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MOSQUITO BLOOD MEALS: IDENTIFICATION BY
 
A FLUORESCENT ANTIBODY METHOD*
 

R)GER M. McKINNEIV.- JANET T. SPILLANE. .%NixPRESTON HOLDEN* 
Technical Dl-eolpmcnt Lalratoric, Malaria Proqrain, Center for D)isae Control, 
Savannah, Gi'orgia 31402, mid .lrhoiral l)isa.1' Section, Ecological Inveiligations

'rotam ('enter for Di.ea (ti Collins, S0.121Corol, Fort Colorado 

A bstract. A plrocetdure was dteveloped for specific fluores cent anutibodv staining of eryth
rocvles from ,riu ma inm1alian jut rj ispecies for thile of identifvill', the source of mosquito
blhood meaztls. .\ltihOdies Were lrelpared in rabbits amain:d the ervthrocyte menbranes of 
human 'ts.ci\,, h rscS. Iiizs. and sheep. Tie serum vilobulin fractions w\ere labeled either with 
fluoresein iOtlitoc.anate or teirtmethilrhodatnine isothioca'anate, each of which produced
brilliant fltiiret',nt antibodv stainng iif tII1moliieous erythrocvtes. Alhouixi initially cross
rctci vt. tle conjutvates er, rt, lTlderetd specificallv ra cti't..1mot] tle species tested, by
alsorlption with .,troma prtl arat ions of erythrocytcs friom the- bieterolo ,,ous 'lpt'cies. A 11ood 
1neal extracted froii a single nilosqliito, when diluted With S:aliie. was sufficielit to make ei,,,ht
tlis'rOscojlW ,lid irepamratioris. liy piritng and Itixit.. fluoresceii labeled antitliod" to ervth
ricyte, of one .siblet- with rhodmine lahtled aitiody to erythrocytes of another s eicies.
itwas in)ShltIc10 tet for two slwtits with a siltizle tuicrostoie slide lrelaratitn. thus alowiti,
ot1e to Sctti forir, animal sllecits with a blood meal extracted from a sin.le mosquito. hIlood 
it',als were idletifit'd lv this tt'chinique ip to 44 hoirs after investion by the mosquito. 

Ane tis if idttit'fVillinscCt ilood MeA.l is a alc to differentiate feediinzs oti different hosts 
valialde tol in ,tuini the role of insects anid that could not be separatetl ly the precipitin test.:;
dheir hiots as vctrOltS 11d reservoirs Of disease' .\ fluore-scetit antibodv IFA met hod has beet 
ilt most wiih'lv usei'( 1liiile of ittti fvin. insect idescribed for itlemitificatioti of blood meals, that 

b1lood iiiCals has etin tile ,recillitintest. The inviolves .,taitlitl antigelof the s atlle or serum
ilcil tl. as tlistciistd ill detail lv Weitz.' involves of theitlood me1al.' liki et al. itvestigated the 
rtvitmite lillt t Illloild-t'etl itnsect :iild list of fluorescent antibodies to identify tile oir,ino he 

siitceZilt tht. cotitetits onto filter paplr. Tlie of blood stains for iossible applicatiot iml thefilter illIr i,later extracted with salinte. lortiotis field 01* lcg.1al 1iidicine. Although they obhtained 
of 11ltV satie ext ract are used illth lt rtWilitin litific sta itilg of blood CrUsts by" direct FA
telt with iti'tra lirt'lirt'dtl iinralbis atlitlst the stainilg. tle\- were able to stain red blood cells 
sti'lOf the \vlriouii slitties suspeited f lit, which had lit't w'ilslt'ti" free of serum only by
hosts, lit' lo,quio. 'i'vilt'lis and Latfy rcliot at indirecti methotd tlsin utilaieled ralfliit anti
itni rot'd it'ciicit lyby li itZ lilt: reja'l d stltigldAitnst 1Cells :11tt
ialtti ' ht' 101ood fluorescen t anti
ill cthicket , i, olposdt'd ti talit1 b.rI serum. There
lwV raliiit have beetl a ilumber of 
th'vy ol .- rvl conmilrale tril:--t'lcttivitv atilot it[t itt.scontcernitng fluorescent alntibotdy stailim

specit' , t'hllitziwttz Ithe cells of iletltifyiigiltia iialaiat t satllfm iilite, of rel lilootl for the iurpose 
aild were to It't\'t'ti1ll t lelrthlt alle tlist inltisli bo,, Or tttliiitisll'trailt i)TS)ce of tlhe Variolus 
tials of slltetli atl ctlth'. .lore rt'titlv. 'I t'll- yTilirotyte atitigtlls of humian red cells. hut with 

tlo :a1plicamtiOut ti slt'ites identiificatitm. W eells atld Roi rickiti sctjl ut'a 
-

lii\'ive lit'tiy eglu- now rteport a tlirect F.\ lethod for identification
tittatijon iltjibition tttthiit'VWith )which mof i n. nostllito blood malVS baSel Oiltl e Usei tf 

t'rnVthroct tl'eil ira ties .,t-t'hd lb ALI\ vr e of t i ll st' speci' s as 
. ...... life ant igetll.' ttstd ;II 'thasI'il t.'t ' ''['nl I : . i,. 

tlias . alirm'ss ri-ifticts il rctiriims 1(: Atli- \t.l htER1ALS AND .Mt rllo S 
JlalwtT. Spfillain., "Ti-.hnfical lvi'lopment labora~
torits, Maliria Proi.-i,P.0. Ilmx 2101, 'intirforI i'.vast ('itrot, Irnpdrztion f .1t,'tsSavmlml, Gct't-fda
.;1102.P."( ). lt lt, 1.i1. (Savatimias: hou';lorli~i l" V Ervt lriicx'e orerit'sit strolla froim cow. 

id I k~isioti. Ct-'iiteil'rtsciit Le.tiliiiratorv for 
.
I);sas., (oltrol. Allant, ( ;t'ol *0.'.
 lorse, manu, hoi. :lll sliep er ' prelaretd fret 

I)0'. 17:1: Ihltilti divd May 1972. of lethcocytes getnerally isdeseiibed byI Madty.l 

01)0 
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Cow and horse erythrocvte membranes were at room temperature for 2 or 3 hours al(] then 
solubilized Iv partitioning between butanol and stored overnight in tilerefrigerator at C(. The 
water."' The water soluble fraction was lyoph-
ilized and uscd as the antiven. Il the case (f 
man. hoE. and sheep. Iyophilized preparations of 
whole erythrocvte menltranes were used as the 
antigen. In either case tileantiven could be 
stored for lone periods at 5 C with no altlt:rettt 
deterioration. 

l1rep:rati? of .lntisf-ra zol (tmiju afes 

New Zealand albino rabbits were u'tld as anti-

body producers. The most -ati.f:ttorv intmuniz.-
tior,schedule used w:ts atprilfary intr-lanicul:lr 
iniecti, oif 25 m,., of lvphilizid irona or trlt t 

absorbed conjuL'altes were then separated by cel
trifuration and filtration throutih a10S- Millilore , 


filter and diluted 1:5 with 0.51; bov ine serit n 
allunil. A rhoda inine coinjtluate for ontispecies 

was then combined with a futiresctin conjutate 

for anotler species in a 1 :1 ratio tr final 
dilution (if1:10 with r'sltect to cachitttt. ugatt. 

Stmnilts 

. ti ittl 
micrtt.l,c 

I'prPtltio i lh'sSN 

if whole ,Hi from tow. hor., mal, 

.iteclt werc dilutcid with alinteifir 
-lide ltrt-lttr:ttion. 'Ilte tir-dried lhotl 

- Nc:trelt,i fixed hv intuiir-ini ill atltolle at 

extract homovenized with 0.5 ml of normal silint,r,t Iletlptralure f.r I iiltltlt. Slidt.- tould 1111 

w h ich a nfti w t.re - ut wvrv .v xlrio h d : l ,flld ll I .\'era p re pa re d. 2 fi l of tndi hu lh-d In stiv ( hfe 

and 05 ml of Freund's comll e adJuvant, f,-
lowed lv two intravertius Ii;otr.. It 6-week 
intervals. 25 mv of rferttiittv Aroia or 
extract hiomoenized in 0.7 ml if :tine. Se\'vc 
days after cath boi tter, about -0 ml (ifltiood w:t-
taken from each rahbit, tile eruim wia- t(llctd. 
and the tlolbulin fraction ot:tined b two ipre-

cipitations with 40'- saturated :tmlniorium sulfat. 
Tite lolbulin fraction were labeled witlh fluo-
rescein isothio(anate or tel r;anm tirtnetlty'lrhpltt 

isothiicy:,nate. lluIiresccin ctllj!_iate were pre-

pared si as to give applroximately I, of bttnd 
fluorescein mgiof protein." Tlhe rliidaminte ton-

juizates were prepared by adding letrantethyl-
rhodamine i-othiocvan:te as a dry pwder to the 

globulin in a ratio of 2; i!t/m.Of ltrttil. Tltv 
reaction was run in a (arlhonat buffer itIll )11 

for 16 itours :t room temlerature. anod inhtolilh, 
material wNa removed byv ccttnritftlgtion I.;hlitlvd 

protein wa- sepairaitel from utreiia(ted de bv Ll 

filtration with Sephd ex (- 0* ElOttl (fillt itl-
contained approxinlitel *v0 1;; protein. 

In general. uylab'irld fhllorv- ti and rlo

damine conjuveate gave cri---s:Itintt :i otnitz t 

l tuditd. ttienitm m id ia :t r if-, i t l if, t' 

theref ire tor with tvylilizedl It tif tiab lrd 
Fors.cat h o f fhl fiv p.rie.;wt :iiit -tother fp er it 

ie -lainvil dirctly ir ttrdl it tle rttfrit'riltor 
at 5 U. 

I'rtaritiin- \elt. tlt mattle illwihIetliqulI 
iort- of HIod if twto iifferetnt tititn;tl pteict 
%%vrc tnixetI ilt triltr ti t. llilt ,-ililitv (if 

ieh't ifvin.c twit difftr'tt tif i,,: -itill, liilh-l an,-

i\ty-ittc tlt, :til irrit ptt I iutl
irtht itixtd flut

r- cin tdrh,Lioltltitt 't llWtCte-. 
Iftd ttial, N ilbtaint d bv Allowinwevrv t'l'x 

qnl/tiiu i. ,tt iisIlilot,t f ittI tllittal. 

lit- and towt. Nio fcilints Wert,e oh.l:titd froll 

hir-i- or -lwep. Tle Iliiod-fild lll il> ,\tert, 

lIdh ittromt t lvilirtt ltrttir aplpIrixitn:tely 2; C 

.\fttr \:trioi- di,-litt line intvrval. froill I to 
-It. litir-, lt- :ilitlni- were remtvi: :and th 
h It ,lit lll- lWrolt'--d 0. i l %ollllt.; ofinto 


-tin.. Ilt tcah i- te i alint,n:ixtltr \%';is 

di-trilhited til ilt-tribed (iih.- till four .lifIes. 
miking twi -nliet.r- pvr >liid. or i:ttItl;l of cilt 
-tar. frim eli I-l t iir itin, flititoii..\ti'er 

pirlllitratilt- were fixe'd ill itloti itid >t:tinl 
bY t(olv .litional h 1ch6411c.FA".\ 


ofl .lfll-tii.hIiriigI ii /hlti .lltli . lide 

fi (i-l t l it tirtttiii t Iii]tl I\l1-h wirht itllt I 

it C-ft.<tttitlt- tI- w ttlrvil i Ii, tO 
:welt.-1 0J ifti. ,ood i[AlI nt'l. 1,ii' i\ i ltlit1i It. 1t 

i we il-oer Itb ,l if . ixtrt )tif 

of lyophilized .ryflhrt yte -troll of -1"1) (ifth,. 
o n jl a t re 

r sp he(i ixtueo ther f ou cieriottilnc. 'T itl~lrs..ilI.ir'i-nc'ltlli'r ,\w rvmi idned 

'
•tq- of tl'aidjjiil -. for id,.lIfilit(Aion 
o n ly , a n d d oe s . n o t (on q itu t . viloi-ff , 1t -ni ii.IdY ' Public Ilhalth .c%ivic bv . 1)(1prtl (.I,,or thr U.S 
of Hlealth. E~luratioll, and V l.fairv. 

tl i .)lit 

fixd ifir-it Eldltiultt u ,yl-wr o l rvi' 
Aw-, Iemtz vrtlt tl ti .w i It a ll ' octt

(if llhfl 
ill-; C" andl~ h., itl -wec.k itnlcl%:d , illi f)h10 
,-IrtininttitlI .ttihur
vk f o YA I i n 

FutIlla....
Ihlr n'e .Alifrovolpy
 

nli hiii 
tlvlt verli :al illumilvilor ww.d bserv'e 
A\ L itz O rtlhiollxro .iopc vil lon i

%'%:i,. Ili 
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.ilelI(,,lus I to .lt, . Mixc.d l ilandu lline erythro yt: Iralies.[ItI l cellsspecificaly stained withrll.11od *IItIiI I lbiItd alni-IIlunlall v~rNf rocrlevantibodly (red fhll'cvs(ilw)an ovl' e cells statinedw\ithl specifically*N 
lilt -,
I' ol m inl cl,A :lal; 1 1i - l,,,\il elU \ I0ti V, I V o.t,nill ] T:11t il l yd1 l[fl[ lt r , ct . w o~ .'. NVll'VIOT!l'c loit':a1siiilgf e 
Il \i IIIt(ithIir: it I tit i ii t 5,1 l l for ioil;I Ii aII t l (it v190Ilno a 0 m for fItoresceii. X 756. 2.lllll vol'thl~o(.\hIt11ilbaiv;IISs talint'!d
with I'ht110.1mine Il eht'dantl i-hIIIll~lll allliibod\.F'luoresceinerl-\llt'v|it, 

.taiI . I i int. I dIiIs aIiv plrestIilt t - iutare ci-cluded 1 livtII filltvir sY v O. M ixed sheepi i tihI iii 75oi.3andll , nit-boq\ int.e tl'\Illcit.\h lllbl'alnes. Sll-ep cellsmU'stained \with fItll'rt'vtinlllbeled ailti-Shctc rythl'ont.ve
alnti
1)(141 i'ho1d.1anlk, le e'r\illlocv jild fm int. cellkawe -Iaiild \\ ith lableld aliti-loi \t\,alnlilllv. F'xcitlation
withI
 
Ih i anl K 5.M barit tiltier ullh 'iiuiiitilllliiis oisir\:itllof )1h fluot'LScci 'llrhiiii:line fluones(11n10. Rh,,lhillinc ltc.c c is dull hlict-- d \vih Ihlis i\yStvil.l. ,.. T1 NM iwd Sheep alnd Iho\illeery'lh
t uulnl, . ShIvl cills art. sthifld \\illi fluorescein labeleld a ti-sliip'rv lthrot.,vi ntilholy aliid iio\vite 
l stdiil I i'li :111tim ilit;.ir i o l linlt allivetld- er. Ihii .vte nt il. '1 o ixposult's \\i' iiSid oila Siilefil'l t . 10 11hr X 'i tl i ol l a;t,1 ; 11111 a nl th e nl i tio nla -I100 li n k t tzk ia\ 11: 1d c wi t t 11l cxcit at i oul of f lu o r e'le nlbo th sc t 

lahels. -I'7;. houis digestion little5. I tv bilool Ili;l laki n u: U iuiiito alletr_'.3 slecificlll" staineid 
with illuiluiiii lilitlld ra btbit: lti-li iin ii I \ivrytI alit lullliy.7,i (. I ilood IuuanIleIl t;kteII from ;
i ,tluitil alitr .1.1 -it:ily skihuln, di zcsliol lime Sliicil iu;!l t h fluoucsc in laIield ralhlt alit i-iunallill en-thro
'yte aillil.lly.
"X 5.g.
 

http:rythl'ont.ve
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the slides. B% using blue excitation light 12 Leitz 
KP 490 primary filters, 495 nn interference plate, 
and K 530 harrier filter), the green fluorescence 
of fluorescein and the dull red fluorescence of 
rhodamine could be observed simultaneously. By 
using green excitation light (2 mm 3G 36 + AL 
546 primary filters. 5S0 nm interference plate. 
and K 590 barrier filter), the brivht red fluo-
rescence of rhodamine was observed without 
interference from fluorescein. 

RESULTS 

Cross-staining of some species was olierved 
with unabsorbed conjugates. Very strong cross-
staining was encountered when anti-sheep con-
jugates were applied to bovine red cells. %lo 
moderate cross-staining was ,hliser\'cl with anti-
bovine conjugates on sheep red cells. Absorpltion 
of anti-sheep conjuigate with bovine red cell 
stroma, in one case. completely renived tiht r--
staingin of bovine red cells, and retained brigiht 
specific staining for >Jheep red cells. In a 'eml 
case. absorption of an anti-sheep conjut'ate with 
bovine red cell stroma completely removed the 
staining calpacitv for bovine red cells but left 
only a very weak staining caliacitv for sheep red 
cells, demonstrating individual differentt in the 
response of rabbits to the red cell antigen. All 
other crosses. including the cross-staillingv of sleep 
red cells by anti-bovine ionjumlc. werc readily 
removed by ab:,orption with the lyophilized red 
cell stroma of heterilgius specic-. while bright 
specific staining was -etained. Ficure I is a 
photograph of mixture hu-lMi hica of an ibvine 
red cells sinlultaneciusl\ stained ivya mixture of 
rhodamine anti-hum;ci (nlijui;ate ;Icld fluorescein 
atti-b ice cOnjugate. Tht- larger red fluinri-int 
cells are the human erythrpcvte.. The phticr'iph 
was obtained Ic a idoulile expo-ure fir.t usiic ti-
green excitation ligiht. then changing the filtirs 
to use the flue exciatiicn light. ligur- 2 ik : 
photograph of another field ocf the ;alc tilh.,
obtained bv u,ing just I))l(Lreel exiilation Igt:h1 
and K %igjharrier filter. red llsThe ibovine ]i 

excitation light for maximum excitation of fluo
rescein, and a K 530 barrier filter which allows 
observation of both fluorescein and rhodanline 
fluorescence. The bovine red cells, in this case, 
appear dull brick-red since the bolue light does 
not produce mlaximum excitation of rhodamine. 
Figure 4 vas obtained I) d10ulCe cxlcOsure, in the 
same manner as was used for FiVure 1.in order 
to .how iberhodainine laled bovine cells and 
fluorescein labeled sheep cells with maximum 
fluorescence on I ,iale phot ogralpd.

Brieht specific staining was obtained for mos

quitoi blood meals in all cases Iiit2-1hours of 
dizest iom lime. In cal-es where the m itcplito was 
well ec,r izc] initially,iv. stainirnz was olbScrvetd 
after -14 htinr of ilivetin time. Where diniztioll 
pIrturcged top partial fra:1nCit:cion tofthe ertyi
rccytes Ihere were u-uallv -tifiiiient int:!ct t.ll
rcm:inine for catv ith'ntifiation. In Figure, 5 we 
have -hown a bo\inc Ihiid n-al -taiic-l with 
a rhlod:imic anti-bovine ion'ictiath after 2-4Iolr, 
ilig.i-i i|itiic. igzurcei.: hlman blood( mcal 
tactl wit h a fhtiore-cein ani-liciimn onJuvate. 

after 14 hours divgtin time. 
lhiid meail, litainc-d fromu intat ml.-luitcs 

stu-cl at wet-ice telueraltire fur 72 hlours .Vt, 

briglht FA -taiilillv .. \ tine-fixcil lilies if Ilo
1 luitii blood reals .tircd for 10 week, at 5 (C

shoiweil no lo"s in bIri.llnc- iift I. staililn. 

IM 'SSIcN 
Althiuzil oly five Inalncccali;l pctics liavi

bcn ,tudit'tldate, alipc;ir, sti it that iol cjI.,h' 
of voiud .lclvificily thi Icc ir-lared byluing tlit(
ervthroctve Ilillclirane ;Istit- alitiin. TIh ieav 
di-tiuticin of ]ccine i'rvilhrmc h., frominc Ihii. of" 

liceplJ hyvthe U-c io ;Ili'-rhtd(niltatc, iinltcl
tr;ih.s tc- higlh -cc- if it inltc 1l Ci-F.\ 

mthlcod. 
lv l-itug Ilh.id Icccvcl c:i-c. frm cilIeiilit A 

cc-ccitc :cicl :dcr- ixed rhtl;onii- andan oif 
fliori-tcil! lahveiil icnjc.:lii-, as th.+rilw.tl.c 
In -qtliti lIlic rio-al ialc bci i-r Ii c IItl fiiir 
I( caicniliacc S,clits'. It i-. il-c lic--ihli tip 

are completely exilticid hbythi, filter sy-tnvi,iithicifvimixei bhcco Iil;til wicit. : loollli h:n
(emon: trating that. no t r,--stcinit cf liviccc-
red cells with the rlicdilamine ali-cl anli-hmi:c 
conjugate is evidclt. Figures 3 acid 4 arc phlt-
graphs of a Mixture if Sheepc boivine red cills;luid 

simultan-ouslv staill v v Inixtjre if rhlcildaic 
anti-b'ovine ( ijcigae aid fuioresccin ;uriti-l.hl 
conjugate. Figure .3 was uli1aineil I)ylliccg I)lnI 

fed c- ic lv oi t iliffirnc-t hI pv.iv. 
\i- c-hclcai/ ticc-I i-tcvsil iil''i cif Icillce v 

fixatin ti liti in bight tiiicc. Ili- I-Cccirc 
lic-lit sll.!lc-, I t;tiet aliltic-i rcvipol lilic fici 

A siillicl ciot a Il'fcav ;ti-cn. hll,i,ex-I".\ is ht 
liietl nclicuo ri-acli of the ecvthroyhi nii-iclucact

ureia c witl ii lvaIi i. 
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