolayer cultures were studied: 

a) Primary fibroblasts: chick embryo (CEF), white mouse (MF), human embryo 
(HEF), Japanese quail (QF). 

b) Primary kidney cells : chick embryo (CEK), swine embryo (SEK), human embryo 
(HEK). 

e) Continuous cell lines: swine embryo kidney (PS), HEp-2, Detroit-6, guinea pig 
kidney (GPK), monkey kidney (MK), rabbit kidney (RK), human kidney (HK), and 
Syrian hamster kidney (BHK-21). 

Trypsinization of the original tissues for preparation of primary cultures was per- 
formed at room temperature for 4 to 6 hours or at 4~ for 18 to 20 hours. Cell cultures 
were grown on medium 199 containing 10 per cent calf serum and 0.5 per cent lactal- 
bumin hydrolysate or 5 per cent beef blood hydrolysate. Chick embryo and Japanese 
quail fibroblasts were grown on Gey's medium with 5 per cent calf serum. Cells were 
grown for three to 5 days on 5 • 10 mm glass cover slips in test tubes. After the appear- 
ance of complete monolayers of cells, cultures were infected and the growth medium 
replaced with maintenance medium 199 containing 5 per cent calf serum. 

The presence of HNN virus in the infected cell cultures was detected by the presence 
of a cytopathie effect (CPE), by interference with the growth of heterologous cyto- 
pathic viruses, and by direct and indirect immunofluorescence. 

2.3.  I n t e r f e r e n c e  R e a c t i o n  

As indicator viruses we used poliovirus type 1 (vaccine strain LSC) and Sindbis 
virus in doses of 10 to 100 infectious doses per culture tube, three to seven days after 
inoculation with I tNN virus. Results of the interference reaction were recorded one to 
five days after challenge. 

2.4. F l u o r e s c e n t  A n t i b o d y  (FA)  M e t h o d s  

2.4.1. Direct F A  

An 1 per cent solution of gamma globulin prepared from HNN human convalescent 
serum or hyperimmune rabbit serum was conjugated at 4~ for 18 hours with fluores- 
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ce in - i so th iocyana te  (FITC) in a ra t io  of 10 to 15 m g f l u o r o c h r o m e  to 1 g r a m  of p ro te in .  
Conjuga tes  were  f reed of u n c o n j u g a t e d  F I T C  b y  dialysis  and  f r a c t i o n a t i o n  on an ion ic  
Dowex-1 (Dow Chemica l  Corp.). 

The  p ro t e in  c o n c e n t r a t i o n  in specific pur i f i ed  con juga t e s  was  1 per  cen t  w i t h  f luoro- 
ch rome  to p ro t e in  r a t io  of 8 to 9 x 10 -3. Nonspeci f ic  f luorescence was i n h i b i t e d  b y  
e o u n t e r s t a i n i n g  w i t h  equ ine  a l b u m i n  t agged  w i t h  r h o d a m i n e  sulfof luor ide  a t  a di lu-  
t ion  of 1 :8  to  1 :16 (3). F i x e d  p r e p a r a t i o n s  were s t a i n e d  w i t h  c o n j u g a t e  m i x t u r e s  a t  
37~ in  a mo i s t  chamber ,  w a s h e d  twice  for  5 m i n u t e s  in  buf fe red  phys io logic  sa l ine  
(pH 7.2), r insed  w i t h  dis t i l led  water ,  d r ied  a n d  e x a m i n e d  u n d e r  f luorescence micro-  
scope ML-2 us ing  l a m p  DRSh-250 ,  exc i te r  f i l ters  GS-8-2, FS-1-2,  SS-15-2, a n d  in te r -  
fer ing f i l ter  1 or 2. 

2.4.2. Indirect .FA 
F i x e d  p r e p a r a t i o n s  were covered  w i t h  d rops  of H N N  conva lescen t  se rum in dilu- 

t ions  1 : 2 - - l : 1 0  a n d  p laced  in a mois t  c h a m b e r  for  30 m i n u t e s  fol lowing wh ich  t h e y  
were w a s h e d  twice  for  10 m i n u t e s  in  buf fe red  physiologic  sa l ine  (pH 7.2--7 .4)  a n d  a i r  
dr ied.  T h e y  were  t h e n  s t a i ned  w i t h  a m i x t u r e  of F ITC-g]obu l in  f rom r a b b i t s  i m m u n i z e d  
w i th  h u m a n  g lobul in  a n d  equ ine  se rum a l b u m i n  t agged  w i t h  r h o d a m i n e  sulfof luor ide  
in f ina l  c o n c e n t r a t i o n s  of 1 : 6 - -  1 : 8 a n d  1 : 8 - -  1 : 16, respect ive ly .  

2 . 5 .  S u s c e p t i b i l i t y  of  L a b o r a t o r y  A n i m a l s  t o  V i r u s e s  I s o l a t e d  

Virus  was su spended  in m e d i u m  199 a t  an  a p p r o x i m a t e  c o n c e n t r a t i o n  of 105 t issue-  
cu l tu re  (HE K) infec t ious  doses pe r  ml.  R a b b i t s  were  i n j ec t ed  i n t r a v e n o u s l y  and  in t r a -  
per i tonea l ly ,  gu inea  pigs i n t r ape r i t onea l ly ,  n e w b o r n  a n d  adu l t  wh i t e  mice  i n t r a -  

Tab le  1. .Fluorescent Antibody Titer o] Sera Obtained ]rom Di]]erent Geographical Areas 

H N N  G e o g r a p h i c a l  focus  of H N N  
p a t i e n t  sou rce  of s e r a  
~No. 

S e r u m  a n t i b o d y  T i t e r  b y  F A  m e t h o d  

D i r e c t  F A  I n d i r e c t  F A  

A c u t e  s e r u m  C o n v a l e s c e n t  A c u t e  s e r u m  C o n v a l e s c e n t  
s e r u m  s e r u m  

1 P r i m a r y e  T e r r i t o r y  0 1 : 4 0 1 : 8 
2 P r i m a r y e  T e r r i t o r y  0 1 : 4 0 1 : 8 
3 P r i m a r y e  T e r r i t o r y  0 1 : 3 0 1 : 4 
4 B a s h k i r  A S S R  0 1 :4  0 1 : 6 
5 B a s h k i r  A S S R  0 1 : 2 0 1 : 3 

C o n t r o l  S o u r c e  of c o n t r o l  s e r a  
No .  

1 L e n i n g r a d  re s iden t s  
(10 specimens)  0 0 

2 R a b b i t s  h y p e r i m m u n i z e d  
w i t h  H N N  v i rus  1 : 16 1 : 64 

3 R a b b i t s  h y p e r i m m u n i z e d  
w i t h  t i e k b o r n e  ence- 
pha l i t i s  v i rus  0 0 

pe r i tonea l ly  or i n t r ace reb ra l ly ,  a n d  n e w b o r n  w h i t e  mice  i n t r a c e r e b r a l l y  or b y  com-  
b i n e d  in t r aee reb ra l ,  i n t r a p e r i t o n e a l ,  i n t r a m u s c u l a r ,  i n t r a n a s a l  a n d  pe ro ra l  rou tes .  
Af r i can  green  m o n k e y s  were i n o c u l a t e d  i n t r a v e n o u s l y  a n d  in t r aee reb ra l ly .  O b s e r v a -  
t ions  of t h e  i nocu la t ed  an i m a l s  were car r ied  ou t  for  four  weeks a f te r  inocu la t ion .  

13"  
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T a b l e  2. Demonstration o] H N N  Virus Reproduction in Tissue Culture 
o] Various Methods 

E x p e r i -  T y p e  of ce l l  c ~ l t u r e  D e s i g n a t i o n  V i r u s  d e t e c t e d  b y :  
m e r i t  N o .  

C P E  F A - m e t h o d  I n t e r -  
f c r e n e e  1 

D i r e c t  I n d i r e c t  

P r i m a r y  cell  c u l t u r e s :  

1 H u m a n  E m b r y o  
K i d n e y  H E K  • + + + + + + 

2 H u m a n  E m b r y o  
K i d n e y  
( S u b c u l t u r e )  H E K - S u b  • + + + 

3 H u m a n  E m b r y o  
F i b r o b l a s t  H E F  . . . .  

4 C h i c k  E m b r y o  
F i b r o b l a s t  C E E  . . . .  

5 J a p a n e s e  Q u a i l  F i b r o -  
b l a s t  Q F  . . . .  

6 C h i c k  E m b r y o  K i d n e y  C E K  . . . .  

7 M o u s e  F i b r o b l a s t  M F  . . . .  

8 S w i n e  E m b r y o  K i d n e y  S E K  - -  + + + + + 

C o n t i n u o u s  Cell L i n e s :  

9 S w i n e  K i d n e y  P S  - -  + + + 

10 H u m a n  A m n i o n  A M  . . . .  

11 H u m a n  K i d n e y  R H  . . . .  

12 H E p - 2  H E P - 2  . . . .  

13 M o n k e y  K i d n e y  M K  - -  + + + 

14 D e t r o i t - 6  D - 6  . . . .  

15 G u i n e a  P i g  K i d n e y  G A K  . . . .  

16 R a b b i t  K i d n e y  R K  • - -  - -  - -  

17 M o u s e  F i b r o b l a s t  L . . . .  

18 S y r i a n  H a m s t e r  K i d n e y  B H K - 2 1  + + + 

1 w i t h  S i n d b i s  or  p o l i o v i r u s e s .  
- -  ~ N e g a t i v e .  • = W e a k l y  P o s i t i v e .  + ,  + + = P o s i t i v e .  

T a b l e  3. Detection o] H N N  Virus (Strain FE-1) in H E K  

C P E  1 a f t e r  c h a l l e n g e  w i t h  p o l i o v i r u s  t y p e  1 / L S C  5 d a y s  
p o s t  i n f e c t i o n  

V i r u s  d i l u t i o n s  10 - 1  10 - 2  10 - 3  10 -~ 10 _5 10 -~ 10 -~ 

C u l t u r e s  i n f e c t e d  
w i t h  H N N  v i r u s  + + + + + + + + + - -  - -  - -  

N o n - i n f e c t e d  
c u l t u r e s  + + + - ' l -  + + + +  + + +  "+"+-+  + + +  + +  - -  

1 C r i t e r i a  fo r  + ,  + + ,  + + + ,  + + +  + ( +  to  + +  + + = % cell  s h e e t  d e s t r o y e d  
f r o m  2 5 %  to  1 0 0 % ) .  
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3. Results 

Virus from patients with Iff_NN was first isolated in trypsinized H E K  cell 
monolayer cultures. I t  was isolated more frequently from blood serum than from 
clots. In  a typical study of 15 patients from an outbreak of HNN in the Primorye 
Territory virus was isolated in six cases from blood serum and in only two cases 
from clot. 

Sera obtained from patients during the acute phase of H:NN (before the 5th 
day) and during the period of convalescence were studied by both indirect and 
direct FA methods. Antibodies were consistently demonstrated in convalescent 
but not in acute sera suggesting that  the viruses isolated in tissue culture are the 
specific agents of H:N:N. When sera of convalescent H:N:N patients from different 
geographic foci were examined they were found to give distinct immunofluores- 
cence with the same virus, further suggesting that  there is a common agent or 
group of related agents of HN:N in both Far East and Europe. A comparative 
study of sera from the Primorye Territory and Bashkir ASSR is presented in 
Table 1. Additional evidence that the viruses isolated are identical or closel~ 
related is given by the fact that  sera from rabbits hyperimmunized with one virus 
gave specific immunofluorescence with all others tested. 

In trials of 20 different tissue cultures (Table 2) it was found that the growth 
of H:N:N virus was most regularly maintained by passages in trypsinized mono- 
layer cultures of primary human embryo kidney and swine embryo kidney cells 
and in a continuous line of swine embrye kidney cells (PS). Several of the cultures 
investigated showed weak cytopathic effects which increased after multiple serial 
passages of virus-containing material. 

The presence of virus in the cultures was demonstrated and dynamics of viral 
mu]tiplication studied by the FA and interference reactions (Table 3). With the 
FA technique specific fluorescence was first detected in cell cultures 12 hours after 
infection, and maximum fluorescence developed in four to five days. By the eight 
to ninth day of cultivation the immunofluorescence had either disappeared or 
was weakly expressed. Direct and indirect FA methods gave similar results, and 
all control preparations were negative. The viral antigens were noted to be localiz- 
ed in the cytoplasm (Fig. 1). 

Cell Cultures by Inter/erence or Immuno/luoreseence 

~ m m u n o f l u o r e s c e n c e :  w i t h  I t N N  c o n v a l e s c e n t  s e r u m  d i l u t i o n s  
D i r e c t  F A  I n d i r e c t  F A  

1 : 2  1 : 4  1 : 6  1 : 8  1 : 1 0  1 : 2  1 : 4  1 : 8  1 : 1 6  1 : 3 2  

Cultures infected 
with HNN virus + + • -- -- + + + -- -- 

Non-infected . . . . . . . . . .  
cultures 

Performed 5th day post infection. 
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F i g .  1. N[ono layer s  f r o m  e m b r y o n i c  h m u a n  k i d n e y  i n f e c t e d  b y  t h e  v i r u s  of h e m o r r h a g i c  n e p h r o s e -  
n e p h r i t i s  a n d  s t a i n e d  b y  i n d i r e c t  f l u o r e s c e n t  a n t i b o d y  m e t h o d :  a) I n f e c t e d  12 h o u r s  be fo r e ;  b)  I n f e c t e d  
24 h o u r s  b e f o r e ;  c) I n f e c t e d  72 hou r s  be fo r e ;  d~ I n f e c t e d  120 h o u r s  be fo r e ;  e) Con t ro l  -- n o n  i n f e c t e d  

t i s s u e  c u l t u r e  

The interference phenomenon was only weakly expressed until 3 days post 
infection, becoming quite distinct on the 5th to 7th day (Table 5). Optimal dose 
for the indicator eytopathogenie viruses was 10--1000 TCIDs0 per culture. 

When virus-containing material was incubated with convalescent human 
serum prior to inoculation of cell cultures, viral multiplication, using both inter- 
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ference phenomenon  and  F A  techniques as indicators,  failed to take place, de- 
mons t r a t i ng  specific neut ra l iza t ion  of virus. 

As seen from Table  6, with the occasional exception of newborn  white mice the 
l abora to ry  animals  tested did no t  show signs of clinical illness following inoculat ion 

Table 4. Dynamics o] .Multiplication o] HN.tY Virus in H E K  Cultures as Demonstrated 
by Immuno]luoreseence 

T i m e  p.i. Presence  of speci f ic  f luorescence  ( ind i rec t  m e t h o d )  i n  cu l tu re s  i n f e c t e d  w i t h  i n d i c a t e d  
(days)  d i l u t i o n s  of v i r u s - c o n t a i n i n g  m a t e r i a l  

1 : 1 10-  * 10-  ~ 10 -2  10 -4 10 -~ 10-* 10 -~ 

1 § + . . . .  
2 + + + • -- -- 

4 + + + + • -- 
5 + + + + + -- 
6 • • • • ~- -- 
7 + + + + -- -- 
8 • • + + • - 

i0' -- -- • • • -- 

1 2 '  . . . . . .  

* Nonspecifie Degeneration of Cells. 

Table 5. Dynamics o] Multiplication o] Hs 
Virus in H E K  Cultures as Demonstrated by 

Inter]erence with Polio 1/~LSC Virus 

I n t e r v a l  (days)  b e t w e e n  
i n i t i a l  H N N  i n f e c t i o n  
a n d  c h a l l e n g e  w i t h  
p o l i o v i r ~ s  I / L S C  
(10 T C I D  ~o) 

C P E  72 h o u r s  a f t e r  cha l l enge  
No.  cu l t u r e s  s h o w i n g  C P E /  
No.  c u l t u r e s  c h a l l e n g e d  

2 3/4 
3 2/4 
4 1/4 
5 0/4 
6 0/4 
7 0/~ 
s 0/4 
9 1/4 

Each day 4 HNN-infected cultures and 4 un- 
infected control cultures were challenged with 
poliovirus. 

with H N N  virus. However  among some of the  animals  inoculated the  appearance 
of specific an t ibody  was observed, t i ters  rising after repeated inoculations.  

The viruses isolated were stable when stored a t  - -20~  for at  least 6 months  
and  at  A-4~ for at  least 2 months.  
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Tab le  6. Susceptibility o/Y~aboratory Animals  to HNs Virus (Adapted to H E K  Cultures) 

Species of animal Inoculation Clinical Antibody 
signs 1 formation* 

Route Virus dose 
(10 s TCID 50/ml) 
No. ml injected 

R a b b i t  

Gu inea  p ig  

W h i t e  R a t  

W h i t e  A d u l t  
Mouse N e w b o r n  

Af r i can  Green  
~ o n k e y  

Cat  

i.v. 5.0 --  T 
i .p.  5.0 --  + 

i .p.  2.0 --  n .d .  

i .p .  3.0 --  n.d.  

i .p. 1.0 --  n.d.  
i.e. 0.02 + ~ n.d.  
Combined  0.1 + 2 n.d.  

i.v. 5.0 --  + 
i.e. 1.0 --  + 

i .p.  5.0 --  n.d.  

1 A n i m a l s  obse rved  4 weeks. 
D e a t h  of i n d i v i d u a l  an ima l s  10- -12  days  pos t  infect ion,  fol lowing a 2 4 - - 4 8  hou r s  
pe r iod  of l e t h a r g y  a n d  weakness .  

3 Af te r  r e p e a t e d  inocula t ions .  
+ = Pos i t ive .  - -  = Negat ive .  n.d.  = Not  done.  
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