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Abstract
Background: We aimed to find the relationship among syphilis Rapid Plasma Reagin (RPR) titer of
syphilis infected pregnant women, RPR positive rate of the newborn, the adverse pregnancy outcomes
and therapies.
Method: A total of 600 syphilis infected pregnant women and their infants were participated in our study.
Syphilis RPR Test and Treponema pallidum particle agglutination (TPPA) test screening were performed
on mothers and these infants. Mothers were divided into six groups depending on different treatments.
Results: The higher the RPR titer of the pregnant mother was, the higher the RPR titer of their newborns
after birth. The number of newborns in double negatives (RPR negative and TPPA negative), TPPA
positive (RPR negative), RPR < 8 and RPR ≥ 8 groups (P < 0.01) has significantly difference. The infants
with TPPA positive and RPR < 1:8 have more possibility to turn double negative than those RPR ≥ 8
infants after 12 months. Among all the adverse events, the number of premature births was significantly
higher than others (P < 0.01). The proportion of adverse events achieved highest in RPR ≥ 1:8 group
(11.24%), compared with the TPPA positive group (8.41%) and RPR < 1:8 group (2.56%). Therapy efficacy
of mothers was better in RPR ≥ 1:8 group than RPR < 8 and TPPA positive groups (P < 0.01).
Conclusions: RPR titers of 1:8 could be used as a point of therapeutic induction, which need to be
emphasized.

Background
Syphilis, which is transmitted sexually or from mother to child in utero, is caused by infection with the
spirochete Treponema pallidum [1]. In recent years, the incidence of syphilis had gradually increased with
the widespread of sexually transmitted diseases, which leading to an increasing number of pregnancy
combined with syphilis [2–5]. Treponema pallidum particle agglutination (TPPA) test and serum Rapid
Plasma Reagin (RPR) test have been used as normal methods to detect syphilis in many countries [6–9].
Untreated or inadequately treated syphilis in pregnancy could result in some adverse pregnancy outcome,
including stillbirth, premature birth, early fetal loss, neonatal death, low birth weight and congenital
syphilis [10]. Not only that, there were many other studies had put focus on the pregnancy outcomes [11,
12]. In a former study of Deborah et al [13] in Tanzania, they revealed that pregnancy women with RPR ≥
1: 8 had a high risk of stillbirth, low-birth-weight and preterm live birth than uninfected women. Zhang et
al [14] revealed that the adverse pregnancy outcomes, including congenital syphilis, neonatal deaths, and
neonatal asphyxia decreased from 2013 to 2015 in Beijing, China. Some studies have revealed the
importance of routine screening for the discovery and treatment of syphilis infected pregnancy women
[15]. However, there were still not enough researches had put focus on the relationship among RPR titer of
syphilis infected pregnant women with RPR positive rate of the newborn and the adverse pregnancy
outcomes.
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Benzathine penicillin G has been recommended as the main treatment for syphilis recent years [16], with
zero penicillin-resistance case had been reported in maternal syphilis until now [17–19]. In China, the
usual effective recommendation is two courses of penicillin treatment [1], but one course of treatment
before gestational week of 28 [20]. However, the penicillin could not been used in all individuals at the
conditions of allergic reaction, HIV co-infection and neurosyphilis [21]. Ceftriaxone is recommended as a
promising alternative treatment of syphilis for its well tolerance, good central nervous system penetration
and effectiveness for neurosyphilis [22].
Nanjing Second Hospital is a Grade III Class A Infectious Disease Specialist Hospital attracting most of
the syphilis patients in Nanjing, Jiangsu, China. Based on the detected data (n = 600, 2013–2018) from
the patients, we conducted a retrospective study with the following objectives: (1) to find the RPR titer
changes between mothers and their children; (2) to analysis the relationship between RPR titer of mothers
and adverse outcome events; (3) to assess the relationship between RPR titer of mothers and the
treatment efficacy; and finally (4) we want to provide an important suggestion on RPR titer threshold for
treatment and birth.

Methods
Recruitment of study subjects
A total of 600 pregnant women (Table 1) with syphilis infection who were treated in Nanjing Second
Hospital (infection disease specialist hospital) were detected in January 2013 to December 2018. The
age of them mainly distributed between 26 and 35, with an average age of 31.28 (30.79~31.76) years
old. A total of 608 newborns (including adverse outcome and 8 twins) were analyzed, with some
newborns were followed up for 12 months.
The diagnostic criteria for the syphilis infected pregnant women in this study were: (1) pregnant women
or spouses have a history of syphilis infection; (2) the TPPA test and serum RPR test were both positive;
(3) have clinical signs and symptoms of the syphilis. The diagnostic criteria for neonatal congenital
syphilis are as follows: (1) maternal and neonatal syphilis serological tests are positive, syphilis
spirochete continues to rise; or titer is four times higher than its mother; (2) neonatal blood dark field also
detects syphilis; (3) newborns have the following two or more clinical features and manifestations:
extremity peeling, mucosal damage, macula, hepatosplenomegaly, low body weight, pathological
jaundice, dyspnea, edema, ascites, syphilis pseudoparalysis, platelets reduce and anemia. Infants were
defined as the delivery of a dead fetus of > 22 weeks gestation, intrauterine fetal death was defined as a
fetal death at ≤ 22 weeks gestation, and the low baby weight was defined as < 2500g. Preterm birth was
defined as a delivery at < 37 weeks gestation, and intrauterine growth retardation was defined as a birth
weight < 2500 g with a gestational age of ≥ 37 weeks.
Syphilis serologic testing
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Serum of pregnant women and the newborns were confirmed including a titrated RPR test and a TPPA
test. When both tests were found negative, the samples were judged negative and no further tests were
performed as they had no serological sign of a past or an acute syphilis.
Intention-to-treat analysis
Patients were divided into six groups according to the treatments, they were: (1) 101 syphilis infected
pregnant women were treated with benzathine penicillin G for one course; (2) 18 syphilis infected
pregnant women treated with benzathine penicillin G for one course and cephalosporin for one course; (3)
210 syphilis infected pregnant women were treated with benzathine penicillin G for two courses; (4) 26
syphilis infected pregnant women were treated with benzathine penicillin G for two course and
cephalosporin for two course; (5) 17 syphilis infected pregnant women treated with benzathine penicillin
G for three courses; and (6) there were 53 syphilis infected pregnant women accepted no treatment.
Otherwise, there were also some other therapies that were not statistical analyzed in this study. Each
course of benzathine penicillin G was lasted for three weeks, with 2.4 million units in each week with
intramuscular injection once diagnosed. Each course of cephalosporin was lasted for ten days with 2.0 g
every day with intravenous drip.
Statistical analysis
Statistical analyses were performed using IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA)
statistical software or GraphPad Prism v6.04 (GraphPad Software, San Diego, CA, USA). Qualitative data
were described by frequency and rate, and statistical data were used for χ2, Student t tests, as
appropriate. P < 0.05 was defined as significant difference. Rates and 95% confidence intervals (CIs) were
calculated for each measure. Odds rates (ORs) and their 95% CI were used to demonstrate the level of
association. Factors including age, newborn weight which associated with APOs at the α level of 5% in
the univariate analysis were included in the multivariable logistic regression.

Results
A total of 600 syphilis infected pregnant women accepted RPR titers test and TPPA test during the 6-year
period in this study. The age of syphilis infected pregnant women was mainly distributed at 26 ~ 30
(36.83%), 31 ~ 35 (27.17%), and > 35 (23.00%), occupied 87% out of the 600 patients. The RPR titers of
syphilis infected pregnant women were mainly distributed at 1:1 (25.00%), 1:2 (25.33%), 1:4 (13.00%) and
TPPA positive (17.17%). The proportion of RPR < 8 occupied 63.33%, whereas the RPR ≥ 8 occupied
19.5%. The RPR titer distributed significantly different among different age groups (P < 0.01). The
relationship between age distribution and RPR titers of the syphilis infected pregnant women is shown in
Table 1.
A total of 514 infants accepted RPR titers and TPPA tests among all the newborns. There were two
newborns were tested to be double negative concerns both RPR and TPPA tests. The comparison
analysis among mothers revealed that TPPA positive (RPR negative) percentage increased from 17.17%
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to 41.44%, RPR < 8 decreased from 63.33% to 53.11%, and the RPR ≥ 8 decreased from 19.5% to 5.06%
(Figure 1a). There were 119 newborns were turned double negative when they were 12 months old, which
comprised with 67 lower RPR titers and 52 TPPA positive newborns. There were no newborns with RPR ≥
8 could turn to be double negative. The number of newborns with double negatives, RPR ≥ 8, RPR < 8 and
TPPA positive were significantly different in different age groups of their mothers (P < 0.01, Table 1).
As shown in Table 2, the higher the RPR titer of the pregnant mother was, the higher the RPR titer of the
newborn after birth. The RPR titer of the newborns were less than or equal to the titer of their mothers as
usual. One of the pregnant mothers in the 1:4 group had a baby with RPR titer of 1:32 after birth, which
was eight times than that of its mother, and the RPR did not turn negative after six months, moreover, the
RPR of this baby was still 1:8 when it was 12 months years old, which was diagnosed as congenital
syphilis. The newborns with TPPA positive or RPR < 1:8 have more possibility to turn double negative
than those RPR ≥ 8 ones. The relationship between RPR titer of syphilis before delivery, RPR seropositive
rate of the newborns and negative conversion rate after 12 months of born is shown in Table 2.
We have further analyzed the age of infected pregnant women, newborns weight and adverse outcomes
events at different RPR titer levels. The result shown that women with higher RPR titer (RPR ≥ 1:8) have a
slighter younger age. The newborn weight in RPR < 1:8 group was bigger than that in RPR ≥ 1:8 group
and TPPA positive group (Table 3). One newborn could have one or more outcomes. In the RPR < 1:8
group, there were 382 normal newborns and 10 adverse events (nine premature birth and two congenital),
among which there was one newborn was both premature birth and congenital. In the RPR ≥ 1:8 group,
there were 79 normal newborns and 10 adverse events (one neonatal death, three stillbirth, one
congenital, and six premature birth), which contain one newborn was both premature birth and congenital
syphilis, one newborn was both premature birth and neonatal death. In the TPPA positive group, there
were 98 normal newborns and nine adverse events (one neonatal death, one stillbirth, and eight
premature birth), among which there was one newborn was both premature birth and neonatal death. The
number of premature births was significant more than still birth, congenital and neonatal death (P < 0.01,
Figure 1b). There were six death events and four congenital, which occupied 0.99% and 0.66% of the
whole infants, respectively. The percentage of adverse outcome rate was highest in RPR ≥ 1:8 group
(11.24%), followed with the TPPA positive group (8.41%), and then the RPR < 1:8 group (2.56%). However,
the statistical difference was not significant (P = 0.09) in normal newborns and adverse events among
RPR < 1:8, RPR ≥ 1:8 and TPPA positive groups (Table 3).
We further analyzed the correlation coefficient between adverse outcomes and pregnant women age,
adverse events and RPR titers when giving birth. The result showed that adverse outcomes failed to
collected with the pregnant age and PRP titers at giving birth (Table 4).
We calculated the pregnant women accepted benzathine penicillin G for one course (n = 101), benzathine
penicillin G for one course and cephalosporin for one course (n = 18), benzathine penicillin G for two
courses (n = 210), benzathine penicillin G for two course and cephalosporin for two courses (n = 26),
benzathine penicillin G for three courses (n = 17) and 53 women without treatment. As shown in Table 3,
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the treatments in RPR ≥ 1:8 group have a highest efficacy rate than RPR < 8 group and TPPA positive
group (P < 0.01). Patients accepted treatments have an efficacy rate of 65.60%, which is higher than that
with no treatment group (39.62%, Table 5, Figure 2). The syphilis infected pregnant women accepted
difference treatments were more efficacy (P < 0.01, Table 5) compared with those without treatment.

Discussion
Although being easily detectable and treatable during pregnancy for many years, syphilis remains an
important cause of perinatal death [13]. Pregnancy with syphilis could be transmitted to the fetus through
cord blood and placenta, causing terrible harm to children. Worse, mothers with high RPR baseline titers,
refused to receive treatments, and later treatments are most at risk of delivering an adverse outcome [23].
Pregnancy syphilis often has no obvious clinical symptoms, and latent syphilis accounts for the vast
majority. This may be related to the temporary inhibition of the immune system in pregnant women
during pregnancy. However, no matter it was active syphilis or latent syphilis, miscarriage, premature
birth, stillbirth, congenital syphilis, and even neonatal death could happen [24]. The result of our study
revealed that maternal syphilis could cause extremely high risk of adverse outcome events, especially
premature birth, stillbirth and congenital syphilis.
The results in our study indicated that perinatal adverse outcome is closely related to the RPR titer
baseline of their mothers. Additionally, high RPR baseline together with none treatment could increase the
risk of adverse perinatal outcome [14]. We also found that the infection degree of mothers directly
influenced it of their babies to a certain degree, with the trending of higher the titer of RPR in mother,
higher RPR titer and adverse pregnancy outcome in their infants. The RPR seropositive rate at birth is
significantly higher in RPR ≥ 1:8 group than RPR < 8 group and TPPA positive group, which needed to be
highly valued that when the RPR titer rises above 1:8, the possibility of adverse pregnancy outcome and
high RPR titer of the newborn should be informed, especially when the treatment is not effective. Not only
that, we also found that double negative (RPR = 0 and TPPA negative) newborns at 12 months decreased
extremely if they have higher RPR titers, especially those obtain RPR ≥ 8. None of the newborns with RPR
≥ 8 turned double negative. In the study in Tanzania, they revealed that Tanzanian women who were RPR
negative and TPHA positive or who had low RPR titers and a positive specific treponemal test result,
didn’t increased the risk of adverse birth outcomes when compared with seronegative women; but they
demonstrated that the adverse outcome mainly occurred in 1:32 RPR [13].
Among all the possible adverse outcomes, neonatal death, premature delivery, congenital syphilis and
stillbirth occurred frequently. The perinatal deaths represented 0.99% in our study encounter with syphilis,
which was higher than 0.4% of all pregnancies in Beijing in the 2013–2015 period [14]. The incidence of
neonatal death and stillbirth increased in the pregnant women with RPR titer ≥ 1:8, compared with those
in RPR < 1:8. We sought that the number of enrolled samples should response for the insignificant
difference. Moreover, the frequency of congenital syphilis was 0.66% during the study period, compared
with 3.48% among treated mothers from Shenzhen Province [20], 0.90% from Beijing [14] in recent years.
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Most of the factors assumed as potential confounders in our study failed to alter the relationship
between adverse outcomes and maternal age, and high-titer active syphilis at birth. The result in our
study was consistent with the study in Tanzania [13].
For the terrible consequence of high RPR titer in syphilis pregnancy women, adequate treatment should
be implemented once discovered. Timely diagnosis and early definitive penicillin treatment are the most
important components of syphilis management during pregnancy [25, 26]. Many researches have
revealed that untreated syphilis in pregnancy carries significant risk for stillbirth or fetal loss, premature
birth, low birth weight, congenital syphilis and neonatal death [10, 27, 28]. Studies consistently show that
the earlier the treatment starts, the lower the risk of adverse pregnancy outcomes [26]. The risk of
congenital syphilis could be raised by approximately 10% if there was one-week delay [29]. However, there
were only 65% of the women had been treated adequately in the study of Zhang et al [14]. Delightful, the
number of patients accepted treatment increased, with proportion of 84.17% in our study. However, the
patients without treatment still occupied larger number, which highlighting the need to improve the
implementation of the Chinese guidelines.
In the study of Moline et al [30], penicillin was considered as the only known effective treatment during
pregnancy. However, some studies have put focus on alternative treatment on syphilis, including
ceftriaxone, amoxicillin, and doxycycline [31–34]. In our study, penicillin is the first choice for anti-syphilis,
except those allergic patients. In the study of Liang et al [21] they revealed that ceftriaxone compared
with penicillin for the treatment of syphilis has insignificant effective. The result in our study revealed that
the effect increased with the addition of courses, and the effect achieve best when combined with
ceftriaxone. In addition, we also found that the higher the RPR titer was, the more efficacy it could be.
Regrettably, the intention-to-treat patients enrolled in our study is still not enough.

Conclusions
In summary, our study revealed that syphilis continues to affect many pregnancy infected women and
their infants in recent years, especially those with high RPR titers. Persistent infections with high baseline
syphilis RPR are an important cause of congenital syphilis, neonatal death, stillbirth, and premature birth,
especially in patients with RPR titers of ≥ 1:8. Therefore, RPR titer at 1:8 could be considered as a point
of therapeutic induction. Although the rate of patients accepted treatment increased, but there are still
many women who had not been detected or treated in time. Among the patients accepted treatments, 2course performed better than 1-course. The more the RPR titer was, the more efficacy it was. In addition,
early detection and treatment can reduce the risk reduction, so it is emphasized that early detection and
standardized treatment are the only effective means to prevent mother-to-child transmission of syphilis.
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Tables
Table 1. The relationship among pregnant women age and the RPR titer of pregnant, total RPR titer of newborns and total adverse
outcomes.
< 25 (n, %)

26 ~ 30 (n, %)

31 ~ 35 (n, %)

> 35 (n, %)

21.934
(21.286~22.583)
Total RPR titer of pregnant women (n = 600)

27.923
(27.703~28.143)

32.616
(32.392~32.840)

39.450
(38.858~40.041)

RPR = 1:1 (n = 150, 16
25.00%)
RPR = 1:2 (n = 152, 25
25.33%)
RPR = 1:4 (n = 78, 10
13.00%)
RPR = 1:8 (n = 57, 9.50%)
12
RPR = 1:16 (n = 35, 3
5.83%)
RPR > 32 (n = 25, 4.17%)
1
TPPA positive (n =103, 11
17.17%)
Total number
78 (13.0%)
Total RPR titer of newborns (n = 514)

56

49

29

59

39

29

31

22

15

17
7

10
8

18
17

6
45

5
30

13
17

221 (36.83%)

163 (27.17%)

138 (23.0%)

Double negative (n= 2,
0.39%)
RPR < 8 (n = 273,
53.11%)
RPR ≥ 8 (n = 26, 5.06%)
TPPA positive (n = 213,
41.44%)

0 (0%)

0 (0%)

1 (0.19%)

1 (0.19%)

29 (5.64%)

106 (20.62%)

83 (16.15%)

55 (10.70%)

8 (1.56%)
5 (0.97%)

12 (2.33%)
97 (18.87%)

1 (0.19%)
56 (10.90%)

5 (0.97%)
55 (10.70%)

Age, mean years (95% CI)

Pvalue

<
0.01

<
0.01

Table 2.Relationship between RPR titer of syphilis before delivery, the RPR titers of the newborns and negative conversion rate
after 12 months of born (n = 587)
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RPR titers of
pregnant women

TPPA positive
1:1
1:2
1:4
1:8
1:16
≥ 1:32

Number of
pregnant women

106
152
156
84
57
23
9

RPR titers of newborns
Double
negative

TPPA
positive

1:1

1:2

1:4

1:8

1:16

>1:32

Unknown

2
1
0
0
0
0
0

92
84
48
8
2
0
0

3
58
60
28
6
2
0

2
5
41
36
20
5
2

0
0
4
10
17
8
1

0
0
0
0
6
4
2

0
0
0
0
1
2
2

0
0
0
2
1
0
1

7
4
3
0
4
2
1

Double
negative
after 12
months of
born
52
67

0

Table 3. The relationship between RPR titer of syphilis infect pregnant women and their newborns weight and adverse outcomes.
Items
Age (years)
Newborn weight (g)
Adverse pregnancy outcomes
Total normal newborns (n, %)
Total adverse events (n, %)
Neonatal death (n)
Stillbirth (n)
Premature birth (n)
Congenital syphilis (n)
Therapy
Efficacy (n, %)
no response (n, %)

< 1:8
31.24 (30.63~31.84)
3363.7 (3315.4~3411.9)

≥ 1:8
30.71 (29.58~31.84)
3201.6 (3074.4~3328.7)

TPPA positive
32.22 (31.03~33.41)
3241.3 (3111.4~3371.2)

382 (97.45)
10 (2.55)
0
0
9a
2

79 (88.76)
10 (11.24)
1
3
6b
2

98 (91.59)
9 (8.41)
1
1
8c
0

96 (38.71)
152 (61.29)

169 (89.89)
19 (10.11)

1 (12.5)
7 (87.5)

P-value
< 0.01
> 0.05
> 0.09

< 0.01

a 9 premature birth contain 1 congenital syphilis
b 6 premature birth contain 1 congenital syphilis and 1 neonatal death
c 8 premature contain 1 neonatal death

Table 4. Logistic analysis among adverse pregnancy outcomes and pregnant age, and RPR titers when giving birth

Age
RPR titers*

B

P-value

Exp (B)

-0.039
0.113

0.298
0.702

0.962
1.120

* The RPR titers when giving birth.

Table 5. Effects of different therapy methods in pregnant women (n = 425)
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95% EXP (B)
Lower Upper
0.894
1.035
0.628
1.997

a

Therapy method

Numbers

Efficacy
%)

No therapy

53

21 (39.62)

32 (60.38)

Total number of accepted therapies

372

244 (65.60)

128 (34.40)

Benzathine penicillin G for one course

(n,

No response
%)

101

72 (71.29)

29 (28.71)

Benzathine penicillin G for one course and cephalosporin for one
course
Benzathine penicillin G for two courses

18

14 (77.78)

4 (22.22)

210

124 (59.05)

86 (40.95)

Benzathine penicillin G for two courses and cephalosporin for one
course
Benzathine penicillin G for three courses

26

21 (80.77)

5 (19.23)

17

13 (76.47)

4 (23.53)

a the RPR titer was decreased after therapy.
b the RPR titer was either increased or not changed after therapy.

Figures
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b

(n,

Pvalue
< 0.01

< 0.01

Figure 1
The RPR titer and adverse outcomes of newborns distribution. a：The comparison of RPR titer distribution
in mothers and newborns. ** represented the percentage of mothers and newborns in RPR <1:8 group
was significantly higher than RPR ≥ 1:8 and RPR negative and TPPA positive groups. b：The adverse
events in different RPR titer groups (P < 0.01). ** represented the premature birth were significantly higher
than neonatal death, stillbirth, and congenital syphilis groups in RPR < 1:8, RPR ≥ 1:8 and RPR negative
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and TPPA positive groups (P < 0.01). RPR, Rapid Plasma Reagin; TPPA, Treponema pallidum particle
agglutination.

Figure 2
The comparison of effects in groups with treatments and without treatment.
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