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Estimation of IgG and IgM brucella antibodies in
infected and non-infected persons by a radioimmune
technique
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SUMMARY Sera from 105 blood donors and eight patients with brucellosis were examined for
anti-brucella IgG and IgM by a radioimmune technique. A pooled standard was used for com-
parison and evaluation. The upper limit of the 99% confidence interval on the mean of both
immunoglobulin classes in blood donor sera was below 7 units/ml. Antibody response was shown
in three acute, two relapsing, two chronic, and one asymptomatic cases. Values of up to 300
units/ml of both classes were found in the acute cases. Chronic sufferers showed lower concentra-
tions of antibody. Relapsing cases showed increases comprising mainly IgG. The assay method,
which shows general concordance with the results of conventional tests, is useful and measures
individual immunoglobulin classes directly.

Most human cases of brucellosis are diagnosed by
recognising the symptoms and by demonstrating the
antibodies in the serum. The organism may be iso-
lated from the blood, but bacteraemia is intermit-
tent.' Reliance is therefore placed on immunological
procedures, which must be both accurate and infor-
mative.

Conventionally, antibodies have been studied
using the serum agglutination test, the complement
fixation test, and the indirect antihuman globulin
assisted agglutination test. From these results the
presence and relative proportions of anti-brucella
immunoglobulins (IgG and IgM) are inferred and
thus the stage of the disease and its activity in the
patient are estimated.24

Previous workers have shown that the titres
obtained in conventional serological tests are not
absolutely related to the presence and relative pro-
portions of IgG and IgM. Agglutination may be
caused by both IgM and IgG, and complement
fixation test activity may be high throughout the dis-
ease. Acute cases may present with high, low, or
undetectable concentrations of antibody.67 High
titres may be produced in persons, such as vet-
erinarians, exposed to the organism but not clini-
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cally suffering from the disease. Mercaptoethanol
may be used to differentiate between IgG and IgM
activity89 but is difficult to control and the results are
not readily reproducible between laboratories. The
course of the disease may therefore not be reflected
fully in the results of conventional tests.

Titres obtained in complement fixation and serum
agglutination tests derive from the in vitro activity of
the total antibody population of the serum. Proce-
dures have been devised recently which have the
advantage of demonstrating the immunoglobulin
classes individually. They include enzyme linked
immunosorbent assay'0 and immunofluorescence
tests." For some time this laboratory has been
examining sera. by means of immunoradiometric
assay, and we report here the results obtained with
sera from blood donors and from patients with
brucella infection.

Material and methods

SERA
Blood donor sera were obtained from the National
Blood Transfusion Service Laboratory at Southamp-
ton. Standards for comparison were prepared from
pools of specimens showing high serum agglutina-
tion and complement fixation test results. Other sera
were those examined by this brucella reference
laboratory. All were stored at - 20°C before testing.
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Radioimmune estimation of brucella antibodies

PREPARATION OF ANTIGEN
EEC Standard Brucella abortus antigen (Central
Veterinary Laboratory, Weybridge) was centrifuged
at 2400 g for 30 min and the deposited cells taken
up in 0*85% (0.124 mol/1) saline containing 0-4%
(0.043 mol/l) phenol. The packed cell concentration
was adjusted to 5% as measured by microhaemato-
crit.

PREPARATION OF RADIOACTIVE LABELLED
ANTIHUMAN GLOBULIN
Goat antihuman IgM and goat antihuman IgG sera
(Technicon) were labelled with '25Iodine (Amer-
sham International PLC) by the chloramine T pro-
cess.'2 Unbound iodine was removed by gel filtration
using Sephadex G25 coarse grade (Pharmacia Fine
Chemicals Ltd). After a series of titrations we found
that 30 ml of labelled antihuman globulin at a
strength suitable for the test could be prepared from
the original 2 ml of goat serum. Phosphate buffered
saline at pH 7-3 (PBS, Oxoid) was used as diluent
and eluent.

IMMUNORADIOMETRIC ASSAY
The method used was similar to that of Parratt et al 3
and Brown and Lee.'4 Fifty microlitres of serum or
serum diluted in PBS was added to 200 ul of anti-
gen. After overnight incubation at 37°C unbound
proteins were removed by repeated washing in PBS
containing 2-5 g/l of bovine albumin (Fraction V,
Sigma) using centrifugation at 2000 g at 8°C for 20
min. The spun deposit was then resuspended in 0-2
ml of the diluent, 100 ,ul of radiolabelled antihuman
globulin (anti-IgG or anti-IgM) was added, and the
mixture was incubated at 37°C for 90 min. Unbound
constituents were removed as previously. The
radioactivity present in the washed deposit was
measured using a gamma counter (Wilj model
2001).

CALCULATION OF RESULTS
The amount of IgM and IgG as shown by the test
was assigned a numerical value by comparison with
a serum standard, to which had been assigned an
arbitrary content. This had been adopted after con-
sultation with other workers in the field. Duplicate
tests were performed for both immunoglobulin clas-
ses in test sera. A standard graph was prepared from
examination of dilutions of the standard serum, each
being done in triplicate or quadruplicate. Results
and statistical analyses were calculated using a mic-
rocomputer (CBM).

CONVENTIONAL TESTS
Serum agglutination, complement fixation, and
antihuman globulin assisted agglutination tests were
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performed according to the methods of Kerr et al.'5

Results

Histograms of the distributions of the specific IgM
and IgG concentrations of 105 samples of blood
donor serum are shown in Figs. 1 and 2. If a Poisson
distribution can be assumed, the following statistics
are obtained. For IgM: mean = 3 11 U/ml, standard
deviation (SD) = 1-42 U/ml. For IgG: mean = 2-47
and SD = 1-92 U/ml. Ninety nine percent of such
blood donors can therefore be expected to have
concentrations of less than 7 U/ml of both immuno-
globulin classes.

Forty nine specimens from eight patients sus-
pected of suffering from brucellosis were examined
(Table). In many cases the antihuman globulin
assisted agglutination test was also performed.
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Fig. 1 Distribution ofanti-Brucella IgM in 105 blood
donors. IRMA = immunoradiometric assay.
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Fig. 2 Distribution ofanti-Brucella IgG in 105 blood
donors. IRMA = immunoradiometric assay.
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Results oftests on sera from eight cases ofbrucellosis

Case no Months after onset of SA T CFT IRMA
symptoms

B ab B mel B ab B mel IgG IgM
1 1 1280 640 >256 128 285 150

.~~~~~~~~- x .

2

6

7

8

4
5

13
1-8
3

4

2
3
7
7-4
8
10

-8
1
1-6
4
13
25
28

(10 years)
+2
6

11
17
40
47
54
56
60
68

(2 years)
+1
2
4
7
9
10
13
25

(No symptoms)
14
27
36
38
40
49

Is
640

5120
2560
2560
640

320
<20

5120
1280
640
640
640
160

<20
1280
320
40

<20
<20
640

80
40
40

<20
80

<20
40
80
80
80
40

<20
<20
40

<20
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160
80
80
80

<20
<20
<20
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160
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160 256
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640
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320
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<20
160

80
40
40

<20
<20
<20
40
40
80
80
80

<20
<20
<20
<20
160
160
80
160
40

<20
<20
<20
160
320
80

<20

>256
256
128
32

i's
32

>256
128
32
8

256 128 21
64 64 107

>256
>256
>256

64
>256
AC

<4
128

>256
8

<4
8

>256

>256
>256
>256
>256
>256
AC

<4
128
256

8
<4
4

>256

AC AC
8
8
16
8

16
AC

8
8
16
16

AC
AC

4
128
128
128
32
64
16

<4
<4
<4
256
256
256
32

8
8
16
16
16

AC
8
8
8
8

AC
AC
<4
16
64
64
32
32
8

<4
<4
<4
128
128
64
16

B ab and B mel = B abortus and B melitensis antigen, respectively, used in the test. Serum aggutination (SAT) and complement fixation
(CFT) results are expressed as reciprocals of the titres obtained. Immunoradiometric assay (IRMA) results are expressed as units/nl.
S = insufficient serum for testing.
AC = serum anticomplementary.

ACUTE CASES
Clinical details and the results of conventional
serological investigations for cases 1, 2, and 3 were
all consistent with the diagnosis of acute brucellosis.
Immunoradiometric assay showed that the IgM con-
centrations were initially high and then fell and that
IgG concentrations in cases 2 and 3 continued to rise
for a few weeks after the first specimetnwas taken.

Values attained varied from 3 to 40 times the high-
est concentration found in the blood donor popula-
tion.

RELAPSE OR REINFECTION
Case 4 was a retired cricketer working as a school-
master in England. He had visited France two
months before- the onset of symptoms suggestive of

Hewitt, Payne
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Radioimmune estimation of brucella antibodies

acute infection. Br melitensis biotype 1 was grown

from blood taken at the same time as specimen
1 (Table). One month later he was symptom free
and had completed a course of antibiotics. Four
months later the symptoms returned. He had had no

known contact with fresh sources of infection. Con-
ventional test results were high, but titres did not
rise. Immunoradiometric assay showed a continued
fall in IgM, but the IgG had risen above the concen-

tration found in previous tests.
Case 5 was a laboratory worker. A specimen

taken before the onset of symptoms showed no

antibody activity. Eight months later, after
postmortem examination of a brucella infected
guineapig, he suffered an "acute attack of brucel-
losis." All serological investigations showed high
concentrations of antibody. Immunoradiometric
assay showed that the immunoglobulin concentra-
tions soon fell below 7 U/ml. Two years later he
again suffered an "acute attack." Conventional tests
showed that antibody concentrations had risen.
Immunoradiometric assay showed a slight rise in
IgM, which stayed below 8 U/ml, and a much larger
rise in IgG, to values higher than those in the first
incident. The possibility of reinfection with
exogenous organisms cannot be excluded.

CHRONIC CASES
Cases 6 and 7 were considered on clinical evidence
to be suffering from chronic brucellosis. Case 6 had
been ill for 10 years before the first specimen was
examined. Immunoradiometric assay showed con-
centrations of both immunoglobulin classes to be
slightly above 7 U/ml. Over several years the IgM
fell below this value; the IgG also fell, but remained
higher than 7 U/ml.

Case 7 was a slaughterman, whose illness had
remained undiagnosed for two years before Br abor-
tus biotype 5 was isolated from his blood. At that
time antibodies were not detected by conventional
tests, which included the antihuman globulin
assisted agglutination test. Immunoradiometric
assay, however, showed concentrations above those
found in blood donors. Serum agglutination, com-
plement fixation and antihuman globulin assisted
agglutination test activity appeared later after "a
relapse." IgG and IgM concentrations also rose at
this time.

CASE 8
Case 8 was a laboratory worker in contact with
brucellosis. Monitoring over three years failed to
detect antibodies until high IgG, IgM, and conven-
tional test results were found. All concentrations fell
during the next months. The man never complained
of symptoms and so no treatment was given. As far
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as we know he remains well.

Discussion

Previous workers have described the patterns of
antibody response to brucella infection.2359 The
results of serum agglutination, complement fixation
and antihuman globulin assisted agglutination tests
often correspond with the clinical stage of the dis-
ease. Where this was so in this study, the
immunoradiometric assay results were also as
expected. Acute and chronic cases showed high
and above normal results both in the conventional
tests and in the immunoradiometric assay. In gen-
eral, all tests can be used to differentiate sufferers
from brucellosis from the normal population. Some
changes in the relative proportions of the immuno-
globulin classes present, however, are shown only by
immunoradiometric-assay. The rise in specific IgG
concentration during the acute phase was shown to
be slower than the IgM rise by the results of cases 2,
3, and 5, in which IgG values were higher in the
second or third specimens than in the first, while
IgM values fell. Conventional test results on the
same sera were high but hid these changes. No
specimens were taken during the period when the
IgM was rising. This was because the disease is
insidious in onset and difficult to diagnose clinically,
and so few appropriate samples in the early phase of
the disease were submitted. Results from cases 1, 2,
3, 6, and 8 also show that IgG is slower to fall than
IgM in the postacute phase, but that timing is vari-
able. In the chronic phase specific IgM may be below
7 U/ml but both classes can be above this figure and
neither is as high as the concentrations found in the
acute phase of the disease.

In case 7, the immunoradiometric assay showed
specific immunoglobulin concentrations higher than
those found in normal blood donors at a time when
no conventional test activity was demonstrable, even
though the patient had symptoms and the organism
was cultured from his blood. A similar case in which
only the immunoradiometric assay test gave positive
results has been examined by this and another
laboratory.'3 This test may therefore be of use in
diagnosing infections in which no conventional test
activity can be shown.
Immunoradiometric assay also showed immuno-

globulin changes during relapse or reinfection.
Cases 4 and 5 suffered recurrence of symptoms after
a spell of good health. In the first case the already
high conventional test results failed to show a
,further rise in antibody concentrations, and in the
second case they gave no indication of the antibody
class concerned. Only the immunoradiometric assay
showed a large increase in the brucella specific IgG
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content of the serum, with IgM concentrations being
less affected. IgG is the major constituent of the
secondary humoral immunological response of an
immune animal when rechallenged with antigen, as
has been shown with brucella infections in cows.'6 In
our experience, however, in many cases of suspected
relapse of brucellosis rises in antibody concentra-
tions are not shown by any serological technique.
The symptoms may be due to other causes, but until
these are eliminated the absence of increases in
levels of antibody to brucella cannot be taken to
exclude the diagnosis of a relapse.

Comparison of the immunoradiometric assay
results and conventional test results shows that
although IgG concentrations are broadly related to
complement fixation test titres and IgM values
broadly related to serum agglutination test titres,
individual sera show every combination of high and
low serum agglutination and complement fixation
test results and IgG and IgM concentrations. This
confirms the findings of Parratt et al.'3 Compared
with IgM concentrations serum agglutination test
titres showed a correlation coefficient (r) of 0-8879
and gave a Student's t test statistic (t) of 1 1 42 at 35
degress of freedom (df). The linear correlation is
thus significantly different from zero (p < 0.01).
Similar figures can be derived by comparing com-
plement fixation test titres with IgG concentrations:
r = 0-7210, t = 5-89, df = 32, p < 0-01. Such
statistics ignore the contribution of both classes of
immunoglobulin to each conventional test. In cases
2 and 3 complement fixation test titres were falling
while IgG concentrations were shown by
immunoradiometric assay to be rising; the coinci-
dent fall in IgM concentrations may indicate some
involvement of the macroglobulin in complement
fixation. The high serum agglutination and comple-
ment fixation test titres seen in the last specimen
from case 5, coincident with high specific IgG con-
centrations, suggest that this class may cause both
agglutination and complement fixation.

Brucella infection is being eradicated from its
animal reservoir; consequently, fewer cases are
being encountered by doctors. There is still a need,
however, for informative laboratory investigations.
Brucellosis is endemic in many parts of the world
and may be transported across national boundaries.
The organism is notorious for causing relapses and
producing a chronic disease which may exist undiag-
nosed for a long time and give rise to a confusing
variety of symptoms and signs. It will therefore con-
tinue to be considered in the diagnosis of many dis-
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orders. Clinical examination is necessary to assess
the patient, since no laboratory test allows un-
equivocal statements. In obscure diagnostic situa-
tions the immunoradiometric assay can increase the
amount of useful information available to the doc-
tor. It allows direct measurement of brucella specific
immunoglobulin; it is applicable to large numbers of
sera; and it shows features of the immunological
response which may not be detected by conventional
serological procedures.
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