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Background. Term prelabor rupture of membranes (PROM) increases the risk of maternal and neonatal infections.
Objective. To compare rates of positive bacterial growth in placental swab cultures done among women who
received ampicillin prophylaxis at different timings after term PROM.

Design. Matched cohort study.

Setting. Department of Obstetrics and Gynecology at Southern Philippines Medical Center in Davao City, Philippines.
Participants. 120 pregnant women aged 218 years old, at =237 weeks age of gestation, with PROM: 40 women
received ampicillin within 6 hours (6H group), 40 within >6 to 12 hours (12H group), and 40 within >12 to 18 hours
(18H group) of onset of PROM.

Main outcome measures. Rates of positive bacterial growth in postpartum placental swab cultures; most common
bacterial isolates; and signs of intraamniotic infection (IAl).

Main results. Women in the 6H group, 12H group, and 18H group did not significantly differ in terms of clinical
characteristics at baseline. None of the women developed clinical IAl. Positive bacterial growth were observed
in 27/40 (67.5%) of cultures in the 6H group, 31/40 (77.5%) of cultures in the 12H group, and 31/40 (77.5%) of
cultures in the 18H group. Across all groups, the five most common isolates were Escherichia coli, Staphylococcus
hominis, Staphylococcus haemolyticus, Staphylococcus epidermidis, and Enterobacter cloacae.

Conclusion. Rates of positive bacterial growth in placental swab cultures did not significantly differ among
groups of women who received ampicillin at different timings within 18 hours from onset of term PROM.

Keywords. placental swab culture, bacterial isolates, intraamniotic infection, ampicillin prophylaxis

INTRODUCTION

Compared to pregnant women with rupture
of membranes after the onset of labot, those
with prelabor rupture of membranes (PROM;
also known as premature rupture of mem-
branes) at term have higher rates of both
maternal and neonatal infections.! Prophylactic
antibiotic administration during term PROM
prevents these infections.?*

Women with PROM for 12 hours are at
higher risk of intraamniotic infection (IAI),
and those with PROM for 16 hours are at
higher risk of endometritis.> Fetal complica-
tions, such as low APGAR score and neonatal
sepsis, can also happen after IAL® Antibiotic
prophylaxis is commonly indicated when labor
begins or is induced 12 hours after PROM,>#7
but some question its usefulness when admin-
istered to women with term PROM.810

There has been no consensus as regards
the optimal timing of prophylactic antibiotic
administration to women with term preg-
nancies complicated by PROM. In our setting,
obstetricians prescribe antibiotics on admis-
sion as prophylaxis for IAI Patients with
term PROM in our institution therefore re-
ceive antibiotics as eatly as 6 hours from rup-

ture of membranes.

We wanted to check bacterial growth in
placental swab cultures from postpartum
women after prepartum antibiotic adminis-
tration. We hypothesized that, the sooner
antibiotics are given to pregnant women after
PROM, the lower the rate of intraamniotic
bacterial growth that can possibly lead to
clinical infection. We did this study in order
to compare bacterial growth in placental swab

f IN ESSENCE

Prelabor rupture of membranes during term
pregnancy (term PROM) can cause maternal and
neonatal infections.

In this study among women who received
ampicillin prophylaxis within 18 hours of term
PROM, the rates of positive bacterial growth in
postpartum placental swab cultures were similar,
regardless of timing of ampicillin administration.

Antibiotic prophylaxis for term PROM should at
least cover common bacterial
isolates—Escherichia coli, Staphylococcus spp.,
and Enterobacter cloacae—and should start

within 18 hours from rupture of membranes.
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cultures done among women given ampicillin
prophylaxis at different timings after term
PROM.

METHODOLOGY

Study design and setting

We did a matched cohort study from March
to September 2016 at the Department of
Obstetrics and  Gynecology in  Southern
Philippines Medical Center in Davao City.
The department admits an average of 13,600
patients per annum for delivery, and an
average of 16% of these patients have a
diagnosis of term PROM. In our institution,
patients with term PROM usually receive 2
grams of intravenous ampicillin on admission
and every six hours thereafter until delivery.

Participants

Patients aged 18 years or oldet, at or after 37
weeks age of gestation, with self-reported
rupture of membranes but in latent phase of
labor, with live singleton pregnancy in vertex
presentation, admitted to deliver in our insti-
tution, who received at least one dose of 2
grams of intravenous ampicillin upon ad-
mission, and who gave informed consent
were eligible to participate in the study. We
purposively recruited 40 consecutive eligible
patients whose membranes ruptured within 6
hours of administration of ampicillin (6H
group), another 40 consecutive eligible pa-
tients whose membranes ruptured more than
6 hours up to 12 hours of administration of
the antibiotic (12H group), and another 40
consecutive cligible patients whose mem-
branes ruptured more than 12 hours up to
18 hours of administration of ampicillin
(18H group).

Data collection
We gathered information on the patients’
age, gravidity, and parity, as well as on white

Table 1  Patients’ characteristics on admission

Characteristics

6H* 12H* 18H*
n=40 n=40 n=40 p-value

Mean age + SD, years
Mean gravidity + SD

Mean parity £ SD

Elevated WBC, frequency (%)
Elevated CRP, frequency (%)

25404582 2598+598 2635612  0.7742
1924149 173£109 210+£193 05555
074+141 058078 098+182 04430

1(2.5) 5(12.5) 4(10.0) 0.2422
6(150)  12(30.0)  10(25.0) 0.2713

*6H (<6 hours), 12H (>6 hours up to 12 hours), or 18H (>12 hours up to 18 hours) from rupture of mem-

branes to ampicillin administration.

CRP—C-reactive protein; WBC—uwhite blood cells.

blood cell (WBC) and C-reactive protein
(CRP) elevations on admission, prior to
antibiotic administration. We also collected
data on signs of infection (fetal tachycardia
from admission to delivery, and maternal
fever, maternal tachycardia, uterine tender-
ness, and foul odor vaginal discharge all
throughout the patient’s stay), as well as
complications such stillbirth and postpartum
hemorrhage.

Collection of specimen from the delivered
placenta was done by swabbing the chorion-
amnion interface using a sterile cotton
pledget and putting the swab in a cooked
meat medium. The swab was then inoculated
in MacConkey and blood agar plates. The
plates were incubated at 37 degrees Celsius
for 24 hours. MacConkey plates and half of
the blood agar plates were stored in an
aerobic environment, while the rest of the
blood agar plates were stored in an anaerobic
environment. Bacterial colonies noted within
24 hours were subsequently identified.

The main outcome measures for this
study were the presence of bacterial growth
and the identification of the most commonly
isolated bacteria from the cultures. We also
tested the susceptibility of the isolates to
selected antibiotics. Across all groups, we
also looked at the proportions of patients
with maternal signs of infection (i.e., tachy-
cardia, fever, uterine tenderness, foul odor
vaginal discharge), fetal tachycardia, stillbirth,
and postpartum hemorrhage.

Statistical analysis

We used Epi Info™ 7.1.4.0 to analyze the data
for this study. Continuous variables were sum-
marized as means T standard deviations and
compared using ANOVA. Categorical vari-
ables were summarized as frequencies and
percentages, and compared using chi-squate.
We set the level of significance at <0.05.

RESULTS

A total of 120 patients were included in this
analysis. Table 1 shows the baseline charac-
teristics of the patients per exposure group.
The three groups were comparable in terms
of mean age, mean gravidity, and mean patity.
The frequencies of elevated WBC and elevated
CRP did not significantly differ across expo-
sure groups.

Table 2 shows the comparative frequencies
of outcomes of the three exposure groups.
All groups were comparable in terms of pre-
partum symptoms. One patient from the 6H
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Table 2 Clinical and placental swab culture outcomes
Frequency (%)

Parameters 6H* 12H* 18H* p-value
Maternal tachycardia 0 1(2.5) 0 0.3648
Fetal tachycardia 1(2.5) 0 0 0.3648
Maternal fever 0 0 0 1.0000
Uterine tenderness 0 0 0 1.0000
Foul odor vaginal discharge 0 0 0 1.0000
Postpartum hemorrhage 2(5.0) 0 0 0.1308
Stillbirth 0 1(2.5) 0 0.3648
Positive placental swab culture 27 (67.5) 31(77.5) 31(77.5) 0.4986

*6H (<6 hours), 12H (>6 hours up to 12 hours), or 18H (>12 hours up to 18 hours) from rupture of
membranes to ampicillin administration.

group had fetal tachycardia and one patient
from the 12H group had maternal tachycardia.
None of the patients in the study had ma-
ternal fever, uterine tenderness or foul odor
vaginal discharge. One patient in the 12H
group had stillbirth, and two patients in the
6H group had postpartum hemorrhage.
However, none of the clinical outcomes had
statistically significant difference in frequencies
across the three groups. A total of 89/120
(74.17%) patients had positive placental swab
cultures. The frequencies of positive placental

Table 3  Bacterial isolates from patients with positive placental swab cultures

swab cultures were similar across all groups
(p=0.4980).

Isolates from the placental swab cultures
are listed in Table 3. Across all groups, the
five most common organisms isolated were
Escherichia coli, Staphylococcus hominis, Staphylococcus
haemolyticus, Staphylococcus epidermidis, and En-
terobacter cloacae. One placental swab culture
from the 6H group and another one from
the 12H group grew methicillin-resistant
Staphylococens anrens (MRSA). The antibiotic
susceptibility patterns of the five most
common organisms and MRSA are summa-
rized in Table 4.

DISCUSSION

Key results

In this study, the frequencies of bacterial
growth in placental swab cultures did not
significantly differ across exposure groups
given ampicillin prophylaxis at different timings
after term PROM. The most common bacterial
isolates from the placental swab cultures
wete Escherichia coli, Staphylococcus hominis, Staphy-
lococcus haemolyticus, Staphylococcus epidermidis, and
Enterobacter cloacae.

Strengths and limitations
We were able to demonstrate bacterial growth

6H* 12H* 18H*

n=27 n=31 n=31
Organismt Frequency Organismt Frequency Organismt Frequency
Escherichia coli 8 Escherichia coli 10 Escherichia coli 10
Staphylococcus hominis 4 Staphylococcus hominis 4 Staphylococcus hominis 3
Staphylococcus haemolyticus 2 Enterobacter cloacae 3 Acinetobacter spp. 2
Staphylococcus epidermidis 2 Staphylococcus epidermidis 3 Bacillus spp. 2
Bacillus spp. 2 Staphylococcus haemolyticus 3 Enterobacter cloacae 2
Candida krusei 1 Staphylococcus sciuri 2 Klebsiella pneumoniae 2
Enterobacter cloacae 1 Pseudomonas putida 2 Pseudomonas stutzeri 2
Enterococcus faecalis 1 Bacillus spp. 1 Staphylococcus epidermidis 2
Grimontia hollisae 1 Klebsiella pneumoniae 1 Staphylococcus haemolyticus 2
Klebsiella pneumoniae 1 Micrococcus luteus 1 Acinetobacter Iwoffii 1
Kocuria kristinae 1 MRSA 1 Aeromonas spp. 1
Kocuria rosea 1 Pseudomonas mendocina 1 Candida non-albicans 1
Micrococcus luteus 1 Staphylococcus aureus 1 Enterococcus faecalis 1
MRSA 1 Staphylococcus capitis 1 Staphylococcus warneri 1
Staphylococcus aureus 1 Staphylococcus warneri 1
Staphylococcus capitis 1

1

Staphylococcus epidermidis

*6H (<6 hours), 12H (>6 hours up to 12 hours), or 18H (>12 hours up to 18 hours) from rupture of membranes to ampicillin administration.
‘tone placental swab culture may grow more than one bacterial species.
MRSA—methicillin-resistant Staphylococcus aureus.
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Table 4  Antibiotic susceptibility patterns for the five most common bacterial isolates and MRSA from 89 patients with positive placental swab cultures

Escherichia coli  Staphylococcus  Staphylococcus  Staphylococcus Enterobacter MRSA
hominis haemolyticus epidermidis cloacae

Antibiotic nn § I R n S8 I RN S I R n S I R n S8 I R n S8 I R
Amikacin 28 28 0 O ; 0T -~ 6 6 0 0 ° ° 7
Ampicillin 27 19 0 8 o T T T -~ 6 0 0 6 °~ ° 7
Ampicillin + sulbactam 2 21 1 0 . 0T 5 o o 5 °~ ° °
Azithromycin - T T 0 0 -~ - - 0T
Aztreonan 28 28 0 0 10 3 0 7 6 3 O 3 5 4 0 1 6 6 0 0 2 2 0 O
Cefepime 28 2 0 0 -~ -~ -~ -~~~ 7 7 7 6 6 0 0
Cefotaxime 28 28 0 O ; -~ 1 1 0 0 4 4 0 0 °~ ° °
Cefoxitin 28 28 0 0 1 3 0 8 7 1 0 6 6 2 0 4 6 0 0 6 2 0 0 2
Ceftazidime 2 272 0 0 -~ °~ -~~~ 7 6 5 0 1 o7
Ceftriaxone 21 21 0 O : -7 © 6 5 0 1 -~ ° -
Cefuroxime 28 28 0 O ; -7 T 6 2 0 4 -~ -
Ciprofloxacin 28 28 0 0 1 O O 7 7 0 0 7 7 0 0 6 6 0 0 2 2 0 0
Clindamycin 2 2 0 0 10 4 6 o 1 7 6 0 1 -T2 0 0
Coamoxiclav 28 28 0 0 ° ° ; -7 © 6 0 0 6 ° :
Cotrimoxazole 24 %6 0 8 1 8 0 3 7 5 0 2 7 4 0 3 6 4 0 2 2 1 0 1
Ertapenem 28 28 0 0 -~ °~ ° ° ) o T 6 5 1.0 -~ ° 7
Erythromycin N 6 0 3 7 o 3 -~ -~ - 7 2 0
Gentamicin 2r 21 0 0 11 M 0 7 0 0 7 6 0 1 6 6 0 0 2 0
Imipenem 28 28 0 0 -~ ° ; 0T - 6 6 0 0 ° ;
Levofloxacin 26 26 0 0 1 1 0 0 0 6 0 0 6 6 0 0 2 0
Linezolid A o o 7 7 o0 o0 °~ -~ - °~ 2 2 0 0
Meropenem 28 28 0 0 -~ °~ ° ° -7 -~ 6 6 0 0 °~ ° °
Ofloxacin - T 7T 9 9 0 6 6 0 0 7 o o -~ - 2 2 0 0
Oxacillin . 7 3 0 4 6 o 5 7 3 0 4 °~ °~ ° 2 0 0 2
Penicillin ; - 111 0 10 7 0 0 7 7 3 0 4 °~ ° ° 2 0 0 2
Piperacillin 2?1717 1+ 0 °~ -~ - -~ - - - - - - - - 0 0 C - 0T
Piperacillin + tazobactam 23 23 0 - 0T 0T -5 4 0 1 - - -
Rifampicin -~ -~ -~ -~ 1 100 0 7 7 0 07 6 0 1 °~ °~ ° 2 2 0 0
Tazobactam 5 5§ 0 0 °~ ° ° -7 . - 1 1 0 0 o7
Tetracycline ; ) 0 9 0 1 7 5 0 2 7 5 0 2 °~ ° ° 2 0 0 2
Tobramycin 2r 27 0 0 -~ °~ -~~~ .~ T T 7 ; 6 6 0 0 -~ ° 7
Vancomycin -~ -~ """ 9 9 0 0 7 7 0 O 7 7 0 0O -~ -~ - " 2 2 0 0

*n varies because not all isolates were tested for susceptibility with every antibiotic available, and not all antibiotics were available every time an isolate was tested for susceptibility.
|—intermediate susceptibility; R—resistant; S—susceptible.

in postpartum placental swab cultures from
women who received ampicillin prophylaxis
within 18 hours after term PROM. None of
our patients developed clinical intraamniotic
infection, but this finding underscores the
importance of early administration of anti-
biotic prophylaxis to women with term PROM.
There were some limitations in this study.
Amniotic fluid culture is the gold standard
for diagnosing intraamniotic infection,!" but
we did not include this as a study procedure.
We only relied on postpartum placental swab
culture to establish the presence of bacteria

in the placenta, and yet we could not get data
on bacterial loads of isolates, either. We did
not include data on labor induction, and we
did not account for the actual doses of
ampicillin given to the patients and the time
from PROM to delivery. These elements in
the management of patients with term PROM
can possibly affect bacterial growth in the
placental swab cultures. Finally, apart from
determining the presence of fetal tachycardia,
we did not collect other parameters that can
possibly establish the presence of fetal or
neonatal infections related to PROM.
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Interpretation

Term PROM is the rupture of membranes
before labor at or after 37 weeks of gestation.!?
When labor is not induced, spontaneous
delivery will usually occur in 70% of women
within 24 hours and in 85% of women
within 48 hours of rupture of membranes.!?
The condition can induce cord prolapse,
cord compression, placental abruption, various
deformities due to oligohydramnios, and/or
mechanical difficulties during delivery.!* 15
Moreover, women with term PROM are at
high risk of IAL117 Clinical AT is diagnosed
when a pregnant woman with PROM has
fever, accompanied by at least two of the
following: uterine tenderness, maternal or
fetal tachycardia, and purulent or foul odor
vaginal discharge.’® 1 In our study, none of
our patients had clinical IAI. The admin-
istration of antibiotics on admission could
have prevented any latent or clinical infection
in at least some of our patients.

Antibiotics are generally recommended 18
hours after rupture of membranes.?’ 2! Most
pregnant women with term PROM in our
institution all receive ampicillin prophylaxis
upon admission, prior to delivery. We wanted
to know if, despite administration of anti-
biotics, there would still be bacterial growth
in postpartum placental swab cultures and, if
there was, we wanted to check whether growth
varied in frequency according to timing of
antibiotic administration from the onset of
rupture of membranes. Our results revealed
that 67.5-77.5% of the placental swab cultures
demonstrated bacterial growth despite pre-
partum administration of ampicillin prophy-
laxis to women with PROM. Bacterial growth
was present in cultures from placenta of
women who were given antibiotic prophy-
laxis as early as <6 hours after rupture of
membranes. The timing of antibiotic admin-
istration in relation to the onset of rupture
of membranes did not significantly affect the
proportion of patients with positive placental
swab culture.

Intraamniotic infection after rupture of
membranes usually happens through ascending
bacterial invasion by aerobic and anaerobic
organisms from the vagina.!” Many organisms
can cause infection of the placenta, but the
most common are beta-hemolytic streptococci,
Staphylococens anrens, Escherichia coli, and Listeria
monocytogenes>>* Streptococcus viridans, Staphy-
lococcus spp., Enterobacter cloacae, and Gardnerella
vaginalis have also been isolated in placenta
from women who gave birth to preterm

neonates.?

In this study, Escherichia coli turned out to
be the most common organism isolated from
the placenta, followed by Staphylococcus hominis,
Staphylococcus epidermidis, Staphylococcus haemolyticus
and Enterobacter cloacae. Two placental swab
cultures also grew MRSA. Escherichia coli and
Enterobacter cloacae are gram negative rods that
are normally seen in the human intestine,?
while Staphylococcus epidermidis is part of the
normal flora of the human skin, respiratory
tract, and gastrointestinal tract,?’ but they
can become pathogenic when they reach
other tissues.

Routine prophylactic antibiotic admin-
istration to pregnant women at the time of
term PROM can significantly reduce maternal
and neonatal infectious morbidity.?® How-
evet, judicious use of antibiotic should be
ensured since there is an increasing incidence
of bacterial resistance,”” and—although rare
—life-threatening maternal anaphylaxis can
occur with antibiotic use.?

In our institution, we usually use ampicillin
as prophylactic antibiotic for women with
term PROM. In this study, only 19 out of 27
Escherichia coli isolates were susceptible to
ampicillin. Based on available data from the
antibiotic susceptibility patterns of the five
most common bacterial isolates from patients
with positive placental swab cultures, the
antibiotics that the organisms are most
susceptible to are ciprofloxacin and lev-
ofloxacin. Four of the five organisms were also
100% susceptible to gentamicin. Quinolones
like ciprofloxacin and levofloxacin are gen-
erally not used during pregnancy’! Both
ciprofloxacin and levofloxacin are classified
as Pregnancy Category C by the United States
Food and Drug Administration.’? Gentamicin
can be combined with ampicillin to treat IAL3?
This regimen is also useful in preventing or
treating neonatal sepsis, which is a compli-
cation of PROM.3*3>

Generalizability

These results support the practice in our
institution of giving antibiotic prophylaxis to
pregnant women with term PROM upon
admission. The antibiotic of choice should at
least cover Escherichia coli, Staphylococcus spp.,
and Eunterobacter cloacae, the most common
bacterial isolates, and should be given as
soon as possible, preferably within 18 hours
from rupture of membranes. Obstetric prac-
titioners in facilities similar to ours may con-
sider our findings when managing pregnant
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women with term PROM who come to the
facility right after rupture of membranes.

CONCLUSION

The rates of positive bacterial growth in
placental swab cultures were similar across
patient groups who received ampicillin pro-
phylaxis at different timings (within 6 hours,
mortre than 6 to 12 hours, and more than 12
hours to 18 hours) in relation to onset of
term PROM. The most common bacteria
isolated from the placental swab cultures were
Escherichia coly, Staphylococcns hominis, Staphylococcus
haemolyticus, Staphylococens epidermidis, and Enter-
obacter cloacae.
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