Acta vet. scand. 1987, 28, 361-371.

From the Department of Veterinary Microbiology, Section of Parasitology,
Swedish University of Agricultural Sciences ’
and the National Veterinary Institute, Uppsala, Sweden.

A Modified IF-test to Demonstrate IgM
Antibodies to Babesia Divergens of Cattle

By Dan A. Christensson

/

Christensson, D. A.: A modified IF-test to demonstrate IgM antibodies to Babe-
sia divergens of cattle. Acta vet. scand. 1987, 28, 361-371. — An IF-test modified
to increase sensitivity was used to detect the presence of Babesia divergens specific
IgM antibodies. It consisted of three steps: (1) the incubation of Babesia antigen
with test serum, followed by; (2) its incubation with protein A; and (3) the addition
of rabbit anti-bovine IgM bound to protein A, which was bound with FITC.
Compared to the conventional IF-technique, this modified IF-technique detected
bovine anti-Babesia-IgM in test serum at a two-fold lower dilution and with a
diminished background staining.

This modified IF-technique improves the possibilities for studying class M anti-
body in the serum of cattle which have been infected with B. divergens. It is pos-
sible to determine whether a calf’s antibody response is due to maternally trans-
mitted antibodies or actively acquired antibodies by determining the presence of
each of the classes of immunoglobulin against B. divergens present in the calf’s

serum.

FITC-labelled protein A; IF-technique; blocking of antigen receptors.

Introduction

The presence of maternally derived anti-
bodies against Babesia has been demon-
strated in calves during their first months of
life (Ross & Lohr 1970, Weisman et al
1974). Bovine maternal antibodies are selec-
tively transferred with colostrum and consist
mainly of IgG (Murphy et al. 1964, Pierce &
Feinstein 1965, Aalund 1968, Kickhdifen et
al. 1968, Butler 1974). 1t is therefore pos-
sible, by testing the serum for the presence
of Babesia specific antibodies of immuno-
globulin classes other than IgG, e.g. IgM, to
distinguish between a serological reaction to
Babesia caused by passively transmitted an-
tibodies, and a serological reaction caused

by antibodies induced actively by a post
natal Babesia infection.

The anti-immunoglobulin (anti-Ig) used in
the conventional indirect immunofluores-
cent antibody (IF) test is conjugated directly
with fluorescin isothiocyanate (FITC)
(Coons et al. 1941). The antigen used in the
conventional IF test to demonstrate the pre-
sence of antibodies to bovine babesiosis is a
well rinsed thin film smear of infected
erythrocytes (Ross & Lohr 1968). When this
IF test is used to detect IgM antibodies to
B. divergens unspecific reactions and a high,
disturbing background fluorescence fre-
quently occur.
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A modified IF technique which uses rabbit
anti-bovine IgM linked to protein A has
been developed. The protein A molecule is
labelled with FITC (FITC-protein A) (Phar-
macia Fine Chemicals, Uppsala, Sweden).
To avoid false reactions due to direct attach-
ment of FITC-protein A to the B. divergens
antigen, the receptors for protein A are
blocked with protein A. The present study
compares this modified IF test with the con-
ventional IF test which uses rabbit anti-
bovine IgM conjugated with FITC.

Materials and methods

Protein A

Protein A is produced from the cell surface
of some strains of Staphylococcus aureus
(Kronvall 1973, Lindmark et al. 1977). It
has an ability to bind immunoglobulins,
especially the Fe part of the rabbit IgG
molecule (Forsgren & Sjoquist 1966). The
protein A, and the FITC-protein A used in
these tests were commercial products from
Pharmacia Fine Chemicals, Uppsala, Swe-
den. The FITC-protein A was covalently
coupled with an average of 6 FITC substi-
tuent groups per protein A molecule. The
freeze dried protein A powder and FITC-
protein A powder were diluted with aq.dest.
to a concentration of 1 mg per ml and stored
at —20°C until used.

Antisera to immunoglobulins :

The antisera to the immunoglobulins were
produced in rabbits by the Department of
Production, National Veterinary Institute
(NVI) and by Mile Laboratories Inc. (Miles)
as indicated below. The antibovine IgM sera
(anti-IgM) were shown by the manufacturers
to be heavy chain specific. The manufac-
turers’ characterization of the antiserum by
immunoelectrophoresis was: antiserum ver-
sus bovine serum produced one band; anti-
serum versus bovine IgM produced one
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band; antiserum versus bovine IgG produced
no band. Antiserum specificity by immuno-
diffusion was: antiserum versus bovine se-
rum showed one band; antiserum versus bo-
vine IgM showed one band; antiserum ver-
sus bovine IgG showed no band. The anti-
bovine IgG sera (anti-IgG) were shown to be
both heavy and light chain specific. They
were characterized by immunoelectrophore-
sis: antiserum versus bovine serum produced
IgG band; antiserum versus immunogen
produced IgG band. Specificity by immuno-
diffusion were: antiserum versus bovine se-
rum showed IgG band; antiserum versus
bovine IgG showed IgG band.

Optimal dilutions of FITC-conjugated anti-
IgM and anti-IgG were found by chessboard
titrations according to the procedure de-
scribed by Beutner et al. (1968), using 2
known positive and 2 known negative test
sera. Optimal dilutions of non-conjugated
anti-IgM and anti-IgG were also found by
chessboard titrations modified so that serial
dilutions of sera of both anti-immunoglobu-
lin classes and FITC-protein A were tested
in combinations against the serial dilutions
of the test sera. The optimal dilution used
was found to be the second to the last dilu-
tion on the plateau made in the chessboard
titration. For FITC-protein A the optimum
dilution was defined as 0.0625 mg per ml in
combination with blocking of the antigen
with protein A at an equal dilution. The
anti-Ig used and the working dilutions are
listed below:

— Rabbit anti-bovine immunoglobulin M
fraction. Produced by NVI. Used at a dilu-
tion of 1/64. Referred to as anti-IgM no. 14.
— Rabbit anti-bovine immunoglobulin M
fraction, conjugated with FITC. The same
anti-IgM batch as anti-IgM no. 14. Referred
to as anti-IgM no. 14 F. Used at a dilution
of 1/64. Molar ratio F/P 1.8.

— Rabbit anti-bovine immunoglobulin M
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fraction. Produced by Miles, Lot. no. 19.
Referred to as anti-IgM no. 19. Used at a
dilution of 1/128.

— Rabbit anti-bovine immunoglobulin M
fraction, conjugated with FITC, Miles, Lot.
no. 12. Referred to as anti-IgM no. 12 F.
Used at a dilution of 1/256. Molar ratio F/P
3.6.

— Rabbit anti-bovine immunoglobulin G
fraction, Miles, Lot. no. 20. Referred to as
anti-IgG no. 20. Used at a dilution of 1/200.
The molar ratio F/P for FITC-protein A +
anti-Ig was estimated to be 6, as the average
number of fluorescent groups per protein A
molecule was 6 (Pharmacia Fine Chemicals)
and the molar ratio of protein A bound to
rabbit IgG was calculated to be almost 1
(Lindmark 1981).

Babesia infection of calves

In order to compare the modified IF test
with the conventional test, sera were ob-
tained from calves kept under parasite-free
conditions before and after experimental in-
fection with B. divergens. The calves were
infected with different isolates of B. diver-
gens. All of the infected animals reacted
with a transient parasitaemia within 14 days
and serum samples which were drawn 21
days post infection (days p.i.) showed titres
of 1/1280~1/2560 for IgM.

The test sera were diluted in doubling dilu-
tions starting at 1/40 or 1/20 as specified
below.

Diluent

The bovine sera, anti-immunoglobulins and
protein A were diluted in a 0.1 mol/l phos-
phate buffered saline (PBS) and 0.01 % so-
dium azide (PBS azide) was added.

Babesia antigen
The antigen consisted of B. divergens orga-
nisms either within or free from the erythro-

_cyte membrane fixated to microscope slides

(Garnham & Voller 1965). The antigen pro-
duction was a modification of those de-
scribed by Ross & Ldohr (1968), and by
Leeflang & Perié (1972). The antigen used
in this experiment was produced from a
splenectomized calf infected with a B. diver-
gens isolate, heterologous to the isolates
which had been used to infect the donor calf
of test sera. When a parasitaemia of about
10% of the erythrocytes infected with B.
divergens was reached, 80 ml blood was
drawn into 1 liter of Alsevers solution, pH
6.8. The red blood corpuscles were then
washed by 4 separate 500 g centrifugations
in PBS, each lasting 20 min. Washing took
place within 1 h after the blood was drawn.
The sediment of erythrocytes and free Babe-
sia-organisms was resuspended with volu-
mes of PBS 1-2 times that of the sediment.
Subsequently it was spread with an appli-
cator in a thin film onto the wells in teflo-
nized slides. Each slide had 10 wells (Gold-
man 1968, Christensson 1986). While pre-
paring a solution of the sediment, some anti-
gen slides were stained with acridin-orange
(Winter 1967) to determine the number of
Babesia-organisms and to make sure that no
white corpuscles, which interfer with the
IF-test, were present. The antigen in the
wells was air dried. These antigen slides
were wrapped first in special Leitz micro-
scope cleansing tissues and then in alumi-
nium foil, after which they were stored at
-70°C in a sealed plastic bag with dry sili-
cagel (Leeflang & Peri¢ 1972) until being
used within a period of 2 years.

Immediately before use, the antigen was
fixated by dipping the antigen slides for 5
min into cold (-20°C) aceton which was kept
dry by storage over crystals of CaCl2. The
antigen slides were rinsed and washed 3x2.5
min with PBS, which also liberated any hae-
moglobin from the antigen.
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The modified IF technique

1. Dilutions of test sera in a volume of
about 0.1 ml were dropped onto the antigen
in the wells, which were still wet from being
washed. The antigen slides were incubated
in moist chambers at 26°C for 30 min and
rinsed as described previously.

2. To block the sites on the antigen and on
attached serum proteins where protein A
could bind, approximately 0.1 ml diluted
protein A was dropped into each well. The
antigen slides were incubated and rinsed as
described previously.

3. After blocking, rabbit anti-IgM, to which
FITC-protein A was bound, was added.
FITC-protein A was bound to anti-IgM by
mixing equal parts of an optimal dilution of
anti-IgM  with an optimal dilution and
FITC-protein A in a test tube, which was
subsequently incubated at 26°C for 30 min.
This labelled anti-IgM was used within 24 h.
Approximately 0.1 ml of the prepared dilu-
tion was added to each well and the antigen
slide was then incubated and rinsed as de-
scribed previously.

The slides were mounted under a cover slip
using a mountant composed of 9 parts glyce-
rol and 1 part 0.1 mol/1 NaHCO? at pH 8.3
(Goldman 1968). The preparations were
read within 6 h.

The slides were viewed with a Leitz Ortho-
plan microscope equipped with incident
light exitation, a Ploem-pack 2.1 with a fil-
ter block K2 with a blue exitation band pass
filter exiting 470490 nm, and a Hg lamp
HBO 50W.

Reactions were graded with 1 of 4 scores:
nil+++ and +++. A score of +, which was
regarded as positive was given when the
whole rim of all the parasites was glowing.
At higher scores more of the parasites sur-
face was fluorescing. Each day readings were
initiated with the same negative and positive
sera, always at the same dilutions, 1/40 and
1/640 respectively.
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The conventional IF-technique

The conventional IF-test which was perfor-
med parallel to the modified IF-test, was
similar to the latter except that no protein A
was used and the anti-IgM was directly con-
jugated with FITC.

All of the batches of reagent that were used
were tested and found to be free of auto-
fluorescence.

Results

Comparison of the modified and the conven-
tional IF-technique using negative sera

To compare the unspecific reactions occur-
ring with the conventional IF-test for IgM
antibodies of Babesia with those of the mo-
dified test 10 negative sera from non-splen-
ectomized calves were tested in duplicates,
diluted in doubling dilutions starting at
1/20. The 4 anti-IgM batches described
above were used.

The results are presented in Table 1. When
using modified technique, no unspecific re-
actions were seen at a dilution of 1/40, but
for the conventional technique the sera had
to be diluted 2 steps further to give the same
negative reaction. This difference of 2 doub-
ling dilution steps was significant (P < 0.01,
x* = 12.1). The 10 sera reacted uniformly.
There was no systematic tendency among
the sera, such as e.g. one serum always
giving a higher titre than the others.

Comparison of the modified and the
conventional IF-technique for positive sera
To compare the specific reactions occurring
with the conventional IF-test for IgM anti-
bodies to Babesia with those of the modified
test 10 positive test sera were used. They
were obtained from the same calves which
previously had been used to give the nega-
tive sera. Positive sera were obtained §-22
days p.i. and the 4 anti-IgM batches de-
scribed before were used.
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Table 1. A comparison of the performance on negative control
serum of a modified IF-technique which uses anti-IgM bound with
FITC-protein A as the anti-immunoglobulin, with the conventional
IF-technique which uses FITC-conjugated anti-IgM. B. divergens was
the antigen used. Sera were obtained from 10 non-infected calves.
Each serum was tested in duplicates. Two different anti-IgM prepa-
rations were used for each IF-technique. Titres are given as reciprocal
values.

365

No. of sera with a positive reading at a titre of

(reciprocal values)
Anti-Ig used 20 40 80 160 320
Modified technique
anti-IgM no. 14 8 0 0 0 0
anti-IgM no. 19 8 0 0 0 0
Conventional technique
anti-Igm no. 14F 10 10 8 0 0
anti-IgM no. 12F 10 10 10 2 0

The results showed that the titres varied
from 1/80 to 1/5120 depending on how
many days p.i. the samples were drawn.
There was no discrepancy between the mo-
dified tests performed with the 2 anti-IgM
batches described, nor was there any differ-
ence between conventional tests performed
with the 2 FITC-conjugated anti-IgM bat-
ches. Comparing the 2 IF-techniques the
modified technique gave an endpoint titre 1
dilution step lower in 6 of 10 cases. The
endpoint reading was more distinct with the
modified technique.

Counterstaining with Evans Blue compared
to the conventional IF-test

Parallel with the conventional IF-tests of ne-
gative and positive test sera, IF-tests using
counterstaining with 0.01 % Evans Blue ad-
ded to the antiglobulin solution were per-
formed (Goldman 1968). In 2 cases with po-
sitive sera, counterstaining with Evans Blue
gave an endpoint titre 1 dilution step higher
than cases not using Evans Blue, and in 1
case such counterstaining gave an endpoint
titre 1 dilution step lower.

Table 2. A comparison of the affinities for bovine Ig of: protein A

as used in the test, and rabbit IgG anti-bovine IgG bound with FITC-

protein A as used in a modified IF-test. Sera were obtained from 10

calves before and at intervals after infection with B. divergens (end
point titres are given as reciprocal values).

End point titre with conj

Days p.i. No. of sera FITC-protein A FITC-protein A +
rabbit anti-IgG
0 10 < 40 < 40
9 10 < 40 160-640
24 10 40 1280-2560
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The specificity of the modified IF-test

The specificity, i.e. the ability of the test to
differentiate between infected and non-in-
fected animals, was investigated by using
positive and negative test sera diluted in
doubling dilutions starting at 1/40. This
dilution was shown to be a possible breaking
point for the modified test (Table 1). In con-
ventional tests performed by others (Ross &
Lohr 1968, Leeflang & Perié 1972) this dilu-
tion was critical. Test sera were obtained
from 43 splenectomized calves kept indoors
at the NVL Blood samples were drawn 1
week before and 21 days after the experi-
mental infection with B. divergens. Sera
were tested with the anti-IgM described pre-
viously.

At a dilution of 1/40, 42 of 43 (97.7 %) of
serum samples from the non-infected ani-
mals showed no reaction in the test for IgM.
One had an endpoint titre at 1/40. After
infection, all 43 animals (100 %) showed
positive reactions at 1/40. Endpoint titres
were 1/640 to 1/1280.

The reproducibility of the modified IF-test
The reproducibility of the modified IF-test
was investigated with a within-test (Chis-
holm et al. 1978), where duplicate dilutions
of the same test serum were made daily for 5
consecutive days and titrated to their end-
points. The difference in dilution steps
within each daily duplicate was a measure of
the reproducibility. All of the endpoint titres
were also tabulated together in a test-to-test
comparison in which all of the results from
1 serum were compared. Anti-IgM no. 14
was used with 10 positive and 5 negative test
sera obtained from non-splenectomized ani-
mals.

The result of the within test of positive sera
showed that the reproducibility within 1
doubling dilution step was 96 %. There was
no difference more than 2 doubling dilution
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steps. The result of the test-to-test compari-
son of positive sera showed that the repro-
ducibility was 90 % within 1 doubling dilu-
tion step and 100 % within two. The repro-
ducibility for negative sera was 100 % re-
garding both the within test and the test-to-
test comparison.

The blocking capacity of protein A in

the modified IF-test

In order to verify that the blocking of pro-
tein A binding sites was total, sera known to
react strongly to anti-IgM, were tested. Sera
were drawn from each of 5 non-splenectom-
ized calves of 14, 21 and 28 days p.i. and
diluted 1/80. The modified IF-test was per-
formed as described previously with the ex-
ception that instead of anti-Ig anti-IgM no.
14 bound with protein A without FITC was
used. After the slides were washed a solution
containing 0.625 mg/ml of FITC-protein A
was dropped onto the wells and incubated
for 30 min. The antigen slides were washed
and mounted as previously described.

No fluorescence was observed. This indica-
tes that there was no disturbing exchange of
FITC-protein A and protein A bound to an-
tigens or antiglobulins and no disturbing
exchange of FITC-molecules from FITC-
protein A to protein A.

A comparison of the affinity of FITC-protein
A to bovine Ig with its affinity to rabbit IgG
anti-bovine immunoglobulin

Protein A binds to different classes of immu-
noglobulins of many animal species, but
with different affinities (reviewed by Lind-
mark 1981). The test was made to compare
the practical effect of the direct binding of
FITC-protein A to bovine Ig used in the
standard test with the indirect binding of
FITC-protein A to rabbit Ig anti-bovine
immunoglobulin used in the modified IF-
test. The rabbit anti-bovine Ig used was
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anti-IgG no. 20, which was prepared by the
manufacturer as a rabbit IgG.

Sera from 10 non-splenectomized calves
were obtained: before experiment infection
with B. divergens (negative serum), 9 days
p.i. (weak positive serum), and 24 days p.i.
(strong positive serum). The modified IF-test
was performed on these sera as described
before. FITC-protein A was used in a con-
ventional IF-test as the “antiglobulin™ at a
dilution of 0.0625 mg/ml.

The results are summarized in Table 2.
FITC-protein A could be used to detect
bovine Ig only in strong positive serum. The
indirect, modified IF-test was more sensi-
tive.

The modified IF-test with anti-1gG

The modified IF-test was performed with an
anti-IgG as described for the use of anti-IgM.
Comparable results were obtained, except
that no difference was registered with re-
gards to unspecific reactions, probably be-
cause unspecific reactions were more un-
common with FITC-conjugated anti-IgG
than with FITC-conjugated anti-IgM. The
specificity of the IF-test was excellent. 161
of the 162 non-infected animals tested
(99.9 %) showed no reaction, while 100 % of
the infected animals showed a positive reac-
tion. The reproducibility of the within test
was 98 % within 1 doubling dilution step
and 100 % within 2. Test-to-test reprodu-
cibility was 100 % within 1 doubling dilu-
tion. ‘

Every batch of antiserum, anti-Ig dilution,
and serum, as well as the antigen were
checked to be free of autofluorescence.

Discussion

The first descriptions of the usage of an
IF-test to detect antibodies in animals in-
fected with Babesia were published by Mad-

den & Holbrook (1968), Ross & Léhr (1968)
and Zwart et al. (1968). It is now the
most widely used serological technique to
demonstrate the presence of Babesia anti-
bodies (Todorovic & Carson 1981). How-
ever, the test has been regarded as a less
suitable tool for the investigation of the Ba-
besia infection in calves less than 6 months
old (Aragon 1976, Todorovic & Carson
1981), because maternally derived antibo-
dies against this parasite have been demon-
strated in calves up to 6 months of age (Ross
& Lohr 1970, Weisman et al. 1974). The
FITC-conjugated antiglobulin used in these
tests were, however, either anti-bovine se-
rum (Ross & Lohr 1970) or anti-bovine IgG
(Weisman et al. 1974). The maternal Ig is
mainly IgG, (Murphy et al. 1964, Pierce &
Feinstein 1965, Aalund 1968, Kickhdifen et
al. 1968, Butler 1974). Although all of the
different immunoglobulin subclasses are ab-
sorbed by the newborn calf (Butler 1974),
only a relatively small percentage are IgM
immunoglobulins. It is therefore possible to
use the presence of IgM antibodies specific
for Babesia as an indication that the animal
being tested has acquired antibodies actively
due to Babesia infection. The presence of
IgG, antibodies could also be used as an
indicator that antibodies have been actively
acquired, but this subclass of the bovine
immunoglobulins was reported to be com-
pletely absent in 1-2 % of a group of Danish
cattle and present only in low levels in an-
other 15 % (Mansa 1965, Nansen 1970).
Disturbing background fluorescence and dif-
ficulty in distinguishing between low posi-
tive reacting sera and known negative sera
are two of the problems that arise when
using FITC-conjugated anti-IgM immuno-
globulins in the conventional IF-test (Gold-
man 1968). Comparable problems have
been described by Callow et al. (1975) in
tests for equine IgG of Babesia equi.
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With the modified technique, infected ani-
mals could be separated from non-infected
at a serum dilution of 1/40 by demonstrat-
ing the presence of IgM or IgG antibodies
specific for Babesia divergens. This dilution
was also found by others to be the lowest
positive titre when using conventional IF-
tests with anti-IgG or antiserum to demon-
strate the presence of antibodies against
B. divergens (Leeflang & Perié 1972, Joyner
et al. 1972) and against other bovine Babesia
species (Ross & Lohr 1968, Leeflang & Perié
1972, Callow et al. 1974). Others, have
found that serum dilutions of 1/16 (Gold-
man et al. 1972) or 1/64 (Johnston et al.
1973a) distinguish false positive from true
positive sera. The specificity and the repro-
ducibility were tested and found to be high.
The present study is presumably the first
attempt to demonstrate the presence of
B. divergens specific IgM antibodies. Re-
cently O’Donoghue et al. (1985) published
the results of an experiment in which they
used the ELISA technique to investigate the
kinetics of IgM and IgG antibodies in splen-
ectomized calves after they were infected
with B. bigemina. The presence of IgM anti-
bodies in cattle after infection with B. bovis
has also been demonstrated by using a gel
filtration technique (Mahoney 1972) and by
using a gel separation technique which re-
vealed both IgM and IgG activity in serum
obtained after infection (Goff et al. 1982).
Cox & Turner (1970) demonstrated the pre-
sence of IgM antibodies in mice after a Ba-
besia infection by using a conventional IF-
technique and they reported no problems
with background fluorescence. Both the mo-
dified IF-technique and the ELISA tech-
nique seem to be suitable for testing bovine
sera to investigate the IgM response to a
Babesia infection.

Blocking was necessary, since the test could
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be disturbed by a direct binding of FITC-
protein A to bovine Ig (Table 2). Blocking
also eliminated the disturbing background
fluorescence better than counterstanding
with Evans Blue. The endpoint titres for
both IgM and IgG were easier to determine
when using the modified technique since it
produced less background staining and gave
an increased fluorescein/protein (F/P) molar
ratio. ,
Disturbing background fluorescence was
also eliminated with an anticomplement IF
method developed to detect antibodies to
B. bovis (Johnston et al. 1973b). The im-
proved results in both the modified IF-test
and the anticomplement IF-test may, to
some extent, have depended upon the fact
that with both techniques the FITC-mole-
cules were indirectly bound to the antiserum
and thereby not easily attached to other pro-
teins.

Molar ratio F/P gives a good reflection of
the number of FITC molecules bound to an
anti-Ig (Beutner 1971). The modified IF-test
produces a higher molar ratio F/P (about 6)
than is considered optimal (about 1.5-4) for
conventional FITC conjugates, since this in-
duces non-specific staining (Goldman 1968).
Protein A has been shown to bind to the
immunoglobulins of many different animal
species (Goudswaard et al. 1978) and to
varying degrees to the different classes and
subclasses of the Ig as listed by Lindmark
(1981). Only 26 % of bovine IgG, antibodies
showed reactivity to protein A, while 98 %
of the IgG, antibodies did so (Goudswaard et
al. 1978). The relative affinity of protein A
to rabbit IgG was, however, estimated to be
50 times greater than to bovine Ig (Gouds-
waard et al. 1978). This stronger affinity to
rabbit IgG was also demonstrated with a
modified IF-test compared with FITC-pro-
tein A as the “only antiglobulin™ (Table 2).
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The reactivity of protein A to bovine IgM
seems to be unknown, but is poor to IgM of
other ruminant species (Lindmark 1981).
FITC-protein A has been used as an alter-
native to monospecific anti-IgG (Bieberfeldt
et al. 1975). It has also been used as an in-
direct marker of specific anti-Ig in tests in
which animal antibodies have a low affinity
for protein A (Haaijman & Slingerland-
Teunissen 1978, Matzku & Zéller 1979,
Ghetie & Mota 1980). These authors also
report that the test using FITC-protein A
bound with an anti-Ig gives an increased
sensitivity compared to the test using a
directly FITC conjugated anti-Ig.

The capacity of protein A to interact exclu-
sively with rabbit IgG (Lindmark 1981) had
the advantage of making all of the rabbit
antiglobulins used in the modified IF-test
more comparable since serum components
of the rabbit anti-Ig other than rabbit IgG,
would not be bound with FITC-protein A.
This may explain the discrepancy between
the conventional and the modified IF-tests:
in the conventional FITC-conjugated anti-Ig
residues of non-specific protein might have
become FITC-labelled and caused non-spe-
cific reactions.

Other advantages that the labelling of rabbit
anti-Ig with a standardized FITC-protein A
has over the conventional FITC-conjugation
of anti-Ig are: technical simplicity, the ra-
pidity of the labelling method and the fact
that no anti-Ig is lost. For these reasons even
small batches of anti-Ig could be used.

This modified IF-technique was previously
used to improve the IF-test for Babesia
motasi (Christensson & Thunegard 1981).
During that experiment the unspecific
background fluorescence was also elimin-
ated.
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Sammannfattning

Modifierad indirekt immunofluorescensteknik

Jfor pdvisande av IgM-antikroppar mot Babesia
divergens infektion hos nétkreatur.

Jamforelse av ett konventionellt utfort IF-test med
ett modifierat test i vilket utnyttjas FITC-protein
A konjugerat antiglobulin samt blockering av pro-
tein A receptorer pa antigenet.

For att 6ka den indirekta immunofluorescens(IF)-
teknikens kiinslighet och diarmed kunna pavisa
nérvaro av IgM-antikroppar specifika mot B. di-
vergens utfordes testet pd foljande sitt: 1) inkube-
ring av Babesia-antigen med testserum, 2) foljt av
inkubering med protein A och direfter 3) tillsattes
kanin anti-nét IgM till vilket bundits protein A
bundet med FITC.

Med den modifierade IF-tekniken kan IgM-anti-
kroppar pavisas tidigt efter en infektion med
B. divergens ty reaktionen kan avldsas vid en lig
serumspddning tack vare en lig bakgrund. Ge-
nom att bestimma forekomst av immunoglobu-
liner av olika klasser kan man avgbra om ett anti-
kroppssvar beror av maternalt 6verforda antikrop-
par eller 4r resultat av en egen, forvidrvad infek-
tion.
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