
Annals of the Rheumatic Diseases, 1981, 40, 45-49

Detection of anti-dsDNA as diagnostic tool
A. J. G. SWAAK, JANNY GROENWOLD, L. A. AARDEN,
AND T. E. W. FELTKAMP

From the Department for Autoimmane Diseases of the Central Laboratory of the Netherlands Red Cross Blood
Transfusion Service, Laboratory for Experimental and Clinical Immunology, University of Amsterdam, and
Department for Rheumatic Diseases, Slotervaart Hospital, Amsterdam, The Netherlands.

SUMMARY The diagnostic significance of anti-dsDNA determinations was evaluated in 2 different
groups of patients. When the immunofluorescence technique (IFT) with Crithidia luciliae and the
Farr assay with 3H-labelled-PM2 DNA were applied to a selected panel of 536 sera from patients
with various well-defined autoimmune diseases, positive results were obtained only with serum
samples from patients with systemic lupus erythematosus (SLE). On the other hand when we
screened 4431 sera sent to our laboratory for diagnostic reasons, we observed a high incidence
of antibodies to dsDNA in patients who did not fulfil the preliminary American Rheumatism
Association's criteria for SLE and did not have the diagnosis SLE. Furthermore, a significant
number of the positive sera showed peculiar behaviour in that they were positive only in the IFT
on Crithidia luciliae and not in the Farr assay.

Early methods for detection of anti-DNA antibodies
showed that the presence of these antibodies is
strongly correlated with systemic lupus erythema-
tosus (SLE).' However with the development of
more sensitive methods these antibodies were found
to occur in numerous clinical syndromes.2-11
Subsequent experiments have shown that when-

ever reaction conditions are carefully controlled
and the substrate DNA is checked for 'double-
strandedness', the presence of antibodies to dsDNA
is restricted to patients with SLE.'2-14
A comparative study organised by the Arthritis

and Rheumatism Council for Research15 supported
the notion that from a diagnostic point of view 2
assays are superior in terms of sensitivity and
specificity, the Farr assay using well-defined radio-
active dsDNA and the immunofluorescence tech-
nique (IFT) using the kinetoplast of Crithidia
luciliae as a substrate.'6 Although in this comparative
study only some of the laboratories used the latter
assay, its specificity has been amply confirmed in
later papers."' 17
Most of the work on the specificity of anti-

dsDNA assays has been carried out by testing
panels of serum samples from selected patients
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with well-defined clinical manifestations. This
procedure excludes the analysis of serum from those
patients for which the use of the anti-dsDNA assay
as a diagnostic tool is most relevant, that is, patients
with SLE-like syndromes not meeting the actual
diagnosis SLE. To include this group of patients
in our study we changed the selection procedure
in that we analysed the clinical features of those
patients who were positive for anti-dsDNA on
routine testing in our laboratory.

Materials and methods

SERA
The sera used for the analysis of the specificity of
anti-dsDNA determinations were obtained from
135 healthy blood donors and from 525 patients with
a variety of clinical conditions. The patients included
150 with classical rheumatoid arthritis (RA) ful-
filling the American Rheumatism Association's
(ARA) criteria, 17 with Sj6gren's syndrome, 17
with scleroderma, 73 with an autoimmune liver
disease (primary biliary cirrhosis, active chronic
hepatitis, or cryptogenic cirrhosis with autoanti-
bodies), 64 with myasthenia gravis, 72 with an
autoimmune thyroiditis (thyrotoxicosis, Hashimoto's
disease, or myxoedema), 51 with autoimmune
gastritis (pernicious anaemia, antibodies to parietal
cells with or without antibodies to intrinsic factor
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or vitamin B, 2 deficiency). 36 with Addison's
disease, 45 with autoimmune haemolytic anaemia,
and 51 active SLE patients fulfilling the preliminary
ARA criteria for SLE.18

Furthermore, we included in our study the sera
of 4431 patients sent to our laboratory for routine
anti-dsDNA determinations. When a serum was
found to be positive, the clinician of the patient was
contacted, and his clinical diagnosis of the patient
was recorded together with the ARA criteria that
were met. Sera were stored at -200C.

ANTI-dSDNA DETECTION ON CRITHIDIA
LUCILIAE
Details of this immunofluorescence technique (IFT)
have been published.19 Crithidia luciliae were grown,
harvested, and used with one modification: the final
suspension was not made in water but in an oval-
bumin solution (1 g/l distilled water). Sera were
diluted 1:10 in phosphate-buffered saline (PBS,
0 01 M phosphate, 0-14 M NaCl, pH 7 4). Fluo-
rescence of kinetoplasts was considered to indicate

anti-dsDNA activity. To facilitate the location of
kinetoplasts, propidium iodide (Calbiochem, 1 g/l,
lot no. 410154) was used as counterstain, with a
KP-560 barrier filter to separate propidium iodide
fluorescence from fluorescein isothiocyanate (FITC)
fluorescence.

ANTI-dSDNA DETERMINATION WITH THE
FARR ASSAY
Details of the method have been published.162022
3H-labelled PM2-DNA (100 ng) was incubated with
50 ,ul serum in the presence of 800 pg normal human
gammaglobulin. The incubation volume was 0-2 ml
and the medium PBS. After incubation of the mixture
for I h at 37OC, 5 ml cold 50%-saturated ammonium
sulphate was added. The precipitate was allowed
to form for 30 min at 40C and was then centri-
fuged for 15 min at 3000g in a refrigerated centrifuge,
washed twice with 50% saturated ammonium
sulphate, and counted. The mean binding of 135
control sera was 50 ± 3% (SD) of the input. Anti-
dsDNA activity is expressed in terms of units per
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Fig. 1 Incidence ofanti-dsDNA in sera ofpatients with various autoimmune diseases, as measured by the
Farr assay.
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ml,1 1 unit being defined as the amount of anti-
dsDNA precipitating 30% of the added DNA under
the above conditions.22

Results

SPECIFICITY OF ANTi-dSDNA ON SERUM
OF PATIENTS WITH WELL-DEFINED
AUTOIMMUNE DISEASE ENTITIES
When we analysed the serum of patients with defined
clinical manifestations in the Farr assay and the
IFT, we noticed a clear-cut specificity for SLE.
Fig. 1 shows the dsDNA-binding values in the Farr
assay of serum from patients with the indicated
diagnosis. The IFT gave concordant results with 2
exceptions: 1 of the weakly positive SLE sera (20
U/ml) was negative in the IFT, and 1 patient with
myasthenia gravis gave a weak kinetoplast fluo-
rescence, while it was negative in the Farr assay.

ANTi-dSDNA IN SERA SENT FOR
DIAGNOSTIC REASONS
The sera sent to our laboratory for routine anti-
dsDNA determinations were screened with the ITTP.
Of the 4431 sera tested 158 showed at least a mini-
mally visible kinetoplast fluorescence. Sera that were
positive in the IFIf (including the weakly positive
ones) were then tested in the Farr assay. Of these
158 only 80 were positive in the Farr assay. The
clinical diagnosis SLE were made in 91 patients
of the 158 IET-positive and in 56 patients of the
80 Farr-positive groups. The preliminary ARA
criteria were met in 53 of the 158 IFT-positive and
in 37 of the 80 Farr-positive sera. These data are
summarised in Table 1. When DNA-binding levels
were included, we observed that the diagnosis
SLE occurred more frequently in patients with high
anti-dsDNA levels (Table 2).

Table 1 Anti-dsDNA in 4431 sera sent for routine
analysis
Number ofPositive Number ofpatients with:
sera in: diagnosis SLE _> 4 ARA criteria

IFTP 158 91 (57%Y) 53 (33%Y)
Farr assay 80 56 (70%) 37 (46%)

Table 2 Influence of anti-dsDNA level in the Farr assay
Anti-dsDNA Number of Diagnosis >- 4 ARA
activity (units/mi) patients SLE criteria

<10 78 35 (44/o) 15 (19%)
10-20 34 21 (60%) 11 (31%)
>20 46 35 (76%) 26 (56%)
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Table 3 Diagnosis of 66 non-SLE sera positive for
anti-dsDNA in the IFT

Diagnosis Anti-dsDNA in the Farr assay

Neg. (<IO Pos. (>-JO

U/mi) U/mi)
Arthritis 16 17
Renal disease 6 0
Liver disease 5 0
Drug-induced LE 4 0
Diseases of the respiratory tract 2 0
Disease of the digestive tract 2 0
Myasthenia gravis 1 0
Diihring's disease 1 0
Hodgkin's disease 0 1
Raynaud's syndrome 0
Unknown 5 5
Total 42 24

DIAGNOSIS OF THE ANTi-dSDNA-POSITIVE
NON-SLE PATIENTS
Table 3 shows the clinical diagnosis of the non-SLE
patients with a positive kinetoplast/fluorescence.
The diagnosis arthritis represents a diversity of
diagnoses, mainly RA (21), polysynovitis (1), or
arthralgia (10). The same is true for renal disease,
representing the following diagnoses, glomerulone-
phritis (1), focal glomerulonephritis (1), deteriora-
tion of the renal function without a pathohisto-
logical diagnosis (4); for liver disease, autoimmune
hepatitis (1), chronic hepatitis (1), cirrhosis (2),
liver carcinoma (1); for diseases of the digestive
tract, colitis (1), malabsorption syndrome (1); and
for diseases of the respiratory tract, pneumonitis (1),
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Fig. 2 Frequency of the amount ofpositive ARA
criteria in the 'non-SLE' patients.
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pleuritis (1). Most frequent features of the drug-
induced LE patients were arthritis (4) in combination
with haematological abnormalities (1), pleuritis
(1), neurological symptoms (1).
One patient is excluded from Table 3, because

more than 4 ARA criteria were present, but the
diagnosis SLE was not made by the clinician. 'Un-
known' means that it was impossible for the clinician
to make a diagnosis.
When these patients were analysed for their

ARA criteria, it was clear that most of them had
symptoms strongly related to SLE in that they were
positive for several ARA criteria (Fig. 2).

Discussion

The specificity of antibodies to DNA for SLE has
been a subject of considerable debate over the past
decade. The main reason for controversy seems
to be the use of different assays and, more important,
different sources of DNA. The specificity of the
test improved when dsDNA was used as antigen and
care was taken that the DNA was not contaminated
with single-stranded (ss) regions. 20-22
The indications are that most of the DNA pre-

parations in use for anti-dsDNA determinations are
contaminated with ss regions.'4 23. We have shown
before that circular dsDNA, isolated from bacterio-
phage PM2, is free from ss contaminants and does
not react with sera with strong anti-ssDNA acti-
vity. This experience is shared by others (Maini,
personal communication).
A similar specificity was found when sera were

tested with the IFT on Crithidia luciliae. Sera
containing antibodies to ssDNA did not react with
kinetoplasts.'2 Therefore we feel that only antibodies
to dsDNA are detected by these 2 methods. Indeed,
when applied to the panel with sera from patients
with a defined diagnosis, these assays were very
specific for SLE. Antibodies to ssDNA were present
in at least 30 non-SLE patients of this panel. This
emphasised the critical role of antigen purity.

However, in testing the sera sent to us for routine
diagnostic anti-dsDNA determination we completely
lost the above described specificity for SLE of our
assays. These sera represented a selected material.
They came from patients suspected of having SLE.
However, these patients were negatively selected for
having the actual diagnosis SLE, because a major
reason for sending the sera to us was to get further
information for the diagnosis.
The finding of anti-dsDNA in non-SLE patients

may be clarified by the hypothesis that non-SLE
patients with anti-dsDNA will develop SLE.
Follow-up studies of anti-dsDNA-positive non-SLE
patients revealed that 6 out of 40 patients developed

a full SLE picture after entering the study (to be
published). Should this explanation prove to be
right, it would imply that anti-dsDNA has an impor-
tant prognostic value. If it is wrong, we are left
with the finding that there is a group of patients hav-
ing anti-dsDNA that do not fulfil the criteria set for
SLE. It would be interesting to know whether anti-
dsDNA in these patients can be differentiated from
anti-dsDNA found in patients with the diagnosis
SLE. That such a difference may exist is indicated
by the low correlation found between the IFT and
the Farr assay: only 80 of the IFT-positive sera were
also positive in the Farr assay. In sera of selected
SLE patients the correlation between the IFT and
the Farr assay was much better.'2

In that same paper we reported that the Farr
assay with PM2 DNA is somewhat more sensitive
than the IFT. That would lead one to expect a
number of sera to be positive in the Farr assay and
negative in the IFT. Because we screen our patients
with the IFT, after which only the positive ones are
tested in the Farr assay, such a combination does not
occur. But how can the high frequency of the reverse
combination be explained? We have shown before
that the IFT and the Farr assay have different
sensitivities for different types of antibody owing to
the variation in antigen presentation in the 2 assays.2-4
The IFT seems to detect antibodies with a low
avidity better than the Farr assay. This suggests that
the non-SLE patients have anti-dsDNA of a some-
what low avidity. Whether this low avidity anti-
dsDNA is related to an early stage of SLE or whether
we are dealing with a distinct clinical entity different
from SLE remains to be investigated.
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