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Abstr乱et

The transmissibility of bancroftian filariasis by a vector mosquito, in other words,
the epidemiological danger of filariasis infection due to the mosquito to persons in a
community is very important to understand the dynamic states of the disease. It may
be expressed by the product of three factors the effective microfilarial prevalence
corrected considering the microfilarial density, the effective period of transmission, and
the abundance of mosquitoes during the effective period. The epidemiological danger
was estimated by using the data obtained in field experiments carried out from 1961 to
1967 at Nagate and Okubo Villages, Nagasaki Prefecture, Japan, under the changing
conditions in microfilarial prevalence and density due to the control of vector mosquitoes
or the treatment of positive persons by drugs.

IntrodⅦ亡tion

Tolearn the transmissibilityofbancroftian

lilarjasis by mosquitoes，in other words，the

・dangerof filariasisinfection to personsin a
■

COmmunitylS VerylmpOrtant tO understand

－the dynamic states of the disease－　The
●

■epidemiologicaldanger canbe glven by a

－PrOduct of the abundance of avector mos－

・quito withinfective filaria）arvae and the

leffective period for transmission of the dis－

・eaSein acommunity．However，itis usually

impossib］e to co11ect a sufficient number of

mosquitoes withinfective］arvae for the

COmparison of occurrencerates of such mos－

quitoes between years and communitiesiIt

is especialty soinJapan（Omori，1962，1963〕．

For the purpose，anindireet procedure for

Obtaining thedegreeof thedangeris devel一

Oped，inwhich，insteadofuslngtheabundance
i

Of the mostimportant vector mosquito with

infectivelarvae，a PrOduct of the effective
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．microfi7arialprevalencecorrectedconsidering

the microfilarialdensity of persons and the

丑bundance of the vector mosquitois used．
i

Accordingly，the epidemi0loglCa）dangerin

丑COmmunity wi11bepresented by theprod－

uct of three fectors，the effective micro－

filarialprevalence，the abundance of the

vectormosquitoandthe effective periodfor

transmissioniThe factors are discussed sep－

arately at first，and then collective）yin

relation to the danger．

］旺icrofihrialdensity ofa persoTLandtheinfectionrate of mo叫tlito朗fed onllim

Before consideringthe factors，therelation

betweenthemicrofilarialdensityofa person

and theinfection ratein a batch of females

Of CuliX pipien∫pallCnJfed simultaneously on

himwillbe discussedtogiveaconceptionfor

effective microfi）arialprevalence of a com－

munity．

Wada（1963〕gavetherelation between the

microfilarialcount of a person and the ex・

perimentalinfectionrateinabatchoffemales

Of CuleX p車iens comp】ex fed on him，by plot－

ting the probit of the experimentalinfection

rateagainstthelogarithmof themicrofilarial

COunt．　But，the occurrence of some dif－

ferencein the susceptibility tolarvae of

肌Chereria banCrqPibetween C．p－pallCnJand

C．p．jhtigan∫hasrecently beenfound（Omori

et al．，1965〕，and C．p，mOlestu∫　may also

differin the susceptibility．Therefore，the

relationisreexaminedas under by uslngthe
●

dataon only C－p pallCn∫．

The theoretical‘of expectedinfection rate

inabatchofpallCnSfemalesfedsimultaneously

Onamicrofilarialcarrierisgivenbyl－p（0〕，

Wherep（0〕is theprobabilityofnon－infection

Or Of the rate of the females which are not

infected．Letting the mean uptake number

Of microfi】ariaefor engorged fema］es of the

batch be m，then the theoretica）infection

rate，1－P（0〕，Wi）lbe obtained as follows．

1f the numbers of microfi］ariaein fema】e

mosquitoes fed simu］taneously on a carrier

follow Poissondistribution or random distri．

bution，thenp（0〕ise－mandthereforel－p（0〕

isl－e－miIfthenumbersof microfilariaein

fema】esfollow negative binomialdistribution

Or aggregated－type distribution，then p（0〕is

（1－m／k〕，Kand thereforel－p（0〕isl一（1．

m／k〕pKwherekis calculated aslilO3after

BlissandOwen（1958〕．
【乃
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量

＝　MeanuptakenumberoEMfforabatchof

engorged females

Fig・1－　Relation between the expected mean

uptake number of microfilariae♯for a batch

of CuLe∴r plpiCn∫pallens females fed simultane－

ously on a carri巳r and the observedinfection

rate of the batch（Shown by circles），SllOWing
that the distribution of the observedinfection

ratescoincides betterwiththedistribution ofthe

theoreticalinfection rates obtained under the

assumption that the numbers ofmicrofilariae
in the females follow negative binomial（shown

by abroken curve）thanwith the distribution

under Poisson（Shown by a solid curve）・For

壬urther explanation，See teXt・

＊The expected mean uptakenumberof micro－

filariae was calculated by multiplying the

microfilarialcount of the carrier by the ratio
of the mean amount of bloodin a batch of

engorgedfemalesto theamount of the carrier’s

blood examined．

Figilgivestherelationbetween the ex－

pectedmeanuptakenumberof microfi】ariae
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(see書in Fig. 1〕 in a batch of C.p.patlens females

fed simu一taneously on a carrier and observed

infection rate of the batch, together with

the curves for the theoretical infection rates

for Poisson and negative binomial distributions

ca】cu】ated as mentioned above. It is seen

from Fig. 1 that the distribution of the

observed infection rates coincides better

with the curve for the negative binomia一

distribution than with that for Poisson distn-

bution.

Mean amount of blood taken by pattens

females in the present data was 5.65mm3,

Therefore, the expected mean uptake number

of microfilariae in a batch of fema一es fed

on a carrier is obtainab一e proportiona一ly from

the number of microfilariae in 60mm3 blood

of the carrier. Thus, in Tab一e 1, a necessary

mean uptake number of microfilariae in a

batch of pallens females fed on a carrier to

be expected to get a certain infection rate

Table 1.各The relation among the expected

infection rate in a batch of Culex pipien∫ palien∫

females fed on a carrier. the expected mean

uptake number of microfilariae in the batch of

females which engo瑠ed 5.65mm3 blood of the
carrier and the microfilarial count in　60mm3

blood of the carrier on whom the mosquitoes

are simultaneously fed. For further explanation,

see text

Expectedin一冨p舎:pec
takかe島mean
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inthebatchoffemalesiscalcu一atedbyusing

thecurveforthenegativebinomialdistribu-

tion,andthemicrofilarialcountin60mm3

bloodofthecarriertobeexpectedtogeta

certainmeanuptakenumberofmicrofilariaein

thebatchoffemaleswhichhaveer唱orged5.65

mm3bloodonanaverageisproportionally

ca一culated.Theexpectedinfectionrateof

mosquitoesfedonacertaincarriercanbe

consideredastheabilityofthecarrierto

infectmosquitoes.Hereitwillbeca一led

an``infectionindex"ofthecarrier.From

thefiguresshowninTablel∫there一ation

isgivenbetweenthenumberofmicrofi】anae

in60mm3bloodofacarrierandtheinfection

indexinTable2.Forexample,ifthemicro･

fi】ana】countin60mm3bloodofacarreir

isfrom3to4,therangeofexpectedinfec-

tionratesinC.p.μ抽nsfemalesfedonthe

carriertakesthevaluefrom0.20to0.30;

thenthemeanexpectedinfectionrateof

mosquitoesorth発infectionindexofthe

carrierisgivenby0.25.

Table2.Relationbetweenthenumberof
microfilariaein60mm3bloodofacarrierand
theinfectionindexofthecarrierexpressedby
theexpectedinfectionrateofCulexpip'wnspollens
whenfedonthecarrier.No.of
per6｡m中三田n飼ngeofex
ectionrats:;正e子Infectionindex
Or
ofmosqs.whenmeanexpected

fed on the carrier infection rate

of mosqs.
carrier

1

2

3-　4

5-　7

8- 10

ll- 15

16-　23

24-　35

36-　84

85-761

762-

_10

10-20

20_30

30-40

40-50

50-6o

60-70

70-80

80-90

90-99

99-

0. 05

0.15

0.25

0. 35

0.45

0. 55

0. 65

o. 75

0. 85

0. 95

1.00

Effective microfilarial prevalence in a community

The epidemiological danger of the filariasis related to microfilanal prevalence and density

infe･ction to persons in a community is closely in亡he persons. When the prevalence is higher
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in avillage，thentheinfection rate ofvector

mosquitoes willbe genera］ly higher，and

accordingly the epidemiologicaldanger of

fi】ariasisinfectionwil】belargeriHowever，

theinfection rate of mosquitoes fed on a

carrier depends greatly on the microfilarial

density of the carrier，aS Shownin the

preceding section．

If theinfectionindicesfor a11personsin a

vi］1agearetotalledandthendividedbythetota］

numberofvil】agers，theeffectivemicrofilaria】

prevalencecorrected consideringthe micro■

fi】arialdensityis obtained・The effective

microfilarialprevalence thus obtainedis

thought to be directly proportionalto the

naturalinfectionrate ofthevector mosquito・

Effective period for tranSmission

The second factor to affect the epidemio－

loglCaldangeris the effective period for
i

bancroftian filariasis transmission．　　The

speed of the development of filarialworms

inmosquitoesisgreatlyinfluencedbytemp巳r－

ature，andno developmentislikelytooccur

below about150C〔Omori，1958b〕．　The

possible transmission periodin a year was

determinedin our Department to be about

threemoIlthsfrom］ateJunetomid－September

inSouthJapan．Ontheotherhandtheresidual

spraying ofimagicide suppresses perfectly

theemergence of mosquitoes withir］fective

filariaeforabout two months（Omorietal．，

1967〕．Therefore，inavillage wherearesidual

spraylng WaS aPplied，the effectiveperiod
●

of transmissionisgivenbythe periodwhich
′

is obtained by subtracting the suppressed

periodintransmissionfromthepossibletrans・

missionperiodof thethreemonths■

AbⅦ．ndance of the vector mosquito

Thethirdfactoristheabundanceoftheve二tormosquitoduringtheeffectivep巳nod

Table3.Yearlychangesinepidemiologicaldangerforthefilariasisinfectionof
personsinNagateandOkuboVillages,givenbytheproductofeffectivemicrofilanalpre-
valence(^),effectiveperiodoftransmission(months),andmeannumberofCulexpipiens
pollensperhouseduringtheeffectiveperiod.
二Effective-白話話諒⊥志Epid占~i∴i面=EffectiveEffectiveMeanNo.ofEpidemiological
microfilarial
prevalence^
yearm*〕monthsofC.p.aliensdangeroffilaria-
transmissionperhousesisinfection
(2)**(3)(,l)x(2)x(3)

VillageYe∴ar迎:(2)竺(^し__吐;x(^;x^;

19619.23.011.1306.4
19627.71.41.516.2
19637.41.21.0
Kagate圭喜64
65
66呈i.'…1.1.1.壬呂.i;i.;19671.91.0

okubo藩主与1

.1*
7

.5〓圭;.墓室:･萱172.91.27.51.室
井Effectivemicrofilarialprevalenceisgivenbydividingthetotalofindicesforallvillagers
bythetotalnumberofvillagers.Asforinfectionindex,seeTable2.
叫Effectivemonthsoftransmissonaregivenbysubtractingthesuppressedperiodmtrans-
missionoftwomonthsbyresidualsprayingfromthepossibletransmissionperiodofthree

monthsfromlateJunetomid-September.
-半Bloodexaminationformicrofilariaewasnotmadein1965,thereforethevaluein1964is

substitutedfor.
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Of fi］ariasistransmission．It canbegivenby

the mean number of Cip．paLleeLf per house

by20minute catch．

EpidemiologicaldangerfoT fihri＆sisinfectiohina commuTLity

The epidemiologica］danger forbancroftian

filariasisina community may be presented

bytheproductof thethreefactorsmentioned

above；i．e．，the effective microfiJarialpreva一

1ence，the effective transmission period，and

theabundanceofvectormosquitoesiInTable

3，the yearly changes are glVen Of the

epidemi0loglCaldanger thus obtainedin

Nagateand OkuboVillages．

AtNagateVi11age，Wheremicrofilarialprev－

a］ence was14．0％in1961，mOSquito controI

WOrks by residual　spraying andlarvicide

application have been contir）ued since1962

under non－treatment Of persons with drugs

（Ⅳada，1966〕．　The effective microfi］aria］

PreVa】encegradua］1y decreased from9i2％in

1961toli9％in1967．The effective period

Of transmissionin month was3－Oin1961．

andfroml．O tol－4in and after1962，OWlng

to the residuaJspraylng applied year］yin

●

June．Themeannumberofmosquitoes was

aslarge asll．1in1961，but was very small

thereafter，　The epidemiologicaldanger of

filariasisinfection was as highas　306．4in

1961，Whi】everymarkedlydecreased to16．2

in1962，8．9in1963，andli2in1964，and

about2：erOthereafter．Thismarkedreduction

is apparently duepartly to the gradualde■

CreaSein the effective microfilarialpreva－

1enceandmost】ytotheverynotabledecrease

inthe numberof mosquitoesi

At Okubo Village．where microfilarial

prevalence was26．4％in1964，the residual

Sprayinghas beenconductedinearly August

every year．and the treatment for rnicro－

fi］arialcarrierswasmadein1964．Theeffec■

tive microfi】arialprevalence which was16il

in1964decreased slowlythereafteriTheef－

fective period of transmission was nearly

the same during the four years．Themean

number of mosquitoes was6．7in1964，and

thenumberdecreasedconsiderablythereafter

OWlng tO the elimination of some breeding

places of mosquitoes by thevi】lagers．The

epidemiolog】Caldanger was172．6in1964，
●

andit decreased rather s］owlyin and after

1965duepartly to thedecreasein the effec－

tive microfilarialprevalence．and partly to

the decreasein the number of mosquitoesi

TheepidemiologlCaldangermentionedabove

is concerned with the sjtuationin South

Japanwhere only bancroftian filariasisexists

and a main vectoris C．p．paLICnS．　But．it

SeemSthatthesameprocedurecanbeapp】ied

in the cases of other filariasis and other

VeCtOrSiWhen two or morevectormosqui－

toes are responsible for the transmission of

filariasis，theepidemiologlCa）dangerforeach
i

VeCtOrSpeCiesmustbeaddedtogetthewho）e

danger of the transmissionin the area，

SⅦmm乱ry

Thetransmissibi］ityofbancroftianfilariasis

by the vector mosquito，Or the epidemiolo一

gicaldangeroffilariasisinfection topersons，

may be presented by the product of three

factors，theeffecavemicrofilarialp，eVa】ence，

the effectiveperiodof transmission，and the

abundance of mosquitoes．

The effective microfilarjalpreva］enceis



Factors Affecting the Transmissibility ofl〕ancroftian Filariasis by Mosquitoes　　159

given asfolloⅣS：Theexperimentalinfection

rates of mosquitoes，CuleSeplpienspalEeTZS，Ob－

tained by feeding experiments on carriers

of various microfilarialcounts wellcoincide

withthetheoreticalinfectionratescalcuiated

under the assumption that the number of

microfilariaepickedupbyamosquitofol】ows

negative binomialdistribution－　Theiheoret－

icalor expectedinfection ratein a batch

of females fed on a carrier can be consid－

ered as the abi］ity of the carrier toinfect

the mosquito，Or aninfectionindex of the

carrier．If the totalofindices for allvil－

1agersis divided by the totalnumber of

vil）agers，thenthe quotientis the effective

microfilaria】prevalencecorrectedconsidering

the microfilarialdensjty．

The effective period of transmission js

g一Venbytheperiod obtainedbysubtracting

thesuppressedperiodoftwomonthsintrans－

mission byaresidualspraylngOfinsecticjde

fromthepossibletransmission p巳riodof three

months from］ateJuneto midTSeptember－

i

Theabundanceof mosquitoesis glVen by‾

the mean number of Cip．palEens per house

durlng the effective period of transmission．

At Nagate Vi11age，the epid■emi0loglCal・

danger was very highin1961，and very

marked】ydecreasedthereafter．ThismarkedL

reductionis apparently due partly to the

gradualdecreaseintheeffectivemicrofilarial

prevaleIICe and mostly to the very notab］e

decreasein the number of mosquitoes owing

tothe year】ymosquitocontroIworkbyresid－1

ualspraylngS andlarvicideapplicationsi

At Okubo Vil】age，the epidemiologlCal

danger was considerably highin1964，and．

decreased slowlyin and after1965by theT

decreasein the effective microfilarialpreva－

1ence and the decreasein the number of

mosquitoesowirlgtOyearlyresidualsprayings

and the drug administrationformicrofi］ariat

carriersin1964．
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蚊によるバンクロフト糸状虫症伝搬の危険性に影響

する要因について

大森南三郎・和田義人

長崎大学医学部医動物学教室（主任：大森南三郎教授〕

長崎大学熱帯医学研究所衛生動物学研究室（主任：大森南三郎教授〕

摘　　　　　　　　　　要

ある部落におけるバンクロフト糸状虫症の蚊による伝搬性,即ち人間に対するフィラリア症感染の疫学的

危険性は本病の動的様相を理解する上で極めて重要である.これは次の3つの要因の積として表わし得る:

(1)仔虫数によって修正した有効仔虫保有率, (2)有効伝搬期間, (3)有効伝搬期間中の蚊の多少.これら3つの

要因について,伝搬蚊の駆除あるいは患者に対する投薬によって仔虫保有率が変化しつつある長手及び大久

保部落で得られた値を用い,疫学的危険性を吟味した.


