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Bloodmeal Identification by Direct Enzyme-Linked
Immunosorbent Assay (ELISA), Tested on Anopheles

(Diptera: Culicidae) in Kenya"

JOHN C. BEIER, P'ETER V. PERKINS,' RO13ERT A. WIRTZ,'
JOSEPH KOROS, DIANA DLGGS,t THOMAS P. GARGAN 11,

AMD DAVY K. KOECH

Biomedical Sciences Research Centre, Kenya Medical Research Institute.
and U.S. ArmyN Medical Research 'Unit. Nairobi. Kenya

Xled. Eitoriol. 2,50) 9-1 1I988
ABSTRACT A (direct eitzvntw-liniked inimnosorbent assay EFLISA %%as developed for
tbloodmneal identification ot seven hosts. Cononerciallv available reagents are used]; thle test
can be completed in unlN 4.5 It. Blood meals can he (detectedl upt to :32 h after feeding for
dried mosquitoes arid upl to 2:3 It for frozen mosquitoes. A two-step procedure, using anti-
human peroxidase conjugate and( antibosine phosphatase conjugate, was developed to test a
single mosquito for two hosts in the same microtiter plate well. The assaN was applied to
Anopheles gamae Giles s. lat. and.A - fnestus Giles collectedl inside huts in wvestern Kenya;
949 ( of 4:3:38 blood meals %kere identified as either human (88 ), cow 04%i), or mixed human-
COW (2"(). Additionally, a systeni was (developed whlerel)\ a single mosquito could1 be tested
bN both the blood meal ELISA and the malaria sporozoite ELISA.

KEY WORDS Insecta, blood meal, enzyme-linked imimunosorbent assa., Anopheles

Bi,00D\MExx. identification for mosquitoes andl oth- nomiantigenic material, specific reactions are de-
er hienatophiagous Diptera is important in the study tected by applying anl enzymie-conjugate of the
(of malaria and other arthropod-borrie diseases. Sev- antibody thlat is specific to the host in) which the
eral serological techniques have been used to detect alitisertini was produced, and the appIrop~riate sub1-
host-specific blood meals (see reviews by Weitz strate to produce a color reaction. In the direct
1956, Tempelis 1975, Washino & Tempelis 1983). ELISA. the bloodineal sample is incubated (lirectl\
Of the available techniques, the precipitin test has in the microtiter plate well. The dlirect ELISA uses
been used most commonly. Enzyme-linked im- a host-specific antibody-enzN me conjugate to (Ie-
mnunosorhent assays (ELISA) have been developed tect honsologous LgG in'the bloodmneal sample. The
for bloodmeal identification and have proven use- primary difference between thle two procedures is
ful for field studies (Edrissian & Hafizi 1980, Bur- that the indirect ELISA uses till antiserumi to cap)-
kot et a). 1981, Edrissian & Hafizi 1982, Lindqvist ture a specific IgG, and] the diiltct ELISA uses the
et al. 1982, Lombardi & Esposito 1983, Linthicumn antibody -enizyme conjugate alone to bind host-spe-
et al. 1983, Service et al. 1986). cific IgG in the bloodmeal.

Two basic ELISA procedures have been used for Strategies for using ELISAs for blood meals de-
bloodmeal identification. In the indirect ELISA, pend upon study objectives. For example. Edrissian
also referred to as the "'sandwich technique," host- et al. (1983) used a direct ELISA to screeni over
specific antisera are incub~ated in 96-well inicrotiter .5,000.A nopheics from Irana for human blood0( mleals,
plates. Homologous imm unoglobulins from the 'l'let reotdhaalexrind cncalcud
bloodmieal sample are capturedl by anti-LgG onl the easily test over 1.000 samples per week. liurkot &
coated plate. Following a washing step to remove DeFoliart (1982) used anl indlirec't EILISA to ideti-

The\i%-o dc aho, d iot ororttort-let te osiioi ify 1 6 host sou rces, inuclud intg wvild aiia Is. in W is-

of ill(- D)Iparimewtl of1 thie \rii or fit, IDt'arinuii (If 1)t,' mt. consin. The( indirect ELISA is technicall\ more (hf-
(.iiatioii of trade tinics tit tis repolri 1 tl (loe iino iiiii at I tlofical ficult, because ali antisersi muist be p~roduncedl for

vnlritivi, or 'Ip 111)0al ofI ilii. it 'It sudi itens each host to be tested. The ind(1i rect Et.ISA is msost
l 1110.5 rerI-lirit FI'(pissi t (. ANtM -Ket ' %a, Box 1. I .APO a ppro pria t('e i inlformat ionu is requniredl for a
0 1 967 5, o r Msedi cal Research, L nit. P 0 Box 31:317, Nairobi. range of vwid ho I st s. The dIirect FL .1S.\ as used Ib\

I)j'p httIitogop. D i% ( titittiicatiti Diseases and Ianu Edrsaxi et al. (1 983). -would poteuitiall\ be most
il ois \a~lir lice1  A rfi Intituite of tilscarti, \Sastingtoni usefulI to tinvest iga tors desi rinxig in forniat ion aonl rates

DC ( 2t:30Y7.N1txt f ua edn.Sne nio\ezne(ol
l)ejt ttttIItI~i~ ik I ;oaintattb.it Diseases and tnt- of unitearvno feediiig. iai ic a i abve i. me li-

inmloi \\ g~15altier Held ,rrn\ Inititttteo illi ewiarchA astintglti i a ' r 05 tfSm ri Iva aia l rant n
DC 20:10i7-51t). I. 8. Currvi address tkirn 214. 11ldg. 011A.s ber of dlomestic hosts, it should be piossible tot adlapt
III \B(1 -St t S!) Be, Iit~.lie. \11) 20)71 direct ELISA techniques for integrated nin anl
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domestic host lbloodrneal identification. As ELISAs sorbarree at 414. linti \%as dIetermnedl with an ELISA
for malaria sporozoites (Burkot et al. 1984, Wirtz reader :30 mnl alter tile- add~it ion oii suibst rate. Th'e
et al. 1 985) become incorporated into field pro- (lark green p isit i' reactionsx for lperoxidlase. or (lark
grains, parallel lbloodmecal determinations by the yellow% reactions for lphospllatase. max also be de-
direct [LISA on the same mosquitoes wvould Nvieldl termiinedlvsal
,aloale epidemiological informiation. Samples wevie conrsideredl positive if absoirbanlce

This stud\I describes three tecllniqltes-a simple, valties exceede. I the mieanl plus three timnes the stati-
direct ELISA to screen mosqluitoes for human, cow, (lardl dev.iation of four negative control, Illfed riosi-
goat, pig. horse, dlog, and chicken blood( meals; qilitoes. Positive and~ negative control sam ples
methods to test blood( meals for two dlifferent hosts shiouldo be tested oil each inicrotiter p~late, as initer-
iln the samie microtiter plate wvell: an(1 methods plate variation for absorbanice values of controils
whereby the bloodmeal EIASA canl be ulsed inl con- call be signrificaot if plates are niot readi at conisistenit
junction with tile [LISA for sporozoites. Anopreles times following tire add~itioin of substrate.
ganibiac Giles s. lat, arid Anoplieles funestos Giles A two-step pirocedulre was dIevelopedl for dleter-
were collectedl and tested1 in Kenya to evaluate tre ininrg a second~ host sorrrce ini the sanie mend roiter
ELISA assays. .. plate well wh ere mosqul~itoes were screened for hu-

mia il blood(l. A secioid coniju ga t e p ihi 5)0t ase -Ia -
Materials and Methods beled anti-bovine IgG (1:250 (dilution of 0).5 mg

nil stock soltii. \%i as added1 to thle periixidase-
Direct ELISA. Mosquito Blood Sources. Labo- labeled arrtiliuiiaii lgG solutiion, Blood rmeals w t'rc

ratiirv-rearedl Anopbek'.s .stepliensi Listoni were used screeiied fir-st f or huiriali JgG by thle add~itioii iif
for all laboratory experiments. Mosquitoes were Ilerrixioase subhstrate accordiiig toi the niethods dc-
fed directl\ onila human, mice. andl hamrsters. Mlein- scrib~ed above. A\fter readiiig aIbsorbaiicc at :30 miin.
lbraile-feediiig techniiques (Rutledge et al. 1964) tite welcls \%(,re, \%asied :3 timies xvitii PIBS-T\s cun
w-ere usedi toi feed mosqujlitoes onl storedl cow blood. 2t0. arrd I0 t)ml piio5)hiatase sub strate Kirkegaanrd
Illooid-fe(I mosquritoes w~ere killed by freezing and( & IPerrx was t, adided to each \%vell. Plates were read
were IielI either frozen at - 20'C ir iii a dlesiccatoir after I'lr to dleterrinie piositive cow reactionis.
jar at room temlperat tre (19 .2:3(C). Sensitivity and Specificity. Seiisiti it\ of the (it-

Pre pa rat ion of MIosquilo Samples. Mousquiitoes reT [LISA firsexeir hosts wNas evaluiateil b\ testingi.
vx re p~repared individually for testing b\ t ri tora- l iioloh gmiiis siri no samniples dIil1uted inl PBS. FI-
tioir ini 0.2-mil glass microtissue grinde.rs (Konites replicates xvere tested for each four-fold serumi (i-
Scienitific (;lassxsar(. Viineland. N.J.) to xv-hich 50 litin froim II,t000t to 1:16.j3S4.000. Sinirlar tests
Al 0.01 -11 phosphate buffered saline (1 13S), 1)11 7 4. were run on niinai-fed imosquritoes killed 2 Ii after
was addoedi. Samples xxere the,, mixedl with PBS to feediiig. groniid ill PBS. arrd ireld either frozen at
desired diilurtions arid frozen at - 20* uiitil testedl. - 20(C or (tried in at desiccatoir ando storedl at rooim

ELISA Procedure. Direct ELISAs xx'ere devel- teinperature. Five samuples of mosquito triturate
oped for identificatioin of hurman, cow%, goat, pig. grouind iii 50t) PB ~S) wecre tcsteol iii 4-f rld dIiltitlins
hlorse. dog, andl chicken blood meals. lPeroxidase from I1:5(0 to I1:25,.ti)
coiijugates were- obaie fo Mie a rtl-, pecificit\ %\as deterined Ix testin iii roo
Naperville, Ill.; phosphatase-conjugated goat art'i- gouis serurri ii eaich host-ELI SA sy\stem. comlparinig
b~ovirlC I I H&L 1wxas obtained from Kirkegaard absi rliarice w ith Iialtres foir hioimologours sera. See-
& Perry Laboratories, Inc., Gaithersburg, Mdc. Mos- iorr(ly. 1:500 dilrrtioris of lieterologonis sera x\ ere-
quito triturate (50 Al) xvas diluted iii P13S ( 1:50) add~edl to tble conurgate solurtioins to decrease cross-
and.50-MI -olinmes wverr-addedl to xvellsouf polvvirixl reactivitx.
ciroriole, [-.-shnape(], 96-well microtiter plates (D\- ELISA Activity vcrxus flloodoueal IN.gestioli. Toi
rratech Laboratories, hIc.. Alexandria, Va. ). %vhicli determine ELISA seirsitivity in relation to blhood-
were corveredl and incubiatedl at room temnperature nmeal (ligest ioni A..s tep)lensi x ere fed r)i i a human.
for :3 It. Each well was then w\ashed tw\ice w\ith PTS held at 27 - 20(:> ando grioips of' 1t iriosqIritnies
conltaiiiing O.Y)i Tween 20 )PB3S-Tlxv 20). This w\as \\ere killed by freezing at 0. 4. 8. 12, 2:3. 29. :32.
fol lo wed by tie( addion to1r(f 50,u M1 Ii st -specific con- :36, :39, 47., anid 5t h after feedin rg. Fiw xenosqitioes
jnigate (anitihost lgG, VI&L d2(ilurtedl I:2,(X)(or 1:250 f rom (acil tirie iitervail x ere frozen at - 20'(: and(
for b ov inie) ini 0.5o,( boi led casei n conitainrinrg 0.025'( five \\(-re, ireld d rx init ad(esiccator foir mioire thlar I
Tween 20. The b~oiledl ciuscif was prepairedl b\ dis- \\k at( roomni errnwrat rrre. After grininrg iii 5t0 Ml
solv ing 5, g caseini in 100 nil 0. 1 N NoONi b\ bo iling. PBS, dilurtions (If moisquiito tritrrrate 1:t0) wre
add~inig 90(0 nil PBS, adljusting 1 to) 7.4, a(d(1irig tested by El ISA. Negati\v controls conrsisted (If tire
t0. 1 g Iliierosal (sodilrmn c.tllii rrcuritiriosali'xN sarire dilutionrs irf I resli arrd drN irrfed trituratedl
late) arid 0.02 gtin phenol red, and storing at 4"C inlislities and of PTS alore.
kall reagents from Sigma Co., St. ILouis, Mlo.). ter Field samples. 13lo x-ft-I .A. go orbiae s. lat. anrd
I Ir. x% el Is\werewashed t hrec t i 111(wit I PBS-1xN ceir . i1. forrest us %\(-re e C011Ct e(I I u aspi ratioin inisidoe
20. allrd 100 p of AI3TS )2,2'-aziir-di-:3-tnxl hulses of tire killiges of Saradidi aind Kisiari ill
Iielzthiazolilie surifonate]) peroxidase subhstrate Vxarrza lProvilce, Kenra. ilr tbireloriig frorin Oe-
(Kirkegaard & Perry ) wvas added to eachi well. A h- tober 19,S5 to Aigrist I 686. Mlosquitoes ),\ere stoiredl
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FROzEN bloodmeal EIASAs were run withi 1io(llitoes
DRY ground ill Moc~kinig buffer 13W (1 .0(' bos inc serni

09-- NEGATIVE CONTROL albumnir [BSA]. 0.3'1 casein. 0.0)1 '1' tiirosal, all

08- 0,002'(' phenol red dissolved inl 0.01 A1l'3 PBS II
07, 7.4), tirediiuent used in tilesporo7.oite IASA (Wirtz

06- prepared ~ile ( two bluffers arid tested illtn -o~

15, diluitions from 1:200 to 1:3,200.
04 Preparation of Blood-fed M~osquitocsfor Blood-
03- .meal and Sporozoite ELISAs. Because blood-fed

3 osquitoes ground inl BM dlic riot react ill tll(, blood1-
02 - mecal ELISA. anl alternative svsteni \%as test:(l

- ~ ~ ~ ~ ~ ' w ------- \hereb\ indidcual mosqulitoies w\ere first ground
_____________________________iii 0 pi PBS: a 10-ul aliquiot %as used fur the blood-

'15C '12C "O800 '3200 1/12,100 '/25.600 meal ELIS.-\ and tile remlaininig 41) ul w\as used ill

BLOOD MEAL DILUTION the sporozoite EISA. The I 0-ml aliqurot \\ as di-
Fig I. lanalis f1 anic sl lesIiir(liiiti(ilS iiI1 lIuted to 1:30, 1:101), 1:200. anrd 1:400) ilr PBS ad (

o ill l bii 110i(Il( moitIiioes tested b\s E SI , [ o 15 Ii _ tested for biunia al o 1, ill( te F.1SA proicedulre.

teet humini Wood1 meals. Froz1en (0 anid d r ied (0) blood1- Tihe 40-p I a l iot for ft( ie5 )(r1 I/(i EL .1 .- was

fedl inosilliitlis Itlrle per group) w~ere ground ili 50 jul diluted ssiti 50J ul 111 containing 0.5" Noidet
1P13S. ad fou (11r-foi 1( lihiit iou \k) ere tested ii viatk ,iS 1- 11- 40 (Sigriia ChlenmicalI Co. ), then 10)0 p B B was
I rols Cornsisted oft ilie saril II ii iiionis of ti rl ( mo(1llii ties. added 1t1 brini g thle \iil ii re to 250 pi. To determcnninc

the sensitivity of this procedure 2.500 salivar\ glanld
slxiroizoites iii either Plasmodiurm fai pa rumi or 1'.

at - 201' wvithin 6 II of collectiorl arid w\ere later titOx (soluic <5 .i ) ph re obtainied froim inflected
transported frolzen to the Kensa Mledical R{esearch mosqulitoes kBurkot et al. 198S4: Wirtz et al. 1985)
Institute (KENIRU iii Nairobi. Freshlyl engorged anid addled to tile lilood-led mosquito sample or to

moisqulitoes \-ere p~rep~aredl for testing by" Cutting anl ulilfed m~osqu~itoi groun ll B113 (total volume 250)
them transverselx at the thorax between the first pl. inicluding 50 pI BB1 and N P-4() . This sicled
arid third p)airs of legs (undler a dissecting micro- 400 spori/.iites per 5(0 mt. Samples tested b\ the
scope. 1(0-20X ). The posterior p)art of tile mosqu1lito sp)Irozolitd' ELISA conltainied 400. 200. 10t). .50. 25.
conitainiing thle blood( meal \%as grounld iii 50 pI PBS3 or 12 sp)(rlizoites. Negative conrtroils conrsistedi (f

arid a 1:50 dilution wvas frozen. bloid-fed anrd uirfe(1 mosquito trituirate ill 11.

Samples -were first screened for human and cow
blood1( rising i lie t\%o -step [)roced ore descrihbed abo(ve.Reut
Noiireactiiig samples wvere thenr tested for goat pig, eut
holrse, dlog, and chicken. For each test. 1:500 di- ELISA Sensitivity anid Specificity. The sewiiti\ -
lotions of lieterologouis serum (eight hosts) -were ity of direct ELISA tests for seven' hosts \\as de-
added to thre conjugate solution to reduce back- teriied hv testing homologous serin dilutions
ground absorbance. Each plate contained control (Table 1 ). Nicari absorb~ance vallies raniged fromt
serum sarmptles (1:500 dilution in PBS5) of human, 0.25 to 0.61 for diluitionis up to I .0 x 10 ) for thle
cow, goat, pig, horse, dlog, chicken, anid cat, and seven host systems arid all exceeded PBiS conrtrol
four field-collected male Anophieles ground in PBS samples at thle 1.6 x 10(1 diluitionl. Thie IAlS A
at thle same dlilutioin as test samples. readily detected human blood locals ill muosqulitoes

Compatibility of Bloodmeal and Sporozoite killed 2 It Jter feeding. and hldl~ either frozen or
ELISAs. Comparison of Buffer Systems. Initial drN (Fig. 1). Absorbanice values decreased \\ itii in-
tests shoN ed that moisquitoes groulndl in PBS were creasing (dilutionis of thre 50-ml groundl~ iosqilito
suitable for the bioodnseal ELISA. Comparative samiples. The assay detected hloodnleal (liluti:iils

Table 1. Sensitivity of direct ELISAs for seven hosts determined by testing dilutions of homologous %era

l~eii ;riicaIln Absiirbanri, (4141 min)

illiili liiuari (iio" Pig l)iig ( ;iat I iorwu (I lu keli

S0981 1 69 2AX1( 1 .55 2.(X) 1 45 2 19) 2 W8

409)1( 211W 2( W 191 211W I (it 21X) 2 (11
113.1(81 2 (K) 2(W 2 (K) 20(1) 1 71 2 W( 21W
6_11K) 2(1 W 1 511 2.8 W 1 0111 WI 42

256.(X81 1 201 0 92 0191 1102 0I 62 1 :11 () (is S
1.112-40K) 0I 

5
:i (0501 (042 011 (125 I)I 1 01:2

I.115113.188 027 (037 (02111 0 9Oil 0(13 117
16.:35.81m (Ii 0:301 11:1 (015 00l8 021 I i

Alsirimci3 allie( rarrge 01-2 (110) repriwill thei meani if fis replii'alis stli4 at va i liliritiri
T I

C'ii V u



12 jot ii\. (I lv)( E\vrox)ioi,(oc; Vol. 25. no. I

6- . ...... 0.......FOE Bloodmeal ELISA tests on Anopheles fromI
14OZE Kenya. Of 4,338 blood-fed Anophteles testedI fromt

2- two sites in wvestern Kenya, 94.6%c of thle blood
meals were identified bY direct ELISAs (Table 3).

10- From tile inlitial screening of A. garrubiae s. lat. and

08 .50 A. Junestris blood meals using the human-peroxi-
06-dase andl I)ovine-phosphatase two-step procedure,

08t 94.4%i (4,095 4,3:38) of the blood meals were ideri-
104- 2 tified (88"1 human, 4 'cow., and 259)mxe human

02 and cow). Of tile remaining '233 blood meals, ELISA
tests for goat. pig, horse, (log, and chicken detected

16... ...... . .................... . ...... 9 00! four dlog and six gotmeals. .A(1(iti(onaly, fv
DRY am 410ga

W14 Anpheles pharoensis Theobald blood( meals were
0D Wco identified as human, and of two Anopheles cous-

2- 75
12 tani Laveran blood1( meals, one was human and thle
0 other goat.

08- 50 Low background absorbance values facilitated
accurate bloodmeal identification. Absorbance val-

06
t5ies for negative control mosquitoes were normally

04
25 less than 0.10. Values for heterologous sera usually

02 range(] from 0.03 to 0. 12, which allowed for cutoff

.......... values less than 0.15. Fig. 3 shows the distribution

Fig.HOURS POST INGESTION blood meals.
addried miosquitoes killed at successive timie intervals ELISs Moqitoes with human blood , eals

after feeding on humnan blood. Each p~oinlt (0) represents groundl in BB1 (tile solution used] in the sporozoite
tile ineaii (and( standard deviation) for three mosquitoes. ELISA) were not positive wshen tested in tlhe blood-
'Fie percentage of positive-reacting mlosquitoes (0) was meal ELISA. This diffhculty was overcome by first
determined fromn a cutoff point for negative control, grinding tile blood-fed mosquito in 50 pl PBS, then
unifed mnosquitoes (mean plus 3 x SIDI). using 10 ml for the ibloodmneal assay, and 40 uil for

tile sporozoite ELISA. Fig. 4 shows that grinding
Lip to 1 :3,200 for frozen mosquitoes and dilutions mosquitoes first in PBS, then using a 40 pl aliquot
uip to 1:12,800 for dry mosquitoes. (wvith BB1 added), yielded the same results as mos-

fluin blood meals wvere accurately detected quitoes prepared inl 131 a,; usual for the sporozoite
byV ELISA uip to :32 h after feeding for (tried mos- assaN. Similar results were observed for P. falcipa-
quitoes and tip to 23 h for frozen mosquitoes (Fig. rum and P. civax assays. Tile addition (of sporo-
2). \lean ab~sorbance values folr positive dried mos- zoites to mosquitoes tested by the bloodmneal ELIS.A
quitoes wvere higher than for frozen mosquitoes for did not aftt Ct thle assay.
all time intervals. Tile procedure was used to test 86 A. gafllbiae

Specificity for the seven host systems was dieter- s. lat. and 164 A. Jnstous collected in Kenva nbir-
mjinedl by comparing absorbance values for ho- ig Octob r 1985. Human blood( wvas dletected iln
inologonis serum %-, ith valuies for seven heterologouis 75 of 86 (87.2%) A. garnbiae and 163 of 164 (99.4%-,)
sera (Table 2). Trests for human, cowv, and chicken A4. fnotus. of those mosquitoes \\ itli hunman blood.1
w-ere thle most specific, with absorbance values less :38 ,1 2,37 (16%, ) were positive for 1P. falcipartim
than 0.2:3 for all heterologous sera. Conjugated anl- ci cuisporozoite antigen.
tibodies for goat, pig, horse, and dog ELISAs were
riot sp)ecific winen used alone. Specificit (of all test Discussion
s\vstellls was sigrlificanitlv inlcreased when 1:500) dIi
lutions (If all lieterologous sera wvere added to the Traditionally, investigators have faced (liffidcll-
conjugate solution. Cross- react ivity% was redlill d to ties ill idlentificationl (of blood( meals, blecauise tllis
a level where ab~sorb~ance v-aluies weren less tl..m 0. 11 capability existedl ill on~l a few% laboratories. Thle
for lleterolognlus sera. direct El"ISA (described ill this stud-, has w\idle ap-

Adlditional tests for specificity shiotsed tilat the plicabilitv for t~le identification oif humnlan anid do-
alltilluinian conljugate cross reacted vithl 1:500 dIi- Ilestic ilo'st blood( mleals, because the( test uises ((Inn)-
lutions nof sera from thtree bigher p~rimat(es (G:er- ierciallv availalet reagents. L. ndike thle pnrecipitin
copithl(clJs aethiops. (:. rnitis, aid~ Palpio (lidbis ). test and thle inldirect ELISA, 11(st-specific antisera
b~ut Kno cross- reactivity wNas seen with sera from thet are not requiiredl. Because of its simpllicity. the( di-
I)' sllbabv (Ga/ago crO5ssicautdatO ) or~ mice. iatni- rvct EIISA \%ill be especialk Ilsef ull for (leteruliil-
sters. or rabbits, The atihotrse colnjugate crross-re- ing the human blood( inidex (11131). an integral
acted withl donkey seiutin, and( tile antigoat con- parameter for estimatinlg vectorial capacity (G;ar
jugate crolss-reactedl witil shleep) serum. rett-Jones 1964). The p~resenit study silt\ws thlat thle
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direct ELISA can also be used for accurate testing
of blood meals for domestic hosts. E

The selection of a bloodmeal test for field studies
will depend upon resources, technical capabilities,
and stud\ objectives. While several tests are avail- D .=

able for bloodmeal identification, including the new-
DOT-PAP test (Lombardi & Esposito 1986), the -
precipitin test has been used most widely (Washino
& Tempelis 1983). The advantages of ELISA tech- .5
niques over precipitin tests are that blood meals
can be rapidly identified in microtiter plates, test 0 - .
results are more objective, and sensitivity is about
1,(VIO times greater tWashino & Tempelis 1983).
Th. rect ELISA is currently most practical for 2
identil ,ing human and domestic hosts, because en- I- X C , .
zyme-labeled conjugates are not yet commercially

available for wild hosts. When screening of a widevariety of host species required, the indirect

ELISA may be preferable, because enzyme-con-
jugated sera are required only for animal species "
in which specific host antisera are produced (Bur- A

kot et al. 1981).
The direct ELISA compares favorablv with in- $ -

direct methods previously described (Burkot et al. T,
1981, Lindqvist et al. 1982, Service et al. 1986). 0.
The sensitivity of the direct ELISA exceeded 10 'S
for seven host systems tested, which is comparable
to tests by Lindqvist et al. (1982). Each mosquito 4 U- v., -o.' a-
sample could be diluted to provide material for a
minimum of 50 tests at 1:50 dilutions of the original
50-ul sample. The direct ELISA detected blood. ,
meals up to :32 h for dried mosquitoes and up to
2:3 i for frozen mosquitoes, which is comparable
to the improved indirect ELISA methods of Service
et al. (1986). This time limit remains one of the '-
disadvantages of ELISAs compared to precipitin V V % IV V-
tests, whiich canl detect host meals tip to 48 It after . - - - - - - - - -

feeding (Edman & Schmid 1970). The addition of
heterologous sera (1:500 dilutions) to the conjugate
stcp improves specificity and is essential for use E . ..
witli goat, pig, horse, and dog tests. Siniilarly. Ser-
vice et al. (1986) found it necessar to include .
heterologous lgG in the conjugate diluent for op- E
timnal specificity of the indirect ELISA.

Perhaps the most important improvement in our --
technique over previous ELISAs is mixing 0.5f9/
boiled casein and Tween 20 with the enzyme. This - -

solution is also used in assays to detect circumspo- -
rozoite antibodies in human sera (Wirtz et al., un-
pubislied data). When used with the enzyme, the
casein acts as a bhcking solution to hind nonspecific. to
sites on the plastic wells of the microtiter plate. -
Compared with the boiled casein solution, other
bloking solutions such as powdered milk, gelatin, "
and BSA %%ere less effective due to high background .. _ - , -
absorbance values. Although the indirect ELISA
does not require blocking solutions, because the
antibodk coating the inicrotiter plate vell captures
the host-specific antigen in the bloodmeal sample a
tSvrvice et al. 1986), the indirect and the direct -
ELISA have equal specificitv for human and do- -
niestic hosts.
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Table 3. Illoodmeal determinations by direct FLISA for A. gombine s. lat. and A. funestus collected inside huts
from two sites in western Kenya

Saradidi Kisian

Iost" A. ga lnae 'A. funestus A. garniae A. funestus

No. No. ' No S NI) W/

lilonan 104 82.0 118 86.7 1,90() 88.2 1,410 91 3
to% ine 46 9.3 2 1.5 122 5,6 I1 0.7

IluIonan and bo,ine 1:3 2.6 :3 2.2 40 1.9 17 11
I h og 0 0 0 0 4 0, 2 0 0

Goat( 0 ) (1 0.3 0 0
1, nkn ti 30 6. 1 1:3 9.6 83 .38 107 6.9

lotal 493 136 2,164 1,545

Spe1inien not reatting s% ith hurliari or 1boe were tested for dog. goat, pig, horse, anti chicken bhlox meals.

The two-step ELISA employing peroxidase and bloodmeal IgG was digested, but some may rep-
phosphatase-labeled antihost immunoglobulins was resent other hosts.
developed for situations requiring additional in- In processing field-collected mosquitoes for
formation on a second, nonhuman host. The ad- bloodmeal determination, it is useful to record
vantage is that reactions for the second host are blood-feeding stages, which are temperature de-
obtained immediately after washing plates and pendent and associated with ovarian development
adding the second substrate. The same procedure (World Health Organization 1975). The mosqui-
also worked well on bloodmeal samples for anoph- toes tested in Kenya were all freshly fed to ensure
elines from Pakistan, where bovines were the pre- maximum host detection, btit positive reactions oere
dominant host. Procedures can be modified for use also obtained for 13/13 half-gravid mosqtuitoes from
\with most commIflercially available enzyme-labeled Kenya in preliminary testing. This is similar to the
host inilnutnoglobulins. detection limits of the indirect ELISA (Service et

The direct ELISA proved useful for identifying al. 1986). Field-collected specimens can be stored
)lood meals of A. garnbiae s. lat. and A. funestus dried or frozen (u) to 50 mosquitoes per 0.5-mI

collected inside houses in western Kenya. The high vial) for at least 8 mo without losing reactivity. The
frequencies of human feeding, and secondarily of direct ELISA can also be used with specimens
cattle feeding, by these species was expected based smeared onto filter paper and stored dry for over
on previous studies in the Kisumu area (Joshi et al.
1975. Service et al. 1978, Ilighton et al. 1979). The
t%% t-step procedure, with antiluman peroxidase and ' OI PBS
antibovine piosphatase, enabled us to identify :01 * BLOCKING BUFFER
94.4" of the )lod neals in the first screening. Few 091 P. FALCIP4UM
blood meals of other domestic hosts were detected.
Even though the ELISA tests screened for most

available hosts in the rural Kenyan area, 5.4% (233/ 07 *1

4,338) of the sainples did not react. It is likely that 06 1 0 .

most of these samples were processed after the -
05-

C T. - ...,HUMANE 03~
B3OVINE Q]

20 02-

2550 100 200 100 400

0 ' NUMBER OF SPOROZOITES

Fig. 4. Mean absorbance %allies for Plasniodiiun fal-
i'iptaruor and P. tizrax EIISA tests with 1)hIiil-fed mos-
quitotes originall ground in 50 pIl I1BS @0) and nosqui-

0 toes grotind in 50 P1 blocking buffer (0), tile solution
00- 02- 04- 06- 08- 0- 12- 4- 16- B- used in the sporozoite EIJSA. For tosqtUit(s originally

<02 <04 <06 COB < 0 <12 <14 <lB <lB 20
AOS&RCEtt. (414W, ground itt PBS, 10 )l was used for the Ilodtneal EIASAand 40 ul was added to I tcking Itufter. (:ounted sim-

Fig. 3. Frequency distribution o ELISA absorbance rozoites were added to 'aci sample (three tnos(Iiitoes
valis for identified human (n = 3,847) and cow (Ti = per group) and diltions ranging fron 12 to 4(X) sirn-
181 i1lood meals of Anopheles gamtbae s. lat. and A. rozoites per 5(-,1 saimple %'re tested I) tIte sp)orozoite
Juimsto s collected from ts(c sites in western Kenya. EIASA's.

d m
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