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Abstract 
The enzyme-linked immunosorbenc assay (ELISA) and the counter-current immunoelecuophoresis 
(CCIE} were used co determine the anrigenic stability of bloodmeals of Aedes togoi and Aedes aegypti 
fed expcrimenrally on 5 differcnr hoses, namely man, monkey, cat, avian and rodent stored over a 5 
month period. Resulcs of the ELISA showed considerable variation in the mean optical density (OD) 
values of bloodmeals scored over the 5-monch period. This wide variation could be due to the high 
sensitivity of che tesc and its ability co detect difTerences in the meal size and the rate of blood digestion 
by individual mosquitoes. However results oblained wich the counter-current immunoelcccrophoresis 
(CCI£) did not show much variation. This could be due to the face chat ELISA is more sensitive than 
che CCIE. Tc can be concluded that bloodmeals stored in the refrigerator for as long as 5 months do 
not show much loss in antigenicity. 
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Introduction 
Bloodmeal idcnnficacion remains an important cool in 
the investigation and study of archropod-borne diseases. 
lnvestigaLion of insect vectors of diseases requires accu­
rate information abouc their feeding habits and prefer­
ences. In recent years, the serological approach has been 
preferred co other methods for idenrificacion of the 
source of bloo<lmeals (Weitz, 1956) since such meth­
ods have been found co be accurate and consistent. Of 
che many available serological methods, Lhc counter­
current immunoeleccrophoresis (CCI£) (Culliford. 
1964) and rhe enzyme-linked immunosorbenc assay 
(ELISA) {Burkor et al., 1981) have been found ro be 
almost similar in specificity and both are easy co per­
form. Thus the,e cwo methods have been used in this 
study co determine whether che blood meal samples de­
teriorate over time when stored in the refrigeracor as no 
study has yet been done on chis aspecc of bloodmeal 
analy�is, 

Materials and Methods 
Mosqlllto blood meal 
Two species of laboracory reared mosquitoes, Aedes togoi 
(Liverpool strain), and Aedes aegypti ($clangor srrain) 
were med in this study. Ac monthly intervals for a pe­
riod of 6 months, 50 mosquicoes each of both species 
were fed on 5 hosts, namely man, monkey, rodent, avian 
and cat. Mosquitoes were killed 4 hrs afcer feeding and 
che sLOmach concents smeared onco a Whatman filter 
papt:r No. 1. The filters were rhen air dried and kept at 
4°C in the refrigerator. 

Prep,zr,rtion, st1111dardiZ11tio11 and t1bsorpnon of nntisern 
Antisera were prepared in rabbits using the technique 
descrihed b} Wc1tz ( 1956). They were reacted with boch 

homologous and heterologous sera in CCI£ and 
absorped with cross-reacting hecerologous sera co in­
crease the specificity. The same antisera were further 
purified using che ammonium sulface precipitation for 
use in the ELISA. Absorbed ancisera were chen reseed 
usmg CCIE and ELISA. 

Counter-current immunoel.ectrophoresis (CCI E) 
CCIE was carried our according co che method described 
by Culliford (I 964). Each sample was elured in normal 
saline and the bloodmcal extract diluted ac 1: 150, l :300 
and I :450. The specimens were run on 1.3% agarose 
against the specific ancisera for I 00 minutes at 160 volls. 
After che run, rhe slides were soaked in normal saline 
overnight and examined for bands. A posicive reaction 
is indicated by the formation of a white precipitate re­
suJ�ing from Lhc insoluble product formed by anrigen­
anr1body complex. The absence of a precipirare there­
fore indicates char no antigen antibody reaccion has 

occurred. 

Enzyme-linked immunosorbent assay (ELISA) 
The £LISA was performed on all rhe specimen follow­
ing rhe technique described by Burkot et al. (198 I). 
The optimal dilution for rhe antigen and ancisera ob­
tained by chequerboard titration was 1:2500 while that 
for the conjugate (horseradish peroxidase goat anti rab­
bit lgG) was 1 :40,000. The mean optical density (OD) 
reading using negative mosquito samples was 0.187 ± 
0.039. The mean OD+ 2 SD was taken arbiuarily as 
rhe positive cur-off value. 

Results 
Table I shows the mean OD ± SD values of che 
bloodmeals of the rwo mosquitoes species fed on the 5 
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different hosts. For Ae. togoi, statistical analysis, using 
analysis of variance, revealed no significant difference 
between the various mean OD values for hwnan and 
avian blood.meals over rhe 5 month period (F=l .06, P= 
0.381 and F=2.00, P=0.079 respectively). For monkey 
blood.meal mean OD values ac months 4 and 5 were 
significantly lower than that ar month O (F=26.83, P= 
<0.001). Similarly, mean OD values of car and rodenr 
bloodmeals differed significantly (F=43.46, P=<0.001 
andF=l 1.92, P=<0.001 respectively). For car blood.meal 
mean OD values for samples ar months 2 and 4 were 
lower than char at months 0 while for rodenr bloodmeaJ 
all the mean OD values from monrhs 1 to 5 appeared 
to be higher than that at month 0. This may probably 
be due co the large variation in the size of bloodmeals 
taken in by the mosquitoes. 

For Ae. aegypti, analysis of variance showed char for 
all the 5 hosts, there were significant differences between 
the mean OD values (P=<0.00 I). For human 
bloodmeal, except for mean OD at month 5, all che 
orher mean values were lower tl1an mat at month 0 
(F=l0.69, P=0.001). For monkey bloodmeal, mean OD 

values from monrh 3 to 5 were lower than char at month 
0 (F=50.94, P=<0.00]). For car bloodmeal mean OD 

values for all months except month 2 had higher mean 
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OD values than month 0 (F=72.44, P=<0.001). For 
rodent bloodmeal, mean OD values for months 2 and 
4 were lower than char for month 0 bur mean OD val­
ues for months 1 and 5 appeared higher ( F=28.2 l, 
P=<0.001). For avian bloodmeal, mean OD values from 
months 2 to 5 were higher rhan char of month 0 
(F=22.76, P=<0.001). 

CCIE was performed on bloodmeal samples of the 
two mosquitoes species fed on rhe 5 differenr hosts. 
Bands were obtained for all car, human, rodenr, and 
avian bloodmeals ar all the three different dilutions 
rested. However in the case of the monkey bloodmeal a 
few specimens did not have any precipicin bands in the 
CCIE rest. These included one bloodmeal sample from 
Ae. aegypti mosquito (month 0) which had no precipi­
rin band at all for the three dilutions. In addition, 
blood meals ar month 3 in three Ae. aegypti samples did 
nor have any band ac l :450 dilution while another Ae. 
aegypti blood meal had no band at l :300 dilution. For 
Ae. togoi ac month 5, 3 mosquito samples had no pre­
cipirin band at 1:450 dilution. 

Discussions 

From chis study, results obtained with the EL1SA ap­
pear co have more variation than char of the CCIE rest. 

Tab.le l. Optical density (OD) readings (mean ±SD) of Aedes togoi andAedes aegyptibloodmeals with enzyme-
linked immunosorbent assay using homologous antigens 

Aedes togoi Aedes aegypti 

Month 
Man Monkey Cat Avian Rodent Man Monkey Car Avian Rodcm 

0.54 0.55 0.82 1.33 0.37 0.46 0.71 0.64 1.47 0.47 
0 ± ± ± ± ± ± ± ± ± ± 

0.12 0.13 0.20 0.15 0.14 0.12 0.17 0.18 0.09 0.13 

0.59 0.66 0.83 1.33 0.51 0.48 0.79 0.81 1.45 0.54 
1 ± ± ± ± ± ± ± ± ± ± 

0.10 0.14 0.J 9 0.17 0.14 0.09 0. 19 0.20 0.10 0.14 

0.58 0.50 0.69 1.34 0.38 0.42 0.67 0.56 1.52 0.37 
2 ± ± ± ± ± ± ± ± ± ± 

0.13 0.14 0.15 0.17 0.18 0.11 0.14 0. 14 0.07 0.15 

0.57 0.59 1.20 1.39 0.50 0.44 0.53 J.02 1.57 0.39 
3 ± ± ± ± ± ± ± ± ± ± 

0.11 0.11 0.16 0.07 0.16 0.09 0.17 0.20 0.05 0.12 

0.58 0.37 0.74 1.33 0.57 0.43 0.49 0.92 1.53 0.42 
4 ± ± ± ± ± ± ± ± ± ± 

0.16 0.13 0.20 0.11 0.30 0.09 0.13 0. 14 0.08 0.10 

0.58 0.49 1.06 1.37 0.58 0.58 0.37 1.10 1.58 0.63 
5 ± ± ± ± ± ± ± ± ± ± 

0.13 0.14 0.19 0.14 0.15 0.21 0.11 0. 18 0.05 0. 14 
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This may probably be due to the fact char che ELISA is 
more sensitive than the CCIE and is able to detect small 
differences in che antigenicity of bloodmeals. Other 
workers have demonstrated che high sensicivicy of the 
ELISA. Edrissian & Ha£zi (1982) showed that the 
ELISA is a specific and sensitive technique that could 
detect small amounts of human blood even 24 hours 
after ingestion by the mosquito vecror. The CCIE on 
the od1er hand, showed very little differences in pre­
cipirin bands for bloodmeals scored over the 5-month 
period, except for a small number indicating the lower 
sensitivicy of chis tesr. There were considerable differ­
ences in the mean OD values for bloodmeals for both 
mosquito species over che 5-month storage period. In 
some instances, mean OD va.lues for bloodmeals stored 
more than a monlh was higher than that at month 0. 
This wide variation observed is probably due co several 
factors such as che large variation in bloodmeal size of 
individual mosquicoes and their different races of di­
gestion. The feeding capacity of the insect vector is one 
of the most important limiting facrors in this respect 
and the large variation is reflected in the ELISA read­
ings. 

The CCIE did nor show much difference in me an­
tigenicity of Lhe bloodmeals scored over the 5-month 
period as most bloodmeals had precipitin bands. The 
few feeds chat failed co react with anti-monkey ancisera 
were probably due LO the small meal size. The CCIE 
has been known to be less sensitive man Lhe ELISA is; 
its sensitivicy has been reported co be l 000 times less 
chan the ELISA (Washino & Templis, 1983). 

From che results of both rhe ELISA and the CCIE in 
rhis srudy, it has been shown char che bloodmeal srored 
in the refrigcrat0r over a 5 -monrh period did not ap-
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pear ro dereriorate and lose antigenicity significanrly as 
resulrs of both rests remain positive. This information 
is useful as the bloodmeal identification facilicy at the 
Institute for Medical Research, Kuala Lumpur provides 
its services to counrries in Asia and South East Asia and 
ofren it cakes some rime for the samples to arrive in 
Malaysia. Of the rwo techniques used, the ELISA is 
much faster ro perform than the CCIE. Further more, 
the ELISA can be automated rendering thjs rest more 
usefuJ in the field where large numbers of bloodmeals 
can be reseed simultaneously for different host determi­
nation. 
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