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Introduction

The detailed morphologies of larval stages

of B. pahangi in the mosquitoes were describ

ed by Schacher (1962). Recently ultrastruc-

tural studies on the developing filarial larvae

have been reported by many parasitologists

including Rogers et al. (1974), Aoki and

Katamine (1975), Aoki (1976), Lehane (1978),

Tongu et al. (1978), Suguri et al. (1978),

Vincent et al. (1978, 1979), Aoki et al. (1980),

Franz and Zielke (1980) and Franz and Schulz-

Key (1981). The surface architecture of

B. pahangi however has not been viewed.

The present study deals with the surface

structure of the developing larvae of the follow

ing stages examined by SEM ; the early

first, the sausage or the late first, the second

and the third stages.

Materials and Methods

Larvae of B. pahangi were obtained from

experimentally infected mosquitoes, Aedes

aegypti and Armigeres subalbatus which had

fed on jirds, Meriones unguiculatus.

The mosquitoes were reared at 27°C and

then dissected at 10 hr and subsequently every
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day from the second day to the twelfth day

after the infection in order to obtain develop

ing larvae. The dissections were done in

Earle's balanced salt solution (Ash and Scha

cher, 1971) and larvae were fixed in 2%

glutaraldehyde (phosphate buffered at pH 7.4)

chilled with ice for 1.5 hr, washed with the

phosphate buffer and then post-fixed with 1%

osmium tetroxide (phosphate buffered at pH

7.4) for 2hr, at 4°C. The fixed materials

were dehydrated through a series of graded

ethanol solution, transferred into isoamyl ace

tate and finally dried in a critical point dryer

using liquid carbon dioxide. The dried speci

mens were mounted on stubs, sputtered with

gold, and examined with a Hitachi S-550

scanning electron microscope.

Results

First-stage larva

The microfilaria taken into the vector with

the blood meal loses its sheath and migrates

to the thoracic muscles. During the first 48 hr

the larva becomes shorter and thicker until

it reaches a minimal length of 131 [im. on the

average. The basic structure of the larva is

similar to that of the microfilaria by the time

larvae attain to the minimal length ; at this

time it has assumed the so-called sausage

shape (Fig. 2). By the third day, the sausage-

shaped larva has grown in length and by the

fourth day it has become 199 //m long (Table

1). The first molt takes place five days after

the infection.

A cephalic disk is situated on the anterior

end and its size, varying between 1.5 and
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Table 1 Development of Brugia pahangi in Armigeres subalbatus

Time after

infection

10 hours

24 hours

2 days

3 days

4 days

6 days

8 days

12 days

Stage of

development

early first stage

early first stage

early first stage

sausage stage

sausage stage

sausage stage

2nd stage

3 rd stage

3 rd stage

Length

(j"m)

194.5 ± 5.5

140.0 ± 22.0

134.5 ± 13.8

130.9 ± 10.2

185.1 ± 44.1

199.1 ± 11.3

671.2 ± 163.5

1118.2 ± 215.0

1260.3 ± 36.6

Diameter

(/*m)

3.6 ± 0.1

6.4 ± 0.3

10.1 ± 1.0

15.6 ± 1.2

19.6 ± 2.9

18.3 ± 1.9

21.6 ± 2.0

20.0 ± 1.5

17.5 ± 2.3

(Measurement of 10 larvae each, expressed as the average±SD)

2.0 (jtm. in diameter, does not change much

during the first-stage. The cephalic disk con

sists of three segments (Fig. 3). The anterior

segment has a hook on its left side and two

openings on the front surface. The length of

the hook ranged between 0.79 and 0.97 /jm.

The right opening is one of the amphidial

openings and the left one is the mouth. The

shape of the former structure is elliptical (0.35

by 0.2 /urn) and the latter one is round (about

0.16/im in diameter). The middle segment

has no special structures on its surface. The

posterior segment has three spines on the

right side and their length varied from 0.4 to

0.5 ^m (Fig. 4).

The excretory pore of the early first-stage

larvae was not seen in the present study, but

that of the sausage-stage larva was situated at

anterior 1/4 of the worm and its shape is round

or elliptical (about 1.5 fim in diameter) (Fig. 5).

The cuticular annulations of the early first-

stage larvae are clear. The breadth of the

annulations at the midbody was 0.4 (±0.035)

ptm in a 10-hour larva and they are reduced to

0.29 (±0.07) //m in a 24-hour larva (Figs.

6 and 7). In the sausage-stage larvae, the

annulations can't be observed except on the

tail surface of the worm, while cuticular

wrinkles are observed on the anterior or

posterior parts of the body.

The anal pore is oval shaped in the early

first-stage larva (about 0.1 by 0.2 ^m in a 10-

hour larva). The rectal plug appears when

the larva develops to the sausage-stage and it

shows oval shape (about 8.3 by 11.1 ^m) (Fig.

8). The size of the rectal plug does not

change very much while the larva stay as

the sausage stage but its thickness increases

with the development. On the surface of

the rectal plug there are many cuticular wrin

kles running transversely.

The tail is tapered and has a terminal

appendage which is characteristic of the genus

Brugia when larvae are in the first stage.

The appendage has a club-shaped appearance.

The terminal appendage decreases in length,

from 21 to 12 //m, and increases in width at

its basal part, from 1.2 to 2.3 ^m, during the

first-stage larval development. The annula

tions of the cuticle on the terminal appendage

also become deeper and more prominent as

the development proceeds. The number of

annulations on the broad basal part of the

terminal* appendage is 20 to 28 and that on

the slender apical part is 16 to 18 (Fig. 9).

Second-stage larva

Variations are marked in the second-stage

larvae ; the length of 6-day old larvae ranged

from 438 to 998 ptm (671.2± 163.5 ^m). The

second molt took place on the sixth or seventh

day after infection. The second-stage larva

is long and slender (Fig. 10). The second-

stage larva increases in length, but changeless

in width (Table 1).

The cephalic disk is lost at the beginning

of the first molt. The second-stage larva has

an oral opening on the anterior end and its
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shape is oval or round (1.1 to 1.3/im by 0.9

to 1.1 //m) (Fig. 11). Two papillary protuber

ances exist on the lateral sides of the mouth

and slant foward the mouth opening. The

size of each protuberance is 0.65 //m in height

and 0.6 //m in diameter.

The annulations of the cuticle and the

lateral line in the second-stage larvae were

invisible.

The rectal plug still exists and its size

(9.9 by 11 fim) and the appearance is similar

to that of the first-stage larva (Fig. 13).

The tail is short and ends in spikelike tip

(Fig. 14). The tip length (about 4.3 ^m) is

shorter than the terminal appendage of the

first-stage larva.

The second molt takes place on six or seven

days of the infection. At the end of the

molt, the esophageal cuticle of the second-

stage larva is shed (Fig. 16).

Third-stage larva

The length of the larva at this stage increas

es continuously after the second molt, while

the thickness of the larva is rather changeless

(Table 1).

The mouth opening is flattened dorso-ven-

trally and the length is about 1.6 //m (Fig.

17). The buccal area surrounding the mouth

opening is rather flat and smooth. Four

inner and 4 outer papillae are present on the

anterior end. The inner papillae are situated

around the buccal area at dorso-lateral and

ventro-lateral positions, 2.5 /im from the tip of

the anterior end. The inner papilla is com

posed of a basal part (0.52 by 1.2/im) and a

nipple-like protuberance (0.5 /im in diameter).

The outer papillae, 1.3//m in diameter and

0.6 /*m in height, are also situated at dorso-

lateral and dorso-ventral positions, 2.5 /im

posterior from each inner papilla. The outer

papilla is surrounded by a groove at its base.

When the larvae developed to the late sec

ond-stage larvae, the cephalic papillae of the

third-stage larva covered by old cuticle were

observed (Fig. 12). An amphid opens at each

lateral side, and they are located slightly

posterior to the inner papillar level. The

opening is elongated dorso-ventrally (1.35 by
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Fig. 1 Correlation between worm length and

the breadth of annulations measured at the ante

rior 1/3 point.

0.06 /im).

The annulations of the cuticle are very

prominent. The breadth of the annuli and

the depth of grooves increases with the de

velopment (Figs. 18 and 19). There is a

correlation between worm length and the

breadth of annuli at a position 1/3 the

distance from the anterior end (r = 0.670, pSL

0.01) (Fig. 1), but no correlation between

the length and the breadth at a position 1/3

the distance from the tail end (r = 0.220, p^

0.005). The breadth decreases as one nears

the anterior end or the tip of the tail.

The lateral line is also prominent in this

stage (about 3.0/im in width). It is recogniz

ed as the interruption of the transverse annu

lations of the cuticle on the lateral sides of

the worm (Figs. 18 and 19). Longitudinal

folds, about 0.29 /im in width are observed

all over the worm surface (Fig. 21).

The anus is situated at about 37/im from

the posterior end in the 8-day-old larva, and

this distance increases with larval develop

ment and reaches approximately to 51 /im in

a 12-day-old larva. The anus is crescent-

shaped and it has a prominent anterior border

(0.7 to 0.8/im in thickness) (Fig. 20). The

anal opening is about 5.5 //m in length and

0.8 /im in width on the average and its caudal

side is connected to the anal field which is

about 5 /im by 7.5 /im in size and has many

longitudinal folds directed to the anal opening.

A papilla (Pa) is seen only on the left lat

eral side of the worm (Fig. 21). The papilla

is about 1.3/jm in diameter and has an encir

clement of about 0.67/^m in width. It is sit-
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uated at a position from the level of the anal

pore to about 20 jum posterior to it.

On the tail end, three caudal papilliform

processes can be seen (Fig. 21). These proce

sses are surrounded by a groove at their base

and the diameter of these processes is about

2.8 /jm. The shape of the lateral processes

is hemispherical and that of the terminal one

is conical. In almost all the larvae, the ter

minal process is a little off-center. The cau

dal papillae of the third-stage larva are al

ready visible under the old cuticle of the late

second-stage larva (Fig. 15). The phasmids

open in the caudal region immediately ante

rior to the lateral papillae. The opening is

lined by the elevation of cuticle which is

elongated (1.8 ^m in length) dorso-ventrally.

Discussion

The development of larvae in the vector

mosquito is roughly synchronized in the first

stage but differs considerably between indi

viduals in the second and the third stages.

Larvae with various lengths were observed

simultaneously in the same mosquitoes after

the fifth day of the infection. In the present

study the first molt occurred on day 5 and

the second one, on days 6 or 7 of infection

in Armigeres subalbatus. Schacher (1962)

reported that the first molt of this species

occurred between 4 and 5 days and the second

molt at about 8 days in Aedes aegypti. The

discrepancy may be attributed to the differ

ences in the vector mosquitoes used and the

rearing temperatures of the mosquitoes. The

diameter of larvae was the biggest in the sec

ond stage and it decreased slightly with larval

development to the third stage. This phenom

enon was reported by Kobayashi (1940) in W.

bancrofti and Schacher (1962) in B. pahangi.

The structure of the cephalic disk in the

first-stage larvae was basically the same as

seen in W. bancrofti (Franz and Zielke,

1980) and in the microfilariae of B. malayi,

B. pahangi (Aoki and Katamine, 1975) and

D. immitis (Aoki et al., 1976). In the first-

stage larva of W. bancrofti, the right amphi

dial opening is situated at the front surface

of the cephalic disk and the opening is surro

unded by a prominent border. In our study

on B. pahangi, this border was not observed.

The location of the other amphidial opening

is at the posterior base of the hook in the

microfilariae of B. pahangi (Suguri, 1977), B.

malayi (Tongu, 1974) and other species (Mc

Laren, 1972) as seen by TEM observation.

The length of the hook in microfilariae

of B. malayi and B. pahangi was 0.7 to 1.1

fim (Aoki et al., 1976) and that of W. banc

rofti was 0.5 ^m. In the present study it

was 0.79 to 0.97 /urn in the first-stage larva,

so that the size of hook did not differ be

tween microfilaria and the first-stage larva.

The size of spines in the microfilaria of B.

malayi and B. pahangi (Aoki et al., 1976)

was 0.6 to 0.7 /mi and 0.4 jum in the first-stage

larvae of W. bancrofti (Franz and Zielke,

1980). In the present study the size of spines

of the first-stage larva was 0.4 to 0.5 /mi.

From these results it appears that the sizes

of the cephalic structures during early larval

development do not show remarkable change

in comparison with other portions of the

body. Laurence and Simpson (1968) found

three spines in B. pahangi four in W. banc

rofti and up to eight in Loa loa by light

microscopy. In the present study only one

first-stage larva demonstrated on the fourth

segument of the cephalic disk a single spine ;

all the other larvae lacked this spine.

In the second-stage larva the oral opening

becomes large (0.9 to 1.3 jum in diameter) and

it is almost the same size as that of W. banc

rofti (0.8 to 1.5/mi, Franz and Zielke, 1980).

Two papillary protuberances existing at the

lateral sides of the oral opening were also

reported in the second-stage larva of W. bane-

rofti (Franz and Zielke, 1980) but not in O.

volvulus (Franz and Schulz-Key, 1981). This

structure is thought to be the characteristic

of the second-stage larva of genera of Brugia

and Wuchereria. Tongu et al. (1978) report

ed the existence of an amphid in a five-day

larva (the second-stage) by TEM but in the

present study and that of Franz and Zielke

(1980) by SEM the amphidial openings could

not be detected.

In third-stage larvae the mouth was slitlike

( 52 )



483

and the 4-2-4 configuration, 4 inner papillae,

2 amphidial openings and 4 outer papillae,

was seen as well as those reported in D.

immitis (Hendrix et al., 1984) and W. banc-

rofti (Franz and Zielke, 1980). However,

the shape of the nipple-like protuberance of

the inner papilla in B. pahangi was more

pointed than that in D. immitis and less point

ed than that in W. bancrofti. Hendrix et

al. (1984) previously observed variations in

the total number of inner and mid-position

papillae surrounding the oral opening, rang

ing from three to six papillae, but in the

present study the number was constant.

The excretory pore of the sausage-stage

larva observed in the present study (about 1.5

fim in diameter) was much larger than that

in the microfilaria of D. immitis (about 0.2

^m in diameter) and it was situated at nearly

the 83rd annulus from the anterior end (Aoki

and Katamine, 1975). The excretory pores

in the microfilariae of B. pahangi and B.

malayi (about 0.3 fjm in diameter) are situated

around the 150 th annulus from the anterior

end (Aoki et aL, 1976). The excretory pore

in the larvae of other stages was not be ob

served in the present study.

The cuticular annulations of the early first-

stage larva and those of the third-stage larva

were prominent. The breadth of the former

was reduced as larval development proceeded

and that of the latter enlarged. A correlation

between the worm length and the breadth of

annuli at a position 1/3 the length of the

worm from the anterior end is thought to

reflect the constant growth at that position.

Franz and Schulz-Key (1981) and Franz and

Zielke (1980) observed the cuticular annula

tions of the second-stage larvae of O. volvulus

and W. bancrofti respectively but the annula

tions are flatter and smaller. In the present

study clear cuticular annulations could not be

observed. Tongu et al. (1978) and Lehane

(1978) also could not detect by TEM cuticular

annulations in the sausage stage or the second

stage.

The cuticle of the microfilariae of B. ma

layi (Tongu, 1974) and B. pahangi (Suguri,

1977) consists of three layers but the layering

of the cuticle is poor during larval morpho

genesis. Between 2 and 5 days the cuticle

consists of only a thin fibrous layer and the

7-day-old larva is covered only by a mem

brane-like structure (Tongu et al., 1978 and

Lehane, 1978). In the third stage, the cuticle

is composed of three layers i. e. cortical,

matrix, and basal layers (Rogers et al., 1974).

The longitudinal folds, as observed in W.

bancrofti by Franz and Zielke (1980) which

have been thought to be characteristic of the

infective larvae, appeared in old third-stage

larvae in the present study.

The anal pore of early first-stage larvae

was very small compared to that seen in

microfilariae of D. immitis (0.4 to 0.5/mi) by

Aoki and Katamine (1975). The rectal plug

exists in the sausage-shaped and the second-

stage larvae. The anus of the third-stage

larva is similar to that in W. bancrofti in

shape and size (Franz and Zielke, 1980).

A papilla situated at the level of the anus

or posterior to that was observed only on the

left side of the third-stage larva. This papilla

was not reported in W. bancrofti by Franz

and Zielke (1980) but was present in our

observation on the same species (unpublished).

In D. immitis, however, Hendrix et al. (1984)

could not observe it.

In the first-stage the tail has an appendage

which is characteristic of the genus Brugia.

In the second-stage, the spinelike tip is small

and it is shorter than the terminal append

age in the first-stage larva. In the third-

stage, there are three papilliform processes.

Their sizes are almost the same as those of

W. bancrofti (2.5/mi in diameter) but the

shape of the lateral processes is hemispherical

and the terminal one is conical in the present

study whereas the caudal papillae in W. banc

rofti are bubble-like (Franz and Zielke, 1980

and Yen et al. 1982). The phasmids open

immediately anterior to the lateral papillae.

This has been confirmed by TEM observation

(Suguri et al., 1978).

Summary

The surface structures of B. pahangi larvae

in the first, second and third stages in the
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vector were observed with a scanning electron

microscope.

The cephalic disk is situated on the anterior

end of the first-stage larva and consists of

three segments. The anterior segment has

a hook on its left side, the right amphidial

opening and the oral opening on its front

surface. The posterior segment has three

spines on its right side. The second-stage

larva has a rounded mouth opening and two

papillary protuberances at the lateral sides of

the mouth. On the third-stage larva, around

the dorso-ventrally flattened mouth opening,

the four inner papillae, the two amphidial

openings and the four outer papillae are ar

ranged in a 4-2-4 configuration. The excretory

pore of the sausage-shaped larva is 1.5 jum in

diameter. The cuticular annulations are

clear in the early first-stage but clear annula

tions of the cuticle could not be observed in

the sausage and the second stages except on

the tail surface. The third-stage larva has

prominent cuticular annulations. There was

a correlation between the third-stage larval

length and the breadth of annuli at a position

1/3 the distance from the anterior end. The

lateral line is observed as an interruption of

the cuticular annulations. Longitudinal folds

are observed on the surface of all over the

third-stage larvae. The anal pore is observed

in the early first-stage and the rectal plug in

the sausage and the second stages. The anal

opening of the third-stage larva is crescent-

shaped. A papilla is seen only on the left

lateral side at the level of the anus or poste

rior to it. On the tail end, a terminal append

age exists in the first-stage larvae, a spine-

like tip in the second-stage larvae and two

hemispherical lateral processes and one coni

cal terminal process are observed in the

third-stage larva. The phasmids open adja

cent anteriorly to the lateral papillae.
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Fig. 2 Four-day-old sausage-shaped larva. Note the terminal appendage (TA), the rectal plug (RP) and

the excretory pore (EP). X480.

Fig. 3 The anterior end of a 24-hour-old larva. The cephalic disc is composed of three segments.

anterior (1), middle (2) and posterior segments (3). The anterior segment bears a hook (H), the

amphidial opening (AO) and the mouth opening (MO). X 15,700.

Fig. 4 Right lateral veiw of the anterior end of 10-hour-old larva. The middle segment (2) of the cephalic

disk shows a smooth surface lacking any structures. The posterior segment shows three spines. This

particular larva had an unusual single spine (arrow) on the fourth segment. X2,160.

Fig. 5 The excretory pore (EP) of 4-day-old larva. The shape is elliptical and its size in this figure is

1.4 by 1.0 fjm. X3,600.

Fig. 6 Cuticular surface of 10-hour-old larva. The breadth of annuli is 0.35 /jm. X 15,600.

Fig. 7 Cuticular surface of 24-hour-old larva. The breadth of annuli is 0.32 /mi. X 15,600.

Fig. 8 The rectal plug (RP) of 4-day-old larva. The shape is elliptical and many wrinkels of the cuticle

run longitudinally on its surface. X3,700.

Fig. 9 Terminal appendage (TA) of 4-day-old larva. The annulations are prominent on the appen

dage of the tail. X5,280.

Fig. 10 Seven-day-old larva. The shape is long, about 700 ^m, and slender. X150.

Fig. 11 Anterior end of 7-day-old larva. The shape of the mouth is round and two papillary protuber

ances (arrows) are seen on both sides of the mouth. X6,750.

Fig. 12 Anterior end of 7-day-old larva. The cephalic papillae (four inner and four outer papillae) of

the third-stage larva are visible under the old cuticle (arrowheads). X4,720.

Fig. 13 Rectal plug of 7-day-old larva. The size is 9.9 by 11 /im and the extensive wrinkling of the

cuticle is visible. X4,500.

Fig. 14 Posterior end of 6-day-old larva. The spinelike tip (T) of the second-stage larva is small and

the length is about 4.3 pm. X3,800.

Fig. 15 Posterior end of 7-day-old larva. The caudal papillae of the third-stage larva are visible under

the old cuticle (arrows). T : spinelike tip. X4,600.

Fig. 16 Anterior end of 8-day-old larva. The old esophageal cuticle of the second-stage larva is shedding

off (arrow). OP: outer papilla. X4,480.

Fig. 17 Anterior end of 12-day-old larva. The mouth opening (MO) is dorso-ventrally flattened. The

amphid (Am) opens on the lateral side at the level slightly posterior to the inner papillae. IP : inner

papilla, OP: outer papilla. X6,340.

Fig. 18 Cuticular surface of 7-day-old larva. The breadth of annuli is 0.6 (um. The lateral line is

observable as the interruption of the transeverse annulations. X5,960.

Fig. 19 Cuticular surface of 9-day-old larva. The breadth of annuli is 0.72 //m and the annulations are

distinct. The lateral line is observable as the mass of cuticular folds running longitudinally. X 5,960.

Fig. 20 Anal field (AF) of 12-day-old larva. The anus is crescent-shaped and the anal field has many

longitudinal cuticular folds of the cuticle. X5,760.

Fig. 21 Posterior end of 12-day-old larva. One of the two lateral papilliform processes (LP) and the

terminal process (TP) are seen in this figure. The phasmid (arrow) opens adjacent anteriorly to the

lateral papilla. A papilla (Pa) is observed only on the left lateral side. Longitudinal folds run over the

entire surface. An: anus. X3,540.
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