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ABSTRACT

Introduction: Poorer serologic responses of
early syphilis to treatment have been inconsis-
tently reported in HIV-positive patients com-
pared with HIV-negative patients, but the
interpretation of previous studies is limited by
discrepant study designs. The present study

aimed to evaluate the effect of HIV infection on
the treatment response to a single dose of ben-
zathine penicillin G (BPG) for early syphilis.
Methods: From January 2015 to March 2020,
adult patients with early syphilis who received a
single dose of BPG were enrolled and rapid
plasma reagin (RPR) titers were periodically
determined. The primary outcome was serologic
response, defined as at least a fourfold decline of
RPR titer at 12 months of BPG treatment com-
pared with that at baseline, which was exam-
ined in the intention-to-treat (ITT) and per-
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protocol analyses. Treatment failure included
lack of at least a fourfold decline in RPR titers
and at least a fourfold increase in RPR titers.
Results: We prospectively enrolled 184 HIV-
positive and 68 HIV-negative participants with
early syphilis, who were all men who have sex
with men, with a higher proportion of previous
syphilis (70.1%) and early latent syphilis
(64.1%) among HIV-positive participants. In the
ITT with last-observation-carried-forward anal-
ysis, HIV-positive participants had a signifi-
cantly lower serologic response rate at
12 months of treatment than HIV-negative
participants (73.4% vs. 91.2%). Of HIV-positive
participants, 12.5% failed to achieve at least
fourfold decline in RPR titers and 14.1% had at
least a fourfold increase in RPR titers. The fac-
tors associated with 12-month serologic
response were HIV infection (adjusted odds
ratio [AOR] 0.33; 95% confidence interval [CI]
0.13–0.81) and RPR titer (per 1-log2 increase,
AOR 1.36; 95% CI 1.23–1.51).
Conclusion: HIV-positive patients with early
syphilis had poorer serologic responses to BPG
treatment than HIV-negative patients during a
12-month follow-up period.

Keywords: Benzathine penicillin G; Rapid
plasma reagin titer; Men who have sex with
men; Recurrence; Reinfection;
Jarisch–Herxheimer reaction

Summary Points

Why carry out this study?

Poorer serologic responses of early syphilis
to single-dose benzathine penicillin (BPG)
treatment have been inconsistently
reported in HIV-positive patients
compared with HIV-negative patients.

We compared the serologic responses to
single-dose BPG treatment between HIV-
positive and HIV-negative patients with
early syphilis.

What was learned from the study?

Serologic responses of early syphilis to
single-dose BPG treatment at 12 months
were significantly poorer among HIV-
positive patients (73.4%) compared to
HIV-negative patients (91.2%).

The poorer responses were attributed to
slower serologic responses and more
treatment failures in HIV-positive
patients.

Periodical serologic follow-up for syphilis
is warranted among HIV-positive patients
in the era of combination antiretroviral
therapy scale-up and increasing rate of
syphilis among at-risk populations.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14438996.

INTRODUCTION

The global burden of syphilis remains substan-
tial despite effective antibiotic treatment being
available for decades. The number of new cases
of syphilis was around 6 million worldwide in
2016, with an estimated incidence of 1.6–1.7
cases per 1000 population [1]. An ever-growing
epidemic of syphilis has been reported mainly
among men who have sex with men (MSM),
which is driven by online social networking,
condomless sex, group sex, and recreational
drug use [2]. Individuals receiving biomedical
HIV treatment and prevention are particularly
at high risk for syphilis [3, 4]. The surveillance
data from the USA showed that primary and
secondary syphilis were more prevalent among
HIV-positive MSM (7.0%) than among HIV-
negative MSM (3.4%) in 2018 [5]. In a longitu-
dinal study to evaluate sexually transmitted
diseases (STDs) among users of preexposure
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prophylaxis (PrEP) for HIV, the incidence of
syphilis was 7.9 per 100 person-years after
commencing PrEP [6].

The current STD treatment guidelines rec-
ommend single-dose benzathine penicillin G
(BPG) for treating early syphilis regardless of
HIV status [7]. However, the serologic responses
of early syphilis to BPG treatment have been
reportedly poorer among HIV-positive patients
compared with their HIV-negative counterparts.
For this reason, enhanced therapy with three
weekly doses of BPG has been proposed to
improve treatment outcome [8, 9]. A systematic
review that evaluated studies assessing serologic
outcomes after syphilis treatment revealed an
inconsistent relationship between HIV status
and serologic responses [10]. Given the fact that
these studies had differences in study popula-
tions and stages of syphilis, definitions used for
serologic response, treatments administered,
and follow-up frequencies and durations, the
clinical uncertainty remains [11].

In the context of syphilis resurgence among
individuals living with or at risk for HIV infec-
tion, further prospective studies with standard
therapy and fixed follow-up time periods are
needed to inform treatment recommendations.
In this study, we aimed to compare the treat-
ment responses to a single dose of BPG between
HIV-positive and HIV-negative patients with
early syphilis.

METHODS

Setting and Study Participants

This prospective observational study was con-
ducted at the National Taiwan University
Hospital, which is a major designated hospital
for providing comprehensive health services for
HIV testing, prevention, and treatment in Tai-
wan. From January 2015 to March 2020, HIV-
positive and HIV-negative adult patients
receiving a single dose of BPG for early syphilis
were enrolled. While HIV-positive participants
were recruited from the outpatient clinics, HIV-
negative participants with syphilis were volun-
tary counseling and testing (VCT) clients [12].

The diagnosis of syphilis was made on the
basis of a positive rapid plasma reagin (RPR)
titer with a reactive Treponema pallidum particle
agglutination (TPPA) assay. Early syphilis is
divided into primary, secondary, and early
latent stages, depending on clinical presenta-
tions [13]. Participants were classified to have
primary syphilis if they presented with genital,
anal, or oropharyngeal ulcers (chancre); partic-
ipants with cutaneous rashes, mucosal lesions,
or generalized lymphadenopathy were classified
as having secondary syphilis; asymptomatic
participants with reactive serologies were clas-
sified as early latent syphilis if they had docu-
mented negative RPR or at least fourfold
increase of RPR titers within 12 months.
Patients with RPR titers of less than 2 were
excluded because RPR may remain reactive at a
low titer even with BPG treatment [7]. Other
exclusion criteria were having neurological
manifestations, a history of penicillin allergy,
no RPR titer available for assessment after
treatment, and exposure to antibiotics with
activity against T. pallidum, such as penicillins,
ceftriaxone, doxycycline, or macrolides, within
the preceding 4 weeks [14–16]. The study was
approved by the Research Ethics Committee of
National Taiwan University Hospital (registra-
tion number NTUH-201606110RINA) and the
participants gave written informed consent to
periodical follow-up serologic testing for syphi-
lis and data collection before inclusion. The
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments.

As a designated hospital in Taiwan, HIV-
positive patients have been provided with free-
of-charge combination antiretroviral therapy
(cART), monitoring of CD4 cell count and
plasma HIV RNA load (PVL), and serologies of
viral hepatitis and syphilis at baseline and dur-
ing follow-up. The national guidelines for HIV
care recommend that non-treponemal serologic
tests for syphilis should be performed at least
annually and more frequently for at-risk
patients; for those treated for syphilis, serologic
follow-up should be performed every 3–-
6 months following treatment [7]. Individuals
seeking VCT services have been offered free-of-
charge testing for HIV and syphilis. Those
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testing positive for HIV or syphilis are linked to
medical care and receive treatment and further
evaluation for viral hepatitis and other STDs
[17].

Treatment and Follow-up

In accordance with current STDs treatment
guidelines, the participants with early syphilis
received a single intramuscular dose (2.4 mil-
lion units) of BPG [7]. After administration of
BPG, associated symptoms within 24 h were
inquired by cell phone calls [18, 19]. Partici-
pants were followed up at weeks 1, 2, and 3, and
months 1, 2, 3, 6 (± 1 months), 9 (± 1 months),
and 12 (± 3 months) from BPG treatment. At
each follow-up visit, RPR titers were deter-
mined. To monitor HIV seroconversion among
HIV-negative participants, testing for HIV was
performed every 3 months.

Serologic response was defined as a decline of
RPR titers by at least fourfold or reversion to non-
reactivity compared with baseline RPR titers
during the 12-month follow-up period. Treat-
ment failure was defined as lack of at least a
fourfold decline in RPR titers or at least a fourfold
increase in RPR titers after achieving serologic
response during follow-up [8, 9]. The primary
outcome was serologic response rate at
12 months from BPG treatment [7–9]. The sec-
ondary outcomes were serologic response rate at
6 months fromBPG treatment, rates of treatment
failure at 6 and 12 months, and Jarisch–Herx-
heimer (JH) reaction following BPG injection. JH
reactionwas defined as the presence of fever (i.e.,
a temperature over 38.0 �C) and/or acute exac-
erbation of maculopapular skin rashes within
24 h after BPG injection [18, 19].

Laboratory Investigations

Serologic tests for syphilis included the RPR test
(BD Macro-VueTMRPR Card tests) for screening
and TPPA assay (FTI-SERODIA-TPPA; Fujirebio
Taiwan Inc., Taoyuan, Taiwan) for confirma-
tion. Blood samples obtained from VCT clients
were tested for HIV with the use of particle
agglutination (SFD HIV 1/2 PA; Bio-Rad FUJIR-
EBIO, Tokyo, Japan) before December 2018 and

fourth-generation antigen/antibody combina-
tion test (Alere DetermineTM HIV-1/2 Ag/Ab
Combo; Orgenics Ltd., Yavne, Israel) after Jan-
uary 2019. CD4 cell count was determined
using flow cytometry (BD FACS Calibur; Becton
Dickinson, CA, USA), and PVL was quantified
using Cobas AmpliPrep/Cobas TaqMan HIV-1
test (version 2.0; Roche Molecular Systems) with
a lower detection limit of 20 copies/ml.
Hepatitis B virus surface antigen (HBsAg) and
hepatitis C virus (HCV) antibody were deter-
mined with the use of an enzyme immunoassay
(Abbott Laboratories, Abbott Park, IL).

Statistical Analysis

Statistical analyses were performed using STATA
software version 12.0 (Stata Corporation, Col-
lege Station, TX). Characteristics of the partici-
pants were compared between groups with the
use of Fisher’s exact test or chi-squared test for
categorical variables and Wil-
coxon–Mann–Whitney test for continuous
variables. Serologic response was estimated in
the intention-to-treat (ITT) and per-protocol
(PP) analyses. For participants with missing data
on RPR titers and other time-updated variables
at 6 and 12 months in the ITT analysis, the last-
observation-carried-forward (LOCF) approach
was applied to impute missing data. The asso-
ciations between time-updated variables and
outcome measures were identified using the
generalized estimating equations in a logistic
regression model. Considering that participants
could be reinfected even following successful
treatment, time to serologic response was
assessed with the Kaplan–Meier method and
Cox proportional hazards regression analysis
was used to estimate the predictors of achieving
serologic response. Variables with P values of
less than 0.1 in the univariate analysis were
selected for entry into the multivariate model,
and a backward selection process was used to
determine the final model. The 95% confidence
intervals (CIs) of odds ratios or hazard ratios
were reported to estimate the effects of covari-
ates. All tests were two-tailed and a P value of
less than 0.05 was considered statistically
significant.

1290 Infect Dis Ther (2021) 10:1287–1298



Table 1 Baseline characteristics of participants with early syphilis who received a single dose of BPG

Variable HIV-positive participants
(N = 184)

HIV-negative participants
(N = 68)

P

Age, median (IQR), years 36 (31–42) 31 (25–35) \ 0.001

MSM, n (%) 184 (100) 68 (100) 0.999

HBsAg positivity, n (%) 28 (15.2) 2/38 (5.3) 0.102

Anti-HCV positivity, n (%) 22 (12.0) 2/47 (4.3) 0.123

Previous history of syphilis, n (%) 129 (70.1) 14 (20.6) \ 0.001

Syphilis stage, n (%)

Primary 13 (7.1) 8 (11.8) 0.231

Secondary 53 (28.8) 31a (45.6) 0.012

Early latent 118 (64.1) 33 (48.5) 0.025

RPR titer, median (IQR) 1:128 (1:64–1:512) 1:128 (1:48–1:256) 0.330

Receiving cART at baseline, n (%) 170 (92.4) NA –

CD4 cell count at baseline, median (IQR),

cells/mm3

577 (453–759) NA –

\ 200, n (%) 6 (3.3) NA –

[ 350, n (%) 161 (87.5) NA –

PVL at baseline, median (range), log10 copies/

mL

UD (UD–6.36) NA –

\ 200 copies/mL, n (%) 169 (91.8) NA –

Receiving cART at 12 months, n (%) 183 (99.5) NA –

CD4 cell count at 12 months, median (IQR),

cells/mm3

628 (510–794) NA –

\ 200, n (%) 1 (0.5) NA –

[ 350, n (%) 172 (93.5) NA –

PVL at 12 months, median (range), log10
copies/mL

UD (UD–5.50) NA –

\ 200 copies/mL, n (%) 182 (98.9) NA –

BPG benzathine penicillin G, cART combination antiretroviral therapy, HBsAg hepatitis B surface antigen, HCV hepati-
tis C virus, IQR interquartile range, MSM men who have sex with men, PVL plasma HIV RNA load, RPR rapid plasma
regain, UD undetectable
a Four HIV-negative participants had concurrent chancres and manifestations of secondary syphilis
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RESULTS

Clinical Characteristics of Participants

During the study period, we enrolled 184 HIV-
positive and 68 HIV-negative participants who
received a single-dose BPG for early syphilis.
Table 1 shows the baseline characteristics of the
participants. All participants had completed
12-month follow-up. The participants were all
MSM with a median age of 34 years. HIV-posi-
tive participants had a cART coverage rate of
92.4%, with a median baseline CD4 count of
577 cells/mm3 and 91.8% having achieved
PVL\200 copies/mL. Compared with HIV-
negative participants, HIV-positive participants
were older (median age 36 vs. 31 years) and had
higher rates of hepatitis B virus (HBV) and HCV
coinfections (15.2% vs. 5.3% and 12.0% vs.
4.3%, respectively) and previous history of
syphilis (70.1% vs. 20.6%). More HIV-positive
participants presented with early latent syphilis
(64.1%) than secondary syphilis (28.8%),
whereas similar proportions of HIV-negative
participants presented with secondary syphilis
(45.6%) and early latent syphilis (48.5%). The
baseline median RPR titer was 1:128, without
significant difference between HIV-positive and
HIV-negative participants.

Serologic Responses After BPG Treatment

In the ITT with LOCF analysis, HIV-positive
participants had statistically significantly lower
serologic response rates at 6 and 12 months of
BPG treatment (74.5% [137/184] and 73.4%
[135/184], respectively) compared with those
among HIV-negative participants (89.7% [61/
68] and 91.2% [62/68], respectively) (P\ 0.05)
(Fig. 1). For 26 and 33 participants with missing
data on RPR titers at 6 and 12 months, respec-
tively, the data at months 3 and 6–9 were
mostly carried forward. In the PP analysis, HIV-
positive participants achieved significantly
slower serologic response than HIV-negative
participants (Fig. S1): 33.8% vs. 64.3% at
month 1 (P\0.001), 63.3% vs. 90.2% at
month 2 (P\0.001), 62.3% vs. 90.0% at
month 3 (P\0.001), 76.1% vs. 92.0% at
month 6 (P = 0.024), and 73.0% vs. 88.9% at
month 12 (P = 0.042) following BPG treatment.
While more than 90% of HIV-positive partici-
pants had RPR follow-ups at months 6 and 12,
the proportion of HIV-negative participants
with available RPR titers was 73.5% at month 6,
which decreased to 66.2% at month 12 (Fig. S1).
Five participants had HIV seroconversion dur-
ing the follow-up period: five at 6-month fol-
low-up, two at 9-month follow-up, and one at

Fig. 1 Serologic response rates among HIV-positive and
HIV-negative participants at 6 and 12 months of BPG
treatment in the ITT with LOCF analysis. BPG

benzathine penicillin G, ITT intention-to-treat, LOCF
last-observation-carried-forward
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12-month follow-up; all of them achieved
serologic response of early syphilis at month 12.

Reasons for Treatment Failure

A total of 47 (25.5%) HIV-positive and 7 (10.3%)
HIV-negative participants experienced treat-
ment failure at 6 months of BPG treatment,
whereas 49 (26.6%) HIV-positive and 6 (8.8%)
HIV-negative participants had treatment failure
at 12 months. The reasons for treatment failure
in the ITT with LOCF analysis are depicted in
Fig. 2. Of HIV-positive participants, the rates of
lack of at least a fourfold decline in RPR titers
and at least a fourfold increase in RPR titers at
month 6 were 17.4% (32/184) and 8.2% (15/
184), respectively; at month 12, the rate of lack
of at least a fourfold decline in RPR titers
decreased to 12.5% (23/184) while the rate of at
least a fourfold increase in RPR titers increased
to 14.1% (26/184). Of HIV-negative partici-
pants, the rates of lack of at least a fourfold
decline in RPR titers and at least a fourfold
increase in RPR titers at month 6 were 7.4% (5/
68) and 2.9% (2/68), respectively; at month 12,
the rates of lack of at least a fourfold decline in
RPR titers (3/68, 4.4%) and at least a fourfold
increase in RPR titers (3/68, 4.4%) were similar.

Factors Associated with Serologic
Response

The factors associated with serologic response at
month 12 are shown in Table 2. In univariate
analysis, HIV seronegativity, HCV seropositiv-
ity, and higher RPR titers were positively asso-
ciated with 12-month serologic response. In
multivariate analysis, the independent factors
associated with 12-month serologic response
included HIV infection (adjusted odds ratio
[AOR] 0.33; 95% CI 0.13–0.81) and RPR titer
(per 1-log2 increase, AOR 1.36; 95% CI
1.23–1.51) (Table 2). Among HIV-positive par-
ticipants, 12-month serologic response was not
associated with cART, CD4 count, and PVL
suppression.

Time to serologic response after BPG treat-
ment was compared between HIV-positive and
HIV-negative participants with the use of the
Kaplan–Meier method (Fig. S2). Of the partici-
pants, 168 (91.3%) HIV-positive and 64 (94.1%)
HIV-negative participants ever achieved sero-
logic response during follow-up (P = 0.638). The
median time to serologic response was signifi-
cantly longer in the HIV-positive group
(58 days; IQR 35–127) than the HIV-negative
group (46 days; IQR 31–69) (log-rank test,
P = 0.016). After adjustment for potential con-
founders, HIV infection remained an

Fig. 2 Reasons for the failure of achieving serologic
response among HIV-positive and HIV-negative partici-
pants at 6 and 12 months of BPG treatment in the ITT

with LOCF analysis. BPG benzathine penicillin G, ITT
intention-to-treat, LOCT last-observation-carried-forward

Infect Dis Ther (2021) 10:1287–1298 1293



independent factor associated with a reduced
likelihood of achieving serologic response (ad-
justed hazard ratio [AHR] 0.72; 95% CI
0.51–0.99) (Table S1).

Drug Reactions to BPG Treatment

The overall rate of drug reactions following BPG
treatment was 35.3% and JH reaction accounted
for 82.0% of the reactions (Table S2). The med-
ian time to developing JH reaction was 5 h (in-
terquartile range 4–7 h). The most common
symptom was fever (20.6%), followed by exac-
erbation of maculopapular skin rashes (15.9%)
and lassitude (9.5%). Compared with HIV-neg-
ative participants, HIV-positive participants had
significant lower rates of drug reactions (29.9%
vs. 50.0%), JH reaction (25.0% vs. 39.7%),

lassitude (5.4% vs. 20.6%), and itchiness (0% vs.
4.4%). After adjustment for covariates in mul-
tivariate analysis, secondary syphilis was inde-
pendently associated with JH reaction (AOR
3.90; 95% CI 2.02–7.52) (Table S3).

DISCUSSION

In this study with periodical serologic follow-up
after treatment of syphilis, we found that sero-
logic responses of early syphilis to single-dose
BPG treatment at 12 months were significantly
poorer among HIV-positive patients (73.4%)
compared to HIV-negative patients (91.2%).
HIV-positive patients not only had delayed
serologic responses to BPG treatment but also
experienced more treatment failures. While RPR

Table 2 Logistic regression analysis for factors associated with serologic response at 12 months of BPG treatment

Univariate analysis Multivariate analysis

OR (95% CI) P ORa (95% CI) P

Baseline characteristics

HIV infection at each visit 0.27 (0.11–0.64) 0.003 0.33 (0.13–0.81) 0.015

Age, per 1-year increase 0.98 (0.96–1.00) 0.111

HBsAg positivity 0.88 (0.53–1.47) 0.622

Anti-HCV positivity 2.40 (1.16–4.97) 0.018 1.94 (0.92–4.10) 0.082

Previous history of syphilis 0.79 (0.53–1.16) 0.224

Syphilis stage

Primary 1.00 (0.51–1.96) 0.993

Secondary 1.32 (0.88–1.99) 0.178

Early latent 0.91 (0.62–1.32) 0.607

RPR titer, per 1-log2 increase 1.36 (1.23–1.50) \ 0.001 1.36 (1.23–1.51) \ 0.001

Receiving cART at each visit 0.27 (0.06–1.17) 0.080

Time-updated CD4 cell count, per 10-cell/mm3 increase 0.99 (0.99–1.00) 0.034

Time-updated PVL\ 200 copies/mL 0.47 (0.16–1.39) 0.172

BPG benzathine penicillin G, CART combination antiretroviral therapy, GEE generalized estimating equations, HBsAg
hepatitis B surface antigen, HCV hepatitis C virus, OR odds ratio, PVL plasma HIV RNA load, RPR rapid plasma regain
a The ORs are the estimates of the effect of time-updated covariates on serologic response at 12 months of BPG treatment,
adjusted for baseline HIV status, anti-HCV positivity, and RPR titers using GEE method in a logistic regression model.
Receipt of cART and CD4 cell count, variables collinear with HIV infection, was not included in the multivariate model
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titer was positively associated with serologic
response, higher CD4 counts and viral sup-
pression had no impact on serologic responses
among the HIV-positive patients. JH reaction
following administration of BPG treatment was
not uncommon (29.0%), with a positive corre-
lation with secondary syphilis.

Only few studies prospectively evaluated the
association of HIV status with treatment
response of syphilis. In a randomized trial
enrolling 101 HIV-positive and 440 HIV-nega-
tive patients, frequent follow-up testing was
performed at 2 weeks and 1, 2, 3, 6, 9, and
12 months to clarify the effects of HIV status
and BPG treatment enhanced with amoxicillin
and probenecid on early syphilis. The study
showed that HIV-positive patients were more
likely to experience serologic failure than HIV-
negative patients at 12 months: 14% vs. 8% in
patients of the primary stage and 19% vs. 6% in
those of the secondary stage [20]. Our study
with a similar follow-up frequency also
demonstrated similar serologic responses. In
another randomized trial to compare the treat-
ment responses between a single dose of BPG
and azithromycin for early syphilis, 171 HIV-
positive and 157 HIV-negative patients were
followed up on a 3-month basis. The cure rate
among HIV-positive patients was 94.7% at
9 months, which was slightly lower than that
among HIV-negative patients (98.4%) but
without statistically significant difference [21].
Notably, patients in this trial stopped partici-
pation once cured, and thus reinfection could
not be identified. Our study also showed simi-
larly high rates (greater than 90%) of patients
having ever achieved serologic response in both
groups. Therefore, the lower serologic response
in the HIV-positive group may be driven in part
by more reinfections [8].

Studies retrospectively evaluating the asso-
ciation of HIV status with serologic outcomes of
syphilis included patients with varied risk
behaviors and syphilis stages, different treat-
ments and definitions of serologic responses
used, and different follow-up frequencies and
durations [22–25]. The study heterogeneity
limits the interpretation of published data,
especially the discrepancies between irregular
follow-up frequencies and outcomes leading to

biased results [23, 26]. A large retrospective
analysis of 1321 patients from two HIV-
serodiscordant couple cohorts reported that
67% had responses to BPG treatment, 26.6%
had serofast responses, and 6.5% became rein-
fected by 400 days. No significant differences
were found between HIV-positive and HIV-
negative patients in the multivariate analysis
and Cox proportional hazards model. Never-
theless, the study included both incident and
prevalent syphilis cases, among whom several
patients were treated with two or three weekly
doses of BPG treatment [27]. In contrast, other
studies stratifying data by syphilis stages
demonstrated that HIV-positive patients with
primary or early syphilis had slower serologic
responses compared with HIV-negative patients
[23, 25]. Through periodical serologic follow-up
in our study, the significant differences in
serologic responses were also observed between
the two groups from month 1. Therefore, the
lower serologic response in the HIV-positive
group may also be attributed to slower treat-
ment response.

In addition to HIV status, previous studies
also identified the correlation between serologic
response and younger age, history of prior
syphilis, higher baseline non-treponemal titers,
and earlier syphilis stage [10]. Of these, the
effects of baseline RPR titers as well as primary
or secondary stage on serologic response were
consistently demonstrated in studies conducted
in the HIV-positive population [8, 28, 29]. Since
immunosuppression is regarded as a predictor
of serologic failure, the impact of CD4 count,
PVL, and cART use on serologic response of
syphilis among HIV-positive patients has been
examined [30]. A study assessing HIV-positive
patients with a median CD4 count of 280 cells/
mm3 from 1990 to 2006 found that CD4 count
below 200 cells/mm3 increased the risk of sero-
logic failure and receipt of cART reduced the
rate of serologic failure by 60% [31]. In the era
of cART scale-up, most studies included HIV-
positive patients with higher median CD4
counts (greater than 450 cells/mm3) and found
no associations of CD4 count, PVL, and cART
use with treatment responses [8, 16, 29]. In line
with previous studies, our study including
patients with a high cART coverage and median
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CD4 count did not find the association of
immune status with serologic responses to BPG.

To improve serologic responses to BPG
treatment among HIV-positive patients,
enhanced therapy with three weekly doses of
BPG has been proposed. A prospective study of
HIV-positive patients with early syphilis failed
to demonstrate the non-inferiority of a single-
dose regimen to a three-weekly regimen (67.1%
vs. 74.8%) at 12 months. The effectiveness in
the study was underestimated because of a
substantial rate of reinfections, and there was
no difference in serologic response (88.1% vs.
86.0%) when evaluating the proportions of
patients ever achieving at least a fourfold
decline in RPR titers after treatment [8].
Another randomized trial with a small sample
size also showed similar serologic outcomes in
HIV-positive patients receiving single-dose and
three-weekly regimens for early syphilis [9].
Therefore, the current evidence supporting sin-
gle-dose BPG treatment for early syphilis is
limited by study designs. Our study showed that
HIV-positive patients had slower serologic
responses and more treatment failures after
excluding those who might have been rein-
fected with syphilis, suggesting that further
well-designed randomized trials are warranted
to examine if enhanced treatment is needed to
improve the treatment response.

Our prospective study administered a single
dose of BPG as standard therapy for early
syphilis and performed periodical follow-up to
monitor serologic response. A strength of our
study is that it improves our understanding of
differences in treatment responses between
HIV-positive and HIV-negative patients. How-
ever, our study has several limitations. First, the
baseline characteristics across study groups were
not balanced; nevertheless, HIV infection was
still an independent factor associated with
achieving serologic response after adjusting for
covariates in both logistic and Cox regression
analyses. Second, reinfection and relapse epi-
sodes may not be captured because of the lower
retention rate among VCT clients. Nevertheless,
PP analysis from periodical follow-up testing
could help estimate serologic responses. The
proportion of patients with available RPR data
at 1 month of BPG treatment was similar

between the two groups, and serologic respon-
ses were significantly higher among HIV-nega-
tive VCT clients. Third, the lack of detailed
information on exposure behaviors precluded
us from distinguishing patients with reinfec-
tions from those with serologic failures. There-
fore, the objective criteria of serologic patterns
over time were used to differentiate treatment
failures.

CONCLUSIONS

We found that HIV-positive patients had slower
serologic responses and more treatment failures
than HIV-negative patients after a single-dose
BPG for early syphilis, which contributed to
poorer serologic responses observed during a
12-month follow-up period. Our results support
that, in the era of cART scale-up and increasing
rate of syphilis among at-risk populations,
periodical serologic follow-up for syphilis is
warranted among HIV-positive patients.
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