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Viruses and the Connective Tissue Di.seases 

VIRAL ARTHRITIS 

The occurrence of arthritis with viral infections such as rubella, 
mumps, smallpox, vaccinia and serum hepatitis is well known 1 • A 
number of other virus infections have been reported to produce 
arthritis but in lower frequency. Isolation of virus from the 
joint has only rarely been accomplished 2 r

3 • At the present state 
of our knowledge, it is not certain whether the arthritis in 
these cases results from a direct toxic effect of the virus or 
from the local action of immune complexes made up of virus and 
anti-viral antibody. Modern immunologic techniques may help to 
establish at least whether virus is present in the joint. ~his 
is ~llustrated in the following case studied in detail bv Dr. 
Robert Johnson. It appears to - be the first case of serum hepa-
titis with arthritis in which Australia antigen was -
demonstrated in the synovial fluid of an actively involved joint. 

SERUM HEPATITIS WITH POLYARTHRITIS 

 ~  ~  

In  of 1970, the patient, a 24-year old  man, sustained 
open lacerations over the left fourth MCP joint in a brawl. 
About three months later, he developed fever, anorexia, vomiting, 
jaundice, dark urine, and a lightening of the color of the stools. 
He remained in bed because of extreme fatigue. Four days after 
resuming activity, he went to a blood bank to sell his blood and 
was refused because of icterus. He then returned to work as a 
carpenter. At this time he felt well, but after ten days he 
noted pain, swelling and stiffness in the left ankle,followed 
shortly by pain and warmth in the knees. 

On /70, he presented to the  emergency room with a two-
week history of arthritis. Left knee and right elbow were swollen. 
On , his physician injected his joints with Triamcinolone; with 
this he obtained relief for about 12 hours. On , he was seen 
in the  emergency room again; he had a stiff right elbow and the 
left knee and both wrists were warm and swollen. WBC was 14,100 with 
left shift; ESR 48 mm/hr; latex fixation test negative. On , 
20 ml of yellowish-green turbid fluid with reduced viscosity was 
aspirated from the left knee. Cultures were negative. 
Serum immunoelectro-osmophoresis was negative for Australia anti­
gen ( ) but the synovial fluid was positive. 
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On Indocin 400 mg/day , he obtai ned excellent relief and was again 
able to walk on the affected knee. When he discontinued the 
Indocin, his joint symptoms recurred severely. He was admitted 
to  on . -

Examination revealed involvement of the right elbow, left knee, 
left wrist, an MCP joint, and right ankle. 

Laboratory studies: WBC 15,800 with 72% neutrophils; LE prepara­
tion and latex fi xation tests negative. Serum Australia antigen 
and antibody titers on the serum were neqative bv immunoelectro­
osmophoresis. Synovial fluid had 1,650 WBC, and La protein content 
of 6.7 gm%. There was no growth on bacterial culture. Immunoelectro­
osmophoresis for Australia antigen on the synovial fluid was aqain 
positive (Liver Unit, UTSWMS). Biopsy of synovial tissue showed 
proliferative s y novitis. Alkaline phosphatase was 85 units (normal 
30-85); SGOT, 54. Liver biopsy findings were consistent with 
"resolvinq or resolved inflammation." ASO titer and renal function 
t ests we r e normal. The patient was place d on Indocin and his 
symptoms rapidly improved. He was discharged on . 

The patient was followed in clinic with continuing poly arthritis 
responding to Indocin and ASA. On /71, he had objective in­
volvement of eight joints. Liver was not enlarqed. Serum and 
s ynovial fluid latex fixa t ion tests remained negative. However, 
serum and s ynovial f luid were both positive for Australia antigen 
by Ouchterlony agar diffusion (Rheumatic Diseases Unit, UTS"Ii\?MS). 
Hemolytic complement levels on both the serum and synovial fluid 
samples were in the normal range. The presence of a l ymphotoxin 
was demonstrated in the synovial fluid. 

Co mmen t: That an immune response was involved in this arthritis may 
be supposed from the fact that the patient developed arthritis 
about three weeks after onset of his symptoms, at a time when 
he would have circulating antibody . This is similar to exper­
ience with rubella in children 4

, in whom the onset of arthritis 
generally coincides with the appearance of antibody. Arthralgia 
or arthritis has also been reported in 39% of patients who have 
received rubella vaccine 5

• This usually occurred during the 
second and third week after immunization, at the time of the first 
appearance of circulating antibody. Mumps arthritis, too, usually 
appears about 10 day s after the onset of the parotitis, at a time 
when serum antibody titers are rising 6

• 
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VIRUSES AND MUL~ISYSTE~ DISE ASE OF ANIMA l~ 

The possible role of v iruses in producing multisystem disease 
rece ived its stimulus from two animal diseases , New ~ea l and 
Black (N ZB ) disease and Aleutian mink dis e ase . Both of th ese 
have features in common with the conne ctive tissue dis e-a ses , 
particularly systemic luous erythematosus . 

Aleutian mink disease is characte rized bv aene ralized vasculitis, 
nephriti s , mononuclear infiltration of the - l iver , hyperaammaalo­
bulinemia and the occurrence of autoantibodies 7

• It has ·been 
transferred by ultrafilt~ates of spleen susPensions of infecte d 
mink 8 and is accepted as a virus-induce d di~ease . 

NZB x NZW FI hybrid mice have a spontaneous dise ase, characterized 
by glomerulonephritis and by positive te s ts for the LE factor and 
antinuclear antibody . The alomerulonephritis has the characteri ­
tics of an immune complex d isease in which discrete deposits of 
gamma globulin are demonstrable in the crlome rular ba seme nt mem­
brane 9. The se complexes h ave been shown 9 to contain DNA and anti ­
DNA antibody. 

Murine Leukemia Vi rus es in NZ B Mice and Auto immunitw - Older NZB 
mice 1 0 have a high incide nce of malignant lymphomas: Since murine 
leukemias a nd l y mphoma s of several varieties are caused b y viruses , 
Mellors and Huang 11 were impe lled to de termin e whether the immuno­
pathologic disorders of these mice might a l so be caused bv such 
viruses. They found that when they inoculated weanling NZB mice 
with a filterable agent obtained from NZB lympho~a ti ssue , manv of 
the pathologic chanaes ordinarilv present in older anima l s develope~ 
in young animals. In the _electron microscope, thev ide ntifie~ par­
ticles in the tissues of the se animals which r e s e mbled murine l e u­
kemia virus. East et al 1 2 and Prosser 13

, confirming this finding, 
also identified the viral particles in embryos and in qerm- free 
mice fostered on germ-free mice of another strain , suggestinq that 
they were vertically transmitted. These particles have been obser­
ved in other strains, but mainly in the thymus. 

In spite of th~ fact that murine l eukemia viruses are appare ntly 
transmitted verticallv in N?.fl mice, this strain does not develop 
tolerance to the Gros s leukemia virus in contrast to o the r strains. 
Antibodv to the Gross antiqen is prorluced in early life , and as 
antibody is produced, ther~ is a ~radual e limination of the Gross 
soluble anticre n from the blood 14

• Corre sponding with the disap­
pearance of the antige n, proteinuria and mortality deve lop. 
Recentlv, Mellors and coworkers 15 have, in fact, demonstrated the 
presenc~ of MuLV antigen in the glomeruli of NZB x NZW mice by 
immunofluorescence , thus implicating leukemia viruses in the 

- -- -- - ------- - ---·---------------wl 
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glomerulonephritis of these animals. In addition, Gross virus soluble 
antigen and antibody were extracted from the kidnev. The asso­
ciation of glomerulonephritis with leukemia virus is not limited 
to the NZB mouse. It has been observed in other strains infected 
with Rauscher, Friend o r Moloney virus 16 • 

Non-Zeukemoqenic Viruses and Renal Disease - Parallel with the 
above experiments indicating a role for leukemoqenic viruses in 
the production of a renal l esion, has been a series of papers 
from the laboratory of Dr. Frank Dixon, demonstrating that non­
leukemogenic virus antigen-antibodv complexes are capable of pro­
ducing qlomerular lesions . It was shown 17

,
18 that mice infected 

at birth by lymphocytic choriomeninaiti s (LCM) virus, contrary to 
previous ideas, were not immunologically tolerant to this virus, 
but did, in fact, produce anti-LCM antibody throughout most of 
their lives. Like antibodies to a number of viruses, this was 
not protective antibody (possibly because of the presence of 
excess antioen) , leading to the false impression that the in­
fected mice were tolerant. The olomerulonephri tis of chronic 
LCM disease had the characteristic of an immune complex nephritis 
in that circulating LCM virus-anti LCM virus complexes and com­
plement appeared to have been trapped in the glomerulus. 

It was further observed 19 that two quite dissimilar viruses, LCM, 
an RNA virus, and polyoma, a DNA virus, both intensified a number 
of the abnormalities in the NZB and hvbrid mice. The antinuclear 
antibody (ANA) response was enhanced, the glomerulonephritis was 
aggravated and the associated mortality increased. 

The observation of Lambert and Dixon 20 that NZB x NZW mice produce 
more anti-DNA upon i mmunization with DNA-methvlated albumin than 
other strains has led these authors to the conclusion that there 
is a native hyperreactivitv to DNA in this strain. However, this 
alone was not thought sufficient to cause disease in these mice 
because the parental NZW strain also manifested hyperreactivity 
without developing disease. Accordingly, these authors have suq­
gested that chronic virus infection, either by leukemia virus or 
by othe rs such as LCM or polyoma, might in some non-specific 
manner lead to the development of disease. This susceptibility 
to chronic viral infection could be derived from the NZB parent, 
which has been claimed by Mellors to be especially susceptible 
to murine leukemia virus infection. 
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VIRUS-INDUCED NULT I SYSTEM DISEASE IN MAN 

With the stimulus provided by the experience with virus-induced 
multisystem disease in the mouse and the availability of a sen­
sitive technique for the immunoloaical identification of at 
least one commonly occurrin9 virus of man, it is not surprising 
that viral-induced multisystem disease was soon demonstrated in 
man. Gocke et al 21 have recently described four patients among 
eleven with biopsy proven polyarteritis nodosa who had Australia 
(Au) antigenemia . The patients were characterized initially by 
fever, polyarthralgias, myalgias, rash and urticaria. Over a 
period of 2 to 4 months, hypertension and peripheral neuropathy 
developed and eosinophilia, hematuria, and azotemia appeared. 
Vasculitis was demonstrated bv muscle and liver biopsy. In one 
patient studied in detail, deposits of Au antigen, IgM and the 
Blc component of complement were demonstrated by immunofluores­
cence in the blood vessels of muscle . 

The incidence of four in eleven patients was regarded as siani­
ficant, since in a prospective study of post-transfusion hepa­
titis, the frequency of Au antigenemia was only about one in 100. 

Following the presentation of this paper, sera from ten patients 
with polyarteritis nodosa, which were available in our serum bank, 
were tested; positive reactions were found in three. This is a 
hiqhly significant incidence in view of the fact that the inci­
dence of positive Au antigen tests in the Dallas hospital popula­
tion is between 0.2 % and 0 .6%. The case histories of two of the 
patients are given below. 

POLYARTERITIS NODOSA~ AUSTRALIA ANTIGEN POSITIVE 

 .~  

A 44-yo  woman was admitted to  on /69 with a 3-month 
history of nausea, vomiting and epigastric pain. CBC was within 
normal limits, icteric index 6, amylase less than 320. One month 
before she had a transient maculopapular rash on the hands, feet, 
and trunk which disappeared without special treatment. The pa­
tient had been previously treated in the Outpatient Clinic with 
a 10-year history of hypertension . 

A diagnosis of acute cholecystitis was 
operation was performed on the evening 
gall bladder was resected at surgery. 
pathology. 

made and an emergency 
of admission. An inflamed 
There was no other palpable 
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Workup following surqery showed a WBC of 16,000 which rose to 
20,000 during the convalescent period; urine negative, bilirubin 
1.2 rng%; SGOT 81 units, falling to 64 units; alkaline phosphatase 
16 KA units, rising to 30 units; LE preparation negative. 

Histoloqical examination of the qall bladder revealed a necroti­
zing vasculitis in many arteries~ Diagnosis: polyarteritis 
nodosa. 

The operative site healed badly and required reclosure. The pa­
tient was discharged on /69, appearing weak and depressed. 
She returned to the hospital a few weeks later because of in­
creasing weakness and was readmitted. In the hospital, the 
wound opened once again and was again closed on . About this 
time, there was progressive weakness of the upper and lower extre­
mities with numbness and diminished reflexes. She also complained 
of severe abdominal cramps. The symptoms of peripheral neuropathy 
progressed to bilateral wrist drop with loss of sensation. These 
changes were accompanied by the onset of diffuse muscle tenderness. 
Electromyogram confirmed the presence of a neuropathy. At this 
time, also, the operative site had developed a draining fecal 
fistula and the patient had become psychotic. She appeared gravely 
ill. 

In the face of a non-healing operative wound and fistula, the 
patient was placed on prednisone 40 rng and Cytoxan 100 rng daily 
for the treatment of polyarteritis nodosa. Within approximately 
two weeks, she became more oriented. After three weeks, there 
was some recovery of sensation and disappearance of abdominal 
cramps. Cytoxan dosage was raised to 200 rng daily and improvement 
continued. At a month, there was much improvement in sensation 
and the wound appeared to be healing. She was discharged on 
prednisone 30 rng and Cytoxan 100 rng daily. 

At horne, the patient continued to improve on the prednisone­
cyclophosphamide regimen until /69 when she developed upper 
abdominal pain and vorni ting and v.ras adrni tted to the hospital. 
Cytoxan was halted and prednisone dosage tapered. She was treated 
for a pneumonia associated with mixed flora. Hyperglycemia, due 
to steroid-induced diabetes, was treated with insulin. She was 
discharged on /70. 

By , 1971, one year after the diagnosis of polyarteritis 
nodosa, the patient had shown a remarkable remission and was 
taking only 5 mq of prednisone daily. When last seen on /71, 
two years after the diagnosis, she continued to be remarkably 
well on 5 rng of prednisone daily. There was only slight weakness 
of flexion of the right index finger; there was no sensorv defect; 
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the feet were no r mal. Genera l health was good; abdomen was 
asymptomatic. Liver was palpable 8 em below the right costal 
margin. The following were he r laboratory findings: bilirubin 
0.3 mg%, cephalin flocculat i on 1+/2+, thymol turbidity 16U, 
alkaline phosphatase 21 KA un i ts, SGOT 127U, aldolase 3.5U, 
creatine phosphokinase SOU, A/G 5.0/3.8, serum complement level 
normal, latex fi xati on 2+, sensitized sheep cell agglutination 
titer 1:56 (positive), immunoglobulin levels by radial diffusion, 
normal. 

Five measurements of Australia antigen in the serum, made between 
/69 at the time o f the first admission and /71 when the 

patient was last seen, were all positive. 

Co mment : Treatment of a patient with polyarteritis nodosa and Au 
antigenemia with prednisone and c y clophosphamide has been followed 
by a dramatic remission which has lasted for over 18 months. Au 
antiaenemia pers ists . Whether viral immune complexes are still 
present in the serum is to be investigated. 

PO LYARTERITIS NODOSA ~ AUSTRA LI A ANTIGEN POSIT IVE 

  

A 36 - yo  woman developed pain and swelling of the finger 
joints and feet in , 1965 . She was admitted to another hos­
pital in New Me xico and treated with 40 rna of prednisone daily 
with improvement. On reducing the dosage, her symptoms exacer­
bated and she developed a fever. This was followed b y weakness 
and paresthesias in the upper and lower extremities and numbness 
o f the finge r s and toes. Liver function tests showed elevated 
BSP retention and alkaline phosphatase levels. Liver biopsy was 
read as "post-hepatitic cirrhosis with chronic active hepatitis." 

The patient was refer r ed to Dr. Combes and admitted to  
. Physical e xamination disclosed gallop rhy thm 

but no cardiac enlargement, a markedly enlarged liver and pal­
pable spleen tip, major loss of muscle mass both proximally and 
distally , tenderness in the deltoid muscles, interosseus atrophy , 
left foot drop and decreased deep tendon reflexes. 

Laboratory tests: ESR 38 mm, WBC 11,900 with left shift and ele­
vated muscle enzymes in the serum. BSP retention 30 %, icteric 
index 4.1, alkaline phosphatase 17 KA, SGOT 55, total bilirubin 
1.3 mg% and cephalin flocculation 3+/4+. Serum immuno­
osmoelectrophoresis for Australia antigen was positive. 
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The liver biopsy previ o us l y taken was reread at PMH. It showed 
marked small and medium artery inflammation. A muscle biopsy 
showed focal arteritis. Impression : Poly arteritis nodosa. 
Electromyogram s h owed ne ur opath i c changes. The patient was 
discharged on /69 on pre dnisone the rapy. At home, she 
had a rapid downh i ll course and died on / 69. Autopsy 
disclosed multiple organ involveme nt. 

VIRAL GLOMERULONEPHRITIS IN MAN 

A variety of renal abnormalities have be en described with s y stemic 
viral infection 2 1 a. The following is a case of nephrotic s y ndrome 
with Au antigenemia, describe d recently by Shorey et al of this 
department. It represents the first case in which a viral antigen 
has been demonstrated in the human kidney . 

AUSTRALIA ANTIGEN- INDUCED MEMBRANOU~ GLOMERULONEPHRITIS 

  

A 53-year old  man was well until he suffered severe injuries 
in an automobile accident in , 1968. He was transfused with 
four un i ts of whole blood . Four months later, in , 1969, he 
developed acute hepatitis a s an apparent complication of the ear­
lier transfusions. He was started on prednisolone by his physician 
and the serum bilirubin returned to normal. Rowever, the SGOT level 
remained persistently abnormal suggesting continued hepatic acti­
vity . In , 19 70, pe dal edema appeared and in , abdominal 
swelling with ascites. Urinalysis revealed 4+ proteinuria . 

The patient was r e f e r r ed to the Live r Unit late in September for 
appraisal of his chr onic liver disease. At this time, his serum 
was found to contain Australia antigen and this has persisted in 
all subsequent determinations . Serum albumin was less than 3 gm% 
when edema was first observed and reached a nadir of 1.7 gm% with 
the onset of ascites . In November, 1970, the patient was admitted 
to this hospital. In the hospital, protein excretion ranged between 
1.2 and 3.9 gm p e r 24 hours . C3 was 195 mg% (normal). Renal 
biopsy showed diffuse thickening of the capillary walls and slight 
mesangial thickening. There was no cellular proliferation and the 
glomerular cap illaries were p atent . The findings were characteris­
tic of a dif f use memb r ane ous g lomerulonephritis. 

In the electron microscope, dense deposits were seen widely distri­
buted along the subepithe lial marqin of the glomerular basement 
membrane. There wa s gene ralized fusion of the epithelial foot 
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processes. Upon immunofluorescent staining, IoG and the C3 
component of complement were observed in a granular distribu­
tion. In addition, Australia antigen was demonstrated in the 
glomeruli using the indirect immunofluorescent staining tech­
nique. 

Comme n t: Of the four patients with Au antigenemia and extra­
hepatic involvement presented, this is the onlv one with renal 
involvement. Presumably, the amount and type of immune complex 
formation determines this happenstance. 

EN DO THELIAL CYTOPLASMIC INCLUSIONS 

Another reason for interest in the role of viruses in the connec­
tive tissue diseases has been the observation of myxovirus-like 
endothelial cell inclusions in the tissues of patients with SLE. 
Such interwoven tubular structures were first seen by Shaw 22 in 
the brain of patients with subacute sclerosing panencephalitis, 
a complication of measles. In this condition, measles virus has 
been isolated from the brain. Subsequentlv,Chou 23 saw similar 
structures (though smaller than usually seen in SLE) in muscle 
from a patient \vi th polymyositis; and Fresco 2 4 observed somewhat 
larger structures than usually seen in SLE in the dense deposits 
of the glomerular basement membrane of an SLE patient. 

In 1969, Gyorkey et al 25 and Norton 26 , almost simultaneouslv des­
cribed the presence of characteristic endothelial cell cytoplas­
mic inclusions in two series of patients with SLE. Both labora­
tories observed the structures in kidney tissue; Norton also ob­
served them in muscle and skin. In the kidnev, they were present 
in the cytoplasm of glomeru~ar endothelial cells an~ consisted 
of interwoven tubules, 230 A in outer diameter, 80 A in inner 
diameter and up to 1000 A in length. Shortly after, their occur­
rence was desdribed by Hurd, Eigenbrodt, Ziff and Strunk 27

'
28 ,not 

only in systemic lupus ery thematosus,but also in other kidney 
diseases. 

In appearance, these structures resembled the internal ribonuclear 
component of unenveloped nucleocapsids of myxo or paramyxo viruses. 
They were also similar in size and morphology to the virus of 
Herpes simplex encephalitis in man. Moreover, they appeared to be 
in close contact with the endoplasmic reticulum. Such structures 
have since been reported in a number of sites in the skin of dis­
coid lupus ervthematosus 2 9 , in the capillarv endothelial cells of 
skin and muscle in patients with derrnatomyositis 30

, in the 
kidnev of patients with Sjogren's syndrome 31

, scleroderma 30
, 

and G~odpasture's s y ndrome 30
, and skin of a patient with conqenital 

rubella syndrome 2 9
• 
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Hurd et al 2 8 have observed the structures in renal biopsies of 
all of 35 SLE patients, 24 of 113 non-SLE patients and in none 
of 8 volunteer prisoners. The non-SLE patients had acute glo­
merulonephritis, chronic glomerulonephritis, gold salt nephro­
pathy, sickle cell disease with nephritis, secondary syphilis 
and eclampsia. Inclusions were seen in five biopsies of SLE 
patients whose kidney s were normal by light microscopy. When 
observed in non-SLE patients, the inclusions were far less 
numerous than in the SLE group. 

Identity of tubular structures - Three possibilities exist for 
the identity of the endothelial cell inclusions. They may be: 

(1) Ribonucleoprotein strands of a widespread passenger virus. 

(2) Cellular material released into the circulation from damaged 
cells and phagocy tosed by endothelial cells. 

(3) Altered e ndoplasmic reticulum. 

Sinkovics 32 has suggested that they represent unenveloped viral 
nucleocapsids found in the replication cycle of a defective 
paramyxo, corona or oncoRNA virus. Attempts to stain the struc­
tures by immunofluorescence using antisera to a number of viruses 
have proved unsuccessful 26 • However, if they are unenveloped 
nucleocapsids, they may lack the required antigenic sites for 
antibody binding. 

Pincus et al 33 have disagreed with the suggestion that the in- . 
elusions are nucleocapsids of the myxoviruses for the following 
reasons: 

(1) They are consistently located within dilated cisternae of 
the endoplasmic reticulum, while myxoviruses are found 
outside the endoplasmic reticulum. 

(2) They are larger in size than the myxoviruses. 

(3) Cocultivation of SLE kidney with embryonic kidney cells, hela 
cells, etc. yielded no cytopathic effects; and hemadsorption, 
immunofluorescence and complement fixation tests were nega­
tive. 

Pincus et al have pointed out that tubules of similar size and lo­
cation may be seen under various in vivo and in vitro experimental 
conditions induced by viruses and suggested that the tubules were 
a unitary modification of the endoplasmic reticulum which may 
develop in transitional forms, particularly under the influence of 
viruses. 
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The weight of evidence would appear to be that the inclusions 
either represent defective inclusions of viruses themselves or 
represent altered endoplasmic reticulu~ which has underqone 
degeneration as consequence of the presence of virus in -the 
cells. 

VIRAL ANTIBODY TITERS IN SLE 

On the assumption that the anti-DNA antibody present in SLE mav 
be a r esult of viral infection, much interest has developed in 
the antibody titers of these patients to the more common viruses 
of man, particularly the myxo and Herpes-like viruses which re­
semble the endothelial inclusions in appearance. 

In initial experiments, Phillips and Christian 34 found that anti­
body titers to measles and parainfluenza type I viruses were sig­
nificantly increased in systemic lupus erythematosus. Titers were 
also increased in Reiter's syndrome. 

Hurd, Dowdle, Casey and Ziff 35 have made an intensive study of 
antibody titers in SLE to a group of myxo and other viruses. 
Control groups had tuberculosis, rheumatoid arthritis, bronchial 
asthma and miscellaneous disease. By the complement fixation 
method, the only antibody significantlv elevated in SLE above 
all control groups was measles antibody. The increase in titer, 
though significant, was, however, small. By the hemagglutination 
inhibition method, measles antibody titer was elevated signifi­
cantly above all but the tuberculosis group. When the log2 anti­
body titers for the individual viruses were averaged, the SLE 
group had a greater overall titer than all control groups excep t 
the tuberculosis group. The antibody titers in SLE were not cor­
related with gamma globulin levels. 

These data indicate that there is a moderate hyperreactivity to 
vi ral antigens in SLE patients which, nevertheless, is not sig­
nificantly greater than in patients with active tuberculosis. 
Active tuberculosis may derive some auqmentation of viral anti­
body titers from the adjuvant effect of the tuberculosis in­
fection. A similar adjuvant effect of an as yet unknown nature 
may exist in SLE. 

It is of interest that Phillips and Christian have recently 36 

tested a larger qroup of SLE patients for measles and para­
influenza 1 antibody titers and found no significantly greater 
titers than in control subjects with inflammatory disease. They 
did observe a correlation of antibody titer with gamma globulin 
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level and sugge sted that whatever tendency to elevated viral 
antibody titers is noted in SLE is a result of a generalized 
immunologi c hype rreactivity of the SLE patient. 

Interest has r e cently turned also to the Epstein-Barr virus 
(EBV) in SLE. This is a Herpes-like DNA virus which is the 
putative cause of Burkitt's l ymphoma and infectious mononucleo­
sis. The titer of EBV antibody is known to be increased in in­
fectious mononucleosis, Burkitt's l ymphoma, nasopharyngeal 
carcinoma and sarcoidosis. To this list has recentlv been added 
SLE 3 7

, Si x t y -two per cent of patients had elevated titers corn­
pared to 11 per cent in the general population. The titers were 
not related to the activitv of the disease. It is of interest 
that the elevated EBV titers in sarcoidosis have also not been 
related to t h e activity of the disease 3 8

• The increasinq num­
ber of diseases in which EBV antibody is elevated suggests that 
EBV may be mere l y a p a ssenger virus in at least some of them. 
Its p rese nce may be relate d,possibly to the occurrence of im­
munologic anergy ,or to the presence of an immunoproliferative 
s tate, which may foster EBV multiplication. 

STATE OF THE IMMU NE RESPONSE I N SLE 

The Humoral Antibody Response - Zingale and cowork ers 3 9 noted an 
increase d antibody response to blood group antigens in SLE p a­
tients . Baurn and Ziff 40 observed a decreased 19S antibody re ­
s ponse to bruce lla antigen, and Sarkany 41 

4
a normal antibody re­

sponse to te tanus toxoid. Abe and Homma 2 have found 
somewhat decr eased response to tetanus toxoid. 
It would appear from these observations that there is no evi­
dence of increased humoral antibody responsiveness to exogenous 
antigens in SLE patients. 

More interesting have been rec~nt studies of the antibody r e ­
sponse to nucleic acids in SLE. The occurrence of anti-DNA 
antibodies in SLE sera is well known. This has usually been 
interpreted to mean that SLE patients produce these antibodi e s 
in re s ponse to ei ther a foreign nucleic acid antigen or to 
their own nucle ic acids . Recently , Schur and Monroe 4 3 have demon­
strated s e rum antibodies to RNA in 16 of 89 patients with SLE. 
These v1ere directed primarily toward double-stranded RNA (poly I-C, 
poly A-U and Statolon viral RNA) • Since almost all of the RNA 
of the body is of the single-stranded type, these findings have 
suggested that the anti-RNA antibodies in SLE are directe d p ri­
marily against a foreign antigen such as a double-stranded RNA 
virus ~ ~irnilar findings have been obtained in the NZB-NZW rnouse 44

• 
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THE DE LAYED HYPERSENSITIVITY RESPONSE 

Although there is evidence for a decrease in delayed h ypersensi­
tivity in the NZB and FI hybrid mice, the status of delayed hy ­
persensitivity in SLE is not clear. Hyporesponsiveness was note d 
only to PPD among five antigens tested by Block et al 4 5 • Bitter 
et al 46 reported a decrease in skin reactivity to all of seven 
antigens tested. They also observed decreased blastic transfor­
mation in response to phy tohemagglutinin on the part of SLE 
lymphocy tes. The mi xed l y mphocy te response was also reduced. 
Abe and Homma 4 2 have found decreased resp onsiveness to dinitro­
chlorobenzene and PPD in a group of 20 SLE patients of whom only 
3 were receiving more than 10 mg of prednisolone daily . However, 
Goldman e t al 47 observed normal skin test responses to PPD and to 
Candida, and almost all of these patients reacted adequate l y to 
phy tohemagglutinin. 

Whether there is definitely a diminution of delayed h yperse nsiti­
vi ty in SLE is not clear on the basis of current information since 
available data are somewhat contradictory . The evidence is more 
cogent in the cas e of t he NZB mice. The spleen cells of these 
animals were deficient in the induction of graft-versus-host 
disease 4 8

,
49

, and in their response to mitogenic agents 5 0 

One further line of evidence argues for a deficiency of the de­
layed h ype r sensiti vity mechanism in SLE . It has been sugoested 
that the f r e q ue nt development of l ymphomas in old NZB mice is 
a consequence of a failure of the immunologic surveillance 
mechanism usually associated with the cellular immune response. 
In the case of the NZB mouse, this could be a failure either to 
reject the tumor or to control a murine l ymphoma virus or both. 
There is some e vide nce that the SLE patient may also be prone 
to the development of l ymphoma and leukemia, since at l e ast seven 
instances of the occurrence of either of these conditions in 
SLE patients have been reported 5 2

-
5 5

• This may well signify an 
increased incidence since SLE has until recently been associated 
with a relatively s hort life span. 
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CONCLUSI ON 

In attempting to integrate the data summarized above, the fol­
lowing features of SLE must be taken into account: 

(1) Anti-DNA. 

(2) Anti-double stranded RNA. 

(3) Other autoantibodies. 

(4) Endothelial cytoplasmic inclusions. 

(5) Probable depression cellular immunity. 

(6) Overall moderate elevation viral antibody titers. 

It is also necessary to take into account the cogent evidence from 
studies of natural models indicating: 

(1) Likelihood of a viral etiology for the diseases of NZB mice 
and Aleutian mink. 

(2) Hyperreactivity to nucleic acid antigens in NZB-NZW mice. 

(3) Depressed cellular immunity in NZB mice. 

It appears reasonable to consider seriously the possibility that 
SLE patients do have a persistent viral infection. This, either 
through thymic inury (which has been suspected to occur naturally 
in SLE 56 ) or through the appropriation of thymus-derived lymphocy tes 
(which are believed to be necessary for antigen recognition) could 
lead to depression of cellular immunity. Depression of cellular 
immunity has been noted with LCM 57 and Gross 58 virus infection in 
mice (Fig. 1). 

It is also reasonable to expect that persistent viral infection 
could have an adjuvant effect on the humoral antibody response, 
particularly to nucleic acid antigens 19 • LDH virus offers an 
example of a virus which may stimulate serum antibody formation 5 9 , so 
while it depresses cellular immunity. 

Viral inflammation could produce the adjuvant effect proposed 
either by stimulating l ymphoid proliferation or by making nucleic 
acid available through tissue breakdown. The adjuvant effects of 
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nucleic acids are well known 6 2
• X-irradiation 6 3 and endotoxin 64 

are, in fact, believed to exert their stimulatory effects on 
the humoral response through the release of nucleic acids from 
injured tissues. The availability of DNA in such a milieu 
could then lead to the formation of anti-DNA (Fig. 2). 

A viral adjuvant effect could also bring about the abrogation 
of tolerance to autoantigens which is a striking feature of 
SLE. Such abrogation of tolerance to autoantigens has been 
frequently observed in a number of experimental autoimmune 
diseases in which Freund's adjuvant has been administered with 
the autoantigen 65

• 
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