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Abstract. Circulating immune comptexes {CIC) were de
tected in one of 11 patients with primary syphilis and in 5 
of 12 patients with secondary syphili�. The leve! of CIC 
was significantly increased in patients with secondary 
syphilis. Four weeks later a signilicant decline in CIC was 
found. No rclationship was demonstrated between CIC 
and affection of the skin, lymph nodes, or kidneys. An 
increased albumin excretion rate was demonstrated before 
treatment. No differences were found in the excretion rate 
of .13-2-microglobulin before or after treatment. Nineteen 
patients had a Jarisch-Herxheimer reaction during treat
ment. An increase in CIC was found in 5 patients and a 
decrease in 7 patients. No correlation could be dem
onstrated between the leve! of or changes in CIC and the 
severity of the Jarisch-Herxheimer reaction. 

Key 11·ords: Albuminuria; .13·2-microglobulin; lmmune 
complexes: Proteinuria; Syphilis 

The presence of circulating immune complexes 

(CIC) in patients with early syphilis has been re
portcd previously (2. 13. 15). CJC have been de

tected mo�t frequently in patients with secondary 

syphilis, with frequencies varying from 44 to 65 % 

(2, 13). It i� like ly that CJC are of importance for the 

development of the syphilitic nephropathy (6, 14, 

18). The role of ClC in other manifestations in the 

varied clinical picture of syphilis is unknown. 

In the present study we have investigated skin 

and renal affection in patients with early syphilis, 
regarding differences between patients with CIC 
and patients without. and also studied the possible 

relationship of CIC to the Jarisch-Herxheimer reac

tion. 

MATERIAL AND METHODS 

Pa1ie111s. A total of 23 patients (17 men and 6 women) 
were investigated. Eleven patients had primary and 12 
secondary �yphilh. Range of age: 23 10 47 years (mean 33 
years). 

The diagnosis of syphilis wa� based on the demon�tra-
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tion of T. pa/lidwn on darkfield microscopy and/or posi
tive reagin tests: The Wassermann reaction (WR). the 
Kahn test {KR), the Meinicke llocculation test {MR), and 
the specific serological tests: Treponema pallidum im• 
mobilization test (TPI) and/or absorbed lluorescent tre
ponemal antibocly test (Ff A-ABS). In the case of negative 
serological tests, the diagnosis was based only on the 
demonstration of T. pa/lid11m on darkfield microscopy. 

The patients were treated with aqueous procain penicil
lin G 600000 units daily, in reagin-negative patients for 8 
days and in reagin-positive patients for 14 days. All 
patients were hospitalized on the first day of treatment. 
Beforc and cvery hour after starting treatment, the rectal 
temperature was measured. An increase in temperature 
above 38°C 4 to 8 hours after treatment was regarded as 
diagnostic for the Jarisch-Herxheimer reaction. 

Blood and 11rine samples. From all patients a blood 
sample was obtained before treatment. 6 hours after first 
injection of penicillin and from 22 of the 23 patients abo 4 
weeks after treatment. The serum samplcs were stored at 
-700C until analysis. 

From all patients a 120-min urine sample was obtained 
before treatment, and from 22 of the 23 patient� another 
120-min unne sample was obtained 4 weeks later. The 
samples were kept frozen al -20°C until analysis. 

Detectio11 of circ11/ati11g imm1111e complexes (CICJ. Two 
methods were used for the detection of CIC; both had 10

be positive before CIC were assumed 10 be present. The 
immune complexes were quantified as equivalcnt amounts 
of heat-aggregated human gammaglobulin per ml serum 
(Cohn fraction Il. 63°C 12 min). 

Clq-BA tesr (Clq-binding activity). A radioimmuno
assay was uscd. modified after Nydegger (11. 16, 19). 

PP-lc {PEG-precipitable light chain determinants). A 
radioimmunoassay was used 10 detect immunoglobulins 
by their light chain determinants after precipitation of ClC 
by polyethylene glycol 6 000 (PEG) (16). 

Albumin and beta-2-microglobulin were measured by 
means of sensitive radioimmunoassays (3, 10). 

"in l'i1ro" Jarisch-Herxheimer reaclion. Sera collected 
before treatment from thc 23 patients were divided in two 
and mixed with either an equal volume of phosphate-buf
fered saline. I g/1 albumin. or an equal volumc of antigen 
material from destroyed T. Reiter (Behringwerke). The 
CIC were measured by the Clq-BA test. 

Mo/ecu/ar weight ( MWJ of C/C. The MW of CIC was 
measured by gel liltration on a calibrated column of 
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Fig. I. CIC measured by the Clq-BA test in patients with early syphilis, and quantitated as equivalen1 amounts of heat-aggregated human gammaglobulin per ml serum. The values before and 4 weeks after treatment are shown. Sepharose CL-6B. range of separation 10'-4x 1Cf. All eluted I ml fractions were teMed by the Ciq-BA test (17). 

lmm1111oj111oresce11ce studies of the skin were per• formed as previously described (4). RESULTS Overall CIC were found in 6 of the 23 patients with early syphilis. Four weeks after treatment a significant decline in CIC was found (Fig. I) (2p<0.01, Wilcoxon signed rank test). The C lq-BA and the PP-Lc tests were significantly correlated (Spearman test, Rho =0.84, 11 =23. 2p<0.00I). 
Primary syphilis. The leve) of CIC did not differ 

._I significantly from normals (Mann-Whitney test). Only one of the 11 patients had CIC before treatment. Another patient had CIC <luring the JarischHerxheimer reaction. 
Secondary syphilis. The levet of CIC was significantly increased· compared with normals (2p<0.05, Mann-Whitney test). Five of the 12 patients had CJC before treatrnent and another patient had CIC <luring the Jarisch-Herxheimer reaction. These 6 patients all had an exanthema. Skin eruptions werc also seen in 4 of the 6 patients without CIC. All 6 patients with CIC had widespread lymphadenitis. but this was also found in 4 patient1o without CIC. A skin biopsy was performed in 9 of the 10 patients with skin lesions. The biopsy specirnens showed unspecific inflammation compatible with syphilis. By direct immunofluorescence, deposits of 
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Fig. 2. A signiticant increase in C lq-BA was found when TrePonema antigen was added to 23 sera from patients with early syphilis, but not in normal sera. J-H. JarischHerxheimer reaction: +Ag, Treponema antigen; -Ag.buffer control. lgG, lgA and lgM were demonstrated in only one of the 9 specimens. This biopsy was from a patient without CIC. Overall, a weak relationship was found between CIC measured as C lq-BA and the serological tests (WR: Rho =0.46. 2p<0.05). Regarding only patients with secondary syphilis, however, no relationship could be demonstrated. 
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Fig. 3. CIC measured by the Clq-BA and the PP-Lc te�t before and 6 hours after initiation of treatment. 



Urinary excretion rate 
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Fig. 4. Urinary albumin and ,8-2-microglobulin excrction 
races before and 4 weeks after treatmcnt. 0 signifies that 
the patient had CIC. 

The Jarisch-1-lerxheimer reaction. The applica
bility of the C I q-BA tests for detection of an in
creased amount of antigen load was tested in vitro. 

An increase in Clq-BA was observed when r. Rei

ter antigen was addcd to syphilitic sera, but not to 
normal sera (2p<0.0I, Wilcoxon signed rank test) 
(Fig. 2). 

Eight ofthe 11 patients with primary and 11 of the 
12 patients with secondary syphilis showed the 
Jarisch-Herxheimer reaction within 8 hours after 
treatment. All 6 patients with CIC before treatmcnt 
had a Jarisch-Herxheimer reaction. No difference 
was observed between patients with CIC and pa
tients without, regarding the severity of the 

Jarisch-Herxheimer reaction estimated by the 
maximal temperature (Mann-Whitney test). 

Of all 23 patients, 5 had an increase in Clq-BA 
<luring the Jarisch-Herxheimer reaction. Seven pa
tients bad a decrease in Clq-BA and in 11 patients 
the changc in Ctq-BA was less than 10% of the 
pretreatment value (Fig. 3). With the PP-Lc test an 
increase was observed in only 3 patients. Six pa
tients had a decrease in PP-Lc and in 14 patients the 
change was less than I 0 % of the pretreatment value 
(Fig. 3). The change in Clq-BA or PP-Lc was not 
related to the severity of the Jarisch-Hcrxheimer 
reaction. 

Rena/ impairment. All patients had serum 
creatinine concentrations within normal limits. and 
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Fig. 5. Optical density (O.D. 280 nm) and peak values of 
Clq-BA after gel filtration of sera from 2 patients with CIC 
before and during the Jarisch -Herxheimer reaction. An 
increased amount of low MW CIC was found in these 2 
patients during the J-H reaction. A = before and B = 
during J-H reaction. 

none of the patients had proteinuria by .. Albustix''. 
The albumin excretion before treatment was 

I I. I ±2.9 (SEM. standard error of mean) µ.g/min, 
and after treatment 6.2± 1.0 (SEM) µ.g/min. The dif
ference is significant (2p<O.0l, Wilcoxon signed 
rank test) (Fig. 4) (normal range: 1.6-14.2 µ.g/min). 
No difference was observed in albumin excretion 
rate between patients with primary vs. secondary 
syphilis or between patients with CIC and patients 
without. 

The /3-2-microg]obulin excretion rate before 
treatment was I 88± 42 (SEM) ng/min and after 
treatmenl 124±33 (SEM) ng/min. The difference is 
insignificanl (normal range: 12.5-232 ng/min). No 
difference was found between patients with primary 
vs. secondary syphilis or between patients with vs. 
without CIC. 

The excretion rates of albumin and ,8-2-micro-
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globulin were not correlated to the titres of the 
serological tests for syphilis or to the increase in 
temperature <luring the Jarisch-Herxheimer reac
tion (Spearman test). None of the patients had a 
temperature above 37.5°C when the urine sample 
was collected. 

Mo/ecu/ar 11·eiglit (MW) of CIC. The MW was 
measured by gel filtration in 5 patients with CIC 
before and <luring the Jarisch-Herxheimer reaction. 

CIC were heterogeneous, with MW varying from 

200000 to I million. During the Jarisch-Herxheimer 
reaction 2 patients had an increaseu amount of"low 
MW CIC" (about 200 000 to 500000) (fig. 5). one 

patient had an increased amount of '"high MW CIC'" 
(about I million) and 2 patients had no change in 
MW of CJC. 

DISCUSSION 

In the present study CIC were detected in 5 of 12 
patients with secondary syphilis and in only one of 
11 patients with primary syphilis. In another 2 pa
tients CIC appeared during the Jarisch-Herxheimer 

reaction. The pathogenic role of these CIC for 
syphilitic organ lesions is unknown. We have not 
been able to demonstrate any significant relation

ship between CIC and affection of the skin, lymph 
nodes, or kidneys. "Pathogenic 

.. complexes re
sponsible for such manifestations may however al
ready have been deposited and apparently .. non
pathogenic" CIC may be present in the circulation. 
Factors such as size. antigen and antibody type may 
be of importance for CIC to become pathogenic. 
The methods used does not permit any distinction 

between different types of CIC. 
None of the methods at present available for de

tection of CIC is entirely specific. Bacterial 
lipopolysaccharides and ribonucleic acids released 
<luring the Jarisch-Herxheimer reaction may be a 
source of error ( 11, 19). In the present study a com
bination of two tests was used to make the detection 
of CIC more specific: one method detecting Clq
binding CIC and the second, immunoglobulins in 
precipitated CIC. The two tests were significantly 
correlated. 

lmmune deposits wcre detectcd in skin biopsy 
specimens from one patient only. and this patient 
had no CIC. The absence of immune deposits in the 
vasculitic lesions of patient with secondary 
syphilis has been reported previously (12). This 
does not necessarily exclude an immune complex 
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mechanism, since deposited immunoglobulin and 

complemenl may disappear within houn, (I). 
The Jarisch-Herxheimer reaction may be 

triggered by release of antigen material from 
spirochetes destroyed by treatment (7). Fulford et 
al. (5) have reported that the Jarisch-Herxheimer 
reaction was preceded by a reduction in comple
ment factors. and an as:.ociated antibody consump

tion was demon!.trated. !.uggesting that complement 

utilization and perhaps immune complex formation 
may be involved in the Jarisch-Herxheimer reac
tion. 

By in vitro studies wc have shown an increase in 

Clq-BA when Treponema antigen was added to 
sera from patients with early syphilis. although the 
antigens were form T. Reiter and not 7. Pa/lid11111. 

The participation in vivo of a Treponema antigen/ 
antibody system in the measured CIC is suggested 
by thc presencc of antitreponema antibodies in iso
lated and dissociated CIC (2). and by the demon
stration of treponema antigen and antibodies in 
glomeruli from patients with syphilitic nephropathy 
(6, 18). 

Nineteen of the 23 patients in this study showed a 
Jarisch-Herxheimer reaction. An increase in CIC 
similar to the ••in vitro studies" was seen in only 5

patients. No relationship was demonstrated be
tween the leve! of CJC and the increase in tempera
ture <luring the Jarisch-Herxheimer reaction. One 
cxplanation for thc absence of CIC during the 
Jarisch-Herxheimer reaction in spite of complement 
and antibody consumption may be that Treponemes 
are largely present in the tissues (lymph nodes. 

skin) and immune complex formation and comple
ment consumption may occur mainly in the ex

trava�cular body compartment (5).

The MW of CIC in 5 patients varied widely, 
between 200 000 and I million. During the Jarisch
Herxheimer reaction 2 patient!> !.howed increased 
amounts of "low MW CJC'' and one patient an 
increa�ed amount of"'high MW CIC'". The explana
tion may be that antigens liberated during the 
Jarisch-Herxheimer reaction have reacted with 
circulating antibodies, resulting in CIC of differing 
s1ze. 

The renal function estimated by serum creatinine 
was normal in all patients. None of the patients had 
evidence of proteinuria by •• Albustix"'. Proteinuria 
in early syphilis is an uncommon event. Herman & 
Marr (8), using the Esbach albuminometer. did not 
detect albuminuria in 31 patients with primary 



syphilis and only in 5 of 61 patients with secondary 
syphilis. The lack of proteinuria does not. however. 
exclude rhe possibility of an increascd albumin 
excretion. �ince the excretion rate can be ten to 
twenty times highcr than normal wichout being de
tcctcd by "Albustix 

..
. Using a radioimmunoassay 

an increased urinary albumin excretion was dem
om,trated belore 1rea1ment. Nu curre,-,n.:cc wa� 
found between patient� with primary and secondary 
�yphilis. A "febrile protcinuria·· (9) was excludcd, 
since all patients had normal tcmperaturcs when thc 
urine samples were collected. 

lncreased albuminuria is often regarded as evi
dence of a glomerular le�ion. Such a lesion could be 
broughc about by CIC, but no relationship was 
demonstrated between CIC and the albuminuria. 
The glomerular lesion may be caused by already 
deposited immune complexes. The participation of 
CIC in the syphilitic nephropathy with subepithelial 
dense deposits has previously been considered 
probable (6, 14, 18). 

An increased excretion of /3·2-microglobulin is 
considered to indicate a rena) tubular lel.ion. No 
difference was observed on comparing the excre• 
tion beforc and aftcr treatment, and no correlation 
was demonstrated between CIC and ,B-2-micro
globulin excretion. 

ACKNOWLEDGEMENT 

This study was supp0rted by grants from the Danish 
Medical Research Council. 

REFERE CES 

I. Cream. J. J. & Turk. J. L.: A review of the evidencc
for immune-complex deposition as a cause of skin 
disease in man. Clin Allergy /: 235. 1971.

2. Engel. S. & Diezel. W.: Per�istent serum immune
complexes in syphilis. Br J Vener Dis 56: 221, 1980.

3. Erwin, P. E., Peterson, P. A .. Wide, L. & Berggaard,
J.: Radioimmunoassay or' /3,-microglobulin in human 
biological lluids. Scand J Clin Lab lnvest 28: 439.
1971.

4. From, E. & Frederiksen, P.: Pcmphigus vulgaris fol
lowing D-penicillamine. Dermatologica 152: 358,
1976.

5. Fulford. K. W. M .. Johnson. N .. Loveday. C .. 
Storey, J. & Tedder. R. S.: Changes in intra-vascular
complement and anti-treponemal antibody titres pre
ceding thc Jarisch-Herxheimer reaction in secondary
syphilis. Clin Exp lmmunol 24: 483. 1976.

lmmune complexes in syphilis 37.9 

6. Gamble, C. N. & Reardan. J. B.: lmmunopathogenesis
of syphilitic glomerulonephritis. N Engl J Med
292: 449. 1975.

7. Gelfand, J. A., Elin. R. J.. Berry, F. W. & Frank, M. 
M.: Endotoxcmia associatcd with thc Jarisch-Herx
heimcr reaction. N Engl J Med 295: 211. 1976.

8. Herrmann, G. & Marr. W. L.: Symphilis. Clinical
syphilitic nephropathies. Am J Syph Neurol 19: I,
1935.

9. Jensen, H. & Henriksen, K.: Prote1nurm 1n non-,cnul 

infectious diseasc5. Acta Med Scand 196: 215, 1974.
10. Miles. D. W .. Mogensen. C. E. & Gundersen. H. J. 

G.: Radioimmunoassay for urinary albumin using a
single antibody. Scand J Clin Lab lnvest 26: 5, 1970.

11. Nydegger, U. E .. Lambcrt. P. H., Gerber, H. &
Miescher. P. A.: Circulating immune complexes in
the serum in �ystemic lupus erythematosus and in
carriers of hepatitis B antigen. J Clin lnvest 54: 297.
1974.

12. Smith. E. B., Bartruff, J. K. & Blanchard. V.: Skin 
biopsy in cases of secondary syphilis. Br J Vener Dis 
46: 426, 1970.

13. Pie11e, F .. Wa11re. P .. Dessaint. J. P., Devemy, P. &
Bcrgoend. H.: Les complexes immuns circulant dans
la syphilis primo-secondaire et serologique. Ann
Dcrmatol Venereol (Paris) 106: 967, 1979.

14. S01ling. J., S0lling, K .. Jacobsen. K. LI .. Olsen, S. &
From. E.: Circulating immune complexes in syphilitic
nephropathy. Br J Vener Dis 54: 53, 1978.

15. S0lling, J., S01ling, K .. Jacobsen, K. U. & From, E.:
Circulating immune complexes in syphilis. Acta Der·
matovener (Stockholm)58: 263. 1978.

16. S0lling, J., S01ling, K. & Jacobsen, K. U.: Circulating
immune complexes in lupus erythematosus, sclero
derma and dcrmatomyositis. Acta Dermatovener
(Stockholm)59: 421. 1979.

17. S0lling. J.: Molccular weight of circulating immune
complexes in patients with glomerulonephritis. Neph
ron (in press).

18. Tourville. D. R .. Byrd, L. H., Kim, D. U .. Zajd, D ..
Reichmann. L. B. & Baskin. S.: TrepOnemal antigen
in immunopathogenesis of syphili1ic glomerulonc
phritis. Am J Pathol 82: 479. 1976.

19. Zubler, R. H., Lange, G., Lambert. P. H. &
Miescher. P. A.: Detection of immune complexes in
unheated sera by a modificd 125-l Clq binding test.
Effect of heating on the binding of C lq by immune
complexes and application of the test lo systemic
erythematosus. J lmmunol / /6: 232. 1976.

Recei1·ed November 15, 1981 

J. S0lling, M.D.
Department of Dermatology
and Venereology
Marsclisborg Hospital
DK-8000 Aarhus
Denmark

Acta nermat<>t·ctnt!I" (StocklwlmJ 62 




