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Abstract Background In a recently published multicenter randomized controlled trial, we
demonstrated that progestogens are not effective as maintenance tocolysis.
Objective This study was aimed to evaluate if previous finding may be affected by
positive urine culture and/or vaginal swab.
Study Design We performed a secondary analysis of the PROTECT trial
(NCT01178788). Women with singleton pregnancy between 22 and 31 6/7 weeks’
gestation, admitted for threatened preterm labor were considered. At admission, we
collected urine culture and vaginal swabs. At discharge, women with a cervical length
�25mm were randomized to vaginal progesterone or 17α-hydroxyprogesterone
caproate or observation group. We used Chi-square statistics, considering 97.5% CI
(confidence interval) and p-value less than 0.025 for significance.
Results Urine culture and vaginal swabs were collected in 232 out of 235 patients
included in the primary analysis. Overall, 31 out of 232 women (13.4%) had positive
urine culture and 60 out of 232 (25.9%) had positive vaginal swab. In women with
negative urine culture, a higher rate of preterm birth was found in vaginal progesterone
group (27/69, 39.7%) respect with controls (14/68, 20.6%; relative risk [RR]¼ 1.90;
97.5% CI: 1.01–3.57; p¼ 0.018).
Conclusion Among women with negative urine culture, the rate of preterm birth<37
weeks’ gestation was significantly increased in those receiving vaginal progesterone,
reinforcing our previous findings in symptomatic women.
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Preterm birth is a leading cause of perinatal morbidity and
mortality, and in developed Countries, it occurs in the 6 to
11% of pregnancies. About two-thirds of preterm births are
spontaneous, following spontaneous onset of labor or sub-
sequent to preterm premature rupture of membranes.1

Preterm birth is a syndrome, and multiple etiologies
contribute to the premature activation of one or more of
the components of the pathways of parturition. Intrauterine
infection is one of them, perhaps accounting for 25 to 40% of
preterm birth. The most common pathways of access to the
amniotic cavity is the ascending route from the vagina and
the cervix.1,2 Asymptomatic bacteriuria and symptomatic
urinary tract infections significantly increase the rates of
preterm delivery, also by activating the inflammatory cas-
cade.3,4 Bacterial vaginosis has also been associated with a
two-fold increase in risk of preterm birth, although treat-
ment did not reduce the risk.5,6

Progestogens are one of the few interventions able to
prevent preterm birth, in selected cases. However, we re-
cently compared 17α-hydroxyprogesterone caproate, vagi-
nal progesterone, and no treatment asmaintenance tocolysis
after a threatened preterm labor episode in singletons with
no history of preterm birth. In the primary analysis of the
trial, neither 17α-hydroxyprogesterone caproate nor vaginal
progesterone was effective. Moreover, treatment with vagi-
nal progesterone seemed to increase the riskof pretermbirth
before 35 weeks, and in those women with cervical length
between 15 and 25mm.7

The aim of our study was to perform a secondary analysis,
to evaluate if our finding may be affected by other factors,
namely, the presence of a positive urine culture and/or
positive vaginal swab.

Materials and Methods

This is a secondary analysis of the PROTECT trial
(NCT01178788), a multicenter, open-label, randomized con-
trolled trial performed in five tertiary level University hos-
pitals in Northern Italy, already approved by the local Ethics
Committee.7Womenwith singleton pregnancies between 22
and 31 6/7 weeks of gestation, who had been admitted to the
hospital because of their first threatened preterm labor
episode was considered.

At admission, for every woman, we performed urine
culture and vaginal swabs. A midstream urine sample was
collected in a sterile urine container. Urine culture was
performed by manual calibrated loop technique. Quantita-
tive cultures of urine were performed for the detection of
uropathogens on 5% sheep blood Columbia agar, Chromo-
genic media CPS, and Candida Id plate (bioMerieux). Vaginal
specimens were plated into appropriate agar mediums:
chocolate, MacConkey, 5% sheep blood, Gardnerella agar,
Candida Id, StreptoB plates, and enrichment broths (Brain
heart Infusion broth medium and thioglycolate broth medi-
um; bioMerieux). Symptomatic positive urine culture and
positive vaginal swabs were treated according to bacterio-
logical sampling and susceptibility tests. In each center,
different antibiotic regimens were used accordingly to local

protocols. Penicillin (ampicillin, amoxicillin, and amoxicillin
clavulanic acid), cefalosporin (cefixime and ceftriaxone),
macrolides (azithromycin, erythromycin, and josamycin),
and metronidazole were the prescribed antibiotics.

At discharge, women who had a cervical length �25mm
were randomly assigned to receive a once-a-week intramus-
cular injection of 341mg 17α-hydroxyprogesterone cap-
roate (17P group) or vaginal administration of 200mg
daily of micronized progesterone (P group), or no treatment
(Control group). Treatments were stopped at 36 completed
weeks of gestation.

Data were collected by each participant center in an
online database and statistical analysis were performed at
the Statistic Unit of the University of Modena and Reggio
Emilia. For the secondary analysis we used Chi-square sta-
tistics, considering a 97.5% CI (confidence interval) and a p-
value of less than 0.025 for significance to take into account
multiple comparisons.

Results

Between July 2010 and June 2015, 257 women were found
eligible to participate in the PROTECT study.7 Three of them
declined to participate and 254were subsequently randomly
assigned to the three arms. Demographic characteristic did
not differ between groups in terms ofmaternal age, ethnicity,
body mass index, smoking during pregnancy, low education,
parity, previous spontaneousmiscarriages, gestational age at
enrolment, and cervical length.7 Women with transvaginal
ultrasound cervical length less than 15mm at enrolment
were equally distributed in the three groups: 21% in 17α-
hydroxyprogesterone caproate group, 32% in vaginal proges-
terone group, and 30% in controls.7

Finally, urine culture and vaginal swabs were collected in
232 out of 235 patients included in the primary analysis. Out
of these 232 patients, 78 received 17α-hydroxyprogesterone
caproate, 77 received vaginal progesterone, and 77 repre-
sented the control group.

Overall, 31 out of 232 women (13.4%) had positive urine
culture and 60 out of 232 (25.9%) had a positive vaginal swab.
The distribution of positive tests was similar between groups
(►Table 1). In urine cultures, themost frequent isolates were
Escherichia coli (15, 6.5%), Streptococcus agalactiae (9, 3.9%),
and Enterococcus faecalis (6, 2.6%). Among vaginal swabs, the
most common isolates were S. agalactiae (26, 11.2%),

Table 1 Positive cultures among groups

17P
n¼ 78 (%)

P
n¼ 77 (%)

Control
n¼ 77 (%)

p-Value

Positive
urine
culture

14 (17.9) 8 (10.4) 9 (11.7) NS

Positive
vaginal
swab

22 (28.2) 17 (22.1) 21 (27.3) NS

Abbreviations: 17P, 17α-hydroxyprogesterone caproate group; NS, not
significant; P, vaginal progesterone group.
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Ureaplasma urealyticum (18, 7.8%), E. coli (6, 2.6%), and
Gardnerella vaginalis (6, 2.6%).

Considering the whole sample, 12 women with positive
urine culture delivered before 37 weeks (12/31, 38.7%), not
different to those with negative urine culture (52/201,
25.9%). Twenty women with positive vaginal swab had a
preterm birth (20/60, 33.3%), similar to ones with negative
vaginal swab (44/172, 25.6%).

In women with negative urine culture, a higher rate of
preterm birth was found in those treated with vaginal
progesterone (27/69, 39.7%) respect with controls (14/68,
20.6%; relative risk [RR]¼ 1.90; 97.5% CI: 1.01–3.57;
p¼ 0.018; ►Fig. 1). In women with positive urine culture,
the rate of preterm birth was similar in all three groups and
no correlation was found between vaginal swabs and the
primary outcome comparing the three groups (►Table 2).

Discussion

In this secondary analysis, we found that amongwomenwith
negative urine culture, the rate of preterm birth <37 weeks’
gestation was significantly increased in those receiving
vaginal progesterone. No changes were observed in those
exposed to 17α-hydroxyprogesterone caproate.

Previous studies aimed to assess the efficacy of proges-
togens as maintenance tocolysis provided conflicting results.
In a recent meta-analysis, authors described a possible
positive effect of vaginal progesterone treatment in term
of reduction of preterm birth rate and prolongation of
pregnancy. However, given the lack of blinding in some trials
and the generally poor quality of the trials, the authors do not

suggest a change in clinical care of women with arrested
preterm labor.8 Further, a more recent meta-analysis by
Palacio et al found no differences in preterm birth rate or
latency period in women treated with progestogens once;
only high-quality studies were considered.9 In light of our
findings, it is possible that the lackof urine culture evaluation
could explain heterogeneity in the findings of previously
considered primary trials.

The association between genitourinary tract infections in
pregnancy and the risk of preterm birth has been repeatedly
demonstrated.3–6 Asymptomatic bacteriuria is present in up
to 10% of pregnant women, and it increases by two-fold the
risk of preterm delivery.10,11 Accordingly, antibiotic treat-
ment for asymptomatic bacteriuria and urinary tract infec-
tions reduces the risk of preterm birth and low-birth
weight,10 and screening and treatment of asymptomatic
bacteriuria become a standard of care.10–12

On the other hand, several cervicovaginal infections have
been associated with preterm birth. These include urea-
plasma colonization, trichomoniasis, and bacterial vaginosis.
This condition is present in almost 20% of pregnant women,
remaining asymptomatic in most cases.5–13 However, al-
though bacterial vaginosis has been associated with a two-
fold increase in the risk of preterm birth, specific antibiotic
treatments only allowed eradication without affecting the
risk of premature birth.6

The reasons why vaginal progesterone is associated with
increased preterm birth in symptomatic women remaining
undelivered after preterm labor are unknown. One could
only refer to cervical inflammation processes which have
been repeatedly reported in the above condition.2–14

Fig. 1 Rate of preterm birth among women with negative urine culture in the three groups. PTB, preterm birth.

Table 2 Rate of PTB <37 weeks among women with positive and negative cultures in the three groups

PTB 17P vs. control P vs. control

17P
n (%)

P
n (%)

Control
n (%)

RR (97.5% CI) p-Value RR (97.5% CI) p-Value

Urine
culture

Positive 6/14 (42.9) 3/8 (37.5) 3/9 (33.3) 1.29 (0.36–4.55) 0.648 1.13 (0.26–4.90) 0.858

Negative 11/64 (17.2) 27/69 (39.1) 14/68 (20.6) 0.83 (0.37–1.88) 0.618 1.90 (1.01–3.57) 0.018

Vaginal
swab

Positive 7/22 (31.8) 8/17 (47.1) 5/21 (23.8) 1.33 (0.44–4.10) 0.558 1.98 (0.69–5.64) 0.133

Negative 10/56 (17.9) 22/60 (36.7) 12/56 (21.4) 0.83 (0.35–1.97) 0.634 1.71 (0.86–3.41) 0.072

Abbreviations: CI, confidence interval; P, vaginal progesterone group; PTB, preterm birth; RR, relative risk; 17p, 17α-hydroxyprogesterone caproate group.
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The presence of pathogens in the urogenital tract could
excite an infection-based inflammatory status through acti-
vation of the innate immune system and proinflammatory
cytokines production. Progesterone has immunomodulatory
functions and modify tool-like receptors (TLRs) signaling,
leading to a diminished macrophage response to stimuli and
decreased cytokines expression.15 Moreover, it has been
demonstrated that vaginal administration of micronized
progesterone significantly reduces metalloproteinase
expression and activity in fetal membranes stimulated
with lipopolysaccharide, suggesting a possible protective
mechanism of micronized progesterone in preventing infec-
tion-associated preterm birth.16

In our secondary analysis, we found an increased rate of
preterm birth inwomenwithout urogenital tract colonization.
It ispossible that adifferent startingetiology is involved in such
cases, and that the effects of progesteronemay also depend on
the mechanisms initiating inflammatory reactions.15

Limitation

A limitation of this secondary analysis is the lack of external
validity.

Conclusion

In conclusion, thefindings of this secondary analysis therefore
suggest that the presence of urinary tract colonization/infec-
tion could represent a confounding factor for trials assessing
the efficacy of preterm birth prevention. In our primary study
the negative effect of vaginal progesterone in terms of increas-
ing the risk of pretermbirth, seems not related to the presence
of the risk factors evaluated in this secondary analysis. Given
the lack of information on the inflammatory status,we cannot
define the possible causative mechanism underlying the dif-
ferent responses to vaginal progesterone administration in
case of positive or negative urine culture. The evaluation of
microbiological features and inflammatory milieu as con-
founding factors needs to be considered in future trials assess-
ing the effectiveness of therapeutic options for the prevention
of preterm birth.
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