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Laboratory techniques

Annotation: Diagnosis of Toxoplasmosis
Toxoplasmosis is caused by infection with Toxo-
plasma gondii, an obligate intracellular protozoal
parasite widespread in animals and man. It was
discovered in 1907 and found to cause human disease
in 1948. In the immunocompetent host the infection is
usually subclinical but may produce a mild
lymphadenopathy, and very occasionally choroido-
retinitis. In a immunodeficient host such as a fetus or
patient infected with human immunodeficiency virus
(HIV) there may be dissemination of the organism to
produce cerebral, retinal, or other lesions. Similar
lesions may occur in highly immunosuppressed organ
transplant cases.

Diagnosis ofthe infection is therefore important not
only for treatment but from the point of view of
epidemiology and prevention. But diagnosis of any
infectious disease depends on isolation of the organ-
ism and demonstration ofan antibody response to the
infection. In the case of toxoplasmosis the organism is
difficult to isolate because it is very difficult to culture.
The lymphadenopathy characteristic of the disease is
due to the immune response, and the number of
organisms seen in histological sections or isolated
from enlarged lymph nodes is very small. Isolation of
organisms from other tissues is also a difficult and time
consuming procedure. Whether DNA or other probes
can assist in this process will be an interesting
procedure to explore.

Diagnosis therefore depends on serological tests. As
clinical diagnosis of toxoplasmosis is difficult and is
often delayed until the antibody response has peaked,
the usual criterion of a rise in antibody titres is
therefore not applicable and diagnosis may have to
depend on a single serum examination.
To define whether the disease is acute or convales-

cent from the examination of one serum entails using
characteristic patterns of immunoglobulins such as
IgM and IgG. Although Western blots may show
useful immunological details, these are at present too
complicated and time consuming to be of routine
value. If antibody-antigen responses that will
determine in detail the date the host was infected can
be determined then such information could be ofgreat
value, especially in infection during pregnancy:
various IgM tests are currently being assessed. It is
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particularly important to know the date of onset of
infection in pregnant women because of the danger of
congenital infection in the fetus.
Many antibody tests have been investigated in the

past 40 years since the finding that T gondii could
infect man. The most popular test has proved to be the
toxoplasma dye test. The disadvantages of this test are
that it requires the use of live organisms, is
complicated, and needs fresh frozen human plasma or
serum free from antibodies to toxoplasma to provide
the complement. These difficulties have led to a search
for specific and sensitive substitutes. None of these has
been shown to be good enough to replace it as yet. The
dye test remains the test used in the international unit
system for quality control of toxoplasma antibody
testing.
The following papers illustrate comparisons bet-

ween different tests and some of the difficulties in the
serological diagnosis. Advice about the diagnosis and
treatment of toxoplasmosis can be obtained from the
three reference laboratories of the Public Health
Laboratory Service: Leeds Public Health Laboratory,
Bridle Path, York Road, Leeds LS15 7TR; Swansea
Public Health Laboratory, Singleton Hospital, Sgeti,
Abertawe, Swansea SA2 8QA; London Public Health
Laboratory, St George's Hospital, Blackshaw Road,
London SW17 OQT.

THE LATEX AGGLUTINATION TEST
Latex particles have been used as a carrier for antigen
in indirect agglutination tests for antibodies in many
diseases. The Toxotest MT (Eiken Chemical Com-
pany, Bonkyo-ku, Tokyo, Japan) has been used for
more than 10 years as a satisfactory screening test for
toxoplasma antibodies. It is not clear which antigens
are stuck on to the latex but different tests may well be
measuring different antigen-antibody systems.'
The latex test is easy to perform and sensitive but

there are problems with its specificity. The test entails
the coating of latex particles with inactivated toxo-
plasma antigen by the manufacturers. The particles
form agglutinating patterns in the presence of toxo-
plasma antibodies in the serum of infected patients or
animals. Serial dilutions of serum placed in wells of a
microtitration tray are mixed with sensitised latex
particles, shaken, and allowed to settle at room
temperature for 12 hours. The manufacturer's instruc-

191

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.42.2.191 on 1 F

ebruary 1989. D
ow

nloaded from
 

http://jcp.bmj.com/


192
tions show different agglutination patterns so that the
titre of antibody in the patient's serum can be read by
comparison with those of positive and negative con-
trols. The test may be positive in cases where the dye
and other tests for toxoplasma antibodies are negative.
This false positive reaction is an IgM component of
unknown origin. The following papers illustrate the
sensitivity and specificity of the test in different
situations.
THE DYE TEST
The dye test for toxoplasma antibody has been in use
for 40 years diagnosing toxoplasmosis. It is still widely
used and is the preferred test of the WHO for the
calibration ofthe International Control Serum obtain-
able from State Serum Institute, Copenhagen. The
modification of the test used in the United Kingdom
Public Health Laboratory Service Reference
Laboratories is controlled by a national control
serum. Periodic exchange of sera between the
laboratories in the United Kingdom permits standar-
disation of reporting of cases to the Communicable
Diseases Surveillance Centre throughout England and
Wales. Similar close cooperation exists with the
Toxoplasma Reference Laboratory for Scotland in
Inverness.

Details of the technique for the dye test can be found
in the Laboratory Diagnosis of Toxoplasmosis.2 It is a
very sensitive specific test, although cross reactions
may occur with infections caused by T hammondia.
These latter organisms have not been described in the
United Kingdom and produce only low titre cross
reactions with the toxoplasma dye test. There is
therefore no practical reason to doubt the specificity of
the tests for toxoplasma antibody.

TgondiiRH strain is inoculated into the peritoneum
of mice for 70 hours to provide antigen for the test.
Live organisms are harvested and mixed with fresh
frozen human plasma to provide complement and the
test serum is then added at a range of dilutions. This
mixture is incubated at 37°C for one hour and then
with alkaline methylene blue for five minutes at room
temperature in multiple flat-bottomed trays. If
antibody is present in the test serum the cell wall ofthe
toxoplasma is damaged, and this causes the cytoplasm
to be modified, preventing uptake of the alkaline
methylene blue and causing the cytoplasm to appear as
a ghost cell with a blue nucleus. On the other hand, if
antibody is absent the whole cell stains blue. The end
point is that at which 50% of the toxoplasma organ-
isms fail to take up the stain. National and inter-
national positive control sera are used to regulate the
quality of the test procedure.
THE ENZYME LINKED IMMUNOSORBENT ASSAY
(ELISA)
This usually depends on the capture of patients' IgM

Fleck
using anti-human IgM coated on plastic, usually as
plates with 96 wells. Specific toxoplasma antibody in
the serum is detected using antigen indirectly labelled
with an enzyme, usually horseradish peroxidase
(HRP). The HRP complex is detected usirg a sub-
strate to which hydrogen peroxide has been added.
The reaction is then stopped, usually with sulphuric
acid, and absorbance values determined specto-
photometrically. The absorbance value is propor-
tional to the amount of IgM present in the test serum.

Positive and negative controls are used to determine
the test serum titres. Various modifications of this test
are used; surveys of these are being carried out by the
three toxoplasma reference laboratories mentioned
above.
An ELISA is also used to detect IgG but is not used

so extensively and is still being assessed.

THE DIRECT AGGLUTINATION TEST
Fulton and Turk used formalin treated T gondii in a
direct agglutination test.3 Peloux et al showed that
non-specific immunoglobulins interfered with the test,
but removal of these by treatment with mercapto-
ethanol and enzymatic treatment of the T gondii
treated with formol produced a sensitive, specific, and
useful assay showing good correlation with the dye
test.4 The direct agglutination test measures IgG
antibodies to toxoplasma which react with the mem-
brane antigen. It is useful as a screening test as it is
more specific than the latex test. It is used extensively
in France for screening pregnant women for congen-
ital toxoplasmosis in the fetus. The titres peak at
dilutions of 1/10 000 to 1/100 000 and reach a steady
state after six months. When standardised with the
WHO reference serum the test detects IgG down to a
titre of 0 05 IU/ml.

IMMUNOSORBENT AGGLUTINATION ASSAY
This is used to measure toxoplasma specific IgM. It
relies on IgM capture with monoclonal antibodies
coated on to plastic. The toxoplasma antibodies
contained in this total IgM are measured by an
agglutination using whole toxoplasma antigen similar
to the direct agglutination test described above. The
test has a high sensitivity and specificity, permitting
early diagnosis of active and congenital toxo-
plasmosis.

Discussion

Ever since Sabin and Feldman described the dye test
for toxoplasma antibody,6 efforts have been made to
find a serological test that avoids the use of live
toxoplasma organisms. There has not been complete
success. The dye test still remains the reference test
because of its high sensitivity. The need for fresh
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antigen from live organisms and for fresh human
complement, however, mean that the test is worth
using only when several hundred sera are being
processed. Economic restrictions demand rapid, cheap
methods of diagnosis, and agglutination tests in
primary laboratories are popular. The results of these
tests are best confirmed by reference laboratories
which can then offer advice on confirmation of
diagnosis and details of treatment.

Primary laboratories will select the test which suits
them best, but it is hoped the following papers will
offer guidance. At the Public Health Laboratory in
London we prefer the latex test as a routine screening
test in spite of the 1%-2% false positive rate. This is
preferable to a less sensitive test and acts as a control
on primary laboratories.

Further work is needed to characterise the direct
agglutination test but it is a useful screening test as it is
sensitive, specific, and easy to read. It can give a result
after only five hours' incubation at room temperature.

Infection with HIV may lead to acquired immune
deficiency syndrome with disseminated toxoplasmosis
as a complication. Other workers have found that a
high ratio of titres of direct agglutination antibody to
dye test antibody helps in the early diagnosis of
cerebral toxoplasmosis in this condition. Ever chang-
ing technical methods make it imperative for

laboratories to assess the most useful techniques so
that rapid diagnosis can lead to effective treatment.

DG FLECK
Public Health Laboratory,

St George's Hospital,
London
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