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Introduction

In　some　species　of　filarial　worms　such　as

Wuchereria　bancro μi，　Bru，がa　malayi，　B、p　ahanが

and　j £θα loa，　females　produce　microfilariaeenclosed　in　a　sheath，　which　is　an　elongatedegg－shell．　It　has　long　been　believed　that　thesemicrofilariae　cast　o

仔sheath　in　the　mid－gutof　the　intermediate　host　immediately　afteringestion　（Faust

　et　al・，1970 ；　Wilcocks　andManson－Bahr，　1971；　Denham　and　McGreevy，1977）．　It　was　reported　that

　B・ρ滷 凹 がmicro－filariae　when　taken　by　Anop

力＆ ？s　quadri 一

把αculatus　exsheathed　in　the　ingested　bloodmass　（Esslinger，　1962）．　In　this　respect，　how－ever

≒it　has　been　recently　reported　that　ex－sheathment　of

召．ρ汕 朋 がlarvae＊　in 　Arm など爬s

鈿 ゐαIbatus　occurred　both　in　the　lumen　of　themid－gut　and　in　the　abdominal　haemocoel

（Yamamoto et　al，　1983）．　This　finding　leadsto　a　hypothesis　that　sheath　plays　a　role　ofprotecting　body　against　various　conditions
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＊　Microfilariae　signify　the　l　St　stage　larvae　of　the

fllariae　dwelling　in　the　definitive　hosts　regardless

of　presence　or　absence　of　their　sheath　（Yamamoto

etal．，　1983）．

both　in　the　alimentary　canal　and　in　the　haemo－

coel。

The　present　study　is　aimed　at　solving　ques－

tion　whether　the　larval　eχsheathment　takesplace　frequently　in　the　haemocoels　of　themosquitoes．

Materials　and　Methods

Parasites

Mongolian　jirds，　Aを riones 　ung‘㎡c㎡αtus，

infected　with　Brugia　pahanが 　or　B．malayi

（Che－ju　strain，　Korea）　were　used　as　the　sourceof　infective　blood　meal．　Jirds　infected　with

B．　pahの showed　an　average　microfilariadensity　of　73．5　and　2．6／cmm　of　tail　blood

・Those

infected　with 　B．　malayi　showed　anaverage　microfilaria　density　of　1．5／cmm

。

Mosquitoes　were　fed　on　the　jirds　which　had

been　previously　anesthetized　by　subcutaneous

injection　of　sodium　pentobarbital　（Nembutal）

at　a　dose　of　40　mg／kg　body　weight　into　hypo－

gastric　region．

がosquit‘∂6

Aedes 　αりびρが（Liverpool　strain　and　Redeye－I　strain），

　Ae． 　陌玖が（Nagasaki　strain　andRendaiji　strain），

　Culex　pipiens　molestus　and

Armigeres　subalbatus 　（Rendaiji　strain）　wereused　in　the　experiments．　The　infective　rates

O ）
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0f　these　mosquitoes　to　the　parasites　were　as

follows ：　toj
・

ρ滷 凹 が100％　in　Ae． 　α egypti

（Liverpool　strain），　81．0％　in　Ae　togoi 　（Naga－saki　strain），　3．3％　in　Cx．　p

φnens　molestus

respectively；　to　B ，　malayi 　83，9％in　Ae．　aegypti

（Red　eye－I　strain），　90．0％　in　／1・9．　togoi　（Rendaりistrain）　and

0．0％　in　Ar．　subα7ゐαX£as，　respectively．These　mosquitoes　were　reared　at　26　

±1 °C，60

±5％　r．h．　and　adults　were　provided　with

5％ 　sucrose　solution．　They　were　fed　on　jirds4－10　days　after　emergence，　with　the　exceptionof　Cx

・　
ρ．朋θ陋 Γμs　which　were　engorged　afteroviposition．

Count　of　filarial　larvae　in　the　mosquitoes

Mosquitoes　were　dissected　24　hrs　after　blood

meal．　Both　thora χ　and　blood　mass　which　wastaken　out　from　the　mid－gut　were　separatelydisrupted　in　0．65％　NaCl　solution　dropped　ontoglass　slides，　then　the　number　of

filarial　larvae

was　counted　after　covering　the　specimens　with

coverslips．

Observation　of　the　sheath　around　the　larvae

At　certain　intervals　after　blood　meal，　each

abdomen　of　mosquitoes　whose　mid ・gut　hadbeen　carefully　taken　out　without

tearing　it

was　dissected　in　30 μl　of　distilled　water　drop－ped　onto　a　glass　slide．　Then　the　specimen　wascovered　with　a　coverslip　to

examine　existence

of　sheath　around　the　larvae．

Isolation　of　filaria 囗an ・＞ae　from　the　mid－gutin　vitro

The　abdominal　integument　of　mosquito　was

thoroughly　removed　in　Ringer－Tyrode’s　solu－

tion　within　30　min　following　engorgement．

Mid－gut，　thus　exposed，　was　submerged　in　0 ．5ml

of　Grace’s　insect　tissue　culture　medium

（GMA）　dropped　onto　a　hollow　glass　slide．

After　2　hrs　incubation　at　26　 ±1　°C　in　the　light．larvae　in　the　medium　were　gathered

on　a　glass

slide　for　observing　presence　or　absence　of　the

sheath．　To　both　Ringer－Tyrode’s　solution　and

GMA　were　added　Penicillin　 （200　units／ml）　andStreptomycine　（100

μg／ml）．　In　addition，　GMAwas　supplemented　by　20％　heat　inactivatedfoetal　bovine　serum．

Injection　of　microfilariae　into　mosquitoes

（2 ）

About　10　μ1　of　tail　blood　taken　from　jirdswith　a　heavy　infection　of

召・ρ滷四 がwas　mixedwith　0

．5　ml　GMA　dropped　on　to　a　hollow　glassslide．　After　one　hour，　microfilariae　in　themedium　were　tra

】nsferred　with　a　capillary　glasstubule　to　another　GMA　where　they　were　keptfor　ne

χt　one　hour．　Rate　of　eχsheathed　micro－filariae　to　all　microfilariae　collected　was　4

．8％in

this　experiment．　Thirty　to　50　microfilariae

in　about　0 ．8μI　GMA　was　injected　into　theabdominal　haemocoel　of　7－day－old　femalemosquito　by　a　syringe　with　a　fine　needle

made

of　a　capillary　glass　tubule．　The　mosquitoes

were　reared　at　26　±1 °C，　60±5 ％「．h．　for　10days　and　dissected　to　examine

the　3rd　stage

larvae．

Results

I．　Results　of　the　experiments　in　j加 加 即 瓦朋が

μ 卵 訂丿
醐 げ β／・ariallar朗 心 叫・o　thorax

The　averages　and　standard　deviations　of　the

n】arial　larvae　recovered　from　the　mid－gut　andthora

χ　were　shown　in　Table　l．

In　Ae．　aりひ？pti　（Liverpool　strain），　migrationrates　of　the　larvae　into　thora

χ　were　25 」％when

they　had　been　fed　on　73．5　mf／cmm　jird

and　80．9％　when　fed　on　2．6　mf／cmm　jird．　Thosein　

／1ぞ？　togoi　（Nagasaki　strain）　fed　on　73．5mf／cmm　jird　or　2

．6　mf／cmm　jird　were　91．7％or　95．5％，　respectively．　0n　the　other　hand，　only1

．9％　of　the　larvae　（mean　10．5，　SD　11．2）　wererecovered　in　the　thora

χ　of　Cχ；．　pipiens用砿？sX砌in

spite　of　the　large　intake　of　microfilariae

（mean　532．5，　SD　226）　when　fed　on　73．5　mf／

cmm 」ird．

The　following　results　were　obtained　using

these　mosquitoes　having　the　above　characters

in　filarial　migration．

Dissection　Of　mosquitoes　immediately　a μe「blood

meal

Results　of　dissection　of　Ae．αe訂ρ ti　within20，　40　and　80　min

after　feeding　were　shown　in

Table　2．　A　few　larvae　were　recovered　from　theabdominal　haemoeoel，　among　which　0

，　15　and259　1

廿vae　retained　sheath　at　each　interval　of



Table　1　Number　of 　Bruがa　pahangi　larvae　in　the　mid－gut　and　the　thoraχofj

ぞ？des　aりびpti，　Aeバogoi 　and　Culex　pipie四周 olestus

fed　on　Me）・iones　unguiculatus 　24　hours　after　blood　meal

Species

Ae．

αり ぴ ρ1` j

Ae．

Mg （が

G ．

pipiens

用 ひ／ぞ∫陌 ざ

Mf－density

（Mf／cmm）

73．5

2 ．6

73，5

2，6

73．5

No．　of　mos－

quitoes

dissected

9

10

5

10

10

No．　of　larvae　recovered

（Average ±SD ）

In　mid－gut

99．8 ±76．7

1．8　±　2．0

1 ．5±3 ．2

0 ．4±0 ．6

532．5 ±226．0

Percentage　in　parentheses：　No．　of　larvae　in　thorax　to　total　larvae．

dissection　after　feeding．　In　Ae．　logoi， 　on　theother　hand．　escape　of　the

larvae　from　the　mid－

gut　took　place　very　quickly　as　seen　in　Table　2

and　the　sheath　retained　larvae　was　as　high　as

61．5％　when　observed　20　min　after　feeding．

The　cast－off　sheaths　were　also　found　in　the

specimens　of　the　abdomens　without　mid－gut
・In

C：x：，　ρ．　molest μs　which　were　dissected　within20　min　after　feeding　no　larva　was　observedfrom　the　abdominal　haemocoels　of　10　mos－quitoes

・

ys 必 ・圸班 of　filari α／ 汾 肖・e　from　the　x7 ’・畆 ぎ酊

加 丙びQ

ln　 ／1・？．　‘legypti， 　majority　of　the　larvae，　97．5％and　68．0％　recovered　from　the　medium　retainedsheath　（Table　3）．　In　Ae．　togoi，　52．9％

　and55．2％　of　the　larvae　retained

sheath．　Observa－

tion　in　Cx　p ，　周り lestus 　was　not　done　in　thisseries　of　experiments

・

Injection　of　microfilariae　into　mosquitoes

After　extrinsic　incubation　period　in　the

mosquitoes，　which　had　been　injected　with

microfilariae　collected　from　blood　of　jirds，

some　degenerating　l　St　or　2nd　stage　larvae　or

2nd　stage　larvae　abnormal　in　appearance　were

In　thoraχ

33．5　1　25．2

（25 ．1％）7．6　±　3．0

（80 ．9％）

16．6　1　30．6

（91 ．7％）8

．5±7．2（95．5％）

10 ．5±11．2

（　1．9％）

Table　2　　Sheathed　larvae　of βr£jがαρα／1α尹7がin

the　abdominal　haeraocoel　of

Aedes　a りひ＞pti 　andAe．　togoi

Species

Ae．

αりびρμ

Time　of

dissection

after　blood

meal　（min）

20

40

80

No．　of　mos－

quitoes

dissected

5

5

5

フフ

No．　of　sheathed

larvae　per　all

larvae　recovered

O／3（O％）＊2／13　（15．4％）2／8　（25．0％）

ノ1゙・　．　　　　　20　　　　　　13　　　136／221　（61．5％）1゛

OgOl

Donor　：　7　3．5　mf／cmm　jird．

＊　Percentage　of　sheathed　larvae　in　a11　larvae　recovered

from　the　abdomi 】rial　haemocoels．

observed　in　addition　to　the　normal　3rd　stage

larvae　（Table　4）。

In　Ae．αegypti，　14　out　of　53　mosquitoeswere　alive　l　O　days　after　injection　of　micro－filariae　and

an　average　number　of　the　3rd　stage

larvae　per　mosquito　was　12．7，　which　would　be

equivalent　to　25％　o八he　injected　microfilariaeprovided　that　each　mosquito　had　receivedexactly　50　microfilariae　（Table　4）．　In

　Ae．

（3 ）
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Species

j 叭
aegypti

／1叭

j‘OgOl

Table　3　Sheathed　larvae　of 　Brugia　pahangi　emerging

from　the　mid－guts　of　Aedes αegypti 　andAe．　togoi

into　the　culture　medium　during　2　hours’　incubation

Mf－density

（Mf／cmm）

73

2

73

2

5

6

5

6

No．　of

Mid－guts

incubated
一 一 一5

13

7

10

No．　of　sheathed　larvae　per　larvae

recovered　from　the　medium

232／238（97．5％）＊＊

51／75　（49）＊　（68．0％）＊　＊（41．1％）＊＊＊

164／310（52．9％）＊＊

24／46　（26）＊　（5　2．2％）＊　＊（3　3．3％）＊＊＊

＊　Number　in　parentheses：　No．　of　larvae　recovered　from　blood　masses　withinmid－guts．

＊＊Percentage　of　sheathed　larvae　in　a11　larvae　recovered　from　the　medium．

＊＊＊Percentage　of　sheathed　larvae　recovered　from　the　medium　to　al囗訂vae　re－covered　from　both

medium　and　blood　masses．

Table　4　The　third　stage　larvae　obtained　from　Aedes　aegypti，　Ae．　togoi

and　Culex ρφiens　molest£IS 　injectedwith　Brugia　pahangi

microfilariae　collected　from　blood　of　Meriones 　I朋g μf，］ulatus

Species

Ae．　aりびρΓf

Ae．　togoi

a ．

pipiens

molestus

No．　of

mosquitoes

examined

14

10

9

No．　of

mosquitoes

with　the　3rd

stage　larvae

13

10

8

No．　of　the　3rd

stage　larvae　obtained

Total

178（170）＊

177（81）

126（37）

Average

12．7（25％）＊＊

17．7（35％）

14．0（28％）

Each　mosquito　was　injected　with　30　to　50　microfilariae．

＊　Number　in　parentheses：　No．　of　both　l　St　and　2nd　stage　larvae　recovered　frommosquitoes

。

＊＊　Percentage　in　parentheses：　The　3rd　stage　larvae　per　microfilariae　injected，　0nthe　assumption　that　each　mosquito　was　provided　with　just　50　microfilariae．

togoi，　10 　out　of　43　mosquitoes　injected　withmicrofilariae　were　alive　same　period　afterinjection　and　an　average　number　of　the　3rdstage　largae

was　1　7，7，　which　would　be　equiva・lent

to　35．4％．　In　Cχ．　ρ．　molesれis，　9　out　of38　mosquitoes　survived　10

days　after　injection

and　showed　an　average　number　of　the　3rd

stage　larvae　of　14．0．　It　is　interesting　that　filarial

larvae　could　complete　their　cycle　even　in　the

refractory　mosquitoes，　when　microfilariae　en－

tered　through　unusual　route．

（4 ）

II．　Results　on　the　experiments　in 　Brugia　rnalayiDissection　of　mosquitoes　immediately　afterblood　meal

ル
・ 司 河

辺which　had　been　fed　on　the　jirdinfected　with

　B．　malayi　｛ 1　．5　mf／cmm）　weredissected　at　20

，　40　and　80　min　after　engorge ・ment　（Table

5）．　Only　7　larvae　were　recovered

from　the　abdominal　haemocoels　of　30　mos－

quitoes，　among　which　l　larva　retained　sheath．

In　Ae． 　帥 即f　which　were　dissected　20　min　afterengorgement，　35．7％　of　larvae　obtained　from10　abdominal　haemocoels　retained　sheath　and



Table　5

Species

Ae．　aegypti

Ae．　t ひgoi

／1冫・．鈬 ろα／ゐatus

Sheathed　larvae　of　Brug必malayi 　in　the　abdominal　haemocoelsof

　Aedes　aegypti，　Ae．　t・g・／　and　Ar。ngeres 　mゐα／ゐ酊s

Time　of　dissection

after　blood　meal

（min）

20

40

80

20

20

No．　of

mosquitoes

dissected

10

10

10

10

10

No．　of　sheathed　larvae

per　a11　largae　recovered

O ／O（172 ）＊（O ％）＊＊1／3　（146）　（33．3％）O

／4（87 ） （0 ％）5／14（34）　（35．7％）16／30（316）　（53．3％）

Donor ：　1．5　mf／cmm　jird・

＊　Number　in　parentheses：　No．　of　larvae　recovered　from　blood　masses　withinmid－guts．

＊＊Perceritage　of　sheathed　larvae　in　all　larvae　】recovered　from　the　abdominalhaemocoels．

Table　6　Sheathed　la Υvae　of　Br£jがどi　malayi 　emerging　from

the　mid－gut　of　Aedes　aりびpti，　Ae． 　r（y がand　Armigere　s　subalbatus

into　the　culture　medium　during　2　hours’　incubation

Species

Ae．αegyptiAe．　togoi

Ar．　subalbatus

No．　of　mid－guts

incubated

12

11

11

Donor ：　1．5　mf／cmm　jird・

＊，＊＊．＊＊＊：see　Table　3．

in　Ar．　subalbatus　sheaths　were　observed　in

53．3％　of　the　larvae　obtained　from　l　O　ab－

dominal　haemocoels．

Isolation　Of　microfilariae　from　the　mid－gut

訥l が£Γθ

Result　is　shown　in　Table　6 ．　1n　Ae． 　αql ：りiti

56．3％　of　the　larvae　which　were　collected　fromthe　medium　retained　sheath．　In　the　case　of

　Ae．

Γθ即 八lnd　Ar．　s 功α Ibatus 　sheath　retained　larvaein　the　medium　were　67．3％　and　73．5％　re

・spectively

・　Among　three　species，　escape　of　thelarvae　from　the　mid－gut

　in　vitro 　was　the　highestin

　Ae． Γθpj　showing　74．2％．

Discussion

Abnormal　first　stage　larvae　which　retained

sheath　were　observed　in　the　thoraχ　of　mos－

No．　of　sheathed　larvae　per　larvae

recovered　from　the　medium

9／16（40）＊（56．3％）＊＊（16．1％）＊＊＊

33／49（17 ）（67 ．3％）（50 ．0％）

25／34（67）　（73．5％）　（24．8％）

（5 ）
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quitoes　which　had　been　fed　on　a　cat　infected

with 召・p　ahanが（Schacher，　1962）．　Sheathedlarvae　of 　B

．　pahangi　were　also　observed　in　thehaemocoels　of　An． 　

と7　uacか加α四latus，　Ae．

叱砂ρだand　j
，
？．　α／かopicti石（Ewert，　1　965）．

In　these　two　．　papers　exheathment　which

takes　place　in　the　abdominal　haemocoel　was

not　referred　to．　Yamamoto　et　al．（1983 ），however，　have

shown　the　presence　of　many

sheathed　larvae　of 　B．　p滷凹が in　the　abdominalhaemocoel　of 　Ar．　subalbatus

immediately

after　blood　meal　and　that　exsheathment　of

artificially　injected　microfilariae　could　occur

in　the　abdominal　haemocoel　of　the　mosquitoes．

Christensen　and　Sutherland　（1984），　moreover，

have　shown　that　sheathed　larvae　o｜：　B．　pahangi

and　B．　malayi 　completelyfree　themselves

of　the　sheath　in　the　haemocoe凵n　the　case　of
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Ae． αegypti． 　Present　observations　using　／1と・．α

egypti，　Ae．　togoi　together　with　Ar、subalbatus

have　shown　similar　results．

In　Ae． 　・legypti，　migraiton　rate　of召．ρ滷 凹 がlarvae

to　the　thoraχ　during　24　hrs　after　bloodmeal　was　lower　in　the　mosquitoes　fed　on　thedonors　of

high　microfilaria　density．　This　trend

of　low　migraiton　rate　when　mosquitoes　ingested

a　large　number　of　the　larvae　was　noted　by

Brenguess　and　Bain　（1972）．　Therefore，　penetra－

tion　by　the　sheathed　larvae　might　be　due　to　the

density　e汀ect　in　the　ingested　microfilariae　inthe　mid－gut．　Data　obtained　from　the　incubationof　the　mid－guts　suggested　that　this　is　not　thecase．　In　Ae．　toi

！＊oi，　more　than　90％　of　theingested　

召．　pahan．が 　microfilariae　were　esti－mated　to　migrate　into　the　thorax．　Sheathedlarvae　were　also

obtained　丘om　both　abdominalhaemocoel　and　culture　media　where　the　mid－guts　were　incubated．

The　fact　that　about　25　to　35％　of　the　in－

jected召 ．　pahan．がmicrofilariae　developed　tothe　3rd　stage　larvae　in　Ae．

αegypti 　and　Aぞ？．

togoi 　suggests　that　i】ijected　microfilariaecast　off　sheath　in　the　haemocoel．　Therefore，it　is　most　probable　that　in　naturally

infected

mosquitoes，　Ae．　α egypti 　and　Ae．　togoi，　ex・sheathment

should　take　place　in　the　haemocoel

as　well　as　in　the　mid－gut．　Observation　of　the

presence　of　cast－off　sheaths　in　the　abdominal

haemocoels　of　Ae．　togoi　supports　this　specula ・tion．

Sheathed　larvae　were　also　found　in　the

abdominal　haemocoels　of　 ／1く？．　αりひ＞pti，　Ae．

Γθ即j　and 　Ar．　subal加 詒s　fed　on　the　jird　in－fected　with

B．　malayi．In　the　incubation　oftheir　mid

・guts，sheaths　were　found　in　about50％　of　the　larvae　recovered　from　culturemedia

．It　is　obvious　that　召．朋α／αyi　larvae　alsopenetrate　through　mid－gut　wall　to

the　ab－

dominal　haemocoel　regardless　of　presence　or

absence　of　their　sheath．

As　a　result，　it　might　be　better　to　put　aside

the　conventional　conception　that　microfilariae

penetrate　through　the　mid ・gut　wall　to　theabdomina

】haemocoel　after　casting　off　theirsheath　in　the　mid

・gut．

（6 ）

Summary

The　present　paper　describes　some　experi－

ments　with　exsheathment　of 召r砌即皿 ihan がand

　B．　malavi 　microfilariaein　the　abdominal

haemocoel　of　the　mosquitoes， 　Aedes　aegypti，Ae．　togoi，　Culex

：pipiens　molestus 　and　Arm－igeres　su

加 ／ゐatus．

Sheathed　larvae　were　recovered　from　the

abdominal　haemocoel　of　Ae．　aeg ：郢・百　and

Ae． だ・1网　fed　on　the　jirds　infected　with 召・

芦z力凹 が．　Sheathed　larvae　of召 pahangi 　werealso　found　in

the　medium　where　the　mid ・gutof　je

．αq：ypti 　andje ．Γogoi 　hadbeen　incu－

bated　for　2　hrs．　Approximately　40％　of　the

ingested　larvae　were　supposed　to　penetrate

through　the　mid－gut　wall　to　the　haemocoel

without　casting　o 汀their　sheath　when　mos－quitoes　had　been　fed　on　the　donors　of　relativelylow　microfilaria　density　（2．6　mf／cmm）．　About20

％　or　more　of　microfilariae　which　werecollected　from　the　donor’s　blood　and　injectedinto　the　abdominal　haemocoel　of　Ae．

α，？gypti，

／1ぞ？．　togoi　and　Cx． 　斑耳e脚 molestus 　were　ableto　develop　to　

幽e　3rd　stage　larvae．

In　the　eχperiments　of 召．渭αlayi，　sheathedlarvae　also　observed　in　the

abdominal　haemo－

coal　of　／1，？．αelひ・pti，　Ae．　togoi　and　y11・．　泪 ゐー

α／ゐαμ4S．

These　results　suggests　that　exsheathment

of　the　sheathed　larvae　takes　place　commonly

in　the　haemocoel　as　well　as　in　the　mid－gut

and　that　they　are　able　to　complete　their　de－

velopment　to　the　3　rd　stage　larvae　・
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