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ABSTRACT

Objective: This prospective study was undertaken to examine the effects of subclinical intraamniotic
infection on fetal behavioral patterns.

Methods: Amniotic fluid was obtained from four groups of patients (n 99): group 1, patients
with preterm premature rupture of the fetal membranes (PPROM) without infection; group 2,
patients with PPROM and infection; group 3, patients with preterm labor (PTL) and without
infection; and group 4, patients with PTL and infection. Fetal biophysical profiles were obtained on
admission to the labor suite. Amniotic fluid was analyzed for the presence of microorganisms and
endotoxin to confirm intraamniotic infection; cytokines interleukin (IL)-113, IL-6, and IL-8 were
also assayed.

Results: We found no association between low scores for biophysical parameters and subclinical
infection in patients with PPROM or PTL.

Conclusions: We could not demonstrate that upon a patient’s admission to the labor hall absent
fetal breathing and absent fetal movement, as well as reactivity, correlate with subclinical intraam-
niotic infection. Elevated cytokines, i.e. IL-113, IL-6, and IL-8 were associated with subclinical
chorioamnionitis. (C) 1993 Wiley-Liss, Inc.
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uring the last several years a body of evidence
has accumulated suggesting that preterm labor

(PTL) and premature rupture of the fetal mem-
branes (PROM) are causally related to subclinical
infection. The findings of such studies supportive
of this premise include the isolation of microorgan-
isms from amniotic fluid (AF) in 15% of preterm
labor pregnancies and the presence of bacterial
endotoxin in amniotic fluid in approximately 30%
of preterm labor pregnancies. 2’3 Additionally, the
inflammatory microbial products associated with
subclinical infection, such as cytokines, are elevated
in amniotic fluid of preterm pregnancies. For
example, interleukin (IL)-I[3 is found in AF

of approximately 50% of PTL pregnancies4;
second, high levels of IL-6 are present in AF of
approximately 50% of PTL pregnancies5; third,
increased concentrations of IL-8 are found in AF
of PTL pregnancies associated with intraamniotic
infection (IAI)6; fourth, tumor necrosis factor
(TNF)-e is present in AF of some PTL pregnan-
cies7’8; and, finally, prostaglandins are identified
in AF of infection-associated preterm labor. 9’ 10

Analysis of fetal behavior has recently been used
to evaluate patients with PROM. The findings of
several studies suggest that the infected fetus be-
haves differently from the noninfected fetus. 11-14

In particular, a decrease in the amount of fetal
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TABLE I. Selected biophysical parameters of patients with preterm premature rupture of membranes
(PPROM) and preterm labor (PTL) with intact fetal membranes according to presence or absence of
intraamniotic infection

PPROM (n 30) PTL (n 69)
Infected Noninfected Infected Noninfected
(n 6) (n 24) (n 8) (n 61)

Absent fetal breathing (17) 5 (21) 2 (25) 7 (I I)
Absent fetal movement (17) 0 (I 3) 0
Nonreactivity (17) 2 (8) (I 3) 5 (8)

No significant differences detected. Number, percent in parentheses.

breathing and fetal movement, as well as a nonreac-
tive nonstress test (NST), has been observed in the
presence of infection.

The purpose of this study was to determine pro-
spectively the incidence of subclinical IAI in preg-
nancies complicated by PTL and PROM. Addi-
tionally, we sought to determine if absent fetal
breathing, fetal body movement, or nonreactivity
on admission to the labor hall could serve as an

indicator of subclinical infection.

SUBJECTS AND METHODS
The University of Kentucky (UK) Chandler Med-
ical Center is a Level III regional referral center

serving eastern and central Kentucky. The majority
of patients entering this study were transferred to
UK from nearby facilities, and all patients received
magnesium sulfate tocolysis for transfer.

Entry criteria for this prospective study in-
cluded: 1) either documented PTL (cervix > 2 cm
and 80% effaced or documented cervical change) or
documented PPROM (nitrazine, pooling, and
ferning tests); 2) singleton of fewer than 34 com-

pleted weeks of gestation; and 3) no other medical
or obstetric complications. All patients were admit-
ted to the labor suite for evaluation. After the pa-
tient had given informed consent, amniotic fluid
was retrieved by transabdominal amniocentesis. The
fluid was placed on ice and transported to the labo-
ratory. After centrifugation at 300g for 10 minutes
at 4C, the supernatant was stored in polypropylene
tubes at -70C until cytokine analysis. A small
amount of fluid was stored at -20C in endotoxin
free tubes until the Limulus amoebocyte lysate
(LAL) test was performed for endotoxin detection.
Amniotic fluid for microbiologic analysis was trans-

ported to the hospital laboratory in a capped plastic
syringe and plated immediately for aerobic and

anaerobic culture. Intraamniotic infection was de-
fined as the presence of bacteria or endotoxin in the
amniotic fluid.

The biophysical profile score was obtained in all
patients by means of a real time ultrasonographic
machine equipped with a 3.5 MHz curvilinear-
array transducer. Scanning consisted of a 30 minute
observation period and a biophysical profile score

assigned as per the criteria of Manning and co-
workers, is An NST was considered reactive if 2
episodes of fetal heart rate acceleration greater than
15 beats for 15 seconds were observed in 20 min-
utes. An NST was considered nonreactive if there
were no accelerations in 40 minutes.

Amniotic fluid was analyzed for endotoxin as

previously described by Cox and colleagues. 2 Quan-
tification of cytokines in the AF was measured by
sensitive and specific enzyme-linked immunosor-
bent assays (ELISA) for IL-113 (Cistron Biotech-
nologies, Pinebrook, NJ), IL-6 (Genzyme Corpo-
ration, Cambridge, MA), and IL-8 (R and D
Systems, Minneapolis, MN). These assays were
validated for use in AF by determining nonspecific
binding and parallelism of the assay.

Analysis of categorical data was performed using
2 2 contingency tables with the two-tail Fisher’s
exact test. Continuous data were analyzed using the
Mann-Whitney two-sample statistic. A P value less
than 0.05 was considered significant.

RESULTS
The outcome of the patients in the study is summa-
rized in Table 1. Amniotic fluid was retrieved
from all 99 patients. No patients met the criteria
for clinical chorioamnionitis, such as the presence
of fever, maternal tachycardia, fetal tachycardia,
and uterine tenderness. Of the 30 patients with
PPROM on admission, 20% had laboratory signs
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TABLE 2. Amniotic fluid analysis and outcomes in patients with premature rupture of the fetal membranesa

IAI (+) IAI (-)
(n 6)b (n 24)b

Culture positive [no. (%)] 3 (50) 0 0.005
LPS positive [no. (%)] 4 (67) 0 <.001
Mean IL-113 (ng/mL) 18.6 -+ 7. 0.027
Mean IL-6 (ng/mL) 10.6 2.4 0.26 -+ 0.01 0.008
Mean IL-8 (ng/mL) 90. -+ 1.7 1.6 - 0.06 0.004
Fetal breathing absent [no. (%)] (17) 4 (16) NS
Fetal movement absent [no. (%)] (17) 0 NS
Nonreactivity [no. (%)] (17) 2 (8) NS
Discharged undelivered [no. (%)] 0 3 (I 3) NS
Mean time to delivery (d) 5.5 1.0 6.9 - 1.8 NS

alL, interleukin; LPS, lipopolysaccharide.
IAI (+), intraamniotic infection present; IAI (-), IAI absent;--, not,detectable; NS, not significant.

TABLE 3. Amniotic fluid analysis and outcomes in pregnancies complicated by preterm labor
(intact membranes)

IAI (+) IAI (-)
(n 8)b (n 61)b

Culture positive [no. (%)] 3 (38) 0 0.001
LPS positive [no. (%)] 5 (62) 0 <0.001
Mean IL-113 (ng/mL) 3.2 -+ 0.5 <0.001
Mean IL-6 (ng/mL) 9.0 1.6 0.3 <0.001
Mean IL-8 (ng/mL) 89.8 - 13.3 1.9 -+ 0.17 <0.006
Fetal breathing absent [no. (%)] (I 3) II (18) NS
Fetal movement absent [no. (%)] 0 0
Nonreactivity [no. (%)] (I 3) 4 (7) NS
Discharged undelivered [no. (%)] (I 3) 45 (74) 0.001

IL, interleukin; LPS, lipopolysaccharide.
lAI (+), intraamniotic infection present; IAI (-), IAI absent;--, not detectable.

of infection (6 of 3 0 patients), while only 11.6% of
the PTL group had signs of infection (8 of 69
patients). The biophysical profile was similar in the
PROM and PTL infected groups (Table 1).

The outcome of the PROM study patients is
summarized in Table 2. Three of the 30 patients
(10%) had a positive AF culture, and 2 of these
patients were also lipopolysaccharide (LPS) posi-
tive. Ofthe culture-negative AF(s), two were LPS-
positive. An additional patient who was both cul-
ture-negative and LPS-negative had high levels of
cytokines (i. e., IL- [3, IL-6, and IL-8) and there-
fore was considered in the IAI group. Of the six
patients who had IAI, the mean levels of inflamma-
tory cytokines, i.e., IL- [3, IL-6, and IL-8, were
18.6 ng/mL (range 1.1 to 97.8 ng/mL), 10.6
ng/mL (range 1.0 to 33.2 ng/mL), and 90.1
ng/mL (range 1.1 to 230.8 ng/mL), respectively.
One of the pregnancies complicated by infection

had absent fetal breathing, one had absent fetal
movement, and one had no reactivity on a nonstress

test. On the other hand, the group with no evidence
of intraamniotic infection had AF levels of inflam-
matory cytokines that were undetectable (IL- [3) or
at the lower limits of assay sensitivity (IL-6 and
IL-8). In patients with no evidence of IAI, how-
ever, four of the fetuses lacked fetal breathing move-
ments, and two had nonreactive nonstress tests (Table
3). The mean time to delivery in the infected vs.

noninfected group was 5.5 and 6.9 days, respectively
(range 0.75 to 14 days in infected group vs. <1 to

>30 days in the noninfected group).
The outcome of the preterm labor pregnancies

with intact fetal membranes is summarized in Ta-
ble 3. Eight of the 69 patients (11.6%) had evi-
dence of IAI: 3 of these patients were culture-
positive, and an additional 5 patients who were
culture negative had endotoxin in the amniotic
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TABLE 4. Results in those pregnancies that delivered within 48 hours of amniocentesis and biophysical profile

PPROM (n 10) Preterm labor (n 17)
AI (/) IAI (-) IAI + IAI (-)

(2) (8) P (4) (13) P

Culture positive (no.) 0 NS 0 NS
LPS positive (no.) 0 NS 3 0 0.006
IL-II3 (ng/mL) 5.6 _+ 4.6 0.037 4.8 _+ 1.2 0.003
IL-6 (ng/mL) 23.7 _+ 9.4 0.037 13.3 _+ 4.4 0.42 0.003
IL-8 (ng/mL) 148.2 82.6 0.96 0.037 154.7 +- 28.2 5.2 +- 1.0 0.005
Fetal breathing absent [no. (%)] 0 2 (25) NS 0 3 (23) NS
Fetal movement absent [no. (%)] (S0) 0 NS 0 0 NS
Nonreactivity [no. (%)] 1(50) 0 NS 1(25) 2 (15) NS

IAI (+), intraamniotic infection present; IAI (-), IAI absent; L, interleukin; LPS, lipopolysaccharide; PPROM, preterm premature rupture of membranes;
not detectable; NS, not significant.

fluid. In the infection-positive group, the mean
levels of IL-I[3 and IL-6 were 3.2 ng/ml (range
0.1 to 8.9 ng/mL)and 9.0 ng/mL (range .07 to

34.7 ng/mL), respectively. The mean level of IL-8
in the infected group was 89.8 ng/mL (range 0.4 to
240.4 ng/mL). In the noninfected group, IL-I[3
was not detected in the AF samples analyzed. With
respect to IL-6, the majority of AF samples
(75.4%) had no IL-6 detected; however, there was

a subset of patients (n 15) in whom low levels of
IL-6 were identified (range 0.23 to 1.5 ng/mL).
In two patients of this subset, cervical cultures were
positive for group B streptococcus, and the in-
traamniotic IL-6 was 1.5 ng/mL in both samples.
In patients who were negative for cervical group B
streptococcus (n 13), IL-6 was 0.2 ng/mL to

0.9 ng/mL. Fetal breathing was absent in patient
of the infected group and in 11 study patients of the
group without infection, while fetal movement was

present in all patients (Table 3). Reactivity was
absent in one patient of the infected group and in
four patients of the group without infection.

The time from obtaining amniotic fluid and bio-
physical profile was greater than 2 days in the ma-

jority of patients; therefore, we independently ana-

lyzed the group of patients who delivered within 48
hours of sampling (Table 4). In the PPROM
group, two patients had evidence of infection, with
one patient culture-positive and another with LPS
present. Cytokines were present in both patients
with evidence of infection (mean level IL- [3 5.6
ng/mL; IL-6 23.7 ng/mL; and IL-8 148.2
ng/mL). In only one patient was fetal movement

absent, and this pregnancy was in the infected
group. Two fetuses had absent fetal breathing and

movement, and both were in the noninfected group.
One fetus was nonreactive (in the infected group).

In the pregnancies delivered within 48 hours
and complicated by preterm labor, four patients
(23.5%) had infection (Table 4). The mean levels
of cytokines in these four patients were:
IL-I[ 4.8 ng/mL; IL-6 13.3 ng/mL; and
IL-8 154.7 ng/mL. Fetal breathing was absent
in three study patients, all from the noninfected
group. Fetal movement was present in all patients
in both groups. Nonreactivity was identified in one
patient of the infected group and in two patients of
the group without infection.

DISCUSSION
Current management strategies for preterm prema-
ture rupture of fetal membranes employ evaluation
of fetal behavioral state. A low biophysical profile
score is correlated with clinical chorioamnionitis, 16

but the correlation with subclinical infection is less
well studied. Roussis and colleagues in 199114 re-

ported that absent fetal breathing movements and a

nonreactive nonstress test should serve as indicators
for further testing (i.e., amniocentesis) to exclude
infection. Other investigators have also examined
the relationship between infection and lack of fetal
activity. The conclusions from these studies sup-
port the premise that decreased fetal activity is ac-
curate in predicting neonatal sepsis and/or infec-
tion. 11,13

Recently, a growing body of evidence suggests
that inflammatory markers may be a more sensitive
index of intraamniotic infection than bacteriologic
studies. To document subclinical IAI, we quanti-
tated several of the inflammatory markers (i.e.,
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IL-113, IL-6, and IL-8) in AF. The results of our
cytokine data are similar to the results obtained in
Dr. Romero’s laboratory. We both found high lev-
els of IL- [3 and IL-6 in AF from pregnancies with
intraamniotic infection. 4’5 With respect to IL-8,
Dr. Romero observed mean AF levels of 12 0 ng/ml
in preterm labor pregnancies complicated by infec-
tion. The AF ofwomen with PTL and no evidence
of infection contained higher levels of IL-8 if they
did not respond to tocolysis and they delivered than
those not in labor (7 ng/mL vs. undetectable).
These levels of IL-8 are very similar to the levels of
IL-8 found in the present study (preterm delivery
with infection 154.7 ng/mL; preterm delivery
without infection 5.2 ng/mL; and PTL with no

evidence of infection 1.9 ng/mL).
In the present study subclinical IAI was not

associated with a low biophysical profile score. We
found no correlation between subclinical infection
and a lack of reactivity, absent fetal breathing, or

absent fetal movement. Thus alterations in the bio-
physical profile may not be an accurate predictor of
subclinical IAI. However, it is possible that with
the small sample size (only 14 patients had biomo-
lecular evidence of subclinical infection), our fail-
ure to identify such a relationship may represent a

type II error. If the prevalence of abnormal tests

(absent fetal breathing, absent fetal tone, and non-

reactivity) is 0.25 in the noninfected and 0.75 in
the infected group, then inadequate power was

present in this study to detect such differences
(power 0.67, 0.18 for total and <48 hours in
preterm labor group; power 0.41, 0.03 for total
and <48 hours in preterm PROM group). Fur-
ther, the validity of ascribing predictive value
in the total sample when not stratifying for time
to delivery is questionable. Developing infection
cannot be determined from static lipopolysaccha-
ride values and positive cultures obtained by am-

niocentesis on admission if the infection is subse-
quently initiated. Still, six of these pregnancies
delivered within 48 hours of evaluation, and there
was still no association with low biophysical param-
eters (i.e., absent fetal breathing and movement).
Likewise, of the 85 patients without IAI, none

were culture-positive, none had LPS present, and
none of the patients had elevated levels of cyto-
kines, although the biophysical profile was altered
in up to 20% ofthese patients (Table 3, fetal breath-
ing absent).

From these data we could not conclude that fetal
biophysical parameters correlate with subclinical
intraamniotic infection. Oligohydramnios limits the
general usefulness of amniocentesis and subsequent
analysis of biomolecular markers of inflammation.
At the present time, there is no ideal test available
to diagnose infection in PPROM and PTL. Obvi-
ously, further studies are needed in this critical
area.
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