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CLINICAL SCIENCE

NsBagok

Hurokunure (IL-1, 1L-6, IL-8, TNF- Alfa) ce o nckyuntenHo 3sHauere B0 GpeMeHoCTa 1 THe Ce MpoJyIpaaT of
CTpaHa Ha MOCTEJIKATA BO aMHMOHCKATA TEUHOCT M Ce 3rojIeMeHU JIOKOJIKY TIOCTOM MHTpayTepuHa uH(iamarmja.
Ilenra Ha cTyujata belile a ce 0KaKe COOJIHOCOT Ha TIOKAUEHOTO HUBO Ha I1.-8 Bo aMHMOHCKATa TeYHOCT BO T10-
YETOKOT Ha PaHKoT BTop Tpumectap (16-22 r.H.) 1 nipeJIBpeMeHoTo nopofyBabe (< 37 r.1.). Matepujas u metopu: Bo
0Baa MPOCIIEKTHBHA CTyIuja Oea BKIydeHn 150 rpaBu/IHM TALMEHTKH, Kajle TOCTOele MeMIMHCKA VHJMKalja
3a M3BeJIyBatbe Ha AMHMOLIEHTe3a (Harpe/iHaTa MajurHa Bo3pact, BUCOK pusuk Ha PRISCA I, cycriektHu aHoMajiu
Ha QeTycot, BUpYCH HHGEKIH, WK 110 Keiba Ha Majkara). [1o moTMHIIaHA COrMIACHOCT 3 YUeCTBO BO CTY/IMja-
Ta, CUTe MalMeHTKN Oea aHaM3upati, OJHOCHO Ha CUTe MallMeHTKI UM Oelile HarpaBeH exo HperJiel, BaruHajHa
LiepBUKOMeTpHja, 1 Gea 3eMeHy JIOTIOIHUTETHI 5 MJI aMHMOHCKA TeYHOCT MPU M3BEJlyBathe Ha aMHUOLIeHTe3aTa.
Cure mateHTKH Oea ciiefieHy e JI0 HUBHOTO MOPOjlyBatbe, Kajie TOuHo Oellle HOTMpaHa rectaiyckara Hefieia Ha
NOpo/lyBarke, a MoToa cropejieHa co HUBoTo Ha IL-8. Pesynraru: Cure 150 marpentku Gea Bo mepuogior o 16-22
recranucka Hepiena. Kaj 20 o BkynHo 150 malyeHTKM KOHCTaTUpaBMe MpeJIBPEMEHO parame, jlofleka, nak, 120
TIAIMEHTKY ce TOPOojija BO TepMUH. 139 maryeHTKM MMaa 3auHaTo MpUpojHo, Aofieka 9 co UBD u ET, off ko Tpn
ce niopofija npefiBpeMeHo. 80% ofl MalMeHTKUTe KOU ce Topojinja TIpejiBpeMeHo MMaa 3rojieMeHy BPejHOCTH Ha
1L-8. CpepiHata BpeIHOCT Ha JIO/KMHA HA LIEPBUKCOT Kaj OHKE KOM e Topojuja Bo TepMuH berre 32,1 MM, ojieka
Kaj oHMe rpeBpeMeHo ropozenn bere 30,7 Mu. 3akiyuok: OBaa CTyjuja jarioTBp/y ONPaBJAHOCTA 32 UCIIUTYBAIbe
LMTOKMHY KAKO MeTOJ] 3a OTKPHBAkbe Ha aCKMITOMATCKU MPOMEHU Kaj MALMHTKI Koe Ke ce MOPOJIaT MpejiBpeMeHo.
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Abstract

Cytokines (IL-1, IL-6, 1L-8, TNF- alfa) are of crucial importance during pregnancy; they are produced by the
placenta in the amniotic fluid and they are elevated in case of intrauterine inflammation. The aim of the
study was to prove the ratio between the increased IL-8 in the amniotic fluid in the beginning of the second
trimester (16-22 g.w.) and premature birth (< 36.6 g.w.). Material and methods: This was a prospective study
that included 150 pregnant patients that had clinical indication for amniocentesis (advanced mother’s age,
abnormal test of PRISCA [, suspicious anomalies of the fetus, virus infection or mother’s wish). They all gave a
signed consent on being informed about the aims of the study, and following the protocol, they were analyzed
and examined i.e. all patients underwent ultrasound examination, vaginal cervicometry. Five ml. of amniotic
fluid during the process of amniocentesis was taken for the purpose of the study. All patients were followed
until they gave birth, and the exact week of gestation was noted and compered with the I1.-8 level. Results: All
150 patients were in the period of 16th-22nd gestational weeks. Twenty of the total of 150 patients had preterm
delivery. A total of 139 patients conceived naturally and 9 patients underwent in vitro fertilisation (IVF) and
embryo transfer (ET). In those with IVF and ET, 3 had preterm birth. 80% of patients that had preterm birth had
increased IL- 8 levels. Median cervical length in those who gave birth at term was 32.1 mm and in those who
gave preterm birth was 30.7mm. Conclusion: The study has confirmed the reason for examining cytokines as a
method of discovering asymptomatic changes in patients who would give a premature birth.



Introduction

Intraamniotic fluid infections caused
by viruses, bacteria or mycoplasmas are
frequently followed by increased perina-
tal morbidity and mortality. Cytokines
are key substances regulating a number
of biological processes including repro-
ductive and inflammatory processesl.
An association between intraamniotic
infections, rising concentrations of in-
flammatory cytokines in amniotic flu-
id and preterm labor is often present?2.
Many researches are driven to find reli-
able markers for intraamniotic fluid in-
fections with a high predictive value that
make possible detection of patients with
intraamniotic infection3,4.

IL-8 is secreted and is an important me-
diator of the immune reaction in the
immune system response, IL.8 or chemo-
kine (C-X-C motif) ligand 8. CXCL8 is a
cytokine produced by macrophages and
other cell types such as epithelial cells
and endothelial cells5. Endothelial cells
store IL-8 in their storage vesicles6. In
humans, the interleukin-8 protein is
encoded by the CXCL8 gene. IL-8 is ini-
tially produced as a precursor peptide of
99 amino acids, which then undergoes
cleavage to create several active IL-8 iso-
forms7.

Interleukin-8 is a key mediator associ-
ated with inflammation where it plays a
key role in neutrophil recruitment and
neutrophil degranulation3, 5. As an ex-
ample, it has been cited as a proinflam-
matory mediator in infections linked
with preterm pregnancies and its pres-
ence in amniotic fluid.

The presence of IL-8 in amniotic fluid, as
well as IL-6, suggests these cytokines are
involved in important immunobiological
events relevant to the third trimester of
gestationl, 7.

Fetal development in wuncomplicated
pregnancies occurs in the absence of
amniotic fluid infections and offspring
microbial colonization starts after uter-
ine contractions and rupture of amniotic
membrane, therefore all earlier studies
have suggested that both uterine cav-
ity and amniotic fluid stay as “sterile
womb”8.

However, the current evidence for a ster-
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ile intrauterine environment is incon-
clusive and the extent to which, if, and
how maternal infections influence fetal
immunologic development and the state
of the infant is not still clear6, 7. There-
fore, this study investigated the presence
of an IL-8 in amniotic fluid in the second
trimester of uncomplicated pregnancies
and determined the amniotic fluid IL-8

load.

Midtrimester amniocentesis is the most
widely used procedure for prenatal diag-
nosis of fetal cytogenetic abnormalities.
However, the fluid and cells obtained at
the time of the procedure are not cur-
rently being used to assess the risk of oth-
er causes of adverse pregnancy outcomes
such as preterm birth, fetal growth re-
striction and preeclampsia. Preterm de-
livery occurring after preterm labor is a
significant cause of neonatal morbidity
and mortality9.

Antenatal upper genital infection is
known to be strongly associated with
preterm labor and delivery. Because such
infection is often subclinical, intractable
preterm labor may be the first sign of
this pathologic process10.

Most women with preterm labor, who
are later demonstrated to have chorio-
amnionitis, usually have no symptoms
such as fever, abdominal pain, peripher-
al blood leukocytosis and fetal tachycar-
diall, 12. Therefore, identifying women
with intrauterine infections is a major
challenge.

Different amniotic fluid markers have
been evaluated to determine intrauter-
ine infection in women with symptoms
of preterm delivery. Recently, levels of
many cytokines such as IL-6, IL-8, C-re-
active protein (CRP), matrix metallo-
proteinases-8, angiogenin were studied
in the amniotic fluid at the time of the
genetic amniocentesis for prediction of
preterm deliveryl3, 14.

The aim of this study was to prove the
ratio between the increased IL-8 in the
amniotic fluid in the beginning of the
second trimester (16-22 g.w.) and prema-
ture birth (< 36, 6g.w.).

Materials and methods



This prospective study was conducted at
the University Clinic of Gynecology and
Obstetrics, Ss Cyril and Methodius Uni-
versity, Medical Faculty, Skopje, Republic
of North Macedonia at the Department of
High Risk Pregnancy. The study included
150 pregnant women that had clinical
indication for amniocentesis (advanced
mother’s age, abnormal test of PRISCA I,
suspicious anomalies of the fetus, virus
infection or mother’s wish), during the
period fromJ une 2018 to December 2018.
Before entering the study, all patients
gave their informed consent to partici-
pate in the study. The study was previ-
ously approved by the Ethics Committee
of the Ss. Cyril and Methodius Universi-
ty, Medical Faculty, Skopje, Republic of
North Macedonia. The examination was
a prospective study. Pregnant women are
were selected to enter the study between
their 16-22 g.w. and were being followed
until the end of the pregnancy. Each
woman underwent obstetric ultrasound
by which the gestational week was deter-
mined and it was confirmed that there
were no exclusion criteria for the patient
to enter the group of respondents.

The pregnant women were followed on
Voluson 730pro for ultrasonography.
Ultrasound cervicometry was done and
the length of cervix was measured with
a vaginal transducer. The results were
recorded in the personal document for
each patient. Each patient was taken a
detailed anamnesis adapted to the needs
and information needed for the research.

After the patient was examined, she was
hospitalized and prepared for the proce-
dure of amniocentesis.

The amniocentesis itself took place in
the ultrasound and diagnostics ward at
the Department of High Risk Pregnan-
cy. Each amniocentesis was done in spe-
cial sterile conditions with highly deter-
mined protocol and was controlled by
an ultrasound. It was done in the period
between 16-22 gestational weeks. Before
the intervention, the whole procedure
was described to the patients. A 22 gauge
spinal needle was inserted into the am-
niotic cavity transabdominally under so-
nographic guidance and 5 ml of amniotic
fluid was aspirated for the needs of the
study. Each sterile syringe was marked

with the name and surname of the pa-
tient, immediately after the interven-
tion. Patients were discharged from hos-
pital on the same day.

Inclusion criteria: Single pregnancy, pa-
tients who need amniocentesis in their
early second trimester due to clinical
indication (advanced mother’s age, ab-
normal test of PRISCA 1, suspicious
anomalies of the fetus, virus infection
or mother’s wish), pregnancy from 16-22
gestational week, patients who had no
signs of miscarriage (spontaneous abor-
tion) while the amniocentesis was being
made.

Exclusion criteria: Positive test of am-
niocentesis- abnormal karyotype, multi-
ple pregnancies, patients who would not
be able to be contacted and there would
be no information on the pregnancy out-
come, confirmed fetal anomalies or pa-
tients where pregnancy was prematurely
terminated due to other reasons such as
trauma, preeclampsia, placental abrup-
tion etc.

Biological samples and their analysis

Amniotic liquid: After amniocentesis,
the amniotic fluid specimens were cen-
trifuged at 1500 g for 10 min immediate-
ly after collection, and then frozen and
stored at - 20°C for further analysis.
The IL-8 concentration in the amniotic
liquid was measured by a device - Immu-
lite 2000 HP, Immulite 1000 HP Diag-
nostic Products Corp, at the Institute of
Immunology and Human Genetics. This
technique was realized and the analyses
of the results were done in accordance
with the manufacturer’s instructions.

Statistical analysis

A database in the statistical program
SPSS for Windows 23.0 was created for
the purpose of data statistical analysis
obtained during the study. The numeri-
cal, i.e. the quantitative parameters were
shown with an average, standard devi-
ation, median and inter-quarter rank.
Qualitative i.e. attributive parameters
are shown by distributing frequencies.
For comparing women who gave prema-
ture birth with those who gave birth at
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term, Mann-Whitney test was used. Sta-
tistical significant values were set at the
value of p<0.05.

Results

This study included 150 patients who un-
derwent amniocentesis during which 5
ml of amniotic fluid was taken for exam-
ination of IL-8. Also, ultrasound exam-
ination and cervicometry were done. All
patients were in the period of 16th-22nd
gestational week. Twenty of the total of
150 patients gave premature birth, and
120 gave birth at term. A total of 139 pa-
tients conceived naturally and 9 patients
underwent IVF and ET. In those with
IVF and ET, 3 gave preterm birth. 80%

of patients that had preterm birth had
increased IL- 8 levels. Median cervical
length in those who gave birth at term

was 32.1 and in those who gave preterm
birth was 30.7.

Nine of all patients had pregnancy with
IVF and ET. In the group that gave birth
before 37 weeks of gestation, 15% (3) had
undergone treatment with IVF and ET. In
the group that gave birth after 37 weeks
of gestation, 4.7% (6) had undergone
treatment with IVF and ET. Differences
between patients that had IVF and ET
and those that conceived naturally, and
the gestational week of delivery were not
significant (p=0.19) (Table 1).

Table 1. Distribution of patients according to way of conceiving and gestational week at

birth
Gestational week at birth
Wax O_f n At term Preterm o-level
conceiving
N (%) N (%)
Normal 139 122 (95.31) 17 (85) X*=1.67
IVF et ET 9 6 (4.69) 3(15) p=0.19 ns

Yates Chi-square

Cervical length of women who gave preterm birth (< 37 g.w.) was not significantly
shorter than that in women who gave birth at term (30.7 = 2.7 vs.32.12 + 3.8; p=0.11)

(Table 2).

Table 2. Cervical length and gestational week at birth

Descriptive Statistics
Term of delivery (cervical length) p-level
n mean = SD min-max
Term 128 32,12+ 3.8 22-40 t=1.6
Preterm 20 30.7£2.7 27 -39 p=0.11ns
T-tests

Cervical length shorter than 30 mm
was measured in those women that
gave birth before 37 weeks of gestation
(preterm) - 60% (12), opposite of those
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that gave birth at term 40.6% (52). How-
ever, there was no significant difference
in both groups regarding cervical length.
It means that in women with cervical



length longer than 30 mm we found not
enough evidence for statistically signifi-
cant difference (p=0.1).

Patients that gave preterm birth had sig-
nificantly higher amniotic fluid levels of
IL -8 in comparison with those that gave

term birth (p<0.0001) (Table 3). Mean am-
niotic IL-8 level in the preterm group (be-
fore 37 w.g) and at term (after 37 w.g.) was
1585.7 + 834.7 and 360.65 + 459.3 pg/ml,
respectively. The median was 1598 and
198 pg/ml, respectively.

Table 3. IL-8 levels and gestational week of delivery

. Descriptive Statistics (IL-8)
Term at delivery p-level
n mean = SD median (IQR)
198.2(78.4 - _
Term 128 360.65 +459.3 427.2) Z=5.99
1598.8(832.5- _
Preterm 20 1585.7 £ 834.7 2251.6) p=0.00000

Mann-Whitney

Normal range of cytokine IL-8 in am-
niotic fluid was measured in 20% (4) of
preterm births and 88.3% (113) of term
births. Higher values, up to 1780 pg/ml,
were found in 35% (7) of preterm births
and 8.6% (11) of term births. Higher than
1780 pg/ml values had 45% (9) of preterm
births, and3.1% (4) of patients that gave
term births (Figure 1).

Statistically significant difference was
registered in those patients whose IL-8
levels in amniotic fluid were up to 700
pg/ml to 1780pg/ml and higher than 1780
pg/ml. There was a statistical confir-
mation as significance (p<0.001) of IL-8
levels between groups of patients that
gave birth at term and those that gave
preterm births. (Table 4).

Table 4. Differential values of IL-8 in term and preterm patients and their significance

IL-8 Term at birth
pg/ml n In term preterm p-level
N (%) N (%)
<700 113 (88.28) 4 (20) Yo—sac
701 -1780 11(8.59) 7 (35) 0=0.0000
>1780 4(3.13) 9 (45)
IL-8
<700
100% 1 701-1780
80% A u>1780
60% - 88.28
40%
20% A
0% + 3.13 |
interm pre term

Figure 1. IL-8 in term and preterm births



Discussion

Premature birth is a significant cause
of neonatal morbidity and mortality
worldwide, and it places an enormous
economic  burden on healthcare
resources. Identifying patients at risk
of preterm delivery at early stage of
pregnancy is allowing interventions that
result in lower preterm birth rates and
associateddecreaseinneonatalmorbidity
and mortalityl5. Early diagnosis of
intraamniotic infection remains a
problem. To permit intervention, a
test should detect infection before it
is clinically apparent. Ideally the test
should be rapid, simple, inexpensive, and
capable of being performed in hospital at
any time of day. Ultimately a valuable test
must be sufficiently accurate to warrant
the risks of intervention, particularly at
early gestational ages2, 16, 17.

Previous authors found that amniotic
fluid IL-8 levels increase from 17 weeks to
pregnancy until term18, 19, 20. A peak in
mean amniotic fluid IL-8 concentration
was found at about 22 weeks of gestation
followed by decline, which resulted in
a mean concentration of 460 pg/ml at
term21. An increased amniotic fluid IL-8
level has been found by others to be as
accurate as or more accurate than that
of gram stain for the early detection
of intraamniotic infection in the
symptomatic patients with spontaneous
preterm delivery22. With a threshold
of 700 pg/ml, Romero et al. found a
sensitivity of 87% compared to 65% of
the gram stain23, whereas Kirshon and
Rosenfeld reported 91% sensitivity at
1800 pg/ml threshold compared to 66%
of the gram stain24. While amniotic
fluid IL-8 levels seem to serve as an
index of intraamniotic infection during
the peripartum period in preterm and
term pregnancies, their possible value
as a diagnostic tool in earlier phases of
pregnancy is still uncertain9,15,17,25,26.
However, in some recent studies
subclinical intrauterine inflammatory
cytokine response such as increased
CRP, IL-6, matrix metalloproteinases and
angiogenin concentration already might
be present very early in the gestation27.
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The relative risk of preterm delivery in
the presence of elevated concentrations
of inflammation markers (IL-6, CRP,
TNF-a, angiogenin) at the time of genetic
amniocentesis has been consistently
reported to be elevated28.

The results obtained in this study,
support the expected hypothesis that
the increased IL-8 in the amniotic fluid,
although in asymptomatic patients, still
affects the outcome of the pregnancyi.e.
its increase leads to premature birth.
The examination is more valuable since
we know that 5-18% in total of the full
number of births in our Clinic belongs to
this group. The results have confirmed
that risk factors for premature birth
include shortened cervix (Table 2)
and presence of increased values of
the inflammatory marker IL- 8 in the
amniotic fluid.In the group of patients
who gave premature birth, the average
value of gestational week was from
32nd to 36th, whereas in the group
with normal values, the most common
findings showed delivery on time, i.e. in
the 37th gestational week (Figure 1). The
examinations in which amniotic fluid
is used for researches of cytokines, are
relatively new and done to a small series
of patients29. In the examined group,
changes have been observed in other
parameters i.e. the cervical length, but
not in the number of leukocytes, and
the values of glucose in the amniotic
liquid which suggests that the increased
cytokines i.e. IL-8 as a risk factor affect
the outcome and time of giving birth30.
However, a large amount of research has
been devoted to determining risk factors
and predictors of preterm delivery and
while advances have been made, no
single method has been identified that
can consistently predict which patients
will delivery prematurely2,17,31.

Conclusion

This study is the first one done in
Republic of North Macedonia aimed at
examining any kind of changes in the
amniotic fluid, regardless of gestational
age. The study has so far confirmed
the reason for examining cytokines as
a method to discover asymptomatic



changes in patients who would give a
premature birth. To date, there have
been few studies that have addressed
the same hypothesis. The increased
levels of IL-8 connected with preterm
birth in the pathophysiological pathways
may provide an understanding as to
why various therapeutic interventions
succeed in some people and fail in others.
They may also explain differences in
sensitivity to various stimuli that trigger
preterm labor. If these results are true,
then the implication is that there are
innate and differentially distributed risk
factors among populations with respect
to immune responses.

The further course of the study will
additionally determine the values and
frequency of changes in premature
birth. The expected results are those
shown in patients who do have certain
inflammatory agent (increased IL-8),
shortened cervix and will have more
common complications i.e. it would be
expected that there is an increased risk
of a premature birth. The benefit of the
study lies in detecting asymptomatic
cases, so that this complication can
be prevented on time. This type of
examination would contribute to
reduction of premature births, which
goes along with a high rate of morbidity
and mortality as well as high costs at the
Clinic regarding these complications. It
would be useful to create an algorithm
for multidisciplinary treatment of these
patients. These results should provide
fertile grounds for further research in
this area.

References

1. Rehbinder EM, Ladrup Carlsen KC,
Staff AC, et al. Is amniotic fluid of
women with uncomplicated pregnan-
cies free of bacteria? Am J Obstet Gy-
necol 2018;169:805-16.

2. Baud O, Emilie D, Pelletier E, Laca-
ze-Masmonteil T, Zupan V, Fernan-
dez H, Dehan M, Frydman R, Ville
Y. Amniotic fluid concentrations of
interleukin-1¥, interleukin-6 and
TNF-X in chorioamnionitis before 32
weeks of gestation: histological asso-

10.

11.

ciations and neonatal outcome. Brit ]
Obstet Gynaecol 1999; 106: 72-77.

Bulletins-Obstetrics ACoP. ACOG
practice bulletin no. 80: premature
rupture of membranes. Clinical
management guidelines for obste-

triciangynecologists. Obstet Gynecol
2007;109:1007-19.

Biggio JR, Ramsey PS, Cliver SP, Lyon
MD, Goldenberg RL, Wenstrom KD.
Midtrimester amniotic fluid matrix
metalloproteinase-8 (MMP-8) levels
above the 90th percentile are a mark-
er for subsequent preterm premature
rupture of membranes. Am ] Obstet
Gynecol 2005;192:109-13.

Apuzzio J, Chan Y, Al-Khan A, Illsley
N, Kim PL, Vonhaggen S. Second-tri-
mester amniotic fluid interleukin-10
concentration predicts preterm de-
livery. ] Matern Fetal Neonatal Med
2004;15:313-17.

Yoon B, S Oh, R Romero, S Shim, S
Han, J Park, J Jun. An elevated amni-
otic fluid matrix metalloproteinase-8
level at the time of genetic amniocen-
tesis is a risk factor for preterm de-
livery. Am J Obstet Gynecol 2001; 185:
1162.

Garite TJ, Freeman RK. Chorioamnio-
nitis in the preterm gestation. Obstet
Gynecol 1982; 59: 539.

Medda E, Donati S, Spinelli A, Di Ren-
zo GC, EUROPOP group: Genetic am-
niocentesis: a risk factor for preterm-
delivery? Eur ] Obstet Gynecol 2003;
110:153-159.

Suzuki Y, Yamamoto T, Kojima K,
Tanemura M, Tateyama H, Suzumo-
ri K. Evaluation levels of cytokines
in amniotic fluid of women with
intrauterine infection in the early
second trimester. Fetal Diagn Ther
2006;21:45-50.

Saito S, Kasahara T, Kato Y, Ishihara
Y, Ichijo M. Elevation of amniotic fluid
interleukin 6 (IL-6), IL-8 and granulo-
cyte colony stimulating factor (G-CSF)
in term and preterm parturition. Cy-
tokine 1993;5:81-8.

Romero R, Yoon BH, Mazor M, Go-
mez R, Gonzalez R, Diamond MP, et

11



12.

13.

14.

15.

16.

17.

18.

al. A comparative study of the diag-
nostic performance of amniotic fluid
glucose, white blood cell count, inter-
leukin-6, and gram stain in the detec-
tion of microbial invasion in patients
with preterm premature rupture of
membranes. Am ] Obstet Gynecol
1993;169:839-51.

Romero R, Yoon BH, Mazor M, Gomez
R, Diamond MP, Kenney JS, et al. The
diagnostic and prognostic value of
amniotic fluid white blood cell count,
glucose, interleukin-6, and gram
stain in patients with preterm labor
and intact membranes. Am J Obstet
Gynecol 1993;169:805-16.

Yoon BH, Romero R, Kim CJ, Jun JK,
Gomez R, Choi JH, et al. Amniotic flu-
id interleukin-6: a sensitive test for
antenatal diagnosis of acute inflam-
matory lesions of preterm placenta
and prediction of perinatal morbidity.
Am ] Obstet Gynecol 1995;172:960-70.

Potter NT, Kosuda L, Bigazzi PE,
Fleming AD, Vintzileos AM, Homon
C, Salafia CM. Relationships among
cytokines (IL-1, TNF, and IL-8) and
histologic markers of acute ascend-
ing intrauterine infection. ] Matern-
Fetal Med 1992;1:142-147.

Yoon BH, Romero R, Kim CJ, Jun JK,
Gomez R, Choi JH, Syn HC. Amniotic
fluid interleukin-6: a sensitive test for
antenatal diagnosis of acute inflam-
matory lesions of preterm placenta
and prediction of perinatal morbid-
ity. Am ] Obstet Gynecol 1995;172:960
- 970.

Hitti J, Tarczy-Hornoch P, Murphy ],
Hillier SL, Aura J, Eschenbach DA.
Amniotic fluid infection, cytokines,
and adverse outcome among infants
at 34 weeks’ gestation or less. Obstet
Gynecol 2001; 98:1080 - 1088.

Yoon BH, Romero R, Moon JB, Shim
SS, Kim M, Kim S, Jim JK. Clinical sig-
nificance of intra-amniotic inflamma-
tion in patients with preterm labor
and intact membranes. Am J Obstet
Gynecol 2001;185:1130 - 1136.

Martinez E, Figueroa R, Garry D,
Visintainer P, Patel K, Verma U, Se-
hgal PB, Tejani N. Elevated amniotic

12

19.

fluidinterleukin-6 as a predictor of
neonatal ceriventricular leukomala-
cia and intraventricular hemorrhage.
] Matern Fetal Invest 1998;8:101- 107.

Yoon BH, Jun JK, Romero R, Park
KH, Gomez R, Choi JH, Kim I0. Am-
niotic fluid inflammatory cytokines
(interleukin-6, interleukin-1b, and
tumor necrosis factor-a), neonatal
brain white matter lesions, and ce-
rebral palsy. Am ] Obstet Gynecol
1997;177:19-26.

20.Yoon BH, Romero R, Kim CJ, Koo JN,

21.

22.

23.

24.

25.

Choe G, Syn HC. High expression of
tumor necrosis factor-a andinterleu-
kin-6 in periventricular leukomalacia.
Am ] Obstet Gynecol 1997;177:406 - 411.

Gervasi MT, Romero R, Bracalente G,
Erez O, Dong Z,Hassan SS, et al. Midtri-
mester amniotic fluid concentrations
of interleukin-6 and interferon-gam-
ma-inducible protein-10: evidence
for heterogeneity of intra-amniotic
inflammation and associations with
spontaneous early (<32 weeks) and late
(>32 weeks) preterm delivery. ] Perinat
Med 2012;40:329-43.

Bamberg C, Fotopoulou C, Thiem D,
Roehr CC,Dudenhausen JW, Kalache
KD. Correlation of midtrimester amni-
otic fluid cytokine concentrations with
adverse pregnancy outcome in terms
of spontaneous abortion, preterm
birth, and preeclampsia. ] Matern Fetal
Neonatal Med. 2012;25:812-17.

Himaya E, Rhalmi N, Girard M, Tetu
A, Desgagne ], Abdous B, et al. Midtri-
mester intra-amniotic sludge and the

risk of spontaneous preterm birth.
Am ] Perinatol.2011;28:815-20.

Thomakos N, Daskalakis G, Papap-
anagiotou A, Papantoniou N, Me-
sogitis S, Antsaklis A. Amniotic fluid
interleukin-6 and tumor necrosis
factor-alpha at mid-trimester genetic
amniocentesis: relationship to in-
traamniotic microbial invasion and
preterm delivery. Eur J Obstet Gyne-
col Reprod Biol 2010;148:147-51.

Lee J, Romero R, Dong Z, Xu Y, Qureshi
F, Jacques S, et al. Unexplained fetal
death has a biological signature of
maternal anti-fetal rejection: chronic



Vol.12 No.1 2020

chorioamnionitis and alloimmune an-
ti-human leucocyte antigen antibod-
ies. Histopathology 2011; 59:928- 38.

26. Lee J, Romero R, Xu Y, Kim JS, Park
JY, Kusanovic JP, et al. Maternal HLA
panel-reactive antibodies in early
gestation positively correlate with
chronic chorioamnionitis: evidence
in support of the chronic nature of

maternal anti-fetal rejection. Am J
Reprod Immunol 2011; 66:510-26.

27. Lee J, Romero R, Xu Y, Kim JS, Top-
ping V, Yoo W, et al. A signature of
maternal anti-fetal rejection in spon-
taneous preterm birth: chronic cho-
rioamnionitis, anti-human leukocyte
antigen antibodies, and C4d. PLoS
One. 2011;16: 806-36.

28. Madan I, Romero R, Kusanovic JP,
Mittal P, Chaiworapongsa T, Dong Z,
et al. The frequency and clinical sig-
nificance of intra-amniotic infection
and/or inflammation in women with
placenta previa and vaginal bleeding:
an unexpected observation. ] Perinat
Med 2010; 38:275- 9.

29. Malamitsi-Puchner A, Vrachnis N,
Samoli E, Baka S, Hassiakos D, Cre-
atsas G. Elevated second trimester
amniotic fluid interferon gamma-in-
ducible T-cell alpha chemoattractant
concentrations as a possible predic-
tor of preterm birth. ] Soc Gynecol In-
vest 2006; 13:25- 9.

30. Malamitsi-Puchner A, Vrachnis N,
Samoli E, Baka S, Iliodromiti Z, Puch-
ner KP, et al. Possible early prediction
of preterm birth by determination
of novel proinflammatory factors in

midtrimester amniotic fluid. Ann N Y
Acad Sci 2006; 1092:440- 9.

31. Mandar R, Livukene K, Ehrenberg A,
Smidt I, Raukas E, Kask V, et al. Am-
niotic fluid microflora in asymptom-

atic women at mid-gestation. Scand ]
Infect Dis. 2001; 33:60- 2.




