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A new specific assay for the detection of DNA
immune complexes: its relevance in SLE

P. KLEMP,1 0. L. MEYERS,' AND E. H. HARLEY2
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South Africa

SUMMARY Double-stranded DNA immune complexes (DNA-ICs) were assayed by millipore
filtration and deoxyribonuclease digestion in 40 patients with both active and inactive systemic
lupus erythematosus (SLE). The assay is superior to the double-stranded DNA antibody (dsADA)
as an indicator of active disease, and, when combined with the total haemolytic complement (CH5.)
and ds ADA levels it increases the prediction of the relative risk of active disease. A good
correlation between actual levels of DNA-ICs and the degree of activity was also shown. We
conclude that measurement of DNA-ICs is of value as an additional monitor in the assessment of
activity in SLE.

A number of laboratory tests are available for the
diagnosis of SLE and for the assessment of activity.'`8
The most useful diagnostic test is the demonstration
of increased concentrations of ds ADA, because with
rare exceptions it is found exclusively in SLE. A
normal ADA level, however, does not exclude the
diagnosis. Depression of CH50, C3, C4, and elevated
ADA levels are highly suggestive, but not invariable,
indicators of active lupus. The observation of
abnormal values for the above in the absence
of apparent clinical activity may be due to an inabi-
ity to recognise minor grades of activity at the bed-
side. Methods exist for the detection of antigen nons-
pecific immune complexes,9'2- but there are few
assays for detecting complexes to specific
antigens.22-24
A new technique for the detection of DNA-ICs

based on the principle of millipore filtration and
deoxyribonuclease digestion has been shown to be
highly specific for SLE."5 This study was designed to
evaluate the latter in the following terms: (1) as a
monitor of disease activity; (2) whether the pre-
sence of DNA-ICs in the circulation in the absence
of clinical activity heralds the onset of active disease;
(3) the relationship between actual levels of
DNA-ICs and the severity of the acute episode.
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Materials and methods

PATIENTS
Forty patients with SLE were studied prospectively.
They were selected from the wards and from the
Lupus Clinic at Groote Schuur Hospital. Patients
were selected so as to include a wide spectrum of
organ involvement during both active and inactive
phases of the disease. There were 37 women and 3
men, 27 were Cape Coloured,26 8 were Caucasian,
and 5 were Negro. Their ages ranged from 15 to 54
years (mean 30). Eight were studied during the initial
presentation of SLE, while in the remaining 32
patients the duration of the disease ranged from 1 to
26 years (mean 5 9). Thirty-seven patients (92 5 %)
satisfied the preliminary ARA criteria for the classi-
fication of SLE.27 The remaining 3 (7-5 %) were con-
sidered to have unequivocal evidence of SLE on the
following grounds. One patient presented with acute
polyarthritis, an erythematous butterfly rash,
pericarditis, fever, severe depression, hypo-
complementaemia, positive antinuclear antibody
(ANA) and elevated ADA levels. The second had a
longstanding history of nondeforming polyarthritis,
neuropsychiatric symptoms, a butterfly rash, positive
ANA, hypocomplementaemia, ADA elevation, and
granular casts on a number of occasions. The third
patient presented with generalised cutaneous vas-
culitis, polyarthritis, alopecia, positive ANA, and
ADA elevation. The patients were assessed at each
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visit for evidence of clinical activity. The mani-
festations considered to be indicative of active SLE
are shown in Table 1. Flares were classified as minor,
major, or life-threatening. A flare was judged to be
minor if nonsteroidal anti-inflammatory agents were
sufficient to control musculoskeletal symptoms or if
skin lesions could be adequately controlled with
topical corticosteroids. Major flares usually required
admission to hospital and almost invariably cortico-
steroid and/or immunosuppressive therapy to control
the flare. Episodes were considered to be life-
threatening in those patients who presented with
severe fulminating cerebral, renal, or multisystem
disease and who were often unresponsive to therapy.

LABORATORY TESTS
At each visit urine was examined chemically and
microscopically, and blood was drawn for: CH50,
assayed by a modification of the method of Kent et
al.28 Anti-DNA antibody (ADA) was measured in
serum stored at -20°C by the millipore filtration
technique essentially as described by Ginsberg and
Keiser.29 The normal range for our laboratory is
between 0 and 5 ,ug DNA bound/ml serum. Levels of
5 to 15 are regarded as suggestive, while levels above
15 ,ug DNA bound/ml are virtually diagnostic of

Table 1 Criteria used in the assessment ofdisease activity in
SLE

Organ Criteria
Involvement

Musculo- Polyarthralgia Polyarthritis
skeletal Tenosynovitis Synovial effusion

Significant morning stiffness (>30 min)
Cutaneous Alopecia Oral ulceration

Vasculitis Maculopapular eruption
Erythematous butterfly rash
Exclusions: Raynaud's phenomenon,
CDLE, photosensitivity, pigmentary changes,
leg ulcers, ? digital gangrene

Renal Red cell or granular casts
Active involvement on histology
Significant or increasing proteinuria
Azotaemia
Increasing impairment of GFR

Neurological Psychosis Coma
Recent neuropsychiatric manifestations
Recent focal neurological signs

Serositis Pericarditis Pleurisy
Peritonitis

Haematological Haemolytic anaemia
Thrombocytopenia (<100 x 109/l)
Leucopenia

Constitutional Fever Malaise
Fatiguability Weight loss

CDLE =chronic discoid lupus erythematosus. GFR=glomerular
filtration rate.

SLE. (SI conversion: ,g/ml = mg/I.) DNA immune
complexes were measured by the millipore filtration
and DNase digestion technique as described pre-
viously 25 Where indicated, other investigations
including full blood count, serum chemistry, tests of
renal function, renal or other biopsies, radiological
and neurological tests were performed.
The following correlations between the clinical

evaluation and the serologic parameters were deter-
mined: (i) The clincal status and the CH50, ADA, and
DNA-IC levels. For statistical purposes the clinical
status was designated active or inactive, and each of
the parameters as normal or abnormal by Haldane's
modified formula.332 This formula allows for nor-
mal and abnormal levels of each parameter in both
active and inactive disease and also corrects for those
instances where the numbers are small. (ii) The re-
lationship between different grades of disease activ-
ity and actual DNA-IC levels was statistically evalu-
ated, the null hypothesis being that the means of the
DNA-IC levels in the different grades was equal, and
the alternative hypothesis that the means were pro-
gressively higher for each grade of activity. (iii) The
relationship between elevated levels of DNA-IC in
patients with clinically inactive disease and the
subsequent development of flares. In this instance
actual DNA-IC levels and the grade of activity which
ensued were evaluated.

Results

Of the 40 patients 15 remained clinically inactive
during the 30-month period of study, while in the
remaining 25 patients 44 acute flares were recorded.
In the latter group 13 were on corticosteroid and/or
immunosuppressive therapy at the time of the flare.
The dosage was increased in 9 patients to control
symptoms, while corticosteroid therapy was begun in
9.
The clinical manifestations of the 25 patients who

developed active disease and the relationship to cir-
culating DNA-IC are shown in Table 2. Arthritis and
skin involvement accounted for the majority of active
episodes both when they occurred alone (12 and 11
episodes respectively) or when they occurred as part
of a more general flare with other organ involvement
(21 and 20 episodes respectively). One hundred and
twenty nine single DNA-IC assays were performed,
76 during active and 53 during quiescent phases of
the disease. In 2 patients several IC measurements
were made over a 24-hour period during active dis-
ease, and the mean of these levels was taken to repre-
sent the IC level for the particular episode. ADA
levels were measured in 188, and CH50 in 176 sam-
ples from the patients during the same period of
study. The results obtained are shown in Table 3.
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Table 2 Relationship oforgan involvement to DNA-IC in
25 patients.

Organ No ofactive DNA-IC Not
involvement episodes present* present*

Musculoskeletal 12 16 7
Skin 11 10 8
Renal 5 2 5
MusculoskeletaUskin 3 3 2
Skin/CNS 2 4 1
MusculoskeletaV

CNS/renal 2 2 2
Skin/renal 2 2 1
CNS 1 1 -
MusculoskeletaV

skin/renal 1 2 -

Thrombocytopenia 1 1 -

Pericarditis 1 - 1
Musculoskeletal/

renal 1 1 -

MusculoskeletaV
CNS/pleurisy 1 2 1

MusculoskeletaV
skin/renaV
pericarditis/lung 1 * 1 1

Total 44 47 29

*Number of assays.

Abnormalities of the 3 parameters either singly or in
combination were all significant as monitors for the
presence of active disease. Depressed CH,, levels
alone reflected disease activity more accurately than
either ADA or DNA-IC. The combination of
ADA+DNA-IC or CH50+DNA-IC were signifi-
cantly better predictors of activity than for any of the
prameters singly or for the ADA+CH50 combina-
tion. The combination of all 3 parameters was
superior to the ADA+CH50 combination but not to
the CH50 +DNA-IC orADA+DNA-IC combination
as monitors of active disease. Furthermore it is
noteworthy that CH50 as a single monitor was better

than ADA+ CH50. Thus the most useful combination
of parameters for assessing the relative risk of disease
activity was, firstly, CH50 +DNA-IC, followed by
ADA+DNA-IC and ADA +CH50+DNA-IC.
DNA-IC levels in active and inactive disease are

shown in Fig. 1. The highest levels for inactive disease
and for minor flares were 1-77 andl-63 units/ml.
respectively. Levels above 3-50 units/ml were found
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Fig. 1 DNA-IClevels in active and inactive SLEareshown.
Complexes were undetectable in 36/52 (69 %) patients with
inactive disease and in 16/26 (61 %) with minor, 12/46
(26%) with major, and 115 (20%) with life-threatening
disease.

Table 3 Relationship between clinically active and inactive SLE and the serological parameters ADA, CH50 and DNA-IC,
singly and in combination together with the chi-square and p values.

Serological Active disease Inactive disease Relative risk x2 p
parameter ofactive disease

Abnormal Normal Abnormal Normal

ADA 69 31 51 49 2-11 6-19 0 009
CH5, 76 24 47 53 3-46 14-73 7-77x10-5
DNA-IC 62 38 32 68 3-36 10-73 0-0008
ADA+CH50 81 19 46 54 4-65 14-24 0-0001
DNA-IC+CH50 86 14 32 68 11-84 19-14 4-54x10-6
ADA+DNA-IC 74 26 19 81 10-86 18-36 5-56x10-6
ADA+CH,0+ 85 15 22 78 16-70 16-94 1-57x10-5
DNA-IC

"OO _6"

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.42.3.317 on 1 June 1983. D
ow

nloaded from
 

http://ard.bmj.com/


320 Klemp, Meyers, Harley

only in patients with life-threatening disease with the
exception of one patient with a major flare, in whom
the level was 7-40 units/ml. An analysis of DNA-IC
levels in the different grades of disease activity shows
that, while the difference between DNA-IC levels in
inactive disease compared to minor activity was not
significant, the mean levels in the 3 groups, (1) in-
active plus minor, (2) major, and (3) life-threatening
activity, were significantly different at the 0 02 sig-
nificance level. Allowance was made in the analysis
for the small number of patients with life-threatening
disease.

Eleven patients with raised DNA-ICs and clini-
cally inactive disease were carefully observed for the
subsequent development of active disease. The out-
come is shown in Table 4 . Three patients did not
develop any evidence of active disease over a
30-month period of observation while 6 (55 %) had
minor and 2 (18 %) had major flares. The onset of the
active episodes ranged from 1 to 9 months. Of the 11

-patients 6 (55%) had unequivocal renal lupus his-
tologically, and 2 (18%) patients had had granular
casts on a few occasions in the past. The remaining 3
patients at no stage showed any evidence of renal
involvement.

Table 4 Outcome in 11 patients with SLE in whom
DNA-IC was present without evidence ofclinical activity

Patient DNA-IC Outcome Severity ofacute episode
levels (months)

Minor Major

1 1-73 4 Polyarthralgia
2 0-03 2 Oral ulceration

0 59 1 Headache
Butterfly rash
Alopecia

3 1-17 9
0-04 7 Polyarthralgia
0-19 6

4* 0-28 3 Polyarthralgia
5 0-25 8

0-02 7 Malaise
1-68 4

6 0-06 2 Skin vasculitis
Alopecia
Malaise

7 0-60 9 Polyarthritis
8 1-77 2 Polyarthralgia

0-10 1
9 0-18 30 No activity
10 0-22 30 No activity
11 0-14 30 No activity

*Died 11 months later from suspected cerebral lupus.

Discussion

The clinical assessment of active SLE is relatively
straightforward in most cases, particularly when
there is objective evidence of arthritis, pleurisy, or
pericarditis, or when typical skin changes are present.
However in the case of renal and neurological disease
the clinical evaluation of disease activity may be
extremely difficult. A number of schemes for the
evaluation of activity in SLE have been devised,
including the use of scoring indices, grades according
to the degree of activity, criteria for major or minor
flares, and schemes based on the need for increased
steroid therapy to control symptoms. 3- The system
used in this study is based on these but with modifica-
tions. In our experience most minor flares can be
controlled adequately without corticosteriod/
immunosuppressive therapy. Thus the need to begin
steroid therapy, or to increase the dose in those
patients on treatment, permits a reasonably clear
differentiation between minor and major flares. The
third category of patients, those presenting with life-
threatening disease, was included to study the role of
the DNA-IC in this small but important group
separately. No system for the assessment of activity is
entirely satisfactory, since the evaluation is partly
subjective. It is difficult to know whether Raynaud's
phenomenon, leg ulcers, urticaria, and digital gan-
grene reflect active disease or not. To avoid so far as
possible false positive assessments of activity these
cutaneous manifestations were not included in the
scheme. Red cell and granular casts suggest renal
involvement. Their absence in the urine, however,
does not exclude active renal disease.35 The same
applies to proteinuria.

DNA-specific ICs have been shown to correlate
with active disease.23 37 In these studies DNA-ICs
were present in 58% of cases during acute episodes.
This is in agreement with our data, where circulating
compexes were detected in 62 % of acute flares.
The correlation between the serological tests and

clinical activity shows that CH50 is a better monitor of
active SLE than either ADA or DNA-IC. The most
likely explanation is that CH50 consumption occurs
during the formation of any IC, which is complement-
fixing, and is independant of the antigen. There is
evidence that both DNA and non-DNA-IC com-
plexes are important in SLE."5 Some of these com-
plexes are likely to be complement fixing, and it is
therefore not surprising that depression of haemoly-
tic complement is a good index of disease activity. It is
not clear why the DNA-IC is a better indicator than
ADA. The reason for this may be that ADA in itself
is not capable of producing tissue damage, so that its
presence in the circulation does not necessarily imply
that ICs are being formed and deposited. Circulating
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compexes on the other hand, because of their poten-
tial to initiate tissue injury, are more likely to be
associated with active disease.
The fact that 73 % of patients with clinically

inactive disease and raised IC values subsequently
developed evidence of disease activity suggests that
measurement of DNA-IC is of predictive value. It is
not possible, however, to predict the nature or the
severity of the attack from the levels of circulating
complexes. These preliminary data suggest that
patients should not be treated on the basis of raised
IC levels alone but should be carefully observed for
the development of clinically active disease. The pos-
sibility that subclinical renal activity might have been
present in the patients with elevated DNA-IC levels
in clinically inactive disease cannot be excluded. The
important question whether elevated DNA-IC levels
are a better monitor than CH50 or ADA for active
renal disease can be resolved only by performing
renal biopsies on all patients with increased IC levels
whether or not there is evidence of renal activity at
the time of analysis.
The difference in complex levels between

inactive/minor, major, and life-threatening disease,
after allowing for the fact that there were only 5
samples in the last group, was striking. The study thus
shows that actual DNA-IC levels correlate with the
severity of the acute episode.
We believe that this new technique for the

measurement of specific DNA-ICs is a useful addi-
tion to the tests currently available for the diagnosis
and assessment of activity in SLE. Apart from its
specificity it is easy to perform, it does not require
expensive or sophisticated equipment, and it can
therefore easily be introduced as a routine assay in
most laboratories.
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