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Abstract. Borrelia hispanica from infected guinea pigs and Treponema pallidum from testicular 
syphilomas of rabbits were assayed for the presence of endotoxin with the Limulus lysate test. 
A suspension of Borrelia, containing 1.3 X lo8 spirochetes/ml, was nonreactiv? both when it 
was tested as intact organisms, and when tested after disruption of the spirochetes by sonication. 
Eight different suspensions of treponemes, ranging from 0.6 X lo9 to 3 X lo9 treponemes/ml, 
were negative at a 1 : 10 dilution and were no more active than control suspensions of normal 
rabbit testes. Therefore, it was concluded that T. pallidum, as well as the Borrelia, possessed no 
endotoxin. 

The Jarisch-Hemheimer reaction (JHR) is 
a clinical syndrome that has been described 
in a number of infectious diseases (1). It de- 
velops usually during the course of antimi- 
crobial therapy, and it occurs most frequently 
in two spirochetal diseases; syphilis, in which 
it was first described (2, 3), and relapsing fever, 
in which it is most severe (4). The reaction 
begins abruptly some hours after initiation of 
treatment, at approximately the time when 
the infectious agents are disappearing rapidly 
from lesions and/or the blood stream. It is 
characterized by fever, a marked exacerbation 
of clinically apparent lesions, and a number 
of physiological abnormalities compatible with 
bacterial endotoxic shock (4). Nevertheless, 
the pathogenesis of the JHR is still not estab- 
lished, in part because of uncertainty con- 
cerning the presence or absence of endotoxin 
in spirochetes. 

Pathogenic spirochetes, except for Lepto- 
spira, have long resisted in vitro cultivation, 
and this has hampered chemical studies of 
these organisms. Although several strains of 
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Borrelia have been cultured recently (5, 6), 
only minimal growth (5 X lo6 to 5 X lo7 
spirochetes/ml) has been achieved and chem- 
ical investigations have not been practical. 
Accordingly, studies of this type have been 
limited almost entirely to Leptospira and a 
few easily cultured nonpathogenic trepo- 
nemes. A number of investigators have re- 
ported recovery of a lipopolysaccharide (LPS) 
from the Reiter treponeme (now Treponema 
phagedenis; biotype Reiteri), by phenol-water 
or trichloroacetic acid extraction (7- 10). 
However, the LPS has been identified on the 
basis of sugar and phosphorous content, with 
little study of the lipid moiety and no attempt 
to demonstrate endotoxic properties. Simi- 
larly, Zey and Jackson recovered LPS from 
the Nichols nonpathogenic treponeme (now 
T. refringens), and identified it by a colori- 
metric procedure, but they attempted no bi- 
ologic studies (1 1). 

Efforts to demonstrate endotoxic activity in 
either whole spirochetes, or spirochetal ex- 
tracts, have been few in number and mostly 
unsuccessful. Heyman et al. (12) were unable 
to demonstrate an endotoxic response in rab- 
bits inoculated intravenously with either sus- 
pensions of whole viable T. pallidum, or tre- 
ponemes treated in a variety of ways. Finco 
and Low (13) extracted an LPS from Leptos- 
pira interrogans serovar canicola that con- 
tained no 2-keto-3-deoxyoctonoic acid and 
was devoid of endotoxic activity. Arean et al. 
(14) prepared extracts from a virulent strain 
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of Lep. icterohaemorrhagiae, using techniques 
for the isolation of bacterial endotoxins. Nei- 
ther these extracts, dead or disrupted organ- 
isms, nor culture filtrates produced patholog- 
ical changes or the generalized Shwartzman 
reaction in mice or guinea pigs. Furthermore, 
extracts prepared from Lep. icterohaernor- 
rhagiae did not consistently produce fever in 
rabbits (14). In perhaps the most thorough 
study to date, Johnson (15) performed two 
LPS extraction procedures on three micro- 
organisms, using 5 g (dry weight) of each or- 
ganism for each procedure. The organisms 
were Salmonella minnesota, Lep. interrogans 
serovar canicola, and T. phagedenis biotype 
Kazan 5;  the endotoxin yields were 196 mg, 
0.13 pg, and 0.04 pg, respectively. In contrast 
to these findings, Mergenhagen et al. (16) 
found endotoxic activity in phenol extracts 
from each of three oral spirochetes; a small 
treponeme and two others identified as Bor- 
relia buccalis and B. vincentii. Nuessen et al. 
( 17) extracted an LPS from T. hyodysenteriae 
which was toxic for mouse peritoneal mac- 
rophages, stimulated incorporation of 
['Hlthymidine into murine splenic cells, and 
generated chemotactic activity in the presence 
of serum. However, evaluation of pyrogenicity 
and Lirnulus test activity was not performed. 
Recently Butler et al. (1 8) examined concen- 
trated suspensions of B. recurrentis obtained 
from the blood of three patients with louse- 
borne relapsing fever (LBRF). These were 
tested with the Lirnulus lysate test, an ex- 
quisitively sensitive in vitro assay for endotoxin 
(19), and all three were negative at concen- 
trations of 2000 pg/ml. Butler et al. (20) also 
were unable to detect endotoxin in cultured 
B. herrnsii at concentrations of lo8 spiro- 
chetes/ml. 

This report describes further efforts to de- 
termine the presence or absence of endotoxin 
in spirochetes. We have studied two patho- 
genic species, T. pallidurn, from experimen- 
tally infected rabbits, and B. hispanica, from 
guinea pigs, with the Lirnulus lysate test. Our 
findings provide further evidence that patho- 
genic spirochetes do not possess a component 
with endotoxic activity. 

Materials and Methods. Spirochetes. Bor- 
relia hispanica was obtained from P. L. Perine, 
University of Washington. This strain was 
originally isolated in North Africa from a pa- 

tient with tick borne relapsing fever. It was 
propagated in our laboratory by intraperito- 
neal inoculation of Hartley strain guinea pigs. 
Wet blood preparations were prepared daily 
and examined by dark-field microscopy until 
a marked spirochetemia was observed; at that 
time, animals were exsanguinated by cardiac 
puncture. Heparinized blood was centrifuged, 
the plasma was removed, and the sedimented 
erythrocytes were washed three times with 
sterile, pyrogen-free saline (0.85% NaCl). The 
pooled plasma and saline washes contained 
1.3 X lo8 Borrelialml, but no blood cells; ali- 
quants were distributed in sterile plastic vials 
(1-2 ml each) and stored in the vapor phase 
of a liquid nitrogen refrigerator. 

Treponema pallidurn, Nichols strain, was 
propagated in the testes of New Zealand white 
rabbits. Details of propagation and extraction 
have been described previously (2 1 ). Suspen- 
sions of both intact treponemes and those dis- 
integrated by sonication were stored frozen, 
without a cryoprotective agent, in sterile plastic 
vials as described for Borrelia. Different prep- 
arations contained 0.6 X lo9 to 3 X lo9 tre- 
ponemes/ml. 

Glassware, centrifuge and storage tubes, and 
all solutions used for extraction and purifi- 
cation of spirochete preparations were checked 
before use for the absence of any contaminant 
with endotoxic activity, by the Limulus test 
( 19). Because spirochete yields from animals 
were insufficient for total weight determina- 
tions, all suspensions were assessed in terms 
of organisms per milliliter, as determined by 
direct count (2 1). For treponemes, total pro- 
tein per milliliter was also measured (cf. Table 
1). Protein concentration of the Borrelia prep- 
aration was not determined because of the 
relatively large amount of serum proteins 
present. 

For some assays, spirochetes were disinte- 
grated by sonication with a Biosonik IV son- 
icator, fitted with a microprobe tip (Bronwill 
Scientific, Rochester, N.Y .). Suspensions in 
glass tubes were submerged in an ice bath and 
subjected to repeated 45-sec bursts of ap- 
proximately 75% maximum machine power. 
Cell disintegration was monitored by decrease 
in density, and checked by direct microscopic 
examination. 

Limulus test. The procedure for assay of 
endotoxin with lysates of blood cells (ame- 
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bocytes) from the horseshoe crab (Limulus) 
has been reported previously (22-24). Esch- 
erichia coli endotoxin (lipopolysaccharide B, 
055: B5, Difco Laboratories, Detroit, Mich.) 
was used as a standard. The several amebocyte 
lysates used in this study varied slightly in 
sensitivity, detecting as little as 0.1-0.0 1 ng 
E. coli endotoxin/ml. They were also reactive 
with 10 ng or less of lyophilized E. coli 
cells (24). 

Protein determinations. The protein con- 
centration of treponeme suspensions was 
measured after trichloroacetic acid precipi- 
tation, by the Folin-Ciocalteau procedure, as 
described by Chase and Williams (25). Crys- 
talline bovine serum albumin, standardized 
by Kjeldahl nitrogen determination, was used 
as the reference. 

Results. In repeated assays of Borrelia, ei- 
ther as a suspension of whole organisms, or 
as a sonicated preparation, there was complete 
absence of reaction with Limulus lysate (Table 
I). This was indicative of less than 0.01 ng of 
material with endotoxin-like activity per 1.3 
X lo8 spirochetes. When a number of pooled 
suspensions of 7'. pallidum were assayed, all 
demonstrated slight endotoxin-like activity as 
undiluted samples, but they were nonreactive 
at 1 : 10 dilutions. Although the calculated 

concentrations of endotoxin, based on results 
with undiluted samples, varied from 0.0 1 - 1 .O 
ng/ml with different preparations, they did 
not correlate with either the number of 
treponemes or concentration of protein, 
the two measures of microbial density 
(Table I). 

Although the solutions, plastics, and glass- 
ware used during the preparation of the pooled 
T. pallidum suspensions were, by assay, en- 
dotoxin-free, no special effort had been made 
to avoid endotoxin contamination in the 
course of isolation and purification. Accord- 
ingly, three rabbits (Ra 54 16,54 18, and 54 19) 
were infected with T. pallidurn, and at the 
appropriate time the testes of each were re- 
moved and processed separately under the 
most rigorous endotoxin-free conditions we 
could achieve. As shown in Table I, the sus- 
pensions from two of the three rabbits con- 
tained the lowest endotoxin concentrations 
(0.01 ng/ml) found. Again, there was no cor- 
relation between number of treponemes or 
protein content and endotoxin concentration. 

The overall results indicated that the ob- 
served reaction with Limulus lysate was not 
due to endotoxin of treponemal origin. Fur- 
ther evidence for this was sought by extracting 
the testes of a normal rabbit in a manner iden- 

TABLE I. Limulus LYSATE ASSAYS OF END~TOXIN IN SPIROCHETE SUSPENSIONS 
AND NORMAL RABBIT TESTICULAR EXTRACTS 

Spirochete concentration Total protein Endotoxin concentration 
Spirochete suspension (X 109/mi) (Pg/ml) (ng/ml)" 

B. Hispanica 
Pool Ac 
Pool A (sonicated) 

T. pallidum 
Pool G (sonicated)d 
Pool F 
Pool M 
Pool N 
Pool 0 
Pool 0 (sonicated) 
Ra 5416' 
Ra 5418 
Ra 5419 

Ra 5489 (normal) 

0.13 
0.13 

2 
0.6 
1.9 
1.83 
2 
2 
3 
0.67 
1 

580 
230 
282 
350 

- 
340 
160 
400 

<o. 1 
<o.o 1 

1 
1 
0.5 
0.1 
0.1 
0.1 
0.0 1 
0.0 1 
0.1 

0.5 
~ ~~ 

a Calculated from E. Coli endotoxin standard (See Materials and Methods). 
Minimal detectable concentration of endotoxin with lysate used for this assay. 
Pooled plasma-saline washes from erythrocytes of infected guinea pigs. 
Pooled extracts of testicular syphilomas from groups of three to eight rabbits. 
' Extract of testicular syphilomas from individual rabbits. 
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tical to that used for the purification of T. 
pallidurn. Like the treponeme suspensions, 
this sham-preparation also contained a slight 
amount of material with endotoxin-like ac- 
tivity (Table I). In fact, the control preparation 
contained a concentration equal to or greater 
than that found in all but two of the treponeme 
suspensions. 

Although it seemed unlikely, there was the 
remote possibility that a tissue inhibitor pres- 
ent in the suspensions of treponemes was 
masking the presence of endotoxin in the 
preparations. This was investigated by testing 
two suspensions (sonicated preparations G and 
0) after the addition of minute amounts of 
E. coli endotoxin. Neither preparation inhib- 
ited the rate of the reaction between known 
concentrations of endotoxin (0.1 to 10 ng/ml) 
and amebocyte lysate. 

Discussion. The studies reported in this pa- 
per clearly reveal that B. hispanica possesses 
no toxic component with a major biological 
property of microbial endotoxins, i.e., gelation 
of Limulus lysate. In this respect they confirm 
the recently reported findings of Butler et al. 
( 1  8, 20) on related spirochetes, B. recurrentis 
and B. herrnsii. In these studies the organisms 
were recovered from the blood of infected 
hosts or from cultures, and assayed for the 
presence of endotoxin by the Limulus lysate 
gelation reaction, an exquisitely sensitive test 
for endotoxin (19), with a specificity that 
equals or surpasses other methods for the de- 
tection of this class of bacterial components. 

In the present study, suspensions of T. pal- 
lidurn were also assayed for endotoxin, and 
though the results were not as clear cut as 
those for B. hispanica, they indicated that this 
pathogenic spirochete also lacks endotoxin. 
Eight suspensions of treponemes, with 0.6 
X lo9 to 3 X lo9 treponemes/ml, all produced 
a minimal reaction with Limulus lysate when 
tested undiluted, but were nonreactive at a 
1 : 10 dilution. Most significantly, the degree 
of gelation, as a measure of endotoxin con- 
centration, did not correspond to the number 
of treponemes in a given preparation. For ex- 
ample, Pool F, containing 6 X 10' treponemes/ 
ml (Table I), gave a gelation reaction equiv- 
alent to 1 ng/ml of E. coli endotoxin, whereas 
the suspension of the treponemes from Ra 
5416, containing 3 X lo9 treponemes/ml, 
produced a result equivalent to only 0.01 ng/ 

ml of endotoxin. This suggestion that the sub- 
stance causing Limulus lysate gelation was not 
derived from the treponemes was supported 
by the fact that slight gelation also occurred 
with an extract of normal rabbit testes, pre- 
pared as for treponeme suspensions from in- 
fected rabbits, but completely devoid of these 
organisms. It seemed reasonable to conclude 
from these combined observations that the 
trace amounts of endotoxin-like material in 
the treponeme suspensions were not from the 
treponemes themselves, but were either host 
tissue components of undefined nature, or 
were bacterial endotoxin resulting from slight 
inadvertent contamination of suspensions 
during tissue extraction and manipulation, 
despite efforts to the contrary. These conclu- 
sions have been supported by the observations 
of Young et al. (26) (vide infra). 

The presence or absence of endotoxin in 
spirochetes of the family Spirochaetaceae, 
which includes all human pathogens, has been 
a subject of study for a number of years, and 
evidence both for and against such a spiro- 
chetal component has been reported. How- 
ever, growth restrictions have limited most 
such studies to Leptospira and nonpathogenic 
spirochetes. Even for these the difficulties as- 
sociated with acquiring large quantities of or- 
ganisms have led some investigators to de- 
scribe spirochetal lipopolysaccharides without 
assessing their biological activity. Zey and 
Jackson ( 1  I), who studied the lipopolysac- 
charides from a cultivable nonpathogenic tre- 
poneme, emphasized that not all such com- 
pounds possessed endotoxic properties. Thus, 
the early studies reporting lipopolysaccharide 
in the Reiter treponeme (T. phagedenis bio- 
type Reiteri) (7- 10) have little significance in 
terms of endotoxin. This was clearly dem- 
onstrated by the studies of Johnson (15), who 
obtained only contaminating quantities of en- 
dotoxin (40 ng/5 g of cells as measured by 
pyrogenicity) from another strain of the same 
organism, T. phagedenis biotype Kazan 5. In 
a similar fashion Finco and Low (13) and 
Johnson ( 1 9 ,  as well as Arean et al. ( 14), were 
unable to recover significant amounts of en- 
dotoxin from Lep. canicola (Lep. interrogans 
serovar canicola) or Lep. icterohaemorrhagiae, 
as measured by fever production, mouse tox- 
icity, and the Shwartzman reaction. Only 
Mergenhagen et al. (16) have reported the re- 
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covery of pyrogenic lipopolysaccharides from 
cultivable spirochetes, but even these had only 
marginal activity by comparison with other 
bacterial endotoxins. Since the lipopolysac- 
charides were extracted by a micro-procedure 
from spirochetes grown in broth containing 
10% canine inflammation-induced ascitic 
fluid, there is reason to question the spirochetal 
origin of the pyrogenic material. 

The recent report of Wright (27) has claimed 
biologic evidence of endotoxin in pathogenic 
spirochetes. This author studied B. duttoni in- 
fections in mice that developed a post-treat- 
ment Jarisch-Herxheimer-like reaction. 
Plasma obtained 1-4 hr after treatment with 
ampicillin of mice infected with Borrelia pro- 
duced positive Limulus tests, concomitant 
with the disappearance of viable organisms 
from the blood. Wright also performed Lim- 
ulus lysate tests on spirochetes and observed 
gelation with a sonicate from 10'' Borrelial 
ml, but not with a suspension containing a 
similar concentration of intact spirochetes. He 
stated, without documentation, that approx- 
imately 100 sonicated Borrelia were sufficient 
to cause Limulus lysate gelation (27). If cor- 
rect, this would indicate that pathogenic spi- 
rochetes possess endotoxin at an individual 
cellular concentration equivalent to that of 
Enterobacteria (28), but that the endotoxin is 
sequestered within the cells and unavailable 
to react with the Limulus lysate until released 
upon disruption of the spirochetes by soni- 
cation. 

However, sonication may have resulted in 
contamination of Wright's preparations by 
exogenous endotoxin, since intact organisms 
failed to produce positive Limulus tests. This 
possibility is further suggested since Wright's 
observations (27) contrast sharply with those 
of Butler et al. (18, 20) and with our data 
reported in this paper. In the studies of both 
Butler et al. ( 18) and ourselves, Limulus lysate 
tests were nonreactive with sonicated spiro- 
chetes at concentrations far above the minimal 
number Wright considered necessary for reac- 
tivity. The negative results were interpreted 
as evidence of the absence of sequestered en- 
dotoxin. 

The possible role of endotoxin in initiating 
the JHR has stimulated a number of inves- 
tigators to look for evidence of endotoxin in 
patients with a JHR following antibiotic ther- 

apy of spirochetal infections. While such ev- 
idence has been found, it has been strikingly 
inconsistent. This is exemplified in the reports 
of Limulus lysate tests on plasma obtained 
during JHR (18, 26, 29-3 1).  Galloway et al. 
(29) observed positive reactions in plasma 
from 13 of 15 patients with louse-borne re- 
lapsing fever, whereas Perine found only 3 of 
11 patients positive (cited in (l)), and Butler 
et al. obtained a similar result in 7 of 28 pa- 
tients ( 18). In syphilis, positive results ranged 
from 2 of 2 (30) to none of 1 1 patients (3 1) 
with secondary syphilis and the JHR. The 
failure to obtain positive reactions with all 
plasma specimens from patients with a JHR 
is a strong argument against the spirochetal 
origin of endotoxin. Finally, a thorough clin- 
ical and experimental study by Young et al. 
(26), using the Limulus test, failed to detect 
endotoxin in the blood of 12 patients with 
syphilis (66% of whom were experiencing a 
JHR) following therapy with penicillin. Sim- 
ilarly, production of the JHR in rabbits, fol- 
lowing treatment of infection with T. palli- 
dum, Nichols strain, was not associated with 
detectable endotoxemia or the development 
of tolerance to bacterial endotoxin (26). 
Therefore, as several authors have pointed out, 
the endotoxin that is demonstrable in some 
plasma samples may result either from a con- 
comitant infection, e.g., Haemophilus influ- 
enzae pneumonia as reported by Butler et al. 
(18), or from the microbial flora of the ali- 
mentary tract ( 1 ,  18, 29, 32). 

Francine Corthesy Levin provided excellent technical 
assistance. 
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