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Introduction

The ultrastructural characteristics of micro-

filariae have been described by numerous

workers including Johnson and Bemrick

(1969), McLaren (1969, 1972), Kozek (1971),

Johnston and Stehbens (1973), Kanagasun-

theram et at. (1974a, b), Laurence and Simp

son (1974), Singh et at. (1974, 1975a, b)

Tongu (1974), Gibson et al. (1976), and Suguri

(1977). Lee and Miller (1967, 1969), Harada

et al. (1970), Maeda et al. (1970), and Vin

cent et al. (1975a, b) have studied the ultra-

structure of adult filariae, while Beckett and

Boothroyd (1970), Collin (1971), Ho and Kan

(1972), and Singh et al. (1975a, b) have pre

sented the ultrastructure of the infective

larva.

The morphogenesis of filariae has been

described by a number of light microscopists

including Kobayashi (1940), Schacher (1962),

Schacher and Khalil (1968), and Ash and

Schacher (1971). In the mosquito the first

molt occurs between four and five days and
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the second molt at about eight days, after

which the larvae are immediately infective

(Schacher, 1962). To date, however, there

has been no account of the ultrastructure of

developmental-stage larvae in the mosquito

except the infective larva.

The present study describes the ultrastruc

tural features of the developmental-stage

larvae of Brugia pahangi from two days to

seven days after infection of the mosquito,

Armigeres subalbatus. The results are com

pared with those of Suguri (1977) on the

ultrastructure of B. pahangi microfilariae,

and development of the filarial alimentary

tract is emphasized.

Materials and Methods

Armigeres subalbatus mosquitos were fed

on the blood of jirds, Meriones imguiculatus,

experimentally infected with Brugia pahangi.

During larval development, mosquitos were

maintained at 24 C. Larvae were collected

at two, three, five, and seven days after

the blood meal. They wrere dissected from

the mosquito in Earle's balanced salt solu

tion (Ash and Schacher, 1971) and fixed for

one or two hours in cold 3.5% phosphate-

buffered glutaraldehyde (pH 7.4) with 0.25M

sucrose. After three or four rinses in buffer,

the larvae were postfixed in buffered 1 %

osmium tetroxide solution for two hours or

overnight, then dehydrated in ethanol by

routine methods.
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After passing through N-butyl glycidyl

ether, the larvae were embedded in Araldite-

Epon mixtures according to Mollenhauer

(1964). The specimens were thin-sectioned

with a LKB or a Poter-Blum ultramicro-

tome. Following the double-staining with

uranyl acetate and lead citrate, the sections

were examined with a Hitachi HS-8 electron

microscope at an accelerating voltage of 50

KV.

Results

Cuticle, hypodermis, and somatic musculature:

At the anterior tip of the two-day larvae

(112X15 pan) and three-day larvae (135X15

jMm), before the first molt, a hook (Fig. 1,

H) and the three spines (Fig. 1, SP) were

seen. The hook was dense (Fig. 1, H), situat

ed on the anterior edge of the head, and pro

jected backward along the long axis of the

body. Three shorter spines appeared oppo

site the hook (Fig. 1, SP). These were lost

with the cuticle of the first stage. Five-day

larvae (135x22/im) showed none of these

structures. Sausage-stage larvae from two

days to five days were partially surrounded

by an irregular, thin cuticle (Fig. 17), clearly

visualized at the anterior extremity (Fig. 1).

The cuticle consisted of only a fibrous layer

and for the most part, did not show trans

verse striations on its outer surface. Deep,

transverse striations (Fig. 22) were clearly

evident, however, in the small tail of two-

to five-day larvae ; the tail appeared to be

lost by the seventh day. Most of the body

of seven-day larvae (600X30/tfn) had no

cuticle, only a sheath-like double membrane

(Figs. 24, 25). In cross-sections of five- and

seven-day larvae, seven or eight hypodermal

cells in a single layer formed the circumfer

ence of the larvae. These cells showed many

vacuole-like structures of varying sizes. A

dense matrix was seen in these cells overly

ing the lateral chords. Here the hypodermal

cells showed swollen mitochondria and there

were many vacuole-like structures in the

matrix. The hypodermal cells of the tail

were thinner than those of the body. In

the seven-day larvae the hypodermal cells

demonstrated an external double membrane

(Fig. 25). In some five-day specimens, several

rickettsia-like bodies (Fig. 23) were seen in

a hypodermal cell. These bodies measured

approximately 1 ftm in diameter; they ap

peared to be limited to the hypodermal cell

and to be surrounded by a plasma membrane

of the host cell.

The muscle cell (Figs. 3, 12 ; MU) of deve

lopmental stages, especially of the five-day

larvae, had rudimentary myofilaments. Four

muscle groups, usually of two cells each (Figs.

3, 12) were identified in cross-sections of the

main body, but not in the extremities. The

contractile portion with myofilaments occu

pied only a small proportion of the muscle

cell area.

Central canal and inner body:

The central canal consisted of a long cy

lindrical tube 0.4//m in diameter (Figs. 2,

3, 4, 5, 8 ; CC) which occupied the center

of the worm. It ran from head to inner

body and was present in two-, three- and

five-day larvae. In the cross-section, the

canal was surrounded by seven or nine cells

(Fig. 5, CC), whose cell membranes were

clearly joined by desmosomes. In the de

veloping larvae, these cells were smaller be

tween head and excretory cell than posterior

to the excretory cell. In seven-day larvae a

recognizable triradiate esophagus (Fig. 26)

had differentiated from the canal cell, and

the intestinal epitherium (Fig. 24) from the

inner body. The inner body cell with much

dense materials was not found in the sausage-

stage larvae after three and five days. The

inner body was replaced by two cells in cross-

section (Figs. 10, 12; I). A small lumen

(Figs. 10, 11, 12 ; arrow) differentiated within

the enclosure of these cells. By seven days

the lumen had enlarged considerably (Fig.

24, LU) and, in some parts, contained many

mitochondria (Fig. 25, M), apparently in

gested from the mosquito flight muscle. The

intestinal epitherium (Fig. 25) was a single

layer of flat cells containing much rough

endoplasmic reticulum and vacuoles. Micro-
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villi were, however, not observed on the

luminal surface of the gut. Some develop

ment of pseudocoel was evident by two days,

and further development was seen at five

days. There was no such space around the

buccal cavity (Fig. 1) and nerve ring (Fig.

5), however.

Kxcretory apparatus, R-cells, and anal ap

paratus :

The excretory cell (Figs. 7. 8 ; EC) showed

a posterior nucleus (Fig. 7, N) and opened

through the body wall in larvae from two

to five days old (Figs. 7, 8). As the larvae

approached five days, the cell became rounded

and lost the backward-extending cytoplasmic

bridge. The cell (Figs. 7, 8 ; EC) contained

many membrane-bounded vesicle-like struc

tures and dense bodies of varying sizes (Figs.

7, 8, 9). The pore stopped with a cap (Fig.

8, arrow) of dense materials. In five-day

larvae the membrane-bounded vesicles in

creased in number, but microvillus-like pro

jections were not seen.

In the cross-section of the five-day larva,

two large cells (Fig. 14, R) were seen in the

center of the area formerly occupied by the

R-cells, but a lumen was not identified. A

lumen was first seen among the R-cells at

seven days of development. These cells had

many vacuole-like structures and swollen

mitochondria. Much pseudocoelomic space

appeared between the R-cells and the body

wall in the five-day larva. In the two-day,

three-day, and five-day larvae, the anal pore

(Figs. 18, 19; AP) bore a dense plug (Fig.

18, arrow) at its orifice. Vesicle-like struc

tures bounded by the membranes, and micro-

villi (Fig. 19, MV), containing filaments (Fig.

21) were abundant in the lumen. The cell

occupied nearly the whole width of the worm.

A large Pseudocoelomic space (Fig. 16, arrow)

was seen behind the anal pore in the five-

day larva.

Nerve ring, amphid, and phasmid :

The nerve ring of the five-day larva (Figs.

4, 5, 6 ; NR) was composed of tightly packed

nerve fibers containing neurofilaments, vesi

cles, and mitochodria. The central canal

(Fig. 5, CC) was surrounded by a number

of nerve fibers in this region. The nerve

ring (Figs. 4, 6; NR), about 7/urn wide,

occupied nearly the whole width of the body.

The amphids (Figs. 1, 3 ; A) and phasmids

(Fig. 13, P) originated as a cephalic and a

caudal channel in the microfilaria and were

observed throughout all larvae from the two-

day to the five-day specimens. In the seven-

day larva they were not observed in the

present study. A pair of amphids (Fig. 3,

A) containing several dense rod-like cilia

were situated at the anterior extremity on

both sides of the central canal. A pair of

phasmids were located behind the anal pore ;

they differed from the amphids in the pre

sence of only one cilial rod.

Discussion

The external structures of microfilariae,

such as the hook and spines, have been

studied by electron microscopists including

Kozek (1971), McLaren (1972), Tongu (1974),

and Aoki and Katamine (1975). Using a

light microsope, Laurence and Simpson (1968)

demonstrated a hook and three spines at the

head of microfilarial B. pahangi. Likewise,

in the present study, the two-day and three-

day larvae (first-stage) possessed a similar

armature at the anterior tip but these struc

tures were not visible in any five-day larvae

(second stage) or further-developed larvae.

It seems reasonable to assume, therefore,

that hook and spines were lost during the

first molt.

The cuticle of the microfilaria of B. malayi

(Tongu, 1974) and B. pahangi (Laurence and

Simpson, 1974 ; Suguri, 1977) consists of three

layers and has transverse striations on the

outer surface. Our observations show that

the microfilarial cuticle is reduced during

larval morphogenesis. Between two and five

days the cuticle consists of only a thin,

irregular, fibrous layer and striations are

confined to the tail. The seven-day larva

is partially nude, covered largely by a mem

brane-like structure. The lack of cuticular

differentiation during this period may be
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related to the rapid cycle of molting, to the

protected intracellular environment of the

larva, or perhaps to uptake of materials

directly through the body wall. In any case,

a well-defined, fibrous cuticle reappears with

the infective stage (Collin, 1971). The hypo-

dermis of the developing larva follows the

basic pattern reported for the microfilaria,

infective larva (Collin, 1971) and the adult

worm (Lee and Miller, 1967, 1969 ; Vincent

et al., 1975a, b). In the five- and seven-

day larvae, seven or eight nucleated hypo-

dermal cells underlaid the thin cuticle or

plasma membrane.

The muscle cells and myofilaments of

sausage stages were fewer than those of the

microfilariae (Laurence and Simpson, 1974 ;

Suguri, 1977) or of the infective larva (Collin,

1971). Unlike these stages, the sausage forms

are more quiescent and have little require

ment for motility.

Tongu (1974) and Suguri (1977) showed

that the central canal (pharyngeal thread)

of the microfilaria of B. malayi and B.

pahangi opened into the inner body cell, but

that the larval alimentary tract had not yet

differentiated. In B. pahangi the canal cell

was well developed in the five-day larva as

compared with microfilaria. The cuticle-lined

canal was completely lost in the seven-day

larva and was replaced by a triradiate eso

phagus, apparently between five days and

seven days. Seven-day larvae had an eso

phagus and intestine which were completely

patent and enclosed many mosquito mito

chondria in the lumen. Ingested mitochon

dria have been reported in the last third of

development in B. pahangi by Beckett and

Boothroyd (1970) and in the third-stage larva

of Breinlia sergenti by Ho and Kan (1972).

As in the present study, they suggested that

the host-muscle mitochondria are a source

of nutrients for the larvae during the last

part of their developmental phase. Collin

(1971), however, believed that the intestine

of infective-stage B. pahangi was not fully

developed and that the alimentary tract was

blocked at the level of the esophageal-intesti-

nal valve.

Although the ultrastructure of the posterior

alimentary canal has not been completely

studied, it was noted that in five-day larva,

no lumen had differentiated among the R-

cells. It seems unlikely, therefore, that in

testinal wastes could be expelled through

the anus.

The function of the excretory cell remains

unclear, though it has been identified in a

number of microfilariae (Kozek, 1971 ; Mc

Laren, 1972 ; Kanagasuntheram et al., 1974 ;

Laurence and Simpson, 1974 ; Tongu, 1974 ;

Gibson et al., 1976 ; Suguri, 1977).

The ultrastructure of this cell resembles the

osmoregulatory cell of pentastomids (Banaja

et al., 1977). The excretory pore persists in

five-day larvae, but it appears to have lost

the microvilli of the microfilariae. The shape

also differed from that in the microfilariae,

in which it possesses a cytoplasmic bridge

(Suguri, 1977). These observations suggest

a change or reduction in some functions such

as osmoregulation or secretion.

Rickettsia-like bodies have been reported

by McLaren et al. (1975) and Vincent et al.

(1975) in the hypodermis of the microfilariae

and adult filariae. Similar organisms ob

served in the adult and microfilariae of Diro-

filaria immitis were not recognized as sym-

bionts by Harada et al. (1970), Kozek (1971),

or Lee (1975). Kozek (1977) later observed

the fine structure of these microorganisms

within the lateral chords, oogonia, oocytes

and eggs of adult and larval stages of Oncho-

cerca volvulus. They appeared to have a

developmental cycle consisting of three mor

phologically distinct forms. Kozek suggested

that these organisms are more similar to the

chlamydiae than to the rickettsiae. In the

present study, these bodies were found in

the hypodermis of the five-day larva. The

morphological features and size of these

bodies resembled the microorganisms reported

by McLaren et al. (1975) and Vincent et al.

(1975), and the bacillary form of Chlamydia-

like bodies observed by Kozek (1977). The

significance of this finding with respect to

the host-parasite relationship is in need of

further study.
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Summary

The authors have studied the ultrastruc-

ture of the early morphogenesis of Brugia

pahangi by transmission electron microscopy.

Larvae for study were collected from Ar-

migeres subalbatus mosquitos at two, three,

five, and seven days after a blood meal.

Perhaps associated with a protected, intra-

cellular environment, the cuticle was reduced

during early larval morphogenesis. A thin,

irregular cuticle covered part of the body

between two and five days, whereas the

seven-day larva showed only a thin sheath-

like structure of double membranes. The

apparent absence of a cuticle in seven-day

larvae may be associated with the fact that

this stage is passed entirely within the in-

tracellular environment of the mosquito flight

muscle. The anterior hook and spines of

the micronlaria were cast off at the first

molt. The somatic musculature consisted

usually of two cells per quadrant and was

more weakly developed than that of the

micronlaria or infective larva. Rickettsia-

like bodies, similar to those reported from

other filariae, were encountered in the hypo-

dermal cell of several five-day specimens.

The central canal (pharyngeal thread) of the

micronlaria persisted for five days, but was

replaced afterwards by a recognizable tri-

radiate esophagus. Transverse sections show

ed that the inner body breaks down and is

replaced by two cells which later appear to

form the intestinal epithelium. At seven

days a spacious intestinal lumen showed in

gested mosquito flight muscle mitochondria,

but microvilli were not evident. No lumen

differentiated among the R cells as late as

five days' development. The microfilarial ex

cretory cell persisted throughout this period,

but the loss of microvilli and other altera

tions suggested a change or reduction in

function. No changes were noted in the

amphids, phasmids, or nerve ring.
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Figure Legends

Cross-section of the head of two-day larva having a hook (H) and three spines

(SP). A: amphid; BC : buccal cavity.

Cross-section of the head of five-day larva showing an invagination of the cuticle

(arrow). CC: central canal.

Cross-section of the head region of five-day larva near the nerve ring. Muscle

cells (MU) are arranged into four groups. A : amphid ; CC : central canal.

Longitudinal section of the head region of five-day larva, showing a central canal

(CC) running through the nerve ring (NR).

Cross-section of the nerve ring (NR) of five-day larva showing a central canal

(CC) surrounded by many axons.

Longitudinal section of the nerve ring (NR) of five-day larva at higher magnifica

tion.

Longitudinal section of the excretory cell (EC) with a nucleus (N) and a pore

orifice (arrow) in five-day larva.

Cross-section of the excretory cell (EC) of five-day larva showing a pore orifice

(arrow) and a central canal (CC) located on one side of the body.

Higher magnification at the cytoplasm of excretory cell of fiive-day larva, showing

the vesicles with granules of various shapes and densities.

Cross-section of the region formerly occupied by the inner body (I) in five-day

larva. There is a small lumen (arrow) surrounded by two large cells.

Cross-section of intestinal lumen (arrow) of five-day larva.

Cross-section of the region formerly occupied by the inner body (I) in five-day

larva. Dense material is seen in the lumen (arrow). MU : muscle.

Cross-section of a phasmid (P) behind the anal pore region of five-day larva.

Cross-section of the region formerly occupied by R-cells. There are two large

cells (R) containing many vacuoles in five-day larva.

Higher magnification of the R-cell region of five-day larva. There are two differ

ent types of cells in electron density.

Cross-section of the region behind the anal pore of five-day larva. A large

pseudocoal (arrow) is seen behind the anal pore. P : phasmid.

Cuticle in five-day ; note dense materials on the outer surface.

Longitudinal section of the anal apparatus (AP) of five-day larva, showing a cup,

a nucleus (N), and many microvilli at the bottom of the pore.

Fig. 19 Higher magnification of the anal pore (AP) of Figure 18, showing many microvilli

(MV) at the pore bottom.

Fig. 20 Higher magnification of the anal pore lumen of five-day larva.

Fig. 21 Cross-section of the microvilli of anal pore in five-day larva.

Fig. 22 Longitudinal section of the caudal end of five-day larva, showing a small tail with

many striations and a chromatin-like dot (arrow). MU : muscle.

Fig. 23 Logitudinal section of the hypodermal cells of five-day larva, showing several

rickettsia-like bodies (arrows) near the nucleus (N).

Fig. 24 Cross-section of seven-day larva having a large intestinal lumen (LU).

Fig. 25 Higher magnification of the intestinal wall and lumen (LU) containing many

mitochondria (M) from the mosquito.

Fig. 26 Crossrsection of the esophagus of seven-day larva.

NOTE : Scale is one micron in each figure.
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