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A B S T R A C T

Background

Congenital syphilis is an increasing problem in many developing countries and in the transitional economies of Eastern Europe and

the former Soviet Union. In several countries this increase has been aggravated by HIV/AIDS. While the effectiveness of penicillin in

the treatment of syphilis in pregnant women and the prevention of congenital syphilis was established shortly after the introduction of

penicillin in the 1940s, there is uncertainty about the optimal treatment regimens.

Objectives

To identify the most effective antibiotic treatment regimen (in terms of dose, length of course and mode of administration) of syphilis

with and without concomitant infection with HIV for pregnant women infected with syphilis.

Search strategy

The Cochrane Pregnancy and Childbirth Group Trials Register (March 2006), the Cochrane Infectious Diseases Group Trials Register

(March 2006), the Cochrane Central Register of Controlled Trials (The Cochrane Library 2006, Issue 1), MEDLINE (1966 to March

2006), EMBASE (1974 to March 2006) and the references of traditional reviews. Experts in specialist units were also contacted.

Selection criteria

It was planned that any trial in which an attempt is made to allocate treatment for syphilis during pregnancy by a random or quasi-

random method would be included in this review.

Data collection and analysis

Information was extracted using a data extraction sheet and this included entry criteria, the source of controls, and whether the authors

stratified by the stage of pregnancy when the diagnosis of syphilis was made.

Main results

Twenty-nine studies met the criteria for detailed scrutiny. However, none of these met the pre-determined criteria for comparative

groups and none included comparisons between randomly allocated groups of pregnant women.

Authors’ conclusions

While there is no doubt that penicillin is effective in the treatment of syphilis in pregnancy and the prevention of congenital syphilis,

uncertainty remains about what are the optimal treatment regimens.

Further studies are needed to evaluate treatment failure cases with currently recommended regimens and this should include an

assessment of the role of HIV infection in cases of prenatal syphilis treatment failure. The effectiveness of various antibiotic regimens

for the treatment of primary and secondary syphilis in pregnant women need to be assessed using randomised controlled trials which

compare them with existing recommendations. This should include treatment with oral antibiotics which could be particularly relevant

in resource-poor countries where the availability of safe needles and syringes cannot be guaranteed.
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P L A I N L A N G U A G E S U M M A R Y

Penicillin is effective in curing syphilis during pregnancy but more research is needed on the best dosage and duration of treatment

Syphilis is a potentially fatal, sexually transmitted disease that passes from a pregnant woman to her unborn baby. If the woman is

untreated, her baby may be born with the disease, suffer permanent disability and be disfigured. The effectiveness of penicillin in curing

infection with syphilis in pregnant women and preventing the baby being born with congenital syphilis was established soon after its

introduction in the 1940s and before the widespread use of randomised controlled trials. Although rare in developed countries, the

incidence of syphilis is high and increasing in many developing countries, particularly where HIV/AIDS is common. The review of

trials found no trials comparing the effectiveness of different doses of penicillin or comparing penicillin with other antibiotics. More

research is needed to find the best dosage and duration of treatment.

B A C K G R O U N D

Characteristics of syphilis infection

Syphilis is a complex systemic disease with protean manifestations

and virtually any organ in the body can be involved. It has been

described in medicine as the great imitator or the great imposter

in view of the multiple possible clinical manifestations, many of

which are severe. It is caused by the spirochete, Treponema pal-

lidum (T. pallidum), and is usually transmitted by sexual contact.

Unlike most infectious diseases, it is rarely diagnosed by isolation

and characterisation of the causative organism (Tramont 1990).

Humans are the natural hosts of T. pallidum and also act as the

vector.

Treponema pallidum penetrates usually abraded or damaged skin

or mucous membrane although less often it can penetrate intact

mucous membrane and the organisms rapidly become dissemi-

nated. The extremes of the incubation period are usually given as

10 to 90 days, although in practice it is generally around 28 days

(Csonka 1990).

Infection with syphilis is characterised by several stages (Garnett

1997). The development of clinical syphilis is usually denoted

by the appearance of a chancre, which is the classical lesion of

primary syphilis at the site of inoculation. Most, but not all, pa-

tients with primary syphilis develop secondary syphilis. This is a

systemic illness characterised by an array of signs and symptoms

including fever, malaise, generalised lymphadenopathy and a rash

and mucosal lesions. Even without treatment the manifestations

of both primary and secondary syphilis resolve spontaneously over

a few weeks, but recur in about a quarter of patients usually dur-

ing the second year of infection. This is then followed by a la-

tent period when the patient has few or no signs or symptoms.

This is frequently divided into an early period (usually one year

following the resolution of the secondary stage) and a late latent

period. About a third of untreated patients with latent syphilis,

subsequently develop tertiary manifestations of the disease, which

can include neurosyphilis (tabes dorsalis and general paresis), car-

diovascular involvement, or gummatous disease at many possible

sites.

Unlike most other common bacterial infections, T. pallidum can-

not be cultured sufficiently quickly or cheaply to assist diagnosis.

T. pallidum is very difficult to visualise using light microscopy and

instead requires visualisation by darkfield microscopy, but even

this depends crucially on the type of specimen and how it has been

obtained. Partly as a consequence of the limited availability of

microscopic methods for diagnosis, as well as some patients with

secondary syphilis and all patients with more advanced stages of

the disease not having lesions which can be microscopically ex-

amined, serologic testing is the mainstay of syphilis screening and

diagnosis (Sparling 1971; Hutchinson 1990; Hook 1992; Peeling

2004). There are two main types of serologic tests for syphilis; the

non-treponemal and the treponemal tests. Non-treponemal tests

detect antibodies to reagin, a cholesterol-lecithin-cardiolipin anti-

gen that cross-reacts with antibodies present in the sera of patients

with syphilis. The first syphilis serologic test was developed by

Wasserman in 1906, but it was later realised that the antibodies

detected by this test were not specific for syphilis. This led to the

development of more specific and sensitive non-treponemal tests,

of which the two commonly used today are the VDRL (Venereal

Disease Research Laboratory) and the RPR (Rapid Plasma Rea-

gin) tests. In most people with syphilis, non-treponemal serologic

tests become reactive in early syphilis, at about four to seven days

following the appearance of lesions. However, these tests are non-

reactive in 13 to 41 per cent of individuals presenting with pri-

mary disease (Hutchinson 1990). These tests are almost always

reactive in people with secondary syphilis. Antibody titers usually

peak during the secondary or latent phases of the disease, after

which even when not treated they decline and with long follow

up and even without treatment around 25 per cent eventually be-

come non-reactive in the late stages. In people who are treated for

syphilis the RPR declines to become non-reactive more rapidly,

usually between three and 12 months after treatment.

The main advantages of non-treponemal tests are that they are rel-

atively inexpensive, easy to perform, and sensitive, making them

useful as screening tests and, in addition, they are quantitative and

can be followed over time to monitor response to treatment (Fiu-

mara 1978). A disadvantage of non-treponemal tests is that false

positives, often of a transitory nature, can be caused by acute viral
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infections such as hepatitis and measles, and sustained false posi-

tive tests can be caused, particularly by auto-immune conditions.

The diagnosis of syphilis should be confirmed in people with a

positive non-treponemal test result by testing with a treponemal

serologic test such as the FTA-ABS (fluorescent-treponemal an-

tibody-absorbed test). Treponemal tests usually become reactive

before reaginic tests. In most people, the treponemal tests remain

positive indefinitely, whether the person has been treated or not.

The treponemal tests are more expensive than the reaginic tests and

can be technically more difficult to carry out. Antibody titers mea-

sured by reaginic tests vary during the natural history of untreated

syphilis, becoming detectable shortly after the primary stage and

climbing to their highest levels during the secondary or early latent

stages (Hook 1992). Recent technological advances have resulted

in improved serodiagnostic tools for syphilis (Peeling 2004).

Studies of the sexual partners of people with syphilis document

infection risks of 10 to 60 per cent; a useful estimate is that syphilis

develops in about a third of those exposed to early syphilis. Sexual

contact with patients who have early syphilis is associated with the

highest risk of developing the disease, whereas sexual contact with

those who have latent disease is associated with lower risk (Hook

1992).

Syphilis is common among people infected with the human im-

munodeficiency virus (HIV), and the converse is also true. The

relationships between syphilis and HIV are complex, with several

areas of potential interaction. For instance, syphilis may predis-

pose individuals to HIV acquisition, or transmission of either dis-

ease could be potentiated by the presence of the other (Fenton

2002; Goh 2005; Karumudi 2005). In addition, in HIV infected

people with clinical features of syphilis, laboratory manifestations

or the response to currently recommended syphilotherapy may be

modified.

Infection with HIV, as with syphilis, produces a protean disease

and the two interact on a number of levels. Syphilitic genital ulcers

may enhance the acquisition and transmission of HIV; the natu-

ral history of syphilis may be modified in people co-infected with

HIV; the results of laboratory tests for syphilis may be different

in HIV-infected persons; and currently recommended therapy for

syphilis may be less reliable for persons who are co-infected with

HIV. Given the progressive decline of host defence that charac-

terises the natural history of HIV infection, interactions between

the two diseases may also depend on the degree of HIV-related

immunosuppression present at the time of contact with syphilis

(Hook 1992; Karumudi 2005).

Magnitude of the problem of syphilis infection

The reported rates of syphilis vary greatly from country to coun-

try. The rates for industrialised countries are better documented,

whereas there are fewer data for developing countries, where the

disease is more widespread. For example, in 1990, the incidence

of primary and secondary syphilis in the United States was 20 per

100,000 population, far less than the 360 per 100,000 estimated

for parts of Africa (Hook 1992).

Syphilis was a major public health problem in Europe and North

America until the 1950s and its late complications were major

causes of neurologic and cardiovascular disease. During the early

part of the 20th century more than 20 per cent of patients in mental

institutions in the United States had tertiary syphilis (Hutchinson

1990; Hook 1992). Annual incidence reached a peak during the

second world war with 575,000 cases being reported in 1943, a

rate of 4/1,000 population (Zenker 1990). With the introduction

of penicillin after the second World War in the United States, the

incidence of syphilis decreased.

In the United States, in the late 1950s and early 1960s, the number

of cases increased again, fluctuating between 19,000 and 26,000

cases per year until 1978. The rates increased slightly in the late

1970s and early 1980s, and a disproportionate number of cases oc-

curred in homosexual men. In the mid-1980s, primarily because of

behavioural changes adopted in response to the acquired immun-

odeficiency syndrome (AIDS) epidemic, it is presumed syphilis

declined among homosexual men, as did the male to female ra-

tio of cases (Hook 1989). However, from the late 1980s the dis-

ease became more common and has been linked epidemiologically

with HIV infection (Hook 1992; St Louis 1996). Around 1985

the incidence of syphilis among heterosexual men and women

began to increase rapidly. From a peak in 1990 rates of primary

and secondary syphilis fell after control measures were strength-

ened and in 1999 the rate was the lowest ever recorded with 6,657

cases of primary and secondary cases of syphilis being reported to

the Centers for Disease Control and Prevention - CDC - (CDC

1999b). This led to the question being raised of whether possible

“elimination of endemic syphilis transmission (is) a realistic goal

for the USA” (Hook 1998) and more recently a ’National Plan to

Eliminate Syphilis from the United States’ has been developed by

the Surgeon General (CDC 1999c).

In England and Wales a similar pattern has been seen with a peak

number of annual cases being reported shortly after the second

World War, at 27,761 in 1946 (Macfarlane 1984). During the

1950s incidence was low but, after this, numbers gradually in-

creased and peaked in the late 1970s at just under 4,000 (Adler

1995). Since then numbers have fallen to very low levels and, in

1997, 150 new diagnoses of primary and secondary syphilis (100

males and 50 females) were reported by genitourinary medicine

clinics (CDSC 1999). During the 1980s, syphilis became a sub-

ject of renewed concern due to rapidly increasing syphilis rates in

North America and Europe. This was partly because the disease

has been epidemiologically linked with HIV infections, and as a

result of indications that currently recommended treatment reg-

imens may not be sufficient to reliably eradicate syphilis, partic-

ularly in patients with concomitant HIV infection (Hutchinson

1990). The increase in syphilis infections in Europe from very low
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levels has continued during the first decade of the 21st century

(Eurosurveillance2004).

Syphilis infection rates in Eastern Europe have increased dramat-

ically in recent years (Linglof 1995; Deayton 1997).

The World Health Organisation estimates that at least 12 million

people are infected with syphilis globally each year (WHO 2001).

The majority of these are in South and Southeast Asia (5.8 mil-

lion) and Sub Saharan Africa (3.5 million). It is possible that the

availability of penicillin in developing countries and its use in mass

campaigns such as that directed against yaws in the 1950s and

1960s had some temporary effect on the prevalence and incidence

of syphilis, but this had no long term impact. Syphilis remains at

levels that were seen in developed countries a century ago.

Syphilis in pregnancy and congenital syphilis

The infection can be transmitted vertically from an infected preg-

nant woman to her fetus and at least two-thirds of all babies born

to untreated women with syphilis are infected (Zenker 1990).

However, the risk to the fetus or baby varies considerably accord-

ing to the stage of untreated syphilis of the mother (Ingall 1990).

The general obstetric history of a woman with untreated syphilis

(known as Kassowitz’s law) is that early pregnancies end in abor-

tion or a stillborn child, later pregnancies in full-term infants with

congenital syphilis and even higher parities in unaffected infants.

In other words the natural history, in terms of perinatal outcome,

of untreated syphilis in women is that the infectivity and severity

become less with each successive pregnancy (Ingall 1990; Schulz

1992).

Congenital syphilis is a systemic infection in which a baby might

have been delivered prematurely and the classic description of the

congenital syphilitic baby is a severely infected premature infant

with marasmus, a pot belly, ’old man facies’ and withered skin.

Congenital syphilis is a serious condition which if not fatal at

a young age, can cause permanent impairment, debilitation and

disfigurement from the stigmata associated with this condition.

The clinical state of failure to thrive may be correlated with the

frequently encountered pathologic finding of intense pancreatitis

and inflammation of the gastrointestinal tract (Ingall 1990).

Syphilis can be transmitted transplacentally at all stages during the

course of untreated maternal disease, from incubation, through

primary, secondary, latent and to tertiary syphilis (Tsui 1997). The

precise pathogenesis of congenital syphilis is unclear. It is usually

thought that infection of the fetus by a syphilitic mother does not

occur before the fourth month of pregnancy because treponemes

from the maternal circulation are unable to pass through the Lang-

hans’ cell layer of the early placenta. When the Langhans’ cell layer

begins to atrophy during the fourth month of pregnancy, the fe-

tus is exposed to the first risk of infection, but infection is most

likely after the sixth month, when complete atrophy has occurred

(Woltz 1946; Ingall 1990).

In the United States from the mid-1980s there were dramatic in-

creases in congenital syphilis with the reported incidence increas-

ing from 4.3 cases per 100,000 live births (158 cases) in 1983 to

107.0 cases per 100,000 live births (4,398 cases) in 1991 (Dunn

1993). Since 1991 the congenital syphilis rate has steadily declined

(a decline of about 78 per cent between 1992 and 1998) and, in

1998, 801 cases were reported giving a rate of 20.6 per 100,000

live births (CDC 1999a). However, in Baltimore there was an epi-

demic of congenital syphilis in 1996-1997 with the rate rising to

282 per 100,000 live births (CDC 1998b). Since the implemen-

tation of ’National Plan to Eliminate Syphilis from the United

States’ there have been substantial declines in syphilis including

congenital syphilis. In the United Kingdom, the incidence of con-

genital syphilis has remained low (five cases in 1992 and for 1994

to 1997 seventeen children meeting case definitions for congenital

syphilis, but none had definitive syphilis, nine were presumptive

and eight were possible cases; Hurtig 1998) and with only two cases

reported in 1996 (CDSC 1998). This low incidence is ascribed

largely to control of early acquired infectious syphilis in women

through the screening of all pregnant women for syphilis (Adler

1995). In the period 1994 to 1997 it is estimated that more than

two million women were screened as part of antenatal care in the

UK and of the 139 women who were reported to have been treated

for syphilis during or within three months of pregnancy 121 were

identified by antenatal screening alone (results from the British

Co-operative Clinical Group Survey of Syphilis among Pregnant

Women quoted in CDSC 1998).

Recent epidemics of syphilis in Eastern Europe have affected preg-

nant women and for instance in Moscow the prevalence of syphilis

among pregnant women increased from 0.02% in 1990 to 0.33%

in 1995 (quoted in CDSC 1998). There have been equally dra-

matic increases in reported congenital syphilis in the Russian Fed-

eration from 29 in 1991 to 743 in 1999 (Tikonova 2003).

In developing countries congenital syphilis has continued to be a

serious health hazard (Mascola 1985). For instance, reports indi-

cate that a substantial proportion of perinatal mortality is caused

by syphilis and in Zambia almost 9 per cent of infants seen at the

University Teaching Hospital had congenital syphilis (Chattopad-

hyay 1988) and in the Central Hospital of Maputo, Mozambique

about one per cent of neonates had congenital syphilis (Bastos dos

Santos 92). Reported prevalences among women attending ante-

natal clinics in African, Asian and Latin American countries with

positive sero-reactivity for syphilis range up to 19 per cent (Is-

lam 1995; Luthra 1992; Maggwa 1992; Schulz 1992; Desperthes

2004, Gichangi 2004). While there are very few time series, it

appears that, the incidence of congenital syphilis is increasing in

many developing countries; for instance Faundes (Faundes 1992)

reports a 10-fold increase in congenital syphilis in the Brasilian

Federal District from 0.17 per 100,000 inhabitants in 1980 to 1.7

in 1984. It is probable that these rates are underestimates of the

actual situation and are unlikely to be due to cross reactivity with

nonvenereal treponemal infections (Schulz 1992). Lack and poor
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quality of antenatal care appear to be an important risk factor for

increasing numbers of mothers giving birth to babies with con-

genital syphilis (Wilkinson 1998; Walker 2002).

The costs of treating and not treating syphilis in pregnancy

The hospital costs of caring for newborn infants with congen-

ital syphilis are considerable (Bateman 1997) and cost benefit

studies in developed countries indicate the substantial advantages

of screening pregnant women for syphilis (Stray-Pedersen 1983;

Williams 1985). This has led several people to emphasise the im-

portance of continued routine screening programmes in, for in-

stance, North America (Ray 1995; Schmid 1996; Sanchez 1997;

Sheffield 1999; Genc 2000) and the United Kingdom (Nicoll

1994; Sweeney 1994; Hurtig 1998; Welch 1998). Although, in

view of the low incidence in the UK, it has been suggested that tar-

getted screening might be more cost-effective. The United King-

dom National Screening Committee has considered a ’system-

atic review and national options appraisal’ dealing with antenatal

syphilis screening in the UK carried out by the PHLS Commu-

nicable Disease Surveillance Centre and decided that “screening

should continue” and that “antenatal screening was effective and

that only a small amount (of resources) would be saved by with-

drawing the service” (NSC 2000).

In the early 1990s, it was estimated that in many developing coun-

tries an adverse outcome associated with syphilis during pregnancy

could be averted at a cost of US$12, which includes the cost

of the diagnostic test (rapid plasma reagin) and penicillin. This

compares favourably with cost estimates per-childhood-death-pre-

vented for measles of US$41, pertussis US$100 and neonatal

tetanus US$153 for immunisation (Schulz 1992).

Treatment of early infection with syphilis

Treatment of syphilis with penicillin was a notable early success

and has remained the preferred treatment of all types of syphilis

since its first use for this indication by Mahoney in 1943 (Thomas

1949; Willcox 1981; Hutchinson 1990; Adler 1995; Rolfs 1995).

Prior to this, the standard treatment for syphilis during pregnancy

was arsenic therapy involving a series of injections usually of neoar-

sphenamine plus bismuth often, with side effects (Paley 1937).

The success of penicillin for the treatment of syphilis in pregnant

women was established soon after it became available (see sum-

maries of early experience with penicillin in pregnancy: Beerman

1945; Ingraham 1948a; Ingraham 1948b; Goodwin 1950; Stokes

1950; Kampmeier 1981b; Jefferiss 1963). However, in strict terms

of evidence from randomised controlled trials, neither the optimal

dose nor the optimal duration of administration is known (Zenker

1990).

Studies carried out in the 1940s indicated that the doubling time

for T. pallidum was 30-33 hours in early disease (Magusen quoted

in Zenker 1990). Idsoe (Idsoe 1972) after extensive review of treat-

ment studies suggested that effective treatment of early syphilis re-

quired the maintenance of a minimal serum concentration of 0.03

I.U. of penicillin/ml (0.018 mug/ml) for 7-10 days without inter-

ruption for more than 24 hours, however it was admitted that the

choice of this minimal treponemicidal level was rather arbitrary.

There have been concerns raised that the “resurgence in the inci-

dence of congenital syphilis in the United States” was because of

inadequate levels of penicillin following recommended guidelines.

A small study showed “a wide range of penicillin levels ...in gravi-

das at term in the maternal serum, cerebro-spinal fluid, umbilical

cord serum, and amniotic fluid within one week after 2.4 million

units of benzathine penicillin G intra-muscularly (i.m.)” (Nathan

1993). The precise penicillin regimens for the treatment of early

syphilis and syphilis during pregnancy and congenital syphilis re-

main controversial issues (CDC 1993; Rolfs 1995; Crowe 1997).

For instance in the United States, depot preparations of penicillin,

usually benzathine penicillin G (BPG), are preferred for the treat-

ment of early syphilis (one dose of 2.4 million units i.m.), because

they are easier to administer, are inexpensive, and do not require

frequent readministration (Hook 1992; CDC 1993). While in the

United Kingdom treatment with daily injections of procaine peni-

cillin (0.6 to 0.9 million units daily for 10 to 14 days intramuscu-

larly) is preferred (Adler 1995; Crowe 1997; CDSC 1998; CDC

2002). The regimen of benzathine penicillin G recommended by

the CDC for treatment of early syphilis, one dose of 2.4 million

units intramuscularly (CDC 1993; CDC 1998a), has been criti-

cised on the grounds that it does not achieve treponemicidal levels

in CSF (Smith 1956; Polinikorn 1980; Hook 1992; Rolfs 1995).

This debate about appropriate penicillin preparations and ade-

quate dosage regimens to treat syphilis has been reopened in the

light of reports of inadequately treated cases of syphilis in patients

who are seropositive to HIV, despite following agreed treatment

schedules (Hook 1992; Crowe 1997). Although a randomised trial

of two treatments (2.4 million units of penicillin G and that ther-

apy enhanced with a 10-day course of amoxicillin and probenecid)

for early syphilis in non-pregnant people with and without HIV

infection found that the enhanced treatment “...did not improve

outcomes” (Rolfs 1997). The high seroconversion rates for both

syphilis and HIV during pregnancy found in certain populations

has led to the suggestion that screening of women twice during a

pregnancy for these diseases might be justified (Qolahle 1995).

The 2002 CDC ’Guidelines for Treatment of Sexually Transmit-

ted Diseases’ (CDC 2002) are similar to earlier CDC guidelines

(see CDC 1998a. CDC is due to publish updated Guidelines for

Treatment of Sexually Transmitted Diseases in Spring 2006) rec-

ommend that “treatment during pregnancy should consist of the

penicillin regimen appropriate for the stage of syphilis”. These

are: for primary and secondary syphilis, benzathine penicillin G

2.4 million units i.m. in a single dose; early latent syphilis, ben-

zathine penicillin G 2.4 million units i.m. in a single dose, late

latent syphilis or latent syphilis of unknown duration, benzathine

penicillin G 7.2 million units total, administered as three doses of

benzathine penicillin G 2.4 million units i.m. each at one week

intervals. It is recommended that treatment of primary and sec-

ondary syphilis in HIV-infected persons should be “... with ben-
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zathine penicillin G , 2.4 million units i.m., as for HIV-negative

patients”. The CDC Guidelines note that “parenteral penicillin G

is the only therapy with documented efficacy for neurosyphilis or

for syphilis during pregnancy.... Penicillin is effective for prevent-

ing maternal transmission to the fetus.... Evidence is insufficient to

determine whether specific, recommended penicillin regimens are

optimal.... Some experts recommend additional therapy in some

settings. A second dose of penicillin 2.4 million units i.m. may be

administered one week after the initial dose for women who have

primary, secondary, or early latent syphilis”.

The CDC guidlines (CDC 2002) note that “the efficacy of peni-

cillin for the treatment of syphilis was well established through

clinical experience before the value of randomized controlled clin-

ical trials was recognized. Therefore, almost all the recommenda-

tions for the treatment of syphilis are based on the opinions of

persons knowledgeable about STDs and are reinforced by case se-

ries, clinical trials, and 50 years of clinical experience. Parenteral

penicillin G has been used effectively for more than 50 years to

achieve clinical resolution (i.e., healing of lesions and prevention

of sexual transmission) and to prevent late sequelae. However, no

comparative trials have been adequately conducted to guide the

selection of an optimal penicillin regimen (i.e., the dose, dura-

tion, and preparation). Substantially fewer data are available for

nonpenicillin regimens. Parenteral penicillin G is the only ther-

apy with documented efficacy for syphilis during pregnancy. Preg-

nant women with syphilis in any stage who report penicillin al-

lergy should be desensitized and treated with penicillin. Penicillin

is effective for preventing maternal transmission to the fetus and

for treating fetal infection. Evidence is insufficient to determine

whether the specific, recommended penicillin regimens are opti-

mal.”

In the United Kingdom (UK) treatment guidelines for pregnant

women with syphilis recommend a different penicillin regimen

to the American CDC i.e. i.m. procaine penicillin G 750mg (Je-

nacillin A 3 ml or Jenacillin O 2.5 ml) daily x 10 days (AGUM,

MSSVD 2002).

In 2003 the European Office of WHO published a review of dif-

ferent antibiotic regimens (principally using penicillin) for treat-

ing syphilis followed in different countries (WHO Euro 2003).

WHO Geneva in 2003 as part of “Guidelines for the Management

of Sexually Transmitted Infections” recommended that for syphilis

“pregnant patients at all stages of pregnancy, who are not allergic to

penicillin, should be treated with penicillin according to the dosage

schedules recommended for the treatment of nonpregnant patients

at a similar stage of the disease” which give those recommended by

CDC and as alternatives those proposed in the UK (WHO 2003).

Reservations have been raised particularly over the past 10 or so

years regarding whether recommended schedules for the treatment

of syphilis during pregnancy are adequate (Hardy 1970; Rawstron

1991; Monif 1994; Galan 1997; Conover 1998; Hollier 1998;

Tourneux 2001; Richardson 2002; Sheffield 2002).

,

Treatment of syphilis in pregnancy can lead to development of the

Jarisch-Herxheimer reaction (Myles 1998; Brocklehurst 1999).

“The Jarisch-Herxheimer reaction is similar in frequency, char-

acter, and intensity to that in non-pregnant adults, but gravidas

may have increased uterine activity and transient alterations in fe-

tal well-being. The pregnant patient with a severely affected fetus

with congenital syphilis may experience preterm labor, preterm

delivery, or fetal death in association with the Jarisch-Herxheimer

reaction” (Klein 1990).

A separate issue is allergy to penicillin which in the United States

is estimated to be between five and 10 per cent (Wendel 1985).

However, desensitisation, under close supervision, with increasing

oral doses of pencillin over four to six hours (Wendel 1985) or a

slowly increasing infusion of penicillin G (Ziaya 1986), and then

treatment with penicillin appear safe and effective.

There is limited experience with antibiotics other than penicillin

for the treatment of syphilis during pregnancy (Montgomery

1959; Willcox 1962; Holder 1972; Thompson 1976b). Other an-

tibiotics which have been used for the treatment of syphilis in

pregnancy include: spectinomycin (Lucas 1967); amoxycillin (Hay

1990); erythromycin (Montgomery 1961); azithromycin (Hook

1999); and cephalosporins (Gonzalez-Ochoa 1967; Oller 1967;

Katsambas 1987; Hook 1988; Schofer 1989). Erythromycin has

been associated with a high failure rate when used to treat pregnant

women (South 1964; Fenton 1976; Hashisaki 1983; Hartmann

1984; Mascola 1984; Chattopadhyay 1988; Hook 1992; Sanchez

1997).

Problems with studying syphilis treatment

Syphilis is a difficult disease to study as the natural history in an

individual can often cover several decades and both the diagno-

sis and the outcome are usually made on the results of serology

and not clinically or bacteriologically. Because the development of

neurosyphilis (or other late sequelae) cannot be predicted, long-

term follow up is needed to measure treatment efficacy (Garnett

1997). Instead of performing long-term follow up and observa-

tion, investigators usually monitor titers of non-treponemal anti-

body to assess the response to treatment.

Because of penicillin’s immediate clinical success very few further

clinical trials after an initial period of intensive investigation were

carried out and over time the recommended penicillin regimens

have changed only slightly (Thompson 1976a; CDC 1993; CDC

1998a). Furthermore, because the early studies occurred before

modern clinical-trial methodology was fully developed, interpre-

tation of the results is problematical (Zenker 1990). As a result,

while current regimens for syphilis therapy appear to be largely

effective, they may or may not be optimal. With the accumulation

of reports of treatment failures and the appearance of HIV, cur-

rent regimens for the treatment of syphilis are being questioned.
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Zenker (Zenker 1990) has noted the evaluation of syphilis treat-

ment trials is complicated by three factors: first, many studies lack

the essentials of good study design: randomisation, blinding, an

adequate number of patients (i.e. statistical power), and inclusion

of a control group; second, because Treponema pallidum cannot

be routinely cultured, diagnosis of active disease often relies on

serology tests; third, the natural history of syphilis necessitates

long-term follow up to assess treatment efficacy. Because of the

last two factors, studies should have clearly defined entry and out-

come criteria, but rarely do. As a result, treatment trials are diffi-

cult to evaluate, and optimal treatment regimens are difficult to

determine (Zenker 1990).

In 2005 the results of a randomised controlled trial of a sin-

gle 2 g oral dose of azithromycin compared to 2.4 million units

of penicillin G given intramuscularly for the treatment of early

syphilis among high-rsk populations (72 percent of the 328 in-

cluded in the trial were women) in Mbeya, Tanzania were pub-

lished (Riedner 2005). This concluded that the RCT “...pro-

vided clear evidence that a single 2 g dose of azithromycin is

as effective as a 2.4 MU dose of penicillin G benzathine for

the treatment of early syphilis....given logistical advantages con-

ferred by this oral treatment, particularly in resource-poor set-

tings in developing countries,...our findings support the wider use

of this alternative regimen in syphilis-control programs.” How-

ever the authors and others have raised concerns about the recent

emergence of azithromycin-resistant Treponema pallidum (Bal-

lard 2006; Holmes 2005; Riedner 2006).

In view of increasing incidence of syphilis and reports of apparent

non-response to current antibiotic regimens, questions have been

more frequently raised about whether the established regimens to

treat pregnant women with syphilis and babies born with congeni-

tal syphilis are optimal and effective (McCraken 1974; Giles 1979;

Mascola 1984; Van Eijk 1987; Musher 1988; Hook 1989; Zenker

1990; Rawstron 1991; Hook 1992; Rolfs 1995; CDC 2002).

O B J E C T I V E S

The objective of this review is to identify the most effective an-

tibiotic treatment regimen (in terms of dose, length of course and

mode of administration) of syphilis with and without concomitant

infection with HIV for pregnant women infected with syphilis.

C R I T E R I A F O R C O N S I D E R I N G

S T U D I E S F O R T H I S R E V I E W

Types of studies

It was planned that any trial in which an attempt is made to allocate

treatment for syphilis during pregnancy by a random or quasi-

random method would be included in this review.

Types of participants

Pregnant women with a clinical diagnosis of primary, secondary

or late stage syphilis confirmed by nontreponemal and treponemal

tests and with and without concomitant infection with HIV.

Types of intervention

Any antibiotic treatment versus no treatment; comparison of two

different antibiotic drug treatments; systemic versus oral antibiotic

treatment; comparison of different doses and lengths of course of

treatment.

Types of outcome measures

Maternal: resolution of clinical symptoms; changes in titers for

quantitative reaginic serologic tests i.e. VDRL or RPR and follow

up at three months, six months, one year and two years and above.

Fetal and infant: miscarriage with and without evidence of an in-

fected fetus, stillbirth with and without evidence of an infected

fetus, neonatal death with and without evidence of congenital

syphilis, and baby born with congenital syphilis or suspicion of

congenital syphilis. The initial case definition of congenial syphilis

includes all infants (aged < 12 months of age) with one of the

following: (1) a reactive nontreponemal serologic test for syphilis

confirmed by a reactive treponemal test, (2) a positive darkfield

microscopic examination on a non-oral mucous membrane or (3)

a positive fluorescent antibody examination for Treponema pal-

lidum on any lesion.

Side-effects: development of Jarisch-Herxheimer reaction in the

mother with possible preterm labour, delivery and fetal or neonatal

death.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: methods used in reviews.

The Cochrane Pregnancy and Childbirth Group Trials Register

was searched by contacting the Trials Search Co-ordinator

(March 2006).

The Cochrane Pregnancy and Childbirth Group’s Trials Register

is maintained by the Trials Search Co-ordinator and contains

trials identified from:

(1) quarterly searches of the Cochrane Central Register of

Controlled Trials (CENTRAL);

(2) monthly searches of MEDLINE;

(3) handsearches of 30 journals and the proceedings of major

conferences;

(4) weekly current awareness search of a further 37 journals.

Details of the search strategies for CENTRAL and MEDLINE,

the list of handsearched journals and conference proceedings,

and the list of journals reviewed via the current awareness service

can be found in the ’Search strategies for identification of studies’
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section within the editorial information about the Cochrane

Pregnancy and Childbirth Group.

Trials identified through the searching activities described above

are given a code (or codes) depending on the topic. The codes

are linked to review topics. The Trials Search Co-ordinator

searches the register for each review using these codes rather than

keywords.

In addition, the Cochrane Infectious Diseases Group Trials

Register (March 2006), the Cochrane Central Register of

Controlled Trials (The Cochrane Library 2006, Issue 1),

MEDLINE (1966 to March 2006) and EMBASE (1974 to

March 2006) were searched, using the highly sensitive search

strategy detailed in the Cochrane Handbook (Higgins 2005)

combined with the terms syphilis and pregnancy.

The reference lists of traditional reviews (Idsoe 1972; Zenker

1990; Rolfs 1995; Hollier 1998; Wendel 2002) were searched and

specialist centres and groups including the ’sexually transmitted

infections’ (STIs) group in the Reproductive Health and Research

Department, Family and Community Health cluster at the

World Health Organization, Geneva, the Cochrane Sexually

Transmitted Diseases Group, the Division of STD Prevention,

the National Center for HIV, STD and TB Prevention, Centers

for Disease Control and Prevention, Atlanta, USA and the

Centre for Infections of the British Health Protection Agency

were contacted to identify additional published and unpublished

trials.

Language restrictions were not applied.

These searches provided a list of potential studies. Hard copies

were retained and reviewed to see if they met the inclusion

criteria.

M E T H O D S O F T H E R E V I E W

Papers that potentially met the inclusion criteria were scrutinised

for a second time. Information was extracted using a data

extraction sheet and this included entry criteria, the source of

controls, and whether the authors stratified by the stage of

pregnancy when the diagnosis of syphilis was made.

D E S C R I P T I O N O F S T U D I E S

Twenty-nine studies met the criteria for hard copy scrutiny. How-

ever, none of these met the pre-determined criteria for compar-

ative groups and none included comparisons between randomly

allocated groups of pregnant women. The details of the 29 studies

are given under the excluded studies section.

M E T H O D O L O G I C A L Q U A L I T Y

No randomised controlled trials were identified.

R E S U L T S

No randomised controlled trials were identified.

D I S C U S S I O N

Syphilis in pregnancy with the consequent likelihood of severe

long-term morbidity in the mother and fatal or severely debilitat-

ing sequelae in her fetus has been largely controlled in recent years

in affluent countries through effective screening and treatment

programmes (CDC 1999c; NSC 2000). In countries of Eastern

Europe and the former Soviet Union and to an even greater extent

in many developing countries the morbidity caused by syphilis

and particularly congenital syphilis is increasing and significant.

This has become even more of a burden in populations where

the HIV/AIDS epidemic is severe. This is tragic because since the

introduction of penicillin in the 1940s a very effective means of

treatment of syphilis and of the prevention of congenital syphilis

has been available.

In an ideal situation, treatment policies for pregnant women who

are infected with syphilis should be based on research which com-

pares an intervention group and a control group of pregnant

women with syphilis who are randomly allocated to treatment by

different schedules or doses, or both, of antibiotics. However, the

efficacy of penicillin in the treatment of particularly early syphilis

in pregnant women in terms of curing the infection in the woman

and also preventing a baby being born with congenital syphilis

was established shortly after the introduction of penicillin. The

effective treatment of syphilis including pregnant women with the

infection was a notable early success of the use of penicillin during

the 1940s. The recommended penicillin regimen for the treatment

of syphilis in pregnant women developed at this time (Cole 1946;

Cole 1949; Cross 1949; Ingraham 1946) has changed very little

over the past 60 or so years and certainly since the development of

long-acting preparations of penicillin G in the early 1950s (Jack-

son 1962). A recent case series has generally confirmed the effec-

tiveness of benzathine penicillin G for the treatment of maternal

infection with syphilis and the prevention of congenital syphilis

(Alexander 1999). Although this study found the “.. highest risk

of fetal treatment failure exists with maternal secondary syphilis”.

However, as noted by Rolfs “though the efficacy of penicillin is

firmly established, the scientific evidence for specific recommenda-

tions is weak by current standards for clinical investigation” (Rolfs

1995). Rolfs (Rolfs 1995) also notes that “although these early

studies did not utilize methods considered standard practice for ac-

ceptable clinical trials today - particularly randomized, concurrent
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comparisons between different therapy regimens - many were care-

fully conducted and involved large numbers of patients. Several

conclusions can be drawn from these early studies: (1) both dura-

tion and dosage of therapy were important, (2) re-treatment rates

were lowest for primary infections and highest for patients with

second-stage infection, (3) long acting preparations were proba-

bly as effective as regimens using multiple injections of aqueous

crystalline or procaine penicillin G.”

The latest CDC ’Guidelines for Treatment of Sexually Transmit-

ted Diseases’ (CDC 2002) recommend that “treatment during

pregnancy should be the penicillin regimen appropriate for the

stage of syphilis”. These are: for primary and secondary syphilis,

benzathine penicillin G 2.4 million units i.m. in a single dose;

early latent syphilis, benzathine penicillin G 2.4 million units i.m.

in a single dose, late latent syphilis or latent syphilis of unknown

duration, benzathine penicillin G 7.2 million units total, admin-

istered as three doses of benzathine penicillin G 2.4 million units

i.m. each at one-week intervals. It is recommended that treatment

of primary and secondary syphilis in HIV-infected persons should

be “... with benzathine penicillin G , 2.4 million units i.m., as for

HIV-negative patients”. The CDC Guidelines note that “peni-

cillin is effective for preventing maternal transmission to the fe-

tus.... Evidence is insufficient to determine whether specific, rec-

ommended penicillin regimens are optimal.... Some experts rec-

ommend additional therapy in some settings. A second dose of

penicillin 2.4 million units i.m. may be administered one week

after the initial dose for women who have primary, secondary,

or early latent syphilis”. The high seroconversion rates for both

syphilis and HIV during pregnancy found in South Africa led to

the suggestion that screening of women twice during a pregnancy

for these diseases is justified (Qolahle 1995). It has also been sug-

gested that a second dose of penicillin 2.4 million units should be

given as standard practice (Mascola 1985; Markovitz 1986; Genc

2000). In the United Kingdom treatment of primary, secondary

and early latent syphilis is usually with daily injections of procaine

penicillin (0.6 to 0.9 million units daily for 10 to 14 days i.m.)

and for late latent and tertiary syphilis (excluding neurosyphilis)

the daily injections are continued for 17 to 21 days (Adler 1995;

Crowe 1997; CDSC 1998, AGUM, MSSVD 2002). The inci-

dence of congenital syphilis in the United States in 1999 was 14.3

cases per 100,000 live births (CDC 2000) compared to 6.2 in the

United Kingdom for the three years 1994 to 1996 (results from

the British Co-operative Clinical Group Survey of Syphilis among

Pregnant Women quoted in CDSC 1998). Clearly many factors

other than the antibiotic regimen used to treat syphilis during

pregnancy such as the coverage of antenatal care could explain

these differences. However, concerns have been raised on several

occasions that the standard dose of benzathine penicillin G (2.4

million units) recommended by CDC does not achieve adequate

concentrations in the cerebrospinal fluid and may not be the most

effective therapy regimen. These concerns have been heightened as

treatment failures appear to be more common in women with HIV

and those who deliver soon after treatment has begun (Rawstron

1991; Hook 1992; McFarlin 1994; Rolfs 1995; Crowe 1997).

An underlying issue is that uncertainty continues about what are

the appropriate treatment regimens for syphilis during pregnancy

as, in strict terms of evidence from randomised controlled trials,

neither the optimal dose nor the optimal duration of administra-

tion is known (Zenker 1990).

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

No randomised trials were identified to guide a decision on

whether recommended antibiotic (penicillin) treatment schedules

for women who have syphilis and are pregnant should be changed.

Implications for research

Further studies are needed to evaluate treatment failure cases with

currently recommended regimens and this should include an as-

sessment of the role of HIV infection in cases of prenatal syphilis

treatment failure.

The effectiveness of various antibiotic regimens for the treatment

of primary and secondary syphilis in pregnant women needs to be

assessed using randomised controlled trials which compare them

with existing recommendations. These studies should also docu-

ment possible side-effects of the various treatments. The compar-

isons could include one and two injections of 2.4 million units

of benzathine penicillin G, daily injections of procaine penicillin

0.6 to 0.9 million units for 10 to 14 days, one injection of 2.4

million units of benzathine penicillin G followed by a course of

amoxicillin/ampicillin and probenecid or high-dose amoxicillin/

ampicillin and probenecid for syphilis.

These comparisons could be carried out for the treatment of pri-

mary and secondary syphilis detected before the last trimester and

probably more importantly for those detected in the last trimester.

Consideration could also be given to trials which assess the effec-

tiveness of treatment with oral antibiotics such as 2 g single-dose

azithromycin compared to benzathine penicillin G or procaine

penicillin, or both. Treatment with oral antibiotics could be par-

ticularly relevant in resource-poor countries where the availability

of safe needles and syringes cannot be guaranteed.

F E E D B A C K

Sankar, October 2002

Summary

In the background, you discuss development of the Jarisch-Herx-

heimer reaction as a complication of treatment of syphilis and
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imply desensitisation with penicillin may protect against this re-

action. The Jarisch-Herxheimer reaction is not due to penicillin

allergy. The references quoted (Wendel 1985, Ziaya 1986) relate

to desenitisation for penicillin allergy. There are no data to sug-

gest that desensitisation has any ameliorating effect on the Jarisch-

Herxheimer reaction.

[Summary of comment received from Nathan Sankar, October

2002]

Author’s reply

The relevant section has been corrected.

[Reply from Godfrey Walker, November 2002]

Contributors

Nathan Sankar

P O T E N T I A L C O N F L I C T O F

I N T E R E S T

None known.

A C K N O W L E D G E M E N T S

None

S O U R C E S O F S U P P O R T

External sources of support

• No sources of support supplied

Internal sources of support

• No sources of support supplied

R E F E R E N C E S

References to studies excluded from this review

Akorbian 1969

Akorbian AA, Iaroshetskaia NA. Comparative assessment of the treat-

ment of syphilis with bacillin-3-4 +6. Vestnik Dermatologii i Ven-

erologii 1969;43:45–8.

Alexander 1999

Alexander JM, Sheffield JS, Sanchez PJ, Mayfield J, Wendel GD. Ef-

ficacy of treatment for syphilis in pregnancy. Obstetrics & Gynecology

1999;93(1):5–8.

Aron 1947

Aron HCS, Barton RL, Bauer TJ. Prenatal syphilis. Archives of Der-

matology and Syphilology 1947;56:349–56.

Bundesen 1950

Bundesen HN, Rodriquez J, Aron HCS, Korman BF. Outcome of

pregnancies of women treated with aqueous penicillin for early in-

fectious syphilis. Archives of Dermatology and Syphilology 1950;62:

230–6.

Cole 1946

Cole HN, Ayres S, Barr JH, Genatios T, Held B, Murphy WW, et al.

Use of penicillin in the treatment of syphilis in pregnancy. Archives

of Dermatology and Syphilology 1946;54(3):255–64.

Cole 1949

Cole HN, Plotke F, Thomas EW, Jenkins KH. Penicillin in the treat-

ment of syphilis in pregnancy. Journal of Venereal Disease Information

1949;29(1):95–100.

10Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Cole 1950

Cole HN, Plotke F, Thomas EW, Jenkins KH. Effectiveness of peni-

cillin in preventing congenital syphilis when administered prior to

pregnancy. Journal of Venereal Disease Information 1950;31:201–3.

Cross 1949

Cross JB, McCain JR, Heyman A. The use of crystalline G in the

treatment of syphilis in pregnancy. American Journal of Obstetrics and

Gynecology 1949;57(3):461–5.

Donders 1997

Donders GG, Desmyter J, Hooft P, Dewet GH. Apparent failure of

one injection of benzathine penicillin G for syphilis during pregnancy

in human immunodeficiency virus-seronegative African women. Sex-

ually Transmitted Diseases 1997;24(2):94–101.

Goodwin 1946

Goodwin MS, Moore JE. Penicillin in prevention of prenatal syphilis.

JAMA 1946;130(11):688–94.

Haagsma 1956

Haagsma FM. Control of congenital syphilis by treating syphilitics

during pregnancy [Bestrijding van congenitale syfilis door behan-

deling van de syfilitische zwangeren]. Nederlands Tijdschrift voor Ge-

neeskunde 1956;100:3068–77.

Ingraham 1946

Ingraham NR, Stokes JH, Beerman H, Lentz JW. Penicillin treatment

of the syphilitic pregnant woman. JAMA 1946;130(11):683–7.

Ingraham 1947

Ingraham NR, Rose EK, Beerman H, Wammock VS, Stokes JH,

Gyorgy P. Treatment of the syphilitic woman with penicillin in oil-

beeswax. A comparison with results obtained using aqueous sodium

penicillin. Journal of Venereal Disease Information 1947;28:155–61.

Ingraham 1951

Ingraham NR. The value of penicillin alone in the prevention and

treatment of congenital syphilis. Acta Dermato Venereologica Supple-

mentum 1951;31(Suppl 24):60–88.

Jackson 1962

Jackson FR, Vanderstoep EM, Knox JM, Desmond MM, Moore MB.

Use of aqueous benzathine penicillin G in the treatment of syphilis

in pregnant women. American Journal of Obstetrics and Gynecology

1962;83(10):1389–92.

Kampmeier 1981 a

Kampmeier RH, Sweeney A, Quinn RW, Lefkowitz LB, Dupont

WD. A survey of 251 patients with acute syphilis treated in the col-

laborative penicillin study of 1943-1950. Sexually Transmitted Dis-

eases 1981;8(4):266–79.

Lentz 1944

Lentz JW, Ingraham NR, Beerman H, Stokes JH. Penicillin in the

prevention and treatment of congenital syphilis. JAMA 1944;126(7):

408–13.

Mashkilleison 1994

Mashkilleison AL. Azithromycin in the treatment of syphilis. Antibi-

otiki i Khimioterapiia 1994;39:36–8.

Mashkilleyson AL, Gomberg MA, Mashkilleyson N, Kutin SA. Treat-

ment of syphilis with azithromycin. International Journal of STD and

AIDS 1996;7(Suppl 1):13–5.

Moore 1944

Moore JE, Mahoney JF, Scwartz W, Sternberg T, Wood WB. The

treatment of early syphilis with penicillin. JAMA 1944;126(2):67–

73.

Nelson 1956

Nelson NA, Struve VR. Prevention of congenital syphilis by treat-

ment of syphilis in pregnancy. JAMA 1956;161(9):869–72.

Olansky 1947

Olansky S, Beck R. Rapid treatment of prenatal syphilis. American

Journal of Syphilis, Gonorrhoea and Venereal Diseases 1947;31:51–6.

Phaosavasdi 1989

Phaosavasdi S, Snidvongs W, Thasanapradit P, Ungthavorn P,

Bhongsvej S, Jongpiputvanich S, et al. Effectiveness of benzathine

penicillin regimen in the treatment of syphilis in pregnancy. Journal

of the Medical Association of Thailand 1989;72(2):101–8.

Robinson 1951

Robinson HM, Robinsin HM Jr. Antibiotics in early syphilis and in

syphilis complicated by pregnancy. A.M.A. Archives of Dermatology

and Syphilology 1951;63:687–701.

Shafer 1954

Shafer JK, Smith CA. Treatment of early infectious syphilis with

N,N-dibenzylethylenediamine dipenicillin G. Bulletin of the World

Health Organization 1954;10:627–90.

Speiser 1947

Speiser M, Flaum G, Moon-Adams D, Thomas EW. Penicillin ther-

apy for syphilis in pregnancy. Journal of Venereal Disease Information

1947;28:108–20.

Tucker 1949a

Tucker HA. Penicillin syphiliotherapy administered prior to preg-

nancy. American Journal of Syphilis, Gonorrhoea and Venereal Diseases

1949;33(1):1–7.

Tucker 1949b

Tucker HA. Penicillin syphilotherapy administered during preg-

nancy: a study of 149 pregnancies during which penicillin was given

for early maternal syphilis. American Journal of Medical Science 1949;

217:157–61.

Wammock 1950

Wammock VS, Carrozzino OM, Ingraham NR, Clair NE. Penicillin

therapy of the syphilitic pregnant woman: its practical application to

a large urban obstetrical service. American Journal of Obstetrics and

Gynecology 1950;59(4):806–17.

Zhou 2005

Zhou P, Gu Z, Xu J, Wang X, Liao K. A study evaluating ceftriaxone

as a treatment agent for primary and secondary syphilis in pregnancy.

Sexually Transmitted Diseases 2005;32(8):495–8.

Additional references

Adler 1995

Adler MW. ABC of Sexually Transmitted Diseases. 3rd Edition. Lon-

don: BMJ Publishing Group, 1995.

AGUM, MSSVD 2002

Association for Genitourinary Medicine (AGUM), Medical Society

for the Study of Venereal Disease (MSSVD). 2002 national guidelines

on the management of early syphilis. London: Association for Geni-

tourinary Medicine (AGUM), Medical Society for the Study of Vene-

real Disease (MSSVD), 2002.

11Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Ballard 2006

Ballard RC, Berman SM, Fenton KA. Azithromycin versus penicillin

for early syphilis. New England Journal of Medicine 2006;354:203.

Bastos dos Santos 92

Bastos dos Santos R, Folgosa E, Fransen L. Reproductive tract infec-

tions in Mozambique: a case study of integrated services. In: Ger-

mainA, HolmesKK, PiotP, WasserheitJN editor(s). Reproductive tract

infections. Global impact and priorities for women’s health. New York

and London: Plenum Press, 1992.

Bateman 1997

Bateman DA, Phibbs CS, Joyce T, Heagarty MC. The hospital cost

of congenital syphilis. Journal of Pediatrics 1997;130(5):752–8.

Beerman 1945

Beerman H, Ingraham NR. Recent advances in the management

of the syphilitic pregnant woman. Medical Clinics of North America

1945;29:1463–76.

Brocklehurst 1999

Brocklehurst P. Update on the treatment of sexually transmitted in-

fections in pregnancy - 1. International Journal of STD and AIDS

1999;10:571–81.

CDC 1993

Centers for Disease Control and Prevention (CDC). 1993 Sexually

transmitted diseases treatment guidelines. Morbidity and Mortality

Weekly Report 1993;42(RR-14):1–102.

CDC 1998a

Centers for Disease Control and Prevention (CDC). 1998 Guide-

lines for treatment of sexually transmitted diseases. Morbidity and

Mortality Weekly Report 1998;47(RR-1):1–111.

CDC 1998b

Centers for Disease Control and Prevention (CDC). Epidemic of

congenital syphilis - Baltimore, 1996-1997. Morbidity and Mortality

Weekly Report 1998;47(42):904–7.

CDC 1999a

Centers for Disease Control and Prevention (CDC). Congenital

syphilis - United States, 1998. Morbidity and Mortality Weekly Report

1999;48(34):757–61.

CDC 1999b

Centers for Disease Control and Prevention (CDC). Primary and

secondary syphilis - United States, 1998. Morbidity and Mortality

Weekly Report 1999;48(39):873–8.

CDC 1999c

Ceners for Disease Control and Prevention, Division of STD Pre-

vention. The national plan to eliminate syphilis from the United States.

Atlanta: National Center for HIV, STD, and TB Prevention, Centers

for Disease Control and Prevention, 1999.

CDC 2000

Ceners for Disease Control and Prevention, Division of STD Preven-

tion. Sexually transmitted disease surveillance, 1999. Atlanta: Depart-

ment of Health and Human Services, Centers for Disease Control

and Prevention (CDC), 2000.

CDC 2002

Centers for Disease Control and Prevention (CDC). Sexually trans-

mitted diseases treatment guidelines 2002. Morbidity and Mortality

Weekly Report 2002;51(RR-6):1–80.

CDSC 1998

STD Section, PHLS Communicable Disease Surveillance Centre.

Report to the National Screening Committee, antenatal syphilis screening

in the UK: a systematic review and national options appraisal with

recommendations. London: Public Health Laboratory Service, 1998.

CDSC 1999

CDSC. Sexually transmitted diseases quarterly report: syphilis - na-

tional and international epidemiology. Communicable Disease Report

1999;9(5):38–9.

Chattopadhyay 1988

Chattopadhyay B. Prevention of congenital syphilis. British Journal

of Hospital Medicine 1988;22:68–70.

Conover 1998

Conover CS, Rend CA, Miller-GB Jr, Schmid GP. Congenital syphilis

after treatment of maternal syphilis with a penicillin regimen exceed-

ing CDC guidelines. Infectious Diseases in Obstetrics and Gynecology

1998;6(3):134–7.

Crowe 1997

Crowe G, Theodore C, Forster GE, Goh BT. Acceptability and com-

pliance with daily injections of procaine penicillin in the outpatient

treatment of syphilis - treponemal infection. Sexually Transmitted Dis-

eases 1997;24:127–30.

Csonka 1990

Csonka GW, Oates JK. Sexually transmitted diseases. A textbook of

genitourinary medicine. London: Bailliere Tindall, 1990.

Deayton 1997

Deayton J, French P. Incidence of early syphilis acquired in former

Soviet Union is increasing. BMJ 1997;315:1018–9.

Desperthes 2004

Desperthes BD, Meheus A, O’Reilly K, Broutet N. Maternal and

congenital syphilis programmes: case studies in Bolivia, Kenya and

South Africa. Bulletin of the World Health Organization 2004;82(6):

410–6.

Dunn 1993

Dunn RA, Webster LA, Nakashima AK, Sylvester GC. Surveillance

for geographic and secular trends in congenital syphilis - United

States, 1983-1991. Morbidity and Mortality Weekly Report 1993;42:

59–71.

Eurosurveillance2004

Anonymous. Syphilis in Europe. Euro Surveillance 2004;9(10-12):

3–27.

Faundes 1992

Faundes A, Tanaka AC. Reproductive tract infections in Brazil: so-

lutions in a difficult economic climate. In: GermainA, HolmesKK,

PiotP, WasserheitJN editor(s). Reproductive tract infections. Global im-

pact and priorities for women’s health. New York and London: Plenum

Press, 1992.

Fenton 1976

Fenton LJ, Light IJ. Congenital syphilis after maternal treatment with

erythromycin. Obstetrics & Gynecology 1976;47(4):492–4.

Fenton 2002

Fenton KA. Sexual health and HIV positive individuals: emerging

lessons from recent outbreaks of infectious syphilis in England. Com-

municable Disease and Public Health 2002;5:4–6.

12Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Fiumara 1978

Fiumara NJ. Treatment of early latent syphilis of less than one years’

duration: an evaluation of 275 cases. Sexually Transmitted Diseases

1978;5(3):85–8.

Galan 1997

Galan HL, Montalvo JF, Deaver J. Retrospective analysis of the sero-

logic response to the treatment of syphilis during pregnancy. Infec-

tious Diseases in Obstetrics and Gynecology 1997;5(1):23–8.

Garnett 1997

Garnett GP, Aral SO, Hoyle DV, Cates W, Anderson RM. The natural

history of syphilis. Implications for the transmission dynamics and

control of infection. Sexually Transmitted Diseases 1997;24:185–98.

Genc 2000

Genc M, Ledger WJ. Syphilis in pregnancy. Sexually Transmitted

Infections 2000;76:73–9.

Gichangi 2004

Gichangi P, Renterghem LV, Karanja J, Bwayo J, Kiragu D, Tem-

merman M. Congenital syphilis in a Nairobi maternity hospital. East

African Medical Journal 2004;81(11):589–93.

Giles 1979

Giles AJH, Lawrence AG. Treatment failure with penicillin in early

syphilis. British Journal of Venereal Diseases 1979;55:62–4.

Goh 2005

Goh BT. Syphilis in adults. Sexually Transmitted Infections 2005;81:

448–52.

Gonzalez-Ochoa 1967

Gonzalez-Ochoa A, Moreno JB. The treatment of early syphilis with

cephaloridine. Postgraduate Medical Journal 1967;43:134–5.

Goodwin 1950

Goodwin MS. Status of treatment of syphilitic pregnant women and

children who have congenital syphilis. Journal of Venereal Disease

Information 1950;31:178–84.

Hardy 1970

Hardy JB, Hardy PH, Oppenheimer EH, Ryan SJ, Sheff RN. Failure

of penicillin in a newborn with congenital syphilis. JAMA 1970;212

(8):1345–9.

Hartmann 1984

Hartmann JF, Lescoeur B, Mercier JC, Delepine N, Bompard Y,

Beaufils F. Neonatal syphilis despite erythromycin treatment of the

mother [Syphilis neo-natale malagre le traitement de la mere par

l’erythromycine]. Presse Médicale 1984;13(35):2133–5.

Hashisaki 1983

Hashisaki P, Wertzberger GG, Conrad GL, Nichols CR. Ery-

thromycin failure in the treatment of syphilis in a pregnant woman.

Sexually Transmitted Diseases 1983;10(1):36–8.

Hay 1990

Hay PE, Taylor-Robinson D, Waldron S, Goldmeyer D. Amoxy-

cillin, syphilis, and HIV infection. Lancet 1990;335:474–5.

Higgins 2005

Higgins JPT, Green S, editors. Highly sensitive search strategies for

identifying reports of randomized controlled trials in MEDLINE.

Cochrane Handbook for Systematic Reviews of Interventions 4.2.5

[updated May 2005]; APPENDIX 5b. http://www.cochrane.org/re-

sources/handbook/hbook.htm (accessed 31st March 2006).

Holder 1972

Holder WR, Knox JM. Syphilis in pregnancy. Medical Clinics of North

America 1972;56(5):1151–60.

Hollier 1998

Hollier LM, Cox SM. Syphilis. Seminars in Perinatology 1998;22:

323–31.

Holmes 2005

Holmes KK. Azithromycin versus penicillin G benzathine for early

syphilis. New England Journal of Medicine 2005;353:1291–3.

Hook 1988

Hook EW 3rd, Roddy RE, Handsfield HH. Ceftriaxone therapy for

incubating and early syphilis. Journal of Infectious Diseases 1988;158:

881–4.

Hook 1989

Hook EW 3rd. Treatment of syphilis: current recommendations, al-

ternatives, and continuing problems. Reviews of Infectious Diseases

1989;11(Suppl 6):S1511–S1517.

Hook 1992

Hook EW 3rd, Marra CM. Acquired syphilis in adults. New England

Journal of Medicine 1992;326:1060–9.

Hook 1998

Hook EW 3rd. Is elimination of endemic syphilis transmission a

realistic goal for the USA?. Lancet 1998;351(Suppl 3):19–21.

Hook 1999

Hook EW 3rd, Stephens J, Ennis DM. Azithromycin compared with

penicillin G benzathine for treatment of incubating syphilis. Annals

of Internal Medicine 1999;131(6):434–7.

Hurtig 1998

Hurtig AK, Nicoll A, Carne C, Lissauer T, Connor N, Webster JP,

et al. Syphilis in pregnant women and their children in the United

Kingdom: results from national clinician reporting surveys 1994-7.

BMJ 1998;317:1617–9.

Hutchinson 1990

Hutchinson CM, Hook EW 3rd. Syphilis in adults. Medical Clinics

of North America 1990;74:1389–416.

Idsoe 1972

Idsoe O, Guthe T, Willcox RR. Penicillin in the treatment of syphilis:

the experience of three decades. Bulletin of World Health Organization

1972;47 Suppl:S1–S68.

Ingall 1990

Ingall D, Dobson SRM, Musher D. Syphilis. In: RemingtonJS,

KleinJ editor(s). Infectious diseases of the fetus and newborn infant.

Philadelphia: WB Saunders Co, 1990.

Ingraham 1948a

Ingraham NR. Prevention and treatment of prenatal syphilis. Amer-

ican Journal of Medicine 1948;5:693–701.

Ingraham 1948b

Ingraham NR. Prenatal management of syphilis with special refer-

ence to penicillin therapy. Medical Clinics of North America 1948;32:

1647–58.

Islam 1995

Islam M. Maternal and congenital syphilis. An outline for prevention

and control. Geneva: GPA/STD. Unpublished manuscript 1995.

13Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Jefferiss 1963

Jefferiss FJG, Willcox RR. Treatment of early syphilis with penicillin

alone. British Journal of Venereal Diseases 1963;39:143–8.

Kampmeier 1981b

Kampmeier RH. The introduction of penicillin for the treatment of

syphilis. Sexually Transmitted Diseases 1981;8(4):260–5.

Karumudi 2005

Karumudi UR, Augenbraun M. Syphilis and HIV: a dangerous duo.

Expert Review of Anti-infective Therapy 2005;3:825–31.

Katsambas 1987

Katsambas A, Adoniou C, Katsarou A, Kerkidou A, Stratigos J. Com-

parative study of ceftriaxone and benzathine G in the treatment of

primary and secondary syphilis. Chemiotherapia 1987;6:549–50.

Klein 1990

Klein VR, Cox SM, Mitchell MD, Wendel GD Jr. The Jarisch-Herx-

heimer reaction complicating syphilotherapy in pregnancy. Obstetrics

& Gynecology 1990;75(3):375–80.

Linglof 1995

Linglof T. Rapid increase of syphilis and gonorrhoea in parts of the

former USSR. Sexually Transmitted Diseases 1995;22:160–1.

Lucas 1967

Lucas JB, Price EV. Co-operative evaluation of treatment for early

syphilis. Preliminary report with special reference to spectinomycin

sulphate (actinospectacin). British Journal of Venereal Diseases 1967;

43:244–8.

Luthra 1992

Luthra UK, Mehta S, Bhargava NC, Ramachandran P, Murthy NS,

Sehgal A, et al. Reproductive tract infections in India: the need for

comprehensive reproductive health policy and programs. In: Ger-

mainA, HolmesKK, PiotP, WasserheitJN editor(s). Reproductive tract

infections. Global impact and priorities for women’s health. New York

and London: Plenum Press, 1992.

Macfarlane 1984

Macfarlane A, Mugford M. Birth Counts. London: Her Majesty’s

Stationery Office, 1984.

Maggwa 1992

Maggwa ABN, Ngugi EN. Reproductive tract infections in Kenya:

insights for action and research. In: GermainA, HolmesKK, PiotP,

WasserheitJN editor(s). Reproductive tract infections. Global impact

and priorities for women’s health. New York and London: Plenum

Press, 1992.

Markovitz 1986

Markovitz DM, Beutner KR, Maggio RP, Reichman RC. Failure

of recommended treatment for secondary syphilis. JAMA 1986;255

(13):1767–8.

Mascola 1984

Mascola L, Pelosi R, Alexander CE. Inadequate treatment of syphilis

in pregnancy. American Journal of Obstetrics and Gynecology 1984;

150(8):945–7.

Mascola 1985

Mascola L, Pelosi R, Blount JH, Alexander CE, Cates W Jr. Congen-

ital syphilis revisited. American Journal of Diseases of Children 1985;

139:575–80.

McCraken 1974

McCraken GH, Kaplan JM. Penicillin treatment for congenital

syphilis. A critical reappraisal. JAMA 1974;228:855–8.

McFarlin 1994

McFarlin BL, Bottoms SF, Dock BS, Isada NB. Epidemic syphilis:

maternal factors associated with congenital infection. American Jour-

nal of Obstetrics and Gynecology 1994;150(2):535–40.

Monif 1994

Monif GRG. Is current therapy for maternal syphilis inadequate for

established fetal infection?. American Journal of Obstetrics and Gyne-

cology 1994;170(2):705.

Montgomery 1959

Montgomery CH, Knox JM. Antibiotics other than penicillin in the

treatment of syphilis. New England Journal of Medicine 1959;261(6):

277–80.

Montgomery 1961

Montgomery CH, Knox JM, Sciple GW, Vander Stoep EM. Ery-

thromycin in treatment of early syphilis. Archives of Internal Medicine

1961;107:164–7.

Musher 1988

Musher DM. How much penicillin cures early syphilis?. Annals of

Internal Medicine 1988;109(11):849–51.

Myles 1998

Myles TD, Elam G, Park-Hwang E, Nguyen T. The Jarisch-Herx-

heimer reaction and fetal monitoring changes in pregnant women

treated for syphilis. Obstetrics & Gynecology 1998;92(5):859–64.

Nathan 1993

Nathan L, Bawdon RE, Sidawi JE, Stettler RW, McIntire DM, Wen-

del GD. Penicillin levels following the administration of benzathine

penicillin G in pregnancy. Obstetrics & Gynecology 1993;82(3):338–

42.

Nicoll 1994

Nicoll A, Moisley C. Antenatal screening for syphilis should continue

- at least until the results of new surveillance studies are known. BMJ

1994;308:1253–4.

NSC 2000

UK National Screening Committee. Second report of the UK National

Screening Committee. London: Department of Health, 2000.

Oller 1967

Oller LZ. Cephaloridine in gonorrhoea and syphilis. British Journal

of Venereal Diseases 1967;43:39–47.

Paley 1937

Paley SS. Syphilis in pregnancy. New York State Journal of Medicine

1937;37(6):585–90.

Peeling 2004

Peeling RW, Ye H. Diagnostic tools for preventing and managing

maternal and congenital syphilis: an overview. Bulletin of the World

Health Organization 2004;82(6):439–46.

Polinikorn 1980

Polnikorn N, Witoonpanich R, Vorachit M, Vejjajiva S, Vejjajiva A.

Penicillin concentrations in cerebrospinal fluid after different treat-

ment regimens for syphilis. British Journal of Venereal Diseases 1980;

56:363–7.

14Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Qolahle 1995

Qolahle DC, Hoosen AA, Moodley J, Smith AN, Nlisana KP. Sero-

logical screening for sexually transmitted infections in pregnancy: is

there any value in re-screening for HIV and syphilis at the time of

delivery?. Genitourinary Medicine 1995;71:65–7.

Rawstron 1991

Rawstron SA, Bromberg K. Failure of recommended maternal ther-

apy to prevent congenital syphilis. Sexually Transmitted Diseases 1991;

18:102–6.

Ray 1995

Ray JG. Lues-lues: maternal and fetal considerations of syphilis. Ob-

stetrical and Gynecological Survey 1995;50(12):845–50.

Richardson 2002

Richardson MP, Palfreeman A, Nielsen PB, Fenton KA. Congenital

syphilis following negative antenatal screening. Communicable Dis-

ease and Public Health 2002;5(1):72–3.

Riedner 2005

Riedner G, Rusizoka M, Todd J, Maboko L, Hoelscher M, Mmbando

D, et al. Single-dose azithromycin versus penicillin G benzathine

for the treatment of early syphilis. New England Journal of Medicine

2005;353:1236–44.

Riedner 2006

Riedner G, Grosskurth H, Hayes R. Azithromycin versus penicillin

for early syphilis. New England Journal of Medicine 2006;354(2):

204–5.

Rolfs 1995

Rolfs RT. Treatment of syphilis, 1993. Clinical Infectious Diseases

1995;20 Suppl 1:S23–S38.

Rolfs 1997

Rolfs RT, Joesoef MR, Hendershot EF, Rompalo AM, Augenbraun

MH, Chiu M, et al. A randomized trial of enhanced therapy for early

syphilis in patients with and without human immunodeficiency virus

infection. New England Journal of Medicine 1997;337(5):307–14.

Sanchez 1997

Sanchez PJ, Wendel GD. Syphilis in pregnancy. Infections in Perina-

tology 1997;24(1):71–89.

Schmid 1996

Schmid GP. Serologic screening for syphilis. Rationale, cost, and

realpolitik. Sexually Transmitted Diseases 1996;23(1):45–50.

Schofer 1989

Schofer H, Vogt HJ, Milbradt R. Ceftriaxone for the treatment of

primary and secondary syphilis. Chemotherapy 1989;35:140–5.

Schulz 1992

Schulz KF, Scholte JM, Berman SM. Maternal health and child sur-

vival: opportunities to protect both women and children from ad-

verse consequences of reproductive tract infections. In: GermainA,

HolmesKK, PiotP, WasserheitJN editor(s). Reproductive tract infec-

tions. Global impact and priorities for women’s health. New York and

London: Plenum Press, 1992.

Sheffield 1999

Sheffield JS, Wendel GD Jr. Syphilis in pregnancy. Clinical Obstetrics

and Gynecology 1999;42(1):97–106.

Sheffield 2002

Sheffield JS, Sanchez PJ, Morris G, Maberry M, Zeray F, McIntire

DD, et al. Congenital syphilis after maternal treatment for syphilis

during pregnancy. American Journal of Obstetrics and Gynecology

2002;186(3):569–73.

Smith 1956

Smith CA, Kamp M, Olansky S, Price EV. Benzathine penicillin G

in the treatment of syphilis. Bulletin of the World Health Organization

1956;15:1087–96.

South 1964

South MA, Short DH, Knox JM. Failure of erythromycin estolate

therapy in in utero syphilis. JAMA 1964;190(1):70–1.

Sparling 1971

Sparling PF. Diagnosis and treatment of syphilis. New England Jour-

nal of Medicine 1971;284(12):642–53.

St Louis 1996

St Louis ME, Farley TA, Aral SO. Untangling the persistence of

syphilis in the south. Sexually Transmitted Diseases 1996;23:4.

Stokes 1950

Stokes JH, Beerman H, Ingraham NR. The present status of peni-

cillin in the treatment of syphilis in pregnancy and infantile congen-

ital syphilis. American Journal of Medical Science 1950;219:433–42.

Stray-Pedersen 1983

Stray-Pedersen B. Economic evaluation of maternal screening to pre-

vent congenital syphilis. Sexually Transmitted Diseases 1983;10(4):

167–72.

Sweeney 1994

Sweeney J, Forster G, Goh BT. Antenatal screening for syphilis should

continue. BMJ 1994;309:194.

Thomas 1949

Thomas EW. Rapid treatment of syphilis with penicillin. II Penicillin

in prenatal and infantile syphilis. Bulletin of the World Health Orga-

nization 1949;2:249–55.

Thompson 1976a

Thompson SE, Wiesner PJ, Sanford JP. Why review syphilis therapy

now?. Journal of the American Venereal Disease Association 1976;3(3):

98.

Thompson 1976b

Thompson SE. Treatment of syphilis in pregnancy. Journal of the

American Venereal Disease Association 1976;3(2):159–67.

Tikonova 2003

Tikhonova L, Salakhov E, Southwick K, Shakarishvili A, Ryan C,

Hillis S. Congenital syphilis in the Russian Federation: magni-

tude, determinants, and consequences. Sexually Transmitted Infections

2003;79:106–10.

Tourneux 2001

Tourneux P, Boussemart T, Lackmy-Port-Lis M, Azi M, Dufillot D.

Congenital syphilis still exists. Presse Médicale 2001;30(34):1683–5.

Tramont 1990

Tramont EC. Treponema pallidum (syphilis). In: MandellGL, Dou-

glasRG, BennettJE editor(s). Principles and practice of infectious dis-

eases. 3rd Edition. New York: Wiley Medical Publications, 1990.

Tsui 1997

Tsui AO, Wasserheit JN, Haaga JG, editor(s). Reproductive health in

developing countries. Expanding dimensions, building solutions. Wash-

ington DC: National Academy Press, 1997.

15Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Van Eijk 1987

Van Eijk RVW, Wolters EC, Tutuarima JA, Hische EAH, Bos JD,

van Trotsenburg L, et al. Effect of early and late syphilis on central

nervous system: cerebrospinal fluid changes and neurological deficit.

Genitourinary Medicine 1987;63:77–82.

Walker 2002

Walker DG, Walker GJA. Forgotten but not gone: the continuing

scourge of congenital syphilis. Lancet Infectious Diseases 2002;2:432–

6.

Welch 1998

Welch J. Antenatal screeing for syphilis. Still important in preventing

disease. BMJ 1998;317:1605–6.

Wendel 1985

Wendel GD, Stark BJ, Jamison RB, Molina RD, Sullivan TJ. Peni-

cillin allergy and desensitization in serious infections during preg-

nancy. New England Journal of Medicine 1985;312(19):1229–32.

Wendel 2002

Wendel GD, Sheffield JS, Hollier LM, Hill JB, Ramsey S, Sanchez

PJ. Treatment of syphilis in pregnancy and prevention of congenital

syphilis. Clinical Infectious Diseases 2002;35(Suppl 2):S200–S209.

WHO 2001

World Health Organization. Global prevalence and incidence of selected

curable sexually transmitted infections overview and estimates. WHO/

HIV_AIDS/2001.02 and WHO/CDS/CSR/EDC/2001.10. Geneva:

WHO, 2001.

WHO 2003

World Health Organization. Guidelines for the management of sexually

transmitted infections. Geneva: WHO, 2003.

WHO Euro 2003

World Health Organization Europe. Review of current evidence and

comparison of guidelines for effective syphilis treatment in Europe.

Copenhagen: WHO Euro, 2003.

Wilkinson 1998

Wilkinson D, Sach M. Improved treatment of syphilis among preg-

nant women through on-site testing: an intervention study in rural

South Africa. Transactions of the Royal Society of Tropical Medicine and

Hygiene 1998;92(3):348.

Willcox 1962

Willcox RR. Treatment of early venereal syphilis with antibiotics.

British Journal of Venereal Diseases 1962;38:109–25.

Willcox 1981

Willcox RR. Treatment of syphilis. Bulletin of the World Health Or-

ganization 1981;59(5):655–63.

Williams 1985

Williams K. Screening for syphilis in pregnancy: an assessment of the

costs and benefits. Community Medicine 1985;7:37–42.

Woltz 1946

Woltz JHE, Wiley MM. The transmission of penicillin to the previ-

able fetus. JAMA 1946;131(12):969–70.

Zenker 1990

Zenker PN, Rolfs RT. Treatment of syphilis, 1989. Reviews of Infec-

tious Diseases 1990;12 Suppl 6:S590–S609.

Ziaya 1986

Ziaya PR, Hankins GD, Gilstrap LC 3rd, Halsey AB. Intravenous

penicillin desensitization and treatment during pregnancy. JAMA

1986;256(18):2561–2.

T A B L E S

Characteristics of excluded studies

Study Reason for exclusion

Akorbian 1969 A non randomised trial carried out in the 1960s in Tashkent, USSR and including 272 patients (168 men and 104

women with no mention whether pregnant or not) with primary, secondary or tertiary syphils and comparing

three types of penicillin (bicillin 3, 4 and 6).

Alexander 1999 A non randomised trial to evaluate prospectively the 1988 Centers for Disease Control and Prevention (CDC)

recommended regimens for the treatment of antepartum syphilis and prevention of congenital syphilis. This

was a prospective evaluation of recommended syphilis treatment regimens carried out from September 1, 1987,

to August 31, 1989, at Parkland Memorial Hospital, Dallas, Texas, U.S.A. Women with syphilis were staged

and treated according to CDC recommendations. Treatment included 2.4 million units of intramuscular (i.m.)

benzathine penicillin G for primary, secondary, or early latent (less than 1 year) syphilis. Women with late

latent (uncertain or longer than 1 year) syphilis were treated with 7.2 million units of benzathine penicillin G

i.m. over 3 weeks. During the study period, 448 of 28,552 women (1.6%) who delivered were diagnosed with

syphilis. One hundred and eight were diagnosed at delivery and treated postpartum. The remaining 340 (75.9%)

gravidas with untreated syphilis attending the prenatal clinic comprised the study group. The success of therapy

in preventing congenital syphilis was as follows: primary syphilis, 27 of 27; secondary syphilis, 71 of 75; early

latent syphilis, 100 of 102; and late latent syphilis, 136 of 136. The success rate for all stages of syphilis was 334

16Antibiotics for syphilis diagnosed during pregnancy (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



of 340 (98.2%). The success rate of therapy in secondary syphilis was significantly different from that of the

other groups (P = .03). Two of the six fetal treatment failures produced preterm stillborns. Only one maternal

treatment failure occurred, in a human immunodeficiency virus-infected woman. The authors conclude that the

CDC-recommended regimens for the prevention of congenital syphilis and treatment of maternal infection are

effective, but the highest risk of fetal treatment failure exists with maternal secondary syphilis.

Aron 1947 A case series of 36 pregnant women all of whom presented with lesions of early syphilis infection to the Chicago

Intensive Treatment Center, U.S.A. during 1945 and early 1946. Syphilis was confirmed by dark field examination

in 35 of the cases. The remaining patient had “...lesions indubitably characteristic of secondary syphilis but

unsuitable for dark field examination”. All women received 2,400,000 units of penicillin over a period of 15

days. The results of the treatment of these 36 women are presented. “In a group of 35 infants that were delivered

of women who were treated with penicillin for early infectious syphilis during pregnancy, congenital syphilis

did not develop in any infant. One infant was stillborn, possibly because of syphilitic infection (2.8 per cent

failures).”

Bundesen 1950 Comparison of two penicillin treatment regimens for pregnant women with “dark field-positive primary, sec-

ondary or relapsing syphilis”. From February 1945 to August 1946 women attending the Chicago Intensive

Treatment Center of the Venereal Disease Control Program, U.S.A. were treated with schedule A (2,400,000

units of aqueous penicillin over a period of 15 days with a total of 160,000 units in 24 hours) and from July

1946 to November 1947 schedule B was used (4,800,000 units of aqueous penicillin over a period of seven and a

half days with a total of 640,000 units during 24 hours). 130 women were treated while they were pregnant, 75

with schedule A and 55 with schedule B. Information was available on all but one of the pregnancy outcomes i.e.

129, 74/75 for schedule A and 55/55 for schedule B. For those receiving schedule A, the outcomes were slightly

worse i.e. 1 case of congenital syphilis and three stillbirths probably or possibly related to syphilis than for those

treated with schedule B, no cases of congenital syphilis and one stillborn with “a possibility that syphilis played

some role in the unfavourable outcome of this pregnancy”.

Cole 1946 A case series of 730 patients attending the University and City Hospitals in Cleveland, U.S.A. from October 1943

until late 1945 with early syphilis and treated with penicillin is presented. Of these patients 47 were pregnant

women. Various dosages of penicillin were given ranging from 60,000 units to 2,000,000 units. Full figures are

not given for outcomes in relation to dose of penicillin, however, the following statements are made: “the general

experience with 60,000 units in acute syphilis is that sooner or later there will be a relapse”; “even with 300,000

units (used in three cases) there was a relapse in the form of early congenital syphilis”; “nine patients were treated

with 1,200,000 units, and there are no relapses so far”; “eight patients were treated with 1,600,000 units, and

1 relapse”; “seventeen patients have been treated with a dosage of 2,400,000 units and 2 cases of stillbirth but

unfortunately no examination of the fetuses were made”; “certainly the patient should receive at least 2,400,000

units and perhaps even more”.

Cole 1949 Pooled results of three large studies carried out before 1947 in Cleveland, Chicago and New York City in the

USA in which pregnant women with serologically confirmed syphilis and not previously treated were treated

with penicillin. A case series with no controls. The paper is based on 414 ’outcomes’ of pregnancies in terms

of live births, abortions, miscarriages and stillbirths, but the number of pregnant women is not stated. The

summary states that “... previously untreated patients (were) given amounts of penicillin varying from 200,000

to 10,000,000 units”. “A status based on clinical and serologic evidence was established at 90 days or later in 311

of the outcomes. It was found that 11 of those 3.5 percent were diagnosed as syphilitic.” “Of the 216 known

outcomes of patients treated for primary and secondary infection, 4.2 percent were found to be syphilitic, while

congenital syphilis was diagnosed in 2.1 percent of the outcomes of patients treated for early latent syphilis.”

“Best results were obtained from treatment schedules employing at least 2,400,000 units of penicillin.” Statistical

tests are not presented in support of this.

Cole 1950 Pooled results of three large studies carried out before 1947 in Cleveland, Chicago and New York City in the

USA in which women with serologically confirmed syphilis had been treated with penicillin before they became

pregnant and the subsequent outcome of their pregnancies are given. A case series with no controls. The paper

is based on 311 ’outcomes’ of pregnancies in terms of live births, abortions, miscarriages and stillbirths, but the

number of pregnant women is not stated. Treatments varying from 600,000 to 9,600,000 units of penicillin

were given and 58 patients also received 320 to 360 mg of arsenoxide. However, the outcome status could
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only be definitely established for 229 ’outcomes’, and among this group the authors state that “one congenital

syphilis, representing a treatment-failure incidence of 0.4 percent of the 229 ’outcomes’ in which the status was

established, indicates that no great likelihood of danger exists for a child born of a mother who has had satisfactory

treatment for syphilis before she became pregnant, provided the woman has not relapsed during pregnancy.”

Cross 1949 A case series of 39 pregnant women treated from July 1946 until probably the end of 1947 in Georgia, U.S.A.

and followed for at least four months after delivery. Each woman had early syphilis and was treated with a total

dose of 4.8 million units of crystalline penicillin G in doses of 80,000 units every three hours i.e. 60 injections in

seven and a half days. In more than a third of the patients treatment was started after the 32nd week of pregnancy.

“Six patients went into premature labour during penicillin therapy and two of their children were born with

congenital syphilis. One patient developed a serologic relapse prior to parturition and delivered a syphilitic child.

Five (12.8 per cent) of the 39 mothers have shown evidence of a relapse of their syphilitic infection. The results

obtained in this series of patients with early infectious syphilis treated in the late stage of pregnancy indicate that

crystalline penicillin G is an effective therapeutic agent in prenatal syphilis.”

Donders 1997 The outcome of pregnancy was assessed in a case series of 212 HIV seronegative women diagnosed with active

syphilis attending for antenatal care at Kalafong Hospital, Pretoria, South Africa between January 1988 and

December 1990 and who received either no treatment with penicillin or one to three weekly injections of 2.4

million units of benzathine penicillin G (BPG). Outcome information from 180 women was included in the

study. Twenty two women did not deliver at Kalafong Hospital and could not be traced. Two women with twin

pregnancies, one with a premature neonatal death due to a placental abruption and seven with severe preeclampsia

were excluded from the study. Fifty five women received no prenatal treatment with penicillin; 19 received one

injection of 2.4 million units of BPG; 24 received two injections of BPG; and 82 received three such injections.

The authors conclude that the “... women receiving two or three weekly intra-gluteal injections of benzathine

penicillin G had a favourable pregnancy outcome. However, after only one injection, lower birth weight, increased

immaturity, prematurity, and total preterm birth rate resulted. Total pregnancy loss and perinatal mortality were

also increased.

Goodwin 1946 A case series of 31 pregnant women from Baltimore, U.S.A. recruited prior to September 1945, all of whom

had early infectious (primary or secondary) syphilis at the time of treatment. These women from Baltimore are

compared with the Philadelphia series (26 mothers) of Ingraham (1946). Both series were similar with regard to:

type of infection, primary 7/57, secondary 50/57; single course of penicillin 52/57 and multiple courses 5/57;

duration of treatment 4 to 15 days; duration of pregnancy 14/57 < 16 weeks, 31/57 16-32 weeks, 12/57 > 32

weeks. Most (48/57) received 1.2 to 2.4 million units of penicillin. Of the 57 women three had two pregnancies

during the period covered by the article and thus there were 60 infants born and only in one was a diagnosis of

congenital syphilis made. A comparison is also made with an historical case series carried out in the 1930s of

pregnant women with syphilis treated with metal chemotherapy (’standard’ arsenic-bismuth-mercury) in terms

of arsphenamine. Depending on the stage of pregnancy this was administered by weekly, or three times weekly

or by intravenous drip or multiple syringe injection over five to 10 days. The cure figures are given for different

doses of arsphenamine. These range for early syphilis (71 cases) from: no treatment 5% normal infant and 95%

almost certainly syphilitic, to for 3+ gm arsphenamine 95% almost certainly normal and 5% almost certainly

syphilitic; and for late (usually latent) syphilis (579) cases from: no treatment 35% almost certainly normal and

65% almost certainly syphilitic, to 3+ gm arsphenamine 98% almost certainly normal and 2% almost certainly

syphilitic. The article recommends that ”... in syphilitic pregnant women penicillin be used routinely for the

prevention of prenatal syphilis, other methods of treatment being abandoned.“ ”The total dose of penicillin

should not be less than 2.4 million units administered intramuscularly and over not less than seven and a half

days.“

Haagsma 1956 A case series of 928 syphilitic women with 978 pregnancies of whom information was obtained on 746 from

734 pregnancies in 696 women from 1947 until about 1955 in Amsterdam. Women were treated with penicillin

or neo-arsphenamine with bismuth. The authors conclude that ”treatment during pregnancy only with at least

4,800,000 U of penicillin, if not started too late, may in all probability prevent syphilis of the child or cure it

before birth“.

Ingraham 1946 Sequential case series of pregnant women receiving aqueous sodium penicillin (92) from the fall of 1943 and

amorphous calcium penicillin in peanut oil-beeswax (46) from early 1946 up to mid 1947 in Pennsylvania,

U.S.A. Those receiving aqueous penicillin had either 1.2 or 2.4 million units split over 3- to 4-hour intervals
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for 8 to 10 days. The women receiving amorphous calcium penicillin in peanut oil-beeswax had a total dosage

of 4.8 million units over a period of nine days. The authors note that the ”over-all results are approximately

equivalent (for both treatments) .... with a failure rate of 4.9 percent (in terms of living syphilitic infants being

born)“. Although numbers are presented by stage of disease, gestational age when treatment begun, serologic

response and perinatal outcome, it is not possible to derive comparable outcomes for the two series. The authors

suggest that a minimum total dose of 2.4 million units of aqueous sodium penicillin is recommended to achieve

cure of both mother and baby.

Ingraham 1947 A case series of the treatment of 49 pregnant women with syphilis in Pennsylvania, U.S.A. from 1943 up to

1946. Women ranged in age from 15 to 36 years; two had primary syphilis, 24 secondary, 19 early latent syphilis

and three late latent syphilis; 46 had received no previous treatment for syphilis; 10 patients received 1.2 million

Oxford units of sodium penicillin, 30 received 2.4 units and for 9 the dosages were individualised. The authors

note that ”at the time of compilation of these data“ 39 of the 49 women in the study had reached ”termination

of their pregnancy“ and ”one woman has completed two pregnancies during the course of this study“. ”Only

one living syphilitic child was born“ and ”this success which approaches 97 per cent ... indicates a result at least

equal to that obtained by the arsenical-bismuth regimen now generally employed in the prevention of congenital

syphilis.“

Ingraham 1951 An article which summarises a case series concerned with the outcome of pregnancy of 1959 women with syphilis

from the University of Pennsylvania, (484 women) and Philadelphia General Hospital (1475 women) U.S.A.

and of which 1063 received penicillin. ”All cases are included ... in which the surviving infant was followed for

at least sixty days and in whom at the time of the last medical observation there seemed no reasonable doubt

as to the presence or absence of syphilis.“ In addition ”for adequate clinical statistical analysis of the value of

penicillin in the prevention of congenital syphilis, it was felt that three types of control groups were necessary.

In the first place, since normal, or non-syphilitic, pregnancy does not invariably result in the birth of a full term

living infant it was felt that data on the results from a comparable group of pregnancies from which syphilis

had been excluded, in so far as possible, were a requisite. This information was obtained through inclusion in

the study of such a control group giving outcome of pregnancy in 10,323 mothers at the Philadelphia General

Hospital for the years 1945 to 1949 inclusive, in whom syphilis was ruled out .... Secondly, it seemed necessary

to obtain information concerning the effect of untreated syphilis on the outcome of pregnancy in comparable

material over a period concurrent with the study ... In the ten years 1940 to 1949 inclusive it was possible to

derive information at the Philadelphia General Hospital on the outcome of 302 untreated syphilitic pregnancies,

220 with early syphilis and 82 cases with late syphilis at the time of delivery ... In controlling the results of

penicillin therapy in this field it also seemed highly desirable to have information in a comparable series of cases

concerning the outcome of pregnancy when arsenic and bismuth, which it is proposed be replaced by penicillin,

is employed. Such a group ... with early syphilis was found at Philadelphia General Hospital for the interval

January 1940 to August 1946 inclusive ... This group of cases numbers 594.“ The authors conclude that: ”the

probability of pregnancy, uncomplicated by syphilis, resulting in a normal full term living infant is about 86

percent .... Untreated early syphilis ... resulted in a dead or diseased infant in about 82 percent of cases ....

(and in) untreated women with late syphilis the likelihood of a normal full term infant was three in four (75

percent) and of a living full term syphilitic infant only 2.4 percent, though the stillbirth rate at 12.2 percent

continued to remain higher than that of the normal control group ... Effective dosage of penicillin given to 663

women with early syphilis during pregnancy resulted in 92.5 percent normal full term living infants and only

1.5 percent living syphilitic infants. The most practical tested course for average use would consist in 600,000

Oxford units procaine penicillin G in oil with 2% aluminium monostearate once daily for 10 days ... An analysis

of 267 pregnant women treated for early syphilis with more than 10 weeks arsenicals, with or without bismuth,

in the period immediately preceding the introduction of penicillin yielded results not statistically different from

the penicillin treated group. Nonetheless, ease of administration and short duration of therapy, lack of toxicity

and the ability to cure in utero the already infected fetus, makes penicillin alone the preferred treatment in the

prevention of congenital syphilis“.

Jackson 1962 A case series of pregnant women with a positive serologic test for syphilis and who had early or latent infection

and were treated with benzathine penicillin G (BPG) at the Jefferson Davis Hospital and the Social Hygiene

Clinic, Houston, Texas, U.S.A. from December 1957 to August 1960. One hundred and thirty women were

studied; 90 had received 2.4 million units BPG (group 1) and 40 either 4.8 or 7.2 million units BPG (group
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2). In addition ”...20 pregnant women with evidence of syphilis who came to delivery without having had any

antisyphilitic therapy“ were included in the study (group 3). The outcome of these groups was: group 1: 77

infants with nonreactive serology at 3 to 8 months age, 1 with congenital syphilis (mother treated 6 days prior

to delivery for secondary syphilis), 11 lost to follow-up, 1 complete abortion of nonsyphilitic fetus; group 2: 29

infants with nonreactive serology at 3 to 8 months age, 0 with congenital syphilis, 9 lost to follow-up, 2 infant

deaths neither showed evidence of syphilis; group 3: 11 infants with nonreactive serology at 3 to 8 months age, 8

with congenital syphilis, 1 lost to follow-up, 0 deaths. The authors conclude that ”a dosage of 2.4 mU of aqueous

BPG given at the time of diagnosis can be recommended as an adequate form of treatment for early and latent

syphilis in pregnancy. Following any therapeutic regimen, serologic and clinical evaluation of the baby should

be carried out at the age of 3 to 6 months.“

Kampmeier 1981 a This paper is a long term follow-up (carried out between October 1977 and June 1980 i.e. at least 27 years since

initial treatment) of 251 patients with acute syphilis who were treated in the U.S. Collaborative Penicillin Study

of 1943 to 1950. Seventeen women were pregnant when admitted to the penicillin study and of these contact

was made with 16 women. It is not explicitly stated but it appears that all were ’healthy’ and there were no cases

of late syphilis found.

Lentz 1944 A case series of fourteen pregnant women with early syphilis and treated with penicillin (six with 1,200,000

million units and one with 2,400,000) recruited from 19 November 1943 and followed until 29 June 1944 by

which time seven had delivered. None of the infants born to these women had congenital syphilis although three

had positive cord and neonatal blood positive serology. All became negative within a month of birth.

Mashkilleison 1994 A non randomised comparison carried out in Russia in the early 1990s of the treatment of 100 patients (men 65

and women 35 with no mention of whether pregnant or not) with ’early manifestations of syphilis’ with either

azithromycin, erythromycin or benzyl penicillin.

Moore 1944 A case series of 1,418 patients with early syphilis (of whom 58 were pregnant at the time of treatment) from

September 1943 up to May 1944 as part of the U.S. multicentre study under the auspices of the Committee on

Medical Research of the Office of Scientific Research and Development and directed by the Subcommittee on

Venereal Diseases of the National Research Council and treated with penicillin. The authors note that due to the

limited time period covered by the study ”it is too early to speak of any results as to the outcome in the child“.

Nelson 1956 A case series of children born late in 1950 or in 1951 living in Baltimore, U.S.A. and whose mothers were

known to have had syphilis. The authors divide the children into three groups: group 1 - children of untreated

mothers and of these they were able to establish the status of 199 out of 247 children and report that 13.4% had

congenital syphilis; group 2 - children of inadequately treated mothers and of these they were able establish the

status of 142 out of 174 children and report that 5.8% had congenital syphilis; group 3: children of adequately

treated mothers and of these they were able establish the status of 654 out of 799 children and report that

”no congenital infections were discovered among these 654 children“. Of the 973 children whose mothers were

treated for syphilis 489 received only penicillin (either 1,200,000 or 2,400,000 units of soluble penicillin or

4,800,000 units of procaine penicillin specific numbers are not given) and a further 171 also received ”... a few

doses of an arsenical and bismuth“; 313 received only a heavy metal and an arsenical and of these 174 received

less than a complete course. A complete course is taken as varying between an intensive course of 30 injections

of an arsenical (usually oxophenarsine [Marphasen] hydrochloride) and 10 injections of bismuth subsalicylate in

10 weeks to alternating courses of 8 weekly injections of an arsenical (usually neoarsphenamine) and 8 weekly

injections of bismuth subsalicylate, to a total of 64 injections.

Olansky 1947 A case series of different antisyphilitic therapy schedules covering a total of 147 pregnant syphilitic women

seen before 1946 at the Rapid Treatment Center, Washington D.C., U.S.A. Schedule 1a: arsenotherapy and

bismuth, ”five-day intravenous arsenotherapy plus bismuth subsalicylate in oil“ given over eight weeks; schedule

1b: intravenous arsenotherapy plus bismuth subsalicylate in oil given over an eight day period; schedule 2:

penicillin sodium, 40,000 units every three hours intramuscularly for 60 injections; schedule 3: combinations

of penicillin, arsenic and bismuth. Results: schedule 1 a and b; the outcome was known in 65 of the 74 patients

and of these there were 59 live births (6 premature), 4 stillbirths and 3 abortions, with no congenital syphilitics;

schedule 2; the outcome was known in 21 of the 24 patients and of these there were 19 live births, 1 stillbirth

and 1 abortion, with no congenital syphilitics; schedule 3: the outcome was known in 46 of the 49 patients and

of these there were 44 live births, 1 stillbirth and 1 abortion, with 1 case of congenital syphilitis.
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Phaosavasdi 1989 A case series of pregnant women seen at Chulalongkorn Hospital, Bangkok, Thailand from August 1984 to May

1985 and diagnosed to have syphilis and who were treated to assess the appropriateness of the U.S. Centers for

Disease Control ”1985“ STD treatment guidelines. One hundred and ninety seven were identified who had ”...

a positive serological test for syphilis (and were) given benzathine penicillin G 2.4 million units intramuscularly,

once weekly for 3 successive weeks“. 184 women were treated with the above regimen of penicillin and 6 with

erythromycin stearate orally 500 mgs four times a day for 30 days as they were allergic to penicillin. Of the

176 women who delivered at the study hospital,157 delivered a normal infant at term, 11 delivered premature

infants, there were 2 stillbirths and 6 abortions. ”Five neonates had a positive FTA-ABS IgM and might have

had congenital syphilis. The authors conclude that “the intramuscular injection of benzathine penicillin G 2.4

million units weekly for 3 consecutive weeks to syphilitic pregnant women was again confirmed to be clinically

effective for prevention of their neonates from congenital syphilis and well accepted as treatment for syphilis in

pregnancy.”

Robinson 1951 A non randomised comparison involving 71 primiparous pregnant women with syphilis (seven secondary, 56

early latent and eight late latent syphilis) of different treatment regimens at the University of Maryland, U.S.A.

in the late 1940s. The treatment schedules were: (1) 300,000 units procaine penicillin in oil daily for 15 days

(all treatments on an outpatient basis); (2) 300,000 units penicillin in oil and wax daily for 15 days (all patients

hospitalised for duration of treatment); (3) 300,000 units penicillin in oil and wax with 0.6 gm of carinamide with

each dose daily for 15 days (all patients hospitalised for duration of treatment); (4) 100,000 units of penicillin in

buffered tablets three times daily for 15 days (all patients hospitalised); (5) 100,000 units of penicillin in buffered

tablets three times daily with 2.0 gm carinamide with each dose for 15 days (all patients hospitalised). In group

1 there were 42 patients all except one completed the course (the one who did not was at term and only received

one injection and delivered a stillborn infant), of the others, one who completed the treatment at the seventh

month and delivered a baby with congenital syphilis all the other 40 delivered healthy babies. Twenty pregnant

women were treated with penicillin in oil and wax (groups 2 and 3) and of these it was considered in terms of

the titers in their serologic tests 10 benefited and 10 did not (of these one miscarried, one had a stillbirth and

one had congenital syphilis). Nine women were treated with oral penicillin (groups 4 and 5) and of these three

babies had congenital syphilis. Separate numbers are not given for these treated with the addition of carinamide.

Shafer 1954 A case series of 196 patients with early infectious syphilis which included 10 pregnant women from clinics in

Chicago, Illinois, New Orleans, Louisiana and Durham, North Carolina, U.S.A. in 1951/52 treated with a single

injection of 2,500,000 units of benzathine penicillin G. The authors comment that “although the number of

cases is small, results indicate that N,N’-dibenzylethylenediamine dipenicillin G is effective in the treatment

of syphilis in pregnancy. Ten women treated before or during pregnancy have now delivered. One pregnancy

resulted in a non-syphilitic stillbirth at 71/2 months. The other nine pregnancies resulted in normal deliveries

and the babies were serologically negative for syphilis from six weeks to seven months after birth. One woman

was re-treated for sero-relapse four months after delivery, but the baby remained negative through six months of

observation”.

Speiser 1947 A case series of 259 patients attending the Rapid Treatment Center and other departments at Bellevue Hospital

and the New York College of Medicine, U.S.A. around 1945 with early infectious syphilis (233) or latent syphilis

(26) and treated with penicillin and followed up for two years. The patients were divided into three groups:

group 1, 149 patients treated during pregnancy (123 early infectious syphilis and 26 latent syphilis); group 2, 84

patients treated prior to pregnancy (all early infectious syphilis); and group 3, 26 patients who were re-treated for

relapse or reinfection following their initial treatment (23 relapsed or were reinfected during pregnancy and three

relapsed prior to pregnancy). Various treatment schedules were used ranging from 600,000 units of penicillin to

4,000,000 units and in some cases arsenoxide was added. The results reported were: group 1: 114 non-syphilitic

babies, 16 probably non-syphilitic babies but follow-up less than 16 weeks, 10 abortions or premature deliveries

but syphilis was excluded as a cause in all of them; group 2: from 86 pregnancies in 84 women, 73 non-syphilitic

babies, “4 mishaps that were not attributable to syphilis” and one congenital syphilis; group 3: three relapses

after arsenoxide and fever therapy, at least six were re-infections and the re-treatment schedules were varied,

the outcomes, 20 non-syphilitic babies, three probably non-syphilitic babies and two late abortions and one

stillbirth, possibly due to syphilis. Among the conclusions of the authors were that “non-syphilitic babies may

be obtained regardless of the period of gestation in which penicillin therapy is started”.
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Tucker 1949a A case series from Baltimore, U.S.A. of 111 pregnancies among 88 women who had been treated between 1944

and March 1948 with penicillin for syphilis (72 primary and/or secondary syphilis and 16 either early latent or

early asymptomatic neurosyphilis) before becoming pregnant. The 111 pregnancies resulted in 101 live births

(of which three were premature infants and three neonatal deaths), three stillbirths and seven abortions. It was

considered that these 10 “disasters (were) probably not due to syphilis”. One baby with congenital syphilis was

born. “ With one exception, all received aqueous penicillin intramuscularly for 7.5 to 15 days and the majority

received 3.0 million units or more”.

Tucker 1949b A case series of 149 pregnant women with early syphilis in Baltimore, U.S.A. between October 1943 and March

1948 were treated with either amorphous or crystalline penicillin in doses varying from 0.6 to 1.0 million units (1

patient) to more than 5 million units (5 patients) with most receiving 4.0 to 5.0 million units (91 patients). “Six

women (4%) required retreatment with penicillin for relapse or reinfection, seroresistance, or serorelapse. Nearly

three quarters were treated after the 4th month of gestation.” Two abortions occurred but were not considered

to be related to syphilis. No cases of congenital syphilis were identified up to four months after birth.

Wammock 1950 Two case series are presented, A of 281 pregnant women “in all stages of syphilis” treated in Philadelphia, U.S.A.

from September 1946 until April 1948 with 2.4 million Oxford units of aqueous penicillin (crystalline G) given

intramuscularly in 60 individual doses of 40,000 units each every three hours (71/2 days) and B “... 73 pregnancies

in women who were treated for syphilis with penicillin prior to conception.” The authors state “to evaluate even

more thoroughly the results of penicillin therapy we have exercised three types of clinical control not generally

employed in previous studies.” These were group 1: the outcome of all non-syphilitic pregnancies occurring in

the obstetrical service; group 2: outcome of pregnancy among syphilitic women who delivered during the period

of the study without receiving any anti-syphilitic therapy; group 3: “... outcome of 390 pregnancies (401 infants)

in which the syphilitic mother had been treated with varying amounts of arsenical and bismuth in the years

just prior to the advent of penicillin treatment.” The results were as follows: for group 1 (5,596 nonsyphilitic

deliveries) 87.6% normal living infants, 170 neonatal deaths, 160 premature infants and 320 miscarriages; group

2, (75 untreated syphilitics, 90.4% with either latent or late syphilis), 29 normal live births, 21 congenital

syphilitics, four neonatal deaths, 12 stillbirths, four premature infants and five miscarriages; group 3: 22 mothers

with congenital syphilis were excluded from further analyses, 194 pregnant women with early syphilis who gave

birth to 198 infants of whom 171 were normal, 13 had congenital syphilis, 3 neonatal deaths, 7 stillbirths and 4

premature infants; 174 pregnant women with latent syphilis who gave birth to 180 infants, 160 normal, none

with congenital syphilis, 4 neonatal deaths, 10 stillbirths. Of the group of 281 syphilitic women treated with

penicillin during pregnancy, 18 had early syphilis, 161 early latent syphilis and 88 late syphilis and 14 had

congenital syphilis and were excluded from further analysis. Of the 179 with early or early latent syphilis: 171

delivered normal infants, 3 syphilitic living infants, 2 neonatal deaths, 2 stillbirths 2 premature infants and 1

miscarriage. The 88 pregnant mothers with late syphilis delivered 90 infants, 88 normal, none with congenital

syphilis and 2 neonatal deaths. 71 women (with 73 infants) were treated with penicillin prior to being pregnant

for syphilis and gave birth to 68 normal infants, one with congenital syphilis, 2 neonatal deaths, 1 stillbirth and

1 miscarriage. The authors conclude their article by stating that “in this study aqueous penicillin (crystalline G)

was employed in total dosage of 2.4 million oxford units over a period of 71/2 days in 60 injections of 40,000

units each. Because of its ease of administration and effectiveness it should replace completely arsenical and

bismuth treatment.”

Zhou 2005 A case series of 11 HIV negative pregnant women with early syphilis and allergic to penicillin who attended the

STD Institute, Shanghai, China between May 1997 and May 2001 were treated successfully with ceftriaxone.
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