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Summary.  - Roles of cytokines in primary and secondary Dengue virus (DV) infections are not com­
pletely understood. In this study, we challenged mononuclear leukocytes (MNLs) obtained from non-immune 
and DV-1-infected donors with DV-2 in vitro to mimic primary and heterologously secondary DV-2 infections, 
respectively. We found that MNLs in response to DV-2 could release a large amount of interleukin-1 (IL-1P) 
and tumor necrosis factor alpha (TNFa). However, IL- lp  and T N F a  released by MNLs with primary or 
heterologously secondary exposure to DV-2 were not significantly different. In contrast, MNLs with hetero­
logously secondary DV-2 infections produced significantly higher amount of interferon gamma (IFNy) than 
those with primary DV-2 infections. These results suggest that IFNy, but not TNFa  or IL-1(3, may in part 
participate in the pathogenesis of Dengue shock syndrome (DSS) frequently found in heterologously second­
ary DV-2 infections. 

Key words: cytokines; interferon gamma; Dengue shock syndrome; heterologously secondary infections 

Introduction 

Pr imary  D e n g u e  fever  is usually recognized a s  a benign 

vira l  i l lness.  Seconda ry  D V  infec t ions  w i t h  he tero typic  

D e n g u e  vi ruses  a r e  m o r e  f requent ly  associated wi th  seri­

ous complications such as  D S S ,  which  tends t o  have a higher 

mortal i ty (Halstead, 1989; Sangkawibha  et al., 1984). Al ­

though D e n g u e  fever a n d  its severe f o r m  complication, D S S ,  

are  prevalent  main ly  in  Southeast  As i a  and  South  America ,  

people  f r o m  Europe  o r  N o r t h  Amer i ca  w h o  travel t o  tropi­

ca l  countries  m a y  also have  a n  opportuni ty t o  ge t  this  dis­

ease.  D a t a  f r o m  epidemiologic studies have  indicated that  

t he  highest  r isk  f ac to r  f o r  D S S  is a n  infect ion wi th  the  se­

quence  o f  DV-1 followed by  DV-2 infection (Halstead, 1981; 

Sangkawibha  et al., 1984). T h e  pathogenesis  o f  D S S  is n o t  

completely understood.  Circulating i m m u n e  complexes h a d  

been  implicated in  t he  activation o f  complement  ( C ' ) ,  r e ­

sult ing in t he  dis turbance o f  coagulat ion a n d  vascular  per­

m e a b i l i t y  i n  p a t i e n t s  w i t h  D e n g u e  f e v e r  ( S u v a t t e  a n d  

Longsaman,  1979; Suvatte,  1987). I m m u n e  complexes  a s  

assessed b y  quantitative me thods  have  been  shown t o  b e  

not  t he  m a j o r  fac tor  in t he  C '  activation o f  D e n g u e  fever  

(Malasit ,  1987). 

M N L s  are  the  principal  cells f o r  D V  replicat ion (Theo-

f i lopoulos  et al., 1976; Halstead,  1989) a n d  a re  k n o w n  to" 

secrete  m a n y  p ro in f l ammato ry  cytokines  such  as  T N F a  

a n d  I L - i p  involved i n  m a n y  infect ious shock  syndromes  

(Deme t r i e / a / . ,  1989;Fonge/a7 . ,  1990;Tracey  etal., 1988). 

Furthermore,  I F N y h a s  been  reported t o  augmen t  F c  g a m m a  

(Fey) receptor-mediated D V  infect ions in  monocy t ic  cells  

(Kontony  et al., 1988). I t  is reasonable  t o  p ropose  that  a 

di f ferent  cytokine p ro f i l e  m a y  contr ibute  t o  a d i f fe rent  r isk  

incidence o f  D S S  between p r imary  a n d  heterologously sec­

ondary  DV-2 infections.  I t  h a s  b e e n  virologicaly c o n f i r m e d  

that  a n  outbreak o f  DV-1 infect ions took  p lace  in  southern  

Taiwan f r o m  1987 to  1991 (Liu  et al., 1989; Shaio  et al., 

1992; Wu  et al., 1993).  Thus ,  i t  i s  o u r  pr ivi lege t o  chal lenge 

M N L s  obtained f r o m  normal  (non- immune)  a n d  previously 

DV-l - in fec ted  dono r s  w i t h  DV-2 t o  m i m i c  p r i m a r y  a n d  

heterologously secondary  DV-2 infect ions a n d  t o  s tudy the  

cytokine prof i les  i n  t h e  in vitro DV-2 infect ions.  Employing  

ELISA,  w e  measured  cytokine releasing p ro f i l e s  including 
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IL-1 P, T N F a ,  IL-2, and IFNy from MNLs with primary or 
hetcrologously secondary exposure to DV-2. 

Mater ia ls  a n d  M e t h o d s  

Preparation of MNLs was done from peripheral blood drawn 
from 11 non-immune normal adults living in northern Taiwan and 
11 previously DV-1-infected patients who lived in southern Tai­
wan and were virologically confirmed to have DV-1 infections 
during 1987-1989 in our previous study (Shaio et al., 1992). In­
formed consents were completed before blood was drawn. 4.5% 
dcxtran T500 (Pharmacia) was mixed with the peripheral blood at 
a ratio of 1:4 and the syringe was incubated nozzle upward at 37 'C 
for 30 mins. Leukocyte-enriched plasma was separated into poly­
morphonuclear leukocytcs and MNLs by a gradient centrifuga-
tion in Ficoll-hypaquc (Pharmacia) at 1,500 x g for 15 mins (Yang 
et al., 1992, 1994). After centrifugation, interface MNLs (> 98% 
viability) were collected, washed, and suspended at 2 x 10'cells/ml 
for studies. 

Virus. Dengue 2 virus (DV-2), New Guinea C strain obtained 
from the Institute of Preventive Medicine,Taipei,Taiwan was used 
in this study. Viruses were propagated in the Aedes albopictus C6-
36 cells (Igarashi, 1978). Virus titers were determined by a stand­
ard plaque assay on BHK-21 cells as described previously (Morcns 
et al., 1985; Shaio et al., 1994). Viruses were pooled and concen­
trated to 2 x l()7PFU/ml in RPM1 1640 medium with 10% foetal 
calf scrum (FCS) pH 7.4, and stored at -70 'C before use. 

Experimental design and measurement of cytokines produc­
tion. MNLs (2 x 106 cells/ml) obtained from non-immune and 
DV-1-infected donors were incubated in 24-well culture plates. 
Experiments were run in a paired control-experiment design in 
duplicates. MNLs obtained from non-immune donors were chal­
lenged with DV-2 at the multiplicity of 1 PFU/ccll to mimic pri­
mary DV-2 infections; in contrast, MNLs obtained from the do­
nors with a previous DV-1 infection during 1987 and 1989 (Shaio 
et al., 1992) were challenged with DV-2 at the same multiplicity to 
mimic hetcrologously secondary DV-2 infections. Both groups of 
MNLs were also incubated with medium alone as negative con­
trols. Culture supcrnatants were harvested at 16 and 72 hrs post 
infection (p.i.). The samples were aliquotcd and stored at -70 'C 
until assayed. Supcrnatants harvested from 16 hrs incubation were 
tested for T N F a  and 1L-I(i using ELISA kits purchased from 
Cistron Biotechnology (Pine Brook, NJ). Supcrnatants harvested 
from 72 hrs incubation were measured for IL-2 anil IFNy by F.LISA 
kits obtained from Genzymc Biotechnology (Cambridge, MA). 

Results 

M N L s  obtained f r o m  non- immune  donors  (non- immune  

M N L s )  o r  f rom previously DV-1-infected donors  (DV-l- in-

fectcd M N L s )  cultured a lone in med ium did not release sig­

n i f icant  a m o u n t  o f T N F a  (24  to  7 9  pg/ml)  o r  IL-I p (0.0 to 

5 .3  pg/ml) .  N o n - i m m u n e  M N L s  as  well a s  DV-1-infected 

M N L s  in response to  DV-2 fo r  16 hrs released s ignif icant  

amoun t  o f T N F a  and  IL-1 p,  a s  shown in Table 1. However,  

DV-1-infected M N L s  in response  t o  DV-2 did no t  p roduce  

higher  amount  o f T N F a  o r  IL-1 (3 than non- immune  M N L s  

(t  test, p >0.05;  Table 1). 

Tabic 1. Production o f T N F a  and IL-lf )  by MNLs  with primary 
and heterologously secondary exposure to DV-2 

Reactions T N F a  IL-1P 
(pg/mlf (pg/ml)'  

Non-immune MNLs 
+RPMI" 48  ± 2 5  2.0 ± 3 . 5  
+DV-2b 

1059 ± 2 1 8  756 ± 327 

DV-1-infected MNLs 

+RPMI" 54 ± 3 8  2.8 ± 4 . 0  
+ DV-2b 829 ± 2 5 1  766 ± 112 

RPMI - RPMI 1640 medium with 10% FCS, pH 7.4. 

•Spontaneous production of I L-1 (i and T N F a  by DV-1 infected MNLs 

was not significantly different from that by non-immune MNLs (t test; 

p >0.05; n=l  I). 'Production o f  IL-1 fi and T N F a  by MNLs  was not 

significant different between primary and hcterologously secondary 

infections with DV-2 (t test; p >0.05; n=J I). 'Mean ± SD. 

Table 2. IFNy production by MNLs with primary or hetcrologously 

secondary exposure to DV-2 

Reactions Non-immune MNLs DV-1- infected MNLs 
+ + 

RPMI DV-2 RPM1 DV-2 

IFNy (pg/ml) 0.0 31.9 0.0 124.1 * 

(SD) (0.0) (26.9) (0.0) (37.7) 

RPMI - R P M I  1640 medium with IO%FCS,pH 7.4. 'Production o f  IFNy 

by MNLs obtained from previously DV-1-infected donors was significantly 

higher than that by those obtained f rom non-immune donors (t test; 

p <0.05; n=l 1). 

Experiments were  next  pe r fo rmed  t o  de te rmine  the  pro­

duction o f  IL-2 and IFNy by  non- immune  and DV-1-infected 

M N L s  exposed t o  DV-2 fo r  3 days. A s  shown in Table 2,  

non- immune  M N L s  in response to  DV-2 released low lev­

els o f  IFNy (31.9 ± 26.9  pg/ml) .  In contrast ,  DV-1-infected 

M N L s  in response t o  DV-2 released s ignif icant ly  higher  

amount  o f  l F N y (  124.1 ± 3 7 . 7  pg/ml).  Both groups o f  MNLs ,  

however, released undetectable IL-2,  n o  mat te r  whe ther  in­

fected with DV-2 o r  not.  

Discussion 

Proinflammatory cytokines such a s T N F a  and  IL-1 p have 

been implicated in the  pathogenesis  o f  shock-related syn-
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dromes including septic shock (Fong and Lowry,  1990; 
Tracey et al., 1988). It remains uncertain whether cytokines 
are also involved in DSS, which is more frequently associ­
ated w i th  a n  infect ion wi th  DV-1 fol lowed b y  another  se­

quential  DV-2 infect ion (Sangkawibha  et al., 1984). In  this  

study, w e  exposed M N L s  obtained f r o m  normal  a n d  previ­

ously DV-1-infected donors  to  DV-2 in vitro t o  mimic  pr i ­

mary  and  heterologously secondary DV-2 infections, respec­

tively. T h e  fac t  that  product ion o f T N F a  and  IL-1 (3 by  M N L s  

f r o m  previously DV-1-infected donors  in  response to  DV-2 

w a s  no t  s ignif icant ly  h igher  t han  that  f r o m  non- immune  

donors suggests  that  pro inf lammatory  cytokines may  be  no t  

directly involved in t h e  pathogenesis  o f  D S S .  In  contrast, 

M N L s  wi th  heterologously secondary exposure to  DV-2 sig­

ni f icant ly  augmented  I F N y  product ion  in  compar i son  t o  

those  wi th  p r imary  exposure  t o  DV-2. IFNy, bu t  no t  IFNoc 

o r  IFN(3, is k n o w n  as  a cytokine that  is n o t  directly induced 

by  virus.  T h e  f a c t  that  M N L s  in  heterologously secondary 

infections w i th  DV-2 f o r  3 days  released h igher  levels o f  

I F N y  than  those  in  p r imary  infect ions wi th  DV-2 suggests  

that  a m e m o r y  i m m u n e  response  m a y  b e  involved in  t he  

augmentation o f l F N y p r o d u c t i o n .  Another  possibility is that  

t he  heterologously secondary  DV-2 infect ions m a y  tr igger 

a n  i m m u n e  response along T h l  reaction, which  tends  t o  

release predominantly IFNy, rather t hanTh2  reaction, which 

tends  to  release less IFNy. 

I F N y  is k n o w n  to  inhibit  viral  replication a n d  t o  augment  

ant ibody-dependent  cell  cytotoxicity against virus-infected 

cells. IFNy, however, could also p r i m e  monocytes /macro­

phages  f o r  Fcy-receptor-mediated enhancement  o f  D V  in­

fection (Kontony  etal., 1988). Enhancement  o f  Fcy-receptor-

mediated phagocytosis m a y  augment  release o f  procoagulant 

factors,  amp l i fy  product ion o f  cytokines,  and  induce nitric 

oxide product ion,  result ing in  D S S  associated with  extra-

vascular leakage,  intravascular coagulopathy, hemorrhage,  

and hypotension. To  differentiate  these  two  possibilities, 

additional s tudies t o  measure  I F N y  levels in  the  sera ob­

tained f r o m  patients  wi th  a n d  wi thout  D S S  a re  needed.  
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