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LARVAL BIOLOGY OF SIX FILARIAE OF
THE SUB-FAMILY ONCHOCERCINAE IN A VERTEBRATE HOST
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Summary :

The development of six filariae of the subfamily Onchocercinae —
Litomosoides sigmodontis, Acanthocheilonema viteae, Molinema
dessetae, Monanema mattini, Brugia malayi, B. pahangi — was
compared in rodents, following a single inoculation of a low or

| high dose of infective larvae. Analysis was done with 105 rodents
| dissected and 53 rodents fixed for histopathology.

. The percentage of larvae which developed corresponded to the
proportion of those which were able to penefrate info the subcuta-
neous lymphatic vessels; this percentage was determined during
the first day (phase 1) and was characteristic of the filaria-host
pair, and independent of the number of larvae inoculated. It could
remain stable for a long time, more than eight months with M.
martini (phase 2); the phenomena of regulation appeared later
(phase 3).

The larvae migrated through the lymphatic system, which repre-
sents a medium less protected and thus less agressive than the
blood system. The coelomic cavities, almost devoid of inflamma-
tory cells, represented an ultimate shelter, as well as the jointcavi-
fies (colonized by some Dirofilariinae|. Localizations in the
cardio-pulmonary blood system were accidental and occurred
when, during the migrations, some larvae penetrated into the tho-
racic channel and arrived in the superior vena cava, then the right
ventricle and the pulmonary arteries (the biclogy of Dirofilaria
immitis resulted in a secondary adaptation); such accidents may
occur with adult filariae, especially.affer drug treatment. One may
| expect similar events in human filariasis. These "occult” filariae,
more frequent than it is usually thought, influence the immunologi-
cal status and the pathology.

KEY WORDS : recovery rate. filarial migration. lymphatic system. occult fila-
rice. pulmonary pathology. human filariases.

INTRODUCTION

he larval biology of filariae obviously cannot
be elucidated in humans. However, by multi-
plying the observations of various filariae in
small rodents, several rules arise, so general, that it
seems rational to presume their validity in human fila-
riases.
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Résumé : BIOLOGIE LARVAIRE DE SIX FILAIRES ONCHOCERCINAE CHEZ
L'HOTE VERTEBRE

le développement de six filaires Onchocercinae — Litomosoides sig-
modontis, Acanthocheilonema viteae, Molinema dessetae, Mona-
nema martini, Brugia malayi, B. pahangi — est comparé chez le
rongeur, inoculé par une petite ou une forte dose de larves infec-
tantes. L'analyse est effectuée par dissection et histo-pathologie (res-
pectivement 105 et 53 rongeurs).

le pourcentage de larves qui se développe correspond @ la propor-
tion de celles qui pénétrent dans les vaisseaux lymphatiques sous-
cutanés et échappent ainsi & la réaction inflammatoire; ce
pourcentage est déterminé dés le premier jour (phase 1) ef est carac-
téristique du couple filaire-héte, indépendant du nombre de larves ino-
culées. Il peut rester stable longtemps, plus de huit mois chez M.
martini (phase 2); les phénomenes de régulation apparaissent ultériev-
rement (phase 3).

Les larves migrent par le systéme lymphatique, qui représente un
milieu moins bien protégé et donc moins agressif que le systéme san-
guin; les cavités coelomiques, presque dépourvues d'éléments inflam-
matoires, représentent un ultime abri, de méme que les cavités
articulaires (colonisées par des Dirofilariinae). Les localisations dans
le systéme circulatoire sanguin cardio-pulmonaire sont accidentelles:
au cours des migrations, cerfaines larves s'engagent dans le canal
thoracique et arrivent ainsi dans la veine cave supérieure, le coeur
droit puis les artéres pulmonaires (la biologie de Dirofilaria immitis
résulte d'une adaptation secondaire); ces accidents peuvent se pro-
duire aussi chez les filaires adultes, particulierement a la suite de trai-
tements. Il faut s'attendre & des événements semblables dans les
filarioses humaines. les filaires “occulles”, plus nombreuses qu’on ne
le pense, influent sur I'état immunitaire et sur la pathologie.

MOTS CLES : rendement. migrations larvaires. systéme lymphatique. filaires
occultes. pathologie pulmonaire. filarioses humaines.

Six species of Onchocercinae were studied. The
experiments were performed using similar procedures
to allow comparisons. By a double analysis - dissec-
tion of rodents and histopathology- we tried to deter-
mine the quantitative relationships between larvae
inoculated and filariae recovered, and to follow the
migrations.

MATERIALS AND METHODS

FILARIAL SPECIES

he filarial species are listed following the key of
Anderson & Bain (1976) with, for each species, the
rodent host used, the adult worm localisation and
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the main references on the development in the susceptible
hosts (Ref.) :

Litomosoides sigmodontis Chandler, 1931: Meriones unguti-
culatus (jird), pleural cavity, abdominal cavity. Ref : Scott,
1946; Cross & Scott, 1947; Kershaw,1953; Scott &
McDonald, 1953; Bertram, 1966; Wenk, 1967; Wenk &
Mossinger, 1991.

Acanthocheilonema viteae (Krepkogorskaya, 1933) : M.
unguiculatus, muscular aponeuroses, peritoneal cavity, ner-
vous system. Ref : Baltazard, Chabaud & Minou, 1952;
Chabaud, 1954; Weinstein & Highman, 1974; Johnson et al.,
1974; Neilson & Forrester, 1975; Simpson & Neilson, 1970;
Weiss, 1978; Mossinger & Barthold, 1987; Barthold & Wenk,
1992.

Molinema dessetae (Bain, 1973) : Proechimys oris
(Caviomorpha Echimyidae, natural host), peritoneal cavity,
pleural cavity. Ref : Bain, 1973; Gayral e al., 1982; Gantier
et al., 1987.

Monanema martini Bain, Bartlett, Petit, 1986
Lemniscomys striatus (Muridae, natural host), lymphatic
vessels of the large intestinal wall, heart and pulmonary
blood vessels. Ref : Wanji et al., 1990; Vuong et al., 1991.

Brugia malayi (Brug, 1927) : M. unguiculatus, peritoneal
cavity and processus vaginalis, lymphatic system, heart and
lungs. Ref : Buckley & Edeson, 1956; Edeson & Wharton,
1957, 1958; Edeson & Buckley, 1959; Laing et al., 1961; Ash
& Riley, 1970b; Ash, 1971; El Bihari & Ewert, 1971; Ewert &
El Bihari, 1971; Vincent, Frommes & Ash, 1976.

B. pabangi (Buckley et Edeson,1956) : M. unguiculatus,
similar to B. malayi. Ref : Schacher, 1962; Zaini et al., 1962;
Ramachandran & Pacheco, 1965; Ahmed, 1966; Schacher &
Sahyoun, 1967; Ash & Riley, 1970a; Denham et al., 1972; Ah
& Thompson, 1973; Kowalski & Ash, 1975; Vincent,
Frommes & Ash, 1976; Denham et al., 1984.

INOCULATION OF RODENTS

With the Brugia species, the procedures of inoculation
were often special in order to favour the lymphatic system
of the legs and the testicular region for the eventual locali-
sation of the adults : larvae were inoculated in the inguinal
region (Ash & Riley, 1970a), or scrotal region, or into the
dorsum of the hind foot (Denham et al., 1972), after several
puncture wounds (Ewert, 1971). In our other experiments,
all infective larvae (L3) were inoculated subcutaneously
into the right lumbar area of rodents three to four week
old. A single dose of 25 L3 or 200 L3, sometimes more, was
administered (see Table I). Larvae were harvested in RPMI
1640 supplemented with 20% calf serum from the respec-
tive vectors Bdellonyssus bacoti, Ornithodoros moubata,
Aedes aegypti Gkep strain, Aedes aegypti Liverpool strain.

NECROPSY OF RODENTS

Necropsies were performed from 1-3 days post-inoculation
(p.i.) to 20-30 days p.i., and occasionally later (Table D). The
dissection medium was RPMI+20% calf serum. Each rodent
was killed, flayed and the superficial lymph-nodes were
removed (they were localized after the studies of Wenk,

1967 and Ah & Thompson, 1973). The body was cut trans-
versely to separate the abdominal and thoracic regions; vis-
cera were removed, then the internal lymph-nodes. All
organs were teased and observed separately. To present the
results, organs were grouped into 8 regions (see below), in
order to facilitate the comparison between the filarial spe-
cies.

1. Subcutaneous tissue (Sc) corresponded to the isolated
skin which was scraped on its internal surface and immer-
sed into dissection medium. 2. External lymphatic system
(ExtLy) : under this group were placed the following
lymph-nodes : subiliac, inguinal, popliteal, axillary, acces-
sory-axillary, submaxillary, parotid. They were isolated in
pairs with the lymph vessels and surrounding adipose tis-
sue, and teased. 3. Skeletal muscles and aponeuroses
(Mu) : the muscles with the carcass were teased and decan-
ted. 4. Internal lymphatic system (IntLy) grouped together
the following lymph-nodes: renal, cranial-lumbar and lum-
bar, iliac, sacral, cranial thoracic, thoracic, cervical. Clearly
identified lymphatic vessels were removed with the lymph-
nodes. 5. Abdominal cavity (AC) : worms from this region
were those recovered around the abdominal viscera, and
during the teasing of the testicular and ovarian regions.
Practically, the group consisted of worms free in the AC
and those which were released from the lymph vessels
during teasing. 6. Thoracic cavity (TC) : this grouped the
pleural and pericardial cavities. 7. Heart (He) : the cardiac
cavities were analyzed separately, after removal of the peri-
cardium. 8. Lungs (Lu) : worms from this organ were those
recovered after teasing. In fact the distinction between TC
and Lu is not precise at the time of dissection due to the
complex structure of the lungs as numerous folds of the
visceral pleura are infiltrated between the ramifications of
the pulmonary parenchyma.

The abdominal viscera (liver, kidney, digestive tract) did
not show any worms and are not reported in Table I.

The filarial distribution in the different organs or tissue of a
rodent was expressed in percentages of the total number of
worms recovered per rodent (Table I). Filarial stages and
molts were identified.

HISTOLOGICAL TECHNIQUE AND FIXATION OF RODENT MATERIAL

Some rodents inoculated with 200L3, or more, were fixed
in toto for histopathological study (see technical procedures
in Wanji et al., 1990 and Vuong et al., 1991). The number
of rodents studied, the number of days p.i. (D) and the
number of rodents for each time are listed. - L. sigmodon-
tis : 7 jirds, D1x3, D3x2, D10x2, plus three thoracic regions
fixed respectively at D1, 5 and 8. - A. viteae : 14 jirds, D1x1,
D2x2, D3x1, D5x2, D8x1, D12x2, D20x2, D30x2, D45x1. -
Mo. dessetae : 4 P. oris, D1*, D2* D8* D13 (*thoracic
region not fixed). - M. martini : for details see Waniji et al.
(1990) and Vuong et al. (1991). - Brugia malayi : 6 jirds,
D1, D3, D5, D10, D17, D30. - B. pahangi : 2 jirds; these
received three doses of larvae (200 L3 + 100 L3 + 100L3) at
one week intervals and were fixed 27 days after the first
inoculation (=14 days after the last inoculation).

Histological examination was made as defined in Vuong et
al., 1991 : each block was sectionned; two serial sections
per block were observed; the parasites and lesions were
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localized and the types of the inflammatory process were
identified : - 1 : chronic non-specific inflammation; - 2 :
acute inflammation; - 3 : sub-acute inflammation; - 4 : gra-
nulomatous inflammation; - 5 : scarring fibrosis. The reac-
tive lesions were further identified as: hyperplasia of the
mono-histiocytic system, lymphoid hyperplasia, dilation of
lymphatic vessels, mesothelium hyperplasia etc.

STATISTICAL ANALYSIS

To compare the percentages F/L3 in the different groups of
rodents, and the percentages of filariae in different organs
of rodents, two non-parametric tests were used: U test of
Mann and Whitney and H test of Kruskal-Wallis.
Confidence interval to 95%.

RESULTS

I- Q['AI\"I‘I'I‘ATI\’E RELATIONSHIPS BETWEEN INOCU-
LATED LARVAE AND FILARIAE RECOVERED

he percentages of inoculated larvae which
developed (recovery rate F/L3) are presented
- in Table 1.

L. sigmodontis : in the 200 L3-inoculated rodents,
51. 5% of larvae were recovered at D1 p.i; later, the
F/L3 percentage did not reduce: its mean values were
44.2+11.6 % from D1 to D20 and 57.5£12 % at D00
(n=14 and 06 respectively). F/L3 values were similar in
the rodents inoculated with 25 or 60 L3 (respectively
9 and 2 data). All results were similar and a mean
value was calculated and found to be 48.1£14.6 %.
A. viteae : in rodents with 200 or 25 L3 (n= 6 per
group), the percentages of filariae recovered were
similar from D2-3 to D30-33, with a mean of
51.1+£2.4 %.
Mo. dessetae : in the rodents inoculated with 200-380
L3 and dissected from D2 to D19, F/L3 varied more
than in the two previous species but no reduction
with time p.i. was noticeable; the mean was
3.1+3.1 % (n= 9). In the rodents inoculated with 2
1000 L3 and dissected from D1 to D11, F/L3 mean
was 4.3+2.8 (n= 3). The difference between the two
groups was not significant; the mean percentage of
larvae which developed was 3.4+3 %.
M. martini : in rodents inoculated with 400, 80 or 30
L3 (respectively n= 8, 9 and 12), the percentages of
filariae recovered were similar from D2 to D180-240,
with a mean of 46.3+5.9 % (Wanji et al., 1990).
B. malayi : in the five 200 L3-inoculated rodents, F/L3
mean was 22.8+8.5 % from D2 to D30.
B. pabangi : in the 200 L3-inoculated rodents, the
percentages of filariae recovered were stable from D1
to D22, with a mean of 24.1+4.3 % (n= 4); it was
significantly lower at D27-30 with a mean of
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11.244.8 % (n= 5). In the 25 L3-inoculated rodents,
F/L3 remained at the same level from D1 to D30,
with a mean of 24.5+5.8 %.

IT - MIGRATIONS
A - Duration of migrations

L. sigmodontis : 70 % of larvae had left the subcuta-
neous tissue after the first day; at D10, more than
60 % of larvae were in the pleural cavity; they were
young fourth stage larvae measuring 2000 + 240 pm
long and 40+5 pm wide.

A. viteae : it was difficult to determine the duration of
the migrations in this species which is mainly into the
aponeuroses of the skeletal muscles, but at D12 p.i.,
deep larvae lining the abdominal cavity and larvae in
the thoracic region were noted; these were young
fourth stage larvae; one of them measured was 4.600
pm long and 60 pm wide.

Mo. dessetae : worms stayed in the subcutaneous tis-
sue several days and started migrating at D10, when
the larvae were old third stages, or molting and mea-
suring 1600/38 pm, or young fourth stages.

M. martini : 30-40 % of larvae had left the supertficial
tissues at D2 and almost all larvae at D35; worms rea-
ched the lymphatic vessels of the intestinal wall bet-
ween D5 and D15; the third molt occurred at D10
from larvae 1420-1500/18-23 pm.

B. malayi and B. pahangi : worm localisations were
varied; a few stayed in the superficial lymphatic sys-
tem but most of them migrated deeper; at D2, 70-80%
had reached the deep regions (internal lymphatic sys-
tem, coelomic cavities, heart, lungs). The third molt
was seen at D10 in rodents infected with B. malayi
from a larva measuring 1950/30pm.

B - Distribution of filariae

In the six species, filarial worms were found in the
lymphatic system. The coelomic cavities and the
heart-lung system were also often parasitized (Table 1
and II; Figs. 1, 2, 3).

a- The lymphatic system

L. sigmodontis : from D1 to D3, 50 % of larvae were
recovered from the inguinal, sub-iliac lymph-nodes
but mainly from the lumbar lymph-nodes. The axil-
lary and sub-axillary lymph-nodes were rarely parasi-
tized. In histological sections, material from three of
the rodents fixed at D1 and D3 showed this last pair
of lymph-nodes to be infected with several larvae
which were in the subcapsular sinus or in the afferent

vessel (Fig. 1A).
A. viteae : one or two worms were recovered from

lumbar lymph-nodes in three rodents, at D2, 12 and
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Table 1. — Evolution of the distribution of
six filarial species in the rodent and of the
recovery rate : Litomosoides sigmodontis
in Meriones unguiculatus (sig), Acantho-
cheilonema viteae in M. unguiculatus
(vit), Molinema dessetae (des) in Proechi-
mys oris, Monanema martini in Lemnis-
comys striatus (mar), Brugia malayi in M.
unguiculatus (mal), B. pahangi in M.
unguiculatus (pah).

R : number of individual rodents (*=
female rodent). nL3 : number of infective
larvae inoculated. D : number of days bet-

ween inoculation and necropsy. Sc : sub-
cutaneous tissue. ExtLy external

lymphatic system (inguinal, sub-iliac,
popliteal, axillary and neck lymph-nodes,
with associated lymphatic vessels). Mu :
skeletal muscles and aponeuroses. IntLy :
internal lymphatic system (lumbar, iliac,
mesenteric, sacral, thoracic lymph-nodes
with associated lymphatic vessels inclu-
ding those from the testicular and ovarian
regions). AC : peritoneal and vagino-per-
itoneal cavities. He : right heart. Lu :
lungs. TC : pleural and pericardial cavities.
nF : number of filariae recovered (* for M.
martini, when the small intestine was not
dissected, the value was corrected by
adding 5% to the amount of worms reco-
vered). F/L3 : percentage of infective lar-
vae which developed.
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13. In sections, filarial worms were found in this
lymph-node at D1, 5 and 20; larvae were in the sub-
capsular or cortico-medullary sinuses (Fig. 1C and D
respectively) or in an afferent vessel. Worms were
also found in the lymphatic vessel of the deep apo-
neuroses at D12, parietal mesentery at D12, 20 and 33
(Fig. 1 E to H, 2D) and pericardium at D20.

Mo. dessetae : worms were recovered in the external
lymphatic system at D2, 3, 10, 11 with respectively 4,
1, 5 and 28 larvae, and in the lumbo-iliac lymphatic
complex at D1, 9, 11 and 15, with respectively 1, 1, 3
and 1 larvae. No worms were found in sections.

M. martini : from D2 to D5, numerous larvae were
recovered from the renal and lumbar lymph-nodes;
later they were recovered from the mesenteric and
intestinal lymphatic vessels (Wanji et al., 1990). These
localisations were confirmed in sections (Vuong et
al., 1991).

B. malayi : 2 to 30 % of filariae were seen in the lym-
phatic system (vessels and lymph-nodes) during the
dissections; the lymph-nodes infected were varied,
including the axillary and popliteal lymph-nodes. In
sections, one larva was found in the subcapsular
sinus of a lumbar lymph-node on D3, and 3 larvae in
the sinus of an external regional lymph-node (sub-
iliac or inguinal ?) and in its afferent vessel on D5
(Fig. 2 E, F, G) and in a lymphatic vessel of the lum-
bar region on D17 (Fig. 3 C).

B. pahangi : 0 to 37 % of the filariae were recovered
from the lymphatic system at dissection. In sections
of the material from two fixed rodents, one worm
was found in the lymphatic vessel of the adipose tis-
sue associated to the testicules, five filariae were
found in a lymphatic vessel close to an ovary.

b - Coelomic cavities

L. sigmodontis : the pleural cavity was the main loca-
lisation but some filariae were found in the peritoneal
cavity : 5.124.8 % from D1 to 15 and 8.8+15 % from
D20 to D60 in the 200 L3 inoculated rodents (no
significant difference); in the 25 L3 inoculated rodents
dissected from D20 to D60, the percentage was simi-
lar : 7£11.8. In sections, one filaria was in the pe-rito-
neal cavity on D20.

A. viteae : at dissection, one filaria was found on D3
in the peritoneal cavity and one on D33 in the thora-
cic cavity. In sections, one worm was in the pericar-
dial cavity and one in the mesenteric cavity on D20,
one or two worms in the pleural cavity twice on D30
and on D45 (Fig. 2 A, B, O).

Mo. dessetae : filariae were found in the peritoneal
cavity at dissection only. The thoracic region was not
fixed for histological study.
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M. martini : no filariae were found in the coelomic
cavities.

B. malayi : filariae were found in the peritoneal
cavity (including the vagino-peritoneal cavity). In sec-
tions, one filaria was seen in the vagino-peritoneal
cavity on D5 and one in the thoracic cavity on D17.
B. pahangi : filariae were more abundant in the pe-
ritoneal plus vagino-peritoneal cavities than in the
pleural cavity, with similar proportions whatever the
number of larvae inoculated: 51.9 and 19 % respecti-
vely with 200 L3, 42.2 and 11.1 % respectively with
25 L3 . Male rodents had a significantly higher mean
percentage of peritoneal filariae than female rodents
(65.2+14.2 % and 20.0£21.7% respectively) over simi-
lar periods of observation (= D22).

¢ - Heart

L. sigmodontis : cardiac filariae were observed until
D15; during that period 6 out of 7 rodents were para-
sitized. A mean percentage of 4.4 % of the total fila-
riae were found in the heart; male and female
rodents were similarly parasitized with respectively
5.6 and 2.8 % of the filariae found. In sections, one
filaria was found in the right ventricle at D3.

A. viteae : at dissection, one rodent had a cardiac fila-
ria at D12; no cardiac filariae was found in sections.
Mo. dessetae : no filariae were found in the heart on
dissection; the thoracic region was not fixed for histo-
logical analysis.

M. martini : a mean of 0.3 % of filariae was in the
heart. In sections, filariae were found in the right ven-
tricle (Wanji et al., 1990; Vuong et al., 1991).

B. malayi : in the five rodents dissected, the two
males had no cardiac filariae; two of the females had
filariae in the right ventricle at D5 and 20 (4.2 and
4. 3 %). No filariae were found in sections.

B. pabangi : at D1 and 2, four male rodents were dis-
sected and a mean of 2.2 % of the total filariae was in
the heart. From D22 to D30, four females and nine
males were dissected and had respectively
20.0£14.5 % and 2.3+4.7 % cardiac filariae (signifi-
cantly different). No filariae were found in sections.

d - Lungs

L. sigmodontis : pulmonary filariaec were found in
each rodent until D15, with a maximum of 30% at
D10; male and female rodents were similarly parasiti-
zed with respectively 16.8 and 16.3 %. From D20 to
D60 pulmonary filariae were rare. They were found
in three rodents only among twenty-four dissected,
with respectively 3, 1 and 11 filariae, at D20. In sec-
tions, one filaria was found in a pulmonary artery in
two rodents at D1 and in one rodent at D3; two fila-
riae were also found in the pulmonary alveoli, res-
pectively at D1 and D2 (Fig. 2).



Fig.1. — L. sigmodontis, A : larvae in a lymphatic vessel near the lumbar lymph-node, D1 p.i.; B : larva in a pulmonary alveole, associated
with alveolitis, D1 p.i. A. viteae, C : larva in the sub-capsular sinus of a lumbar lymph-node, D1 p.i; D : larva in the cortico-medullar sinus
of a lumbar lymph-node, D5 p.i; E : larva in a lymphatic vessel of the parictal peritoneum, D12 p.i.; F @ larva in a lymphatic vessel of the
aponeurosis of an abdominal muscle, with inflammatory lesion of type 2, D12 p.i.; G : two larvae in two lymphatic vessels of the parietal
peritoneal chorion, with an inflammatory infiltration of type 3, D12 p.i.; H : in the aponeurosis and the parietal peritoneum, two filariae
in two cavities surrounded by an inflammatory tissue of type 3, and type 5 at the periphery, which form two onchocercomata, D45 p.i.
(bar = 50pm).
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Fig. 2 — A. viteae , A : larva in the pleural cavity, with inflammatory lesions of types 1, 2, 3, mesothelial hyperplasia and pleural exsudate,
D 20 p.i.; B : filaria in the pleural cavity, D45 p.i.; C : filaria in the peritoneal cavity, with mesothelial hyperplasia and ascitic exsudate,
D20 p.i.; D : filaria in a lymphatic vessel of the chorion of the parietal peritoneum, D45 p.i. B. malayi, E : larva in a subcutaneous lym-
phatic vessel, D5 p.i.; E : larva in the subcapsular sinus of a subcutancous lymph-node, D 3 p.i.; G : idem, detail; H : larva in a small pul-

monary artery with arteritis, D5 p.i. (bar = 50pm).
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VRPN s
Fig. 3 = B. malayi , A :

larva in a large pulmonary artery without lesion, D5 p.i.; B : larva in the vagino-peritoneal cavity, D5 p.i.; C : larva
near the valvula of a lymphatic vessel of the lumbo-renal region, associated with lymphangitis and sclerosis, D. 17 p.i.; D

: a lymphatic

vessel offers a large natural path for migration (bar = 50pm).

Organ sigmondontis viteae martini mealayi pabangi
MLlsC-zl})()ﬂ—SUbCUt D2 to D45 DI D13/27
Ext lymph syst D1 D2-5-12-30-45* D1-5 D5
Int lymph syst D1-3x2 D1-5-12x2-20-30%x2-45 D2 to 20 D3-5-24 D13/27x2
Abd. vag-perit cav D20 D30 D5-10
Thoracic cav D10 D20-30%x2-45 D17
Right heart D3 D17-24
‘Pulm arteries D1x2-3 : D7-12-20 D5 D13/27
Pulm alveoles D1-2 D30
Veins D13/27x2
n rodents 10 14 21 ¢ 2

Table II. — Localisation of filarial worms in histological sections.
Organ : see Table 1. D : days between inoculation of infective larvae and fixation of the rodent; D1X2 : two rodents fixed at D1 etc.
D13/27 : with B. pahangi, the two M. unguiculatus were inoculated three times at one week intervals and fixed 27 days after the first ino-

culation. n rodents : total number of rodents fixed.
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A. viteae : at dissection three rodents had one or two
filariae in the lungs, at D12 two rodents, and D33 one
rodent. In sections, one altered larva was found in a
pulmonary alveolus at D30.

Mo. dessetae : no filariae were found in the lungs at
dissection.

M. martini : a mean of 3.5 % of filariae was in the
lungs. In sections, filariae were found in the pulmo-
nary arteries of several rodents (Wanji et al., 1990;
Vuong et al., 1991).

B. malayi : the two males dissected had no pulmo-
nary filariae; two of the three females had filariae in
the lungs, at D10 and 20 (4.5 and 3.0 %). In sections,
two filariae were found in the pulmonary arteries at
D5 (Fig. 2 H, 3 A).

B. pahangi : at D1 and 2, the four male rodents dis-
sected had a mean of 4.6 % of pulmonary filariae.
From D22 to D30, four females and nine males had
respectively 26.3+30 % and 2.4+3.5 % of filariae in the
lungs (difference almost significant). In sections, one
filaria was in a pulmonary artery of a male rodent.

e - Other localizations

With B. pahangi, the sections of two rodents fixed for
histological analysis showed filariae in large veins. In
the female, three filariae were found in the inferior
vena cava, at the kidney level. In the male four fila-
riae were found in the portal vein of the liver . These
rodents were inoculated three times, at one week
intervals.

C- Lesions

The lesions were due, in the main, to the inflamma-
tory process; reactive lesions were common.

a - Subcutaneous tissue: there were lesions in the
connective tissue lining the subcutaneous muscle in
the region of the inoculation of the infective larvae.
These lesions evolved from acute type 2 in the first
hours to sclerosis type 5.

b - Muscles, aponeuroses: very intense lesions were
observed with A. viteae, associated with most of the
filariae seen. The lesions were type 2, or types 2 and
3, sometimes surrounded by type 3; filariae in these
lesions were generally normal (Fig. 1 F, G, H) and
only a few were altered.

¢ - Lymphatic system : lesions of the lymphangitis
type 2 and 3 might occur around a vessel containing
a larva, whatever the filarial species. Frequently the
lesion extended to the connective tissue surrounding
the neighbouring blood vessels and this was particu-
larly common in the lumbar region. In the case of A.
viteae, lymphangitis of a lymphatic vessel of the apo-
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neurosis containing a worm was frequent, often very
intense with erosion of the endothelium and infiltra-
tion of inflammatory cells into the vessel lumen, the
whole resembling a pseudo-cyst (Fig.1 F, G, H). The
parasitized lymph-nodes showed mild inflammatory
lesions (types 2, 3 4); monohistiocytic hyperplasia
and lymphoid hyperplasia were common and often
intense.

d - Visceral peritoneum, mediastinum and pericar-
dium: hyperplasia of the mesothelium was intense,
associated with type 3 and 4, when filariae were in
the peritoneal or pleural cavities, or in the chorion
(Fig. 2 A, O).

e - Heart : no lesion was observed, even when larvae
were present in the cardiac cavity.

f - Lungs : inflammatory lesions in the parenchyma
were not frequent and were associated with larvae :
alveolitis was noted with L. sigmodontis and A. viteae,
associated with small localysed hemorrhages in the
case of the first species. Endarteritis was noted since
day 20 with the two Brugia species. Major lesions
(oedema, type 2 and 3 inflammatory lesions) occur-
red in the peripedicular visceral pleura with L. sigmo-
dontis, from D5 to day 10, then regressed.

DISCUSSION

ROUTES OF MIGRATIONS

A common feature in the filariae studied is that the
migrations occurred by the lymphatic route. This is
true even among the filariae for which the final locali-
sation is not lymphatic, as had been shown by Wenk
(1967) with L. sigmodontis.

Our analyses concern the Onchocercinae but it seems
probable that the intralymphatic migration is a more
general phenomenon among filariae. It was demons-
trated with a lizard filaria of the sub-family
Oswaldofilariinae (Menon et al.,1944) and it seems
that the data on the distribution of Dirofilaria immitis
during its larval life (Kotani and Powers, 1982) fits
quite well with the hypothesis of intralymphatic
migration.

Onchocerca species have never been studied in this
aspect but they do not seem different and this is
strongly suggested by the histo-pathological analyses
performed with these experimental filariae. In a
lesion of lymphangitis of the vessels parasitized by
larvae, the vascular endothelium may be eroded by
the polymorphonuclear cells which then infiltrate into
the vascular lumen (Vuong et al., 1991); the lympha-
tic vessel becomes no longer delimited and the lesion
evokes the aspect of the onchocercal pseudo-cyst.
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This similarity, already noted by Vuong et al., (1993)
with a sub-cutaneous filaria of the genus Cercopithi-
filaria, is reinforced by the numerous pictures shown
on A. viteae in the muscular aponeuroses (Fig. 1F, G, H).

Arrival in the coelomic cavities

The filariae which are migrating through the lympha-
tic route either stay in the vessels (M. martini) or
escape from them more or less early. Mo. dessetae, a
high  proportion of Brugia spp. and a small propor-
tion of A. viteae thus arrive in the peritoneal cavity
(and maybe in the vagino-peritoneal cavity).

It is also by breaking the lymphatic vessels, but after a
migration through the thoracic channel, that the fila-
riae arrive in the pleural cavity. This localisation exists
in all the filariae, even with Mo. dessetae according to
Gantier (personal communication). It is only with L.
sigmodontis that this localisation is predominant.

For this last species, Wenk (1967) had indicated that
the larvae must pass through the cardio-pulmonary
blood system to reach the pleural cavity. At a first
glance, this fits with our results from the dissections
which showed large amounts of pulmonary larvae
(Table D; but, as it was underlined at the beginning
of this work, the precise localisation of the filariae
cannot be determined at necropsies because the vis-
ceral pleura adheres to the lungs. Such a migration
seems impossible because it might provoke hemor-
rhages during the breaking of the pulmonary capilla-
ries, and these are very rarely found in histological
sections, as also are larvae in the pulmonary blood
vessels.

Arrival in the cardio-pulmonary blood system

From our observations it seems that, in all the studied
species, the vascular cardio-pulmonary localisations
are accidental*. They appear as a consequence of the
intra-lymphatic parasitism as this system connects
with the blood system by the intermediary of the tho-
racic channel which emerges in the superior vena
cava. Thus the filariac which are in the lymph-nodes
and lymphatic vessels of the abdominal region may
arrive by this route in the right auricle, the right ven-
tricle, then the pulmonary arteries.

The adult filariae are capable of the same migration,
as was shown with M. martini. The percentage of
cardio-pulmonary filariae increased with time, it may
also increase after drug treatments by macrofilaricides
because the altered filariae are no longer able to

* Our numbers indicate for B. pahangi a concentration of parasites
in these organs in the female jirds, as noticed by Ash (1971). But,
when larger samples were used, the differences between female
and male jirds were not confirmed (Ah & Thompson,1973:;
Denham et al., 1984). This last result is in accordance with the ana-
tomy of the lymphatic system, which is similar in both sexes (Ah &
Thompson,1973).

maintain themselves in place, and they are passively
drawn back with the lymph flow (Wanji et al., 1994;
Bain et al.,1994).

It appears that the particular case of the true vascular
cardio-pulmonary filariae (such as D. immitis) is the
result of a secondary adaptation. Their localisation is
achieved in the same way as in other species; that is
after a lymphatic migration (and not by direct pene-
tration through the myocardium, as it has been sug-
gested). The fact that Kotani and Powers (1982)
recovered 87% of the D. immitis larvae from the
abdomen, at D21 p.i., before finding them in the tho-
rax, fits in with all our results.

The presence of parasites in the lymphatic system
and in the cardio-pulmonary blood system induces
stasis. The parasites may provoke a pushing back of
larvae when these reach the superior vena cava; this
seems to explain the presence of B. pabangi in the
large veins of the trunk in jirds inoculated with a total
of 400 L3, three times.

RECOVERY RATE AND HOST DEFENCES

In the evolution of the worm recovery we were able
to distinguish three phases.

Phase 1 of massive destruction of larvae

A great number of larvae were destroyed immediately
at the site of inoculation. Generally these larvae were
not observed at dissection though they were obser-
ved with Mo. dessetae, because it was possible to ino-
culate a thousand larvae and because mortality was
very high (96%).

The proportion of filariae eliminated, which was simi-
lar when either a small dose or a large dose of larvae
was inoculated (Table 1), was characterisitic of the
filaria-host pair and it corresponded to the proportion
of larvae which were able to penetrate into the sub-
cutaneous lymphatic vessels.

Phase 2 of insignificant mortality

During the following days, the recovery rate remai-
ned almost stable whatever the dose inoculated
(Table I : F/L3). The larvae were in a medium
(Iymph) only moderately agressive, several of the ele-
ments of the inflammatory process were absent [pla-
telets, polymorphonuclear cells, the complement
system, factor XII (Diebold et al., 1987)]. In the coelo-
mic cavities, only some mononuclear cells which had
escaped from the chorion of the serosa were present
(see Greep & Weiss, 1973). This could explain several
features already established such as the better deve-
lopment of larvae in white mice when they are inocu-
lated intraperitoneally (Howells e al., 1983) and the
larger size of A. viteae in the peritoneal cavity
(Mossinger & Barthold, 1987).
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Furthermore the larvae have two means of protection:
they molt at 8-10 days p.i., whatever the species,
clearing themselves of the highly antigenic cuticle
elaborated during their life in the vector (molt 3) and
as they are very motile in the lymphatic vessels they
may leave behind this cuticle and escape the inflam-
matory reaction by moving forward towards new
regions of the host; in the cases in which data were
easy to determine (M. martini and Mo. desseteae), it
was noted that larvae reached their definitive localisa-
tion after the third molt.

The phase 2 during which the mortality of filariae is
insignificant has a duration characteristic of the filaria-
host pair. It lasts at least one month with A. viteae,
B. malayi and B. pahangi (when the inoculate is 25
L3), at least two months with L. sigmodontis, six
months with Mo. dessetae [recovery rate of 6% at the
sixth month (Gayral et al., 1982)] and finally eight
months with M. martini (Wanji et al., 1990). It should
be noted that, in all the cases analyzed, this duration
is longer than the time of emergence of a specific
immune response (one week to activate the T lym-
phocytes; two weeks for the B cells to produce anti-
bodies).

The absence of regulation which characterises this
period is also demonstrated by the distribution of
filariae as for any given species, worms were distribu-
ted according to constant proportions in the different
organs.

Phase 3 of regulation

The protection in the lymphatic vessels and the coe-
lomic cavities is, of course, not total. With M. martini,
the mesenteric lymphatic vessels parasitized by filarial
larvae sometimes show lesions of lymphangitis and
thrombolymphangitis (Vuong et al., 1991). Similar
observations have been made with B. malayi in M.
unguiculatus (Fig. 3C) and by Schacher and Sahyoun
(1967) with B. pahangi in dogs. In the coelomic cavi-
ties, mesothelial hyperplasia associated with inflam-
matory lesions of the chorion is frequent (Fig. 2 A;
and Gantier et al., 1987).

In the cardio-pulmonary blood system, the filariae in
the arteries induce important reactions, e.g. endarteri-
tis, inflammatory lesions of the parenchyma as descri-
bed in detail for Brugia spp. by Vincent et al. (1976).
The larvae which reach the pulmonary alveoli are
doomed to destruction.

It is the phase 3 with regulatory phenomena which
have been most commonly cited (Dhar & Singha,
1971: Neilson & Forrester, 1975; Weiss, 1978;
Barthold & Wenk, 1992; Wenk & Mossinger, 1991;
Table D).
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In our experiments, the phase 3 was indicated only

with B. pahangi : when 200 L3 were inoculated, the
percentage F/L3 was decreasing at the third week,
but it did not decrease when 25 L3 were inoculated
(our numbers are statistically significant, but other
experiments are in hand to verify the reliability of this
case of early regulation).

With A. viteae and L. sigmodontis, the data published
on times p.i. later than ours show the existence of
this phases of regulation (Table III) but it does not
appear early (Table I); for example, in A. viteae — M.
unguiculatus, four months after the inoculation the
ratio F/L3 is 64% or 22% respectively with 5 or 90 lar-
vae inoculated (Barthold & Wenk,1992). It should be
noted that these two filarial species induce in their
experimental hosts notable inflammatory reactions,
associated with, in the case of L. sigmodontis, an
extremely intense mesothelial hyperplasia.

On the contrary, with M. martini — Lemniscomys
striatus, no regulation was demonstrated. With this
species, the adult filariae seem virtually to induce no
reaction in the lymphatic vessels in which they live,
slightly motile and spirally coiled, and their longevity
is therefore considerable.

The phase 3 of regulation might be explained by the
fact that when the number of filariae increases, the
amount of antigens delivered when they die increases
and thus the host response becomes more intense,
resulting in an acceleration of the destruction of the
filariae.

CONCIUSON -

he six filarial species studied are very diffe-

rent in their localisations; nevertheless their

larval biology presents some common fea-
tures which appear fundamental.
1. — The destruction of the infective larvae occurs
during the first 24h following the inoculation, when
they are in the sub-cutaneous tissue (phase 1). The
proportion of larvae which survive corresponds to
those which shelter in the lymphatic vessels where
they are protected against polymorphonuclear cells,
platelets etc. This ability to penetrate the lymphatics
is not dependent upon the number of larvae inocula-
ted and is characteristic of the filaria-host pair.
2. — Then the filarial mortality becomes insignificant
(phase 2) and, if worm regulations appear, it is later
(phase 3). This is because on one hand, molts, princi-
pally the third one, clear the filaria of the cuticle ela-
borated during the life in the vector; and, on the
other hand, the filaria escapes the inflammatory pro-
cess against foreign bodies in various ways :




2 S

filaria host nL3 F/L3 authors
7 0 64 §
- Dhar & Singha,
R. norvegicus 100* 34.5 o ;97; 8
L. sigmodontis 1000* 17.5
s Fiorgs . 5 - 43 Wenk & Mossinger,
S. hispidus 15 30 1991 |
o | . 50 473 Waniji et al.,
M. martini L. striatus 80 49.0 1990
400 45.8
| M. globulosa | M. unguiculatus 28-50 0to 50 Bianco et al., 1983 3
| F catus 7 100 127 Denham et al.,
| £ catus 200 7.8 1972 )
B pidbiGiioi 10-12 8 to 20
-pabangt y — 20-40 71020 Ash & Riley,
1 i
M. unguiculatus 2175 310 28 1970a
85 to 100 310 21
u swiculatus 75 155 Kowalski & Ash,
M. unguiculatus s 152 1975 7
. [ 45-56 11016 Ash & Riley,
B. malayi ; M. unguiculatus 2278 1o 28 1970b
100 44 £7 -
- C.auratus LAKZ 150 39 7 197‘9
300 23 +8
| ¢ ’ 100 32 Neilson & Forrester,
A. viteae | G aurats 200 30 1975
5 64
| VE armiicilins 15-30 57 Barthold & Wenk,
M. unguiculatus 60 38 1992
90 22
. L F 14 22.6 Campbell & Blair,
D. immitis Mut. putorius 280 39.5 1978

Table III. - Principal published data on the relationships between inoculated larvae (nL3) and recovery rate (F/L3).

R : Rattus; S : Sigmodon; ¥ : Felix; C : Cricetus.

a) Immobile maintenance in a lymphatic vessel: type
M. martini.

b) Organisation in its lymphatic localization of a sur-
vival through a sclerosis resulting in the formation of
a semi-permeable pseudo-cyst : type nodular
Onchocerca species and A. viteae.

¢) Flight from the lymphatic vessel into the coelomic
cavity (abdominal or pleural) where, until it does not
induce an inflammatory process, it is sheltered, not
only from the polymorphonuclear cells and platelets
but also from lymphocytes. The localizations of some
Dirofilariinae (Pelecitus, see Bartlett, 1984) and
Onchocerca sp. (see Popescu-Baran, 1939) in the
joint-cavities, which are devoid of inflammatory cells,
are similarly explained.

All our observations show that there is no clear cut
differentiation between lymphatic and non lymphatic
filariae; all filariae are lymphatic, in variable propor-
tion, at some time in their life. The localisation in the
cardio-pulmonary blood system appears accidental:
during the course of migrating within lymphatic ves-
sels when some larvae or adult filariae may penetrate
into the thoracic channel and thus inevitably arrive
into the superior vena cava. The risk of doing so is
increased by antifilarial drugs, when the altered para-

sites can no longer resist the centripetal lymph flow
(Wanji et al., 1994; Bain et al., 1994).

We may expect similar events in human filariases; the
few observations which have been done in humans
confirm these features (Beaver et al., 1971; Beaver &
Cran, 1974); but they give no idea of the real fre-
quency of these “aberrant” localisations of filariae,
which are commonly underestimated. These “occult”
filariae, lymphatic, coelomic and cardio-pulmonary,
influence the immunological status of the host and
thus the pathology, so filariases appear as generalised
diseases.
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