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Objective: To study the serologic response of huma.ns a.nd laboratory a.nima.1~ 
t o  viruses associa.ted with Tha.i hemorrha.gic fever. Techniques employed in- 
c lude  the hemagglutination-inhibition, complement-fixa,tion a.nd the neutralization 
test. 

Description: Data presented a.re concerned with the following a.spects of dengue 
and chikungunya, serologic response: 

1. Primary and secondary type a.ntibody response following clinical  hemorrhagic 
fever; 

2 . The development and loss  of HI and CF antibody i n  c a s e s  of hemorrhagic 

1 fever followed for 7 months; 

3 .  The esta.blishment of serologic criteria, for recent dengue virus infection for 
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res idents  of Thailand; 

4 .  Antibody response in wea.nling mice to 2 or 3 dengue virus exposures.  
Acute a.nd conva.lescent phase sera, have collected from 4 groups of pa.tients: 

a. . Hos pita.lized hemorrha.gic fever 

b . Pa.tients hospitalized with febrile d i sease  other tham hemorrhagic fever 

c . Out-patients with miscella.neous febrile syndromes 

d . Surgica 1 patients . 
Acute pha.se p1asma.s were collected genera.11~ before the s ixth  da.y after onset  

of i l l ne s s .  Two weeks la,ter a. conva.lescent serum wa.s obta.ined. 

Acetone-ether extracted hema.gglutination a.nd complement-fixation a.ntigens 
were used.  All hema.gglutination-inhibition t e s t s  were done i n  microvolumes 
using Microtiter equipment. The overnight hema.gg1utina.tion-inhibition t e s t  a,s 
described by Cla.rke a.nd Casa ls  wa,s employed. Sera. were tes ted aga ins t  4-8 
hemagglutina.tion uni ts .  Known positive and negative huma.n sera. were used in  
a.11 t e s t s  . 

The complement-fixation (CF) t e s t  was done in  microvolumes. Antigens a.nd 
complement titrations were done in  Ka.hn tubes.  Two units of a.ntigen a.nd two 
exac t  units of complement a.nd three units of a.nti-sheep hemolysin were used.  
Complement, serum and sal ine controls were ma.inta.ined for ea.ch t e s t  a.s well  a s  
known positive sera. which were consta.ntly retested over a, period of 2 yea.rs. 

Progress: Selection of serologic a.ntiqens . Numerous s tudies  have been under- 
ta.ken t o  determine the  number of dist inctly different dengue virus antigens which 
could provide useful serologic information. In one such study , 4 6 hemorrhagic 
fever pa.tients from whom 3 or more specimens were available were tes ted  a.gainst 
high mouse pa.ssage prototype CF dengue 1-4 and TH-36 a.nd TH-Sman. Figure 
1 and  2 show that  for this pa.rticuh.r group of sera  the correla.tion of ant'ibody t i ters 
between dengue 1 a.nd TH-Sma.n or between dengue 2 a.nd TH-36 is good. 

The antigenic similiarity or dissimilia.rity of dengue 1 with TH-Sma.n a.nd dengue 
2 with TH-36 were studied further by-exa,mining conva.lescent sera, from pa t ien ts  
showing rela.tively specific CF a.ntibody response (prima.ry infection ? ) w h o  ac-  
quired hemorrhagic fever in  sma.11 communities of Ra.yong a.nd Ubol. In Ra.yong, 
e leven type 2 viruses were recovered from Aedes a.eqypti. In Ubol, twelve type 
1 viruses  were recovered from thirty four sera, t es ted .  Distribution of a.ntibody i n  
convalescent  sera, mea.sured by type 1 and TH-Sma,n a.ntigens or type 2 a.nd TH-36 
a.ntigens a re  indica.ted in Figure 3 a,nd 4 .  These studies have been extended to  
severa.1 hundred other huma.n and a.nima.1 sera., a l l  with essent ia l ly  the  same resu l t .  
In  our experience resul ts  with dengue 1 or TH-Sma.n and dengue 2 or TH-36 did not 



FIGURE 3. ARRAY OF TITERS IN 2 3  REPRESENTATIVE 
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FIGURE 4. ARRAY OF TITERS IN 10 REPRESENTATIVE 
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FEVER PATIENTS IN RAYONG , THAILAND. 
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FIGURE 5 .  SCATTER DIAGRAM O F  H I  ANTIBODY IN ACUTE 
AND CONVALESCENT SERA OF CHILDREN 0 - 1  
AND 1 - 2  YEARS OLD WITH CLINICAL HEMORR- 
HAGIC FEVER AND SEROLOGICALLY CONFIRMED 
DENGUE INFECTION. 
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HI and CF antibody response followinq denque hemorrha.qic fever in  residents of 
Banqkok. 

1 2 3 4 5 6 7 8 9 10 11 12 I3 I4 15 16 17 I8 19 20 21 22 23 24 26 26 27 28 29 30 

a .  Multivalent HI and CF response . Forty s i x  hemorrhagic fever patients with 
3 or more serum specimens were selected for intensive study. The age  and s e x  
distribution of t hese  patients resembles the distribution of hospitalized hemorrhag- 
ic fever  except that  children of l e s s  than 1 year were not included. HI titer re- 
s u l t s  using d 1-4, TH-Sman, TH-36 and JE antigens were nearly the same; the  
antibody response t o  various CF antigens i s  predominantly multivalent. Antibody 
t i t e r s  in  convalescent serum to dengue 3 and 4 CF antigens were lower than dengue 
1 and  2 t i t e r s .  Only rarely did a monovalent CF antibody response occur from 
which it might be possible t o  predict the infecting dengue virus type. For the sera 
s tud ied ,  i t  appears that  u s e  of dengue 1 antigen for either HI or CF resulted in  a 
greater number of "positive" diagnoses of dengue infection than with u s e  of other 
ant igens.  Whether is i s  because dengue 1 is more antibody avid or that  a greater 
number of Bangkok patients had previous dengue 1 antigenic exposure is not known. 

b .  Antibody response a.nd a.ge. Pa.ired sera, have been obtained from 2 2  child- 
ren under the  age  of 1 with a clinical  dia.gnosis of Tha.i hemorrhagic fever. The 
HI a,ntibody response in this  group is contrasted with the  response i n  2 1 children 
between 1 and 2 yea.rs of a.ge in  Figure 5 .  The marked difference i n  response is 
unmista.kea,ble. The response of children under the a.ge of one  appears to  resemble 



FIGURE 6 .  GEOMETRIC MEAN TITERS OF HI AND CF ANTIBODY IN ACUTE AND CONVALESCENT SERA 
OBTAINED UP TO 7 MONTHS FROM 46 PATIENTS WITH CLINICAL HEMORRHAGIC FEVER 

BANGKOK, 1962 

the  a.ntibody response of Ca.ucasia.ns, i. e .  , response to initia.1 infection. Most 
acu t e  phase sera, a.r e HI a.ntibody negative a.nd a r e  followed by a. ra.ther low anti-  
body response i n  most 1 yea.r old children with hemorrhagic fever. Most anti-  
body responses  i n  children over 12 months a.ppea.r t o  be of the  seconda.ry type.  
Antibody surveys of the  Bangkok popula.tion i n  t he  sa.me yea.r showed tha.t not more 
tha.n 15% of children a t  1-2 yea.rs of age  have dengue HI antibody. If the  observ- 
ed a.ntibody response of 1 year old children is the  secondary type then preceeding 
dengue infection i n  1 yea.r old children is considera.bly more frequent i n  HF ca,ses  
than i n  the  normals. This would suggest  tha t  hemorrha.gic fever is a. d isea .se  
following s e c  onda.ry dengue exposure. 

c. Development and dura.tion of HI a.nd CF a.ntibody followinq denque hemorrhas- 
ic fever .  Figure 6 shows the geometric mea.n t i ters of dengue HI and CF 
a.ntibody i n  acu te  and conva.lescent sera obta.ined over a, period of 7 months i n  4 6 
pat ients  with hospitalized hemorrha.gic fever.  A very ra.pid development of HI 
and C F  a.ntibody cha.ra.cterizes the a.vera.ge pa.t ientts  response to  infection during 
t h e  f i r s t  7-10 da.ys of fever. Three months after  infection, geometric mea.n HI 
t i ters  ha.ve fa.llen to  1:768, while CF t i ters  a.re a.t 1:35.2. These da.ta. appea.r 
t o  ha.ve some va.lue for dating dengue infection i n  a,n average Ba.ngkok res ident .  
In  t h i s  labora,tory, HI titers of 1:640 or higher i n  conva.lescent sera, of pa.tients 
with a disea .se  resembling Tha.i hemorrhagic fever a r e  considered a s  presumptive 
evidence of recent dengue infection. The frequency of HI a.ntibody t i ters  of 1:649 
or higher i n  103 surgica.1 patients without recent  febrile i l lness  studied during a.nd i 

af ter  seasona.1 dengue virus dissemina.tion i n  1962 wa.s 3.8%. 



Table 1 

COMPLEMENT-FIXATION TEST OF HYPERIMMUNE SERUM PREPARED 
TO ISOLATES (MULTIPLE STIMULI). 

Reciprocal of CF antibody t i te r  v s .  
Bangkok virus 2 units  of indica ted  prototype dengue ant igen 
hyperimmune D l  D2 D3 D4 TH-36 TH-Sman Homologous 

serum virus 

BKM 60-62 0 1 6  0 0 8 0 1 6/3 2 

BKM 331-62 1 6  8 64 8 0 8 32/32 

BKM 418-62 16 32 1 6  8 3 2 0 64/12 8 

* = Signifies rec iprocal  of h ighes t  d i lu t ion  of serum which g ives  2+ or 
more f ixation of complement. 

** = No fixation a t  1:4 dilut ion of serum.  

*** = The numerator represents  t h e  maximum dilution of serum fixing complement 
in t h e  presence  of ant igen and t h e  denominator t h e  maximum dilution 
of a n  an t igen  fixing complement i n  t h e  presence  of antiserum. 

Table  2 

COMPLEMENT-FIXATION TEST USING IMMUNE SERUM PREPARED 
BY TWO INOCULATIONS OF INDICATED VIRUSES 

Reciprocal  of antibody t i te r  v s .  
indicated 2 uni ts  of prototype dengue an t igen  

D l  D2 D3 D4 TH-36 TH-Sman 

BKM 60-62 0 8 0 0 8 0 

BKM 331-62 

BKM 418-62 

* No fixation a t  a 1:4 serum di lu t ion .  

A35 



Antibody response of wea.nling mice t o  densue immuniza.tion. 

Technique 1: Fresh 10% suspensions  of mouse brain in sa.line were inoculated 
into 2 1 day  old mice intra.peritonea l ly (0 .2  ml. a.mounts) . After f ive  injections 
a,t one  week interva.1~ , tria.1 bleedings were ma.de to  determine whether sa t isfactory 
a.ntibody t i ter  ha.d been obta.ined. 

Technique 2: Three to four week old mice were inoculated IP with 0 .3  ml of 10% 
fresh mouse bra.in sa.line suspension.  Two weeks 1a.ter mice were inocula.ted with 
0 .O3 cc of of mouse bra,in suspens ion  intracerebrally. (IC). A tr ial  bleeding 
was  performed ten  da.ys later .  If it revealed no sa.tisfa.ctory t i ter ,  0.03 cc of 
10-I virus suspension was injected into mice intracerebra,lly . Tria,l bleeding was  
ma.de 2 weeks  later .  Results of CF t e s t s  of a.ntiserum prepa,red by technique 1 
a.re shown i n  Table 1. Marked heterologous crossing i s  obvious. When fewer 
inoculations of serum were made, more spec i f ic  results  shown in  Ta.ble 2 were 
obtained.  Extensive s tudies  of dengue mouse immune sera prepared to Ba.ngkok 
dengue  viruses  ha.ve been made using denguel- TH-Sma.n and dengue 2-TH-36 
a.ntigens . Correla.tions a.re shown i n  Tables 3 a.nd 4 .  Da.ta, suggest  the  antigenic 
homogeneity of the dengue 1 -TH-Sma.n and dengue 2 -TH-3 6 groups respectively.  

Summary and Conclusions : Studies during the report period ha.ve shown that  
following HF infection caused by dengue viruses the HI a,ntibody response- i s  
prompt a.nd of great ma.gnitude. The mean HI titer of 31 sera, obtained 8-14 days  
after  o n s e t  of fever wa.s 1:40,9 60. Beginning a t  1-3 months a.fter infection HI 
ant ibody begins to  decline and 7 months a.fter infection mea.n va.lues a.re below 
1:320. CF antibody after  dengue infection follows a,n a.lmost identica.1 pa,ttern 
except  that  values are approxima.tely 10-1 00 fold lower. Serologic response t o  
chikungunya. virus is quite different. HI a.ntibody develops l e s s  ra.pidly than 
following dengue infection with avera.qe of 1:900 achieved 15-30 da.ys after  infect- 
ion .  Development of complement-fixa.tion antibody is definitely delayed; most 
sera. d o  not show a.ny CF a.ctivity until 15-30 da.ys a.fter infection. Thus, se ra  
having high HI antibody but low or no CF a.ntibody to chikungunya, suggest  recent 
infect ion antibody titers i n  huma.n serum mea.sured with dengue 1 a.nd 2 a.ntigens 
were  similiar  to  titers obta.ined with TH-Sma.n a.nd TH-36 ant igens ,  respectively.  
By t h e  HI test the infecting dengue virus could not be determined s ince  antibody 
t i ters  t o  a.11 dengue types a.nd Ja.panese encephalitis virus were nearly iderrtica.1. 
In  Ba.ngkok a.rea., CF results  were only sl ightly more specific.  The a.vera.ge pa.tient 
developed CF a.ntibody of a,bout t he  sa.me titer to  2 or more dengue viruses a.nd 
Ja.pa.nese encepha.litis virus. Wea.nling mice inoculated IC a.nd IP with 2 or 3 
inject ions  of low mouse pa.s sa.ge dengue viruses developed low titered CF a.ntibody 
which wa.s dengue type specif ic .  CF t i ters  to  dengue 1 a.nd 2 a.ntigens were the  
sa.me a.s t o  TH-Sma.n and TH-3 6 a.ntigens , respectively.  



Table 3 

CORRELATION TABLE SHOWING CF ANTIBODY TITERS OF 26 BANGKOK 
DENGUE MOUSE SERA TO DENGUE 1 (HAWAII) AND DENGUE TH-SMAN 

ANTIGENS 
Reciprocal t i ter  v s .  dengue 1 (Hawaii) antigen 

Reciprocal CF t i ter  4 4 8 16 3 2 

Reciproca 1 4 

t i ter  v s .  4 

TH-Sman 8 

an t igen  16 

Table 4 

CORRELATION TABLE SHOWING CF ANTIBODY TITERS IN 44 BANGKOK 
DENGUE VIRUS MOUSE IMMUNE SERA TO DENGUE 2 (NEW GUINEA C) 

AND TH-36. 
Reciprocal t i ters  v s .  dengue 2 (New Guinea C)  antigen 

Reciprocal CF t i ter  4 4 8 16 32 

Reciproca 1 

t i te r  v s .  

TH-36 


