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Abstract

Objective: Preterm birth is the leading cause of neonatal morbidity and mortality worldwide. 

Some preterm births are associated with clinical chorioamnionitis; yet, this condition has been 

poorly investigated. Herein, we characterized the amniotic fluid cellular immune responses in 

women with preterm clinical chorioamnionitis.

Methods and subjects: Amniotic fluid samples were obtained from women with preterm 

clinical chorioamnionitis and a positive or negative microbiological culture (n=17). The cellular 

composition of amniotic fluid was evaluated using fluorescence microscopy, scanning and 
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transmission electron microscopy, and flow cytometry. Women without preterm clinical 

chorioamnionitis were also examined (n=10).

Results: Amniotic fluid from women with preterm clinical chorioamnionitis and a positive 

culture had: 1) abundant neutrophils associated with viable and non-viable bacteria, 2) neutrophils 

performing phagocytosis, 3) neutrophils forming NETs, 4) increased numbers of neutrophils, 

monocytes/macrophages, and CD4+ T cells, and 5) high expression of IL-1β by neutrophils and 

monocytes/macrophages. Amniotic fluid from women with preterm clinical chorioamnionitis and 

proven infection tended to have fewer monocytes/macrophages and CD4+ T cells compared to 

those without chorioamnionitis.

Conclusion: We provide the first morphologic and phenotypic characterization of the cellular 

immune responses in the amniotic cavity of women with preterm clinical chorioamnionitis, a 

condition associated with adverse neonatal outcomes.
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INTRODUCTION

Preterm birth is the leading cause of neonatal morbidity and mortality [1] and is preceded by 

preterm labor in approximately 70% of cases [2]. However, one third of preterm births are 

medically indicated (i.e. iatrogenic) due to complications such as hypertensive disorders 

(e.g. preeclampsia), fetal growth restriction, hemorrhage, fetal compromise, and clinical 

chorioamnionitis, among others [3]. Preterm clinical chorioamnionitis can also occur in 20% 

of women with preterm prelabor rupture of membranes (PPROM) [4] and in 10% of women 

with preterm labor and intact membranes [5]. Thus, preterm clinical chorioamnionitis can 

occur in the presence or absence of spontaneous preterm labor and birth [2]. Preterm clinical 

chorioamnionitis increases the risk of adverse maternal outcomes [6, 7], and more 

importantly is associated with neonatal complications such as congenital sepsis [8, 9] and 

neurodevelopmental disorders including cerebral palsy [10, 11]. Despite its clinical 

relevance, there is a paucity of studies focused on preterm clinical chorioamnionitis.

Preterm clinical chorioamnionitis is typically thought to occur as a result of microbial 

invasion of the amniotic cavity, which can elicit systemic and local inflammatory responses 

[12–17]. Yet, current studies have shown that only 76% of patients with the diagnosis of 

preterm clinical chorioamnionitis have proven intra-amniotic infection or inflammation, 

whereas the remaining patients have neither culturable microorganisms nor inflammation in 

amniotic fluid [18]. A similar heterogeneity is observed in women diagnosed with clinical 

chorioamnionitis at term [19]. The systemic and local (i.e. the amniotic cavity) immune 

responses in clinical chorioamnionitis at term have been well investigated [14–16, 20, 21]; 

yet, the immunobiology of preterm clinical chorioamnionitis is poorly understood.

Herein, we investigate the cellular composition of amniotic fluid from women with preterm 

clinical chorioamnionitis with and without culture-proven intra-amniotic infection using 
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fluorescence microscopy, scanning and transmission electron microscopy, and multi-color 

flow cytometry.

METHODS

Study population and characteristics

This cross-sectional study included patients who underwent amniocentesis due to clinical 

indications. The collection of samples was approved by the Institutional Review Boards of 

the Detroit Medical Center (Detroit, MI, USA), Wayne State University, and the 

Perinatology Research Branch, an intramural program of the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development, National Institutes of Health, 

U.S. Department of Health and Human Services (NICHD/NIH/DHHS). All women provided 

written informed consent prior to the collection of amniotic fluid. This study included 17 

amniotic fluid samples from women with preterm clinical chorioamnionitis and either a 

negative amniotic fluid culture (n=8) or a positive amniotic fluid culture (n=9) (see clinical 

definitions and amniotic fluid sample collection below). For all patients, the time between 

the collection of the amniotic fluid sample and delivery was ≤2 days (this criterion was used 

to preserve a meaningful relationship between amniotic fluid studies and clinical 

chorioamnionitis). The demographic and clinical characteristics of the study population are 

shown in Table 1. Placentas from each patient were examined histologically according to 

standardized Perinatology Research Branch protocols [22]. A second group of women with 

preterm labor/birth and a positive culture but without clinical chorioamnionitis (n=10) was 

included in the last set of experiments (Table 2).

Clinical definitions

Gestational age was determined by the date of the last menstrual period and confirmed by 

ultrasound examination. The gestational age derived from sonographic fetal biometry was 

used if the estimation was inconsistent with menstrual dating. Preterm birth was defined as 

delivery <37 weeks of gestation. Clinical chorioamnionitis was diagnosed by the presence of 

maternal fever (temperature >37.8°C) accompanied by two or more of the following criteria: 

(1) uterine tenderness, (2) foul-smelling amniotic fluid, (3) fetal tachycardia (heart rate >160 

beats/min), (4) maternal tachycardia (heart rate >100 beats/min), and (5) maternal 

leukocytosis (leukocyte count >15,000 cells/mm3) [23–25]. Intra-amniotic inflammation 

was detected by elevated amniotic fluid IL-6 concentrations, as previously reported [26].

Amniotic fluid sample collection

Samples of amniotic fluid were transported to the laboratory in a sterile capped syringe. 

Clinical tests included culture of aerobic/anaerobic bacteria and genital mycoplasmas, white 

blood cell count, Gram stain, glucose concentration, and IL-6 concentration. The rest of the 

sample was utilized for research purposes including live/dead staining, scanning and 

transmission electron microscopy, and immunophenotyping.

Detection of bacteria using fluorescence microscopy

The presence of bacteria in the amniotic fluid was evaluated as previously described [27] 

using the LIVE/DEAD BacLight™ Bacterial Viability Kit (Cat# L7007, Life Technologies). 
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Briefly, 100 μL of amniotic fluid were mixed with 900 μL of sterile 1X phosphate-buffered 

saline (PBS). Three microliters of the dye mix (Component A and B mixed at a 1:1 ratio) 

were added to the cell suspension, which was then incubated for 15 min at room temperature 

in the dark. Next, the cells were centrifuged at 10,000 × g for 5 min and the supernatant was 

discarded. The cell pellet was then re-suspended in 5 μL of 1X PBS, and a slide smear was 

prepared and air-dried. Lastly, the slide was gently rinsed with 1X PBS and mounted with 

ProLong Diamond Antifade Mountant with 4′,6-diamidino-2-phenylindole (DAPI) (Life 

Technologies). The presence of bacteria was evaluated using an Olympus BX60 

fluorescence microscope with an Olympus DP71 camera and DP Controller Software 

(Olympus Corporation, Tokyo, Japan).

Scanning and transmission electron microscopy

Amniotic fluid samples were centrifuged at 2,300 × g for 5 min at room temperature and the 

supernatant was discarded. Electron microscopy fixative [2.5% glutaraldehyde in 0.1 M 

phosphate buffer, pH 7.4 (Cat# 16537–05, Electron Microscopy Science; Hatfield, PA, 

USA)] was carefully added to the cell pellet. Following fixation for 2 h at 4°C, the cell pellet 

was washed with 1X electron microscopy wash buffer [Sorensen’s phosphate buffer 0.2 M, 

pH 7.4 (Cat# 11601–10, Electron Microscopy Science)] and gently resuspended in 1 mL of 

the same buffer. Cell pellets were transported to the Microscopy & Image Analysis 

Laboratory at the University of Michigan. Images were obtained using an AMRAY 1910 

Field Emission Scanning Electron Microscope (SEMTechSolutions; North Billerica, MA, 

USA) and a JSM-1400 Transmission Electron Microscope (JEOL USA, Inc.; Peabody, MA, 

USA).

Immunophenotyping by flow cytometry

Amniotic fluid samples (0.5–1 mL) were centrifuged at 300 × g for 5 min at room 

temperature. The resulting amniotic fluid pellet was re-suspended in 1 mL of 1X PBS (Life 

Technologies, Grand Island, NY, USA) and stained with the BD Horizon Fixable Viability 

Stain 510 dye (BD Biosciences, San Jose, CA, USA). Cells were washed in 1X PBS and 

incubated with 20 μL of human FcR blocking reagent (Miltenyi Biotec, San Diego, CA, 

USA) in 80 μL of stain buffer (BD Biosciences) for 10 min at 4°C. Next, cells were 

incubated with extracellular fluorochrome-conjugated anti-human monoclonal antibodies for 

30 min at 4°C in the dark (Supplemental Table S1). To determine cytokine expression, after 

extracellular staining the cells were fixed and permeabilized using the BD Cytofix/Cytoperm 

fixation/permeabilization kit (BD Biosciences) prior to incubation with intracellular 

antibodies (Supplemental Table S1). Stained cells were then washed and re-suspended in 0.5 

mL of stain buffer, and acquired using the BD LSR II or LSRFortessa Flow Cytometer (BD 

Bioscience) and BD FACSDiva 6.0 software (BD Bioscience). The analysis was performed 

and the figures were generated using the FlowJo version 10 software (FlowJo, Ashland, OR, 

USA). The absolute number of cells was determined using CountBright absolute counting 

beads (Molecular Probes, Eugene, OR, USA). The mean fluorescence intensity (MFI) of 

each cytokine was calculated by subtracting the MFI of the isotype control from the MFI of 

the antibody-stained sample.
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Statistical analysis

Statistical analyses were conducted using GraphPad Prism version 8.0.1 for Windows 

(GraphPad Software, San Diego, California, USA, www.graphpad.com). For patient 

demographics, the Mann-Whitney U-test was used to compare continuous variables and the 

Fisher’s exact test was used for nominal variables. The Mann-Whitney U-test was performed 

when comparing non-normally distributed data between study groups. Two-tailed p-values 

are reported. A p-value <0.05 was considered statistically significant for all tests.

RESULTS

Characteristics of the study population

The demographic and clinical characteristics of the study population used in Figures 1–5 are 

shown in Table 1. A total of 17 amniotic fluid samples were collected from women with 

preterm clinical chorioamnionitis. Eight women had amniotic fluid cultures that were 

negative for bacteria and nine women had positive cultures (Supplemental Figure S1). The 

majority of the patients included in this study were diagnosed with intra-amniotic 

inflammation based on the IL-6 concentration (≥2.6 ng/mL) [26] (Supplemental Figure S1). 

No differences were observed between these two study groups except for the amniotic fluid 

white blood cell count, which was higher in women with preterm clinical chorioamnionitis 

and positive cultures compared to those with negative cultures (Table 1). The 

microorganisms present in women with a positive culture included Ureaplasma urealyticum, 
Streptococcus agalactiae, and Mycoplasma hominis, among others (Supplemental Table S2).

Visualization of bacteria and leukocytes in amniotic fluid

We first visualized the amniotic fluid exudate using fluorescence microscopy. Figure 1A is a 

photomicrograph of an amniotic fluid sample from a patient with preterm clinical 

chorioamnionitis and a negative culture. This image shows abundant polymorphonuclear 

leukocytes in green or yellow, which is the result of the staining with SYTO 9 (cell-

membrane permeable green dye) or the merging of SYTO 9 and propidium iodide (cell-

membrane impermeable red dye), respectively. A magnification of this image is shown 

below, including viable leukocytes in green or yellow as well as a large non-viable epithelial 

cell and a non-viable leukocyte in red (Figure 1B). Figure 1C is a photomicrograph of 

amniotic fluid from a patient with preterm clinical chorioamnionitis and a positive culture. 

In this image, numerous bacteria stained with either SYTO 9 (viable bacteria) or propidium 

iodide (non-viable bacteria) are observed together with surrounding polymorphonuclear 

leukocytes, which is in line with the positive culture results for this sample. A magnification 

of this image is shown in Figure 1D, displaying live and dead bacteria and viable leukocytes 

engulfing bacteria, a process that has been previously documented in amniotic fluid [28].

We next performed scanning and transmission electron microscopy of amniotic fluid 

exudates in order to further visualize the immune cells and bacteria present in our samples. 

Amniotic fluid samples from women with preterm clinical chorioamnionitis and a negative 

culture contained neutrophils that displayed a classic round morphology that is typical of a 

resting state [29, 27], and no bacteria were observed (Figure 2A). In contrast, amniotic fluid 

from women with preterm clinical chorioamnionitis and a positive culture contained 
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neutrophils that appeared active, as indicated by the presence of web-like structures 

(possibly neutrophil extracellular traps or NETs [30, 31]) (Figure 2B). Moreover, numerous 

bacteria were observed surrounding these amniotic fluid cells (Figure 2B). Transmission 

electron microscopy revealed phagocytosed bacteria inside of the polymorphonuclear cells 

present in amniotic fluid from women with preterm clinical chorioamnionitis and a positive 

culture, which was not observed in patients with a negative culture (Figure 2C&D).

These morphological data indicate that women with preterm clinical chorioamnionitis have 

abundant amniotic fluid leukocytes in the absence of a positive culture, and when bacteria 

are present neutrophils perform phagocytosis or NET formation.

Leukocyte populations in amniotic fluid

A representative image of the flow cytometry gating strategy used to detect leukocytes in 

amniotic fluid from women with preterm clinical chorioamnionitis is shown in Figure 3A. 

Briefly, viable cells were gated within the single cell population (i.e. singlets) that were 

further identified as total leukocytes (CD45+ cells), neutrophils (CD45+CD15+CD14- 

cells), monocytes/macrophages (CD45+CD14+CD15- cells), B cells (CD45+CD19+CD15-

CD14-CD3- cells), and T cells (CD45+CD3+CD15-CD14-CD19- cells). T cells were further 

subdivided into CD4+ T cells (CD3+CD4+CD8- cells) and CD8+ T cells (CD3+CD8+CD4- 

cells). Other immune cells present in amniotic fluid such as innate lymphoid cells and NK 

cells were also detected as previously shown [32], yet their full phenotype was not 

confirmed in this study.

The overall number of amniotic fluid leukocytes was significantly increased in patients with 

preterm clinical chorioamnionitis and a positive culture compared to those with a negative 

culture (Figure 3B). This increase was likely due to the enhanced numbers of neutrophils 

observed in amniotic fluid from patients with preterm clinical chorioamnionitis and a 

positive culture (Figure 3C). Amniotic fluid monocytes/macrophages were also increased in 

women with a positive culture; however, this rise did not reach statistical significance 

(Figure 3D).

We then determined the numbers of adaptive immune cells (T cells and B cells) in amniotic 

fluid from our study groups. The overall number of T cells tended to be greater in women 

with preterm clinical chorioamnionitis and a positive culture compared to those with a 

negative culture (Figure 4A). This is likely due to the increased numbers of CD4+ T cells in 

patients with preterm clinical chorioamnionitis and a positive culture (Figure 4B). This 

increase was not observed for CD8+ T cells (Figure 4C), nor for B cells (Figure 4D).

Collectively, this flow cytometric analysis revealed that women with preterm clinical 

chorioamnionitis and a positive culture display elevated numbers of leukocytes including 

neutrophils, monocytes/macrophages, and CD4+ T cells in the amniotic cavity.

Cytokine expression by amniotic fluid neutrophils and monocytes/macrophages

Since neutrophils and monocytes/macrophages were the predominant cells types found in 

our study groups, we investigated the cytokine expression profiles of these cells. 

Representative histograms for the expression of IL-1β, IL-8, TNFα, IL-1α, MIP-1α, IL-6, 
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and MIP-1β by amniotic fluid neutrophils and monocytes/macrophages are shown in Figure 

5A. The mean fluorescence intensity (MFI) of IL-1β expression was significantly greater on 

amniotic fluid neutrophils from patients with preterm clinical chorioamnionitis and a 

positive culture compared to those with a negative culture (Figure 5B). The MFI of IL-8 

tended to increase as well, although this did not reach statistical significance (Figure 5B). 

Amniotic fluid monocytes/macrophages also displayed a higher MFI of IL-1β expression in 

patients with preterm clinical chorioamnionitis and a positive culture compared to those with 

a negative culture (Figure 5C). These data show that both neutrophils and monocytes/

macrophages in amniotic fluid express high levels of IL-1β in women with preterm clinical 

chorioamnionitis and a positive culture.

Is clinical chorioamnionitis associated with a different leukocyte repertoire in amniotic 
fluid in preterm gestations?

Our previous studies have shown that women with preterm labor/birth and intra-amniotic 

infection (a positive amniotic fluid culture and elevated IL-6 concentrations) without clinical 

chorioamnionitis display a leukocyte repertoire in amniotic fluid [33] similar to that 

observed herein in women with preterm clinical chorioamnionitis and a positive culture. 

Therefore, we last sought to investigate whether these two subsets of women delivering 

preterm displayed differences in their amniotic fluid leukocyte repertoire. Overall, women 

with preterm clinical chorioamnionitis and a positive culture had fewer amniotic fluid 

leukocytes compared to those without this clinical condition; however, these differences did 

not reach statistical significance (Figure 6A–G). Yet, the numbers of monocytes/

macrophages and CD4+ T cells were marginally reduced compared to those without clinical 

chorioamnionitis (Figure 6C&F). These data indicate that preterm clinical chorioamnionitis 

does not drastically alter the amniotic fluid cellular responses in the presence of culturable 

bacteria, suggesting that this maternal clinical diagnosis does not reflect the immunobiology 

of the amniotic cavity (i.e. fetal environment).

DISCUSSION

Women with intra-amniotic infection have abundant neutrophils in the amniotic cavity [34, 

20, 35, 33], which are mostly of fetal origin in preterm gestations or of maternal origin at 

term [35]. Indeed, the number of white blood cells, mainly comprised of neutrophils, is used 

to diagnose intra-amniotic inflammation in preterm [34] and term [36] gestations. 

Subsequent flow cytometric studies reported that women with clinical chorioamnionitis at 

term and a positive amniotic fluid culture have increased numbers of neutrophils in the 

amniotic cavity compared to those with a negative culture [20]. The functions of amniotic 

fluid neutrophils have been evaluated using ex vivo assays showing that these cells are 

capable of performing phagocytosis of bacteria invading the amniotic cavity [28]. 

Neutrophils in the amniotic cavity also form NETs [27] and may degranulate, releasing anti-

microbial products [37–39] as well as reactive oxygen species [40] into the amniotic cavity. 

Herein, we describe that amniotic fluid neutrophils from women with preterm clinical 

chorioamnionitis display some of the abovementioned functions: phagocytose bacteria and 

form NETs. The formation of NETs, however, was predominantly observed in cases in 

which bacteria were detected using cultivation techniques, indicating that amniotic fluid 
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NETs participate in host defense against viable microbes. We have previously hypothesized 

that NET formation may occur in the absence of detectable microorganisms in the amniotic 

cavity, i.e. sterile intra-amniotic inflammation [27]; yet, further studies are required to test 

this hypothesis. Altogether, these findings represent evidence that amniotic fluid neutrophils 

actively participate in the host response mechanisms against microbial invasion of the 

amniotic cavity in women with preterm clinical chorioamnionitis.

Neutrophils from women with preterm clinical chorioamnionitis and a positive culture 

displayed significantly higher expression of IL-1β than those without culturable bacteria. 

The primary mechanism of IL-1β release is inflammasome-mediated pyroptosis (i.e. 

inflammatory cell death), which does not typically occur in neutrophils [41]. However, 

neutrophils produce numerous anti-microbial enzymes, such as neutrophil elastase and 

cathepsins, which have been shown to directly cleave immature IL-1β into its bioactive form 

[42]. Hence, besides participating in the host defense mechanisms against infection, 

neutrophils contribute to the local pro-inflammatory milieu taking place in the amniotic 

cavity of women with preterm clinical chorioamnionitis.

Monocytes/macrophages were the second most abundant leukocyte population in amniotic 

fluid of women with preterm clinical chorioamnionitis and a positive culture. This is 

consistent with previous reports showing that women with clinical chorioamnionitis at term 

and a positive culture had elevated numbers of monocytes in amniotic fluid [20]. Further, 

women with preterm labor/birth and intra-amniotic infection, but without clinical 

chorioamnionitis, showed an increased number of monocytes/macrophages in the amniotic 

cavity compared to those with intra-amniotic inflammation without culturable 

microorganisms [33]. Interestingly, women without preterm clinical chorioamnionitis tended 

to have greater numbers of amniotic fluid monocytes/macrophages than those with this 

clinical condition. These data suggest that when the mother presents a systemic 

inflammatory response in preterm gestations, fewer monocytes/macrophages may migrate 

from the fetal and maternal vasculature into the amniotic cavity. This hypothesis, however, 

requires additional experimentation that will complement the maternal and fetal origin of 

amniotic fluid monocytes recently reported [43].

A primary function of monocytes/macrophages is to produce and release cytokines [44]. 

Indeed, monocytes/macrophages express greater amounts of the pro-inflammatory cytokines 

IL-1α and IL-1β than neutrophils in amniotic fluid of women with clinical chorioamnionitis 

at term [20]. Consistently, we found that monocytes/macrophages expressed higher levels of 

IL-1β than neutrophils in the amniotic cavity of women with preterm clinical 

chorioamnionitis, regardless of the presence of culturable bacteria. The mechanisms 

whereby monocytes/macrophages release IL-1β primarily involve the activation of 

inflammasomes [45], which are cytoplasmic multi-protein complexes implicated in the 

pathophysiology of preterm labor and birth in the context of intra-amniotic infection [46–49] 

or sterile intra-amniotic inflammation [50, 47, 51, 49].

An increased number of CD4+ T cells, but not CD8+ T cells, was observed in the amniotic 

cavity of women with preterm clinical chorioamnionitis. This is in line with recent reports 

showing that fetal CD4+ T cells play a central role in the inflammatory processes driven by 
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microbes invading the amniotic cavity in women without clinical chorioamnionitis [33, 52]. 

A central question that arose from these studies is: What is the function of fetal CD4+ T 

cells in intra-amniotic infection? Recent studies have shown that amniotic fluid fetal T cells 

can undergo ex vivo activation [52]. Yet, the functionality of these adaptive immune cells 

needs additional experimentation.

It is worth mentioning that women diagnosed with preterm clinical chorioamnionitis but 

without intra-amniotic infection (a negative amniotic fluid culture and low intra-amniotic 

inflammation) have similar numbers of amniotic fluid leukocytes to those with normal 

pregnancy [32]. This observation suggests that some women diagnosed with preterm clinical 

chorioamnionitis are not undergoing microbial invasion of the amniotic cavity and thus are 

not at risk of delivering a preterm neonate. These data also support the call for 

reexamination of the criteria used to diagnose preterm clinical chorioamnionitis as was 

recently suggested using samples collected from a South Korean population [18].

In summary, we found that neutrophils, monocytes/macrophages, and CD4+ T cells are 

increased in the amniotic cavity of women with preterm clinical chorioamnionitis and 

culturable bacteria. Neutrophils mainly performed phagocytosis and NET formation in the 

presence of bacteria, whereas monocytes/macrophages released pro-inflammatory cytokines 

such as IL-1β in amniotic fluid. Interestingly, women with clinical chorioamnionitis who 

delivered preterm presented mildly distinct cellular responses in amniotic fluid compared to 

those without this clinical condition. Taken together, these data provide the first morphologic 

and phenotypic characterization of the cellular immune responses in the amniotic cavity of 

women with preterm clinical chorioamnionitis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Detection of live and dead bacteria in amniotic fluid.
Representative bacterial live/dead staining of amniotic fluid from patients with preterm 

clinical chorioamnionitis and (A) a negative amniotic fluid bacterial culture, with 

corresponding enlarged image (B), or (C) a positive amniotic fluid bacterial culture, with 

corresponding enlarged image (D). Green = SYTO 9 stain, red = propidium iodide stain. 

Magnification = 400X
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Fig. 2. Electron microscopy of amniotic fluid neutrophils.
Representative scanning electron microscopy images of amniotic fluid neutrophils from (A) 
a woman with a negative amniotic fluid microbial culture and (B) a woman with a positive 

amniotic fluid microbial culture. Representative transmission electron microscopy images of 

amniotic fluid neutrophils from (C) a woman with a negative amniotic fluid microbial 

culture and (D) a woman with a positive amniotic fluid microbial culture. Magnifications: 

(A) Top row: 4000X (left), 2940X (right); bottom row: 10000X. (B) 7000X. (C) 12000X 

(left), 15000X (right). (D) 7000X
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Fig. 3. Flow cytometric analysis of leukocyte populations and innate immune cells in amniotic 
fluid.
(A) Representative flow cytometry gating strategies showing leukocyte populations in 

amniotic fluid from women with preterm clinical chorioamnionitis. Immune cells were 

initially gated within the viability gate and CD45+ gate followed by lineage gating for 

neutrophils (CD45+CD15+CD14- cells), monocytes/macrophages (CD45+CD14+CD15- 

cells), T cells (CD45+CD3+CD15-CD14-CD19- cells) and B cells (CD45+CD19+CD15-

CD14-CD3- cells). T cells were subsequently gated for CD4+ T cells (CD3+CD4+CD8- 

cells) and CD8+ T cells (CD3+CD8+CD4- cells). Numbers of (B) total leukocytes (CD45+ 

cells/mL), (C) neutrophils (CD15+ cells/mL), and (D) monocytes/macrophages (CD14+ 

cells/mL) in amniotic fluid from women with preterm clinical chorioamnionitis who had 

either a negative or positive amniotic fluid culture. N = 8–9 per group. Midlines = median, 

boxes = interquartile ranges, and whiskers = minimum/maximum ranges

Galaz et al. Page 16

Inflamm Res. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. Flow cytometric analysis of adaptive immune cells in amniotic fluid.
Numbers of (A) total T cells (cells/mL), (B) CD4+ T cells (cells/mL), (C) CD8+ T cells 

(cells/mL), and (D) B cells (cells/mL) in amniotic fluid from women with preterm clinical 

chorioamnionitis who had either a negative or positive amniotic fluid culture. Lymphocyte 

populations were gated as shown in Figure 3A. N = 8–9 per group. Midlines = median, 

boxes = interquartile ranges, and whiskers = minimum/maximum ranges
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Fig. 5. Flow cytometric analysis of cytokine expression by innate immune cells in amniotic fluid.
(A) Representative gating strategy for determining the mean fluorescence intensity of IL-1β, 

IL-8, TNFα, IL-1α, MIP-1α, IL-6, and MIP-1β expressed by amniotic fluid neutrophils and 

monocytes/macrophages. Mean fluorescence intensity of IL-1β, IL-8, TNFα, IL-1α, 

MIP-1α, IL-6, and MIP-1β expressed by (B) neutrophils and (C) monocytes/macrophage in 

amniotic fluid from women with preterm clinical chorioamnionitis who had either a negative 

amniotic fluid culture (blue bar plots) or a positive amniotic fluid culture (red bar plots). 

(N=6–7).
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Fig. 6. Flow cytometric analysis of amniotic fluid from women with or without preterm clinical 
chorioamnionitis.
Numbers of (A) total leukocytes (cells/mL), (B) neutrophils (cells/mL), (C) monocytes/

macrophages (cells/mL), (D) B cells (cells/mL), (E) total T cells (cells/mL), (F) CD4+ T 

cells (cells/mL), and (G) CD8+ T cells (cells/mL) in amniotic fluid from women with and 

without preterm clinical chorioamnionitis who had a positive microbiological culture. 

Leukocyte populations were gated as shown in Figure 3A. N = 9–10 per group. Midlines = 

median, boxes = interquartile ranges, and whiskers = minimum/maximum ranges
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Table 1.

Clinical and demographic characteristics of women with preterm clinical chorioamnionitis

Preterm birth and clinical 
chorioamnionitis with negative 

culture
(n=8)

Preterm birth and clinical 
chorioamnionitis with positive 

culture
(n=9)

p-value

Maternal age (years; median [IQR])
a 31 (26.8–36.3) 24 (22–26) 0.004

Body mass index (kg/m2; median [IQR])
a 34.9 (31.4–42.3) 26.9 (22.1–31) 0.08

Primiparity
b 12.5% (1/8) 33.3% (3/9) 0.5

Race
b 1

 African-American 87.5% (7/8) 88.9% (8/9)

 Caucasian 0% (0/8) 11.1% (1/9)

 Other 12.5% (1/8) 0% (0/9)

Gestational age at amniocentesis (weeks; median 

[IQR])
a 27.9 (22.6–32.8) 22.7 (20.7–27) 0.3

IL-6 (ng/mL; median [IQR])
a 11.1 (1.3–94.2) 122.1 (70.6–266.1) 0.1

White blood cell count, cells/mm3,a 1 (0–59.3) 310 (20–609) 0.03

Amniotic fluid glucose, mg/dL
a 11.5 (5.5–37.8) 1 (1–17) 0.2

Gestational age at delivery (weeks; median [IQR])
a 29.1 (24.4–33.4) 23.3 (20.7–27.1) 0.2

Spontaneous preterm labor
b 37.5% (3/8) 55.5% (5/9) 0.6

Preterm premature rupture of membranes
b 37.5% (3/8) 22.2% (2/9) 0.6

Cesarean section
b 0% (0/8) 22.2% (2/9) 0.4

Birthweight (grams)
a 1300 (700–1971.3) 550 (296–901) 0.1

Acute maternal inflammatory response

 Stage 1 (acute subchorionitis)
b 0% (0/8) 0% (0/9) 1

 Stage 2 (acute chorioamnionitis)
b 37.5% (3/8) 11.1% (1/9) 0.2

 Stage 3 (acute necrotizing chorioamnionitis)
b 50% (4/8) 77.8% (7/9) 0.3

Acute fetal inflammatory response

 Stage 1 (acute phlebitis/chronic vasculitis)
b 0% (0/8) 11.1% (1/9) 1

 Stage 2 (acute arteritis)
b 50% (4/8) 44.4% (4/9) 1

 Stage 3 (necrotizing funisitis)
b 25% (2/8) 22.2% (2/9) 1

Data are given as median (interquartile range, IQR) and percentage (n/N).

a
Mann-Whitney U-test.

b
Fisher’s exact test.
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Table 2.

Clinical and demographic characteristics of women with preterm birth and a positive amniotic fluid culture 

with or without clinical chorioamnionitis

Preterm birth and positive culture 
without clinical chorioamnionitis

(n=10)

Preterm birth and positive 
culture with clinical 

chorioamnionitis
(n=9)

p-value

Maternal age (years; median [IQR])
a 27.5 (22.8–35.8) 24 (22–26) 0.1

Body mass index (kg/m2; median [IQR])
a

28.3 (27–36.5)
c 26.9 (22.1–31) 0.3

Primiparity
b 0% (0/10) 33.3% (3/9) 0.08

Race
b 1

 African-American 80% (8/10) 88.9% (8/9)

 White 20% (2/10) 11.1% (1/9)

Gestational age at amniocentesis (weeks; median 

[IQR])
a 25.9 (22.5–29.8) 22.7 (20.7–27) 0.5

IL-6 (ng/mL; median [IQR])
a 128.7 (78–186.2) 122.1 (70.6–266.1) 0.7

White blood cell count, cells/mm3,a 307 (89–1254.5) 310 (20–609) 0.8

Amniotic fluid glucose, mg/dL
a 3.5 (1–9.8) 1 (1–17) 0.9

Gestational age at delivery (weeks; median [IQR])
a 25.9 (23–29.9) 23.3 (20.7–27.1) 0.5

Spontaneous preterm labor
b 60% (6/10) 55.5% (5/9) 1

Preterm premature rupture of membranes
b 20% (2/10) 22.2% (2/9) 1

Cesarean section
b 0% (0/10) 22.2% (2/9) 0.2

Birthweight (grams)
a 935 (533.3–1428.8) 550 (296–901) 0.3

Acute maternal inflammatory response

 Stage 1 (acute subchorionitis)
b

0% (0/8)
d 0% (0/9) 1

 Stage 2 (acute chorioamnionitis)
b

37.5% (3/8)
d 11.1% (1/9) 0.2

 Stage 3 (acute necrotizing chorioamnionitis)
b

50% (4/8)
d 77.8% (7/9) 0.3

Acute fetal inflammatory response

 Stage 1 (acute phlebitis/chronic vasculitis)
b

12.5% (1/8)
d 11.1% (1/9) 1

 Stage 2 (acute arteritis)
b

75% (6/8)
d 44.4% (4/9) 0.3

 Stage 3 (necrotizing funisitis)
b

0% (0/8)
d 22.2% (2/9) 0.4

Data are given as median (interquartile range, IQR) and percentage (n/N).

a
Mann-Whitney U-test.

b
Fisher’s exact test.

c
Three missing data
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d
Two missing data
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