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The discovery of multitubular 'virus-like' inclusions
in renal tissue from patients with systemic lupus ery-
thematosus (SLE) (Gyorkey, Sinkovics, Min, and
Gyorkey, 1972) renewed interest in the hypothesis
that this and other connective tissue diseases (CTD)
might have a microbial aetiology (Christian, Phillips,
and Williams, 1971; Ziff, 1971). Attempts to isolate
viruses from SLE have been unsuccessful (Feorino,
Hierholzer, and Norton, 1970; Phillips, 1971), but
increased antibodies to various viruses have been
found (Phillips and Christian, 1970; Hollinger,
Sharp, Lidsky, and Rawls, 1971; Hurd, Dowdle,
Casey, and Ziff, 1972; Evans, Rothfield, and Nieder-
man, 1971; Kalliomaki and Halonen, 1972). These
studies failed to implicate a specific virus as the cause
of SLE, but the reason for the antibody elevations
was not clear. We found a direct relationship be-
tween measles and gamma globulin levels which
suggested that the elevated antibody levels in SLE
were due to hyperimmunoglobulinaemia (Phillips
and Christian, 1972). We report here an analysis of
measles, parainfluenza type 1 (Para-1), and adeno-
virus antibodies in relation to various clinical and
laboratory parameters in subjects with SLE, other
CTD and other diseases.

Subjects and methods

SLE patients had typical multiple system involvement
with positive antinuclear antibody and/or lupus erythema-
tosus (LE) cell tests. More than 85 per cent. of the rheuma-
toid arthritis (RA) patients had classical or definite disease
(Ropes, Bennett, Cobb, Jacox, and Jessar, 1959). The
diagnosis of juvenile rheumatoid arthritis (JRA) was cer-
tain in two-thirds of this group. One-third of the other
CTD group had scleroderma and one third vasculitis
(systemic and dermal); the remaining patients included five
with mixed CTD syndromes, two with dermatomyositis,
and three with drug-induced LE. All except three patients

in the Reiter's syndrome group had the complete triad of
arthritis, urethritis, and conjunctivitis. One-quarter of the
patients in the miscellaneous diseases (non-CTD) group
had arthritides not due to CTD (e.g. gout, osteoarthritis);
ten each had neoplastic and neurological disorders. Seven
each had cardiopulmonary and infectious diseases, six had
gastrointestinal and liver disorders, and the remainder
diseases of other systems. The normal group was hospital
personnel. Dr. Y. Hirshaut kindly provided sera from
blood bank donors and patients with sarcoidosis.

Sera were stored at -20°C. and coded before testing.
Standard micromethods were used for measuring measles
and Para-1 haemagglutination-inhibition (HI) antibodies
(Phillips and Christian, 1970), and, in heated (56°C.;
30 min.) sera, complement-fixation (CF) antibody against
adenovirus group antigen (Casey, 1965). All virus and
control antigens (fluids from uninoculated tissue cultures
of the same type used to make the virus antigens) were
obtained commercially (Microbiological Associates,
Bethesda, Md.). Antibody titres were expressed as the
log2 reciprocal of the highest 2-fold serum dilution show-
ing HI or CF. Serum immunoglobulin concentration was
measured in duplicate by radial immunodiffusion (Man-
cini, Carbonara and Heremans, 1965). Appropriate con-
trols were included in all tests. In sequential studies of a
single subject, all sera were done in the same test.

Clinical parameters analysed in relation to virus anti-
body levels included age, sex, race, duration of disease, and
treatment with, and dose of, prednisone or azathioprine.
Hospital laboratory tests analysed were gamma globulin
(cellulose acetate electrophoresis), antinuclear antibody,
LE cells, latex-fixation, and complement. Standard statis-
tical methods were used for the t test, Pearson correlation
coefficient, and X2 test (Croxton, 1959).
Two normal and two SLE sera were absorbed with

various reagents to determine the specificity of the
measles and Para-1 HI antibody reactions. The absorbants
were salmon sperm DNA (Worthington) and yeast RNA
(Mann), each at 3-78 mg./mi. serum; purified rheumatoid
factor (latex-fixation titre >1:10000) at 5-6 mi./ml. serum;
washed sonicated KB tissue culture cells at 0 5 ml. packed
cell volume/ml. serum; adenovirus group CF antigen at
9.5 mi./mi. serum; and measles CF and Para-I haemag-
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glutinating virus and control antigens concentrated by
ultracentrifugation. Calculated from the haemag-
glutinating activity of the concentrated virus antigens, the
equivalent volume ofunconcentrated measles antigens used
for absorption was 72 ml./ml. serum, and ofPara-1 antigens
18 ml./ml. The control had normal saline added; final
dilution of the serum aliquots was identical after addition
of each absorbant. The mixtures were incubated (37°C.;
1 hr), centrifuged and the supernatants saved for antibody
testing.

Results

The mean virus antibody titres of the SLE group were
generally significantly higher than the other groups
(Table I). This elevation was most marked for measles,
and least for adenovirus. The only other significant
findings were higher Para-1 antibody in the small
Reiter's syndrome group, and the apparent absence
of adenovirus antibody in RA.
A significant direct correlation was found between

measles antibody and gamma globulin levels in SLE
(P < 0 01), non-SLE (P < 0 001), and the combined
groups (P < 0 001). IgG levels were also determined
in 72 of these subjects and again a significant direct
correlation with measles antibody was found
(P < 0 02). Similarly, when IgG and measles antibody
levels were measured in a new group of non-SLE
subjects, a significant correlation was found (Fig. 1).
Analysis of the other clinical and laboratory para-
meters revealed only that Negroes generally had
higher measles antibody and immunoglobulin levels
than whites.
A significant positive correlation was also found

between Para-1 antibody and gamma globulin levels
in the 67 patients (SLE and other diseases) with both
tests (P < 0 05). Para-1 and measles antibody levels
also correlated significantly in 147 subjects (SLE and
other diseases) (P < 0-02). Para-1 antibody showed a
significant tendency to decline with disease duration
and/or age in some groups. Significant relationships
to other parameters were not found.
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FIG. 1 Scatterplot ofmeasles antibody titre andIgG levels
in 49 blood donors and 31 subjects with diseases other than
SLE. Regression line: y = 7-5231 + 0-000382x; r 0 35; P
<0-005

A significant inverse correlation was found between
age and adenovirus antibody for both the SLE group
(P < 0-01) and the whole population (P < 0 001).
No other significant relationships were found with the
other parameters, or with measles or Para-1 anti-
bodies.
IgG and measles antibody were determined in up to

twelve sequential sera, spanning periods of 1 wk to
75 mths (mean 17-6 mths) from each of 33 subjects
(7 SLE, 24 other diseases, 2 normal). Generally,
excellent correspondence was found between changes
in IgG and changes in measles antibody in patients
with SLE (Figs 2 and 3). Fourfold or greater changes
in measles antibody were seen seven times (e.g. Figs
2A, 2B). In normal subjects and diseases other than
SLE there was also good correspondence between
changes in IgG and measles antibody (Fig. 4); a

Table I Geometric mean titres (log2) ofmeasles, parainfluenza type 1, anid adenovirus antibodies in SLE, various
CTD, and controls

Group Measles (n) Parainfluenza (n) Adenovirus (n)

SLE 6-2* (68) 8 5t (40) 1-6t (35)
RA 5-0 (26) 7-7 (20) ol (17)
JRA 3-6 (9) 7.5 (9) 0-6 (7)
Other CTD 4-6 (31) 7-6 (21) 0 5 (17)
Reiter's 5-3 (11) 8 5§ (6) 0-4 (5)
Non-CTD 4-7 (73) 7-9 (32) 1-1 (24)
Normal 4-5 (20) 7-0 (20) 1-0 (20)
All Non-SLE 4-7 (170) 7-6 (108) 0.8 (73)T
* Significantly higher than all other groups except Reiter's, P < 002 or less.
t Significantly higher than all other groups except Reiter's and non-CTD, P < 0025 or less.
$ Significantly higher than RA, other CTD, all non-SLE, P < 0-05 or less.
§ Significantly higher than normals, P < 0-02.
11 Significantly lower than all groups except JRA and Reiter's, P < 0-05 or less.
¶ Excluding RA.
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F I G. 2 Corresponding changes in sequential measles antibody titres and IgG levels in four patients with SLE
A. 13-year-old whitegirl with twosignificantincreasesinmeaslesantibody:fromsecondtofourthandfromfifth tosixth serum
B. 30-year-old Negro woman with significant decrease in measles antibodyfrom first to fourth serum
C. 35-year-old Negro woman
D. 27-year-old Puerto Rican man

Table II Correspondence between changes in IgG and measles antibody levels in sequential serafrom 33 subjects

Changes in sequential IgG andmeasles antibody
Group No. ofcases levels* Significancet

No. concordant/total Per cent. concordant x2 P

SLE 7 32/39 82 16-1 <0'001
Non-SLEI 26 31/46 67 5-6 <0-02
Total 33 63/85 74 19-8 <0 001

* Concordant change in measles antibody and IgG levels was in the same direction or, if no change in one variable, < 10 per cent. change in the
other; discordant change was in opposite directions or, if no change in one, > 10 per cent. change in the other.
t x2 with Yate's correction was determined for each group by comparing the observed frequency of concordant and discordant changes with the
equal frequency expected if changes in IgG and measles antibody levels were randomly distributed.
t 24 diseases other than SLE, two normal subjects.

significant change in measles antibody was found
once (Fig. 4A). Table II summarizes the correspond-
ence between changes in IgG and measles antibody.
Corresponding changes were significantly greater than
expected on a random basis in both the SLE and non-

SLE groups. Sequential IgM levels were measured in

three of the SLE patients. Changes in IgM generally
corresponded with changes in IgG, and in measles
antibody (Fig. 3).

Sequential Para-1 antibody levels were studied in 31
of these subjects. Correspondence between changes
in Para-1 antibody and IgG was fair in both the SLE
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FIG. 3 Corresponding changes in sequential measles anti-
body titres and IgG levels in a 44-year-old Negro woman
with SLE. Changes in IgM level are similar to those in IgG

and non-SLE subjects; in both groups combined it
was 59 per cent., which was not significant. Significant
changes in Para-1 antibody were found in only two
patients; these were concordant with changes in
IgG in one patient, but discordant in the other.
Nine subjects were studied for changes in adeno-

virus antibody over periods of 2 wks to 65 mths; two
of five SLE patients had 4-fold or greater changes.
Changes in IgG were concordant in one and dis-
cordant in the other. The remaining four subjects
(non-SLE) had no significant changes; IgG was stable
in the one subject tested.

In eight subjects (6 SLE, 2 normal), sequential
antibody levels against both native and denatured
DNA were kindly performed by Dr. David Koffler
using the haemagglutination technique (Koffler,
Carr, Agnello, Thoburn, and Kunkel 1971). Antibody
against nativeDNA was present in four SLE patients,
three of whom also had anti-denatured DNA anti-
body. No significant correspondence was found be-
tween changes in anti-DNA antibody and either IgG
or measles antibody. Nor was any consistent relation-
ship found between changes in virus antibody levels
and clinical activity, dose of corticosteroid, or serum
complement level in these SLE patients.
The effect of absorption with measles and Para-1

virus and control antigens on measles antibody titres
of two SLE and two normal sera is shown in Fig. 5
(top). Compared to the saline control, measles antigen
absorbed homologous antibody completely out of all
four sera, while control antigen had a negligible effect.
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FIG. 4 Corresponding changes in measles antibody titres
and rgG levels in:
A. 7-year-old negro girl with juvenile rheumatoid arthritis,
with a significant decrease in measles antibody titres from
first to sixth serum
B. Patient with sarcoidosis

Absorption with Para-l antigen resulted in small in-
creases in measles antibody titre, while its control
antigen had little effect. For Para-1 antibody (Fig. 5,
bottom), absorption with homologous virus antigen
resulted in small decreases in antibody titre. Absorp-
tion with control Para-1 antigen resulted in little
change, but both measles and its control antigens gave
2 to 3 log2 increases in three sera. No significant
decreases in either measles or Para-1 antibody titres
were seen after absorption with DNA, RNA, or the
other reagents.

Discussion

Numerous investigators have found varying eleva-
tions of many virus antibodies in SLE (Phillips and
Christian, 1970; Hollinger and others, 1971; Hurd
and others, 1972; Evans and others, 1971 ; Kalliomaki
and Halonen, 1972; Stevens, Stevens, Newell, Levine,
and Waggoner, 1972; Phillips and Hirshaut, 1973).
Factors contributing to the different results from dif-
ferent laboratories include size and composition of
the SLE and control populations and sensitivity ofthe
methods for measuring virus antibodies. The overall
picture in SLE is one of small to moderate, although
frequently significant, increases ofantibodies to many
viruses, both RNA and DNA, which belong to a
variety of taxonomic groups. This might be non-
specific, and our absorption studies were done to
exclude the possibility that autoantibodies in SLE
sera would react with the measles or Para-1 antigens.
Had this occurred, absorption with antigens appro-
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FIG. 5 Absorption studies of measles (top) and Para-I
(bottom) antibodies in two normal and two SLE sera (open-
ended bars indicate antibody absent at that dilution, the

'lowest tested; see text for explanation)

priate for the autoantibodies would decrease the virus

antibody titre in comparison to the unabsorbed con-

trol. This was not observed except after absorption
with homologous virus antigen, nor was there a signi-

ficant difference between the behaviour of SLE and

normal sera. The lack of correspondence between

changes in anti-DNA and virus antibody levels in the

sequentially studied patients provides further con-

firmation that autoantibodies are not responsible for

the elevated measles and Para-1 antibodies in SLE,

a conclusion reached by Hollinger and others (1971)

also.

In an effort to clarify the cause of virus antibody
elevations in SLE, their relationship to clinical and

laboratory data was examined in this study. The only

significant direct correlations found were with gamma

'globulin or IgG levels for measles antibody and, less

so, for Para-1 antibody. These correlations were

relatively loose: a subject's virus antibody level could

not be predicted from his immunoglobulin level (cf.

Fig. 1). Likewise, in sequentially studied subjects,

correspondence between changes in IgG and virus

antibodies was better for measles than for Para-1,I
and was usually qualitative rather than quantitative.

This indicates that immunoglobulin level is only one

of several determinants of measles and Para-1 anti-

body levels. Age is one such determinant of virus

*antibody levels (which tend to decline with increasing

-age and remoteness of primary infection); this was

clearly shown in this study only for adenovirus anti-
body.
The 4-fold or greater changes in virus antibody

levels in the sequentially studied subjects would
usually be interpreted as evidence of recent infection
or re-infection with that virus. This could not be
excluded retrospectively, but the occurrence of two
such changes in measles antibody in each of three
subjects makes measles re-infection (rare at best) an
unlikely cause. Re-infection would not in any case
explain the often large corresponding changes in IgG.
Thus, it seems most likely that the changes in measles
antibody found in our patients resulted from changes
in their IgG levels and that such changes should not
necessarily be interpreted as evidence of virus infec-
tion or re-infection (Phillips and Christian, 1972).
The reason for the small to moderate virus antibody

elevations in SLE is unclear, because the mechanism
of persistent immunity to viruses is unknown. Since
their multiplicity makes it unlikely that chronic infec-
tion with any one of the viruses causes the disease,
three other interpretations are possible. The primary
defect in SLE allows abnormal persistence of multiple
viruses (or their antigens), or it allows more frequent
re-infections, or it generally stimulates the humoural
immune system, resulting in a polyclonal hyperim-
munoglobulinaemia and incidentally increased virus
antibodies. Current evidence favours the last inter-
pretation. Such hyperactivity of the humoural im-
mune system is a major feature of SLE, with produc-
tion of many auto-antibodies and polyclonal hyper-
immunoglobulinaemia. In the animal model of SLE,'
New Zealand mouse disease, various virus and syn-
thetic nucleoproteins accelerate disease, suggesting
that these mice are immunologically hyper-responsive
(Tonietti, Oldstone, and Dixon, 1970; Hahn, Stevens,
Remington, and Shulman, 1971). Our data also favour
the interpretation that moderate elevations of virus
antibodies can result from polyclonal hyperimmuno-
globulinaemia, in both SLE and other diseases
(Phillips and Christian, 1972; Phillips and Hirshaut,
1973; Phillips, Lim, Parkman, and Hirshaut, 1973).

Studies of virus antibodies in RA and the other
CTD have shown few differences from controls
(Wailer, Sever, Curry, and Gilkeson, 1966; Smiley
and Casey, 1969; Norton, Velayos, and Robison,
1970; Phillips and Christian, 1970; Kacaki, Balduzzi,
and Vaughan, 1970; Hollinger and others, 1971 ; Hurd
and others, 1972; Wilkes, Simsarian, Roth, Hopps,
Decker, Aptekar, and Meyer, 1973; Chandler,
Robinson, and Masi, 1971; Gordon, Pawlin, and
Franklin, 1972; Stevens and others, 1972; Kalliomaiki
and Halonen, 1972; Laitinen, Vesikari, and Vaheri,
1972; Ogra and Herd, 1972; Phillips and others,
1973). In RA, a few studies have found high or low
levels of some virus antibodies, but no consistent
pattern has emerged. The absence of adenovirus CF
antibody in this study is probably artefactual, since

is
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rheumatoid factor interferes in the CF antibody test
(Wilkes and others, 1973), and many of our RA
patients had high titres of rheumatoid factor.

In conclusion, the striking elevation of a single
virus antibody necessary to implicate that virus aetio-
logically has not yet been found in any CTD. How-
ever, such negative evidence does not exclude chronic
virus infection as the cause of these diseases.

Summary

Measles and parainfluenza type 1 antibody levels were
significantly elevated in systemic lupus erythematosus
(SLE). A significant direct relationship was found be-
tween measles antibody and immunoglobulin levels in
both SLE and other subjects; the two parameters also
tended to rise or fall together in sequentially studied

subjects. A similar, less significant relationship
existed for parainfluenza type 1 antibody. Cross-
absorption studies showed these virus antibody
elevations did not result from nonspecifically-reacting
autoantibodies. Adenovirus antibody was slightly
increased in SLE, but was absent in rheumatoid
arthritis. The multiple virus antibody elevations in
SLE probably result from polyclonal hyperimmuno-
globulinaemia, and do not implicate these viruses
aetiologically.
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