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Various theories regarding hemorrhagic manifestations 
o f  dengue f e v e r  h a v e  b e e n  put  f o r w a r d ,  w h i c h  include 
sequential infection with different v i rus  serotypes, v irus  
strains and several  host factors like cytokines and cytotoxic 
factors, etc. (7). The role o f  Aedes aegypti mosquito vector 
has not been seriously considered in the selective and gradual 
increase o f  dengue hemorrhagic fever  (DHF) cases. 

The present study w a s  performed with a v i e w  that in DHF 
cases, due to blood coagulation defects, the increased blood-
clotting time in the midgut o f  mosquitoes m a y  cause an 
increase  in  the  i n f e c t i v i t y  o f  m o s q u i t o e s  under  these  
conditions a s  compared to mosquitoes feeding  on classical 
dengue cases. Since also a higher viremia i s  associated with 
DHF cases, the increased blood clotting t ime in the midgut 
m a y  h a v e  a s y n e r g i s t i c  e f f e c t  a n d  m a y  i n c r e a s e  the  
opportunity o f  v i r u s  particles  b inding  t o  v i rus-speci f ic  
receptors present on the gut  epithelial cells. Thus, chances 
o f  mosquitoes feeding on a DHF patient would result in more 
in fect ive  mosqui toes  a s  compared to those  f e e d i n g  on 
a classical dengue patient. Therefore, the probability o f  
m o s q u i t o e s  t o  p i c k  u p  a n d  t ransmit  the  v i r u s  s t ra ins  
responsible f o r  causing DHF would  likely b e  greater than 
that o f  mosqui toes  to p i c k  u p  the v i r u s  stains caus ing  
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a classical dengue. The present communication therefore 
r e p o r t s  d a t a  on t h e  e f f e c t  o f  a n t i c o a g u l a n t s  o n  t h e  
susceptibility o f  A. aegypti mosquitoes  to dengue v i r u s  
infection. 

Dengue-2 virus  isolated from a patient suf fer ing  f r o m  
DHF at Jammu, India w a s  used. Four-to-five-day old female 
mosquitoes  bred in our laboratory w e r e  oral ly  infected 
through an artificial membrane, Parafilm (American National 
Can Co., USA) (2). Different concentrations o f  commercially 
available anticoagulant heparin sulphate o f  pharmaceutical 
grade o f  heparin sulphate) and EDTA (Sigma) w e r e  added 
to feeding  suspensions prepared f rom the mixture o f  white 
leghorn f o w l  blood and dengue virus.  Since in the controls 
it w a s  impossible  to f e e d  mosquitoes  through artif icial  
membrane without using anticoagulant, mosquitoes w e r e  f e d  
on defibrinated chicken white leghorn f o w l  blood containing 
the standard v i r u s  dose.  Post f eed ing  v i rus  titers in the 
mosquito feeding suspensions w e r e  estimated in mice  b y  
intracerebral route o f  v i r u s  inoculation (5). T h e  oral ly  
infected mosquitoes  w e r e  maintained at 28°C±2°C a n d  

relative humidi ty  o f  80±5%.  O n  d a y  10 pos t  infect ion the  

mosqui to  positivity w a s  determined b y  indirect immuno­

f luorescence test o n  h e a d  squashes a s  described earlier (4).  
T h e  results showed  that  hepar in  h a d  a n  adverse  e f fec t  o n  

the  susceptibility o f  mosqui toes  t o  dengue virus  infection,  

w h i c h  w a s  dose  dependent  too. Recently, hepar in  h a s  been  

shown  t o  compete  w i th  vi rus  receptors i n  mammal i an  cells 

(5), however ,  there are  n o  reports o n  the  presence o f  hepar in  

sulphate dengue-specific receptors in  mosquitoes. This  could 
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poss ib ly  b e  an additional factor f o r  a higher  infectivity  o f  
the mosquitoes  f e d  on higher  concentrations o f  heparin. 
However,  w h e n  similar experiments w e r e  per formed u s i n g  
EDTA in the b lood  to reduce the b l o o d  clotting time, the 
results  s h o w e d  that the posit ivity o f  mosquitoes  f o r  dengue 
v i r u s  w a s  l o w e r  w h e n  f e d  o n  a b l o o d - v i r u s  m i x t u r e  
containing EDTA a s  compared to the mosquitoes  f e d  on 
heparinized blood-virus mixture (see the table). The  batches 
o f  mosquitoes  f e d  on higher  concentrations o f  heparin and 
E D T A  s h o w e d  a s i g n i f i c a n t  d i f f e r e n c e  in p o s i t i v i t y  a s  
compared w i t h  the batches f e d  on defibrinated blood.  The 
m o s q u i t o e s  f e d  o n  a d e f i b r i n a t e d  b l o o d - v i r u s  m i x t u r e  

showed the positivity comparable with that o f  the mosquitoes 
f e d  on lower  doses  o f  heparin. Since it w a s  not poss ib le  to  
f e e d  mosquitoes  on the blood without u s i n g  anticoagulants, 
no  proper control could b e  included in these  experiments  
which  w o u l d  enable  to demonstrate directly the e f f e c t  o f  
ant icoagulants .  It i s  v e r y  d i f f i c u l t  to s i m u l a t e  natural  
conditions in the laboratory. T h e  e f f e c t  o f  anticoagulants 
under study could b e  evaluated i f  batches o f  mosquitoes w e r e  
f e d  directly on classical  dengue f e v e r  and DHF cases  under  
identical conditions at the t ime o f  epidemics.  However,  d u e  
to medical  ethics and practical considerations, this i s  not  
possible.  

Head squashes positive/tested 

Virus  infected bloodmeal T o t a [  (average±) 

Feeding  suspension t i t e r  3 .1  3 .1  3.1 

Def ibr inated b lood  4 / 2 4  3 / 2 4  5 / 2 4  12/72 (16 .7±4.2)  
Hepar in  6 2 5  IU/ml  12 /24  10/24 13/24 3 5 / 7 2  (48 .6±6.4)  0 . 0001  

2 5 0  IU/ml  7 / 2 4  8 / 2 4  10 /24  2 5 / 7 2  (34 .7±6.4)  0 . 0 0 9 3  
5 0  IU/ml  6 / 2 4  4 / 2 4  7 / 2 4  17/24 ( 2 3  6±6 .4 )  0 . 2 2 5 3  

EDTA  6 8  IU/ml  9 / 2 4  10/24 9 / 2 4  2 8 / 7 2  ( 3 8  9±2 .4 )  0 0 0 2 5  
3 4  IU/ml  5 / 2 4  7 / 2 4  7 / 2 4  19/72 (26 .4±4.8)  0 . 1 0 8 3  
17 IU/ml  3 / 2 4  3 / 2 4  5 / 2 4  11/72 (15 .3±4.8)  0 . 7 6 3 0  

"Head squashes  o f  mosqui toes  tested f o r  dengue  ant igen b y  indirect immunof luorescence  o n  d a y  10 pos t  infection.  
bVirus titer l o g  LD J O /0.02ml in  infant  m ice  b y  intracerebral  route.  

"Statistical analysis  w a s  pe r fo rmed  us ing  chi-square (Cochran ' s  test fo r  combinat ion o f  2 x 2 cont ingency tables)  (10) f o r  compar ison  o f  h e a d  squashes  

posit ivity in  t he  Hepar in  a n d  E D T A  batches  o f  mosqui toes .  In cach  case  values  we re  compared  w i t h  those  obta ined w i th  defibrinated b lood  (control).  

I n  t h e  mosqu i to  vec to rs  several  re f rac to ry  m e c h a n i s m s  

t o  f i lar ia l  w o r m s  h a v e  b e e n  repor ted .  O n e  o f  these  is t he  

a c c e l e r a t e d  b l o o d  c l o t t i n g  i n  t h e  m i d g u t .  W h e n  b l o o d  

coagulates  quickly  t he  microf i lar iae  a r e  t rapped  i n  t he  b lood  

clots a n d  a r e  prevented from penetrating the  wall  o f  the midgut  

(6, 7). O n l y  t he  microfi lar iae present  o n  t he  surface  o f  the  

b lood  bo lus  have  a n  opportunity t o  penetrate  the  midgu t  wall .  

Therefore  t h e  chance  o f  microfi lar iae t o  cross  t he  midgu t  

increases w h e n  the  paras i temia  i s  higher.  Th i s  physiological  

fac tor  m a y  a l so  p l a y  a n  impor tan t  ro l e  i n  d e n g u e  vectors .  

Blood-clot t ing t i m e  a t  r o o m  temperature  f o r  a normal  pe r son  

is 8 - 1 0  m i n s ;  however ,  w h e n  mosqu i toes  t ake  a b loodmeal ,  

d u e  t o  t h e  presence  o f  t h e  ant icoagulant  Apyrase  i n  t he  saliva 

t he  b l o o d  clot t ing t i m e  increases  i n  t h e  midgu t .  

R e c e n t l y ,  i t  h a s  b e e n  s h o w n  t h a t  t h e  b i n d i n g  a n d  

pene t ra t ion  o f  d e n g u e  v i ru s  i n  t he  mosqu i to  C 6 / 3 6  cel l  l ine 

i s  a ccompl i shed  w i t h i n  2 8  m i n s  (8). T h e  v i ru s  par t ic les  

p resen t  o n  t he  ou te r  su r f ace  o f  t h e  in fec ted  b l o o d  b o l u s  i n  

t he  m i d g u t  o n l y  ge t  oppor tuni ty  t o  c o m e  into  contac t  w i t h  

epi thel ia l  ce l l s  a n d  t h e  receptors  p resen t  o n  t h e m .  I n  d u e  

t ime  o w i n g  t o  increasing concentrat ion o f  digestive enzymes  

a n d  sec re t ion  o f  t h e  pe r i t roph ic  m e m b r a n e  t h i s  p r o c e s s  

gradual ly  decl ines .  

T h e  v i remia  o f  d e n g u e  v i rus  i n  per iphera l  h u m a n  b l o o d  

var ies  f r o m  103 t o  10 8 LD 5 0 /ml .  I t  h a s  b e e n  s h o w n  ( / )  t ha t  

the  infectivity o f  mosquitoes correlates wi th  the titer o f  virus i n  

the  bloodmeal  1. B lood  bolus o f  a l ow  virus titer (103 LD J 0 /ml)  

w o u l d  conta in  compara t ive ly  f e w e r  v i rus  par t ic les  o n  t h e  

ou te r  su r f ace  t h a n  tha t  o f  a h i g h  v i rus  t i ter  (10 s  LD 5 0 /ml) .  

Firstly,  it h a s  a l so  b e e n  sugges ted  ( 7 )  tha t  t h e  inc reased  

v i r emia  is o n e  o f  t he  fac to rs  caus ing  h e m o r r h a g e  i n  D H F  

pat ients .  Secondly,  repor ts  h a v e  sugges ted  tha t  coagula t ion  

de f ec t s  o c c u r  i n  D H F  cases  (9). M o s q u i t o e s  f e e d i n g  o n  

a D H F  pa t ien t  wi l l  h a v e  longer  b lood-c lo t t ing  t i m e  a n d  a s  

pos tu la ted  a b o v e  the re  w o u l d  b e  a h igher  v i r emia  i n  D H F  

pat ients .  I n  th i s  s i tuat ion t h e  b l o o d  b o l u s  su r face  t ouch ing  

m i d g u t  epithel ial  cel ls  w o u l d  con ta in  m o r e  v i rus  part icles ,  

hence ,  th i s  w o u l d  increase  t h e  oppor tuni ty  o f  v i rus  par t ic les  

b ind ing  t o  vi rus-specif ic  receptors  p resen t  o n  t h e  g u t  cells.  

These  data  s h o w  that  t he  incorporat ion o f  ant icoagulants  

in  t he  b loodmeal  increased the  susceptibility o f  mosqui toes  

t o  d e n g u e  v i rus .  T h e  inc rease  i n  t h e  suscep t ib i l i ty  w a s  

associated wi th  t he  quanti ty o f  anticoagulants present  in  t he  

b loodmeal  f o r  mosqui toes .  Thus ,  it appears  that  a n  increased 

v i remia  in the  h u m a n  b lood  a n d  a pro longed b lood  clott ing 

t ime in the  midgut  o f  mosquitoes m a y  have  a synergistic effect.  
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The data presented here also suggest  that the feeding on a DHF 
patient w o u l d  result in more infective mosquitoes than that 
on  a classical dengue patient. Bes ides  all other factors, this 
vec tor  fac tor  a l s o  s e e m s  to h a v e  s o m e  epidemiological  
r e l e v a n c e  f o r  g radua l  increase  in DHF in m a n y  areas .  
Therefore the poss ib le  role  o f  A. aegypti in hemorrhagic 
manifestations encountered in dengue cases  warrants serious 
cons iderat ions ,  e s p e c i a l l y  w i t h  r e g a r d  to  the  f a c t  that  
experimental results obtained to date are weak,  since it i s  v e r y  
diff icult  to simulate natural conditions in the laboratory. 
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