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Summary

Objectives: To record maternal serum C-reactive protein levels during normal onset of labour and normal puerperium and to eva-
luate if inflammation or infection could be predicted during these two periods when serum C-reactive protein is increased.

Methods: Eighty-five pregnant women were enrolled in a longitudinal prospective study and had a blood sample to assess serum
C-reactive protein levels on admission to the labour ward for normal onset of labour and at day three post-partum. Inclusion crite-
ria were no previous history, a normal single pregnancy, normal vaginal delivery and an uneventful post-partum course. Twelve non-
pregnant women of the same age constitued a control group. An automatic Behring Nephelometer® was used to measure serum C-
reactive protein concentrations. The Student’s t-test (significance p<0.05) was used for statistical analysis.

Findings: C-reactive protein was significantly increased during the onset of labour (4.10+2.79 mg/L) and reached very high levels
during the post-partum period (24.07+18.28 mg/L) compared to the standard normal serum C-reactive protein level in a population
of non-pregnant women of the same age (2.39+0.07 mg/L).

Interpretation: Increased serum C-reactive protein has been reported to be a marker for subclinical infection during pregnancy in
various situations including premature labour and premature rupture of membranes and for complications occurring during puerpe-
rium such as thrombophlebitis, thromboembolism or endometritis. This interpretation depends on which upper limit is considered
as abnormal. Because serum C-reactive protein was raised during the onset of labour, values of less than 10 mg/L could not be con-
sidered as a marker for infection during this period. Elevated serum concentrations of estrogen, progestogen and prostaglandins
during labour might be one explanation for those physiological changes. Normal vaginal delivery could be compared to a surgical
procedure and tissue injury consecutive to vaginal birth as reflected by a dramatic increase in C-reactive protein. More studies using

nephelometry are needed to determine normal and upper values of C-reactive protein during pregnancy.
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Introduction

C-reactive protein (CRP) is an acute-phase serum reac-
tant which is produced in the liver. Tissue trauma, necro-
sis, inflammation and infection can produce a rapid ele-
vation of CRP serum concentrations up to 1000-fold.
Management of premature rupture of membranes and of
premature labour are very much dependant on infection
screening results and many authors have tried to find out
the usefulness of CRP as a marker for infection in such
situations [1-8].

Serup CRP concentrations are difficult to interpret
since the normal values during pregnancy are not well
documented and no reference technique has been chosen
so far [9-13]. Our purpose was to establish normal serum
CRP concentration values during the beginning of labour
and at day three post-partum.

Methods

Between 01-10-1994 and 30-11-95, 100 women gave informed
consent and were enrolled in a longitudinal prospective study with
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the following selection criteria: age between 18 to 35 years,
weight before pregnancy between 40 to 70 Kg and weight gain of
less than 15 Kg during pregnancy, a normal pregnancy on clinical
and biological standard investigations, a negative screening for
toxoplasmosis, a normal vaginal term delivery and an uneventful
post-partum course. Exclusion criteria were: previous obstetrical
history (more than two miscarriages, preeclampsia, intrauterine
growth retardation, in utero fetal death and abruptio placenta),
multiple pregnancy, chronic disease including collagenosis,
chronic hypertension, nephropathy, liver dysfunction, anemia,
pharmacological treatment (except iron supplementation), alcohol
and toxic abuse, premature rupture of membranes, positive urine
dipstick test, fever >38° Celsius during labour and/or during the
post-partum period, stained amniotic fluid, cesarean section and
forceps delivery.

The first sample was taken on admission to the labour ward for
spontaneous onset of labour and a second sample was taken at day
three during the post-partum period. An automatic Behring®
Nephelometer was used to measure serum CRP concentrations.
The study was approved by the ethics committee at our institution.
Fifteen patients were excluded from the study: 10 had a forceps
delivery, one a cesarean section, one a fever >38°Celsius during
labour and three experienced fetal tachycardia >160 beats per
minute on continuous monitoring during labour.

A total of 85 women fulfilled the inclusion criteria and had a
serum CRP concentration measured at the onset of labour and at
day three post-partum.

A control group of 12 non-pregnant women was constituted by
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the following criteria: age between 18 and 35 years old, no pre-
gnancy for 6 months, no hormonal treatment (including contra-
ceptive treatment), no previous abnormal pregnancy, no chronic
disease including collagenosis, chronic hypertension, nephro-
pathy, liver dysfunction, anemia and no alcohol or toxic abuse.

The Student’s t-test (significance p<0.05) was used for statisti-
cal analysis.

Results

Control group: The mean age in the control group was
27.25+5.56 years old versus 28.32+4.37 in the study
group (not significant).

Onset of labour: Eighty-five women with a mean
gestational age of 39.25+56 weeks, had a blood sample
taken on admission to the labour ward. Mean CRP con-
centration was significantly increased compared to the
normal value in non-pregnant women (4.10+2.79 versus
2.39+0.07 g/L, p<10°).

Day three post-partum: The same women had a second
sample taken at day three post-partum. Mean CRP con-
centration was significantly increased compared to the
previous sample and to the normal value in non-pregnant
women (24.07x18.28 versus 4.10+2.79 and 2.39+0.07
g/L, p<10®). These results are summarized in Table 1.

Discussion

Many authors studying serum CRP concentration have
used various measurement methods with a low sensiti-
vity. For five years nephelometry seems to have been the
method of reference to measure this protein concentration
and the normal values previously found during pregnancy
could not be compared to ours. Although our methods
and selection criteria were different from those in the lite-
rature, we found CRP to be raised during pregnancy
when compared to CRP values in non-pregnant women.
Considering normal serum CRP values, Ridker [14]
studying 543 healthy men found a mean CRP serum con-
centration of 1.13 mg/L. This normal value was 1.5 mg/L
in our laboratory with a maximum normal limit <5 mg/L.
Surprisingly, our control group showed little increase in
serum CRP values (2.39 mg/L) but which were much
lower than those in our study group (4.10 and 24.07
mg/L). Haram [13] found serum CRP values in pregnant

Table 1. — Serum C-reactive protein concentration (CRP) at the
onset of labour and day three post-partum and in non-pregnant
women

Pregnant Non-pregnant Statistics

women women Student’s
N=85 N=12 t-test
Age (Years = SD)  28.3244.37  2725:556 NS
g
CRP(mg/L£8D) 4 10:279%  2.39+0.07 p<0.05
onset of labour
CRP(mg/L=SD) 5y (741828%  239+0.07 p<0.001

post-partum

* student’s t-test: p<0.001

women to be below the reference range of 5 mg/L in 13
out of 27 patients with most of the values not being
detectable under the experimental condition used (Laser
Nephelometer). Romem [11], studying 252 pregnant
women at various gestational ages found serum CRP to
be increased during pregnancy from 1.6 during the first
trimester to 1.8 mg/dL during the third trimester (onset of
labour) with a sensitivity of the assay of 0.2 mg/dL
(nephelometric immunoassay); moreover a dramatic
increase in serum CRP was found during the post-partum
period with a maximum level of 5.98 mg/dL decreasing
to 2.51 mg/dL, respectively, 24 and 48 hours after vaginal
delivery. When expressed in mg/L these results are
almost 10-fold higher compared to ours, which is proba-
bly due to the measurement technique used. Watts et al.
[9] studying longitudinally 90 normal pregnant women
from 22 weeks’ gestation through delivery with a lower
limit of CRP detection of 0.5 mg/dL and an usual normal
upper value of 1.0 mg/dL (quantitative immuno-turbidi-
metric assay) found serum CRP to be increased during
pregnancy and labour from 0.7 to 1.3 mg/dL and conclu-
ded that there were only minimal changes in CRP with
gestational age beyond 20 weeks and an elevation of
CRP among normal pregnant women in labour at term.
Two more recent studies have confirmed these results
[10, 12] and the general conclusion of all these studies
could be summarized as follows: serum CRP increases
during pregnancy, during labour and in post-partum but
the normal standard values during normal pregnancy
have not yet been established.

The reason why such physiological changes occur
during labour remains unclear but elevated estrogen and
prostaglandin serum concentrations could stimulate CRP
synthesis in the liver which could explain those findings
[9, 11]. Specific immunological changes during pre-
gnancy and particularly those in cytokine balance could
interfere as well with CRP synthesis.

Since vaginal delivery could be compared to a surgical
procedure [10], serum CRP is dramatically increased
during puerperium.

Because CRP increases during labour, it may be diffi-
cult to use it as a marker for infection in case of prema-
ture labour or premature rupture of the membranes [1, 4,
7, 8] and this could explain the controversial results
published in the literature [1-8]. Fisk [8] studying serial
serum CRP values in 50 women with preterm premature
rupture of membranes, found that consecutive serial
values >20 mg/L were highly predictive of infection.
Serial measurement showing persistent or increasing high
levels of serum CRP concentration may represent a way
to screen for infection in such cases. Because serum C-
reactive protein was found to be higher during the onset
of labour, values of less than 10 mg/L could not be con-
sidered as a marker for infection during this period.

Considering puerperium, since CRP should decrease
progressively over three to four days [10, 14], serial mea-
surements could be used to diagnose complicated puer-
perium (endometritis, phlebitis, thromboembolism...).

More studies using nephelometry are needed to deter-
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mine the normal value of CRP during pregnancy and a
cut-off value to help in the diagnosis of infection in case
of premature labour, premature rupture of the membranes
or complicated puerperium.

References

(1

(2]

3

(4]

(6]

[7]

Cammu H., Goosens A., Derde M. P., Temmerman M.,
Foulon W., Amy J. J.: “C-reactive protein in preterm labour:
association with outcome of tocolysis and placental histo-
logy”. Br. J. Obstet. Gynaecol., 1989, 96, 314.

Tamura T., Goldenberg R. L., Johnston K. E., Cliver S. P,,
Mickey C. A.: “Serum ferritin: a predictor of early sponta-
neous preterm delivery”. Obstet. Gynecol., 1996, 87, 360.
Ismail M. A., Zinaman M. J., Lowensohn A. H.: “The signi-
ficance of C-reactive protein levels in women with prema-
ture rupture of membranes”. Am. J. Obstet. Gynecol., 1985,
151, 541.

Ernest J. M., Swain M., Block S. M., Nelson L. H., Hatjis C.
G., Meis P. J.: “C-reactive protein: a limited test for managing
patients with preterm labor or preterm premature rupture of
membranes”. Am. J. Obstet. Gynecol., 1987, 156, 449.
Burrus D. R., Ernest J. M., Veille J. C.: “Fetal fibronectin,
interleukin-6, and C-reactive protein are useful in establishing
prognostic subcategories of idiopathic preterm labor”. Am. J.
Obstet. Gynecol., 1995, 1258, 173.

Yoon B. H,, Jun J. K., Park K. H., Syn H. C., Gomez R.,
Romero R.: “Serum C-reactive protein, white blood cell count
and amniotic fluid white blood cell count in women with
preterm premature rupture of membranes”. Obstet. Gynecol.,
1996, 88, 1034.

Carrol S. G., Papaioannou S., Davies E. T., Nicolaides K. H.:
“Maternal assessment in the prediction of intrauterine infec-
tion in preterm prelabor amniorrhexis”. Fetal Diag. Ther,
1995, 10, 290.

(8]

9]

[10]

(1]

[12]

Fisk N. M., Fysh J., Child A., Gatenby P. A., Jeffery H., Brad-
field A. H.: “Is C-reactive protein really useful in preterm pre-
mature rupture of the membranes?”. Br. J. Obstet. Gynaecol.,
1987, 94, 1159.

Watts D. H., Krohn M. A., Wener M. H., Eschenbach D. A.:
“C-reactive protein in normal pregnancy”. Obstet. Gynecol.,
1991, 77, 176.

Szpakowski M., Nowak M., Oszukowski P., Wieczorek A.,
Skotnicka A.: “C-reactive protein in normal pregnancy”.
Ginekol. Pol., 1996, 65, 17.

Romem Y., Artal R.: “C-reactive protein in pregnancy and in
the post-partum period”. Am. J. Obstet. Gynecol., 1985, 151,
380.

Rebelo I., Carvalho-Guerra F., Pereira-Leite L., Quintanilha
A.: “Comparative study of lactoferrin and other blood markers
of inflammation stress between preeclamptic and normal pre-
gnancies”. Eur. J. Obstet. Gynecol. Reprod. Biol., 1996, 64,
167.

Haram K., Augensen K., Elsayed S.: “Serum protein patterns
in normal pregnancy with special reference to acute-phase
reactants”. Br. J. Obstet. Gynaecol., 1983, 90, 139.

Ridker P. M., Cushman M., Stampfer M. J., Tracy R. P,, Hen-
nekens C. H.: “Inflammation, aspirin, and the risk of cardio-
vascular disease in apparently healthy men”. N. Engl. J.
Med.? 1997, 336, 973.

Fischer C. L., Gill C. G., Forrester M. G., Nakamura R.:
“Quantification of ‘acute-phase proteins’ post-operatively”.
Am. J. Clin. Pathol., 1976, 66, 840.

Address reprint requests to:

Dr. J. B. DE MEEUS

University Hospital Jean Bernard, BP 577
86021 Poitiers Cedex, France



