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microfilaraemia in Litomosoides sigmodontis filariasis
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Filarial infections of humans are chronic diseases. Despite an ongoing immune response, adult filariae continuously

produce their offspring, the microfilariae (Mf), which are able to persist in sufficient numbers to ensure transmission. In

this study, host- and parasite-derived factors, which contribute to persistence of Mf, were investigated using the filariasis

model of Litomosoides sigmodontis in mice. Different strains of mice were found to differ widely in their capability to

eliminate circulating Mf. Studies of congenic mouse strains showed that early and rapid clearance of Mf was mediated

by activation pathways relevant to innate immunity, whereas late or delayed clearance of Mf was pre-determined by

MHC-related factors. Genetic knock-out of genes for the MHC class-II molecules totally abrogated resistance. Most

interestingly, the presence of only 1 adult female, but not male worms, renders all mice susceptible, irrespective of the

genetic background, enabling Mf to circulate for extended periods of time. Such prolonged microfilaraemia was also

observed in L. sigmodontis-infected animals challenged with heterologous Mf of Acanthocheilonema viteae. The use of

cytokine gene knock-out mice showed that persistence of L. sigmodontis Mf was facilitated by IL-10, but not by IL-4 or

IFN-γ. In conclusion, irrespective of a resistant or susceptible host genetic background, survival of Mf of L. sigmodontis

in mice is decisively regulated by the presence of adult female L. sigmodontis which will skew and exploit immune responses

to facilitate the survival and persistence of their offspring in the infected host.

Key words: Litomosoides sigmodontis, filariasis, congenic and knock-out mice, microfilaraemia, immune modulation,

parasite persistence.



Filarial parasites of man generally persist in their

host for many years, and have developed strategies

which will allow them to survive and propagate in a

hostile environment. Microfilariae (Mf) are very

important in the epidemiology and transmission of

the parasite as well as for the host–parasite in-

teraction, including pathogenesis. Provision of an

adequate milieu for long-term persistence and the

regulation of the numbers of microfilariae in the

individual host play key roles in the population

dynamics and control of the parasite. For investi-

gation of such parasite–host relationship experimen-

tal filariasis models are required which permit

qualitative and quantitative analysis of immune

responses during distinct states of infection. Such

detailed and longitudinal investigations have become

possible with the establishment of Litomosoides

sigmodontis in BALB}c mice (Petit et al. 1992); a

filariasis mouse model with complete parasite de-

velopment and where patent infections are generated

in an immune competent host. In several aspects

the L. sigmodontis–mouse model resembles human

filariasis. L. sigmodontis belongs to the family of
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Onchocercidae, as human pathogenic filariae, and

shares features including patterns of larval migra-

tion, genomic structure and extensive immunological

cross-reactivity in common with Brugia spp., Wuch-

ereria bancrofti, Loa loa and Onchocerca volvulus

(Xie, Bain & Williams, 1994; Bain et al. 1994). In

Mf-positive BALB}c mice Th2 type cytokine re-

sponses predominate together with an impaired

cellular proliferative response to filarial antigens

(Mare! chal et al. 1997; Le Goff et al. 2000). In mice,

depletion of CD4+-T cells results in higher L.

sigmodontis worm burdens and increase and prolong

microfilaraemia (Al-Qaoud et al. 1997), and IL-5

appeared to be involved in encapsulation and killing

of adult worms mediated by neutrophil granulocytes

(Al-Qaoud et al. 2000). An acquired immunity can

be generated by inoculation of irradiated infective

3rd-stage larvae (L3) resulting in reduction of worm

numbers after challenge infection by 50–80% (Le

Goff et al. 1997), mediated by IL-5 and eosinophils

in conjunction with parasite-specific antibodies. For

analysis of stage- and site-specific immune re-

sponses, intravenous injection of Mf or implantation

of adult worms into the peritoneal cavity of mice

were found to be a suitable approach to generate a

transient microfilaraemia (Pfaff et al. 2000a). Selec-

tion of different inbred, congenic and transgenic

mouse strains with distinct parasitological features
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offers the opportunity to investigate, in more detail,

immunological and genetic determinants for sus-

ceptibility or resistance, as well as factors controlling

subclinical infections (Hoffmann et al. 2000). Data

presented in this study show that irrespective of a

resistant or susceptible host genetic background,

survival of Mf of L. sigmodontis in mice is decisively

regulated by the presence of adult female worms.

The presence of a single adult female for a few hours

in the ‘resistant’ recipient host sufficed to allow

injected Mf to circulate for extended periods of time.

Furthermore, host IL-10 production seems to be

important but not solely responsible for prolonged

microfilaraemia. These results support the idea that

immune activation pathways relevant to innate

immunity, and cytokines acting in concert, are

strongly involved in regulating the course and

duration of microfilaraemia in L. sigmodontis filaria-

sis.

  

Mice and parasites

Mice were purchased from Harlan Winkelmann

GmbH (Borchen, Germany), i.e. BALB}bOlaHsd

(BALB}b), BALB}cOlaHsd (BALB}c) B10.D2}
nOlaHsd (B10.D2), CBA}JHsd (CBA}J), C3H}
HeNHsd (C3H}He), C3H}HeJOlaHsd-Lpsd,

(C3H}HeJ-Lpsd), C57BL}6JOlaHSD (C57BL}6),

C57BL}10ScSnOlaHsd (C57BL}10), DBA}1Ola-

Hsd (DBA}1), DBA}2OlaHsd (DBA}2), and

129SvHsd (129Sv), SJL}JHanHsd (SJL}J), and

subsequently kept at our own facilities in micro-

isolator cages.

MHC-class IIAβ(−/−) knockout mice on C57BL}6

background (MHC II ko) were kindly provided by

Dr B. Kyewski (Deutsches Krebsforschungszen-

trum, Heidelberg, Germany), DBA}1-Ifngtm"Ts

(IFN-γ ko) mice were from Dr K. Klingel (Uni-

versity of Tu$ bingen, Germany) and IL-4 and IL-10

knock-out mice both on C57BL}6 background (IL-

4 ko and IL-10 ko) (Kopf et al. 1993) were kindly

given by Dr H. Mossmann (Max–Planck–Institute

for Immunobiology, Freiburg, Germany). Four to

eight-week-old male mice were used in all experi-

ments. Adult worms of L. sigmodontis were isolated

from the pleural and peritoneal cavities of previously

infected jirds (Meriones unguiculatus) or cotton rats

(Sigmodon hispidus) under sterile conditions. For the

isolation of Mf of L. sigmodontis and Acantho-

cheilonema viteae, blood of infected hosts was

collected and the Mf purified using a Percoll2 density

gradient (Chandrashekar et al. 1984). L. sigmodontis

antigen was prepared by homogenization and soni-

cation of adult worms or isolated microfilariae in

phosphate-buffered saline (Sigma, Deisenhofen,

Germany). After centrifugation, supernatants were

sterilized by filtration. The protein concentration

was determined using the bicinchoninic acid (BCA)

protein assay (Pierce, Rockford, IL, USA) (Keller &

Neville, 1986).

Infection protocols

Mice were anaesthesized with a mixture of 15 mg}kg

body weight (bw) of xylasine (Rompun2, Bayer,

Leverkusen, Germany) and 100 mg}kg bw of keta-

mine (Ketanest2, Parke-Davis, Berlin, Germany).

Mice were shaved and the skin disinfected with

80% ethanol at the site of injection. Adult worms

were surgically implanted into the peritoneal

cavity. In sham operations, short pieces of sterile

surgical sutures were implanted. The techniques for

isolation, injection and counting of L. sigmodontis Mf

was as previously described (Pfaff et al. 2000a).

Briefly, Percoll2-isolated Mf were injected into the

vena jugularis of anaesthesized mice at a standard

dose of 100000 in 70 µl of RPMI 1640 medium

(Gibco, Eggenstein, Germany). Blood samples from

the retro-orbital vein plexus of mice were taken at

intervals as indicated. Mf were counted in 30 µl

blood samples. To confirm a Mf-negative blood

sample an additional 100 µl of blood was collected

and examined.

Proliferation and antibody assays

At necropsy, the peritoneal cavity of mice was

washed out with 3 ml of ice-cold RPMI. Cells were

then washed and the number of viable cells was

determined by Trypan blue exclusion (Seromed,

Berlin, Germany). Then 100 µl of a 1¬10' cells}ml

suspension were added to the wells of flat-bottom

96-well plates (Costar) and kept at 37 °C for 2 h,

after which non-adherent cells were removed by

washing with RPMI 1640. Spleens were removed

aseptically, and a single cell suspension was prepared

by repeated passage through a metal gauze into

RPMI 1640. Spleen cells were washed and

re-suspended in RPMI 1640 (supplemented with

10% foetal calf serum (Seromed, Berlin, Ger-

many), antibiotic–antimycotic solution (100 U}ml

penicillin, 100 µg}ml streptomycin, 2±5 µg}ml

amphotericin, Gibco) and 20 m glutamine (Flow

Laboratories, Irvine, Scotland, UK)), to give a final

concentration of 2¬10' cells}ml. Each assay was

done in triplicate cultures of 100 µl cell suspension

per well. For stimulation, cells were incubated with

4 µg}ml Concanavalin A (ConA, Seromed). Pro-

liferation was assayed by adding [$H]thymidine

(Amersham, Braunschweig, Germany) at 1 µCi} well

over the final 18 h of a 48 h incubation, after which

samples were transferred to a filter mat (Wallac,

Turku, Finland) and processed for liquid scin-

tillation counting. Parasite-specific serum antibody

levels were determined as previously described

(Mare! chal et al. 1997).
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Fig. 1. Microfilaraemia in different inbred mouse strains following (A) intravenous injections of 100000 microfilariae

or (B) intraperitoneal implantation of 5 fecund adult female worms of Litomosoides sigmodontis. Data points in (A)

represent arithmetic means.. of 5–6 mice per group. Lines in (B) represent microfilaraemia of individual mice.

Statistical analysis

Comparison of groups was done with the non-

parametrical Mann–Whitney U-test. P values %0±05

were considered significant.



Microfilaraemia in different inbred mouse strains

after intravenous injection of Mf of L. sigmodontis

The duration of microfilaraemia following intra-

venous injection of 100000 Mf of L. sigmodontis into

previously unexposed (naive) recipient mice was

investigated (Fig. 1A). In CBA}J (MHC haplotype

H-2k), DBA}1 (H-2q), DBA}2 (H-2d), C3H}He (H-

2k), and SJL (H-2s) Mf were eliminated in less than

3 days, intermediate Mf clearance was found in

129Sv (H-2b) and C57BL}6 (H-2b), whereas Mf

persisted in BALB}c (H-2d) mice for more than 30

days. To investigate the potentially confounding

effects of Mf-associated presence of bacterial en-

dotoxin, e.g. LPS as found in symbiotic Wolbachia,

L. sigmodontis Mf were injected into C3H}HeJ-Lpsd

mice, these being non-responders for LPS, and also

into C3H}He control mice. In both strains an

equally rapid Mf elimination was observed with

microfilaraemia being terminated after 2 days.

Microfilaraemia in different inbred mouse strains

after implantation of adult L. sigmodontis

Five fecund adult female L. sigmodontis were trans-

planted into the peritoneum of naive mice of different

strains which previously have been shown to be

resistant to prolonged circulation of injected Mf, i.e.

DBA}1, C3H}He and C57BL}6. All mice developed

microfilaraemia, which persisted for several months

(Fig. 1B). The shortest duration of patent infections

was seen in C57BL}6 mice with 2±5 months, while in

some DBA}1 and C3H}He mice, Mf of L. sig-

modontis circulated for more than 7 months.

Microfilaraemia in congenic strains and MHC II

gene knock-out mice

To investigate the influence of MHC-related and

non-related genetic host factors, Mf were injected

intravenously into naive mice, and the development

and persistence of microfilaraemia in MHC-congenic

strains compared (Fig. 2 A). In B10.D2 mice,

exhibiting background genes of C57BL}10, but

which share the MHC haplotype H-2d with the

susceptible BALB}c strain, injected Mf were elimi-

nated as quickly from the peripheral circulation as in

C57BL}10 mice. In BALB}b mice, which share the

MHC haplotype H-2b with the resistant C57BL}10

strain injected Mf initially persisted but levels and

duration of microfilaraemia were already significant-

ly reduced by 10 days post-inoculation, as compared

to the congenic BALB}c strain. In addition, in

BALB}b, an earlier IgG response, mainly IgG
#a

and

IgG
$
, was induced 2 weeks post-injection of Mf

(data not shown).

When 100000 Mf were injected intravenously into

naive C57BL}6 MHC II gene knock-out (ko) mice,

microfilaraemia persisted for several months (Fig.

2B). Interestingly, infection of C57BL}6 MHC II-

ko mice with L. sigmodontis L3 resulted in maturation

of the parasite and patent infection (data not shown).

Transplantation of immature adult L. sigmodontis

in resistant mice and subsequent injection of Mf

Mf-resistant C57BL}6, DBA}1 and C3H}He mice

were transplanted with immature adult L. sig-
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Fig. 2. Microfilaraemia in (A) MHC-congenic mouse strains that differ either in their genetic background (BALB and

C57BL) or their MHC-haplotype (H-2b and H-2d) and (B) MHC II knock-out mice on C57BL}6 genetic

background. All mice received an intravenous (iv) injection of 100000 Mf of Litomosoides sigmodontis. Data points

represent arithmetic means.. of 5–6 mice per group. *P!0±05 (BALB}c versus BALB}b).

Fig. 3. Microfilaraemia in different inbred mouse strains

after intraperitoneal transplantation of 5 immature adult

female Litomosoides sigmodontis followed by an

intravenous injection of 100000 microfilariae of L.

sigmodontis. Control animals received a sham surgery

instead of transplantation of adult worms. Data points

represent arithmetic means.. of 5–6 animals per

group.

modontis (27–28 days post-infection). One week later,

Mf of L. sigmodontis were injected. In all strains of

recipient mice, injected Mf circulated at high levels

for several weeks, showing that the presence of adult

female worms will abolish resistance against Mf

challenge (Fig. 3). The circulating Mf did not

originate from the implanted L. sigmodontis because

females will not start Mf release before 50 days post-

infection (Hoffmann et al. 2000). Interestingly, when

resistant DBA}1 mice were transplanted with adult

male L. sigmodontis, subsequently injected Mf were

eliminated even faster than in the absence of adult

worms. In contrast, transplantation of adult male

worms into BALB}c mice had no significant effect

on microfilaraemia (data not shown).

Effect of transplanted worm load and duration of

presence on subsequent microfilaraemia

One, 2, or 4 immature adult female L. sigmodontis

were transplanted into resistant DBA}1 mice, and

4 days later mice were intravenously challenged

with L. sigmodontis Mf (Fig. 4A). Irrespective of

the number of adult L. sigmodontis transplanted,

the magnitude of microfilaraemia was similar in all

animals with 1 adult female being sufficient to allow

for Mf persistence. To evaluate the minimum time

required for the observed modulation of resistance

against Mf, and also how long this effect lasts,

recipient DBA}1 mice were transplanted with 5

adult L. sigmodontis and the subsequent intravenous

challenge was conducted at various time-points post-

transplantation. As shown in Fig. 4B, 6 hours were

sufficient to allow for Mf persistence in otherwise

resistant mice. The same retardation of Mf clearance

was observed 2 months after transplantation.

L. sigmodontis adult worm transplantation and

microfilaraemia in IL-4, IL-10 and IFN-γ cytokine

gene knock-out mice

Resistant C57BL}6 mice with a Th2-type cytokine

gene knock-out mutation (IL-4 ko or IL-10 ko) were

transplanted with 5 immature adult female L.

sigmodontis and 1 week later challenged with

100000 Mf of L. sigmodontis. In IL-4 ko mice,

intravenously injected Mf remained at the same high

levels as in L. sigmodontis transplanted C57BL}6

wild-type animals (Fig. 5A). Similarly, sham-treated
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Fig. 4. Microfilaraemia in DBA}1 mice after intraperitoneal transplantation of immature adult female Litomosoides

sigmodontis followed by an intravenous injection of 100000 microfilariae of L. sigmodontis. Effect of (A) adult worm

load, and (B) duration of adult worm presence (5 worms) on subsequent microfilaraemia. Data points represent

arithmetic means.. of 2–3 animals per group.

IL-4 ko and wild type controls cleared injected Mf

within a few days. In contrast, in IL-10 ko mice

transplanted with adult L. sigmodontis and then

challenged with Mf, levels of microfilaraemia were

significantly decreased compared to wild-type mice

as soon as 4 days p.i. (Fig. 5B). However, L.

sigmodontis transplanted and Mf-challenged IL-10

ko mice did not approach the dynamics of micro-

filaraemia clearance of only Mf-injected animals. For

Th1-type cytokines, in transplanted and Mf chal-

lenged IFN-γ ko mice, dynamics of Mf clearance,

remained similar to that of DBA}1 wild-type animals

(Fig. 5C). Challenge of sham-treated wild-type and

IFN-γ ko mice with L. sigmodontis Mf resulted in a

similarly rapid clearance of Mf from the peripheral

blood in both groups.

Heterologous Mf challenge

In order to investigate whether the presence of adult

females of L. sigmodontis will affect the persistence of

other filariae, resistant DBA}1 mice were transplant-

ed with adult L. sigmodontis and subsequently

challenged with 100000 Mf of Acanthocheilonema

viteae (Fig. 6). As observed with an homologous L.

sigmodontis Mf challenge, A. viteae microfilaraemia

in transplanted DBA}1 mice persisted at signifi-

cantly higher levels than in those animals without

transplanted adult females of L. sigmodontis. The

clearance of A. viteae Mf, injected into sham-treated

DBA}1 mice, was noticeably slower than clearance

of L. sigmodontis Mf.

Cellular responses with L. sigmodontis trans-

plantation and Mf challenge

Spleen cell responses to ConA were significantly

increased in Mf challenged DBA}1 mice trans-

planted with adult L. sigmodontis when compared

to sham-treated animals (Fig. 7). Reactivity of spleen

cells from transplanted and Mf challenged DBA}1

mice was strongly abrogated when splenocytes were

co-cultured with the adherent fraction of autologous

peritoneal lavage exudate cells (PEC). Also, in IL-10

knockout and IL-10 wild-type mice, transplanted

with L. sigmodontis and challenged with Mf, spleen

cell reactivity to ConA was completely suppressed in

the presence of autologous adherent PEC.



In experimental filariasis models, the determinants

which contribute to resistance or reduction of

developing L3 and adult filarial worms, in particular

the involvement of Th1- and Th2-type cytokines,

lymphocyte subpopulations as well as the genetic

background of the host, have been investigated

(reviewed by Lawrence, 1996 and Hoerauf &

Fleischer, 1997). In various vaccination trials, the

numbers of adult worms after challenge infections

could be significantly reduced (Le Goff et al. 1997;

Geiger et al. 1997). It has to be stressed, however,

that even a few of the surviving filariae sufficed to

produce patent infection with a persisting micro-

filaraemia for extended periods of time. The release

and persistence of Mf is essential for transmission of

all filarial parasites, and it is the main cause of

pathogenesis in onchocerciasis. This study, there-

fore, addressed the determinants which regulate

levels and duration of microfilaraemia in the L.

sigmodontis filariasis.

Previously, Petit et al. (1992) and Mare! chal et al.

(1996) have shown that mouse strains differ widely

in their responsiveness to injected L. sigmodontis L3.

Several strains, e.g. C65BL}6 and DBA}1, were

found to be strictly non-permissive for maturation of
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Fig. 5. Microfilaraemia in (A) interleukin 4 knock-out-

(IL-4 ko), (B) IL-10 ko- and (C) interferon γ (IFNg)

ko-mice after intraperitoneal transplantation of 5

immature adult female Litomosoides sigmodontis followed

by an intravenous injection of 100000 microfilariae of L.

sigmodontis 1 week later. Controls received a sham-

surgery instead of transplantation of adult worms (sham-

OP). Wild-type mice (wt) with the same genetic

background were treated similarly. IL-4 ko and IL-10

ko-mice were on C57BL}6 genetic background, whereas

IFNg ko-mice had a DBA}1 genetic background. Data

points represent arithmetic means.. of 5–7 mice per

group. *P!0±05 (IL-10 wt versus IL-10 ko).

Fig. 6. Microfilaraemia in DBA}1 mice after

intraperitoneal transplantation of 5 immature adult

female Litomosoides sigmodontis followed by an

intravenous injection of 100000 microfilariae of

Acanthocheilonema viteae 1 week later. Data points

represent arithmetic means.. of 5–6 animals per

group. *P!0±05.

L3, while others, e.g. CBA and C3H}HeN mice,

were found to be ‘semi-resistant’ hosts allowing for

maturation of L. sigmodontis, however, without

development of microfilaraemia. Only in strains of

the BALB background was full parasite development

observed. In this study, intravenous injection of Mf

generated transient or prolonged microfilaraemia

with characteristic dynamic features which could be

related to the genetic background and MHC haplo-

type of the recipient host. The observed wide range

of responsiveness of different mouse strains to Mf

clearance appeared to be regulated by immune

mechanisms rather than due to a short life-span of

Mf or non-specific physiological conditions of the

murine hosts. This was supported by our observation

that in MHC knock-out mice, which do not express

MHC II class molecules and lack almost all CD4+-

T cells, injected Mf of L. sigmodontis survived for

more than 140 days. The dynamics of Mf clearance

segregated mouse strains into susceptible, semi-

resistant and refractory. In those mice with a rapid

elimination of circulating Mf, clearance of Mf

appeared to be entirely regulated by the genetic

background and was independent of the MHC

haplotype, e.g. B10.D2 (H-2d) versus BALB}c (H-

2d). In mice with a susceptible genetic background,

the MHC haplotype influences Mf elimination at

later time points post-inoculation, e.g. BALB}b (H-

2b) versus BALB}c (H-2d). This suggests that early

and rapid clearance of Mf was mediated by activation

pathways relevant to innate immunity, whereas late
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Fig. 7. Cellular responsiveness of immunocompetent DBA}1, interleukin 4-knock-out (IL-4 ko), IL-10 ko and their

respective wild-type (wt) mice after intraperitoneal transplantation of 5 immature adult females of Litomosoides

sigmodontis followed by an intravenous injection of 100000 microfilariae of L. sigmodontis 1 week later. Cytokine-gene

knock-out and wild-type mice were all on C57BL}6 genetic background. Controls received a sham-surgery instead of

transplantation of adult worms (sham-treated). Splenocytes of infected mice as well as peritoneal exudate cells (PEC)

were recovered 18–28 days post-Mf injection and stimulated in vitro with Concanavalin A (4 µg}ml) for 48 h. Cellular

proliferation was quantified by [$H]thymidine incorporation for the last 18 h of culture. Values are indicated as mean

counts per minute (cpm) of triplicate cultures minus cpm from non-stimulated control cultures (net counts : delta

cpm). Bars and vertical lines represent arithmetic means... of 5–6 animals per group. *P!0±05 (spleen cells

versus spleen cells plus PEC). gP!0±05 (mice with implanted female worms versus sham-treated controls).

or delayed clearance of Mf was pre-determined by

MHC-related factors. Also, as recently shown by us,

nitric oxide seems not to be an important factor in

innate immunity to Mf of L. sigmodontis (Pfaff et al.

2000b). A comparative approach with different

inbred mouse strains was used to investigate immune

responsiveness following injection of Mf of Brugia

malayi (Fanning & Kazura, 1983) and implantation

of adult A. viteae (Haque et al. 1980) where also

different dynamics of Mf clearance were observed.

Together, these observations are supportive of the

idea that early and rapid Mf clearance is related to T

cell-independent mechanisms. Previously, it has

been shown that a switch in T-helper cell responses

does not necessarily affect Mf clearance (Pearlman et

al. 1995). T cell-independent immune mechanisms

were suggested to be effective during early infection

with L3 of L. sigmodontis (Al-Qaoud, Fleischer &

Hoerauf, 1998) and Brugia species (Paciorkowski et

al. 2000), with B1 lymphocytes being responsible for

partial, but not sterile clearance of incoming L3, and

the surviving worm burden sufficed to generate

microfilaraemia. The latter study showed T cells to

be necessary for long-term control of filarial in-

fection, which is in line with our results and earlier

studies (Vincent, Sodeman & Winters, 1980). Fur-

thermore, Mf may elicit inflammatory immune

responses induced by endotoxins (LPS) of the

symbiotic Wolbachia bacteria in Mf of L. sigmodontis

(Taylor & Hoerauf, 1999; Taylor, Cross & Bilo,

2000). However, our observation that an LPS non-

responder mouse strain eliminated Mf as quickly as

the corresponding control strain, does not support a

decisive role of this pathway in Mf clearance.

Our approach to investigate the effects of im-

plantation of immature adult female worms of L.

sigmodontis on subsequently injected microfilariae

provided several new aspects of the filaria–host

interaction. Firstly, resistance to microfilaraemia

was completely abrogated when adult female L.

sigmodontis were present in the peritoneum. Such

breakdown of resistance, mediated by adult female,

but not adult male filariae, was observed in all mouse

strains tested so far. To allow for patent infection,

even in an otherwise resistant host, the parasite load

requires only 1 adult female, and Mf clearance was

also retarded in animals challenged with heter-

ologous Mf of A. viteae. Consequently, the molecules

involved in such modulatory pathways have to be

effective at very low concentrations, and potentially
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being effective across filarial species barriers. Sec-

ondly, the time required to switch a ‘Mf-resistant’

into a ‘Mf-permissive’ host was only a few hours,

suggesting that T cells, antigen presentation, and

pathways of adaptive immunity are initially

not required for the switch from resistance to

susceptibility. Even though the molecules and

mechanisms involved remain yet unknown, likely

candidates for such activity are non-proteins,

potentially phosphocholine-containing molecules

(Harnett & Harnett, 1993) and repetitive carbo-

hydrates previously shown to modulate immune

responses independently of T-cells (Velupillai et al.

1997). Suppression of homologous immunity,

comparable to our results and also mediated by adult

worms was observed in mice infected with the

gastro-intestinal nematode Nematospiroides dubius

(Behnke, Hannah & Pritchard, 1983).

During patent L. sigmodontis infection, a Th2-

type cytokine profile predominates associated with

profound suppression of cellular proliferation

(Scho$ nfeld & Zahner, 2000). However, our ob-

servation that in L. sigmodontis-transplanted IL-4 ko

mice injected Mf circulated at high levels similar to

wild-type animals, suggested that IL-4 is not directly

involved in suppression of Mf clearance. In contrast,

in our L. sigmodontis-transplanted IL-10 ko animals,

microfilaraemia decreased significantly faster than in

the wild-type control, suggesting that host pro-

duction of IL-10 is required for Mf persistence,

and that this IL-10 production is elicited by the

transplanted adult females. Despite the accelerated

clearance of Mf in IL-10 ko animals, IL-10 gene

knock-out alone did not suffice to restore dynamics

of Mf clearance of wild-type mice, suggesting that

additional components, or a complex concerted

action of modulatory cytokines, are required for Mf

persistence. The abrogation of spleen cell responses

in the presence of autologous adherent PEC in

female-implanted mice has also been observed in B.

malayi-infected mice (Allen, Lawrence & Maizels,

1996). Suppression was induced by secretion pro-

ducts of adult filariae (Allen & MacDonald, 1998)

and, interestingly, IL-4 was reported to be in-

dispensable for the generation of suppressor cell but

not the sole component mediating suppression of T-

cells (MacDonald et al. 1998). However, in BALB}c

mice infected with B. pahangi, IL-10 and antigen-

presenting cells actively suppressed Th1 cells

(Osborne & Devaney 1999). Recently, Doetze et al.

(2000) reported that the antigen-specific cellular

hyporesponsiveness in onchocerciasis patients was

mediated by Th3-type cytokines IL-10 and trans-

forming growth factor-beta.

Earlier, suppression of human lymphocyte pro-

liferative responses was observed in vitro in the

presence of secretory–excretory products of female

but not male worms of O. volvulus (Elkhalifa et al.

1991).

In summary, adult female L. sigmodontis have

evolved with powerful strategies to facilitate their

offspring, i.e. microfilariae, survival and persistence

in the infected host, and by doing such they

ultimately assure transmission of their progeny.

Most impressively, irrespective of the genetic back-

ground of the host, the presence of a single adult

female L. sigmodontis for a few hours was enough to

make a resistant host susceptible for microfilaraemia.

Not only that such ‘host conditioning’ may be

effective across filarial species barriers, this powerful

strategy of filarial parasites should be considered

when selecting for and developing potential anti-

filarial vaccines, and also when conducting vac-

cination trials.
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