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Background: Preterm birth is the leading cause of morbidity 
and mortality among neonates in the United States. Early 
recognition of sepsis in this population is a challenging 
task since overt clinical signs can be difficult to determine. 
C-reactive protein (CRP), one of the most frequently non-
specific used laboratory test, can indirectly aid the diagnosis 
of neonatal sepsis. 
Objectives: To evaluate the relationship between histological 
findings in the placenta of preterm newborns born after pro- 
longed rupture of membranes, CRP levels, and blood cultures.
Methods: Medical records were reviewed of all preterm new- 
borns born after prolonged premature rupture of membranes at 
a medical center in Israel between 2011 and 2014.
Results: Of 128 newborns with prolonged rupture of mem- 
branes, 64 had evidence of histological chorioamnionitis (HCA). 
Gestational age, birth weight, and Apgar scores were signifi- 
cantly lower, while CRP levels (on admission and 10–12 hours 
post-delivery) were significantly higher in preterm newborns 
born to mothers with histological evidence of chorioamnionitis, 
but values were within normal ranges. Duration of the rupture 
of membranes and white blood cell counts did not differ 
between groups. 
Conclusions: CRP levels taken on admission and 10–12 hours 
after delivery were higher when HCA was present, but since 
there was a substantial overlap between those with and 
without HCA and the values for most were within normal range, 
the differences were not enough to serve as a tool to diagnose 
placental histological chorioamnionitis in preterm infants born 
after prolonged premature rupture of membranes and exposed 
to intrapartum antibiotics.
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BACKGROUND
Preterm birth is the leading cause of morbidity and mortality 
among neonates in the United States [1]. Placental histology 
and fetal and neonatal autopsies showed that the most com-
mon route of early onset neonatal bacterial infection was 
caused by an ascending infection from maternal vaginal flora 
[2]. Chorioamnionitis is observed in 15–30% of women with 
prolonged premature rupture of membranes (PPROM) and is 
responsible for 3–20% of neonatal deaths [3]. 

C-reactive protein (CRP) is one of the most extensively 
studied, available, and frequently non-specific used labora-
tory test. It indirectly aids the diagnosis of neonatal sepsis [4]. 
CRP is an acute phase reactant protein that is released from 
the liver after stimulation predominantly by interleukin (IL)-6 
and other interleukins [5]. In acute inflammation, CRP levels 
increase within 6 hours of infection and peak 48 hours after 
infection onset [6]. CRP does not cross the placenta, thus the 
levels that are found in the newborn’s blood are endogenous [7]. 
In diagnosis of early-onset sepsis, previous studies reported on 
widely differing sensitivities and specificities of CRP ranging 
from 29 to 100% and from 6 to 100%, respectively [4].

Due to the potential relationship between PPROM, chorio-
amnionitis, and congenital infection, the aim of our study was 
to compare placental histological findings of premature new-
borns born after PPROM with blood cultures and CRP levels 
in the blood of those neonates. 

PATIENTS AND METHODS
We hypothesized that CRP levels taken shortly after birth and 
10–12 hours later would be higher in newborns whose placenta 
showed signs of chorioamnionitis since an infectious and 
inflammatory process may be caused by PPROM.

METHODS
The study was conducted as a retrospective medical record 
review of infants admitted to the neonatal intensive care unit 
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(NICU) at the Wolfson Medical Center, Holon, Israel, between 
January 2011 and October 2014. The study was approved by 
the ethics committee.

ELIGIBILITY CRITERIA 

All preterm newborns (born < 37 weeks gestational age) and 
exposed to PPROM were included in the study. Premature 
prolonged rupture of membranes was defined as a rupture of 
membranes for more than 18 hours prior to birth. All mothers 
were treated with antibiotics prior to delivery according to the 
delivery room protocol. All the placentas were sent to the pathol-
ogy department at our institution for analysis. Demographic and 
laboratory results were taken from the newborns’ medical charts.

PATHOLOGY

Examination of the placenta was performed according to stan-
dard protocol. Placentas were formalin fixed and from each 
placenta, six tissue samples were embedded in paraffin blocks 
for microscopic assessment: one role of the free membranes 
(chorion and amnion with attached deciduas capsularis), a sec-
tion of umbilical cord, and five full thickness disc samples (one 
at the cord insertion, one in central tissue that appeared abnor-
mal on gross examination, two from central tissue, and one at 
the margin of visible abnormal areas on gross examination). 
All pathologic examinations were done by a single pathologist.

Placental findings consistent with chorioamnionitis were 
defined by the presence of inflammatory neutrophils infiltrate 
at two or more sites on the chorionic plate and extraplacental 
membrane [8].

STATISTICAL ANALYSIS 

The two groups (with and without HCA) were compared using 
the t-test for independent samples. All tests are two-sided and 
considered significant at P < 0.05. The pathology findings were 
tested for correlation with CRP, WBC count, blood cultures 
and the membranes’ rupture duration. Continuous data was 
described as mean ± standard deviation. 

RESULTS
In this study 128 preterm newborns met the eligibility criteria. 
In 64 of the placentas, no signs of HCA were detected (Group 
A), while 64 placentas had findings compatible with HCA 
(Group B). As shown in Table 1, mean gestational age was sig-
nificantly older in Group A than Group B. Consistently, both 
1- and 5-minute Apgar scores were significantly lower in Group 
B. CRP levels on admission and at 10–12 hours after delivery 
were significantly higher in Group B, but the mean values were 
within normal range (mean CRP ≤ 1 mg/dl in both groups). 
Although there was a trend of elevation between the first 
measurement and the second sample of CRP, the mean value 
of the second sample was < 1 mg%. Birth weight, duration of 

PPROM, and WBC counts did not differ significantly between 
groups. Bacteremia was detected in one preterm newborn in 
group B. The infected newborn was a male infant who was 
born 383.5 hours after rupture of membranes. Gestational age 
was 32 weeks and birth weight was 1740 grams. There were no 
special clinical signs. The first CRP levels were 0.94 mg/dl, the 
second 0.66 mg/dl. Blood culture was positive for Escherichia 
coli. Within the HCA group we did not find any association 
between the histologic staging of HCA and CRP levels.

DISCUSSION
Early recognition of sepsis, especially in preterm newborns, is 
a challenging task since overt clinical signs might be minor. 
Intra-amniotic inflammation is a risk factor for impending 
preterm delivery and adverse perinatal outcome in women with 
PPROM, even in the absence of documented intra-amniotic 
infection [9]. Having a reliable and rapidly available biomarker 
could give the treating physician a tool to estimate whether 
there was an intrauterine infection or not. The importance of 
such a biomarker is even greater since it takes time until the 
neonatologist gets the histological findings. Knowing about the 
existence of histologic chorioamnionitis is important because:

The antibiotic regiment is changed according to the type of 
antibiotic and sometimes the length of treatment 
The known implications of chorioamnionitis on the cen-
tral nervous system [10] must be taken into account while 
explaining the newborn’s condition to the parents

Acute HCA with funisitis is associated with a significantly 
higher fetal and intra-amniotic inflammation response [11]; 
hence, we assumed that the fetal inflammatory response would 
begin in utero, and CRP levels shortly after birth and 10–12 
hours later would be significantly abnormally increased.

In our study we found significantly increased levels of 
CRP both shortly after birth and 10–12 hours later in preterm 

Table 1. Demographic data, C-reactive protein, and white blood cell count

No histological 
chorioamninitis
(Group A)

Histological 
chorioamninitis
(Group B) P-value

Gestational age (weeks) 33.7 ± 2.3 31.6 ± 3 < 0.001

Birth weight (gram) 2137.3 ± 516.6 2101 ± 1873 NS

Apgar 1 minutes 8.7 ± 1 7.6 ± 2.3 < 0.001

Apgar 5 minutes 9.88 ± 0.3 9.3 ± 1.4 < 0.005

PPROM (hour) 133.8 ± 280 198 ± 262 NS

CRP at admission (mg/dl) 0.13 ± 0.15 0.41 ± 0.7 < 0.01

CRP 10–12 hours after delivery (mg/dl) 0.2 ± 0.25 0.94 ± 1.4 < 0.001

WBC count 17690 ± 29784 15537 ± 8433 NS

CPR = C-reactive protein, PPROM = prolonged premature rupture of membranes, 
WBC = white blood count, NS = not significant
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with PPROM, even in the absence of documented intra-
amniotic infection [9]. There are three plausible explanations 
for the paucity of positive blood cultures in our study groups. 
First, the cause of HCA might have been viral [23]. Second, 
bacterial growth might have been impeded by the antibiotics 
administered antenatally to mothers as a preventive measure. 
The third explanation might be the fact that although blood 
culture is considered “the gold standard” for diagnosis of sep-
sis, there are some limitations that might cause false negative 
results, such as a small sample volume and the timing of taking 
the sample [24].

The 1- and 5-minute Apgar scores were significantly lower 
in Group B, perhaps attributed to significantly younger ges-
tational age. Test and colleagues [25] found that prolonged 
latency is a significant risk factor for chorioamnionitis. Our 
results showed that the PPROM duration did not differ between 
the HCA group and the group with no HCA. Our study does 
not explain why some placentas had findings compatible with 
HCA while other placentas did not, despite similar duration of 
rupture of membranes. This issue should be investigated. 

The major limitation of our study is its retrospective 
approach. However, HCA positive and negative infants were 
managed in accordance with our NICU protocols, and the 
caretakers were not aware of the histological findings of the pla-
centas. Data was recorded similarly for all infants and extracted 
from the same database. Thus we consider the internal validity 
of our results to be high. However, our study has the strength 
of a large number of samples and a high statistical power. Thus, 
again, we deem the findings to be valid. 

CONCLUSIONS

Our study shows that preterm newborn infants who were 
exposed to PPROM and HCA, and whose mothers were treated 
with antibiotics prior to delivery, had a statistically higher CRP 
when compared to those not exposed to HCA, but with a large 
overlap and with values within the normal range. Thus, we 
conclude that CRP levels shortly after delivery and 10–12 hours 
later cannot assist the clinician in predicting HCA in preterm 
infants born after prolonged premature rupture of membranes 
and exposed to intrapartum antibiotics. 
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In patients with asthma too many goblet cells in the lung 
differentiate and produce excess mucus in response to 
inflammatory signals. In mice sensitized to house dust mite 
allergens, Sun et al. characterized a small molecule called 
RCM-1 that inhibits the activity of FOXM1, a transcription 
factor that is critical for airway goblet cell differentiation. RCM-

1 also prevented airway hyper-reactivity and inflammation 
and improved lung function in these mice. This molecule 
may have applications for other chronic pulmonary disorders 
associated with mucus hyper-secretion.
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A transcription factor drug for asthma

Survival rates of patients with human immunodeficiency virus 
(HIV) have improved enormously as a result of antiretroviral 
therapy, but increased life expectancy is now associated 
with a high risk of co-morbidities. HIV-1-associated chronic 
obstructive pulmonary disease (COPD) often manifests as 
emphysema, originating around the airways and extending 
into lung tissue. Chung and co-authors discovered that this 
condition is caused by HIV binding to basal cells in the 

airway and activating a tissue-destructive phenotype through 
a mitogen-activated protein kinase signaling cascade. HIV 
binding triggers up-regulation of matrix metalloproteinase 9, 
which is known to be elevated in COPD patients and may 
contribute to the degradation of extracellular matrix seen in 
emphysema sufferers.
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