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EPIDEMIOLOGICAL STUDIES ON MALAYAN FILARIASIS IN

AN INLAND AREA IN KYUNGPOOK, KOREA.

(2) THE

PERIODICITY OF THE MICROFILARIAE AND THE
BIONOMICS OF THE VECTOR

TOZO KANDA,! CHONG YOON JOO 2 axo DONG WIK CHOI 2

ABSTRACT. The periodicity of the microfil-
ariae of Brugia malayi in the peripheral blood was
investigated in a high density case and a low
density case. In the former, microfilariac appeared
in the peripheral blood after 8 p.m., reached a
peak (19 per 30 mm3) at midnight and disap-
peared from ¢ am. until 3 p.m. In the low
density case microfilariac occurred between 10 p.m.
and 6 a.m. with the peak density at 4 am. (2 per

In a previous report Kanda et al. (1975)
recorded some positive cases of Malayan
microfilaremia (Brugia malayi) found in
blood surveys. Two different positive
cases were selected to study the variation
of the periodicity of the microfilariae in
the blood stream. The biological observa-
tions relate to the epidemiological studies
in which Anopheles sinensis was pointed
out to be one of the important vectors of
B. malay: in the inland areas of the Korean
Peninsula. The present paper reports on
those results.

METHODS

For the investigation of the periodicity
of microfilariae, three 10 mm?® blood
smears were taken every 2 to 3 hours in a
24-hour period from each of the two cases
with a specially designed micro-pipette.
The details of this technique were the
same as previously reported (Kanda et al.
1975).

The two observed cases were as follows:
the first was a male who had the highest
microfilaremia (18 per 30 mm®) in his
peripheral blood; the second was found as
a new positive case in the second blood sur-
vey on December 29, 1973, although he
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30 mm3). Therefore it can be considered that the
periodicity is nocturnal.

Overnight mosquito collections using human
bait produced 103 An. sinensis, 66 Culex tritaeni-
orhynchus, 13 C. pipiens, and 12 Aedes vexans.
Five of 103 An. sinensis were infected with filarial
larvae. An. sinensis appears to be an important
vector of B. malayi.

had been negative in the previous blood
examination.

The biting collection on man was per-
formed as follows: a man was allowed to
lie on the floor of a room 2.5 x 2.5 m? and
2.3 m in height. An open window 1.5x 1.0
m? permitted entry of mosquitoes. All
mosquitoes biting or attempting to bite
were collected between 1800 hours and
o6oo hours.

The mosquitoes collected during each
hour were isclated, then identified to spe-
cies and dissected as soon as possible on
the same day to ascertain physiological age
and infection, if any, with filarial larvae.
The estimate of the physiological age of
the mosquitoes was determined by observ-
ing the ovarioles and also by observing
the development of the filariae found in
the mosquito.

Several larval surveys of mosquitoes
were also carried out with a view toward
identifying other possible vectors such as
Mansonia sp. or Aedes togor.

The relationship between the periodicity
of the microfilariae and the mosquito bit-
ing behavior, including physiological age
and stage of filarial infection, combined to
further incriminate Anopheles sinensis as
the vector.

RESULTS

InvEsTIGATIONS ON THE PErIODICITY. The
investigations were carried out on July 19
and 20, 1974 at Th-do village and the re-
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sults are given in Figure 1. The data
show that the peripheral blood of case “C”
was positive for microfilariae after 8 p.m.,
with densities of 4 per 30 mm3 at 8 p.m.,
7 at 9 p.m,, 4 at 10 p.m., 19 at midnight,
8 at 3 am. and 3 at 6 am. No micro-
filariac were found in blood examinations
at g a.m,, noon or 3 p.m. The densities
of microfilariae in the peripheral blood of
case “L” were as follows: 1 microfilariae
per 30 mm? at midnight and at 2 a.m., and
2 microfilariac at 4 a.m. In those cases
the peak times of the microfilarial density
were at midnight in case “C” and 4 am.
in case “L.” Therefore it may be consid-
ered that the periodicity of the microfil-
ariae is nocturnal.

Moseuito Survey. Observations were
made of the numbers and kinds of mos-
quitoes which fed or attempted to feed on
the human subject from 6 p.m. until 6
am. on July 18-19, 1974. Collected mos-
quitoes were grouped by hour. Table 1
shows the results of the collection. Four
species, Anopheles sinensis, Culex tritaeni-
orhynchus, Culex pipiens, and Aedes vex-
ans, were collected. Among these An.
sinensis, Culex  tritaeniorhynchus  and
Aedes vexans bit from 8 p.m. onward but
Culex pipiens first appeared at 10 p.m.
The biting cycles of these mosquitoes were
all different. The peak number of An.
sinensis was 34 during one hour between

11 p.m. and midnight, but C. tritaenior-
hynchus showed two peaks, one between
10 p.m. and 11 p.m. and another between
4 and 5 am. Aedes vexans disappeared
after 11 p.m. and C. pipiens appeared after
10 p.m.

All mosquitoes which came to bite the
man were dissected; none except An. sin-
ensis had filarial larvae. One hundred
three of An. sinensis came to bite on the
positive case during 12 hours 6 p.m. to 6
a.m,, a relatively high density. Therefore
the susceptibility to the filaria of this spe-
cies of mosquito must be observed. To
learn the physiological ages of the mos-
quitoes, their ovarioles were also obsrved
in the same dissection. Five An. sinensis
were infected with 2nd and 1st stage lar-
vae but no 3rd stage larvac were found.
Twenty-three parous mosquitoes were
found among 103 females as shown in
Table 2. These results show that older
and also infected mosquitoes were more
abundant from 8 p.m. and midnight. Ta-
ble 3 shows the relation between physio-
logical age and the larval stages of the
infected An. sinensis. Among 5 infected
mosquitoes 2 were in the 2nd ovarial age;
3 mosquitoes had 2nd stage larvae. Of
the 17 filarian larvae found in these dis-
sections, 14 were 1st stage and 3, 2nd
stage.

Although those filarial larvae could not

Table 1. The results of overnight mosquito collection on human bait on July 18-19, 1974 in Th-do,
Kungpook, Korea.
Species of mosquito collected
An. C.

Hour sinensis tritaeniorhynchus A. vexans C pipiens Total
6—7 p.m.

7-8

8-9 11 3 5 19
9-10 7 8 5 20
10-11 22 10 2 2 36
11-12 midnight 34 8 42
I2-1 a.m. 18 5 1 24
1-2 7 4 2 13
2-3 3 11 5 19
3-4 1 16 3 20
4-5 I 1
5-6
Total 103 66 12 13 194
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be identified to be Malayan filariae and the  epidemiologically, were collected more
susceptibility of the mosquito was not con-  frequently from late cvening until very
firmed, the mosquitoes which are consid-  early morning.

ered to be older, both physiologically and Larval surveys were carried out on the
Figure 1. Noecturnal pericdiciites of microfilariae in cases
Mf.D. 3 Mosg. in Cand L: microfilarial densities in the blood
per30 mm % of human carriers, S: biting rhythm of An.
sinensis in Andyun-Myon, Kyungpook
20 7]
Korea
Case C
| PR

No. mosq. rJ-J-Ll

| collected

30
10— 20 7
10 —
- N
e — + 1 4 o
18.'00 20.00 22.'00 Midn. 02.00 ok.oo 06.00 1 09.08
Time between 18.00 hours and 09.00 hours
P E A S A ST S A S S A S
L 0 ¢} o} 1 1 2 0 0
No. mosq.

collected 0 031+ 7 +22 =3k 7T 310 0



516 Mosqurto News

VoL. 35, No. 4

Table 2. The distribution of physiological ages f An. sinensis and larval stages of filariae dissected
from them by hours.

Larval stages

Physiological ages of filaria

Hour Mosquito no. N 1 2 I 11

6—7 p.m. '

78

8—g 11 i 3 1

9-10 7 6 1
10-11 22 18 3 1 T 1
11—-12 midnight 34 27 5 2 2 2
12-1 a.m. 18 14 4 2

1-2 7 4 3

2-3 3 3

34 1 1

4-5

5—6
Total 103 80 19 4 5% 3*

N = nulliparous.
* — number of larvae.

18th, 1gth and 20th of July, 1974 and also
again from the 6th to the 15th of August
of the same year. In spite of these and
several other larval surveys, we were un-
able to find any larvae of other possible
vectors. Neither did we find any other
species infected except An. sinensis.

DISCUSSION

There were not as many high density
positive cases found in our blood surveys
as in the surveys performed by Seo and
Kang (1974) in Cheju Island, or by Hay-
ashi (1962) in Hachijo-Koshima. There-
for the case “C” with 18 microfilariae per
30 mm® was chosen for observation. The
other case was also chosen to ascertain how

Table 3. The relationship between physiological
ages of mosquitoes and the larval stages of
the filaria in each mosquito.

Larval stages

Mosquito Physiological
no. ages I 1T
b 2 3 1
2 1 4 1
3 1 3 1
4 2 2
5 1 2

14 3

variable was the periodicity between indi-
viduals with low and high densities. Seo
and Kang (1974) pointed out that the
periodicity of this kind of microfilariae at
a location close to our rescarch site was of
the nocturnal periodic type of which the
peak point was at midnight or at 2 a.m.
However, from the present results it also
may be considered that there is possibly
some variation in the peak period of micro-
filarial density as the new positive case
showed.  Other factors such as physiologi-
cal variation of the host and technical
problems in taking blood from the hosts
might have influenced the results. Tt is
more variable especially in the case of low
density, as shown in case “L” in Fig. 1.
In any event from our data the periodicity
may be confirmed to be of the nocturnal
periodic type in this area.

The previous paper reported the anthro-
pophilic character, the high infectivity
(susceptibility} to Malayan filariasis and
the longevity of An. sinensis, The present
investigation shows similar results; further-
more the data on the bionomics of An.
sinensis as shown in-Fig. 1 and Tables 1
and 2 clearly correlate with the periodicity
of the microfilariae in the positive cases.
Therefore it is clear that An. sinensis in
this area has sufficient opportunity to be
cne of the important vectors.
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The present and previous data give some
possible epidemiological important sugges-
tions on filarial infection by An. sinensis.
Although there are some possible varia-
tions on the age composition of the mos-
quitoes by year or other conditions, our
data suggest that older mosquitoes are
relatively abundant during autumn. It
can be considered that those characters
such as anthropophilic behavior, longevity
in the life span of the mosquitoes, suscep-
tibility of its natural infection, seasonal
condition and also custom of life of the
people, ete., are related to the vector capac-
ity.

The present authors have information
that An. sinensis from Japan was not a
suitable intermediate host for a strain of
Brugia malayi which originated in Ma-
laysia. Third stage filarial larvae which
had degenerated were found in experi-
mental infections when a Japanese strain
of An. sinensis and a Malaysian strain of
B. malayi were used. This would suggest
differences in the geographical strains of
the mosquito, or the parasite, or both.

With respect to the vector capacity of
An. sinensis for B. malayi, there are several
papers which indicate the incrimination in
China (Hu et al. 1937, Feng and Ma
1957, Feng et al. 1958, and Harrison
1973). Harrison (1973) considered that
the strain of An. sinensis with a narrow
decked egg is one of the vectors of Ma-
layan filariasis in the inland area of China
because it is more anthropophilic than the
wide decked egg strain. Narrow decked
eggs are always seen in lesters, yatsushiro-
ensis and sinerordes in Japan. The mos-
quito which has a narrow decked egg can
be considered to be An. lesteri. Very few
koreicus were collected in the present sur-
veys in Korea, but they had no filarial
larva; and no other species of mosquitoes
were collected. The present authors ob-
served that the eggs which were the prog-
eny of the adults collected on human bait
were all wide decked. Kanda and Oguma
(1974) reported that the progeny of any
cross among species of the Ayreanus species
group always shows maternal inheritance
of egg characters. The cytogenetic char-

acters of the Japanese type and the Korean
type of sinensis were also observed. Those
two types were only identified in the prog-
eny of the cross between lesters and these
two types of simensis by the cytogenetic
characters which show different synapsis.
Anopheles sinensis of both types thus
shows differences in biological as well as
epidemiological parameters,
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