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Immunological  sensitization following inapparent infection with dengue virus type 3 

in rhesus monkeys 
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Summary. Rhesus  monkeys  previous ly  given dengue  virus t y p e  3, w i t h o u t  a p p a r e n t  v i remia  or an t i b o d y  response,  
exh ib i ted  a s econda ry - type  response upon  reinoculat ion.  These da t a  suggest  t h a t  monkeys  can be immunologica l ly  
sensi t ized to dengue  virus  w i t h o u t  de tec tab le  a n t i b o d y  product ion .  

Recent ly ,  we repor ted  t h a t  t empera tu re - sens i t i ve  m u t a n t s  
of dengue virus t y p e  2 (DEN-2) could be induced  chem-  
ically w i th  5-azacytidine,  and  t h a t  some of these  had  di- 
min ished  abi l i ty  to  p roduce  v i remia  while still inducing a 
s ignif icant  i m m u n e  response  in rhesus monkeys  3' 4. We  
also a t t e m p t e d  similar s tudies  wi th  DEN-3.  However ,  the  
general ly  inferior  r eproduc t ive  capac i ty  of DEN-3  in 
diploid m a m m a l i a n  cells f rus t r a t ed  mos t  of these  at-  
t empt s .  We did observe and now repor t  an in te res t ing  
p h e n o m e n o n  dur ing  the  course of t h a t  work, which  we 
believe m a y  rep resen t  the  first  known d e m o n s t r a t i o n  of 
immunologica l  sensi t iza t ion to  live dengue  virus in 
p r ima te s  w i thou t  c o n c o m m i t a n t  de tec tab le  a n t i b o d y  
syn thes i s  under  control led  l abora to ry  condit ions.  
Materials and methods. P r i m a r y  h a m s t e r  k idney  (HK) 
cell cul ture  was p repa red  as repor ted  previous ly  5. LLC- 
M K  2 cells were ma in t a ined  as previous ly  descr ibed 3. 
D E N - 3  (H87 p r o t o t y p e  strain) a t  its th i rd  bl ind mouse  
bra in  passage (Pa) did no t  repl icate  or form f luorescent  
foci 6 in 4 diploid p r ima t e  cell cul ture  sys tems  tes ted .  
However ,  the  virus  repl ica ted  and formed an t igen  in 
H K  cells. Af te r  4 serial passages  in H K  cells a t  37 ~ the  
virus  (designated P3T4) was  incuba ted  at  37~ for 20 
min  in 100 txg/ml N-me thy l -N ' -n i t ro -N-n i t ro soguan id ine  
(Sigma Chemical  Co., St.  Louis, Mo.). This mater ia l  
was cloned a t  33.5 ~ by  f luorescent  a n t i b o d y  techn ique  
repor ted  earlier 6. Of 12 clones originally isolated, only 
one clone could be p ropoga t ed  a t  33.5~ in H I (  cells. 
A f t e r  2 passages,  th is  mate r ia l  was found  to  con ta in  102.0 
f luorescent  focus- forming uni ts  (FFU)/0.1 ml  a t  33.5~ 
and  less t h a n  101.~ FFU/0 .1  ml  a t  40~ b y  previous ly  
descr ibed m e t h o d s  3. D E N - 3  H87 virus in its 23rd suck- 
ling mouse  bra in  passage was p ropoga ted  and t i t r a t e d  as 
descr ibed b y  H a m m o n  and  Sa the r  7. This  mater ia l  con- 
t a ined  107.0 suckling mouse  LD60/0.1 ml, and  formed 
essent ia l ly  equal  n u m b e r s  of f luorescent  loci in H I (  ceils 
a t  33.5~ and  40~ 
Juveni le  4-6 lb female rhesus  monkeys  were ob ta ined  
f rom P r ima te  I m p o r t s  Corp., P o r t  Wash ing ton ,  N. Y. 
Animals  were ma in t a ined  as descr ibed previous ly  4. 
Animals  were free of tuberculos is  b y  skin t e s t  t h r o u g h o u t  

Serum HI antibody titers to DEN-3 prior and subsequent to vaccina- 
tion and challenge* 

HI titer on day 
Monkey No. -7  0 7 14 21 52 59 66 

6 <10 <10 <10 <10 <10 <10 160 320 
7 <10 <10 <10 <10 <10 <10 160 40 

12 <10 ND** ND ND ND <10 <10 10 

* Monkey 6 and 7 were vaccinated with P3T~ on day 0; all 3 monkeys 
received P2a mouse brain material on day 52. ** Not done. 

t he  expe r imen ta l  period.  As repor ted  previously  4, all 
animals  were screened for dengue and  other  f lavivirus 
ant ibodies  before use. Hemagg lu t ina t ion - inh ib i t i on  (HI) 
tes t s  were pe r fo rmed  as descr ibed by  H a m m o n  and 
Sa the r  7. 
Ou tb red  suckling H a M / I C R  mice (1-2 days  old) were 
ob ta ined  f rom Charles R iver  Breeding  Laborator ies ,  
Wi lmington ,  Mass., and  ma in t a ined  as previous ly  des- 
cr ibed in detai l  s . 
Results and discussion. D E N - 3  virus exposed to N-me thy l -  
N ' -n i t ro -N-n i t rosoguan id ine  repl ica ted  so poor ly  t h a t  it  
is no t  cer ta in  w h e t h e r  i t  r epresen ts  a t empera tu re - sens i -  
t ive  mu t an t .  I t  can only  be descr ibed as a virus which 
p roduced  de tec tab le  an t igens  a t  33 ~ b u t  no t  a t  40 ~ 
On day  0, 2 seronegat ive  mo n k ey s  (No. 6 and 7) were in- 
ocula ted  s.c. in the  r igh t  forearm wi th  0.1 ml of the  H I (  
ce l l -propagated  mutagen ized  virus (PAT7). Sera were ob- 
t a ined  on days  3 t h r o u g h  7, 14 and  21. All a t t e m p t s  to 
isolate DEN-3  by  in t race rebra l  inocula t ion of sera into 
suckling mice, or by  inocula t ion  in H I (  or LLC-MI(  2 cells 
were unsuccessful .  Sera were  also nega t ive  for DEN-3  H I  
a n t i b o d y  (table). 
On day  52, these 2 mo n k ey s  plus a previous ly  uninfec ted  
m o n k e y  (No. 12) were inocula ted  s. c. in the  left forearm 
0.1 ml DEN-3  H87 P23 virus.  Serial bleedings on days  55 
t h r o u g h  59 again  failed to  conta in  de tec tab le  virus.  Ant i -  
b o d y  levels rap id ly  rose in the  2 monkeys  previous ly  
given mutagen ized  virus,  while in t he  control  monkey,  
H I  a n t i b o d y  was no t  de t ec t ed  unt i l  14 days  following 
chal lenge;  and th is  a t  a cons iderab ly  lower t i t e r  (table). 
These  f indings are suggest ive  of immunological  sensit i-  
za t ion  w i t h o u t  de tec tab le  a n t i b o d y  p roduc t ion  in the  2 
m o n k e y s  receiving the  mutagen ized  virus. The low- 
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t i t e r ed  i nocu lum (102.~ F F U )  obv ious ly  rep l i ca ted  v e r y  
poor ly  in the  monkeys .  I nocu l a  c o n t a i n i n g  s imi la r  con-  
c e n t r a t i o n s  of a D E N - 2  (TH-36 isolate) t e m p e r a t u r e -  
s e n s i t i v e - m u t a n t  p roduced  d e t e c t a b l e  v i r em i a  in rhesus  
monkeys* .  Indeed ,  such  poor  rep l ica t ion  of D E N - 3  has  
been  obse rved  in m o n k e y s  g iven  m u c h  larger  D E N - 3  in- 
ocula  (monkey  No. 12, u n p u b l i s h e d  obs e r va t i ons  of th i s  
l a b o r a t o r y  a n d  S. B. H a l s t e a d  e t  a l ) ) .  T h a t  l imi ted  re- 
p l i ca t ion  of m u t a g e n i z e d  v i rus  occur red  is in fe r red  f rom 
the  s e c o n d a r y - t y p e  a n t i b o d y  response  showed  fol lowing 
P23 chal lenge,  since i t  is un l ike ly  t h a t  t he  f i rs t  i nocu lum 
(10 2 F F U )  c o n t a i n e d  suff ic ient  an t igen ic  mass  to  sensi t ize 
t he  i m m u n e  s y s t e m  b y  itself. This  a s s u m p t i o n  seems 
reasonab le  in v iew of t he  slow p r i m a r y - t y p e  a n t i b o d y  
response  obse rved  in the  con t ro l  m o n k e y  inocu la ted  w i t h  
107 mouse  LDs0 ( represen t ing  a cons ide rab ly  larger  an t i -  
genic mass).  The  p r i m a r y - t y p e  response  s h o w n  b y  th i s  
DEN-3- in f ec t ed  m o n k e y  is s imi la r  in t e m p o r a l  p a t t e r n  to 
t h a t  s h o w n  b y  17 se ronega t ive  rhesus  m o n k e y s  inocu la t ed  
w i t h  D E N - 2  P2a mouse  b r a i n  ma te r i a l  or t e m p e r a t u r e -  

sens i t ive  m u t a n t s * .  The  s e c o n d a r y - t y p e  response  s h o w n  
b y  t he  2 m o n k e y s  g iven  m u t a g e n i z e d  v i rus  a n d  D E N - 3  
P,~ ma te r i a l s  resembles  t he  t e m p o r a l  p a t t e r n  obse rved  in 
14 m o n k e y s  cha l l enged  w i t h  D E N - 2  P23 v i rus  fol lowing 
in fec t ion  w i t h  D E N - 2  t e m p e r a t u r e - s e n s i t i v e  m u t a n t s * .  
E v i d e n c e  has  been  p re sen t ed  t h a t  D E N - 3  v i rus  in m i n u t e  
q u a n t i t i e s  a n d  w i t h o u t  a c tua l l y  s t i m u l a t i n g  de t ec t ab l e  
a n t i b o d y ,  is capab le  of sens i t iz ing the  i m m u n e  s y s t e m  of 
rhesus  m o n k e y s  to p e r m i t  s e c o n d a r y - t y p e  a n t i b o d y  
responses  to  s u b s e q u e n t  D E N - 3  infect ion.  W h e t h e r  th i s  
f ind ing  is app l icab le  to  o t h e r  dengue  v i rus  types  w i t h  
g rea t e r  r ep roduc t i ve  c a p a c i t y  in h u m a n  or p r i m a t e  hos t s  
a n d  to  h u m a n  immuno log i ca l  p h e n o m e n a  such  as dengue  
h e m o r r h a g i c  fever / shock  s y n d r o m e  is w o r t h y  of f u r t h e r  
s tudy .  The  d a t a  also ind ica te  the  p o t e n t i a l  fa l lacy of in- 
fe r r ing  nega t ive  in fec t ion  h i s t o r y  f rom se ronega t iv i ty .  
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7 (1973). 

A per iphera l  h igh  m o l e c u l a r  w e i g h t  g l y c o p r o t e i n  loca ted  at the  surface  of h u m a n  p la te l e t s  
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Summary. A h igh  molecu la r  we igh t  g lycopro te in  solubi l ised d u r i n g  p l a t e l e t  m e m b r a n e  i so la t ion  a p p e a r e d  to  be  a 
pe r iphe ra l  c o m p o n e n t  of t he  h u m a n  p la t e l e t  surface a n d  was suscept ib le  to  t he  ac t ion  of n e u r a m i n i d a s e  w h e n  added  
to  washed  p la t e l e t  suspensions .  

A c c u m u l a t i n g  ev idence  suggests  severa l  possible roles for 
surface o r i e n t a t e d  o l igosacchar ides  or t he i r  p a r e n t  glyco- 
p ro te ins  or glycol ipids  in  p l a t e l e t  func t ion  2 .~. I t  is the re -  
fore of in t e res t  to  know more  of t he  o rgan iza t ion  of t he  
b o u n d  c a r b o h y d r a t e  a t  t he  p la t e l e t  surface.  Fol lowing 
the  h o m o g e n i z a t i o n  of w a s h e d  h u m a n  p la t e l e t  suspen-  
sions d u r i n g  t he  p r e p a r a t i o n  of p la t e l e t  m e m b r a n e s  a 
p r o m i n e n t  g lycopro te in  b a n d  of a p p r o x i m a t e  molecu la r  
we igh t  148,000 h a s  b e e n  loca ted  in t he  soluble  cyto-  
p lasmic  f r ac t ion  b y  S D S - P A G E  s analys is  4,7. This  glyco- 
p ro t e in  (to be t e r m e d  g lycopro te in  Is) is a c o n s t i t u e n t  of 
t he  large g lycopro te in  b a n d  obse rved  fol lowing SDS-  
P A G E  of SDS a n d  2 - m e r c a p t o e t h a n o l  solubi l ized washed  
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Fig. 1. Rate of release of sialic acid from washed human platelets by 
neuraminidase. Following washing (3 times) in 0.01 M tris HCI pH 
7.4 containing 0.15 M NaC1, 1 nlM EDTA and 0.35% bovine albumin, 
the platelets were finally resuspended (2 x 109 m1-1) in 0.01 M tris 
HC1 pH 7.0 containing 0.15 M NaC1, 2 mM CaCl~, 0.35% bovine 
albumin and 200 ~zg ml -~ apyrase (Sigma). The incubation was per- 
formed at 37~ with agitation in the presence of 50 units ml -x 
neuraminidase. At increasing time intervals, aliquots were with- 
drawn, mixed with 4 mM EDTA to inhibit the enzyme, and the 
platelets sedimented at 3000 • g for 20 min at 4 ~ Aliquots of the 
supernatants were assayed directly for free sialie acid 21, using a 
N-acetylneuraminie acid standard (Sigma Type IV). The results are 
expressed as the percentage of the total platelet sialic acid. 

h u m a n  p la te le t s  and  which  is o f t en  cal led g lycopro-  
t e i n  14,8. G lycopro te in  Is  ha s  been  pur i f ied  a n d  cha rac -  
te r ized  b y  L o m b a r t  e t  al. 7, is inso luble  in  low ionic 
s t r e n g t h  solut ions  and  con t a in s  a p p r o x i m a t e l y  60% 
c a r b o h y d r a t e  and  13% sialic acid. As such  i t  c lear ly  
differs  f rom the  ' t h r o m b i n  sens i t ive  p ro t e in '  9 wh ich  is an  
a d d i t i o n a l  c o n s t i t u e n t  of g lycopro te in  I of whole p la te -  
le ts  1~. The  re l a t ionsh ip  be tween  g lycopro te in  Is and  a 
more  f i rmly  b o u n d  m e m b r a n e  g lycopro te in  of s imi la r  
molecu la r  weight*,  7 is unclear .  A p r e l i m i n a r y  r e p o r t  has  
sugges ted  t h a t  g lycopro te in  Is is loca ted  a t  the  h u m a n  
p l a t e l e t  surface u.  If  t h i s  is so, t h e n  t he  b u l k  of i ts  b o u n d  
sialic acid would  be  suscept ib le  to  t he  ac t ion  of n e u r a m i n i -  
dase  w h e n  added  to w a s h e d  p l a t e l e t  suspens ions .  
Us ing  a pro tease- f ree  n e u r a m i n i d a s e  p r e p a r a t i o n  of h i g h  
specific a c t i v i t y  (Vibrio cholerae,  3300 T B A  un i t s  m1-1, 
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