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Acta Tropica 45, 361-372 (1988)

Tropenmedizinisches Institut der Universitdt Tiibingen, Federal Republic of Germany

Antibody response against Litomosoides carinii
and the distribution of bound antibodies on microfilariae
from the different internal organs of cotton rats

H. MULLER-KEHRMANN

Summary

The courses of IgG and IgM antibody levels against adult worm and mi-
crofilarial antigen were determined in isogenetic cotton rats infected quantita-
tively with Litomosoides carinii. Against both antigens, IgG as well as IgM,
antibody levels exceeded significantly those of noninfected animals, and the
IgG levels were generally higher than the IgM levels. The total antibody pro-
duction was depressed transiently 8 weeks p.i. by the appearance of microfilar-
1ae in the peripheral blood. A second transient depression occurred two weeks
earlier against microfilarial antigen than it occurred against adult worm anti-
gen. At 3 different times after the infection, the amount of adsorbed antibodies
was assessed on adult worms and on microfilariae, which were isolated from
blood and by a specially developed method from the internal organs. The
percentual distribution of microfilariae in the different organs and blood
changed during patency. In spleen, kidney, and lung a continuous increase was
observed, whereas in heart and liver the percentage initially increased, and then
decreased. The opposite course was seen in blood. Most antibodies adsorbed on
the surface of microfilariae and adult worms belonged to the IgM class. Pre-
dominantly, the antibodies were detected on organ microfilariae, particularly
on those in spleen and kidney, while blood microfilariae had lower amounts of
bound antibodies. Furthermore, by complement fixation, no common antigens
could be detected on the surface of host cells and the different L. carinii stages.

Key word: Litomosoides carinii; antibody level; adsorbed antibodies; organ
microfilariae.
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Introduction

In filariasis, several mechanisms stimulating as well as suppressing the
immune response have been reported. One of the most intensely investigated of
them, the antibody level against adult worm antigen, correlates with the number
of worms in prepatency and later with that of microfilariae in Mastomys nata-
lensis infected with Litomosoides carinii (Zahner, 1974). A strong correlation
waspbserved between antibodies against microfilariae and amicrofilaraemia in
L. carinii infected cotton rats (Jaquet, 1978), and in men infected with Bru-
gia malayi (McGreevy et al., 1980). Bound IgG and IgM antibodies were de-
tected on the surtace of blood microfilariae of Dirofilaria immitis, but not on
Brugia pahangi, both in dogs (Hammerberg et al., 1984). A portion of circulat-
ing antibodies is adsorbed on microfilariae in the lung, where a bulk of them
accumulates (Wenk and Wegerhof, 1982) and are destroyed subsequently (Weil
et al., 1982). It has been suggested, that a minority of the microfilarial popula-
tion circulates in the peripheral blood, whereas most remain stationary in the
capillary systems of the lung, liver and spleen (Wenk, 1986). Probably both
populations differ in regard to the amount of adsorbed antibodies.

In this study, the distribution of microfilariae in internal organs, and the
amounts of antibodies adsorbed on their surface were assessed and compared to
those of blood microfilariae at 3 different times during patency. Furthermore,
the courses of the IgG and IgM antibody levels against adult worm as well as
against microfilarial antigen were determined.

Materials and Methods

Isogenetic male cotton rats (CR) were maintained and guantitatively infected with 30 third-
stage larvae of Litomosoides carinii as described by Miiller-Kehrmann and Wenk (1986). The
parasitaemia was determined microscopically by a dilution-methed in a counting chamber for blood
cells (Raether and Meyerhéfer, 1967). For serum preparation, blood was allowed to clot 2 h at 4°C,
and the sera stored trozen at —70°C until used.

Production of anti-CR serum: Blood from normal cotton rats was separated with Ficoll-Paque
as recommended by the manufacturer (Pharmacia, Sweden). 108 of the separated menonuclear
leucocytes and erythrocytes each were together suspended in one ml phosphate buffered saline (PBS)
and subcutaneously injected in one guinea pig (Cavia sp.; Savo-Ivanovas, Kisslegg). After four and
six weeks, this procedure was repeated. A further two weeks later, blood was taken by heart puncture,
and serum prepared. In an agglutination test, using blood cells of cotton rats and the guinea pig
anti-CR serum, agglutination could be observed up to a dilution of 1:30,000 (data not shown).

Adult worms and uterus microfilariae were isolated as described by Wegerhof and Wenk
(1979). Microfilariae (Mf) from the circulating blood were isolated by the phytohaemagglutinin-
method, and in vitro-derived microfilariae were obtained from adult females kept in culture (Wenk
et al., 1978). Third-stage larvae were obtained according to Mossinger and Wenk (1986).

Isolation of microfilariae from internal organs: Cotton rats were narcotized with an ether-air
mixture and exsanguinated. Heart, lungs, liver, spleen and kidneys were removed, washed three
times in medium TC 199 (Serva. Heidelberg). cut into small pieces. and incubated for 30 min in 2 m!l
TC 199 at ambient temperature. Subsequently the medium containing the emigrated microfilariae
was separated with a fine metal sieve, and the organ pieces were incubated a second time for 15 min.
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The obtained cell-Mf suspensions and the blood were mixed with 0.5 ml anti-CR serum each, and
treated as described for the phytohaemagglutinin method (Wegerhof and Wenk, 1979). In a further
step, the microfilariae were separated from remaining CR-cells by Percoll (Pharmacia, Sweden)
sucrose gradient centrifugation (Chandrashekar et al., 1984). Approximately half of the total of organ
microfilariae, determined by the method of Soffner and Wenk (1985), could be isolated, and the
resulting microfilariae were nearly cell-free (1-2 cells per 1000 Mf; data not shown).

Preparation of parasite antigen: Adult worms isolated and washed in PBS were sectioned with
scissors and ground in a glass tissue homogenizer. After freezing (-70°C) and thawing three times, the
antigen suspension was sonicated for 30 sec at 400 Watts (Branson, USA) and filtered using a 0.22 ul
filter (Millipore, USA). Microfilarial antigen was prepared in a similar manner.

Complement fixation; Parasite antigen (1 male or female worm, 100 third-stage larvae and 5000
blood, in vitro or uterus microfilariae, respectively) were mixed with 100 ul anti-CR serum and
incubated in one ml merbital buffered saline (MBS) for 1 h at 37°C. After washing the antigen twice
in MBS, 25 ul guinea pig complement (Behringwerke, Marburg) was added and incubated 30 min at
37°C. Sheep red blood cells (10%), coated with Amboceptor as instructed by the manufacturer
(Behringwerke, Marburg) were added and the mixture incubated for a further 30 min at 37°C.
Subsequently, the cells were centrifuged, and the supernatant measured photometrically at 541 nm.
Each infection stage was tested five-fold.

ELISA (Enzyme-Linked-Immunosorbent-Assay) was carried out following the method of
Voller et al. (1976). The microtitration plates were coated with 3 pyg/ml parasite protein antigen,
determined by the BioRad (USA) protein assay. CR sera were diluted 1:50, and the conjugates,
alkaline phosphatase labelled anti-rat IgM or [gG (Qualex, USA), were diluted 1:200. Supplementary
reagents were purchased from Behringwerke (Marburg), and the absorbance was measured in a
microtitration plate reader (Multiscan; Flow, USA) at 405 nm.

For estimation the amount of antibodies bound onto adult worms and microfilariae, the
millititer vacuum system with 0.45 um millititer-plates (Millipore, USA) was used. In the wells, one
adult worm or 1000 microfilariae were incubated with 100 ul conjugate diluted 1:200 for 40 min at
37°C. After washing the plates twice with PBS-Tween 20 by aspiration of the wash fluid with vacuum,
100 ul substrate was added and incubated at 20°C for 40 min. For measuring the optical density
(OD), the reaction fluid was transferred into a normal flat bottom microtitration plate. Reactions
with an OD over 2.000 were diluted 1:2 and measured a second time.

Agglutinations of blood microfilariae were carried out in flat bottom microtitration plates. In
each well, 5000 pooled microfilariae isolated 45 weeks p.1. were incubated in a total volume of 200 ul
PBS diluted antiserum for 1 hat 37¢C. The anti-IgG and anti-IgM sera were used in serial dilutions of
1:2. 1:3 and 1: 5, respectively.

All determinations were doubled, and the data expressed as arithmetic means. Statistical
analyses were performed with the U-test of Wilcoxon and the H-test of Kruskal and Wallis (Sachs,
1969).

Results

Complement fixation, carried out at the beginning of the experiments,
revealed no common antigens on the surfaces of the host’s blood cells and the
different L. carinii stages.

For determination of the antibody levels against adult worm and micro-
filariae antigen, sera of 5 infected and 5 normal cotton rats were taken, 4, 6, 8,
10, 12, 14, 18, 25 and 45 weeks p.i. and each serum was tested by means of
ELISA.

Against adult worm antigen, the IgG antibody level was significantly
higher, 4 weeks p.i. (U-Test, 2 a = 0.05) in infected than in control animals
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Fig. 1. Antibody-levels (IgG, IgM) against adult worm antigen of L. carinii in 5 normal (--O--) and
5 with 30 third-stage larvae infected (—O—) male cotton rats, determined by ELISA at different
times post infection (p.i.). Data are reported as mean + or — SD of optical density (OD).

(Fig. 1). No statistical differences could be observed, 8 and 14 weeks p.i., when
the antibody levels of the infected CR were transiently depressed. The IgM
levels were also lower at these times, but after 18 weeks p.1. the levels exceeded
those of the normal animals significantly (U-Test, 2 a=0.05). Using the H-Test,
the antibody levels of infected CR were significantly higher (IgG: 2 a = 0.01;
IgM: 2 a = 0.05).

Against microfilarial antigen, the IgG as well as the IgM antibody level
increased in infected CR from 4 to 6 weeks p.i., and at the onset of patency
(8 weeks p.i.) the levels of both antibody classes were depressed (Fig. 2). A
second reduction appeared 12 weeks p.1., which was 2 weeks earlier than with
adult antigen. Using the U-Test (2 a = 0.05) the IgG levels of infected animals
were significantly higher beginning at 10 weeks p.i. while the IgM levels signif-
icantly differed from 18 weeks p.1. The course of the IgM (2 a=0.05) and IgG (2
a = 0.01) curves differed significantly from those of normal CR in the H-test.

Against both antigens, the IgG levels were usually higher than the IgM
levels. Furthermore, the antibody levels against adult worms generally exceeded
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Fig. 2. IgG and IgM level against antigen of L. carinii microfilariae in 5 normal (- ---) and 5 with
30 third-stage larvae infected (—m—) male cotton rats, determined by ELISA at different times post
infection (p.1.). Data are reported as mean + or — SD of optical density (OD) .

those against the microfilariae. At the end of patency, 45 weeks p.i., both IgG
and IgM antibody levels against adult worm antigen increased. Against micro-
filarial antigen only the IgM levels increased, while the IgG level decreased.

Microfilariae of the internal organs were isolated from each of three male
CR, which were infected 12, 25 and 45 weeks before. The distribution of the
microfilariae in the organs changed during patency and also varied strongly
between the animals (Table 1). In all organs the highest number of microfilariae
were detected 25 weeks p.1., while the number in the peripheral blood decreased
from 12 to 45 weeks p.1. The percentage of microfilariae in blood as a proportion
of total microfilariae diminished continuously. In contrast, the portion in the
lung, the organ with the second greatest number of microfilariae, increased
from 12 to 45 weeks p.i. A similar change was observed in the spleen and the
kidney, while the percentage in the liver and the heart increased from 12 to 25
weeks p.i. and then decreased. The total of the isolated microfilariae increased
from 12 to 25 weeks p.1. and decreased by half at 45 weeks p.1.

Most of the total detected IgM and IgG antibodies (MfxOD) on the
microfilarial surface, were bound to the microfilariae of the internal organs,
except the IgM level 12 weeks p.i. (Tables 2 and 3). The amount of antibodies
bound to one microfilaria (OD/Mf) was generally the lowest in blood. Smaller
amounts were only observed on heart (IgG) 25 weeks p.1. and on kidney micro-
filariae (IgM) 45 weeks p.1. The highest amount of IgM antibodies were bound
to liver, 12 weeks p.1., and at the other times to spleen microfilariae, in contrast
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to the highest IgG amounts which were always found on microfilariae from the
kidney. In the lung, the low [gG amount bound to one microfilaria was compa-
rable to that of blood microfilariae 25 weeks p.1. The total of IgM antibodies
bound to all lung microfilariae was always the highest of the organs.

On the surface of male and female worms the IgM levels were generally
higher than those of IgG. Both antibody levels on the males increased contin-
uously from 12 to 45 weeks p.i., whereas on female worms only the IgM level
increased. The IgG levels decreased from 12 to 25 weeks p.i. and increased later.

Agglutinations of blood microfilariae isolated 45 weeks p.1. were observed
up to a dilution of 1:81 using anti-IgG and up to 1:4096 using anti-IgM.

Discussion

Common surface antigens of the different L. carinii stages and on the host’s
blood cells could not be detected by the complement fixation. However, the
microfilariae try to escape the host’s immune reactivity by coating their surface
with CR albumin (Stidb, 1985).

Against microfilariae, the IgG and IgM antibody levels were higher 4 weeks
p.1. than in controls. At this time no microfilariae have been yet produced
(Mossinger and Wenk, 1986).

Apparently a portion of the antibodies produced against adult worms
crossreact or are identical to those against microfilariae. On the other hand,
there must be different antibody specificities. Thus, in normal and particularly
in infected CR, the IgG levels against adult worms were much higher than those
against microfilariae. Moreover, the second transient lack of the IgG as well as
of the IgM antibody responses against adult worms was more pronounced, and
emerged two weeks later. This also indicates that two different but specific
suppressor mechanisms exist, which were expressed when Miiller-Kehrmann
and Wenk (1986) observed the beginning of the normal T-cell suppression.
Partially different antibodies have also been observed against third-stage larvae
and microfilariae (Stdb, 1985).

The first transient depression of the anti-adult worm and anti-microfilariae
antibody production was caused by the appearance of the microfilariae in the
peripheral blood, i.e. when a bulk of foreign protein is introduced into the host
(Miiller-Kehrmann and Wenk, 1986). Towards the end of patency, all antibody
levels increased with exception of the IgG levels against microfilariae. In-
creased antibody levels at patency were also observed in other filarioses
(McGreevy et al., 1980; Rzepczyk and Bishop, 1984; Weiss, 1978; Jaquet, 1978).

The total of blood microfilariae diminished from 12 to 45 weeks p.i., while
the number in the organs first increased and then decreased. In muscles, testes,
brain, and skin practically no microfilariae could be observed (Bayer, pers.
comm.). The percentage of microfilariae in heart and liver increased and later
decreased, whereas a continuous increase was observed in spleen, kidney, and
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especially in lung. This organ functions a sieve, where the bulk of microfilariae
1s accumulated (Wenk and Wegerhof, 1982). This was also observed by injec-
tion of isolated L. carinii microfilariac in native CR (Seeger, 1986; Wenk, 1986),
as well as of Dirofilaria immitis microfilariae in dogs (Weil et al., 1982).

The amount of IgM antibodies bound to the surface of adult worms was
higher than that of IgG. This is surprising since in the sera, the IgG levels against
adult worm antigen were much higher than those of IgM and normally IgG
molecules have a higher avidity. A part of the antibodies against adult worms
are probably eliminated 1n the pleural cavity by absorption to excretion and
secretion products of the adult worms as described by Ischii (1970).

Most antibodies on the surface of microfilariae belonged to the IgM class,
which was found to be the functional class in D. immitis infected dogs (Rzep-
czyk and Bishop, 1984), in hamsters infected with Dipetalonema viteae (Weiss,
1978) as well as in CR infected with L. carinii (Stdb, 1985). The highest total of
bound IgM antibodies was determined in the lung. In this organ about 7/8 of all
produced microfilariae were destroyed (Wenk, 1986). The majority of anti-
bodies of both classes were predominantly bound to organ microfilariae, espe-
cially in the spleen (mainly IgM) and in the kidney (IgG), while the lowest
amounts were mostly observed on blood microfilariae. Furthermore in the
peripheral blood, no agglutinated L. carinii microfilariac were found (Stib,
1985) and also the fewest immobilized ones. In contrast, the most immobilized
microfilariae were observed in CR with a low worm burden in the kidney and in
those with a high burden in the spleen (Haas and Wenk, 1981). Evidently the
bulk of antibodies against microfilariae was adsorbed by organ microfilariae, so
that the blood microfilariae were not influenced in their mobility and could be
taken up by the vector. Another mechanism to reduce the immune reactivity
against microfilariae is apparently the large amount of antibodies on spleen
microfilariae. Probably this bulk simulates an excess of antibodies and induces
a feedback mechanism; an increase of specific T-suppressor cells against mi-
crofilarial antigen. Since there are no adult worms in the spleen, this might
explain, why the antibody levels against adult worms were higher. A T-cell
suppression in the spleen, beginning about 14 weeks p.i. has been observed in
jirds infected with Brugia pahangi (Lammie and Katz, 1983) and in with L.
carinii infected CR (Stib, 1985).
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