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A B S T R A C T   

Objective: To evaluate the concentrations of calprotectin in amniotic fluid with respect to intra-amniotic 
inflammation and infection and to assess the presence or absence of bacteria in the amnio-chorionic niche 
with respect to presence or absence of intra-amniotic inflammation. 
Study design: Seventy-nine women with singleton pregnancies and preterm labor with intact membranes (PTL) 
were included in the study. Amniotic fluid was collected at the time of admission by amniocentesis and cal-
protectin levels were analyzed from frozen/thawed samples using ELISA. Interleukin (IL)-6 concentration was 
measured by point-of-care test. Samples from amniotic fluid and the amnio-chorionic niche (space between 
amniotic and chorionic membranes) were microbiologically analyzed. Microbial invasion of the amniotic cavity 
(MIAC) was diagnosed based on a positive PCR result for Ureaplasma species, Mycoplasma hominis, 16S rRNA or 
positive culture. Intra-amniotic inflammation (IAI) was defined as amniotic fluid point-of-care IL-6 concentra-
tion ≥ 745 pg/mL. The cohort of included women was divided into 4 subgroups based on the presence or absence 
of IAI/MIAC; i) intra-amniotic infection, ii) sterile IAI, iii) intra-amniotic colonization and iv) neither MIAC nor 
IAI. 
Results: Women with intra-amniotic infection had a significantly higher intra-amniotic calprotectin concentration 
(median; 101.6 µg/mL) compared with women with sterile IAI (median; 9.2 µg/mL), women with intra-amniotic 
colonization (median; 2.6 µg/mL) and women with neither MIAC nor IAI (median 4.6 µg/mL) (p = 0.001). 
Moreover, significantly higher amniotic fluid calprotectin concentration was seen in women who delivered 
within 7 days (p = 0.003). A significant negative correlation was found between amniotic fluid calprotectin and 
gestational age at delivery (rho = 0.32, p = 0.003). Relatively more bacteria in the amnio-chorionic niche were 
found in the sterile IAI group compared with the other groups. 
Conclusions: Calprotectin concentrations in amniotic fluid were significantly higher in the intra-amniotic infec-
tion group compared with the other groups. Moreover, the bacterial presence in the amnio-chorionic niche was 
higher in IAI group.   
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Introduction 

Preterm delivery (PTD; <37 gestational weeks) is the leading cause 
of death in children under the age of five [1–3]. It is also associated with 
a substantial health burden in terms of perinatal and long-term 
morbidity [3,4]. The World Health Organization (WHO) estimates a 
yearly incidence of 15 million preterm born children [1–3]. In some low- 
and middle-income countries, the rate of PTD is around 12%, compared 
to 9% in higher income countries [5,6]. In Scandinavia, PTD rates have 
been stable, around 5–7%, for the past three decades [3,7]. 

Preterm labor with intact membranes (PTL) accounts for 40–45% of 
all PTD and is defined as regular contractions together with cervical 
changes [8]. A complex network of different overlapping pathophysio-
logical pathways, including molecular and genetic factors, contributes 
to the occurrence of PTL [9–11]. Intra-amniotic inflammation (IAI), 
defined as presence of intra-amniotic inflammatory mediators in amni-
otic fluid, is accompanied in most PTL cases [12]. This inflammation 
may be triggered by microbial invasion of the amniotic cavity (MIAC), 
called intra-amniotic infection or other non-microbial immunologically 
mediated processes, defined as sterile IAI. Sterile IAI is determined by 
elevated concentrations of amniotic fluid interleukin (IL)-6 in the 
absence of MIAC [13–15]. The mechanism of sterile IAI is still not 
completely understood but damage and infection of the fetal membranes 
and placenta are believed to be among the inducing factors [13,14,16]. 
During infection and inflammation leukocytes invade amniotic cavity, 
neutrophils and macrophages being the most frequent. Their amount 
differs depending on the phenotype of inflammation and they are more 
abundant in infection compared to sterile IAI [17]. 

Endogenous molecules called alarmins are released from leukocytes, 
triggering inflammatory responses through pattern recognition re-
ceptors (PRR) [13,14,16]. Calprotectin is one of the proteins, secreted 
from cytosol of immunocompetent cells. It is widely used in the follow- 
up of inflammatory processes [18–24] and has even previously been 
associated with both IAI and spontaneous PTD [25]. The number of 
immune cells differs among sterile IAI and intra-amniotic infection 
[17,26–29] but there is no evidence regarding concentrations of cal-
protectin in these phenotypes of IAI. Therefore, the aim of this study was 
to evaluate amniotic fluid calprotectin concentrations with respect to 
the presence and absence of sterile IAI and intra-amniotic infection. The 
second aim was to assess the presence of microorganisms and/or their 
nucleic acids in the amnio-chorionic niche with respect to the presence 
and absence of sterile IAI and intra-amniotic infection. 

Materials and methods 

In this retrospective cohort study, women that were admitted to the 
Department of Obstetrics and Gynecology, Sahlgrenska University 
Hospital/Östra, Gothenburg, Sweden, between 2008 and 2017 were 
approached to participate in the study. Inclusion criteria were women ≥
18 years of age with a viable singleton pregnancy, presenting with PTL 
at 22+0 and 33+6 weeks of gestation. PTL was defined as regular uterine 
contractions at admission in combination with one of the following 
criteria: cervical dilatation ≥ 2 cm and/or cervical length < 25 mm (as 
documented by digital examination and transvaginal sonography at 
enrollment or at sampling). Exclusion criteria were women with uterine 
abnormalities, significant vaginal bleeding, severe preeclampsia, severe 
rheumatic disease, contractions as a result of urinary tract infection, 
kidney stones or pelvic inflammatory disease, genetic disease or chro-
mosomal abnormality (including translocation, deletion and duplica-
tion), blood disease (Hepatitis B, C or HIV), active infectious disease 
(malaria or tuberculosis), oocyte donation, treatment with high dose of 
anticoagulant medications, cervical cerclage and women who were 
unable to provide an informed consent due to language barriers. Cases of 
fetal distress, imminent delivery and fetal abnormalities were also 
excluded. 

Sample collection and processing 

Women participating in the study underwent amniocentesis and 
amniotic fluid was aspirated under sterile conditions through an ultra-
sound guided transabdominal amniocentesis. After amniocentesis, 
approximately 3.5 mL of amniotic fluid was used for the detection of 
MIAC and assessment of IL-6 levels for the detection of IAI. The 
remaining amniotic fluid was further processed, where samples were 
aliquoted and stored either as non-centrifuged, or as centrifuged for 15 
min at 2000 g at 4 ◦C to remove cells and debris. In the latter cases, 
supernatant was aspirated and further divided into aliquots while pellets 
were left in the original polypropylene tubes. All aliquots were stored at 
− 80 ◦C until analysis. After delivery, the chorionic and amniotic mem-
brane were separated approximately 10 cm from the initial rupture of 
the membranes and samples were collected using Charcoal swab and 
nylon swabs (E-swab 480CE, Copan, Italy). 

Analysis of amniotic fluid and amnio-chorionic niche 
A total of 3 mL of fresh non-centrifuged amniotic fluid was sent to the 

microbiology laboratory at Sahlgrenska University Hospital for aerobic 
and anaerobic culture, Ureaplasma species and Mycoplasma hominis 
analysis with polymerase chain reaction (PCR) and for pan-bacterial 
PCR (16S rRNA). The same analyses were performed on the swab sam-
ples from the space between the membranes and the placental amnio- 
chorionic niche. The detailed analytical microbiological procedures 
are presented in Supplement S1. 

Amniotic fluid IL-6 assessment 
A total of 100 µL of fresh, non-centrifuged amniotic fluid was used for 

individual assessment of IL-6 concentration with lateral flow immuno-
assay Milenia QuickLine IL-6 using the Milenia PicoScan System and 
POCScan systems (Milenia Biotec, GmbH, Giessen, Germany). The 
detection range for IL-6 was 50–10 000 pg/mL. 

Amniotic fluid calprotectin assessment 
Calprotectin (S100A8/S100A9 heterodimer) concentrations in am-

niotic fluid were analyzed using enzyme-linked immunosorbent assay 
(ELISA) kits (Human S100A8/100A9 Heterodimer, R&D systems, Min-
neapolis, Minnesota) on stored and thawed samples, according to the 
manufacturer’s instructions. ELISA kits were chosen with a working 
range to include the most likely concentration ranges in amniotic fluid 
calprotectin. Amniotic fluid samples were analyzed in duplicate, within 
24 h of thawing. The majority of the calprotectin concentrations were 
detectable in a dilution of 1:500 but 15 samples had to be re-analyzed in 
duplicates in dilutions of 1:5000 up to 1:40000. The limit of detection 
for amniotic fluid calprotectin concentrations were 0.97–39 ng/mL. The 
absorbance values were read at 450 nm using a microplate reader. Intra- 
assay variation was < 5%, inter-assay variation was < 6%. 

Clinical management of PTL 

Antenatal steroids (betamethasone, 12 mg intramuscularly in 2 doses 
with 24 h interval when possible) were individually administered from 
23+0 to 33+6 weeks of gestation (or earlier after consultation with 
neonatologist). Tocolytic therapy was individually administered ac-
cording to clinical routine. Women with suspected clinical cho-
rioamnionitis, diagnosed by a combination of maternal fever and 
tachycardia, uterine tenderness and/or fetal tachycardia, were treated 
with antenatal antibiotics but not prompt delivered if asymptomatic 
after the treatment. Presence of IAI and MIAC were reported to the cli-
nicians and served as a basis for the continued individual clinical 
management. 

Clinical definitions 

IAI was defined as amniotic fluid IL-6 concentration ≥ 745 pg/mL, 
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measured by point of care (POC) test based on the data by Chaemsai-
thong et al [30]. MIAC was defined as positive PCR for Ureaplasma 
species, Mycoplasma hominis, and/or positive 16S rRNA and/or positive 
amniotic fluid aerobic or anaerobic culture. A positive amniotic fluid 
16S rRNA for skin flora but negative culture was considered contami-
nation. Intra-amniotic infection was defined as presence of both MIAC 
and IAI. Sterile IAI was defined as IAI without MIAC. Intra-amniotic 
colonization was defined as presence of MIAC without IAI. Microbial 
invasion of the membranes was defined as a positive PCR for Ure-
aplasma species and M. hominis and/or growth of any bacteria from the 
amnio-chorionic niche. 

Ethics statement 

The study was approved by the local ethics committee at the Uni-
versity of Gothenburg (Dnr 476–05, Dnr 690–11 T 704–16). Informed 
consent was obtained from all participants before inclusion. 

Statistical analysis 

Normality of data was assessed with Shapiro-Wilk test and a mainly 
skewed distribution was observed. Continuous variables were analyzed 
using Kruskal Wallis H test or Mann-Whitney U test. Pearson chi-square 
test was used for categorical variables. Spearman’s partial correlation 
was used to adjust all results for gestational age at sampling, nulliparity 
and administration of prenatal antibiotics, corticosteroids and tocolysis, 

since those were the variables that were significantly different among 
groups. Spearman’s correlation was used to test associations between 
calprotectin and IL-6 concentrations, gestational age at sampling and 
gestational age at delivery. Mann-Whitney U test was used for com-
parison between calprotectin concentration and delivery within 7 days. 
Two-sided statistical tests were used and a p-value of < 0.05 was 
considered to be statistically significant. All statistical analyses were 
computed using SPSS 25.0 for Mac (IBM SPSS Statistics, Armonk, NY: 

Fig. 1. Flowchart of the study.  

Table 1 
Demographics and clinical characteristics in women with spontaneous preterm labor (n = 79) among the four sub-groups.   

Intra-amniotic infection 
(n = 7) 

Sterile IAI  

(n = 15) 

Intra-amniotic colonization 
(n = 14) 

Neither MIAC nor IAI 
(n = 43)  

p-value 

Maternal age (years) 26 (±9) 31 (±10) 31 (±6) 29 (±7)  0.109 
Maternal BMI 25 (±7) 25 (±12) 24 (±9) 24 (±6)  0.737 
Nulliparity 6 (86%) 11 (73%) 7 (50%) 16 (37%)  0.024 
Smoking 0 (0%) 2 (13%) 1 (7%) 6 (14%)  0.614 
Previous preterm delivery 0 (0%) 1 (7%) 2 (14%) 6 (14%)  0.642 
Cervical length at sampling (mm) 0 (±8) 0 (±12) 16 (±16) 17 (±14)  <0.001 
Gestational age at sampling (days) 163 (±40) 182 (±53) 208 (±38) 214 (±30)  0.005 
Tocolysis before sampling 4 (57%) 13 (87%) 6 (43%) 28 (65%)  0.100 
Tocolysis after sampling 4 (57%) 12 (80%) 5 (36%) 28 (65%)  0.093 
Antenatal corticosteroid administration before sampling 7 (100%) 15 (100%) 13 (93%) 40 (93%)  0.653 
Antenatal corticosteroid administration after sampling 4 (57%) 3 (20%) 4 (29%) 16 (37%)  0.340 
Antenatal antibiotics 

(≤7 days from sampling) 
5 (71%) 7 (47%) 3 (21%) 6 (14%)  0.003 

Antenatal antibiotics after sampling 5 (71%) 11 (73%) 9 (64%) 23 (53%)  0.502 
Gestational age at delivery (days) 173 (±39) 196 (±56) 239 (±41) 260 (±32)  <0.001 
Delivery ≤ 7 days from sampling 6 (86%) 9 (60%) 2 (14%) 2 (5%)  <0.001 
Delivery < 37+0 weeks of gestation 7 (100%) 14 (93%) 9 (64%) 19 (44%)  0.001 
Latency (days from sampling to delivery) 1 (±3) 3 (±13) 48 (±54) 45 (±39)  <0.001 
Calprotectin (µg/mL) 101.6 (±302.2) 9.2 (±13.9) 2.6 (±3.3) 4.6 (±7.0)  0.001 
IL-6 (pg/mL) 10,000 (±0) 10,000 (±8304) 181 (±285) 100 (±167)  <0.001 

Continuous variables were analyzed using Kruskal Wallis H test and presented as median (±IQR). Categorical variables were analyzed using Pearson chi-square test 
and presented as n (%). Statistically significant results (p-value) are marked in bold. IAI: Intra-amniotic inflammation; MIAC: Microbial invasion of the amniotic cavity. 

Fig. 2. Amniotic fluid calprotectin concentrations in women with PTL among 
the four subgroups. 
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IBM Crop.) and Prism 9.0.2 for Mac (GraphPad Software, LLC). 

Results 

Characteristics of the study population 

From 2008 to 2017, 112 women with PTL were enrolled. Amnio-
centesis could not be performed on 16 patients due to oligohydramnios 
and were therefore excluded from further analysis. Another woman was 
excluded retrospectively due to the presence of multi-drug resistant 
bacteria due to laboratory routines and samples had to be removed from 
the freezer. Sixteen additional women were excluded from analysis as 
the test results showed polymicrobial growth of bacteria of skin flora, 
identified by 16S rRNA PCR but not any other method. This led to the 
changing of the antiseptic routines during amniocentesis. The remaining 
women (n = 79) were included in the analysis (Fig. 1) (Fig. 1 Flowchart 
of the study). These were divided into 4 subgroups based on the presence 
or absence of IAI/MIAC as follows; i) intra-amniotic infection (n = 7; 
9%), ii) sterile IAI (n = 15; 19%), iii) intra-amniotic colonization (n =
14; 18%) and iv) neither MIAC nor IAI (n = 43; 54%). Demographic and 
clinical data for each subgroup are presented in Table 1. 

Amniotic fluid calprotectin concentrations 

Amniotic fluid calprotectin concentrations were significantly 
different among the four subgroups (intra-amniotic infection: 101.6 ±
302.2 µg/mL; sterile IAI 9.2 ± 13.9 µg/mL; intra-amniotic colonization 
2.6 ± 3.3 µg/mL; neither MIAC nor IAI 4.6 ± 7.0 µg/mL; p = 0.001; 
Table 1, Fig. 2) (Fig. 2 Amniotic fluid calprotectin concentrations in 
women with PTL among the four subgroups). Amniotic fluid calpro-
tectin concentrations in women with intra-amniotic infection were 
higher compared to all other three subgroups in both crude and adjusted 
analyses (Table 2). Differences were seen when the sterile IAI group was 
compared to other groups; however, no difference was found when 
compared to intra-amniotic colonization, after adjustment for gesta-
tional age at sampling, prenatal antibiotics, tocolysis and corticosteroids 
prior to sampling. Moreover, no differences were observed when 
comparing the intra-amniotic colonization and neither MIAC nor IAI 
groups after adjustment. Higher amniotic fluid calprotectin concentra-
tions were seen among women who delivered within 7 days from sam-
pling (9.5 ± 35.7 µg/mL vs 4.1 ± 7.1 µg/mL; p = 0.003). A positive 
correlation was identified between amniotic fluid calprotectin and IL-6 
concentrations (rho = 0.25, p = 0.02). However, a negative correla-
tion was seen between amniotic fluid calprotectin concentrations and 
gestational age at delivery (rho = -0.32, p = 0.003). No correlation was 
found between amniotic fluid calprotectin concentrations and gesta-
tional age at sampling (rho = -0.08, p = 0.48). 

Microbial invasion in the amniotic fluid and amnio-chorionic niche in the 
subgroups of women with PTL 

Microbial species were identified both in amniotic fluid (in all 
women) and from the amnio-chorionic niche of the fetal membranes in a 
selection of the women (n = 43). Microbial species identified in the 
amniotic fluid are shown in Table 3, while microbial species identified in 
the amnio-chorionic niche of the fetal membranes are presented in 
Table 4. A lot of the samples from amnio-chorionic niche were not taken 
in the intra-amniotic colonization and neither MIAC nor IAI group 
because women delivered at term and were lost in the follow-up process. 

Discussion 

The main findings of this study were that; i) amniotic fluid calpro-
tectin concentrations were elevated in the presence of both sterile IAI 
and intra-amniotic infection in pregnancies complicated with PTL, ii) 
amniotic fluid calprotectin concentrations were significantly higher in 
intra-amniotic infection compared to sterile IAI and iii) calprotectin 
concentrations were significantly higher in amniotic fluid of women 
delivered within 7 days from amniotic fluid sampling compared to de-
livery after 7 days. 

A previous study on intra-amniotic calprotectin has shown that intra- 
amniotic concentration of calprotectin increases normally with gesta-
tional age and both MIAC and IAI have been shown to be associated with 

Table 2 
Comparisons of amniotic fluid calprotectin concentrations among the four 
subgroups of women with spontaneous preterm labor based on the presence of 
IAI and/or MIAC.   

Intra- 
amniotic 
infection 
Calprotectin: 
101.6 
(±302.2) µg/ 
mL  

Sterile IAI  

Calprotectin: 
9.2 (±13.9) 
µg/mL  

Intra- 
amniotic 
colonization 
Calprotectin: 
2.6 (±3.3) 
µg/mL 

Neither 
MIAC nor IAI 
Calprotectin: 
4.6 (±7.0) 
µg/mL  

Intra-amniotic 
infection 
Calprotectin: 
101.6 
(±302.2) µg/ 
mL   

– p ¼ 0.026; 
p1 ¼ 0.007; 
p2 ¼ 0.001 

p ¼ 0.006; 
p1 ¼ 0.019; 
p2 ¼ 0.045 

p ¼ 0.003; 
p1 < 0.001; 
p2 < 0.001 

Sterile IAI 
Calprotectin: 
9.2 (±13.9) 
µg/mL    

– p ¼ 0.005; 
p1 ¼ 0.017; 
p2 = 0.077 

p ¼ 0.042; 
p1 ¼ 0.007; 
p2 ¼ 0.008 

Intra-amniotic 
colonization 
Calprotectin: 
2.6 (±3.3) 
µg/mL    

– p ¼ 0.032; 
p1 = 0.097; 
p2 = 0.059 

Neither MIAC 
nor IAI 
Calprotectin: 
4.6 (±7.0) 
µg/mL      

– 

Differences were assessed using Mann-Whitney U test (p-value). Data was 
adjusted using Spearman partial correlation for gestational age at sampling (p1- 
value) and gestational age at sampling, tocolysis, antibiotics and corticosteroids 
administered prior to sampling (p2-value). Statistically significant results are 
marked in bold. Calprotectin levels are presented in µg/mL as median (±IQR). 
IAI: Intra-amniotic inflammation; MIAC: Microbial invasion of the amniotic 
cavity. 

Table 3 
Microorganisms identified with both culture, 16S rRNA and PCR in the amniotic 
fluid of women with PTL in intra-amniotic infection and colonization. Ranking 
of microorganisms is presented by incidence.  

Intra-amniotic infection Intra-amniotic colonization 

Campylobacter ureolyticus (x 2) Micrococcus species (x 4) 
Fusobacterium species (x 2) Ureaplasma species (x 2) 
Ureaplasma species Propionibacterium acnes (x 2) 
Prevotella ioeschii Moraxella species (x 2) 
Staphylococcus aureus Enterobacteriacae 
Aerococcus urinae Coagulase negative staphylococcus 
Sneathia sanguinegens Enterococcus species  

Corynebacterium species  
Mycoplasma hominis  
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increased concentrations of amniotic fluid calprotectin amniotic fluid 
calprotectin. Calprotectin concentrations were significantly higher in 
the presence of intra-amniotic infection [25]. However, in our study, a 
negative correlation was found between amniotic fluid calprotectin 
concentrations and gestational age at delivery, indicating that higher 
amniotic fluid calprotectin concentrations were present at delivery in 
earlier gestational ages. The results of our study confirm the previous 
findings about the association with increased levels of amniotic fluid 
calprotectin in the case of MIAC and IAI [25]. Furthermore, we have 
shown that intra-amniotic infection and not colonization is related to 
higher concentrations of intra-amniotic calprotectin. It seems that MIAC 
itself does not significantly affect calprotectin concentrations. Moreover, 
our study has shown that amniotic fluid calprotectin concentrations 
were significantly higher in intra-amniotic infection compared to sterile 
IAI, indicating that the inflammatory events in amniotic fluid are more 
intense when caused by microbial agents and not only by alarmins. It has 
been hypothesized that sterile IAI could be caused by inflammatory 
mediators originating from the space between the fetal membranes 
[13,14,16]. Bacteria that reside in the amnio-chorionic niche and the 
subsequent maternal inflammatory response, triggered by this microbial 
presence, could be the factor that cause inflammation without any 
bacteria found in the amniotic fluid. 

A strength with this study was that the presence of MIAC was 
assessed with a combination of microbial cultures and specific PCR 
(Ureaplasma species, Mycoplasma hominis, and evaluation of the 16S 
RNA gene) limiting the possibility of falsely including bacterial species 
that are normally part of the skin flora. A new routine was introduced to 
the clinical ward after finding out that a lot of our early samples were 
contaminated with skin flora. An important limitation of the study is the 
relatively small cohorts of respective subgroups of women with PTL 
which decrease the generalizability of the study conclusions. Further-
more, only women who understood the Swedish language were enrolled 
in the study, which limits the ethnical variability in the cohort. It is well 
known that spontaneous PTD rates vary between ethnicities, and this 
may have an effect on the generalization of the study results [31]. 
Finally, the microbiological analytical methods changed remarkably 
during the duration of the study. The initial microbiological analyses 
were based on a manual extraction method and conventional PCR, 
whereas automatic extraction methods and real-time PCR were used 
from 2018, which has improved the sensitivity of the method. 

Conclusions 

Calprotectin concentrations in amniotic fluid were elevated in both 
sterile IAI and intra-amniotic infection, where concentrations were 
higher in cases of intra-amniotic infection. Relatively more bacteria in 
the amnio-chorionic niche were found in the sterile IAI group compared 
with the other groups. 
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Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
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