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le Introduvciion

When a larsze arec Has been soroyod with residval naseciicide the most
urgenl (sad-recur,ing) ¢uostioa 4o be agsweced 18t has melaria transsssion
beea’ inmterrupled? - or wn ouher word , has effeebive convrol of the vechor
specics becn achieved?

It us the mrle~iolosaue who 1s mogt ofiten expecled Lo srrovide the
answer by his mecsvcement. of the infant porasite rete. This method has
two drawbackst theb 1t 15 dot 2 certein method of detecting low-frequency
trangmsasion within the arcz, and that some months mey be requiced to
reveal its conbtinuation,

Can the entomologist answer vhe guestion move @ ickly snd relaicbly,
! h]
and what methods. should he use?

2. Methods 1n Use

Davergeny nebhogs e.c nvse ncifle ent o cbe of the rorld, Pimed
at providing enbomelogicel astcssment ol residval spreyics,  In dhe decimont
WHOMa1/231 ("The Place of Enbomolocy -im Malare Eradication™), pagze 6, no
Tewer than eleven Lochmigues coe Jasocd which might conbribvie to the task:
It 18 not sugzested thet 211 thesc should be used in any one 1nvesolgetion,
The entomolozist must vse his Judzescent v deciding which to sclect.

Thrze 1nsconces of current s el cc ase cruved beclow Jor camparison,

(a) A Central Auc.icon Counbry

Trecbacnts were evaluavet duwraooly 2fic~ applicetion an’ et foor-
weck wnbasv 1s thcraetor.,  Frold-collecsoo A, 2lovmenus wers colonwscd
proor to the 2o licetion vre-vanbts and batchc: from thas colony werc exXposac
to crorved suriaccces in WHO olastc cone wall cnzes for 30 muavtcos for the
friet crght woecls all:~ trocwené cad for 60 minutos for suvbsca ont
cvoloations.  Aporoximeiely 125 monthly insicctions werc elso mde Tor
DLGSCNCC 0 OSIL LoLs Csbunt 1n bre. .od cnd  unbre ved hovscs'.

UsS, Depr stmoat of Heoloh, CuDLC, Techniccl Devclopment Levoxt .ories,
doport of Acvivali.s Tor the Yo v Ending Juwe 30, 1959,

() Worth dorned

T

TRoubine pro wwme for cnboadlogrcal as. s wab 1a sardyocd arca.

1, Humon~boit.d vreps ana dheir abbecd wiodow vrons, and window
Leeps oblo ched vo exuetia,, houscs -~ two morm . es & weck.

=]
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11, Ammrl-bailed btrass - onc nwzhb o weck.

111. Number of mosquieocs brlia. men - with humen boib sitiane oubside
and insydc howsc, 4o collect omy mosquioces whileo tibtio~, from & -~ 12300 p.n,
twice o month,

1. Survivel rovz - 1f any snophclines collectoed by the above mobnods,
perticularly thosc ecllceted from wirdow $weps, they moy be kest far 24 hours
chgervation,

V. Dissectrion - this caon also be done with the anophelinc mosculbocs
collected by the above mcthods for infeetion reve ¢nd age determination,

Vi. Blo=cszsay - once every thres moaths,”?

~ WHOMR /MLL/T0 /17 Report on the Ficld Visit to North Dorned i June
1959 bty €,Y. Chow (WHO Regional Entomologist),

{c) Indaa

"In arpes with ¢ problem of nersisting trangmssion the malarmolog.st
was to mke a scaple survey and che cntomolozlst Lo determine densities, hosc
of predilectron, durcbion of gonotrophic cycle, disscctions, ond susceptiblllty
to DDT and drocldrin," leviewof ihe Work of ATME No, 2 to 30 June 1959, by
the Senrer Rezionel Melorie Ldvissr SDLRO. '

(In ¥his Revicw 1t 18 mede clec. the v wac Gurs uics of.c.cd bo indocs
deytime rcsting densiuicsof mosqmioes gapbured per men hour and choice of
host wes debeemuacd by orociprtin testing of bloodmeal smears. 1In his
comments the writer statest M,.. the mass survey rcveals as much os 196
parasitaema which 15 not consisccab with maleie eradieotnron, bub 2t must
also bc consid.red tnet 1n these arces the enbomologist found & very low
densily, ccoteinly for below Lhe critical denmsity foo effective 'tr asmission',)

3. Towacds » Now Choice of Technlgucs

It mey hodo 1n compar.a;, uic peribs of the throe mebhods 10 we fovLow
cectain loclors which control the potenticl roue of Trrumsmissicn 1n o leesdlily
py o known vecbor.  Threc enbomologicdl foctors ove the number of .iosquiuocs
bitinz man, its degreo of conbset with man, and the wroportion of fomelos o
dengcrous azc.  The most useful techniques will be those which zive the mosh |
drrcet meegsurcment of thesc frelorsy the edvonoage of direch measurawnt mdy
oulwersh che e2dvenuazes of obhor tochniques which,. though cosicr, give only
an 1ndircet 1ndicction of e enswor. In the following tebulation an ottonnt
1s made Lo distinguish hetweon diivcct ond indirceb technique st

Number of Vector liosquitocs Biting E~ch Inhabltont

Drrcet methods _Ind.lrcct or indicocive mothods
The 24~houwr man~biting rate X gono- adult restiog density (indoor end out-

trophic cycle {deys) door)
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Dezo.. of Cont ol vwih Moo

The huea hloodac 1 21w o cTuele 8 on humoo ~nd Caumr} bovvs
Peoportion of fewrl. o of S ONE 0
(1) dussceiica of ovewioles (Polovo- (1) mullaoobr v’ (- Davidson!s
dovetg sethoa) or Devinovels 4 chod)
(z1) (Lonug GV ebhod Lo o hiphly (11} retio or o¥cyst rove Lo botel
: NS.L].:L'LG o1 cndapharie veclogs) infeetion reto
wls/8)1

In one of tue cuped exraples (Indaa), whilc sove:el kinde of cnto wlogieol
work werc dene, ondy the wosting dessuby wes uscd in toying o provice za
exbomologicel assesement of the sproy réyume. This ignorss  such vit~l
fecbors as the goe-composition and Jhe dogree of contrel with mon, end does not
take inbo account possible transmission by mosquibocs which rest outdoors,

The method recamended in North Bornco, rloac of the chree cited, p:camdcs
for some atbewot ot bhe dirce’ meosuroment ol tho entozqq;l.pdlc al ;,ac;,ors beory
upon the question of combinucd tronstission. Even thor: » hcwev% s the way 18
not sugzested of corrdlsling the verrous fymes of dete intore simple index thed
wotld be of opbimel valuc i1n e mrlrrie ceadicetion canps 1In.

A% this stoze in the world~wid. coun® LN oo JoUe 2o LR IS,
whatever Lhe proctiecl diificultics, to beonk with lhe "mosqm_uo---pu Pmpian~hour?
tredition oné to eodopc ¢ .10.c “cvonecd ¢ad orcerse method of entomologlcbl
assessment.

4. The untomologiccl Infcction Potervial

The most uwscful 1ndex the catomolozrst misht provado o8 represanbed of
the product of three cnbomeolozicol wcasu, clm,nb* end ono deaogrmoh ¢ LocuOl

the aumolr of vacbor-moscuitols
brting coch oorsoa
X%
the hwarn populsotion ol the loceliwy
the humrn bloodmerl cebre
x

the oreportion ol fomelos of d-ngesovs o2

——

1 s
where Vois the probobilily of savivel through ‘one housc-visit or one

sonotrophic eyel. s B 18 the sporozenic crele of the prevelent Plesmodium, m < o
1s the gonotrophic cyelc of the waclor (Lmdcr locel coaditions), Fhe vrloe 7
would be expres-od byt

number of trooped survivors (24 hours)

nupber dood 1n room ~nd 1n tred

’
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The resulting fipgure would roprescnt the maximum bhoorcbicol drily
rabc of trensmission in the locclity, uhat is, the retc 1L the wafcciivity o
man to nosquito weoe 1008 and e voclor wore 100% efficicnt. To trelm o
hypothetical oxample, 1ot us sumposce thet an a sorayoed vallege of 1,000
inhabitents, cach person «obs on an averege two butos pur gendiroshic cycle
of the wvecter, theit half of the veccosls feeds cic on wmen, end that only 0,54
of the bates coe by fuawrles of wnfockive 2zc, The cntomologicel i1adex ol
potend.al derly toonsmssion, or the cphorclomicsl infccbion pobeniiel, will
then be ~ o

2 = 1000 = 0.5 x 0,005 = 5.0

If 2n enmbomologiczl infection potuntisl of 5,0 were obbeined soon ofter
the first sproying in a holocendewic locality, thorc would obviously be some
residucl transmission golrg on. However, the same index in en arcer of low
endemicrty, or whore ropeatved speoaying has olmosl draincd the parasite
reservoir, would demonstrolc thet trensiassion 1s successfully intcrruvpted.

For example, whecre only onc porson in o thousend .s infective on ony given dey,
the dally probability of on occurrcancce of tremsmission bock te men would be

5.0 x 001, or 1/200, In other words we would expect one casc of tronsmssion
overy 200 deys in thesc circumsbonces - @ sibustmon which must lead on o
credication provided thet on efificicnt systom of surverllance is oporoting.

5« An entomologic-l index for areac undor spraying

In preebice 1t 18 more likely thet the onbowologistts meesurcioontg in e
spreyed locolity well fail to detecth vhe survav'l of oy vochor Lo o G naurovs
2gt. His index will be zero, but he will not be werrantcd in putiiog 1t
forwexd ns volid ualess the measvrerents 1o dehbermine age (whother by
Polovodovals tochnique or by the altornalive method suzgested obove) arc basod
on a laresc numbsr of observetlons.

As long 2s the rescrvoir of infcetron roamains high in mon, 2 zoro entomo-
lozicel index 15 the only- rcassuri.g onc,  Bub wheon molerie has become reve
in ¢ sprayed opc. vhe coacepl of o throshold infecelon potcatial shovld sequiro
umportance 1n dote rmining wheth. £ the 1ntorrusbion of Granamissiom 15 scoum.,
Only oxXpericnce cail suow wae cvhe vhreshold flgur 15 under eny given conditlons -~
Cef. in ovons forucrly subjoct to xronnisl tr-nsmission by ¢ highly officizab
veewor, Yo such oxporicnce oxistu os vob, snce peobebly the measvrement of
the enbomologicel imfection sobunticl hrs aowhore beon 2slompted. Yot thas
index could and should become the yerdstick supplicd by the abomologist for
esgossment of the molorm e craduicetim oloock phesc.

6., Nced for f1.ld brrals on mcthod

s rimentolly 1w
crch teams composcd

First of »11l the mcthod sugicsted should be opplicd
s where caroful

sclecbed projecus. This mizht be donc by opecrstional
of two crmbomologisis and twb beennicians, asd 7ned to arc
nelneie surveillance s aleoady in being.

I

o,
~
(S
3

Two links in the mothod proscrt practiesl driirculticsy bub cvery
cilort showld be mede ©o overcome Lhose, ~s there may be no eltcrnative
tocchnicucs cepable of providiaz the answer to the wrin aucshbion,
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The daffieul vaes of apnlylng Polovodovals dissection bto small
vector-spec:.e: are probebly a matver of procroe and techmicrl competence.
The disrétior vall recaire good microscopes and sssfactory mrlmng
condations close Lo the working sibe. The bes' meons of seair.cz these
might be by means of & caraven~type or army-arbulagee tvwe of mobile
laboratory.

Measurcomenis of lhe rate of nmdlaperaity are re-lly no substibtute
for Polovodova's methou, 2nd: should not be so used unless every effort
has firs. been made to desarmine the actuel ohysiological age of the
mosquitoes. They ell inlroducc the assumption - slmost ceriainly a
migleadang one ~ thot the probabilaty of daily survival remeins constent
through the mosquitots life.

Can the 24-hour man~bitiog ra e generally be measured? In many
countraes the dilfaeulties arm mainly soclal. The envomologist; trained
1o get close to the mosquito, here has W get as close to human beings of
(it may be) enolther cul lurc and race then he. It is essential to win
and keep their collaboration in the capture of biting mosquitoes.
Financral rewerds to boys who serve as balts are of wn hel'oful, and
merit official recogmtione More important, however, is the permanent
provision of a tralned publaic relalaos officer who must repeciedly
explain to the people the object of the work.
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PART II

PROBABILITY¥ OF SURVIVAL Of WECTOR THROUGH OFT COFOTROFHIC CYCIC
MEASURTD BY THE HOUSE-VISIT SULVIVAL-RATE

1. By fitting a sprayed room or hut with inlet valves, floot sheots
and outlet drarvs, r¢ shonld he nosoible to measure with o consistent degrec
of accuracy the nrobsbility of survivel of £ mosquito which enters Lo feed
or to rest. , In this way we may ascorbain the loeal house-visit survival-
rate of the vector species, at ony decired intcrvel after the spraying.

2. It is likely thot some mosquilocs an every populaiion subsist
entirely ont~of=doors from one oviposition to enciher. Others mey fly
from hozse to house, owing to the irritont action of DDT or some other
gtimidus., Nevertheless, in o highly endophilic vector species we may
guppose that the nommal behaviour-patiern of Lhe female mosquito .is teo
enber ¢ house to seek a blood-meal, afterwards remaining for a shorfer or
longer perlod whilc ihe eges are developed. Once having left the house
she may be eXpected not Lo enter another until she has laid her eggs and
requires another menl., Further, the bulk of.dea.hs should oecur-either
within che sprayed-houses or as a direet result of visits to them. IL this
is so we may revard the house-~visit survival-rate ag a rough equivalent of
the average probability of survivel through ome gonotrophic cyelc, from whish
we iy proceed to calewlale what proportion survives to the minimal infeotive
agec e

3, Thms caleulation is of immortents to enasble the entomologist to
conuribube more to the assescment of residurl sproying, amd it has been
suggested chat some field experiments be initialed to eveluale the method.
A WHO operztienal rescorch tggm might be assigned to the work.

The only relirble al bernaiave method of measuring the »ronortion of
mosauitoes warch atbain mimimsl infea'dve acc (or Yepidemiologicelly dangcorous
age") is by the daifacult tceanique of ovariclar dasscetion (Polovedova),
This will have to be uscd as a cross-chock in the field experimente, which
should be ecarried oue oa a species thao londs 1usclf so thab dissection
{perhaps A. maculipemnis, A. secharovi, A, ¢uadrimaculrtus or 4. hyreanus
sinensis). I it can thus be shown thou the survaival raw« method gives
regults comparable Lo those oblaincd by Polovodova'ls method, it may be
voluable to adopt the former method in placec where the ovardolar disgccelion
1s too dalliculd or too taime—consuming.

Iinas would be expressed by the formula V(S/ 8) , where {(under locsl
pconditions) V as the probabiliiy of survavel through one house~visit, g
is the sporogouic cvcle of the nrevolent Plasmodium, 2nd g is the
gonotronhic cycle of the vector. The volue of ¥V world be cxmressed by:

mmber of survivers {2/ hours)
miber deerd 1n trop and in room
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