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A

 

BSTRACT

 

Background

 

Infection with 

 

Trichomonas vaginalis

 

during pregnancy has been associated with preterm
delivery. It is uncertain whether treatment of asymp-
tomatic trichomoniasis in pregnant women reduces
the occurrence of preterm delivery.

 

Methods

 

We screened pregnant women for tricho-
moniasis by culture of vaginal secretions. We random-
ly assigned 617 women with asymptomatic trichomo-
niasis who were 16 to 23 weeks pregnant to receive
two 2-g doses of metronidazole (320 women) or pla-
cebo (297 women) 48 hours apart. We treated women
again with the same two-dose regimen at 24 to 29
weeks of gestation. The primary outcome was deliv-
ery before 37 weeks of gestation.

 

Results

 

Between randomization and follow-up,
trichomoniasis resolved in 249 of 269 women for
whom follow-up cultures were available in the metro-
nidazole group (92.6 percent) and 92 of 260 women
with follow-up cultures in the placebo group (35.4
percent). Data on the time and characteristics of de-
livery were available for 315 women in the metroni-
dazole group and 289 women in the placebo group.
Delivery occurred before 37 weeks of gestation in 60
women in the metronidazole group (19.0 percent) and
31 women in the placebo group (10.7 percent) (rela-
tive risk, 1.8; 95 percent confidence interval, 1.2 to 2.7;
P=0.004). The difference was attributable primarily to
an increase in preterm delivery resulting from spon-
taneous preterm labor (10.2 percent vs. 3.5 percent;
relative risk, 3.0; 95 percent confidence interval, 1.5
to 5.9).

 

Conclusions

 

Treatment of pregnant women with
asymptomatic trichomoniasis does not prevent pre-
term delivery. Routine screening and treatment of
asymptomatic pregnant women for this condition can-
not be recommended. (N Engl J Med 2001;345:487-93.)

 

Copyright © 2001 Massachusetts Medical Society.
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NFECTION with 

 

Trichomonas vaginalis

 

 has
been associated with an increase in adverse out-
comes of pregnancy. In the Vaginal Infections
and Prematurity Study, pregnant women colo-

nized with 

 

T. vaginalis

 

 had a 30 percent higher risk
of delivering an infant with low birth weight or de-
livering before term, a 40 percent higher risk of giv-
ing birth to an infant who was both preterm and of

I

 

low birth weight, and nearly twice the risk of still-
birth or neonatal death, as compared with women
without 

 

T. vaginalis

 

 colonization.

 

1

 

 Eleven percent of
preterm deliveries among African-American women
have been considered potentially attributable to trich-
omoniasis.

 

1

 

 Trichomoniasis during pregnancy has been
associated with reduced infant birth weight and pre-
term delivery among pregnant adolescents

 

2

 

 and with
preterm rupture of the amniotic membranes.

 

3,4

 

It is not known whether treatment of asymptomat-
ic trichomoniasis during pregnancy reduces the occur-
rence of preterm delivery or other adverse outcomes.
One observational study noted similar rates of preterm
delivery among 597 pregnant women with trichomo-
niasis, regardless of whether they were treated with
a 7- or 10-day course of metronidazole or were not
treated

 

5

 

; however, untreated women were more likely
to be asymptomatic than treated women. Although
there have been no large, randomized clinical trials of
treatment of trichomoniasis during pregnancy, screen-
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ing and treatment for this infection during pregnan-
cy have been recommended.

 

6

 

 We conducted a ran-
domized clinical trial of metronidazole in pregnant
women with asymptomatic trichomoniasis to assess
whether therapy would reduce the risk of preterm
delivery.

 

METHODS

 

Subjects and Screening

 

At 15 participating sites, we screened women from 8 weeks,
0 days, to 22 weeks, 6 days, of gestation for bacterial vaginosis
and 

 

T. vaginalis.

 

 Women were excluded who reported any of the
following: increased vaginal discharge with itching, burning, or vag-
inal odor; allergy to metronidazole; current ethanol abuse; antibi-
otic therapy within the previous 14 days; an intention to receive
antenatal care or give birth at a location where the follow-up visit
could not be completed or information on the delivery could not be
obtained; a language barrier precluding informed consent; planned
antibiotic therapy before delivery (excluding intrapartum antibi-
otic prophylaxis); current or planned cervical cerclage; preterm labor
before screening; current or planned tocolytic-drug therapy; fetal
death or the presence of a known life-threatening congenital anom-
aly; multifetal gestation; or medical illness (such as hypertension,
preexisting diabetes mellitus, or asthma) requiring long-term or in-
termittent drug therapy.

Because it is more sensitive than a wet preparation of vaginal
secretions, culture was used to screen for 

 

T. vaginalis.

 

7

 

 A Dacron
swab was placed at the junction of the upper one third and the
lower two thirds of the lateral vaginal wall and was used to inoc-
ulate modified Diamond’s medium (PML Microbiologicals, War-
wick, R.I.) for the isolation of 

 

T. vaginalis.

 

 After inoculation, the
specimens were left at room temperature for up to eight hours
before placement in an incubator at 37°C. A drop of the medium
was evaluated microscopically each day for motile trichomonads
until a positive result was obtained or for up to five days. A sec-
ond swab was evaluated for bacterial vaginosis by pH and Gram’s
staining.

 

8,9

 

Women were eligible for randomization if they had a positive
culture for 

 

T. vaginalis;

 

 if they were between 16 weeks, 0 days, and
23 weeks, 6 days, of gestation; and if they met none of the exclusion
criteria. Women were ineligible for randomization if they had re-
ceived any antibiotics since screening, if the time between screening
and randomization exceeded eight weeks, or if they were positive for
syphilis or gonorrhea (or for 

 

Chlamydia trachomatis

 

 if the test was
routinely performed at their stage of gestation). The study was ap-
proved by the institutional review boards of the clinical sites, and all
women gave written informed consent before randomization.

 

Randomization and Follow-up Visits

 

Women underwent ultrasonography, if they had not already done
so, to confirm the gestational age of the fetus as estimated on the
basis of the last menstrual period. At randomization, vaginal samples
were obtained again for Gram’s staining, culture for 

 

T. vaginalis,

 

and measurement of pH. A urine sample was obtained for the de-
tection of 

 

C. trachomatis

 

 by the ligase chain reaction. The results
of these tests were reported to the biostatistical coordinating cen-
ter, but not to the clinical sites, and they did not influence ran-
domization.

After specimens were obtained, the women were randomly as-
signed in a double-blind manner to receive eight capsules contain-
ing either 250 mg of generic metronidazole each or a lactose pla-
cebo. The capsules were prepared by placing either a metronidazole
or a placebo tablet in a capsule and filling the remainder with lac-
tose, so that they were identical in appearance. The capsules were
ingested in the presence of study personnel. The women were giv-
en an additional eight capsules, containing the same substance as
previously assigned, to take 48 hours later. The sexual partners of the
women in both the treatment and the placebo groups were pre-

scribed a single 2-g dose of metronidazole, and the women were
given a supply of condoms and instructed to have their partners
use them for the duration of the treatment regimen (i.e., until the
second dose had been taken). The urn method of randomization,

 

10

 

with stratification according to clinical center, was used to create
the computer-generated randomization sequence.

One follow-up study visit was completed between 24 weeks,
0 days, and 29 weeks, 6 days, of gestation and at least 14 days
after the initial visit. At this visit, the specimens were collected in
the same way as at the first visit. To maintain blinding, the clinic
staff were kept unaware of the results of the assays. Study person-
nel asked the women about their adherence to the instructions for
the second dose (at 48 hours after randomization), whether they
had side effects from the first dose, and whether they had taken oth-
er antibiotics after randomization. All the women were treated again
with the same two-dose regimen received initially.

 

Assessment of Outcomes

 

The length of gestation at randomization was determined from
the last menstrual period, provided that ultrasonography con-
firmed that estimate within 7 days if it was performed at less than
20 weeks of gestation, or within 14 days if it was performed at or
after 20 weeks of gestation. When there was discordance between
the menstrual and sonographic estimates, the duration of gestation
at randomization was determined from the first sonogram. The du-
ration of gestation at delivery was determined calculating the elapsed
time from randomization to delivery. Preterm birth was defined as
delivery at less than 37 completed weeks (259 days) of gestation.

With the exception of the two extra visits for randomization and
follow-up, women received the usual prenatal care at their institu-
tions. After delivery, study personnel reviewed prenatal, delivery,
and postpartum medical records for the following information: date
of delivery; infant’s birth weight; any antibiotics prescribed after
randomization through the postpartum period, and the dates and
indications for therapy; any hospital visits and admissions for pre-
term labor not resulting in delivery; any use of tocolytic drugs;
presence or absence of preterm rupture of the membranes (mem-
brane rupture at least one hour before the onset of labor and be-
fore 37 weeks of gestation); any occurrence of clinical intraamni-
otic infection (indicated by fever and uterine tenderness without
other known infection); any occurrence of postpartum endometri-
tis; and any suspected or confirmed neonatal sepsis.

 

Statistical Analysis

 

Continuous variables were compared with use of the Wilcoxon
rank-sum test, and categorical variables with use of the chi-square
or Fisher’s exact test. Prolongation of pregnancy was assessed by
life-table methods. Data were included from the time of randomiza-
tion until the women gave birth, were lost to follow-up, or reached
37 weeks of gestation. Event-free survival curves were estimated
by the Kaplan–Meier method, with adjustment for the duration
of gestation at entry.

 

11

 

 The statistical significance of this compari-
son was assessed with use of the proportional-hazards-model score
function test. Before the study started, the group-sequential meth-
od of Lan and DeMets with the modified O’Brien–Fleming spend-
ing function was chosen to adjust the significance level of interim
analyses.

 

12

 

 Four interim analyses were performed, on data sets cor-
responding to 4.3 percent, 15.7 percent, 24.8 percent, and 27.2
percent of the total planned sample size of 1900. This sample size
was calculated on the basis of an 80 percent power to detect a
reduction of 30 percent or more in the rate of preterm delivery with
active treatment. According to this monitoring plan, the critical
z score for stopping the study at the fourth analysis was 4.17, which
corresponds to a P value of 0.00002. However, the independent
data and safety monitoring committee reviewed the interim results
and recommended that recruitment cease in January 1999, before
the planned enrollment target was reached. This recommendation
was based on the slow rate of accrual of subjects and the unexpect-
ed but consistent increase in the risk of preterm delivery in the
metronidazole group. The Biostatistics Center of George Wash-
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ington University maintained the data and performed the statistical
analyses.

 

RESULTS

 

From May 1995 to January 1999, 40,857 women
were considered for a screening examination at the
15 centers participating in the study. Of these, 7768
women were ineligible, 1711 refused consent, and
tests were not performed on 221, so that 31,157 were
screened. There were 2377 women found to have

 

T. vaginalis

 

 infection (7.6 percent); 617 were eligi-
ble and consented to participate, of whom 320 were
randomly assigned to receive metronidazole and 297

to receive placebo. Details of the screening are provid-
ed in Figure 1. The characteristics of the two groups
of women are presented in Table 1. The groups were
similar in terms of all characteristics listed in Table 1.
Information on the length of gestation at delivery
was missing for 13 women (2.1 percent): 5 in the
metronidazole group and 8 in the placebo group
(P=0.33).

 

Compliance and Side Effects

 

A full course of treatment consisted of 32 capsules,
divided into four doses; women who did not com-

 

Figure 1.

 

 Women Screened and Randomly Assigned to Metronidazole or Placebo.
A total of 617 women underwent randomization, including 2 who did not actually have trichomoniasis
and were enrolled in error.

Women considered for screening (40,857)

Ineligible for screening (7768)Ł
    Vaginal symptoms (1813)Ł
    Medical conditions (1670)Ł
    Antibiotics in past 2 weeks or planned before labor (1311)Ł
    Language barrier (1074)Ł
    Gestational age »23 weeks (783)H
    Other (1117)

Refused consent for screening (1711)

Tests not done (221)

Ineligible for trial (1333)Ł
    Antibiotics since screening (475)Ł
    Could not arrange visit before 24 weeks of gestation (326)Ł
    More than 8 weeks since screening (123)Ł
    Fetal anomaly or death (90)Ł
    Vaginal symptoms developed (81)Ł
    Other (238)

Refused consent (265)

Assigned in error to bacterial vaginosis trial (12)

Did not keep randomization appointment (152)

Screened for trichomoniasis (31,157)

Women with trichomoniasis (2377)

Consent granted, correctly randomized (615)
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plete the follow-up visit were assumed to have taken
no doses beyond the first. Since women were not
contacted after the follow-up visit, information was
not collected regarding compliance with the final
(fourth) 2-g dose. The mean number of capsules
taken of the maximum of 24 for which information
was collected was 21.2 in the metronidazole group
and 21.9 in the placebo group (P=0.21). All 24
capsules were taken by 79.7 percent of women in the
metronidazole group and 83.2 percent of women in
the placebo group; two women in the metronidazole
group and none in the placebo group did not take
any capsules.

In this study, 544 of the 617 women (88.2 per-
cent) returned for the follow-up visit and provided
information on side effects. The reasons for failure
to return were loss of contact (47 women), delivery
before the scheduled visit (16 women), refusal to con-
tinue in the study (8 women), and other reasons
(2 women); there was no significant difference be-
tween the groups in the proportion of women who
did not return for a follow-up visit. Side effects were
significantly more common in the metronidazole

group (14.1 percent) than in the placebo group (6.4
percent, P=0.003). This difference was attributable
primarily to an increase in gastrointestinal symptoms
in the metronidazole group (13.0 percent vs. 5.2
percent).

 

Occurrence of Preterm Delivery

 

Outcome data, shown in Table 2, were available
for 604 of the 617 women who underwent random-
ization (97.9 percent). Delivery before 37 weeks of
gestation was more common among women assigned
to metronidazole (relative risk, 1.8; 95 percent con-
fidence interval, 1.2 to 2.7; P=0.004). Most of the
difference between the groups was due to an increase
in the rate of spontaneous preterm labor among wom-
en assigned to metronidazole (Table 2). A survival
analysis comparing the week of gestation at delivery
for women in the placebo and metronidazole groups
is presented in Figure 2. Differences in the occurrence
of preterm birth became most apparent for women
in whom gestation lasted 34 to 36 weeks.

The association between metronidazole use and
preterm delivery was consistent across many subgroups
(Table 3), with the exception of women who had
positive tests for 

 

C. trachomatis

 

 at randomization,
among whom preterm delivery was nonsignificantly
reduced with metronidazole treatment. Among wom-
en whose cultures for trichomoniasis were still posi-
tive at randomization, 46 of 226 in the metronidazole
group and 22 of 204 in the placebo group gave birth
at less than 37 weeks of gestation (relative risk, 1.9;
95 percent confidence interval, 1.2 to 3.0).

There were 544 women who completed the fol-
low-up visit (88.2 percent of the women who under-
went randomization), 529 of whom had follow-up
cultures for 

 

T. vaginalis.

 

 The organism persisted in
64.6 percent of women assigned to placebo (168 of
260) and 7.4 percent of women assigned to metro-
nidazole (20 of 269).

 

Other Pregnancy-Related and Neonatal Complications

 

Information on other pregnancy-related and neo-
natal complications is presented in Table 4. There were
no significant differences between the metronidazole
and placebo groups in the rates of hospital admission
for preterm labor or membrane rupture, receipt of to-
colytic drugs, clinical intraamniotic infection, or post-
partum endometritis. There were also no significant
differences between the groups in the rates of still-
birth or neonatal death during the nursery stay, ad-
mission to the neonatal intensive care unit, or neo-
natal sepsis.

Antimicrobial drugs, including topical vaginal an-
tifungal drugs, were used before 37 weeks of gestation
significantly less frequently by women in the metro-
nidazole group than by those in the placebo group
(31.6 percent vs. 46.2 percent, P<0.001). This dif-
ference was largely attributable to the use of metro-

 

*Plus–minus values are means ±SD.

†Information on race or ethnic group was abstracted from medical rec-
ords in almost all cases; in the remainder the women themselves were
asked.

‡Denominators indicate the number of women in whom the given test
was performed.

 

T

 

ABLE

 

 1.

 

 C

 

HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 617 W

 

OMEN

 

 

 

AT

 

 R

 

ANDOMIZATION

 

.*

 

C

 

HARACTERISTIC

 

M

 

ETRONIDAZOLE

 

(N=320)
P

 

LACEBO

 

(N=297)

 

Race or ethnic group — no. (%)†
Black
Non-Hispanic white
Hispanic and other

289 (90.3)
15 (4.7)
16 (5.0)

267 (89.9)
18 (6.1)
12 (4.0)

Marital status — no. (%)
Never married
Married, living with partner
Divorced, widowed, or separated

247 (77.2)
61 (19.1)
12 (3.8)

225 (75.8)
56 (18.9)
16 (5.4)

Nulliparous — no. (%) 154 (48.1) 137 (46.1)

Previous preterm delivery — no. (%) 34 (10.6) 30 (10.1)

Weight before pregnancy <50 kg 
— no. (%)

36 (11.2) 30 (10.1)

Smoked during pregnancy — no. (%) 59 (18.4) 57 (19.2)

Bacterial vaginosis present — no. (%)‡ 120/318 (37.7) 114/294 (38.8)

 

Trichomonas vaginalis

 

 present 
— no. (%)‡

229/319 (71.8) 209/296 (70.6)

 

Chlamydia trachomatis

 

 present 
— no. (%)‡

41/294 (13.9) 33/266 (12.4)

Age — yr 22.9±5.4 22.7±5.8

Weight before pregnancy — kg 71.2±19.0 72.7±20.9

Years of education 11.6±1.6 11.5±1.6

Length of gestation — wk 19.6±2.5 19.8±2.6

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 16, 2009 . For personal use only. No other uses without permission. 



 

FAILURE OF METRONIDAZOLE TO PREVENT PRETERM DELIVERY AMONG WOMEN WITH 

 

TRICHOMONAS VAGINALIS

 

N Engl J Med, Vol. 345, No. 7

 

·

 

August 16, 2001

 

·

 

www.nejm.org

 

·

 

491

 

nidazole, which was administered for various clinical
indications outside the study to 11.9 percent of wom-
en assigned to metronidazole and 26.2 percent of
women assigned to placebo (P<0.001); 7.7 percent
of women in the metronidazole group and 22.7 per-
cent of women in the placebo group were treated
specifically for trichomoniasis (P<0.001). There was
a trend toward more treatment for vaginal fungal in-
fections in the metronidazole group (10.3 percent)
than in the placebo group (6.6 percent, P=0.11).

 

DISCUSSION

 

Treatment of asymptomatic pregnant women col-
onized with 

 

T. vaginalis

 

 effectively eliminated the or-

ganism, but it was ineffective in preventing preterm
delivery and may have increased the risk as compared
with that in the placebo group. Although this unan-
ticipated result had a nominal P value of consider-
ably less than 0.05, the test statistic did not cross pre-
defined stopping boundaries and is equivalent to a
final alpha level of 0.20. Nevertheless, the data and
safety monitoring board was sufficiently concerned
about this increased risk to recommend cessation of
recruitment.

One possible explanation for our findings is that
dying 

 

T. vaginalis

 

 organisms elicit an inflammatory
response that triggers preterm labor. The last treat-
ment was administered at less than 30 weeks of ges-
tation, and the greatest increase in preterm delivery
was at 35 and 36 weeks. The apparent absence of an
immediate effect suggests that this mechanism is un-
likely, however, and also suggests it is unlikely that
metronidazole itself triggers preterm labor. Lysis of

 

T. vaginalis

 

 might release a pathogenic virus. Some
strains of T. vaginalis have been reported to carry vi-
ruses, and herpes simplex virus type 2 has been shown
to survive within T. vaginalis organisms.13 However,
the relation between genital viral infections and pre-
term delivery has not been well documented.

The risk of preterm delivery was not increased in
previous clinical trials of metronidazole treatment of
bacterial vaginosis during pregnancy.9,14-16 Our treat-
ment regimen of 2-g doses of metronidazole given
48 hours apart is nonstandard, although it is similar
to a regimen recommended for resistant cases of trich-
omoniasis.17 This regimen might have suppressed com-
peting flora and allowed a particular pathogen to flour-
ish. Because we did not see an increase in the risk of
preterm delivery in our previous trial among women
with bacterial vaginosis who did not also have trich-
omoniasis,9 such a pathogen would have to be associ-
ated specifically with T. vaginalis. We did not collect
additional microbiologic data that could be used to
evaluate this hypothesis.

Ninety percent of the women in this study were
black, reflecting the quadrupled prevalence of trich-
omoniasis among black women, as compared with
women of other racial or ethnic groups.18 We found
a similar relative risk of preterm delivery among wom-
en of other groups who were randomly assigned to
metronidazole, but our study included relatively small
numbers of nonblack women.

Our results are consistent with the results of our
previous clinical trial of metronidazole therapy for bac-
terial vaginosis9; in each of these studies, preterm de-
livery was more frequent among women with both
bacterial vaginosis and trichomoniasis who were ran-
domly assigned to receive metronidazole. An increase
in the risk of preterm delivery has also been observed
among pregnant women who had a prior preterm
delivery19 or who had bacterial vaginosis20,21 and were
treated with clindamycin cream, as compared with

*The reason for preterm delivery was unknown for four women (three
in the metronidazole group and one in the placebo group).

TABLE 2. OUTCOMES OF PREGNANCY ACCORDING TO 
TREATMENT GROUP.

OUTCOME

METRONIDAZOLE

(N=315)
PLACEBO

(N=289)

RELATIVE RISK

(95% CONFIDENCE

INTERVAL)

no. (%)

Delivery at <37 wk*
Due to preterm labor
Due to membrane

rupture
By induction of labor

or cesarean section
without labor

60 (19.0)
32 (10.2)
14 (4.4)

11 (3.5)

31 (10.7)
10 (3.5)
12 (4.2)

8 (2.8)

1.8 (1.2–2.7)
3.0 (1.5–5.9)
1.1 (0.5–2.3)

1.3 (0.5–3.1)

Delivery at <35 wk 27 (8.6) 19 (6.6) 1.3 (0.7–2.3)

Delivery at <32 wk 16 (5.1) 11 (3.8) 1.3 (0.6–2.8)

Infant’s birth weight
<2500 g

51 (16.2) 34 (11.8) 1.4 (0.9–2.1)

Infant’s birth weight
<1500 g

17 (5.4) 11 (3.8) 1.4 (0.7–3.0)

Figure 2. Length of Gestation at Delivery According to Treat-
ment Group.
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*Denominators indicate the number of women for whom data on preterm delivery were available.

TABLE 3. DELIVERY AT <37 WEEKS OF GESTATION ACCORDING TO TREATMENT GROUP 
AND SELECTED BASE-LINE CHARACTERISTICS.*

CHARACTERISTIC PRETERM DELIVERY

RELATIVE RISK

(95% CONFIDENCE

INTERVAL)

METRONIDAZOLE PLACEBO

no./total no. (%)

Previous preterm delivery
Previous spontaneous preterm

delivery

No previous preterm delivery

16/32  (50.0)
15/26  (57.7)

44/283 (15.5)

7/27  (25.9)
6/21  (28.6)

24/262 (9.2)

1.9 (0.9–4.0)
2.0 (0.95–4.3)

1.7 (1.1–2.7)

Length of gestation at random-
ization

<20 wk
»20 wk

35/171 (20.5)
25/144 (17.4)

16/150 (10.7)
15/139 (10.8)

1.9 (1.1–3.3)
1.6 (0.9–2.9)

Race
Black
Other

55/287 (19.2)
5/28  (17.9)

28/262 (10.7)
3/27  (11.1)

1.8 (1.2–2.7)
1.6 (0.4–6.0)

Weight before pregnancy
<50 kg
»50 kg

13/35  (37.1)
46/272 (16.9)

1/28  (3.6)
30/256 (11.7)

10.4 (1.4–74.8)
1.4 (0.9–2.2)

Bacterial vaginosis
Present
Absent

31/119 (26.1)
29/194 (14.9)

16/113 (14.2)
15/173 (8.7)

1.8 (1.1–3.2)
1.7 (0.96–3.1)

Chlamydia trachomatis
Present
Absent

5/39  (12.8)
49/251 (19.5)

7/33  (21.2)
22/227 (9.7)

0.6 (0.2–1.7)
2.0 (1.3–3.2)

*Denominators indicate the number of women for whom outcome data were available.

†There were seven stillbirths in the metronidazole group at 20, 22 (two cases), 24, 26, 38, and
40 weeks of gestation. 

TABLE 4. COMPLICATIONS OF PREGNANCY AND NEONATAL COMPLICATIONS 
ACCORDING TO TREATMENT GROUP.*

OUTCOME METRONIDAZOLE PLACEBO

RELATIVE RISK

(95% CONFIDENCE

INTERVAL)

no./total no. (%)

Maternal

Hospitalized for preterm labor
Hospitalized for preterm membrane 

rupture
Received tocolytic drugs
Cesarean delivery
Received antimicrobial therapy

Any antimicrobial agent
Metronidazole, for any indication
Treated specifically for trichomoniasis

Clinical intraamniotic infection
Postpartum endometritis

Vaginal delivery
Cesarean delivery

41/311 (13.2)
8/311 (2.6)

11/311 (3.5)
53/313 (16.9)

98/310 (31.6)
37/310 (11.9)
24/310 (7.7)
24/309 (7.8)

4/257 (1.6)
9/52  (17.3)

43/287 (15.0)
7/287 (2.4)

15/287 (5.2)
44/289 (15.2)

132/286 (46.2)
75/286 (26.2)
65/286 (22.7)
24/286 (8.4)

3/240 (1.2)
9/44  (20.5)

0.9 (0.6–1.3)
1.1 (0.4–2.8)

0.7 (0.3–1.4)
1.1 (0.8–1.6)

0.7 (0.6–0.8)
0.5 (0.3–0.7)
0.3 (0.2–0.5)
0.9 (0.5–1.6)

1.2 (0.3–5.5)
0.8 (0.4–1.9)

Fetal or neonatal

Passage of meconium
Stillbirth or neonatal death†
Admission to neonatal intensive care

unit
Neonatal sepsis (suspected or proved)

69/308 (22.4)
11/308 (3.6)
54/301 (17.9)

36/299 (12.0)

59/284 (20.8)
8/287 (2.8)

48/283 (17.0)

29/282 (10.3)

1.1 (0.8–1.5)
1.3 (0.5–3.1)
1.1 (0.7–1.5)

1.2 (0.7–1.9)

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
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women treated with placebo. In a previous clinical
trial, a regimen of metronidazole and erythromycin
increased the occurrence of delivery at less than 34
weeks of gestation among women who did not have
bacterial vaginosis.15 The results of the present trial,
along with previous studies, suggest that there may
be a group of women in whom the risk of adverse
outcomes of pregnancy is increased by antibiotic
treatment.

Our results present a clinical dilemma. T. vaginalis
is often noted in Papanicolaou smears obtained from
asymptomatic pregnant women,7 and fewer than 20
percent of pregnant women with trichomoniasis re-
port lower genital tract symptoms in response to di-
rect questioning.22 Because T. vaginalis is a sexually
transmitted pathogen, treatment of both infected
women and their sexual partners is recommended as
a public health measure.7,17 Our findings that metro-
nidazole therapy for asymptomatic trichomoniasis in
pregnancy does not reduce the rate of preterm deliv-
ery, and may increase the risk of this complication,
suggest that such treatment cannot be recommended.
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APPENDIX

Other members of the Maternal–Fetal Medicine Units Network are as
follows: University of Alabama at Birmingham — R.L. Copper, A.
Northen, and W.W. Andrews; University of Chicago — P. Jones and M.D.
Lindheimer; University of Cincinnati — N. Elder and T.A. Siddiqi;
George Washington University Biostatistics Center — C. MacPherson,
S. Leindecker, and M.L. Fischer; Magee Women’s Hospital, Pittsburgh
— S.N. Caritis, M. Cotroneo, and T. Camon; University of Miami — S.
Beydoun, C. Alfonso, and F. Doyle; National Institute of Child Health
and Human Development — C. Catz and S.J. Yaffe; Ohio State Univer-
sity — J.D. Iams, F. Johnson, and M.B. Landon; University of Oklahoma
— G. Thurnau and A. Meier; Medical University of South Carolina —
B.A. Collins, F. LeBoeuf, and R.B. Newman; University of Tennessee —
B.M. Mercer and R. Ramsey; University of Texas at San Antonio — M.
Berkus and S. Nicholson; University of Texas Southwestern Medical
Center — M.L. Sherman and S. Bloom; Thomas Jefferson University —
M. DiVito and J. Tolosa; University of Utah — D. Dudley and L. Reynolds;
Wake Forest University — P. Meis, E. Mueller-Heubach, and M. Swain;
Wayne State University — S.F. Bottoms (deceased) and G.S. Norman.

REFERENCES

1. Cotch MF, Pastorek JG II, Nugent RP, et al. Trichomonas vaginalis as-
sociated with low birth weight and preterm delivery. Sex Transm Dis 1997;
24:353-60.
2. Hardy PH, Hardy JB, Nell EE, Graham DA, Spence MR, Rosenbaum 
RC. Prevalence of six sexually transmitted disease agents among pregnant 
inner-city adolescents and pregnancy outcome. Lancet 1984;2:333-7.
3. Grice AC. Vaginal infection causing spontaneous rupture of the mem-
branes and premature delivery. Aust N Z J Obstet Gynaecol 1974;14:156-
8.
4. Minkoff H, Grunebaum AN, Schwarz RH, et al. Risk factors for pre-
maturity and premature rupture of membranes: a prospective study of the 
vaginal flora in pregnancy. Am J Obstet Gynecol 1984;150:965-72.
5. Morgan I. Metronidazole treatment in pregnancy. Int J Gynaecol Ob-
stet 1978;15:501-2.
6. Saurina GR, McCormack WM. Trichomoniasis in pregnancy. Sex 
Transm Dis 1997;24:361-2.
7. Heine P, McGregor JA. Trichomonas vaginalis: a reemerging pathogen. 
Clin Obstet Gynecol 1993;36:137-44.
8. Nugent RP, Krohn MA, Hillier SL. Reliability of diagnosing bacterial 
vaginosis is improved by a standardized method of Gram stain interpreta-
tion. J Clin Microbiol 1991;29:297-301.
9. Carey JC, Klebanoff MA, Hauth JC, et al. Metronidazole to prevent 
preterm delivery in pregnant women with asymptomatic bacterial vaginosis. 
N Engl J Med 2000;342:534-40.
10. Wei LJ, Lachin JM. Properties of the urn randomization in clinical tri-
als. Control Clin Trials 1988;9:345-64. [Erratum, Control Clin Trials 
1989;10:126a.]
11. Cnaan A, Ryan L. Survival analysis in natural history studies of disease. 
Stat Med 1989;8:1255-68.
12. Lan KKG, DeMets DL. Discrete sequential boundaries for clinical tri-
als. Biometrika 1983;70:659-63.
13. Sayed el-Ahl SA, Maklad KM, Gamil MA, Hammouda MH, Abdel 
Naby SB. A study of the potential role of Trichomonas vaginalis in trans-
mission of herpes simplex virus type II. J Egypt Soc Parasitol 1999;29:561-
73.
14. Morales WJ, Schorr S, Albritton J. Effect of metronidazole in patients 
with preterm birth in preceding pregnancy and bacterial vaginosis: a pla-
cebo-controlled, double-blind study. Am J Obstet Gynecol 1994;171:345-
7.
15. Hauth JC, Goldenberg RL, Andrews WW, DuBard MB, Copper RL. 
Reduced incidence of preterm delivery with metronidazole and erythro-
mycin in women with bacterial vaginosis. N Engl J Med 1995;333:1732-
6.
16. McDonald HM, O’Loughlin JM, Vigneswaran R, et al. Impact of 
metronidazole therapy on preterm birth in women with bacterial vaginosis 
flora (Gardnerella vaginalis): a randomised, placebo controlled trial. Br J 
Obstet Gynaecol 1997;104:1391-7.
17. 1998 Guidelines for treatment of sexually transmitted diseases. 
MMWR Morb Mortal Wkly Rep 1998;47(RR-1):1-116.
18. Goldenberg RL, Klebanoff MA, Nugent RP, Krohn MA, Hillier SL, 
Andrews WW. Bacterial colonization of the vagina during pregnancy in 
four ethnic groups. Am J Obstet Gynecol 1996;174:1618-21.
19. Vermeulen GM, Bruinse HW. Prophylactic administration of clinda-
mycin 2% vaginal cream to reduce the incidence of spontaneous preterm 
birth in women with an increased recurrence risk: a randomised placebo-
controlled double-blind trial. Br J Obstet Gynaecol 1999;106:652-7.
20. McGregor JA, French JI, Jones W, et al. Bacterial vaginosis is associ-
ated with prematurity and vaginal fluid mucinase and sialidase: results of a 
controlled trial of topical clindamycin cream. Am J Obstet Gynecol 1994;
170:1048-59.
21. Joesoef MR, Hillier SL, Wiknjosastro G, et al. Intravaginal clindamy-
cin treatment for bacterial vaginosis: effects on preterm delivery and low 
birth weight. Am J Obstet Gynecol 1995;173:1527-31.
22. Heine RP, McGregor JA, Patterson E, et al. Trichomonas vaginalis: di-
agnosis and clinical characteristics in pregnancy. Infect Dis Obstet Gynecol 
1994;1:228-34.

Copyright © 2001 Massachusetts Medical Society.

Copyright © 2001 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 16, 2009 . For personal use only. No other uses without permission. 


