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Outline

1. Introduction to syphilis in pregnancy

2. Epidemiology and impact on maternal and fetal health

3. Current standard treatments and their limitations

4. The need for diversifying treatment options

5. Alternative antibiotics and recent and ongoing research
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Introduction to Syphilis

• What is Syphilis?

– A bacterial infection caused by 

Treponema pallidum, primarily 

spread through sexual contact
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Introduction to Syphilis – Staging and Symptoms4

Local Disseminated No Symptoms

https://www.nycptc.org/x/Syphilis_Monograph_2019.PRESS.WEB.r4a.pdf



Stage Treatment Alternative

Incubation Benzathine penicillin G 2.4 million 

units intramuscular injection once

Doxycycline 100mg 

twice daily for 14 daysPrimary

Secondary

Early latent

Late latent Benzathine penicillin G 2.4 million 

units intramuscular injection 3 

times at one-week intervals

Doxycycline 100mg 

twice daily for 28 days***Late of unknown 

duration

Neurosyphilis,

Ocular, or Otic 

Syphilis

Aqueous crystalline penicillin G 18–24 million units per day, 

administered as 3–4 million units intravenously every 4 

hours, or by continuous infusion, for 10–14 days

Tertiary

Introduction to Syphilis – Treatment5

Workowski KA, Bachmann LH, Chan PA, et al. Sexually Transmitted Infections Treatment Guidelines, 2021. MMWR Recomm Rep. 

2021;70(4):1-187. Published 2021 Jul 23. doi:10.15585/mmwr.rr7004a1



Importance of Syphilis in Pregnancy

Risks for Pregnant Persons

• Pre-term labor and premature birth

• Miscarriage

• Stillbirth

Risks for Babies

• Congenital syphilis
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Congenital Syphilis (CS)

• Congenital syphilis occurs when infection is passed from the birthing parent 

during pregnancy. 

– This happens if the birthing parent has syphilis and doesn't receive proper 

treatment. 

– The infection can cause serious health problems for the baby, both at birth 

and as they grow

– Early testing and treatment of pregnant persons can help prevent congenital 

syphilis and protect the baby's health
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Congenital Syphilis (CS)8

Stafford IA, Workowski KA, Bachmann LH. Syphilis Complicating Pregnancy and Congenital Syphilis. Reply. N Engl J Med. 

2024;390(13):1251. doi:10.1056/NEJMc2401932



Epidemiology of Syphilis in Pregnancy9

https://www.cdc.gov/std/statistics/2022/figures/cs-1.htm

https://www.cdc.gov/media/releases/2023/s1107-newborn-syphilis.html

https://www.cdc.gov/std/statistics/2022/figures/cs-1.htm


Epidemiology of Syphilis in Pregnancy

“Stillbirths occurred in more than 1 in 

20 pregnancies complicated by 

congenital syphilis….If the prevalence 

of congenital syphilis continues to rise, 

there will be a corresponding increase 

in the overall stillbirth rate nationally”
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Machefsky A, Hufstetler K, Bachmann L, Barbee L, Miele K, O'Callaghan K. Rising Stillbirth Rates Related to Congenital Syphilis in the United 

States From 2016 to 2022. Obstet Gynecol. Published online August 15, 2024. doi:10.1097/AOG.0000000000005700



Preventing Congenital Syphilis

Early Detection

• Treatment of the pregnant person 

reduces the risk of congenital syphilis

• Current recommendations

– Screening in the first and third 

trimester and at delivery
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Preventing Congenital Syphilis

Early Detection

• Treatment of the pregnant person 

reduces the risk of CS

• Current recommendations

– Screening at first and third visit 

and at delivery

Challenges in CS Prevention

• Limited access to prenatal care 

(screening)

• Stigma associated with STIs

• Challenges with Treatment
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Syphilis Treatment

Penicillin Challenges

• Penicillin allergies

• Supply chain issues

• Administration challenges
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Syphilis Treatment

Limitations

• Penicillin allergies

• Supply chain issues

• Administration challenges
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Stage Treatment Alternative

Incubation Benzathine penicillin G 2.4 million 

units intramuscular injection once

Doxycycline 100mg twice 

daily for 14 days
Primary

Secondary

Early latent

Late latent Benzathine penicillin G 2.4 million 

units intramuscular injection 3 times 

at one-week intervals

Doxycycline 100mg twice 

daily for 28 days***
Late of unknown 

duration

Neurosyphilis,

Ocular, or Otic 

Syphilis

Aqueous crystalline penicillin G 18–

24 million units per day, administered 

as 3–4 million units intravenously 

every 4 hours, or by continuous 

infusion, for 10–14 days

Procaine penicillin G 2.4 

million units IM once 

daily PLUS  Probenecid 

500mg 4 times daily for 

10–14 days
Tertiary



Syphilis Treatment
CDC Guidelines: Early Syphilis 

Treatment in Pregnancy

• Preferred

– Benzathine penicillin G 2.4 million 

units x1 IM

“Pregnant persons with primary or 

secondary syphilis who are allergic 

to penicillin should be desensitized 

and treated with penicillin G.”

WHO Guidelines: Early Syphilis 

Treatment in Pregnancy

• Preferred

– Benzathine penicillin G 2.4 million 

units x1 IM

• Alternative

– Ceftriaxone 1g IM daily x 10-14d
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Syphilis Treatment

Limitations

• Penicillin allergies

• Supply chain issues

• Administration challenges

Recurrent Shortages
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Syphilis Treatment

Limitations

• Penicillin allergies

• Supply chain issues

• Administration challenges

• Intravenous vs Intramuscular vs Oral

• Frequency of dosing
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Characteristics of Alternative 

• Safety for the pregnant person and their fetus

• Active against syphilis

– Resistance patterns of syphilis

• Easily administered oral or via intramuscular injection

– Long-half life

– Understandable pharmokinetics in pregnancy

• Efficacy

– Crosses the placenta
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Azithromycin is a macrolide antibiotic

• Generally considered safe in pregnancy (category B)

• Positive: Oral administration with a long half-life 

(convenient dosing)

• Limitation: Increasing resistance of Treponema Pallidum
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

21

Lieberman NAP, Reid TB, Cannon CA, et al. Near-Universal Resistance to Macrolides of Treponema pallidum in North America. N Engl J 

Med. 2024;390(22):2127-2128. doi:10.1056/NEJMc2314441



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Doxycycline is a tetracycline antibiotic

• Generally considered contraindicated in pregnancy 

• Positive: High efficacy in non-pregnant adults with syphilis

• Limitation: Unsafe in pregnancy
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Is Doxycycline Unsafe in Pregnancy?

23

Kaundinnyayana S, Kamath A. Doxycycline use and adverse pregnancy or neonatal outcomes: A descriptive study using the United States Food and Drug 

Administration Adverse Event Reporting System database. Health Sci Rep. 2022;5(6):e931. Published 2022 Nov 14. doi:10.1002/hsr2.931



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Linezolid is a oxazolidinone antibiotic

• Limited data in pregnancy; use only if benefits outweigh 

risks (category C)

• Positive: Oral administration

• Limitation: 

– Insufficient data on efficacy for congenital syphilis

– Insufficient data on safety in pregnancy
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

25

• “ The efficacy of linezolid at a daily dose of 600 mg 

for 5 days did not meet the non-inferiority criteria 

compared with BPG and, as a result, this treatment 

regimen should not be used to treat patients with 

early syphilis. “

Ubals M, Nadal-Baron P, Arando M, et al. Oral linezolid compared with benzathine penicillin G for treatment of early syphilis in adults (Trep-AB Study) in 

Spain: a prospective, open-label, non-inferiority, randomised controlled trial. Lancet Infect Dis. 2024;24(4):404-416. doi:10.1016/S1473-3099(23)00683-7



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone
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• Amoxicillin is a beta-lactam (similar to penicillin) and 

probenecid enhances antibiotic levels by decreasing 

renal excretion

• Safety:  Amoxicillin is generally considered safe in 

pregnancy (category B).  There is limited data on 

probenecid

• Positive: Oral administration

• Limitation: 

– Insufficient evidence on efficacy in pregnancy

– Limited access to probenecid worldwide



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

27

Ubals M, Nadal-Baron P, Arando M, et al. Oral linezolid compared with benzathine penicillin G for treatment of early syphilis in adults (Trep-AB Study) in 

Spain: a prospective, open-label, non-inferiority, randomised controlled trial. Lancet Infect Dis. 2024;24(4):404-416. doi:10.1016/S1473-3099(23)00683-7



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Cefixime is a third-generation cephalosporin

• Generally considered safe in pregnancy (category B)

• Positive: Oral administration

• Limitation: Insufficient data on efficacy for syphilis
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

29

Ando N, Mizushima D, Omata K, et al. Combination of Amoxicillin 3000 mg and Probenecid Versus 1500 mg Amoxicillin Monotherapy for Treating Syphilis 

in Patients With Human Immunodeficiency Virus: An Open-Label, Randomized, Controlled, Non-Inferiority Trial. Clin Infect Dis. 2023;77(5):779-787. 

doi:10.1093/cid/ciad278



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Antibiotic: Ceftriaxone is a third-generation cephalosporin

• Safety: Generally considered safe in pregnancy (category 

B)

• Positive: 

– Effective against Treponema pallidum

– Crosses the placenta

• Limitation: Daily injections
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Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

31

Hartmane I, Ivdra I, Mikazans I, et al. Use of ceftriaxone as an alternative treatment method in pregnant women diagnosed with syphilis - a 

single centre experience. Int J STD AIDS. 2024;35(2):130-135. doi:10.1177/09564624231206845



Alternative Agents

1. Azithromycin

2. Doxycycline

3. Linezolid

4. Amoxicillin

5. Cefixime

6. Ceftriaxone

• Long-acting IM Ceftriaxone would be the ideal agent 

• There is interest from the Preclinical Microbicide and 

Prevention Research Branch (PMPRB) in the Prevention 

Sciences Program Within the Division of AIDS (DAIDS) at 

the National Institute of Allergy and Infectious Diseases 

(NIAID)

• IMPAACT 2044 will assist with that effort

32



IMPAACT 204433

Title Phase IV Study of the Pharmacokinetics and Safety of Ceftriaxone and 

Benzathine Penicillin G (BPG) During Pregnancy

Design Opportunistic Phase IV PK study of pharmacokinetic parameters of 

Ceftriaxone (arm 1) and Benzathine Penicillin (arm 2) in pregnancy

Study Population Pregnant persons receiving any dose of either ceftriaxone or benzathine 

penicillin for standard of care treatment for any indication

Agent Arm 1: Ceftriaxone or Arm 2: Benzathine Penicillin

Sample Size Arm 1a IV Ceftriaxone: 6-8 pregnant persons in each trimester

Arm 1b IM Ceftriaxone: 4-6 pregnant persons  in each trimester 

Arm 2   IM Benzathine Penicillin G:6-8 pregnant persons  in each trimester

10 Outcomes To describe the PK parameters of Ceftriaxone during pregnancy up to 24 

hours post-treatment. 

To describe the PK parameters of Benzathine Penicillin G  during pregnancy 

up to 28 days post-treatment. 



Ceftriaxone Has Limited PK Data In Pregnancy
Ceftriaxone General PK Properties

• Absorption

– F following IM administration ~100%

– Tmax 1-2 hr

• Distribution

– Vd is small: 6 to 14 L

– Plasma protein binding 95% - but 

saturable

• Elimination

– Not metabolized

– Significant biliary excretion 

– Urine elimination 33-67%.

• Clearance

– CLTotal  0.6-1.45 L/h

– CLRenal: 0.32-0.73 L/hr
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BPG Has Limited PK Data In Pregnancy

• We know that it works…

• Detailed pharmacokinetics in pregnancy are limited

• A complete understanding of the PK/PD of Benzathine Penicillin in 

pregnancy is necessary to design potential alternatives
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Summary

• Syphilis in pregnancy is a significant health concern with serious risks for 

both birthing parent  and child

• Congenital syphilis is increasing rapidly

• Penicillin is the gold standard treatment but has limitations such as allergies 

and supply shortages

• Diversifying treatment options is essential to address these limitations and 

improve health outcomes

• Alternative options show promise but require further research to ensure 

effectiveness and to overcome implementation challenges

• IMPAACT 2044 will allow us to model the needed pharmokinetics of a 

theoretical Long-Acting (LA) formulation of ceftriaxone that can be given IM and 

maintain appropriate trough concentrations
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THANKS!
Any questions?
You can find me at

• @jason10033

• jz2700@cumc.columbia.edu
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