Comparison of umbilical cord interleukin-6 in preterm
infants with premature rupture of membranes and intact

membranes
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Objective: To compare inflammatory mediators in the
cord blood of premature newborn infants with premature
rupture of membranes (PROM) and intact membranes.

224

Methods: Eighty-nine premature neonates with
gestational age of 27-34 weeks that delivered in Ghaem
Hospital in Mashhad, Iran from June 2005 to March
2006 were enrolled in a prospective observational study,
and their umbilical cord plasma was collected at birth.
They were allocated into 2 groups (45 patients with
PROM, and 44 neonates with intact membranes).
Interleukin-6 (IL-6) and C-reactive protein (CRP) levels
were measured in cord plasma by the enzyme linked
immunoassay (ELISA) method.

Results: Mean cord plasma IL-6 levels in preterm
neonates with PROM was 205.71 pg/ml, and in
neonates with intact membranes was 33.3 pg/ml for
IL-6 (p=0.000). The mean cord blood CRP level in
newborns with PROM was 10.2 pg/ml, and in those
with intact membranes was 1.6 pg/ml (p=0.41). Early
onset sepsis was more frequent in infants with PROM
than premature infants with intact membrane (38%
versus 10%, p=0.001). In neonates with PROM, the
mean cord blood IL-6 level was significantly higher in
septic newborns (414.28 verus 40.44 pg/ml, p=0.000).

Conclusion: The premature newborn infants with
PROM had increased IL-6 levels in cord blood, which
was significantly higher in neonates that developed early
onset sepsis.
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Premature rupture of membranes (PROM) is the
spontaneous rupture of the chorioamnion and
leakage of amniotic fluid before term and onset of labor.
The incidence of PROM in term deliveries is 3%, and
in preterm deliveries is 18.5%."* Spontaneous preterm
labor accounts for 40-50% of all preterm deliveries,
with the remainder resulting from PROM (25-40%)
and obstetrically indicated (20-25%) preterm delivery.’
The exact etiology of PROM remains unknown. Possible
predisposing factors include advanced maternal age,
non-white race, multiple gestation, instrumentation
of cervix, smoking, low maternal socioeconomic class,
weakness of membranes, and nutritional deficiencies.”*”
Current evidence strongly suggests that maternal genital
tract infection such as vaginitis or endocervicitis may
cause PROM.'? Perhaps the proteolytic enzymes
produced by bacteria and the inflammatory responses
of the host weaken the membranes and causes thinning
out and disintegration of the membranes."”” The
important complications of PROM in mother are sepsis
due to intra amniotic infection (chorioamnionitis) or
post partum endometritis,"** deep vein thrombosis,
and maternal stress. Fetal and neonatal complications of
PROM are prematurity, respiratory distress syndrome
(RDS),  congenital  anomalies,"***  pulmonary
hypoplasia,®'® cord compression, and fetal hypoxia.’
Newborns with PROM have an increased risk (4-33%)
of infection.>>*%’ Increased neonatal morbidity and
mortality are associated with lower gestational age at
birth and infectious complications of PROM. In this
study, we evaluated pro inflammatory cytokines in
cord plasma of preterm newborns with PROM to show
the relationship between fetal inflammatory response,
PROM, and neonatal sepsis.

Methods. This prospective observational study was
conducted in the University Hospital of Ghaem in
Mashhad, Iran from June 2005 to March 2006. The
study population was delivered premature newborn
infants with gestational age of 27-34 weeks. Over a
period of 9 months, 145 premature newborn infants
were delivered in this hospital. Inclusion criteria were
gestational age of less than 35 weeks and admission to the
neonatal intensive care unit (NICU) or hospital nursery
that permitted following of the patients for at least 72
hours. Exclusion criteria were premature infants with
gestational ages over 34 weeks and meconial staining
of amniotic fluid. At first, 93 neonates had inclusion
criteria, then 4 patients were excluded from the study
because of transfer to another hospital for surgical
reasons in the first 3 days of life (3 cases), and inadequate
blood sample (one case). The final study population was
89 patients. According to presence of PROM they were
allocated to 2 groups: 45 newborn infants with PROM

and 44 neonates with intact membranes. Informed
written consent was obtained from the parents, and
the regional committee of ethics in medical research of
the university approved this study. Interleukin-6 (IL-6)
and C-reactive protein (CRP) levels were measured in
cord plasma samples of the study population by enzyme
linked immunoassay (ELISA) method. We performed
sepsis workup for all neonates. The clinical course of
these hospitalized neonates was closely monitored and
recorded in detailed questionnaires by the neonatologists
who were blind to cord blood sample results. Patients
were evaluated for signs and symptoms of sepsis>'®
including: 1. Temperature instability (hypothermia,
hyperthermia, or >3 different recording with changes
of more than 0.5°C in 24 hours). 2. Respiratory
(grunting, intercostals retraction, tachypnea, cyanosis,
apnea more than 20 seconds or >15 seconds associated
with bradycardia, cyanosis or changes in color and
tone). 3. Cardiovascular (bradycardia more than 5 times
in 24 hours or persisting tachycardia more than 170
beats/min). 4. Poor perfusion with prolonged capillary
refilling (>3 seconds) or poor skin color. 5. Hypotension
requiring volume replacement or vasopressor infusion.
6. Neurologic symptoms including irritability, seizure,
and lethargy. 7. Gastrointestinal (distended abdomen
or feeding intolerance or hepatomegaly. Newborns with
signs and symptoms of sepsis and positive blood culture
in the first 72 hours of life were considered as early
onset sepsis. Patients whose blood culture was negative
but had at least 3 clinical signs of sepsis associated
with laboratory findings (such as elevated immature
to total neutrophil count, leukocytosis, leukopenia, or
thrombocytopenia) were considered as clinical sepsis.
We considered PROM when the delivery did not
occur by 18 hours after rupture of the membranes.
The presence of maternal fever (238°C) accompanied
by the signs and symptoms of intrauterine infection
such as foul smelling discharge, uterine tenderness, and
maternal leukocytosis were considered as clinical signs
of chorioamnionitis."® Gestational age was estimated
by last menstrual period (LMP) and the estimated date
with the first trimester ultra sonography. Immediately
after the delivery, 3 ml cord blood samples were
collected and centrifuged for separating plasma, which
was stored at -70°C until assayed. The IL-6 and CRP
concentrations were measured by ELISA (Bender Med
System, Vienna, Austria) and CRP ELISA IBL (IBL-
Hamburg, Hamburg, Germany) were used for I1L-6
and CRP measurement with a sensitivity of 1 pg/ml for
IL-6, and 1 pg/ml for CRP.

Statistical analysis was performed using SPSS 14
software. All values are expressed as the mean + standard
deviation. Differences between groups and mean values
of measured parameters were calculated using Chi-
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Square, t-test, and Mann Whitney test. Differences were
considered significant when p-value was less than 0.05.
The Receiver Operating Characteristics (ROC) method
was used in order to establish the optimal cut-off point.
Then sensitivity, specificity, and positive and negative
predictive value were calculated.

Results. In this study, 34.5% (50/145) of all
neonates who were delivered prematurely had PROM,
38.6% (56/145) spontaneous premature labor, and
26.9% (39/145) obstetrically indicated premature labor.
The demographic characteristics of the 89 premature
neonates in both groups are shown in Table 1. The mean
duration of membrane rupture in PROM group was
108.90 + 245.80 hours (18-350 hours). We diagnosed
carly onset sepsis with positive blood culture in 8
neonates (18%) in the PROM group, and 2 neonates
(5%) in the control group (p=0.04). Clinical sepsis was
diagnosed in 9 patients (20%) of the PROM group,
and 2 neonates (5%) in the control group (p=0.02).
The overall incidence of sepsis was more common
in premature infants with PROM than infants with
intact membranes (38% versus 10%, p=0.001). There
were clinical signs of chorioamnionitis in 9/45 (20%)
mothers of the PROM group, and 3 of their neonates
developed sepsis (2 positive blood cultures and one
clinical sepsis). The mean IL-6 and CRP levels in the
cord blood of newborns in both groups are presented in

Table 1 - Demographic characteristics of newborns.

Table 2. In the PROM group, the mean cord blood IL-6
level was 414.28+336.93 pg/ml in neonates who had
early onset sepsis, whereas in neonates without sepsis
it was 40.44+49.97 pg/ml (p=0.000). In neonates with
intact membranes, the mean IL-6 concentration was
121.60+107.08 in those with sepsis and 19.97+15.85
pg/ml in those with no sepsis (p=0.000). Using a cut-off
point of 20 pg/ml for cord blood IL-6, we obtained a
sensitivity of 46% and specificity of 85%, for detecting
early onset sepsis in the PROM group. In this study,
cord IL-6 levels had a negative predictive value (NPV)
of 39%, and a positive predictive value (PPV) of 88%.

Discussion. Every pregnancy complicated with
PROM needs a risk-benefit analysis in which the
complications of prematurity are balanced against the
risks of expectant management for both mother and
fetus. According to conflicting scientific data, managing
PROM remains a significant problem in obstetrics
and it is one of the controversial issues."*!" Once the
diagnosis of PROM is made, it is very important that the
gestational age be determined before therapy is started.
When the gestational age is less than 28 weeks, and no
signs of infection are present, expectant management is
usual. In such cases, adverse effects of prematurity are
far greater than the risk of chorioamnionitis.”>!" When
the gestational age is between 28-34 weeks, care must be

Characteristics of newborns Group P-value
Intact membranes Premature rupture of membranes

Birth weight (gr) 1528.40 + 253.89 1414.50 + 317.52 0.07
Gestational age (wk) 31.95+ 1.80 30.37 + 2.38 0.001
Gender (male/female) 24/20 21/24 0.45
Multiple gestation/singleton 17127 19/26 0.73
Positive history for maternal ante partum 14/44 33145 0.000
antibiotic therapy

Sepsis with positive blood culture 2/44 8/45 0.04
Clinical sepsis 2/44 9/45 0.02

Table 2 - Mean levels of interleukin-6 (IL-6) and C-reactive protein (CRP) in cord plasma of neonates with premature rupture of membranes

(PROM) and intact membranes.

Cord blood Group Mean SD Median Min Max P-value
IL-6 Intact 33.35 51.56 17.00 2.40 278.40 0.000
membrane
PROM 205.71 330.23 47.80 0.00 1458.40
CRP Intact 1.69 2.44 1.10 0.00 13.7 0.41
membrane
PROM 10.22 22.20 1.30 0.00 96.60
226 Saudi Med ] 2008; Vol. 29 (2)  www.smj.org.sa
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individualized with risk of interference weighted against
the risk of infection. For deciding between expectant
management and termination of pregnancy, assessment
should include fetal maturity, signs of fetal distress, and
maternal chorioamnionitis."!?

Interleukin-6 is a mediator of the host inflammatory
response, and is one of the first cytokines to be secreted
in response to bacterial infection.>'*" Elevated
concentrations of prostaglandins and cytokines have
been found in the amniotic fluid of women with
PROM and with positive fluid culture.”®” Intra
amniotic infection or chorioamnionitis complicates
1-5% of term pregnancies and nearly 25% of patients
with preterm delivery.'#'® Microbial invasion of
amniotic fluid usually is a result of prolonged rupture
of chorioamniotic membranes. On occasion, intra
amniotic infection occurs with apparently intact
membranes.'"'> Early and appropriate diagnosis of
intra amniotic infection can reduce fetal and maternal
complications.'*'® Fetal plasma IL-6 concentration is
significantly higher in the presence of inflammatory
lesions in extra placental membranes and umbilical
cord.”>">17 In this study, we found elevated IL-6 levels
in cord blood samples of neonates with PROM who had
developed early onset sepsis, as with other studies.”®*!*
There were clinical signs of chorioamnionitis in
20% of patients with PROM and only 3 of them
developed early onset sepsis. Thus, elevated umbilical
cord levels of IL-6 may have higher predictive value
than clinical signs of chorioamnionitis for diagnosis
of early onset sepsis. The histological examination of
placenta, chorioamniotic membranes, and cord was
not available in this study, and we could not evaluate
the relationship between histological inflammatory
findings with inflammatory cytokines levels in cord
blood. Some studies showed elevated cord blood IL-6
levels in presence of histological chorioamnionitis,
funisitis, or chorionic vasculitis.'"'® In situations that
it is not possible to perform histological examination of
the placenta or chorioamniotic membranes in preterm
labors with PROM, it is recommended to measure IL-
6 levels in cord plasma to predict high risk neonates
for sepsis. In PROM, clinical chorioamnionitis is one
of the indications for termination of pregnancy and
this condition carries an increased risk of sepsis in
neonates with PROM. Neonatal sepsis is not always
associate with clinical signs of chorioamnionitis in the
mother."*!® [tseemshistological examination of cordand
placenta or increased levels of IL-6 can predict neonatal
sepsis better than clinical signs of chorioamnionitis,
and further studies are warranted for the comparison
of the predictive value between histological findings
of inflammation and increased levels of IL-6 for early
detection of neonatal sepsis.

In conclusion, the mean cord blood IL-6 level was
higher in neonates with PROM. Increased cord blood
IL-6 concentration in neonates who developed early
onset sepsis can help us in close monitoring and sepsis
work up of high-risk neonates and early detection of
neonatal sepsis.

Acknowledgments. 7h¢ authors would like to thank the
Research Vice Chancellor of Mashhad University of Medical Sciences for
providing the funding for the study and Dr. J. T. Afshari, and Mrs. N.
Mobheghi from the Immunology Department of BuAli Research Institute
of Mashhad for performing ELISA tests.

References

1. Mckeon Valerie A. Management of premature rupture of
membranes: what should child birth educators be teaching.
International Journal of Child Birth Education. 1991; 6:
14-16.

2. Blackmon LR, Alger LS, Crenshaw C Jr. Fetal and neonatal
outcome associated with premature rupture of membranes.
Clin Obstet Gynecol 1986; 29: 779-815.

3. Martin RJ, Fanaroff AA, Walsh MC. Fanaroff and Martin’s
Neonatal perinatal medicine: Disease of the fetus and infant.
2006 Philadelphia (PA): Mosby. Vol. 1: p. 331-339 and 430-
432.

4. Nath CA, Ananth CV, Smulian JC, Shen-Schwarz S, Kaminsky
L, New Jersey-Placental Abruption Study Investigators.
Histologic evidence of inflammation and risk of placental
abruption. Am J Obstet Gynecol 2007; 197: 319 el-¢6.

5. Shim SS, Romero R, Hong JS, Park CW, Jun JK, Kim BI, et al.
Clinical significance of intra amniotic inflammation in patients
with preterm premature rupture of membranes. Am J Obstet
Gynecol 2004; 191: 1339-1345.

6. Ananth CV, OyeleseY, Srinivas N, Yeo L, Vintzileos AM. Preterm
premature rupture of membranes, intrauterine infection, and
oligohydramnios: risk factors for placental abruption. Obstet
Gynecol 2004; 104: 71-77.

7. Alger LS, Pupkin MJ. Etiology of preterm premature rupture of
the membranes. Clin Obstet Gynecol 1986; 29: 758-770.

8. Chua S, Arulkumaran S, Sailesh Kumar S, Selamet N, Ratnam
SS. Pre labor rupture of membranes to delivery interval related
to the incidence of maternal and neonatal infection. J Obstet
Gynecol 1995; 21: 367-372.

9. Vermillion ST, Kooba AM, Soper DE. Amniotic fluid index
values after preterm premature rupture of the membranes and
subsequent perinatal infection. Am J Obstet Gynecol 2000;
183: 271-276.

10. Martius JA, Roos T, Gora B, Oehler MK, Schrod L,
Papadopoulos T, et al. Risk factors associated with early-onset
sepsis in premature infants. Eur J Obstet Gynecol Reprod Biol
1999; 85: 151-158.

11. Romero R, Epinoza J, Goncalves LF, Kusanovic JB Friel L,
Hassan S. The role of inflammation and infection in preterm
birth. Semin Reprod Med 2007; 25: 21-39.

12. Gomez R, Romero R, Nien JK, Medina L, Carstens M, Kim
YM, et al. Antibiotic administration to patients with preterm
premature rupture of membranes dose not eradicate intra-
amniotic infection. J Matern Fetal Neonatal Med 2007; 20:
167-173.

Saudi Med J 2008; Vol. 29 (2) 227

WWW.Smj.org.sa



13.

14.

15.

228

IL-6 in preterm infants with PROM ... Gharehbaghi et al

Naccasha N, Hinson R, Montag A, Ismail M, Bentz L, 16. French JI, McGregor JA, Parker R. Readily treatable reproductive
Mittendo_re R." Association between funisitis and elevared tract infections and preterm birth among black women. Am J
12nzt4erlcukm—6 in cord blood. Obstet Gynecol 2001; 97: 220- Obstet Gynecol 2006; 194: 1717-1727.
Tasc.i Y, Dilbaz B, Uzmez Onal B, Caliskan E, Dilbaz S, 17. Kashlan E Smulian J, Shen-Schwarz S, Anwar M, Hiatt M,
Doganci L, et al. The value of cord blood interleukin-6 levels for Hegyi T. Umblical vein interleukin-6 and tumor necrosis factor
predicting chorioamnionitis, funisitis and neonatal infection in alpha plasma concentrations in the very preterm infant. Pediatr
term premature rupture of membranes. Eur J Obstet Gynecol Infect Dis ] 2000; 19: 238-243.
Reprod Biol 2006; 128: 34-39. . .. . .
Pacora P, Chaiworapongsa T, Maymon E, Kim YM, Gomez R, 18. Smulian JC, Vintzileos AM, Lai YP, San.tlag‘oh_], Shen—SchTN.arz
Yoon BH, et al. Funisitis and chorionic vasculitis: the histologic S, Canpbell WA. Maternal choricamnionitis and umbilical
counterpart of the fetal inflammatory response syndrome. J vein interleukin-6 levels for identifying early neonatal sepsis. J
Matern Fetal Neonatal Med 2002; 11: 18-25. Matern Fetal Med 1999; 8: 88-94.

References

should follow the Vancouver style.

the text, not as a formal reference.

the text.

* References should be primary source and numbered in the order in which
they appear in the text. At the end of the article the full list of references

* Unpublished data and personal communications should be cited only in
* The author is responsible for the accuracy and completeness of references
and for their correct textual citation.

* When a citation is referred to in the text by name, the accompanying
reference must be from the original source.

* Upon acceptance of a paper all authors must be able to provide the full paper
for each reference cited upon request at any time up to publication.

* Only 1-2 up to date references should be used for each particular point in

Sample references are available from:
htep://www.nlm.nih.gov/bsd/uniform_requirements.html

Saudi Med ] 2008; Vol. 29 (2)

WWW.Smj.org.sa



