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Abstract

Objective—To evaluate the impact of an interconceptional antibiotic regimen on the endometrial
microbial flora and histology.

Study Design—Secondary analysis of a double-blind randomized placebo-controlled trial of
prophylactic metronidazole + azithromycin given to 241 women (118 on antibiotics and 123 on
placebo) with a prior preterm delivery to prevent recurrent preterm delivery. Endometrial cultures
and histology were obtained at randomization and 2 weeks after treatment. The prevalence of either
the new acquisition or the resolution of individual microbes, categories of microbes and plasma cell
endometritis were compared using Chi square or Fisher exact tests.

Results—Overall, antibiotics were associated with lower acquisition and higher resolution of
microbes. Of women without Gardnerella vaginalis at baseline, 14% on antibiotics vs. 34% on
placebo had positive endometrial culture for the organism after treatment (p<0.05), while of those
with Gardnerella at baseline, 57% vs. 33% (p<0.05) had a negative follow-up culture. Other Gram-
negative rods, especially aerobes in general also manifested similar patterns. The impact on anaerobes
and plasma cell endometritis was not definitive but there was a trend toward the increased resolution
of the former (77% vs. 55%) and reduced acquisition of the latter (28% vs. 50%).

Conclusion—The antibiotic regimen prevented acquisition and promoted resolution, but not
eradication, of Gram-negative rods such as Gardnerella vaginalis and the aerobic sub-category.
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Introduction

There is an accumulating body of evidence suggesting that the human endometrium is not
sterile but harbors a microbial flora [1]. Indeed, findings from a large observational study
revealed that 82% of women had endometrial cultures positive for at least one microorganism
approximately 3 months postpartum [2]. It is thought that microbial colonization of the upper
genital tract leading to infection of the chorioamnion and amniotic fluid might play a key role
in the etiology of spontaneous preterm birth [3—-9]. Results of antibiotic intervention studies,
focusing frequently on bacterial vaginosis, for the prevention of preterm birth have been mixed
and do not support the routine use of antibiotics [10]. However, in all of these studies antibiotics
were administered after the first trimester and investigators have hypothesized that this may
be too late in the disease process as preexisting chronic endometrial colonization may be a
determinant [2]. In a recent double-blind randomized clinical trial, a one-week course of
interconceptional prophylactic antibiotics (metronidazole plus azithromycin) or placebo was
administered every 4 months to 241 women at high risk for preterm delivery (PTD) [11]. These
women had endometrial cultures and histology evaluated at randomization and two weeks after
initial treatment. Antibiotics did not reduce the prevalence of subsequent PTD among the 124
women who conceived; instead there was a trend towards lower birth weight and gestational
age. Overall among the 241 women randomized, 49% of antibiotic treated women
demonstrated a decrease in the number of culture-isolated microbial species compared to only
31% of women on placebo. Only 22% vs. 29% respectively demonstrated a resolution in plasma
cell endometritis (p=0.4). We hypothesized that the impact of this regimen on the endometrium
may vary depending on baseline demographic, microbial or histologic characteristics of
individual study women. Therefore, our primary objective was to comprehensively evaluate
the impact of the antibiotic regimen on the endometrial microbial flora and histology. As a
secondary objective, we evaluated whether the impact of antibiotics was modified by individual
baseline characteristics.

Material and Methods

We performed secondary analyses of data obtained as part of a double-blind placebo-controlled
randomized clinical trial conducted at the Center for Women’s Reproductive Health (CWRH)
at the University of Alabama at Birmingham. The detailed methodology has been previously
described [2,11]. Briefly, CWRH research personnel recruited women with singleton
pregnancies ending in a spontaneous preterm birth or pregnancy loss between 16 and 34 weeks
prior to discharge from the hospital. Spontaneous preterm birth was defined as birth following
spontaneous preterm labor or premature rupture of membranes. Women who were not at risk
of becoming pregnant (had a cesarean hysterectomy or sterilization, or had Norplant or I[UD
placement) were excluded from the study, as were those with a multiple gestation or fetal
anomaly in the index pregnancy. The Institutional Review Board approved the study and all
participating women provided written informed consent. Enrollment occurred between January
1998 and August 2001.

Atapproximately four months postpartum, study candidates were evaluated and after excluding
pregnancy, baseline endometrial specimens were obtained and cultures performed for aerobic
and anaerobic bacteria, as well as Ureaplasma urealyticum, Mycoplasma species, Neisseria
gonorrhoeae, group B Streptococcus, Trichomonas vaginalis, and a ligase chain reaction test
for Chlamydia trachomatis. Histopathology was also performed on the endometrial specimens.
The methods for cultures, chlamydia ligase chain reaction, histology, and method of
endometrial sampling have all been previously described [2]. During this initial visit, these
non-pregnant women were randomized in a double-blind fashion to an active-drug group versus
placebo group using a computerized random number sequence with a block size of 4 and
stratified according to gestational age at delivery of the index pregnancy (< 23 weeks or 23
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weeks), and time from index delivery to randomization ( 4months or > 4 months). The active-
drug group received 2 doses of azithromycin 1.0 g given 4 days apart plus sustained-release
metronidazole 750 mg daily for 7 days. The control group received identical-appearing
placebos that contained the same fillers and coatings as the active-drug medications. The same
treatment was repeated every 4 months until conception or until the study was terminated.
Study women were re-evaluated 2 weeks after randomization at which time repeat endometrial
cultures and histopathology were performed. Plasma cell endometritis was defined as the
presence of any plasma cells, seen using 40 X magnification.

Follow-up continued through March 2003 during which time 134 women out of 241 conceived.
Seven women electively terminated their pregnancies while 3 had no outcome data. The
outcomes of the remaining 124 pregnancies and the impact of antibiotics have been reported
[11]. In the current study we focused on the impact of antibiotics on the larger randomized
population of 241 women.

The primary outcomes were the proportions of women who acquired a microbe, category of
microbes or plasma cell endometritis when these were not present at baseline (% Acquisition).
Alternatively, if a microbe, category of microbes or plasma cell endometritis was present at
baseline, we determined the proportions of women with a corresponding change to a negative
culture or histology status at follow-up evaluation (% Resolution). The secondary outcomes
involved proportions of acquisition and resolution stratified by the baseline characteristics.

Baseline demographic comparisons were performed using Chi square test or student t test for
categorical and continuous variables respectively. Chi square or Fisher’s exact tests were used
as appropriate to compare the outcome measures (proportions of acquisition and resolution)
for women on antibiotics vs. those on placebo. Chi-square test for homogeneity was utilized
to test for effect modification by baseline characteristics. For all comparisons p-value < 0.05
indicated statistical significance. Data management and statistical analyses were performed
using SAS version 9.1 software (Cary, NC).

Out of 736 women screened and the total of 241 women studied, 118 were randomized to
antibiotics and 123 to placebo (Figure). Women in both arms had similar baseline socio-
demographic characteristics (Table I) including age, race, marital status, smoking, education,
prior miscarriage, gestational age at prior delivery and time from randomization to index
delivery. Culture results were available for 95 women (80.5%) on antibiotics vs. 104 (84.6%)
on placebo (p-value = 0.41). Histology results were available for 54 (45.8%) of those on
antibiotics vs. 55 (44.7%) on placebo (p-value = 0.87). In addition, when restricted to the sub-
samples of women with available culture results (n=199) or those with histology (n=109), both
treatment arms still maintained a similar socio-demographic profile (results not shown).

In Table Il we present primary outcome results corresponding to the prevalence of acquisition
or resolution of individual microbes and categories of microbes after treatment. In general,
acquisition of microbes was lower and their resolution higher among antibiotic-treated women
compared to those on placebo. The acquisition of Gram negative rods such as the aerobic
subgroup and Gardnerella vaginalis in particular was significantly lower in the antibiotic group
compared to the placebo group while the prevalence of their resolution was significantly higher
among women on antibiotics. There was no definite impact on acquisition or resolution of
lactobacillus species. There were too few women with Gram-negative cocci for a meaningful
analysis to be performed. In addition, the resolution of aerobic microbes in general was
significantly higher in the antibiotic group but the impact of antibiotics on acquisition was
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negligible. Though not statistically significant, antibiotics were associated with a potentially
clinically relevant increase in the resolution (but not acquisition) of anaerobes.

Primary outcome results indicated a non-significant reduction in the acquisition of plasma cell
endometritis in the antibiotic group with a prevalence of 28% (9/32), compared to 50% (14/28)
in the placebo group (p=0.11). Resolution was similar in both groups (p=0.78): 55% (12/22)

for women on antibiotics vs. 59% (16/27) for those on placebo.

Stratification of the prevalence of acquisition and resolution of Gardnerella vaginalis, aerobic
Gram negative rods and Gram negative rods in general by the different baseline characteristics
revealed a similar overall pattern of lower acquisition and higher resolution of microbes in the
antibiotic group regardless of the characteristic of the subgroup. In Table 111, we present the
stratified relative risks and 95% confidence intervals of acquisition and of resolution of Gram-
negative rods (relative risk = prevalence of acquisition or resolution on antibiotics + prevalence
of acquisition or resolution on placebo). All relative risks for microbial acquisition were less
than one - consistent with a protective impact of antibiotics. In addition, all relative risks for
resolution were greater than one, suggesting antibiotics promote resolution. The relative impact
of antibiotics on the acquisition of Gram-negative rods appeared higher in whites (5-fold
reduction) than in blacks (2.2-fold reduction). Similarly, the impact appeared to be higher in
women whose index preterm delivery occurred prior to 28 weeks (7-fold reduction) than in
those whose deliveries occurred from 28-34 weeks (1.7-fold reduction). Statistical testing for
heterogeneity was however negative. The protective effect against acquisition of Gram
negative rods in the sub-groups of unmarried women, non-smoking women, and women
without spontaneous abortion, and increased resolution in African American women were
statistically significant. However, corresponding tests for heterogeneity were negative. Further
stratification of index gestational age into 16-23 and 24-28 and >28 weeks was limited by
small cell sizes, but indicated the same tendency for reduced acquisition and increased
resolution of Gram-negative rods due to antibiotics for each smaller sub-group. Results for
Gardnerella vaginalis and aerobic Gram-negative rods (not shown) presented an identical
pattern.

Our findings indicate that the interconceptional antibiotic regimen of azithromycin and
metronidazole prevents the acquisition and promotes the resolution, but not eradication, of
endometrial microbial organisms and plasma cell endometritis when tested 2 weeks after
treatment. This dual impact was statistically significant for Gram-negative rods such as the
aerobic subgroup and Gardnerella vaginalis species, and was supported by the trends observed
after stratification by baseline sociodemographic characteristics. Though the magnitude of this
impact appeared to be higher for whites (compared to blacks) and for index preterm delivery
prior to 28 weeks gestation (vs. 28—-34 weeks), statistical tests did not confirm an effect
modification. Similarly, statistical tests were not suggestive of effect modification in
acquisition or resolution in spite of significant associations in isolated sub-categories within
socio-demographic groups. There was no impact on the acquisition or resolution of
lactobacillus (second most frequent species) and the impact on anaerobes in general and plasma
cell endometritis was not definitive. Importantly, we did not ascertain clinically or statistically
significant overgrowth of any one organism due to antibiotics.

The assessment of the impact of prophylactic interconceptional treatment of genital tract
infection on pregnancy outcomes used in our primary study represented a novel approach. The
current study comprehensively addresses the impact of antibiotics on endometrial microbial
colonization and provides useful information about the impact on histology. The randomized
design and intent-to-treat analysis obviously enhance the validity of our findings. Nonetheless,
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we acknowledge some limitations. The sample size was inadequate for a complete delineation
of the impact of antibiotics on some microbes, especially in the stratified analysis, potentially
leading to type 2 errors. On the other hand, the examination of the impact on multiple microbes
raises the question of multiple comparisons and possible type 1 errors, as significant findings
may occur purely by chance. In addition, the findings may not be applicable to antibiotics other
than the ones used in this study given varying coverage profiles. Finally, we did not conduct
an exhaustive evaluation of potential endometrial microorganisms. We are therefore unable to
assess the impact on or interaction with organisms such as fungi, viruses or other microbes that
can only be identified using molecular techniques.

Our findings do indicate that antibiotics can be useful in protecting the endometrium from
microbial colonization and inflammation by preventing their acquisition and/or promoting
resolution. Specifically, the impact on Gardnerella vaginalis is predictably due to
metronidazole [12] while that on Gram negative rods (predominantly aerobic) is attributable
to azithromycin [13-14]. Itis paradoxical that these changes did not translate to improved birth
outcomes [11]. It is also unclear why the impact on aerobes in general was restricted to
resolution. An interaction between baseline floral organisms and at least one of these antibiotics
is plausible. There is a paucity of similar endometrial studies for comparison, but one older
study of women with recurrent abortion and infertility reported the eradication of mycoplasmas
from the endometrium, as well as the cervix, after doxycycline therapy [15]. A Cochrane
systematic review of multiple studies[10] including the large NICHD MFMU trial [16]
evaluating the impact of antibiotics on bacterial vaginosis during pregnancy did not find any
beneficial effect on pregnancy outcomes despite significant reductions in bacterial vaginosis.
The antibiotics included single use or combinations of metronidazole (most frequent),
clindamycin, erythromycin and amoxicillin. Similarly, metronidazole therapy induced a
marked reduction in Trichomonas vaginalis relative to placebo but was paradoxically
associated with increased preterm delivery [17]. Aerobic and anaerobic cervical flora have also
been evaluated before and after administration of perioperative cesarean prophylactic
cephalosporins vs. placebo [18]. There was a postpartum increase in cervical colonization with
Escherichia coli and Bacteroides fragilis that was independent of treatment. However, there
was a significant increase in enterococcal colonization of the cervix in the antibiotic arm. In
our trial we did not find any such significant increase in endometrial enterococci, although
aerobic Gram-positive cocci and related Streptococcus viridans provided the only instances in
which the prevalence of acquisition of microbes was higher in the antibiotic arm than in the
placebo arm. These differences are likely due primarily to differences in the spectrum of
antibiotic coverage. Genital tract location (cervix vs. endometrium) and timing of assessment
in relation to pregnancy could also contribute to these differences.

Regarding the timing of assessment it is important to note that genital cultures and histology
were empirically obtained two weeks after initial treatment at a time remote from conception.
The findings may therefore differ from the actual endometrial microbial flora and histology
following additional cycles of antibiotics or at the time of conception and pregnancy.

Our findings add to an accumulating body of evidence indicating that antibiotics produce
expected changes in micro-flora and reduce susceptible pathogens in the human genital tract.
Unfortunately, the desirability of this antibiotic manipulation prior to or during pregnancy is
questionable, as it generally has not resulted in improved pregnancy outcomes even when the
pathogens or microbes are established risk factors for poor outcomes such as preterm delivery.
This paradox, which is further compounded in some instances by an apparent increase in
adverse outcomes, remains largely unexplained. Further studies are needed to clarify this issue.
Such studies may examine the specific content of microbial flora in relation to pregnancy
outcomes, as well as predisposing host factors.
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Screened (n=736)

Y

Ineligible (n = 84)

* Tubal, vasectomy, Norplant (n = 39)

+ Delivery GA = 34 weeks' in index pregnancy (n = 20)
» Allergy to study medications (n = 6)

+ Already taking study medications (n = 3)

+ IDDM (n = 3)

* Unexplained IUFD in index pregnancy (n = 2)

+ Taking immunosuppressive medication (n = 2)

+ Other (n=9)

Y

Unable to contact (n = 67)
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A 4

»
>

Refused consent (n = 154)

Study Visit #1 (n=241)
1st endometrial sampling
Randomization

Figure.

Y Y
Antibiotics Placebo
(n=118) (n=123)
}I Lost to follow-up (n=42)
Y
Study Visit #2 (n=199)
2 weeks after treatment
2r endometrial sampling
A Y
Antibiotics Placebo
(n=95) (n=104)
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Flow chart of screening, randomization to antibiotics vs. placebo, and endometrial sampling.
GA, Gestational age; IDDM, Insulin-dependent diabetes mellitus; IUFD, intrauterine fetal

demise.
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Characteristic Antibiotics (n=118) Placebo (n=123) p-value
Maternal age (years)* 23.8+5.7 23.6+£5.6 0.839
African American (vs. White) 73.7 72.4 0.811
Unmarried 74.4 65.0 0.117
Smoker 271 317 0.435
Education <12 years 29.7 30.9 0.835
History of spontaneous abortion . 30.5 27.6 0.624
Gestational age of index pregnancy (weeks) 25947 263+4.7 0.450
Previous delivery to randomization (days) 153.3 + 205 165.5 + 198 0.638

*
Results reported in mean + standard deviation, all others are percentages
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Table Il
Prevalence (%) of acquisition and resolution of the most commonly isolated endometrial microbes by treatment

group

Prevalence of Acquisition* _ Prevalence of Resolution
Antibiotic3 %(n/ Placebo %(n/ p- Antibiotic %(n/ Placebo® %(n/ p-

N) N) value N)3 N) value
Any microbe 80(8/10) 83(5/6) 1.00 17(14/85) 8(8/98) 0.08
Gardnerella 14(7/49) 34(17/50) 0.02 57(26/46) 33(18/54) 0.02
vaginalis
Lactobacillus species 44(22/50) 45(23/51) 0.91 44(20/45) 34(18/53) 0.29
Streptococcus 11(10/87) 5(4/88) 0.09 100(8/8) 69(11/16) 0.13
viridans
Ureaplasma 4(4/90) 7(7197) 0.42 80(4/5) 71(517) 0.74
urealyticum
Mycoplasma hominis 7(6/86) 7(7/97) 0.95 100(9/9) 57(417) 0.06
Peptostreptococcus 13(10/80) 18(15/85) 0.36 87(13/15) 74(14/19) 0.43
Aerobic Gram(-) 16(8/49) 37(18/49) 0.02 54(25/46) 33(18/55) 0.03
rods
Aerobic Gram 26(18/69) 20(15/76) 0.36 65(17/26) 57(16/28) 0.53
(+) cocci
Aerobic Gram(+) rods 41(19/46) 45(23/51) 0.70 41(20/49) 30(16/53) 0.26
Anaerobic Gram 5(4/86) 8(8/95) 0.31 78(719) 56 (5/9) 0.62
(=) rods
Anaerobic Gram 6(5/82) 8(8/96) 0.57 100(13/13) 88(7/8) 0.38
(+) rods
Any Gram (-) rodt 13(6/47) 34(16/47) 0.01 50(24/48) 32(18/57) 0.05
Any Aerobe 71(10/14) 73(8/11) 0.94 21(17/81) 9(8/93) 0.02
Any Anaerobe 21(13/61) 25(18/73) 0.65 77(26/34) 55(17/31) 0.07

*
Acquisition: Negative at baseline & Positive on follow-up;

*k
Resolution: Positive at baseline & Negative on follow-up;.

§Figures in columns are percentage(Numerator/denominator). N.B. All percentages are rounded to nearest integer; statistically significant findings are in
bold.

iAcquisition required being negative for both aerobic and anaerobic Gram () rods at 15t sampling.

1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Am J Obstet Gynecol. Author manuscript; available in PMC 2008 March 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

TITAetal.

Table Il

Page 10

Relative impact of Antibiotics on Acquisition and Resolution of Gram-negative rods stratified by baseline

characteristics

Characteristic

Acquisition
RR (95% ClI)

Resolution
RR (95% CI)

African American
White

0.45 (0.18, 1.16) .
0.20 (0.03, 1.53)

182 (1.01,3.28)
1.10 (0.50, 2.38)

Unmarried
Married

0.33(0.12,0.93)
0.43 (0.10, 1.88)

1.62 (0.92, 2.88)
1.42 (0.55, 3.65)

Smoker
Non-smoker

0.57 (0.19, 1.76) .
0.30 (0.09, 0.99)

1.71 (0.73, 4.00)
1.52 (0.86, 2.70)

History of spontaneous abortion
No spontaneous abortion

0.63 (0.04,8.91)
0.40 (0.16, 0.97)

1.51 (0.68, 3.36)
1.62 (0.90, 2.91)

Index Preterm birth < 28 weeks
Index Preterm birth 28-34 weeks

0.14 (0.02, 1.10)
0.58 (0.24, 1.40)

1.41 (0.79, 2.53)
1.94 (0.86, 4.39)

*
Test for heterogeneity between subgroup strata was not significant (p-value > 0.05) though RRs appeared different or statistically significant in one but

not in the other subgroup.

7LReIative risk (and 95% CI) comparing prevalence of acquisition or resolution in antibiotic group relative to placebo group (referent)
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