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Abstract

Background/Objectives: To compare the efficacy and safety of a single dose versus three
weekly doses of benzathine penicillin G (BPG) for the treatment of early syphilis. Methods:
We searched Embase, PubMed, and Scopus for randomized controlled trials (RCTs) and
prospective comparative studies published in English up to September 2025. The primary
outcome was serological cure (≥4-fold decline in non-treponemal titers) at 6–12 months,
analyzed on an intention-to-treat (ITT) basis. Risk of bias was assessed using RoB 2 for RCTs
and ROBINS-I for non-randomized studies; certainty of evidence was rated with GRADE.
Data were synthesized using random-effects meta-analysis and trial sequential analysis (TSA).
Results: Three studies (n = 886) met the inclusion criteria. The primary ITT meta-analysis
showed no significant difference in serological cure between the three-dose and single-dose
regimens (risk ratio [RR] 1.06; 95% CI 0.92–1.21; p = 0.42), with substantial heterogeneity.
In an exploratory pre-specified subgroup of patients with high baseline RPR (≥1:32), the
three-dose regimen was associated with higher cure rates (RR 1.12; 95% CI 1.02–1.23; p = 0.02;
I2 = 0%), but no significant benefit was seen for people with HIV (PWH) (RR 1.08; p = 0.13) or
for those with CD4 counts <350 cells/mm3. Risk of bias was serious across all studies, and
GRADE certainty was very low for efficacy and low for safety. In a post hoc per-protocol
analysis restricted to early latent syphilis, the three-dose regimen yielded higher serological
cure (pooled risk difference 12%, 95% CI 1–23; p = 0.03). TSA indicated that the evidence is
inconclusive and underpowered. Conclusions: On the basis of the ITT analysis, a single dose
of BPG appears to remain effective and safe for most cases of early syphilis, including in PWH,
supporting current CDC and WHO recommendations. The apparent advantages of three
doses in high-titer and early latent subgroups derive from exploratory and post hoc analyses
of studies at high risk of bias with very low certainty of evidence and should be regarded as
hypothesis-generating rather than practice-changing. Adequately powered, well-designed
trials are needed before any dose stratification can be recommended.

Keywords: syphilis; benzathine penicillin G; meta-analysis; HIV; antibiotic dosing

1. Introduction
Syphilis, caused by Treponema pallidum subspecies pallidum, remains a significant global

public health concern with rising incidence rates, particularly among men who have sex
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with men (MSM) and people with HIV (PWH). Early syphilis (primary, secondary, and early
latent stages) is highly infectious and is the primary target for interrupting transmission.
Benzathine penicillin G (BPG) is the cornerstone of therapy. Guidelines from the U.S.
Centers for Disease Control and Prevention (CDC) and the World Health Organization
(WHO) recommend a single intramuscular dose of 2.4 million units (MU) for all stages
of early syphilis [1,2]. However, clinical equipoise persists regarding the optimal dosing
schedule. Observational data contradicts; one study found significantly lower serological
response in PWH using single-dose BPG [3] whereas the other study did not [4]. Therefore,
skepticism remains regarding whether a single dose maintains treponemicidal levels long
enough to eradicate persistent organisms in high-risk groups, such as PWH. Consequently,
some clinicians advocate for three weekly doses, the regimen for late latent syphilis, to
prevent serological failure [5].

This systematic review and meta-analysis aims to synthesize current evidence com-
paring single versus three weekly doses of BPG for early syphilis, utilizing rigorous risk of
bias assessment and trial sequential analysis (TSA) to determine if intensified treatment
is warranted.

2. Materials and Methods
2.1. Protocol and Registration

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [6]. The study pro-
tocol was registered prospectively with the International Prospective Register of Systematic
Reviews (PROSPERO) on 16 September 2025 (Registration number: CRD420251148355).

2.2. Data Sources and Search Strategy

We systematically searched the following electronic databases up to 12 September
2025: Embase, PubMed, and Scopus. The search was conducted without restrictions on
publication date (for Embase since 1996) but was limited to studies published in the English
language. The search strategy utilized a combination of medical subject headings (MeSH)
and free-text keywords related to “Syphilis,” “Benzathine Penicillin G,” “Early Syphilis,”
and relevant study designs (Table S1). To ensure a comprehensive review, we also searched
clinical trial registries for ongoing or unpublished trials and contacted experts and study
authors to identify additional relevant data where necessary.

2.3. Eligibility Criteria

We included both randomized controlled trials (RCTs) and prospective non-randomized
comparative studies that enrolled adults (≥18 years) with a confirmed diagnosis of early
syphilis, encompassing primary, secondary, and early latent stages. Early latent syphilis
was strictly defined as an infection acquired within the preceding 12 months, supported by
patient history or serological evidence (e.g., a documented non-reactive non-treponemal
test within the prior year). Eligible studies compared an intervention group receiving
three weekly intramuscular doses of benzathine penicillin G (BPG) (2.4 MU on days 1,
8, and 15) against a control group receiving a single intramuscular dose of 2.4 MU BPG.
The primary outcome was serological cure, defined as a four-fold (or two-dilution) de-
cline in non-treponemal antibody titers (e.g., RPR or VDRL) assessed at 6 and/or 12
months post-treatment. Intention-to-treat (ITT) analysis population from the included
studies was used to analyze the primary outcome. Secondary outcomes included the
incidence of progression to neurosyphilis and treatment-related adverse events, such as the
Jarisch–Herxheimer reaction.
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We excluded studies involving patients with neurosyphilis, ocular syphilis, or oto-
syphilis; late latent or tertiary syphilis; pregnant women; and patients with a known
penicillin allergy. We planned a priori subgroup analyses according to the stage of early
syphilis (primary, secondary, and early latent) to explore potential effect modification.
Additional subgroup analyses were planned according to RPR titer (≥1:32), history of prior
syphilis infection, people with HIV (PWH), and, among PWH, antiretroviral therapy (ART)
status and CD4 count <350 cells/mm3.

Definitions of reinfection and treatment failure differed across studies and were ex-
tracted verbatim. Hook et al. [7] defined treatment failure as a ≥4-fold RPR increase, with
presumed re-exposure adjudicated by a blinded committee and excluded, post-retreatment
data omitted from all analyses, and serologic response counted whenever achieved before
any exclusion event. Andrade et al. [8] defined treatment success as a ≥4-fold RPR decline
within 12 months and did not separately define, adjudicate, or censor reinfection; because
the success endpoint was uni-directional, a later ≥4-fold increase was not counted as
treatment failure. Yang et al. [9] used a composite treatment-failure endpoint (failure to
achieve a ≥4-fold decline at 12 months, a ≥4-fold rise after an initial response, or any
retreatment) and recorded but did not separate clinically documented reinfections (new
primary or secondary syphilis).

Post hoc sensitivity analysis with per-protocol population was conducted for early
latent syphilis given theoretical benefit use of three-dose BPG may be beneficial. A formal
pooled sensitivity analysis subtracting probable reinfections was not feasible, because the
studies handle reinfection asymmetrically: Hook et al. [7] removed it by adjudication and
Andrade et al. [8] by a uni-directional success endpoint that never counts a later ≥4-fold
rise as failure (neither leaving a separable per-arm count); whereas, only Yang et al. [9]
retained reinfection within its failure endpoint.

2.4. Study Selection and Data Extraction

Two reviewers (S.P. and T.P.) independently screened titles and abstracts against
the eligibility criteria. Full-text articles of potentially relevant studies were subsequently
retrieved and assessed for inclusion. Any discrepancies regarding study selection were
resolved through discussion and arbitration by a third reviewer (S.S.).

Data extraction was performed independently by two reviewers (S.P. and T.P.) using a
standardized data extraction form. Collected data included: study characteristics (author,
year, country, design), participant demographics (age, sex, HIV status), baseline serological
titers, intervention details, follow-up duration, and outcomes of interest. Missing data were
requested from study authors when possible.

2.5. Risk of Bias Assessment

Two reviewers (S.P. and T.P.) independently assessed the risk of bias for each included
study. For randomized controlled trials, we used the revised Cochrane risk-of-bias tool for
randomized trials (RoB 2, version 2019), evaluating bias across five domains: randomization
process, deviations from intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported result. For prospective non-randomized
studies, we utilized the risk of bias in non-randomized studies—of interventions, version 2
(ROBINS-I V2, November 2024) assessment tool for follow-up studies. This tool evaluates
bias across seven domains, including confounding, selection of participants, classification
of interventions, deviations from intended interventions, missing data, measurement of
outcomes, and selection of reported results.

We examined publication bias visually with a funnel plot. Because only a few studies
were available (k < 10), we did not apply formal asymmetry tests such as Egger’s, in
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keeping with Cochrane guidance that such tests are underpowered when the number of
studies is small.

2.6. Data Synthesis, Analysis and Statistical Analysis

Covidence was used for literature searching, reference importation, title and abstract
screening, full-text review, and data extraction. Data synthesis was performed using R
software (version 4.4.2) for Mac (The R Foundation for Statistical Computing), utilizing the
meta and metafor packages. For dichotomous outcomes, study-level event counts were
extracted and converted into effect estimates for meta-analysis. Subgroup-specific data
were extracted separately when reported. In the post hoc per-protocol sensitivity analysis
for early latent syphilis, results were additionally presented as risk differences for clinical
interpretability. Missing or unclear data were sought from study authors when possible.
No major data transformation was required; effect estimates were calculated directly from
reported event counts.

Findings are displayed as a PRISMA flow diagram, descriptive tables of study features
and adverse events, forest plots for the overall and subgroup analyses, supplementary
risk-of-bias tables, a funnel plot, and trial sequential analysis figures.

For the primary outcome, pooled risk ratios (RRs) with 95% confidence intervals
(CIs) were calculated using an inverse-variance random-effects meta-analysis. A random-
effects model was selected a priori because of the expected clinical and methodological
heterogeneity across the included studies. Between-study variance (τ2) was estimated
using the restricted maximum-likelihood (REML) method. Statistical heterogeneity was
assessed using Cochran’s Q test and quantified with the I2 statistic; τ2 and τ were also
estimated, with 95% CIs for τ2 and τ calculated using the Q-profile method. An I2 value
greater than 50% was considered indicative of substantial heterogeneity.

We graded the certainty of evidence for each outcome using GRADE, weighing risk of
bias, inconsistency, indirectness, imprecision, and publication bias, and assigning a final
rating of high, moderate, low, or very low.

All analyses were performed in R, and two-sided p values < 0.05 were considered
statistically significant.

2.7. Trial Sequential Analysis (TSA)

To gauge the influence of random error (type I and type II) arising from limited
data and repeated significance testing of accumulating evidence, we ran a trial sequen-
tial analysis in TSA software v0.9.5.10 Beta (Copenhagen Trial Unit). We derived the
required information size (RIS) for a plausible treatment effect and adjusted the confidence
limits and efficacy thresholds accordingly. Plotting the cumulative Z-curve against the
O’Brien–Fleming monitoring boundaries indicated whether the accumulated evidence was
conclusive or whether further trials would be futile.

3. Results and Discussions
3.1. Study Selection and Characteristics

The literature search, conducted in accordance with PRISMA guidelines, is summa-
rized in Figure 1. An initial search of Scopus, PubMed, and Embase yielded a total of 1235
records. Specifically, the search identified 581 records from Scopus, 351 from PubMed, and
303 from Embase. No additional records were identified through other sources or citation
searching. After the removal of 302 duplicate records (301 identified by automation tools
and one identified manually), 933 articles were screened based on their titles and abstracts.
Following this initial screening, 923 records were excluded, and 10 full-text records were
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sought for retrieval (Figure 1). All 10 records were successfully retrieved and assessed for
eligibility. Search strategies were shown in the Supplementary Table S1.

Figure 1. PRISMA flow diagram of study selection.
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A total of seven studies were deemed ineligible and were excluded. The reasons for
exclusion were wrong study design (n = 4), wrong intervention (n = 1), duplication as a
substudy of the original trial (n = 1), and duplication as a preliminary result of the original trial
(n = 1). Three studies were included in the final review (two randomized controlled trials and
one prospective comparative study). The characteristics for each study are shown in Table 1.

Table 1. Characteristics of the included studies. Abbreviations: BPG, benzathine penicillin G; HIV,
human immunodeficiency virus; RCT, randomized controlled trial; RPR, rapid plasma reagin.

Study Year Country Design

No. of
Patients

Receiving
Single-Dose

BPG

No. of
Patients

Receiving
Three-Dose

BPG

Population Primary Outcome Follow-Up
Schedule

Longest
Follow-Up

Andrade
et al. [8] 2017 USA

Prospective,
randomized
Open-label,

parallel-group
RCT

35 29

Adults aged ≥ 18
years with HIV
Early syphilis

(primary, secondary,
or early latent)

≥2-dilution
(≥4-fold) decline in

RPR titer or
seroreversion at

6 months
(noninferiority

margin 10
percentage points)

3, 6, 9, and
12 months 12 months

Hook
et al. [7] 2025 USA

Multicenter,
randomized,

controlled
Open-label,

noninferiority
RCT

124 125

Adults aged ≥
18 years

Early syphilis with
or without HIV

infection

≥2-dilution
(≥4-fold) decline in

RPR titer or
seroreversion at

6 months
(noninferiority

margin
10 percentage

points)

1 week,
2 weeks,
1 month,
3 months,
6 months,

and
12 months

12 months

Yang
et al. [9] 2014 Taiwan

Multicenter,
prospective

observational
study

295 278
Adults aged ≥

20 years with HIV
Early syphilis

≥4-fold decline in
RPR titer at
12 months

Every 3 to
6 months 12 months

3.2. Quality Assessment of the Included Studies

Overall, the risk-of-bias assessment suggested that the internal validity of the in-
cluded evidence was limited. Among the two randomized trials assessed using RoB 2,
Hook et al. [7] was judged to be at overall high risk of bias, driven mainly by concerns in
domain 2, as imbalance was concentrated in the three-dose BPG group: 17% (21/125) did
not receive all three assigned doses, without appropriate handling through a prespecified
adherence estimand or alternative methods such as a causal per-protocol analysis. Further
concerns arose in domain 3 due to missing outcome data. Additionally, Andrade et al. [8]
was judged as high risk of bias overall, with concerns in the randomization process and
deviations from intended interventions, and a high-risk judgment for missing outcome
data. In contrast, domains related to outcome measurement and selection of the reported
result were generally low risk in both randomized studies. The non-randomized study
by Yang et al. [9], was judged as having serious risk of bias overall, mainly due to con-
founding and selection of participants into the study, while classification of interventions
and measurement of outcomes were considered low risk; the remaining domains showed
moderate concerns. The details for each study’s quality assessment were shown in the
Supplementary Tables S2 and S3.

3.3. Primary Outcome: Serological Response to Treatment

A total of three studies (Andrade et al. [8], Yang et al. [9], and Hook et al. [7]) compris-
ing 886 participants were included in the primary meta-analysis comparing the efficacy
of three weekly doses of benzathine penicillin G (BPG) versus a single dose for early
syphilis [7–9]. The analysis included 432 participants in the three-dose group and 454 par-
ticipants in the single-dose group, with a total of 642 observed serological cure events.
Variation was noted in the timing of the serological cure assessment: Andrade et al. [8] and
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Yang et al. [9] measured outcomes at 12 months, compared to a 6-month follow-up in the
study by Hook et al. [7].

The random-effects meta-analysis yielded a pooled risk ratio (RR) of 1.06 (95% CI:
0.92 to 1.21) (p = 0.42), indicating that there was no statistically significant difference
in serological cure rates between the three-dose and single-dose regimens. Substantial
statistical heterogeneity was observed across the included studies (I2 = 61.3%; τ2 = 0.0090).
The test for heterogeneity approached statistical significance (Q = 5.17, df = 2, p = 0.08),
suggesting variation in treatment effects among the studies (Figure 2).

Figure 2. Forest plot of treatment response comparing three weekly doses versus a single dose of
benzathine penicillin G (BPG) for early syphilis. Yang et al. [9], which carried the highest weight
in the analysis (41.3%), favored the three-dose regimen with an RR of 1.11 (95% CI: 1.00 to 1.24). In
contrast, Hook et al. [7], accounting for 32.5% of the weight, showed a trend toward the single-dose
regimen (RR 0.92; 95% CI: 0.79 to 1.07), while Andrade et al. [8] showed no significant difference
(RR 1.16; 95% CI: 0.96 to 1.41).

3.4. Subgroup Analyses
3.4.1. Phase of Syphilis

Stratification by disease stage (n = 873) revealed no significant subgroup differences
(pinteraction = 0.27). Participants with primary syphilis conferred no increased risk in serolog-
ical failure with single dose BPG vs. three-dose BPG: RR 0.91 (95% CI: 0.73 to 1.13; I2 = 0%).
The results were similar across secondary syphilis and early latent syphilis: RR 1.11 (95% CI:
0.99 to 1.25; I2 = 7.7%), and RR 1.11 (95% CI: 0.84 to 1.47; I2 = 57.7%), respectively (Figure 3).
p-values for these subgroups are not shown.

3.4.2. People with HIV (PWH)

In the subgroup of PWH (n = 790), the analysis revealed no significant difference in
serological cure rates between the two regimens (RR 1.08; 95% CI: 0.98 to 1.20; p = 0.13).
Heterogeneity in this subgroup was moderate (I2 = 32.6%) (Figure S1).

Further stratification within the PWH population showed consistent results with no
significant differences detected with PWH and CD4 count < 350 cells/mm3: RR 1.12 (95%
CI: 0.96 to 1.30; p = 0.16; I2 = 0.0%) (Figure S2); while PWH on antiretroviral therapy
(HAART): RR 1.07 (95% CI: 0.96 to 1.19; p = 0.25; I2 = 0.0%) (Figure S3).

3.4.3. Baseline RPR Titer ≥ 1:32

A pre-specified subgroup analysis was conducted for participants with high base-
line non-treponemal titers (RPR ≥ 1:32), incorporating data from Andrade et al. [8] and
Yang et al. [9]. In this high-load subgroup (n = 533), the three-dose regimen was associated
with a statistically significant improvement in serological cure compared to the single-dose
regimen (RR 1.12; 95% CI: 1.02 to 1.23; p = 0.02). Notably, heterogeneity was absent in
this comparison (I2 = 0.0%). Subgroup definitions varied slightly, with Andrade et al. [8]
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including participants with an RPR ≥ 1:32, and Yang et al. [9] including those with an RPR
> 1:32 (Figure S4). Because this analysis is based on only two studies at high or serious
risk of bias, is subject to multiplicity, and is not corroborated by the overall ITT analysis, it
should be interpreted as exploratory and hypothesis-generating.

Figure 3. Forest plot of subgroup analyses by syphilis stage comparing three weekly doses versus a
single dose of benzathine penicillin G (BPG). The included studies were Andrade et al. (2017) [8],
Hook et al. (2025) [7], and Yang et al. (2014) [9].

3.4.4. History of Previous Syphilis

Among participants with a documented history of previous syphilis (n = 225), there was
a trend favoring the three-dose regimen, but this did not reach statistical significance (RR 1.17;
95% CI: 0.98 to 1.40; p = 0.08). No heterogeneity was observed (I2 = 0.0%) (Figure S5).

3.5. Adverse Reactions and Secondary Outcomes of Progression to Neurosyphilis, Otosyphilis, or
Ocular Syphilis

Jarisch–Herxheimer reactions or adverse events were not available in the Yang et al. [9]
study. In Hook et al. [7], one case of neurosyphilis was diagnosed in the single-dose BPG
group, compared with none in the three-dose BPG group; however, the investigators judged
that the event would have occurred regardless of the treatment regimen administered [7]
(Table 2). No participants developed neurosyphilis, otosyphilis, or ocular syphilis during
the follow-up period in the studies by Yang et al. [9] and Andrade et al. [8] (Table 2).
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Table 2. Adverse events reported in the included studies. * There were no reports of local adverse
reactions in Andrade et al. 2017 [8].

Study Intervention Events Number of Subjects with
Events Incidence

Andrade et al., 2017 [8] *

single-dose BPG vs.
three-dose BPG

Jarisch–Herxheimer reactions 0 vs. 0 0 vs. 0

Death 0 vs. 0 0 vs. 0

Hook et al., 2025 [7]

Local injection site pain, redness,
or tenderness 95 vs. 106 76.6% vs. 84.8%

Related serious adverse events 0 vs. 0 0 vs. 0

Jarisch–Herxheimer reactions 27 vs. 32 21.8% vs. 25.6%

3.6. Sensitivity Analysis of Per-Protocol Population for Early Syphilis

A total of three studies comprising 252 participants (127 in the single-dose BPG group
and 125 in the three-dose BPG group) were included in this meta-analysis. This analysis
included two randomized controlled trials (RCTs) utilizing per-protocol populations and
one prospective observational study. Because Yang et al. [9] excluded participants with
missing outcome data, their analyzed cohort closely approximates a per-protocol popula-
tion. Results are presented as both risk ratios and risk differences to provide clearer clinical
context, given that both included RCTs employed a 10% non-inferiority margin.

Using an inverse variance random-effects model, the overall pooled risk (proportion)
difference was −12% (95% CI: −0.23 to −0.01) (p = 0.034) (Figure 4). This indicates a
statistically significant decrease of 12 percentage points in the serological cure rates among
patients receiving single-dose BPG compared to those receiving three-dose BPG. Hetero-
geneity across the included studies was found to be low and not statistically significant
(I2 = 8.7%; τ2 < 0.0001; Chi2 = 2.19, p = 0.33).

Figure 4. Forest plot of treatment response expressed as pooled proportion differences comparing
three weekly doses versus a single dose of benzathine penicillin G (BPG) for early latent syphilis,
restricted to the per-protocol analysis. The included studies were Andrade et al. (2017) [8], Hook et al.
(2025) [7], and Yang et al. (2014) [9].

For the risk ratio analysis, the random-effects model yielded a pooled RR of 0.84 (95%
CI: 0.714 to 0.997; p = 0.046), demonstrating a statistically significant advantage favoring
the three-dose BPG regimen. There was no evidence of statistical heterogeneity across the
included studies (I2 = 0.0%; τ2 = 0.00; Cochran’s Q = 1.26, p = 0.53).

3.7. Publication Bias and GRADE

Visual inspection of the funnel plot for the primary outcome (serological response)
was limited by the small number of included trials (k = 3) (Figure S6). While the plot
showed studies distributed across both sides of the pooled effect, a definitive assessment of
symmetry was not possible. A comprehensive manual search of abstracts and conference
proceedings identified one potentially relevant study (abstract showed study methodology

https://doi.org/10.3390/ijtm6030026

https://doi.org/10.3390/ijtm6030026


Int. J. Transl. Med. 2026, 6, 26 10 of 16

and results similar to Yang et al. [9]); however, despite repeated inquiries, the authors did
not respond, and sufficient data for inclusion could not be obtained. Therefore, the risk of
publication bias cannot be entirely excluded. Using the GRADE approach, the certainty
of evidence was rated very low for serological efficacy and low for safety (Table S4). The
efficacy outcome was downgraded two levels for very serious risk of bias (both randomized
trials at high risk and the non-randomized study at serious risk), one level for inconsis-
tency (substantial unexplained heterogeneity, I2 = 61.3%), and one level for imprecision
(few events and a pooled estimate compatible with both no effect and a modest benefit);
safety outcomes were downgraded mainly for risk of bias and imprecision. Crude abso-
lute risk differences yielded an approximate NNT of 454 for progression to symptomatic
neurosyphilis, ocular syphilis, or otosyphilis, and NNH of 12 for local injection site pain,
redness, or tenderness, and 26 for Jarisch–Herxheimer reaction with three-dose versus
single-dose BPG. These estimates are approximate, non-pooled, and should be interpreted
cautiously, particularly for progression outcomes because only one event occurred overall.

3.8. Trial Sequential Analysis

We performed a trial sequential analysis (TSA) using a random-effects model (Sidik-
Jonkman estimator) to adjust for potential heterogeneity. Trial sequential analysis for the
comparison of single-dose versus 3-weekly dose benzathine penicillin G (BPG) showed
that the conventional random-effects meta-analysis was not statistically significant (RR 1.06,
95% CI 0.90–1.25; p = 0.50), with moderate-to-substantial heterogeneity (Cochran’s Q = 5.17,
p = 0.08; I2 = 61.3%; D2 = 77%). Using a two-sided O’Brien–Fleming alpha-spending
approach with a type I error of 5%, power of 80%, and a variance-based heterogeneity
correction, the required information size (RIS) was estimated at 2595 participants (Figure S7).
The anticipated intervention effect was set to a serological-cure proportion of 78.8% in the
three-dose arm versus 68.8% in the single-dose arm, corresponding to a relative risk of
approximately 1.15. The cumulative Z-curve, based on the currently accrued sample size
of 886 participants, remained within the trial sequential monitoring boundaries and did
not cross either the conventional threshold for statistical significance or the TSA-adjusted
boundary for benefit or harm, although it trended slightly toward favoring three-dose BPG.
Thus only 34.1% (886/2595) of the required information size has been accrued; the evidence
is underpowered and inconclusive and can neither confirm nor exclude a modest benefit of
three doses, so no firm conclusion of benefit or futility is currently warranted.

3.9. Discussions

This systematic review challenges the utility of intensified BPG dosing for early
syphilis, particularly among PWH, who represent 89% (790/886) of the meta-analysis
population. Our primary finding found that three doses offer no overall benefit over a
single dose, supporting current CDC and WHO guidelines [1,2]. However, significant
heterogeneity was observed in the primary analysis, in particular, with Yang et al. [9] and
Andrade et al. [8] weighing towards favoring three-dose BPG [8,9]. The possible bene-
ficial effects of three doses observed in the earlier literature appears largely attributable
to methodological biases. The study by Yang et al. [9] was subject to confounding by
indication, where physicians likely assigned the three-dose regimen to higher-risk patients,
and the analysis was complicated by definitions of failure that included reinfection. Simi-
larly, the Andrade et al. [8] trial was biased by a “missing = failure” imputation strategy
that disproportionately penalized the single-dose arm due to differential dropout rates.
Nevertheless, the most recent and more methodologically robust trial [7] was still judged to
have high risk of bias because of non-adherence in the three-dose BPG arm without proper
statistical adherence estimand use and missing outcome data attributable to attrition bias,
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with similar loss to follow-up in the single-dose and three-dose BPG groups (21/124 and
23/125, respectively). The trial demonstrated no benefit of the three-dose regimen, and the
balanced attrition between groups was unlikely to have meaningfully influenced the con-
clusion that single-dose BPG was non-inferior. However, given the substantial imbalance in
non-adherence to the three-dose BPG regimen, the findings may have been biased toward
favoring the non-inferiority of single-dose BPG. In conclusion, as all included studies were
judged to be at high risk of bias, the overall evidence remains inconclusive but signals
no clear benefit of three-dose BPG over single-dose BPG. Because the ITT analysis is less
susceptible to deviations from the intended intervention and to selective attrition, we treat
it as the primary basis for inference, with per-protocol and post hoc analyses regarded as
supportive and exploratory only.

Despite these limitations, our analysis identified a possible signal that baseline RPR
titers may matter. In patients with RPR titers ≥ 1:32, the three-dose regimen conferred
a statistically significant benefit (RR 1.12), with zero heterogeneity (I2 = 0%); however,
this estimate derives from only two studies at high risk of bias and must be considered
exploratory. A retrospective observational study suggests that high baseline RPR titers,
particularly with PWH, are associated with a poorer serological response to single-dose
BPG [10]; whereas, a previous meta-analysis including both PWH and HIV-negative per-
sons reported the opposite, with higher RPR titers associated with a greater likelihood of
serological cure [11]. Given these conflicting data, our findings can at most generate the
hypothesis that high baseline RPR titer, rather than HIV status alone, may identify patients
who could benefit from intensified treatment. We found no significant benefit of three doses
in PWH analyzed as a distinct group.

The post hoc, per-protocol sensitivity analysis restricted to early latent syphilis sug-
gested a statistically significant advantage of three-dose over single-dose BPG (risk dif-
ference −0.12; 95% CI −0.23 to −0.01; I2 = 8.7%). Because this analysis was post hoc,
confined to the per-protocol population, and not supported by the ITT analysis, it should
be interpreted as hypothesis-generating rather than confirmatory. A biological rationale is
nonetheless plausible: early latent syphilis is associated with a longer time to, and lower
rates of, serological cure than primary or secondary disease [11–14], and three doses may
be required to achieve sustained treponemicidal concentrations at sanctuary sites such
as the central nervous system. Up to 30% of patients with latent syphilis after untreated
primary or secondary syphilis develop CSF abnormalities, and confirmed asymptomatic
neurosyphilis has been reported in approximately 5% of those with early latent syphilis [15].
Serum penicillin concentrations on day 3 after a single 2.4-MU dose of BPG range from
0.0042 to 0.0258 µg/mL [16]; whereas, 0.32 µg/mL is achieved on day 7 after the third
dose [17]; using the quantified MIC of 0.0005 µg/mL for T. pallidum [18] and assuming
1–5% CSF penetration [19], a single dose would yield estimated CSF concentrations gen-
erally below the MIC; whereas, three weekly doses would be expected to maintain CSF
concentrations consistently above it.

The previously proposed conservative treponemicidal threshold of 0.03 IU/mL
(0.018 µg/mL) [20] may have been overstated; the original in vivo rabbit study estimated
a treponemicidal penicillin concentration of 0.005–0.01 µg/mL [21], a threshold that the
three-dose schedule would still exceed in inflamed meninges. Consistent with partial
efficacy of a single dose, treatment of asymptomatic neurosyphilis with a single 2.4- or
2.5-MU dose of BPG was associated with a cumulative CSF relapse rate of about 20% at
18 months, implying that nearly 80% of patients were cured even with one dose [22]. Taken
together, these data raise the possibility that a small proportion of patients with latent
syphilis—particularly PWH—harbor unrecognized asymptomatic neurosyphilis in whom
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three doses may improve serological cure, an effect that a trial enrolling a heterogeneous
population would be unlikely to detect.

These mechanistic considerations remain speculative. Critically, the results of this post
hoc analysis are influenced by lower-quality studies and multiple testing, and the primary
ITT analysis demonstrated no significant benefit. Because the ITT result is more robust
to non-adherence and missing data, it takes precedence; the per-protocol/post hoc signal
therefore provides, at best, supportive and exploratory evidence and cannot by itself justify
a change in practice.

Another possible explanation for the observed beneficial effect of three-dose BPG for
early latent syphilis is the high proportion PHW among the early latent syphilis cases.
Although the exact number of PWH specifically within the early latent subgroups is not
detailed in the included studies, PWH typically exhibits a delayed serological response
to treatment [12]. A single dose of BPG may eventually achieve serological cure, but a
three-dose regimen might simply accelerate the rate of response. This is only hypothetical,
the precise biological mechanism underlying this finding remains to be elucidated.

Consequently, the routine clinical application of a three-dose BPG regimen for early
latent syphilis remains a subject of debate. Despite the signal toward therapeutic bene-
fit, several practical factors must be heavily weighed, including patient adherence, the
discomfort associated with multiple intramuscular injections, and ongoing shortages of
BPG [23,24].

Despite signals of benefit in some subgroup populations, the trial sequential analysis
serves as a crucial caveat. While we found no overall benefit in the primary analyses, the
data are statistically insufficient to declare the three-dose regimen “futile”. We have only
accrued 34.1% of the necessary sample size to definitively rule out a modest effect. It is
unlikely that a further large randomized controlled trial comparing the efficacy of these
two regimens will be undertaken, given the challenges of retaining this highly mobile
population through the end of follow-up, the high rate of reinfection, and the possibility
that any incremental benefit of three-dose BPG may be small and confined to selected
populations. In an era in which effective oral alternatives such as amoxicillin or doxycycline
are available, these regimens may represent more attractive options. Therefore, while a
universal policy shift to three doses is unsupported, the regimen cannot be completely
discarded for selected high-risk cases.

Our meta-analysis has several limitations. The principal limitation is the small number
of eligible studies (n = 3) and the dominance of studies at high or serious risk of bias which,
together with substantial heterogeneity and imprecision, led GRADE to rate the certainty
of evidence as very low for efficacy and low for safety. While our search strategy was
exhaustive and included gray literature, the inability to retrieve data from one identified
conference abstract may lead to an overestimation or underestimation of the true treatment
effect. The significant findings in the high-RPR subgroup and the early latent post hoc
analysis rest on these lower-quality studies and require cautious, exploratory interpre-
tation. Residual confounding by indication cannot be excluded, as clinicians may have
preferentially administered the three-dose regimen to patients judged at higher baseline
risk of failure. Definitions and adjudication of presumed reinfection versus true treatment
failure also varied across studies and were not reported at the individual-patient level; in
particular, counting reinfections as failures (as in part of the Yang et al. [9] cohort) may
have inflated the apparent benefit of three doses, and a sensitivity analysis formally ex-
cluding probable reinfections was not feasible. Additionally, the classification of early
versus late latent syphilis relied on each study’s verification methods (clinical history and
prior serology) and on an essentially arbitrary 12-month cut-off; misclassification of late
latent cases as early latent, or biological variability in serological response, could therefore
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have contributed to the apparent three-dose benefit observed in the early latent subgroup.
Neurosyphilis screening protocols were not standardized across studies, so subclinical
or asymptomatic neurosyphilis, including otosyphilis and ocular syphilis, cannot be ex-
cluded; however, routine lumbar puncture for asymptomatic disease is labor-intensive
and raises cost-effectiveness and ethical concerns. Finally, Jarisch–Herxheimer reactions
were not actively screened or monitored by Andrade et al. [8], likely underestimating their
true incidence.

4. Conclusions
On the basis of the intention-to-treat evidence, a single dose of BPG appears to remain

effective for most cases of early syphilis, including in PWH, and our findings support
current CDC and WHO recommendations for single-dose treatment. The historical signal
favoring three doses is most plausibly explained by bias in older studies. The appar-
ent advantages of three doses in PWH with early latent syphilis and/or high baseline
non-treponemal titers (≥1:32) emerged only from exploratory subgroup and post hoc
per-protocol analyses of studies at high risk of bias, with very low certainty of evidence
and an underpowered, inconclusive trial sequential analysis. These observations are
hypothesis-generating and are not sufficient to recommend routine three-dose therapy for
any subgroup; any proposed dose stratification remains speculative. Adequately pow-
ered, well-designed trials are needed to determine whether specific high-risk subgroups
genuinely benefit from intensified dosing.
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Abbreviations
The following abbreviations are used in this manuscript:

Abbreviation Full Term
ART Antiretroviral therapy
BPG Benzathine penicillin G
CDC Centers for Disease Control and Prevention
CD4 Cluster of differentiation 4
CI Confidence interval
CSF Cerebrospinal fluid
GRADE Grading of Recommendations Assessment, Development and Evaluation
HAART Highly active antiretroviral therapy
HIV Human immunodeficiency virus
I2 I-squared statistic
ITT Intention-to-treat
MIC Minimum inhibitory concentration
MSM Men who have sex with men
MU Million units
NNH Number needed to harm
NNT Number needed to treat
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO International Prospective Register of Systematic Reviews
PWH People with HIV
RCT Randomized controlled trial
REML Restricted maximum likelihood
RIS Required information size
RoB 2 Revised Cochrane risk-of-bias tool for randomized trials
ROBINS-I Risk Of Bias In Non-randomized Studies—of Interventions
RPR Rapid plasma reagin
RR Risk ratio
TSA Trial sequential analysis
VDRL Venereal Disease Research Laboratory
WHO World Health Organization
df Degrees of freedom
IU/mL International units per milliliter
k Number of studies
p Probability value
Q Cochran’s Q statistic
τ2 Between-study variance
µg/mL Micrograms per milliliter
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