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Five patients with laboratory evidence of latent or neurosyphilis were treated orally with doxycycline (200
mg) twice a day for 21 days. After the seventh dose, the mean level of doxycycline in serum was 5.8 ,ug/ml, with
a mean drug level in cerebrospinal fluid of 1.3 ,Lg/ml. The mean penetration into cerebrospinal fluid was 26%.
These preliminary findings suggest that doxycycline, administered orally at a dose of 200 mg twice a day,
reaches a sufficient concentration in cerebrospinal fluid to be worthy of further evaluation as an alternative
regimen to penicillin therapy for latent or neurosyphilis.

Tetracycline is recommended for the treatment of syphilis
in penicillin-allergic patients (7). Doxycycline, which has
also been studied in the therapy of primary and secondary
stages of syphilis (5, 8; L. J. Alexander and A. G. Schoch,
Sixth Scientific Conference on Antimicrobial Agents and
Chemotherapy; October 1966, Philadelphia, Pa.), has poten-
tial advantages. Due to its lipophilic quality, doxycycline
achieves five times the concentration in the brain as do equal
doses of tetracycline (3). Tetracycline has a half-life of 6 to 9
h, requiring a dosage schedule of four times daily (11). The
longer half-life of doxycycline (20 h) permits twice daily
dosing (11).
Doxycycline might also offer advantages in the therapy of

latent and neurosyphilis if it proves to be effective. There are
currently no accepted regimens for the use of oral penicillin
in the treatment of latent or neurosyphilis (7). The various
parenteral regimens advocated are time-consuming and un-
comfortable for patients and, in certain cases, have been
associated with treatment failure or have produced undetect-
able levels of penicillin in cerebrospinal fluid (CSF) (4, 6, 12).
This study was designed to examine the penetration of oral
doxycycline into the CSF of patients with latent or
neurosyphilis. This dose was chosen on the basis of patient
tolerance and pharmacokinetics of the drug and was sug-
gested by Rein (10) as a possible regimen.

Participants were selected for this study from patients
seen in the clinics or hospital of the University of California,
Davis Medical Center, who had serological evidence for
latent or neurosyphilis. Patients were asked to participate if
they had a positive serum rapid plasma reagin, positive
microhemagglutination test for Treponema palladium, no
evidence of primary or secondary syphilis, and no history of
treatment for syphilis in the previous year. The study
protocol was reviewed and approved by the Human Subjects
Review Committee at the University of California, Davis
Medical Center, and informed consent was obtained from all
patients. Doxycycline, 200 mg, was taken orally twice daily
with meals for 21 days. Patients were asked to keep a record
of when each dose was taken and to contact the investigators
if nausea, vomiting, abdominal pain, or diarrhea occurred.
Patients were questioned on days 4 and 7 of therapy regard-
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ing symptoms. Compliance was evaluated by review of the
dosing record and by drug levels. CSF cell count and
differential, protein, and glucose levels were determined.
Simultaneous doxycycline levels in serum and CSF were
determined at the time of lumbar puncture, 4 to 6 h after the
seventh dose of doxycycline, by a large-plate well-diffusion
assay as described by Barry (2). Specimens were stored
frozen for up to 1 month and assayed in batches.

Five patients were studied (three men and and two
women), who ranged in age from 23 to 70 years (Table 1).
Patient 1, who denied recent sexual contact, had a positive
CSF Venereal Disease Research Laboratory culture which
went untreated ca. 1 year prior. Patient 2 gave a history of
syphilis years before. Patient 3 was referred because of a
positive rapid plasma reagin titer of ca. 1:32 which has
persisted several years despite treatment with penicillin.
Patient 4 had a 50-year history of syphilis and was last
treated 6 years ago. Patient 5, who denied knowledge of
syphilis infection, stated that her last sexual contact was
several years ago. The CSF of two patients revealed leuko-

_~ 9

(Di 8
: 7
-J

t) 6

w

-J5

0

PATIENT NUMBER
FIG. 1. Doxycycline levels in serum and CSF 4 to 6 h after the

seventh dose of 200 mg twice a day.
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TABLE 1. Clinical characteristics and antibiotic levels in five patients with latent or neurosyphilisa

CSF valuesc for: Doxycycline level
Patient no. Age (years) Sex Initial RPRb (>Lg/ml) in: Penetration (%)

WBC VDRL Serum CSF

1 23 M 1:32 94 1:4 4.8 0.9 19
2 59 M 1:32 0 neg. 3.6 2.0 56
3 61 M 1:64 19 1:8 7 0.8 11
4 70 F 1:1 0 neg. 8.6 1.6 19
5 65 F 1:1 1 neg. 5.0 1.4 28

a Microhemagglutination test for T. palladium was positive in all five patients.
b RPR, Rapid plasma reagin.
c WBC, Leukocyte cell count; VDRL, Venereal Disease Research Laboratory; neg., negative.

cytes and a positive Venereal Disease Research Laboratory
test which were confirmatory of neurosyphilis. The lumbar
puncture on the other three patients showed normal CSF.
All patients stated that they had taken the regimen as
prescribed, and none reported side effects.

Figure 1 shows simultaneous CSF doxycycline levels in
CSF and serum. Drug levels in serum ranged from 3.6 to 8.6
,Lg/ml (mean of 5.8), a greater than twofold difference. The
mean doxycycline level in CSF was 1.3 ,ug/ml (range, 0.8 to
2.0). Penetration into the CSF varied from 11 to 56%, with a
mean of 26%. There was poor correlation between the drug
levels in serum and CSF in this small study (correlation
coefficient, 0.25).

Oral doxycycline offers a potential advantage over tetra-
cycline in the therapy of syphilis, since it can be given twice
daily and is well absorbed after a meal. We have documented
that compliance with and tolerance of the regimen used were
excellent. The mean doxycycline level in serum achieved in
this study is 76% higher than the peak level of tetracycline in
serum expected from the current dosage recommended for
treatment of latent or neurosyphilis (9). The mean level of
doxycycline in CSF was 26% of the simultaneous drug level
in serum, which is higher than the 14% penetration reported
in a previous small study (1). The drug level in CSF might be
expected to be even greater in patients with active
neurosyphilis and inflamed meninges, but surprisingly, the
two lowest drug levels in CSF in our cohort of patients were
in the two patients with neurosyphilis.
Our small study shows good penetration of doxycycline

into the CSF of patients with latent and neurosyphilis.
Because penicillin treatment of the late stages of syphilis has
been associated with treatment failure and because of the
prevalance of pencillin allergy, further studies evaluating the
efficacy of alternative regimens are warranted. The
spirochetocidal level of doxycycline in humans, both in CSF
and serum, needs to be determined in evaluating the poten-
tial clinical value of this regimen. Moreover, larger numbers
of patients and long-term clinical and serological follow-up
are necessary in using the established Centers for Disease
Control guidelines (7). Our patients have been followed for

so short a time that we can as yet draw no conclusions as to
the actual clinical efficacy of doxycycline.

This work was supported in part by a grant from Pfizer Labora-
tories.
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