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CD5+ B lymphocytes are the main source of antibodies reactive with non-parasite
antigens in Trypanosoma congolense-infected cattle

J. BUZA, M. SILEGHEM*, P. GWAKISA† & J. NAESSENS International Livestock Research Institute, PO Box 30 709,
Nairobi, Kenya

SUMMARY

Mice infected with African trypanosomes produce exceptionally large amounts of serum IgM, a
major part of which binds to non-trypanosome antigens such as trinitrophenol and single-strand
DNA. In this paper, we describe that in cattle infected with Trypanosoma congolense and T. vivax,
similar antibodies are found, although they bind mainly to protein antigens, such as b-galactosidase,
ovalbumin and ferritin. The parasite non-specific IgM antibodies appear around the same time as
the parasite-specific antibodies, but their origin and function are not clear. We tested the hypothesis
that CD5+ B cells (or B-1 cells), which increase during trypanosome infections in cattle, are
responsible for production of antibodies to non-trypanosome antigens. Splenic CD5+ and CD5−
B cells from infected cattle were sorted and tested in a single cell blot assay. The numbers of
immunoglobulin-secreting cells were similar in both B-cell populations. However, antibodies with
reactivity for non-trypanosome antigens were significantly more prevalent in the CD5+ B-cell
fraction and were exclusively IgM. The preference for production of these antibodies by CD5+
B cells and the expansion of this subpopulation during infections in cattle, strongly suggest that
CD5+ B cells are the main source of trypanosome non-specific antibodies. We propose that these
antibodies are natural, polyreactive antibodies that are predominantly secreted by CD5+ B cells.
Since B-1 cells are up-regulated in many states of immune insufficiency, the immunosuppression
associated with trypanosome infections may be responsible for the increase of this subset and the
concomitant increase in trypanosome non-specific antibodies.

INTRODUCTION bodies, the pathology of trypanosomiasis is not consistent
with an autoimmune disease. In contrast, parasite non-specific

African trypanosomiasis is one of the major disease constraints
and autoantibodies which develop during chronic Trypanasomato livestock production in sub-Saharan Africa.1 While the
cruzi infections contribute greatly to pathology in cardiac andpathology of the disease has been well documented, surpris-
neuronal tissues.9ingly little is known about the mechanisms that cause disease.

Whether these antibodies develop in infected cattle remainsAn unusual feature associated with the immune response
to be resolved. Although increases in serum IgM have beenduring trypanosome infections in man and laboratory animals
consistently observed in many trypanosome infections of cattle,is that a large fraction of the antibodies produced are IgM
the appearance of trypanosome non-specific antibodies wasand bind to antigens of non-parasite origin including autolog-
not a consistent finding.10–12 Antibodies reactive to trinitro-ous antigens.2–8 Despite the occurrence of autoreactive anti-
phenol–bovine serum albumin (TNP–BSA), one of the strong-
est parasite non-specific responses in infected mice,7,8 could

Received 5 February 1997; revised 14 May 1997; accepted not be detected in serum from T. congolense-infected cattle.12
11 June 1997.

However, other studies in cattle infected with T. vivax have
Abbreviations: b-gal, b-galactosidase; BSA, bovine serum demonstrated antibodies binding autologous erythrocytes and

albumin; mAb, monoclonal antibody; SIG, silver immunogold assay; platelets13 and cattle infected with T. congolense produced
TNP, trinitrophenol; VSG, variant surface glycoprotein.

antibodies reactive with a number of non-trypanosome anti-
*Present address: I.W.T., Bisschofsheimlaan 25, 1000 Brussels, gens, including the Escherichia coli enzyme b-galactosidase

Belgium. (b-gal ).14
The mechanisms leading to the development of trypano-†Present address: Department of Veterinary Microbiology and

Parasitology, Sokoine University of Agriculture, PO Box 3019, some non-specific antibodies and their subsequent role in
Morogoro, Tanzania. infection and pathology are still unknown. They have been

found in infected, athymic (nu/nu) mice,8,15 suggesting thatCorrespondence: Dr J. Naessens, International Livestock Research
Institute, PO Box 30 709, Nairobi, Kenya. they are produced by a T cell-independent mechanism, possibly
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involving the polyclonal activation of B cells by a mitogen- Each well of a 96-well Dynatech ELISA plate (Dynatech,
Plochingen, Germany) was coated with 100 ml of a 40 mg/mllike molecule from the parasite.7,8 However, searches for this

mitogen-like molecule have so far been unsuccessful.16,17 solution of trypanosome lysate in coating buffer (0·05  bicar-
bonate buffer, pH 9·6) and the plates were incubated overnightEvidence of polyclonal activation of B cells could not be found

in cattle.18,19 Other workers attributed the non-trypanosome at 4°. The plates were then washed three times with washing
buffer (phosphate-buffered saline pH 7·4, containing 0·1%specificities to cross-reactive antibodies that were generated

against the various variant surface glycoproteins that appeared Tween 20). Thereafter, 100 ml of serum diluted 1/100 in
washing buffer were added in duplicate wells and incubatedduring infection or against other parasite molecules.10,12,18,19

Recently, following the observation that numbers of CD5+ for 2 hr at 37°. The plates were then washed and 100 ml of
horseradish peroxidase-conjugated monoclonal antibodiesB cells increased in blood and spleen concomitantly with an

increase in serum IgM during T. congolense- infection of cattle, (mAb) IL-A2, specific for bovine IgG,31 or mAb IL-A30,
specific for IgM,31 were added for 1 hr at room temperature.it was suggested that non-trypanosome and autospecificities

may be the result of antibodies secreted by the CD5+ B-cell After washing, 100 ml of substrate K-blue (ELISA
Technologies, Lexington, KY ) was added to each well and thesubpopulation.20 CD5+ B cells form a distinct B-cell lineage

(B-1), and spontaneously produce IgM with the features of optical density determined at 650 nm on a Titertek Multiskan
MCC/340 ELISA plate reader (Flow, Oy, Finland) followingnatural antibodies in normal individuals.21 They have also

been shown to secrete ‘polyreactive’ antibodies with reactivity a 30-min incubation. For non-trypanosome antigens, micro-
titre ELISA plates were coated with 1 mg/ml solution of theto multiple antigens, including self epitopes.21–23 CD5+ B cells

have also been implicated in the production of parasite non- following antigens: b-gal, calf thymus single-strand (ss) DNA,
keyhole limpet haemocyanin (KLH), ovalbumin, TNP andspecific antibodies during infection with T. cruzi.24,25 In this

study we confirm the existence of antibodies to non- trypsin (all from Sigma, St Louis, MO), dextran, aldolase,
catalase, ferritin and thyroglobulin (all from Pharmacia,trypanosome antigens in cattle and support the hypothesis

that during infection most of these antibodies are secreted by Uppsala, Sweden), cytochrome C and myoglobin (from
Schwarz/Mann, NY ) and lysozyme (from Polysciences Inc.,CD5+ B cells.
Worthington, PA).

MATERIALS AND METHODS
Preparation of spleen mononuclear cells

Animals and parasites Seven calves infected with T. congolense were slaughtered
Boran and N’Dama cattle used in this study were raised at between 31 and 51 days. The spleens were individually dis-
Kapiti plains Ranch, Athi River, Kenya, an area known to be rupted in Alsever’s solution and mononuclear cells were
free from trypanosomiasis. Animals were infected with obtained by flotation on Ficoll–Paque (Pharmacia, Uppsala,
trypanosomes by tsetse fly (Glossina morsitans centralis) bite Sweden) at 1000g for 25 min. The cells were washed three
on their flanks as described.26 times in Alsever’s solution by centrifugation at 200g for 10 min.

The first experiment involved six Boran and six N’Dama Contaminating red blood cells were lysed by incubation with
cattle, (6 months old and sex-matched). These animals were a lysis buffer containing 0·017  Tris, 0·14  ammonium
infected with T. congolense IL 1180 as described previously.27 chloride, pH 7·2, for 5 min at 37°. Cells were washed and
The second experiment involved four naive Boran bulls aged resuspended in complete RPMI-1640+HEPES (containing
3 years which were infected with T. vivax IL 2337.28 In the 10% normal rabbit serum, 1% penicillin–streptomycin and 1%
final experiment, seven Boran calves aged 6 months were

-glutamine).
infected with T. congolense IL 1180.

Fluorescent staining and flow cytometryPreparation of trypanosome antigens
Staining of B cells for CD5 was done using a mixture of mAbTrypanosomes were isolated from the blood of infected rats
IL-A50 (IgG2a, anti-bovine IgM ), IL-A58 (IgG2a, anti-as described previously.29 Fifteen sublethally irradiated rats
bovine immunoglobulin) and IL-A67 (IgG1, anti CD5) aswere infected with a stabilate of T. congolense IL 1180 and
described previously.20 Fluorescein–conjugated anti-mouseblood parasitaemia was monitored daily. At peak parasitae-
IgG1 (Sigma, Poole, UK ) and phycoerythrin-conjugated anti-mia, blood was collected in heparinized phosphate saline
mouse IgG2a (Southern Biotechnology Associates,glucose buffer. Trypanosomes were isolated on diethylaminoe-
Birmingham, AL) were used as second-step reagents.thyl (DEAE)-cellulose and washed several times in phosphate
Populations of CD5+ and CD5− B cells were obtained bysaline glucose buffer before lysis.
sorting using a flow-cytometer (FACStar, Becton Dickinson,A trypanosome lysate was prepared from 109 trypanosomes
Sunnyvale, CA). The concentration of purified B-cell subpopu-by three cycles of freezing and thawing in the presence of
lations was adjusted to 106/ml in complete RPMI-1640.protease inhibitors (10 mg/ml leupeptin, 1 mM phenylmethyl-

sulphonylfluoride, 0·2 m N-tosyl--phenylalanine chlorome-
Silver Immuno Gold (SIG) blot assaythyl ketone and 0·05 m N-alpha-p-tosyl-lysine chloromethyl
To determine the numbers of cells secreting antibody of aketone) using liquid nitrogen as described previously.30
given specificity, purified B-cell fractions were tested in a SIG
blot assay as described previously.32 Briefly, equal numbersEnzyme-linked immunosorbent assay (ELISA) for bovine

antibodies (105) of CD5+ and CD5− B cells were plated on wells
precoated with b-gal or a mAb to bovine immunoglobulinSerum was prepared from blood samples collected sequentially

over a 5-week period during trypanosome infections and light chain, IL-A5831 and incubated in an humidified atmos-
phere for 2 hr at 37°. The plates were washed with Tris–HCl,immediately stored at −70° until use.

© 1997 Blackwell Science Ltd, Immunology, 92, 226–233



L. Buza et al.228

pH 9·6 and specific antibodies localized by addition of cant change in IgM reacting with thyroglobulin, TNP, ssDNA,
myoglobin, KLH and aldolase over the infection periodbiotinylated mAb IL-A2 (anti-bovine IgG) or IL-A30 (anti-

bovine IgM ). The blots were visualized by addition of silver (P<0·05).
No significant increases (P>0·05) in the binding of IgG toinitiator and enhancer reagents (Amersham International,

Buckinghamshire) and counted using an inverted microscope non-trypanosome antigens were measured in any of the
samples from Boran (Figs. 2c, 3c) and N’Dama (Figs. 2d,at ×40 magnification.
3d) cattle.

Statistical analysis
Significant changes in mean levels of antibodies reacting with

Antibodies to trypanosome antigensvarious non–trypanosome as well as trypanosome antigens
over the infection period [0–35 days postinfection (p.i.)] was Analysis of variance for trypanosome–specific IgM levels in
determined by subjecting optical density values obtained for Boran and N’Dama cattle revealed significant changes in levels
each serum to one–way analysis of variance (ANOVA). during the 35 days of infection (P<0·01) (Fig. 3). In Boran,
Probability of p<0·05 were considered significant. Where a trypanosome–specific IgM levels were increased between 14
significant change was detected, the mean optical densities and 21 days p.i. (P<0·05) and subsequently decreased, while
were subjected to comparisons of means using the least signifi- in N’Dama, the levels were significantly increased between 14
cant difference method at a rejection level of p=0·05. and 31 days p.i. (P<0·05) and declined by day 35 p.i.

The significance of variations between CD5+ and CD5− In contrast to trypanosome non-specific IgG antibodies,
B cells in the number of antibody-secreting cells was the levels of trypanosome–specific IgG significantly changed
determined using a t-test. (P<0·01) over the infection period in both Boran and N’Dama

cattle. In Boran cattle, trypanosome–specific IgG was signifi-
cantly increased between 14 and 35 days p.i. (P<0·05). InRESULTS
N’Dama cattle, trypanosome–specific IgG was significantly

Antibodies to non-trypanosome antigens
increased by day 14 p.i. (P<0·05), thereafter, the levels
increased further and were at the highest level between 21 andTwelve cattle (six Boran and six N’Dama) were infected with

T. congolense IL 1180. Serum was collected at weekly intervals 35 days p.i. (P<0·05).
and tested in ELISA for antibody-binding activity to trypano-
some and non–trypanosome antigens (see the Materials and

Other trypanosome species
Methods for the list). Since preinfection sera showed some
binding of IgM to both trypanosome and non-trypanosome To test whether another trypanosome species induced trypano-

some non-specific antibodies, four Boran cattle were infectedantigens, the absorbance of the preinfection sera was sub-
tracted. The means and standard deviations of the changes in with T. vivax. Antibodies to b-gal were detected after 2 weeks

of infection (Fig. 4).anti-b-gal (Fig. 1), anti-ferritin (Fig. 2) and anti-trypanosome
lysate (Fig. 3) antibody levels in six Boran and six N’Dama
cattle are represented in Figs. 1–3. Significant differences

Immunoglobulin-secreting cells in spleen
between optical density values from pre- and post-infection
sera (up to 35 days p.i.) obtained for the various non– CD5+ and CD5− B-cell populations were prepared from

spleen cells from seven infected cattle between 31 and 51 daystrypanosome antigens were analysed by one-way analysis of
variance for each cattle breed. p.i. When stained for CD5 antigen, CD5+ and CD5− popu-

lations from blood are distinctly separated,20 but splenic CD5+In Boran cattle, significant differences in optical density
values over 35 days of infection were detected for IgM reacting and CD5− B cells overlap (Fig. 5). Those B cells that were

most positive and most negative for fluorescence with the CD5with b-gal (P<0·01) (Fig. 1a), ferritin (P<0·01) (Fig. 2a),
cytochrome (P<0·01) and thyroglobulin (P=0·07) (not antibody were therefore sorted. Together, the two populations

constituted between 75% and 90% of the total B cells. After ashown). There was no significant change in IgM levels reacting
with other non–trypanosome antigens including aldolase, re-run of the sorted populations, only 0·5% of the sorted

CD5+ B cells were CD5−, but 3% of the sorted CD5− B cellsKLH, myoglobin, ssDNA and TNP over the infection period
(P>0·5). IgM reacting with cytochrome, ferritin and b-gal were CD5+ and over half expressed a low amount of CD5

(Fig. 5).were significantly increased between 21 and 35 days p.i.
(P<0·05). However, IgM reacting with thyroglobulin was Equal numbers (105 cells) of sorted CD5+ and CD5−

B cells were tested in the SIG blot assay for comparison ofonly increased on day 31 p.i. (P<0·05) and had declined by
day 35 p.i. the percentage of cells secreting IgM and IgG, and antibodies

reactive with b-gal (Table 1). The proportion of cells secretingIn N’Dama cattle, a significant change in levels of IgM
reacting with b-gal (P<0·01) (Fig. 1b), cytochrome (P<0·01), IgM in both CD5+ and CD5− B cells ranged from around

400 up to 9000 per 105 cells, while the number of IgG-secretingferritin (P=0·02) (Fig. 2b), ovalbumin (P=0·018) and lyso-
zyme (P<0·01) was detected over 35 days of infection. IgM cells was about tenfold lower in both populations (between 14

and 600 per 105 cells). There were no significant differencesreacting with cytochrome was significantly increased between
21 and 31 days p.i. (P<0·05), and by day 35 p.i., the levels (P>0·05) between the number of IgM- or IgG-secreting cells

in CD5+ and CD5− B-cell subpopulations.had declined. The b-gal- and lysozyme-binding IgM were
significantly increased between 21 and 35 days p.i. (P<0·05). Cells secreting anti-b-gal IgM were measured (Table 1,

columns 5 and 6) and ranged from 4 to 212 per 105 sortedHowever, antibodies reacting with ferritin and ovalbumin were
only increased on day 21 p.i. (P<0·05). There was no signifi- cells. No cells secreting anti-b-gal IgG were found. Significantly
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Figure 1. Changes in the levels of IgM (a, b) and IgG (c, d ) reactive with b-gal in sera from Boran (a, c) and N’Dama (b, d)
cattle after infection with T. congolense (means and standard deviations of six cattle).
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Figure 2. Changes in the levels of IgM (a, b) and IgG (c, d) reactive with b-ferritin in sera from Boran (a, c ) and N’Dama (b, d)
cattle after infection with T. congolense (means and standard deviations of six cattle).
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Figure 3. Changes in the levels of IgM (a, b) and IgG (c, d) reactive with a whole trypanosome lysate in serum of Boran (a, c)
and N’Dama (b, d) cattle after infection with T. congolense (means and standard deviations of six cattle).

number of non-parasite-derived antigens. The production of
such trypanosome non-specific antibodies was not dependent
on the trypanosome strain or species. These results extend the
observation of a wide range of non-trypanosome specificities
in antisera from trypanosome-infected mice, monkeys and
man. In a previous study, failure to detect antibodies binding
to TNP–BSA in cattle led to the conclusion that non-parasite-
specific antibodies did not develop in this species.12 In our
assay, antibody reactivity to TNP was also weak, but more
activity was measured for other non-trypanosome antigens
such as b-gal, ferritin and cytochrome C.

There have been contrasting opinions regarding the devel-
opment of trypanosome non-specific antibodies in infected
cattle. Some investigators concluded that all antibodies which
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0·00
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Days after infection

T. vivax

O
D

develop in infected cattle are specific for the infecting trypano-
Figure 4. Changes in levels of IgM reactive with b-gal after a primary somes and that the apparent trypanosome non-specific reactiv-
infection with T. vivax in four Boran cattle. Values for the four

ity observed is due to cross-reactive epitopes.10 This view couldindividual animals are represented by filled circles; the averages are
not be corroborated in our studies, since our results stronglyshown by a continuous line.
indicate that the two antibody types ( trypanosome–specific
and trypanosome non-specific) comprise different antibody(P<0·05) more cells secreting b-gal-reactive antibodies were
populations. First, antibodies against trypanosome antigensfound in the sorted CD5+ B cells than in an equal number of
were of both IgM and IgG classes, while antibodies reactingCD5− B cells (Table 1). When calculated as a proportion of
with non-trypanosome antigens were exclusively of the IgMthe total IgM-secreting cells, anti-b-gal-secreting cells were still
class. In this study, IgG activity to non-trypanosome antigenssignificantly (P<0·05) higher in the CD5+ B cells than in the
could not be demonstrated in serum or in spleen B cells. IfCD5− B cells (Table 1, last two columns).
the antibody activity to b-gal was due to cross-reactive epitopes
shared with trypanosome antigens, we would have expected it

DISCUSSION to be present in the IgG subclass. Secondly, the levels of
trypanosome-specific antibodies were highest between days 14Cattle infected with T. congolense and T. vivax developed

antibodies, exclusively of the IgM class, which bound to a and 21, similar to previous observations,14,30 while the levels
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Figure 5. Two-colour fluorescence profiles of whole spleen cells stained for CD5 ( y-axis) and IgM (x-axis), with the windows used
to sort CD5+ and CD5− B cells ( left). After sorting, the two populations were rerun and checked against the same windows
(middle and right). The fraction of CD5− B cells contained cells that stain weakly for CD5 (right).

Table 1. Number of cells secreting IgG, IgM and anti-b-gal IgM per restriction to the IgM isotype, polyreactivity14 and predomi-
100 000 CD5+ or CD5− B lymphocytes nant secretion by CD5+ B cells, strongly suggest that they are

part of the ‘natural’ antibodies. Murine and human CD5+
Anti-b-gal B cells have been shown to be the main source of natural

IgM as % of antibodies. These natural antibodies are predominantly IgM
Total Igm Total IgG anti-b-gal total Igm

and are polyreactive, binding to several antigens, including
self–antigens, with low affinities.33 Elevated numbers of CD5+Animal CD5+ CD5− CD5+ CD5− CD5+ CD5− CD5+ CD5−
B cells are found in patients with autoimmune diseases, cancer,
AIDS, transplants and in early life (reviewed in refs. 34 andBL209 9455 4929 364 103 182 23 1.9 0.5

BL351 1617 1562 35 24 80 23 4.9 1.5 35). However, up-regulation of CD5+ B cells is not always
BM218 594 970 125 370 29 4 4.9 0.4 associated with pathogenic autoantibodies or disease
BM219 912 1050 387 634 26 19 2.9 1.8 activity.33,34 According to one hypothesis, the anti-self and/or
BM221 1710 746 400 191 28 4 1.6 0.5 polyreactive antibodies produced by the CD5+ population,
BM222 550 400 280 150 212 87 38.4 21.8 which make up most of the ‘natural’ antibodies found in the
BM326 2070 2455 90 144 204 144 9.9 5.9

normal individual, are positively selected by a set of dominant
autoantigens, called ‘immunological homunculus’.36 A stable
network of low-affinity autoantibodies and this set of autoanti-of parasite non-specific antibodies reached their maximum a
gens act as a controlling mechanism to prevent production ofweek later. These differences strongly suggest that trypano-
more dangerous anti-self antibodies following activation ofsome-specific and non-specific antibodies make up different
CD5− B cells by cross-reactive epitopes on foreign antigens.sets.

We therefore suggest that the trypanosome non-specificIt is therefore likely that the two sets of antibodies are
antibodies detected in trypanosome-infected cattle are derivedgenerated through a different mechanism or by different B-cell
from natural antibodies that are predominantly secreted bysubpopulations. A previous study suggested that bovine CD5+
the CD5+ B cells at low levels in a normal healthy state. SinceB cells might be directly responsible for the high titres of IgM
the repertoire of natural antibodies has been found to beand for the production of auto- and trypanosome non-specific
species-specific,37 it is not surprising that parasite non-specificantibodies.20 We used the blot assay described by Taylor
antibodies in cattle and mice react with different antigens, aset al.32 to monitor immunoglobulin-secreting splenic B cells.
discussed before. Natural antibodies occur in the absence ofOur data showed that IgM-secreting cells occurred in both
any known antigen stimulation,21 and this may explain whyB-cell populations, without preference for either one. However,
trypanosome non–specific antibodies are exclusively IgM. Inproduction of antibodies to non-trypanosome antigens was
contrast, production of trypanosome–specific antibodies isalways higher in the CD5+ B-cell population. We believe that
antigen-driven and can therefore be expected to undergo anthese differences may even be greater, as we suspect that the
isotype switch to IgG. An impairment in isotype switching hassorted CD5− fractions still contain some B cells expressing
been suggested to occur in infected Boran cattle to explainlow levels of membrane CD5. The bias for production of
lower IgG1 levels to certain trypanosome antigens whentrypanosome non-specific antibodies by CD5+ B cells, together
compared to N’Dama.14 However, since trypanosome non-with the fact that CD5+ B cells constitute the largest B-cell
specific antibodies were restricted to the IgM isotype in bothpopulation in blood and spleen of infected cattle,20 indicates
breeds, their occurrence cannot be simply explained by thethat this B-cell subset is the main source of IgM antibodies to
lesion in isotype switching described above. The same mechan-non-trypanosome antigens in infected cattle. CD5+ B cells
ism that up-regulates CD5+ B cells in immunodeficient stateshave also been shown to be involved in the production of
in humans may be responsible for their up-regulation inparasite non-specific antibodies in T. cruzi infections in
infected cattle20 and for the subsequent increase in trypano-mice.24,25

Three features of trypanosome non-specific antibodies, some non-specific antibodies. Severe immunosuppression is
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to platelets and erythrocytes during infection with haemorrhage-characteristic of trypanosome infections (reviewed in refs. 1
causing Trypanosoma vivax in Ayrshire cattle. Vet Parasitol 31,and 38).
199.Parasite non-specific antibodies have been reported in both

14. W D.J.L., T K., N J., G B. &T. cruzi (Chagas’ disease) and African trypanosomiasis infec-
N J. (1996) The role of variable surface glycoproteintions, but autoimmunity and pathology have only been
antibody responses in bovine trypanotolerance. Parasite Immunol

observed in chronic Chagas’ disease.9 The biological signifi- 18, 209.
cance of the trypanosome non-specific antibodies in African 15. C C.E., O B.M. & A B.A. (1979)
trypanosomiasis remains unknown. Like natural antibodies, Trypanosoma brucei infection in nude mice. B lymphocyte function
they might play an immunoregulatory role, preventing the is suppressed in the absence of lymphocytes. Parasite Immunol

1, 241.induction of autoimmune responses by parasite-epitopes that
16. C A.C., C C., A B.A. & O B.M. (1977)cross-react with self antigens.36 Failure to do so could trigger

Suppressor cells and loss of B-cell potential in mice infected withpathogenic autoimmune responses, such as those seen in
Trypanosoma brucei. Clin Exp Immunol 29, 122.chronic T. cruzi infections.39

17. M J.M., C S.A. & S G.T. (1976) Lymphocyte
function in experimental African trypanosomiasis: mitogenic effect
of trypanosome extracts in vitro. Infect Immun 14, 976.ACKNOWLEDGMENTS

18. N V.M., M A.J. & R F.R. (1985)
The authors thank Ms Kathy Taylor for help with the blot assay and Immune responses in experimental African trypanosomiasis. In:
Mr J. Magondu and P. Muchero for help with flow cytometer sorting. International Scientific Council for Trypanosomiasis Research and
J.N. was supported by the General Administration of Development Control, p. 113. O.A.U./S.T.R.C., Nairobi, Kenya.
Co-operation of the Belgian Government. 19. R F.R., M A.J., N V.M. & T H.

(1982) Immune depression in bovine African trypanosomiasis.
Effect of acute Trypanosoma congolense and chronic TrypanosomaREFERENCES
congolense and chronic Trypanosoma vivax infection on antibody
response to Brucella abortus vaccine. Parasite Immunol 5, 267.1. S M., F N., D A., D B P. &

20. N J. & W D.J.L. (1992) Characterisation andN J. (1994) African trypanosomiasis. In: Parasitic
measurement of CD5+ B cells in normal and TrypanosomaInfections and the Immune System (ed. F. Kierszenbaum), p. 1.
congolense-infected cattle. Eur J Immunol 22, 1713.Academic Press Inc., New York.

21. C P. & S E.W. (1996) Structure and function of2. H V. & A A.C. (1966) M-antiglobulins (rheumatoid-
natural antibodies. Curr Top Microbiol Immunol 210, 167.factor like globulins) and other gamma globulins in relation to

22. H R.R. & H K. (1993) CD5 B cells, a fetal B celltropical parasitic infections. Lancet 1, 848.
lineage. Adv Immunol 55, 297.3. H V., B K.N. & A A.C. (1969) Heterophile

23. H L.A., K A.B. & H L.A. (1992)antibodies. M–antiglobulins and immunoglobulins in experimental
Layered evolution in the immune system. A model for thetrypanosomiasis. Clin Exp Immunol 4, 113.
ontogeny and development of multiple lymphocyte lineages. Ann4. S J.R., C R.L., R E.L. & G A.A. (1969 ) The
NY Acad Sci 651, 1.presence of agglutinating antibody in the IgM immunoglobulin

24. M P., B A., P P., M S T. &fraction of rabbit anti-serum during experimental African trypano-
C A. (1989) Preferential expansion of Ly-1 B and CD4−somiasis. Parasitology 59, 283.
CD8− T cells in the polyclonal lymphocyte response to murine5. L H.B., K S. & S A.D. (1974) Nucleic acid
Trypanosoma cruzi infection. Int Immunol 1, 176.antibodies in African trypanosomiasis, Studies in rhesus monkeys

25. M P., C A., S S. & H-and man. J Immunol 113, 1921.
J M. (1991) Xid immunodeficiency imparts increased6. M A.R. & B P.L.F. (1974) Autoimmunity in
parasite clearance and resistance to pathology in experimentaltrypanosome infections. I. Tissue autoantibodies in Trypanosoma
Chagas’ disease. Int Immunol 3, 427.(Trypanozoon) brucei infections in rabbit. Immunology 26, 1225.

26. D R.H., M M. & M S.K. (1987) Potential7. H K.M., B C., F J. & T R.J. (1976)
value of localised skin reactions (chancres) induced byImmunosuppression, high IgM levels and evasion of the immune
Trypanosoma congolense transmitted by Glossina morsitans cen-response in murine trypanosomiasis. Nature (London) 264, 256.
tralis for the analyses of metacyclic trypanosome populations.8. K T., L J., I S. & L P.H. (1979)
Parasite Immunol 9, 353.Autoimmune response to DNA, red blood cells and thymocyte

27. T K., L V., K D. et al. (1996) Trypanosomaantigens in association with polyclonal activation in African
congolense, B-lymphocyte responses differ between trypanotoler-trypanosomiasis. J Immunol 122, 296.
ant and trypanosusceptible cattle. Exp Parasitol 83, 106.9. T G.B. & H L. (1989) Autoimmunity and Chagas’

28. G P., A R.K.G., W D.D. & M M.disease. Curr Topics Microbiol Immunol 145, 79.
(1989) Haemorrhagic lesions resulting from Trypanosoma vivax10. M R., M A.J. & N V.M. (1983) Specific
infection in Ayrshire cattle. Vet Parasitol 39, 187.antibody responses to variable surface glycoproteins of

29. L S.M. & G D.G. (1970) Isolation of salivarianTrypanosoma congolense in infected cattle. Parasite Immunol 5,
trypanosomes from man and other mammals using DEAE-cellu-345.
lose. Exp Parasitol 28, 521.11. M A.J., N V.M., B A.F., K F. &

30. A E., D G., R C. & W D.J.L.MG T.C. (1981) Bovine immune response to African
(1993) Antibody responses to a 33 kDa cysteine protease oftrypanosomes, specific antibodies to variable surface glycoproteins
Trypanosoma congolense, relationship with ‘trypanotolerance’ inof Trypanosoma brucei. Parasite Immunol 3, 97.
cattle. Parasite Immunol 15, 465.12. T H., L G.J., M M.G. & P C.E. (1981)

31. N J., N J., W D.J.L. & L V. (1988)Experimental bovine trypanosomiasis (Trypansoma vivax and
Identification of isotypes and allotypes of bovine immunoglobulinT. congolense) . III. Serum levels of immunoglobulins, heterophile
M with monoclonal antibodies. Immunology 63, 569.antibodies and antibodies to T. vivax. Tropenmed Parasitol 32, 149.

13. A R.K.G. & G P. (1992) Detection of antibodies 32. T K.A., G B., L V., N J. & W

© 1997 Blackwell Science Ltd, Immunology, 92, 226–233



Bovine CD5+ B cells and trypanosome non-specific antibodies 233

D.J.L. (1994) In vitro activation and detection of antibody 37. N A., H M., G A., M E.,

S A. & C A. (1993) Global analysis of antibodysecreting cells from Trypanosoma congolense-infected cattle.
Immunol Letters 43, 183. repertoires. II. Evidence for specificity, self-selection and the

immunological ‘homunculus’ of antibodies in normal serum. Eur33. C P. & N A.L. (1989) CD5+ B lymphocytes, polyreac-
tive antibodies and the human B-cell repertoire. Immunol Today J Immunol 23, 2851.

38. S M. & F J.N. (1992) Suppression of interleukin 210, 364.
34. R E.S. (1990 ) Possible immunoregulatory role for CD5+ secretion and interleukin 2 receptor expression during tsetse-

transmitted trypanosomiasis in cattle. Eur J Immunol 22, 767.B cells. Clin Immunol Immunopathol 56, 135.
35. T N., D M. & A S.A. (1992) CD5 B cells in 39. C-N E., D M., G A. et al. (1995)

Autoimmunity in Chagas disease cardiopathy, biological relevanceautoimmunity. Ann NY Acad Sci 651, 551.
36. C I.R. & Y D.B. (1991 ) Autoimmunity, microbial of a cardiac myosin-specific epitope crossreactive to an immunodo-

minant Trypanosoma cruzi antigen. Proc Natl Acad Sci USAimmunity and the immunological homunculus. Immunol Today
12, 105. 92, 3541.

© 1997 Blackwell Science Ltd, Immunology, 92, 226–233


