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bancrofti in the Ryukyus, in comparison with that of C.
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ABSTRACT : The intake of microfilariae, and experimental and natural infection
of the mosquito in relation to the susceptibility of ‘ulex pipiens fatigans to Wuchereria
bancrofti was investigated on Miyako Island, in the Ryukyus. The results of obser-

vations were compared with those of C. p. pallens in Japan.

Introduction

The senior author has investigated for
long years on the susceptibility of C. p.
pallens to W . bancrojit in Japan concerning
the microfilariae uptake by the female
(Omori 1958a) and the nature of experimen-
tal and natural infections under various

conditions and in different locales (Omori

1958b, c, 1962, 1963). Studies on these sub-
jects were done with C. p. fatigans on Miya-
ko Island in the Ryukyus in October 1961
and May 1962. The results of these investi-
gations with C. p. fatigans on Miyako Island
are reported here and compared with C. p.

pallens in Nagasaki.

Place and Method

Miyako Island (24°47/N, 125°17’E) is in the
southern part of the Ryukyus, subtropical
in climate, and highest in bancroftian micro-
filarial incidence in the archipelago. Inves-

tigations were conducted in the village of

Hisamatsu. The topography and mean air
temperatures of Miyako Island and the deta-

iled account of microfilarial incidence in

- Hisamatsu were reported in a previous

paper (Omori et al. 1962). The methods of

* Contribution No. 477 from the Research Institute of Endemics, Nagasaki University

and No. 144 from the Department of Medical Zoology, Nagasaki University School
of Medicine.
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investigation were similar to those employed

:n the experiments with C. p. pullens in Naga-

saki. Further particulars will be explained

under the headings below.

Number of microfilariae taken up by a female fatigans

Females of C.p. fatigans emerged from wild
caught larvae and pupae in a farm village
on Miyako Island were fed on two donors
on 26 October, 1961 from 9:40 to 10:40 p.
m. Mean microfilarial count of donor A
before and after feeding of mosquitoes was
202 per 20mm3 blood taken from his ear lobe,
or 50.5 per 5 mm3 blood (the quantity is nearly
equal to a full blood meal of the mosquito).
The
B was 147 per 20mm3, or 36.8 per 5mm3 blood.

mean microfilarial count of donor

A number of engorged females were smea-
red, each on a slide, just after feeding to exa-
mine microfilaria intake, while others were

reared to examine the states of larval devel-

opment.

The percentages of female C. p. fatigans
infected with different numbers of microfi-
lariae are illustrated in Fig. 1. In the case
of A, 69 females were infected with a total
of 3179 microfilariae or an average of 46.1;
while in B, 71 females were infected with
3066 or 43.2 microfilariae per female. Thus
in A,
slightly

the mean microfilaria intake was
B,

slightly greater than the expected number.

less; while in the mean was

As seen in Fig. 1, the frequency distrib-

ution differed in A and B, and individual
females also took up widely varying numb-

ers: In A, two females picked up no micro-

Fig. 1. Percentage frequeney of females infected with the
indicated number of microfilariae
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filaria, whereas one had as many as 394; in
B,
This great variation seemed to be caused by
the

two females had none and one had 379.

distribution pattern of microfilariae

being of a Polya-Eggenberger type in the
The
same trend was observed by Omori (1958a)

(1964)

peripheral blood stream of the carrier.

with C. p. pallens, and by Nakamura

Regults of experimental

Females of C. p. fatigans reared from wild

caught larvae and pupae in a village on
Miyako Island were fed on donors A and B
at night on 26 October, 1961.
reared under natural air temperatures of 23
—26°C for 8 days on Miyako Island, 21-25°C
for 4 days at Naha City, and 20—23°C for 3

days from Naha through Kagoshima to Naga-

They were

saki. Upon arrival at Nagasaki (15 days

after the infective meal), the females were

with Aedes togoi.

Generally speaking, however, the average
number of microfilariae found in a large
sampling of engorged female mosquitoes
might approach the number of microfilariae
found in the same quantity of blood taken
from an ear lobe of the carrier rupturing

perhaps several blood vessels.

infection of C. p. fatigans

found to have mature larvae. On and after
that day, they were kept at 25°C. The fema-
les were dissected 15—20 days after the
feeding with the results shown in I of Table
1.
Tokyo by Yamada (1927),
Mochizuki (1911), and at Nagasaki by Omori
(1962) are presented in II of Table 1 for
comparison with C. p. pallens.
Table 1 shows that the

Results of experiments carried out at

at Fukuoka by

percentages of

Table 1 Results of experimental infection of C. p. fatigans with
W . bancrofti on Miyako Island, Ryukyus, in comparison
with those of C. p. pallens in Kyushu and Tokyo
" No. of | No. (& %) of 50 6y e
micro- [No. of D1ssect10n‘ mosquitoes No. Iyo. <&%>“ I Ao ‘Zo.qé.S%
Locale | Donor [filariae] m:l)sq period in with | °f of 1588158
| is- |days after| with all : opw XL
I Per | sected feedmg | larvae infective larvae infective &2 s & fs
o | mm3 ‘ | larvae [ larvae | 8 Sg [2_,-5,:«“_’__“
|. Experlment% with C. p. fatigans by Omor1 et al. (1961) on Mlyako Island, Ryukyus
Mivakol. g } 7350 140 15-22 75 53.6) 64( 45.7) 104 | 18711 1.0 | o
%‘1196%) A 10.100 25 15—-21 ’ 22( 88. O)v 18( 72.0) 71 55(77.5)‘ 2.2 | 13
1 Experlments with (‘ p. puuens Yamada in Tokyo; Mochizuki in Fukuoka; -
% Omori m“l\lggasakl ] -
Tokyo | | 17 16—19  17(100.0) 17(100.3)| 400 | 326(81.5) 19.2 52
(1927) | 25‘{ 13—19  25(100.0) 25(100.0)| 647 557(86.1)‘ 22.3 ‘ 62
I m . S S SR S S
i i | ‘ ! |
F‘gfgulgl)‘ar #3738 88 1117 58(100.0) 57( 98.3) 1236 1110(89.8) 19.1 | 50
‘ ] = | S S
90.1,2 1090 99 14—48 | 94¢ 94.9) 91( 91.9) 554 J 523(94.4)) 5.3 | 26
91. 2,3,41 1.168 104 ¢ 14—-92 |101( 97.1){100( 96.2) 1009 909(90 l)‘ 8.7 | 44
Nagasaki 94.3,4 1.540 , 110+ 14—85 |104( 94.5)(102( 92. 7)‘ 838 | 745(88. 9)| 6.8 ‘ 24
g 172 4.600 | 49 12—49 | 44( 89.8), 44( 89.8)! 869  559(64.3)! 11.4 X 85
(1962) |71 | 6.125, 24 12—44 21 87.5) 21( 87.5) 189 | 1340.9) 5.6 | 2
\ Total \ . 364( 94.3), 358( 9. 7)\ 3459 \2870(83 0)\ 7.4 |

* The number of microfilariae of the donor is not given in the report.
*k The number of microfilariae is uncertain because the author only
examined the blood 48 days before the feeding experiment.
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females of fatigans having filaria larvae and
of those having infective larvae are lower,
and that the number of infective larvae per
female dissected and the maximum number of
infective larvae found in a female are much
smaller than in pallens. This appeared to be
caused partly by the discharge of some of
microfilariae by the female S atigans and partly
by the death of younger stage larvae in the
mosquito, considering that the female Jjatigans
were found to have taken up as many micro-

Osamu SUENAGA, Shoei UEMURA,
Ryo IsHIMINE, Kumo N«KA(,HI and Naozo UFHARA

filariae as pallens.

Contrarily, pallens was highly susceptible
to the parasite and was much greater in
number of infective larvae per female disse-
cted,
mature larvae in a female. However,
to be remembered that by the author (1958¢)
the higher mortality of female pallens was
found to be caused by the heavier parasi-
days of

and also in the maximum number of
it is

tism of the parasite on those

reaching maturity of filariae in them.

Results of natural infection of C.p. fatigans

Table 2. Use of mosquito-nets and natural infection of C. p. fatigans
with B . bancrofti in Hisamatsu Village, Ryukyus

Begmnmg of dry season, October 21 to 26, 1961

i ] i o T
Use of Mosqmtoes No. of No. of mosqultoes | % infection
mosquito- found () or i — — -— to dissected
nets not found (—) houses co]lected | d1ssected ‘ mfected mosquitoes
o | (—) in houses 5 ! ‘ ‘
n () in houses 44 306 306 141 46.1%
B B e S S
(=) in houses } ; 0
(—) in mosq. nets *
(+) in houses } | %
| o1 4 | 21 21 11 52.4%
ves | (=) in mosq. nets |
(~) in houses } o | ‘
(+) in mosqg. nets | l |
(+) in houses } | | ‘ of
| (+) in mosq. nets 2 41 | 4] i 30 | 73.2
Total i 56 368 368 182 49.5
Average per house 6.6 \ 6.6 3.3
Begmmng of wet season, 28 \/Iay to 1 June, 1962
= - e st e : ==
Use of Mosqultoes No. of | No. of mosquitoes ‘ % infection
mosquito-; found () or i o C ~-| to dissected
nets ‘ not found (—) houses' collected = dissected | infected “ mosquitoes
, | R I R S DR E
i (—) in houses 2 0 i |
RO 1 (+) in houses o9 5 68 16 23.5%
| (=) in houses } 5 0 '
() in mosq. nets | | ’ } |
NEDE! : ! |
: %_g in tr;‘)o‘;zesnets} |15 104 124 | 23 18.5%
yes | . i l ‘ i
| E_% o }r;%l;zesnctq} 13 104 104 } 2 21.2%
| : | |
I () in houses \ . i e /
| <+) in mosq. nets} | 15 ‘ 190 | 171 47 27.5%
Total 56 493 467 | 108 | 23.1%
Average per house I 8.8 8.3



Susceptibility of Culex pipiens fatigans to W uchereria bancrofii in the
Ryukyus, in compar1son w1th that of C. P pallens in Japan

Surveys of natural

infection of C. p. report (Omori et al., 1962).
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Jatigans were carried out at Hisamatsu In Hisamatsu there were no rivers, wells,
Village on Miyako Island from 21 to 26 or public water supply and, therefore,
October, 1961 and from 28 May to 1 June, water for domestic use came exclusively

1962. The topography, number of houses,

population,

this village were presented in a previous

and microfilarial incidence in

from rain water.

usage, and only small

Consequently, the villag-
ers had to economize extremely in water

amounts of fou]

Table 3. Results of field survey of natural infection of C. p. fatigans
with W . bancrofti on Miyako Island, Ryukyus, in comparison
with those of C. p. pallens in Nagasaki
Name S ME| Nooofmosa. MO oflanvas pe Lo
of | Date " incid- - S E— |—— . i —
v111¢ge | . ence ;d1ssected| 1nfected\ TOtdl { [ stage II stage | [l stage
. btudles on Mlyako Island where C. p. fatzgam is the vector
S ‘ [ i .
1737 1611 I 81 45
: el .9 38 | 182 13 = 9521= 958 = 37.% =33
- ! Oct 37 | 82 18 9.5 169 9 5; 2 3.7 12
Hisamatsu ‘ ‘ “
| 342 249 _ 82 11
62 37. 46 10 2= 3, 9 5= 217"=1.6
| May ‘ 7.9 7 8 108 2- & =2 9‘ % 2 7‘ 7
I. Studles in Nagasakl Prefecture where C p. pallens is the vector
e _ R | . \ ;
Yaburoki | . 158 0.6 4 9 210_ 4 259._ 4&: 53.4 - 13
aburoki ‘Aug [ 2 249 5 59 4657 4. 3 3;3
70 _ 49 21 _
Setobatake} Jun. 60 20.6 97 10 H0=37 B
T 5 _ .41 _ .7 _. |
1 ! _~ — = 7 = ‘,1, =
” | Jul. 60 ” 92 16 16 3.4J 14 3.4 1 7.0 } i 1.0
Hyugashi Jun. 60| 15.8 28 | 7 %: 5.632: 7.o%= 2.0{ -
p . '60 63 ,‘1192 68l 5438 _ 545
4 Ju ” 18 | 18 6.6 15 5 4% 5 7 6‘
. —— ‘ | — : ,
i 237 189 48 |
t . 80 | 21.7 52 | 2 148189 15,9 48 _ _
Ota Jun ! ‘ 16 6 14, 8[ 10 =18 9} 8 60‘
_ | B e ‘
| 55 34 17 4
© Jul. 760 62 = ‘ At = 5. = 4,
Vi |Ju " ‘ 16 16 3414 2.4 3 57!1 4.0
May to ‘ \ 176 15 _ , o 21
t .0 55 . =412 = A= 4, —
Nagate Nov. 61 | 14 ‘ 55 | 43 43 4.1 38 4.1 5 4 2=
| : I — ——
bumize 1| 83 s 51 |32 g.9° 33 _ =6.7-0 = 2.0+ =1,
Abumize ” ! & 50 M 7 O, 1 1.0
— S —— - S S
’ | 97 _ 62 _ 35 _ .
W V 62‘ 7 268 ‘ 13 3= 7.5 13- 4.8 -2——-17.5|
B L | _v.____,f‘ _____ . _—
| 1460 1236 214 .10
T 191 i V70 = 25— 5.1 = 1.
otal 1 [ 258 258 5.7 %D 5.3 % 6.1 6 1.7
I. ‘atudles in Okubo Nagasakl Prefecture where C. p. pallens is the vector
. | Tun. to | 3037 3857 65 _ .15 . .
| N | = DL = ‘ =
Okubo "Aug. '64 26.4 i 655 | 279 279 14.1 o7 14.2 12 5.4 10 1.5
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water collected in the small sinks in each
house. This created a favorable breeding
place for €. p. Satigans, The number of
mosquitoes breeding in these sinks was not
so numerous, and most villagers passed the
nights without mosquito-nets. The results
of examinations for natural infection of C.
p. fatigans carried out in houses and mosq-
uito-nets early in the morning or at night,
are tabulated in Table 2.

At the beginning of the dry.season, about
469% of ‘atigans collected were found infected
in houses without mosquito-nets; about 32%
were positive in houses where only parents
and young children slept in mosquito-nets
(older boys and youths were doing without
them); about 73% were positive in houses
where mosquiteces were rather numerous
but the usage of mosquito-nets was as
above.

At the beginning of wet season, although
mosquitoes were not yet so numerous, in
many houses mosquito-nets were used but
the older children were sleeping without
them as usual. The infection rate in this
season (23.1%) was markedly lower than in
the dry season. The reason for this could
not be clearly determined but may have
been partly caused by the changing of hou-
ses in which some collections were made,
and partly to the increase in use of mosg-
uito-nets because of some increase in num-
ber of newly emerged females.

The number of mosquitoes (collected and)

dissected, that of those infected, and the
number of filaria larvae per female fatigans
having all stages, first, second, and third
or infective stage larvae in nature are tabul-
ated in I of Table 3, and those with C.p.
pallens in Nagasaki Prefecture are in II and
111 of the same table. As seen in the table,
the number of filaria larvae per female
varied greatly. Generally speaking, howe-
ver, the first stage larvae per female was
larger in number than the second and espe-
cially infective stage larvae. Also, the
number of infective larvae per female ,/atigans
appeared a little larger than that of p lens.
In the survey carried out with ‘atigens in
October 1961, 12 females had 45 infective
larvae : 3 females had 1 each; 4 had 2 each;
and the remaining 5 had 3, 4, 5, 7, and 15
respectively. In the survey of May 1962, 7
females had 11 infective larvae : 4 had 1 each;
2 had 2 each; 1 had 3. The above suggested
that at the beginning of dry (and cooler)
season some females had larger nulaber of
mature larvae than at the beginning of wet
(and warmer) season.

In Nagasaki, however, from the end of
June through early September, or from wet
and warm to dry and warm months, 16 femles
had 25 infective larvae: 11 females had 1
each; 3 had 2 each; 2 had 4 each.

The above facts indicated that Jaligans on
Miyako Island, might have had, in some
cases, a larger number of mature larvae per

female than did pallens in Nagasaki.

Comparison of results of experimental and natural

infection in fatigans and paliens

In order to compare the susceptibility of
the two species to W . bancro/ii, chief points
of the results of experiments in the labora-
tory (Table 1) and in unature (Table 3) arve
given in Table 4.

Under experimental conditions, the perce-

ntage of female fatigans having mature larvae
to the infected was lower (that of those to
the dissected was much lower as 49.7% in
‘utigans against 92.7% in pallens), and the
number of mature larvae per female was

much smaller than in pallens, suggesting that
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Table 4. Comparison of the susceptibility of C. p. fatigans
and C. p. pallens to W . bancrofti
1% of ? having |, ], and Il No. of each stage
. stage larvae to the infected larvae per 9
Species Locale - I ‘
I ‘ I l} 1 | I Il

Experimental infection (cf. Table 1)
fatigans | Miyako | 85.4% 2.4
pallens Nagasaki ‘ 98.4% 8.0

Natural infection (cf. Table 3) v
Sfatigans i Miyako | 87.6% | 17.9% | 6.6% 7.3 3.1 2.9
pallens [ Nagasaki | 93.7% 8.8% 3.0% 10.1 5.9 1.6

Jatigans is less susceptible, while, pallens is
highly susceptible to the parasite.

In nature, on the contrary, the percentage
of female jatiguns having mature larvae was
significantly higher and the number of
mature larvae per female appeared even
larger than in pu«llens. It is to be noted,
however, that the percentage of the female
pallens having the first stage larvae is
higher, and that the numbers of the first
and second stage larvae per female are also
higher in pallens, showing that pallens is
naturally high in susceptibility as observed in
the laboratory experiments. The marked
decrease in the percentages of female pallens
having the second and infective stage larvae,
and in the number of mature larvae per

female, is probably due to the reduction in

number of female pallens infected heavily
with late second and infective stage larvae.
This, again, seems to be due to the high
mortality of females infected heavily with
premature and mature larvae on those days
of reaching maturity of filariae in mosqui-
toes.

In short, it seems that fatigans is less
susceptible to the parasite and permits the
development of smaller number of filariae
but less affected by premature and mature
larvae, while, pallens is highly susceptible
and permits the development of larger
number of filariae but much affected mecha-
nically by developed filariae with a high
mortality on those days of reaching maturity

of filariae in mosquitoes.

Summary

Engorged females of C. p. fatigans which
were fed nearly simultaneously on the same
carrier took up greatly varying number
of microfilariae in their full blood meals
(about 5mm3). The average number, howe-
ver, may roughly approximate the number
to be found in S5mm3 blood taken from an
ear lobe of the carrier. The situation is
similar in the case of C. p. pallens in Japan.

In experiments, the infection. rate of

female fatigans having mature larvae was
much lower and the number of mature larvae
per female was much smaller than in pallens.
On the contrary, in nature, the rate was
significantly higher and the number of
mature larvae per female appeared even
larger in fatigans. The reason seems to be
that jatigans is less susceptible to the para-
site and permits the development of smaller

number of filariae but less affected by
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premature and mature larvae, while, pallens

is highly susceptible and permits the develo-

Ryo IsamiNeg, Kunio Naxacur and Naozo UEHARA

mortality of heavily infected mosquitoes on

those days of reaching maturity of filariae

pment of larger number of filariae but much in them.
affeeted by developed filariae with a high
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