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Abstract
Objective—Microbial biofilms are communities of sessile microorganisms formed by cells that are
attached irreversibly to a substratum or interface or to each other and embedded in a hydrated matrix
of extracellular polymeric substances. Microbial biofilms have been implicated in >80% of human
infections such as periodontitis, urethritis, endocarditis, and device-associated infections. Thus far,
intra-amniotic infection has been attributed to planktonic (free-floating) bacteria. A case is presented
in which “amniotic fluid sludge” was found to contain microbial biofilms. This represents the first
report of a microbial biofilm in the amniotic cavity.

Study Design—“Amniotic fluid sludge” was detected by transvaginal sonography, and retrieved
by transvaginal amniotomy. Bacteria were identified using scanning electron microscope and
fluorescence in situ hybridization for conserved regions of the microbial genome; and the
exopolymeric matrix was identified by histochemistry using the wheat germ agglutinin lectin method.
The structure of the biofilm was imaged with confocal laser scanning microscopy.

Results—“Amniotic fluid sludge” was imaged with scanning electron microscopy, which allowed
identification of bacteria embedded in an amorphous material and inflammatory cells. Bacteria were
demonstrated using fluorescent in situ hybredization using a eubacteria probe. Extracellular matrix
was identified with the wheat germ agglutinin lectin stain. Confocal microscopy allowed three-
dimensional visualization of the microbial biofilm.

Conclusion—Microbial biofilms have been identified in a case of intra-amniotic infection with
“amniotic fluid sludge.”
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CONDENSATION Bacteria in intra-amniotic infection could from a microbial biofilm in amniotic fluid.
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Microbial invasion of the amniotic cavity has been detected in the mid-trimester of pregnancy
in apparently healthy women,1–5 and in the amniotic fluid of women with cervical
insufficiency,6;7 preterm labor with intact membranes, preterm prelabor rupture of
membranes, idiopathic vaginal bleeding,8 preterm rupture of membranes at term,9;10
spontaneous labor at term with intact membranes11 and clinical chorioamnionitis. Intra-
amniotic infection is a common mechanism of disease in obstetrics and bacteria can attack the
fetus and cause systemic inflammation (a fetal inflammatory response syndrome12;13) and
multiple organ damage.14

The microbiologic diagnosis of infection has been based upon the use of cultivation techniques
in which bacteria are recovered from amniotic fluid. Growth of microorganisms in the
laboratory depends on the provision of suitable nutritive and environmental conditions. This
practice was developed after the seminal observations of Robert Koch, who established the
time-honored isolation and pure culture techniques. However, there are two major limitations
of cultivation-based techniques. First, approximately 99% of bacteria in aquatic and soil
ecosystems resist cultivation (a phenomenon called “the great plate count anomaly”15);
second, bacteria grow in communities called “biofilms” which typically adhere to surfaces.
16 Molecular microbiologic techniques have been used recently to detect microorganisms in
the amniotic cavity.17–21

The biofilm theory states that most of bacteria that grows in matrix-enclosed biofilms differ
from their planktonic counterparts22 (isolated bacteria seen in Gram stain examinations of
biologic fluids or of pure cultures). It is now recognized that biofilms play a major role in
human disease. Periodontitis, otitis media, endocarditis, prostatitis, biliary tract infections and
many other infections in which there is a device (e.g., prosthetic valves, catheters) involve
bacterial biofilms.23

Microbial biofilms are important because bacteria in these communities are more resistant to
antimicrobial agents and to the host response to infection.24–27 Moreover, since bacteria in
biofilms are more difficult to isolate in culture, these infections are often overlooked.

The presence of particulate matter in the amniotic fluid in close proximity to the cervix was
recognized recently as “amniotic fluid sludge”.28 This finding was associated with microbial
invasion of the amniotic cavity, impending preterm delivery and histologic chorioamnionitis.
28 Subsequently, these results were confirmed in asymptomatic patients with sludge in mid-
trimester of pregnancy29 and in those with cervical cerclage.30 The finding that “amniotic
fluid sludge” represents the presence of bacteria and intra-amniotic inflammation has been
recently reported.31

Because of the original description of “amniotic fluid sludge”, it has been speculated that this
material may reflect the presence of biofilms in the amniotic fluid,28 which is a hypothesis
with biological, diagnostic and therapeutic implications. The evidence in support of the
contention that microorganisms can form a biofilm in the amniotic cavity is the subject of this
case report.
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MATERIALS AND METHODS
To determine whether amniotic fluid sludge (Figure 1) represents a biofilm, the material was
aspirated by transvaginal needle amniotomy under ultrasound guidance in a patient at 28 weeks
of gestation with spontaneous preterm labor and clinical chorioamnionitis. This was done in
accordance with an Institutional Review Board-approved protocol; the patient provided written
informed consent at the time of enrollment, before to the collection of the amniotic fluid
samples. Amniotic fluid studies indicated that the glucose concentration of <10 mg/dL a blood
cell count was 19,650 cells/mm3, and the presence of Gram-positive cocci. The patient was
treated with Ampicillin and Gentamycin for the clinical diagnosis of chorioamnionitis, and
labor progressed quickly to a spontaneous vaginal delivery of a female infant weighing 1,135
g, with Apgar scores at 1 and 5 minutes of 8 and 8. The amniotic fluid culture obtained from
the sludge material was positive for Mycoplasma hominis, Streptococcus mutans and
Aspergillus flavus. Histological examination of the placenta revealed marked acute necrotizing
chorioamnionitis and acute funisitis. The details of this case have been reported previously.
31 The newborn infant was admitted to the neonatal intensive care unit and experienced
metabolic acidosis and respiratory distress syndrome that resolved in the first week of life.
There was no evidence of pneumonia; a neurosonogram was normal, and microbial cultures
of the cerebrospinal fluid and blood were negative. However, the newborn was treated with
ampicillin and gentamycin because of suspected sepsis. After 45 days the infant was discharged
home in good condition.

Scanning electron microscopy
Amniotic fluid was dehydrated in a graded ethanol line, critical point dried (EMS 850),
mounted on a stub, sputter coated with 8-nm platinum and examined with a scanning electron
microscope with 5 kV in the secondary electron mode (XL30 SFEG, FEI Inc., Hillsboro, OR,
USA).

Fluorescent in situ hybridization (FISH) and confocal laser scanning microscopy
Amniotic fluid was transferred to 100% ethanol for 24 hours and washed with phosphate-
buffered saline solution. Volumes of 100 μL of the amniotic fluid were hybridized with the
probe EUB338- Cy3 (final concentration, 5 ng μL−1; Integrated DNA Technologies, Coralville,
Iowa, USA) for 90 minutes at 46ºC in the dark. The samples were washed with buffer for 20
minutes at 46ºC in the dark.

Wheat germ agglutinin lectin stain
Histochemistry was used to detect the presence of extracellular matrix that is characteristic of
a biofilm. This was performed by the wheat germ agglutinin method (final concentration 20
ng μL−1) as described in the following website: Vector Laboratories, Burlingame, California,
USA; www.vectorlabs.com. Staining was performed at room temperature for 20 minutes which
was followed by three washing steps with double distilled water. The amniotic fluid was
mounted on a slide and examined with confocal laser scanning microscopy (LSM 5 PASCAL,
Carl Zeiss, Thornwood, NY, USA). These techniques have been extensively used in the study
of biofilms and published elsewhere in detail.32;33

RESULTS
Scanning electron microscopy showed flocs of “amniotic fluid sludge” that consist of bacterial
cells and the exopolymeric matrix material that are typical of a biofilm (Figure 2). Cocci are
resolved among a fibrous mass of matrix material. Figure 3A shows a microbial biofilm with
neutrophils. Figure 3B shows bacterial cells (coccoid) in the form of individual cells or as a
chain of cocci on the surface of a fetal epithelial cell and partially covered in amorphous slime.
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Figure 3C shows large aggregates of biofilm and most of the bacterial cells that were enclosed
in amorphous matrix material. Figure 3D shows the presence of well defined bacterial cells on
the surface of an epithelial cell; and bacteria in this surface have formed amorphous matrix
material.

The evidence that “amniotic fluid sludge” is a biofilm is presented in Figure 4. Figure 4A is a
confocal scanning laser micrograph of a floc. The presence of bacteria or bacterial fragments
is demonstrated by Figure 4B using FISH using the Eubac338 probe. The presence of an
extracellular matrix is demonstrated in Figure 4C with the use of wheat germ agglutinin lectin,
which reacts with the N-acetylglucoseamine of the matrix exopolymer. Figure 4D is the
composite image of the previous three and illustrates bacteria within the biofilm. Figure 5 is a
three-dimensional reconstruction of the biofilm with the use of confocal laser scanning
microscopy. (A videoclip of the bacterial biofilms is available online).

COMMENT
The observations reported herein represent the first evidence that bacteria can form a microbial
biofilm within the amniotic cavity and that such biofilm was found in a case with “amniotic
fluid sludge”.

The following evidence determines that the material retrieved from the amniotic cavity
represents a biofilm is: 1) bacteria were detected with FISH, with the use of a probe against
the conserved sequence of prokaryotes; 2) bacterial aggregates were separated by material that
resembled a matrix; and 3) lectin-based identification of exopolymeric matrix that stained with
wheat germ agglutinin.

Biofilms are defined as communities of sessile organisms characterized by cells that are
attached to a substratum or interface or to each other, that are embedded in a hydrated matrix
of extracellular polymeric substances which they have produced, and that exhibit an altered
phenotype with respect to growth rate and gene transcription in comparison to planktonic cells.
22 It has been postulated that most bacteria grow in matrix enclosed-biofilms adherent to
surfaces in all nutrient-sufficient aquatic ecosystems, and that these sessile bacterial cells differ
profoundly from their planktonic counterparts, which account for most physiological processes
in these ecosystems.16;22 Indeed, based on direct microscopic observations and quantitative
recovery techniques, it has been demonstrated that > 99.9% of the bacteria grow in biofilms
on a wide variety of surfaces.22

Bacterial biofilms have been shown to play a major role in many chronic infections. Indeed, a
public announcement of the National Institute of Health has stated that biofilms account for >
80% of microbial infections of the body. Biofilms have been implicated in vaginitis,
conjunctivitis, otitis, colitis and gingivitis. Moreover, they are also important in colonizing
medical devices such as urinary, venous and arterial catheters. Biofilms have been found in
pacemakers, heart valves, vascular grafts and stents, artificial joints and pins, and even breast
implants.

This communication is based on the observations of a single case. The prevalence of microbial
biofilms in intra-amniotic infection is unknown. However, the recognition that bacteria can
form biofilms within the amniotic cavity is important for both diagnostic and therapeutic
reasons. First, the diagnosis of microbial invasion in the presence of biofilms is extremely
challenging and current cultivation techniques are inadequate to detect such infections. The
consequence is that the frequency of infection of the amniotic cavity may be underestimated
and that molecular microbiologic techniques will be required to improve diagnosis.17–21
Second, the optimal treatment of biofilm-related infections represents a challenge in clinical
medicine. Antimicrobial agents appear to be inactivated or fail to reach bacteria within a
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biofilm. Interestingly, bacteria within biofilms have increased resistance to antimicrobial
compounds even though the bacteria can be sensitive to the same agent if grown under standard
conditions.24–27 Thus, the difficulties in the treatment of intra-amniotic infection may be due
to the refractoriness of biofilms to conventional antibiotic treatment. Third, biofilms in the
amniotic fluid may represent a unique form of these structures which can be dislodged by fetal
movement resulting in seeding of planktonic bacteria and the eliciting of an inflammatory
response. This study also demonstrates that biofilms in the amniotic fluid can be formed by
multiple organisms. Further research is required to characterize, with specific probes, the
microbial constituents of amniotic fluid biofilms. The mechanisms responsible for the
formation of a microbial biofilm in amniotic fluid are unknown and may involve a combination
of microbial and host factors.
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Figure 1.
Two-dimensional transvaginal ultrasound image shows the presence of “amniotic fluid
sludge”.
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Figure 2.
Scanning electron micrograph of a floc of “amniotic fluid sludge” showing the bacterial cells
and the exopolymeric matrix material which constitute a biofilm. In the center of the image,
cocci are resolved among a fibrous mass of matrix material. The lectin-based evidence for a
matrix and a molecular evidence for bacterial presence are demonstrated in Figure 4.
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Figure 3.
Scanning electron micrograph of “amniotic fluid sludge”. A The biofilm, in the center of the
image, and several neutrophils which are identified by arrows. B The coccoid bacteria are on
the surface of a fetal epithelial cell, these bacterial cells are seen in the form of individual cells
(arrow 1), a chain of cocci (arrow 2), and a biofilm aggregate in which they are partially
“buried” in amorphous slime (arrow 3). C Several large aggregates of biofilm, are next to a
hair shed from the fetus; most of the bacterial cells are enclosed in amorphous matrix material.
D The presence of four very well defined bacterial cells (arrows) on the rugose surface of a
fetal epithelial cell, although other bacteria that have colonized this surface have begun to
accrete amorphous matrix material.
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Figure 4.
Demonstration that “amniotic fluid sludge” is a biofilm. These images were generated using
confocal laser scanning microscopy. A The structure of a floc of “amniotic fluid sludge”
without staining of any component. B The same structure that has been stained with the
EUB338-Cy3 probe for eubacteria which reacts with the 16S rRNA component of bacteria.
Bacteria and bacterial fragments are seen in red. C The same floc that has been stained with
wheat germ agglutinin, which reacts with the N-acetylglucosamine of the component of the
matrix material that forms the structural framework of the biofilm. D A superposition of the
three images (A, B and C) showing bacteria (red dots), matrix material (green), and some
unstained material which is likely to represent host components trapped by the biofilm. The
bar represents 100 microns.
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Figure 5.
Three dimensional reconstruction of sequential Z stack images of a bacterial biofilm in
amniotic fluid by confocal laser scanning microscopy. Bacteria are stained in red due to the
hybridization with the probe EUB338-Cy3. (A video clip is available online).
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