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In this study we aimed to evaluate the relationship between serum granulocyte
colony stimulating factor (G-CSF) levels and absolute neutrophil counts (ANC)
in infants of preeclamptic mothers.
The study group consisted of 31 infants of preeclamptic mothers while the
control group consisted of 24 gestational age-adjusted infants of normotensive
mothers. G-CSF levels were determined by enzyme-linked immunosorbent
assay (ELISA).
The mean G-CSF level was 981.8±1682.5 (25.7-5924) pg/ml in the study
group and 770.8±1779 (18-8526) pg/ml in control group (p>0.05).
There was no correlation between G-CSF levels and absolute or total neutrophil
counts on the 1st, 2nd and 7th days in infants of preeclamptic mothers. There
were positive correlations between G-CSF levels and ANC on the 1st and 7th
days of life in infants of normotensive mothers. Neutropenia developed in
42.3% of the study group and in 21.7% of the control group on the 1st day
of life (p>0.05). On the 2nd day, neutropenia was observed in 61.5% of the
study group and 26.1% of the control group (p=0.013).
Serum G-CSF levels were not low in neutropenic babies of preeclamptic
mothers. In contrast, higher G-CSF levels in neutropenic infants suggest
impaired G-CSF response in infants of preeclamptic mothers.
Key words: preeclampsia, newborn, neutropenia, granulocyte colony stimulating factor,
very low birth weight.

Preeclampsia is a syndrome of unknown
etiology that is characterized by the sequential
development of facial and hand edema,
hypertension, and significant proteinuria after
the 20th week of gestation1. It occurs in 2-8%
of all pregnancies2-4. Preeclampsia is a major
cause of both maternal and perinatal morbidity
and mortality, and probably more than 50,000
maternal deaths per year can be attributed
to preeclampsia4. Neutropenia is present in
40-50% of infants at birth who were born to
preeclamptic mothers5,6. Neutropenic neonates
are more likely to have mothers with severe
preeclampsia7, and severe preeclampsia is closely
related to intrauterine growth retardation and
premature delivery8,9. Preeclampsia-associated

neonatal neutropenia (NN) is well recognized,
but its etiology and clinical importance are poorly
understood5-7. Although 80% of preeclampsiaassociated neutropenia resolves by 60 hours
of postnatal age, it may persist for as long as
30 days6,10. Preeclampsia-associated neutropenia
is a risk factor for an increased incidence of
infection in preterm neonates even after the
recovery of neutropenia7,10,11. Preeclampsiaassociated neutrophil function disorders also
contribute to the high incidence of infection in
neutropenic infants6,7,11.
Granulocyte colony-stimulating factor (G-CSF)
and granulocyte-macrophage colony-stimulating
factor (GM-CSF) are hematopoietic growth
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factors for proliferation, differentiation, survival
and functional activation of phagocytes12-14.
Recombinant human G-CSF treatment has
been shown to increase circulating neutrophils
and bone marrow neutrophil storage pools,
improve neutrophil function and result in fewer
bacterial infections in neutropenic infants of
preeclamptic mothers15,16. There are limited
studies investigating the relationship between
G-CSF blood levels and neutrophil counts in
infants of preeclamptic mothers, but the results
are controversial17-21. In this study, we aimed
to evaluate the relationship between serum
G-CSF levels and absolute neutrophil counts
(ANC) in infants of preeclamptic mothers

the Clinical Research Ethical Committee of
Hacettepe University. Written informed consent
was obtained from parents of the infants.

Material and Methods
Study Population

Measurements

This study was conducted in the Neonatology
Unit, Hacettepe University İhsan Doğramacı
Children’s Hospital, Ankara, Turkey from
January 2002 to December 2002. A total
of 55 infants were included in the study.
The study group consisted of 31 infants
of preeclamptic mothers and the control
group of 24 gestational age-adjusted infants
of normotensive mothers.
Preeclampsia was determined by increased
blood pressure (gestational blood pressure
elevation) accompanied by proteinuria. The
blood pressure measurement was standardized
as defined by the American Heart Association22.
Proteinuria was defined as urinary excretion of
≥0.3 g protein in a 24-hour specimen. Severe
preeclampsia was described as blood pressure
>160 mm Hg systolic and >110 mm Hg
diastolic in at least two measurements within
six hours and the urinary excretion of ≥0.5 g
protein. Neonatal neutropenia was defined as
ANC below the -2 standard deviation described
by Manroe et al.5.
Infants with evidence of maternal infection,
premature rupture of membrane, Rh-rh
isoimmunization, hydrops fetalis, major
congenital anomalies and inherited metabolic
disorders or infants who died in the first seven
days of life were excluded from the study.
Small-for-gestational age (SGA) was defined
as birth weight below the 10 th percentile
according to Lubchenco intrauterine growth
scale. Approval for the study was obtained from

Blood Samples
For serum G-CSF analysis, peripheral venous
blood samples were collected from an upper
extremity within the first 12 hours of life. Blood
samples were centrifuged at 2000 cycle/minute
for 10 minutes within 30 minutes after sample
collection and serum samples were kept at
-80°C until the time of analysis. Complete
blood count and peripheric blood smears were
obtained within the first 12 hours, on the 2nd
and 7th days of life.

Serum G-CSF level was quantified by an enzymelinked immunosorbent assay (Quantakine
Human G-CSF Immunoassay; R&D Systems,
Minneapolis, Minn, USA) with lower limit of
sensitivity of 20 pg/ml. The complete blood
count was measured with a Coulter STKS
counter (Coulter Electronics, Hialeah, FL).
Peripheral blood smears were evaluated by a
collaborating pediatric hematologist.
Statistical Analysis
Data were evaluated for significance with
Student’s t test, ANOVA, Spearman correlation
test and chi-square analysis and expressed as
the mean ±SD. The G-CSF values were not
normally distributed; therefore, they were log
transformed before the statistical analysis.
p values lower than 0.05 were accepted as
statistically significant.
Results
Five (16%) infants from the study group and
one (4%) infant from the control group were
excluded since they died in the first seven days
of life. The characteristics of the study and
the control groups are presented in Table I.
The number of very low birth weight (VLBW)
infants (birth weight <1500 g) was higher
in the study group (p=0.016). In the study
group, the number of primiparous women
was significantly higher than in the control
group (p=0.001).
There was no statistically significant difference
in log1 G-CSF levels between the study and
control groups (Table II).

Volume 49 • Number 1

57

Serum G-CSF, Infants of Preeclamptic Mothers

Table I. Demographic Characteristics of the Study and Control Groups
Study group
(n=26)
n (%)

Control group
(n=23)
n (%)

p

Gender

Female
Male

12 (46.2)
14 (53.8)

9 (39.1)
14 (60.9)

>0.05
>0.05

Mode of delivery

Vaginal
Cesarean

2 (7.7)
24 (92.3)

4 (17.4)
19 (82.6)

>0.05
>0.05

1487±601
(770-2650)

1662±408
(780-2250)

>0.05

Gestational age (week)*

31.5±2.6
(26.3-36)

32.0±2.3
(25.2-36)

>0.05

SGA
VLBW†

7 (26.3)
18 (69.2)

2 (8.7)
8 (30.8)

>0.05
0.016

Apgar score (<7 at 5 min)

9 (34.6)

6 (26.1)

>0.05

Birth weight (g)*

*: Mean±Standard Deviation (range); †: Very low birth weight (<1500 g).

Table II. Serum G-CSF and Log_G-CSF Levels in Study and Control Groups
Study group
(n=26)

Control group
(n=23)
Median

G-CSF (pg/ml)*
Log_G-CSF*

Median

p

981.8±1682.5
(25.7-5924)

223.3

770.8±1779
(18-8526)

226.6

0.672

1.15±0.37
(0.6-1.75)

2.35

1.07±0.3
(0.6-1.78)

2.34

0.45

*: Mean±Standard Deviation (range). G-CSF: Granulocyte colony stimulating factor.

The percentage of neutropenic infants was not
higher in the study group than the control
group on the 1st day of life. On the 2nd day of
life, the percentage of neutropenic infants was
statistically higher in the study group (61.5%)
than the control group (26.1%) (p=0.013).
Neutropenia resolved in nearly all cases by the
7th day of life. ANCs obtained on the 7th day
of life showed only one neutropenic infant in
the control group.
There were no correlations between serum GCSF levels and ANCs on the 1st, 2nd and 7th days
of life in the study group. However, positive
correlations were found between serum G-CSF
levels and ANCs on the 1st (p=0.006) and 7th
days (p=0.037) in the control group.
Mean gestational age of neutropenic and
non-neutropenic infants was similar in both
control and study groups. Mean birth weight
of neutropenic infants was significantly lower
than of non-neutropenic infants (p=0.048), and
85.7% of the SGA infants were neutropenic.

The rates of neutropenia in infants of severe
and mild hypertensive mothers were similar
(p>0.05).
Although there was no statistically significant
difference between the serum mean G-CSF
levels of neutropenic and non-neutropenic
infants in the study and control groups, mean
serum G-CSF levels of neutropenic cases in the
study group were higher than in the control
group (Tables III, IV).
Discussion
An increased incidence of neonatal neutropenia
in infants of hypertensive mothers was first
documented by Manroe et al.5. Neutropenia is
seen in about 40-50% of infants of hypertensive
mothers. Mouzinho et al.7 pointed out that this
rate could increase to 80% in infants whose
gestational ages are below 33 weeks. In this
study, neonatal neutropenia rate was found
to be 42.3% (p=0.125) on the 1st day of life
and 61.5% (p=0.013) on the 2nd day of life in

58

Güner Ş, et al

The Turkish Journal of Pediatrics • January - March 2007

Table III. Serum G-CSF Levels in Infants with Neutropenia in the Study Group
G-CSF (pg/ml)*
n

1st day Neutropenia
2nd day Neutropenia

15

Median

467.9±713.4 (25.7-2354)

11

1682.5±2329.8 (96-5924)

10
16

203±147.5 (25.7-478)
1468.5±2011.9 (35.9-5924)

192.8

P
0.108

339.4
188
371

0.068

*: Mean±Standard Deviation (range). G-CSF: Granulocyte colony stimulating factor.

Table IV. Serum G-CSF Levels in Infants with Neutropenia in the Control Group
G-CSF (pg/ml)*
n

1st

Median

day Neutropenia

18
5

924.1±1991.7 (33-8526)
219.1±248.6 (18-499.1)

247.8
77.2

2nd day Neutropenia

17
6

612.6±2061.5 (15-8526)
369±254.9 (77.2-738)

194.7
375.1

P
0.126
0.703

*: Mean±Standard Deviation (range). G-CSF: Granulocyte colony stimulating factor.

the study group. The NN rate determined by
Manroe et al.5 was in accordance with other
studies1,5-7,11,21,23-25.

with severe hypertension and the existence of
HELLP syndrome (hemolysis, elevated liver
enzymes and low platelets)6,11.

During the neonatal period, various factors can
affect ANC. Davies et al.26 showed the blood
neutrophil count starting to increase after the
28th week of gestation and with a higher rate
after the 32nd week of gestation. Similarly,
Forestier et al.27 also reported that the fetal
leukocyte count did not change between the
18th and 30th weeks of gestation. It seems that
that gestational age does not affect the fetal
leukocyte counts in infants born before the 32nd
week of gestation. In this study, we observed
that gestational age was not an effective factor
on ANC and NN. The number of VLBW infants
(birth weight <1500 g) was higher in the
study group (p=0.016); however, the number
of SGA infants was not higher in the study
group (p>0.05). Various studies have indicated
that gestational age and birth weight had an
effect on the development of NN6,7,28. In our
study, mean birth weight of neutropenic cases
was significantly less than of non-neutropenic
cases, and most of the SGA infants in the study
group were neutropenic. Similarly, some studies
have reported a higher incidence of NN in
SGA infants whose pregnancy was complicated

Schelonka et al. 29 reported that the birth
weight and gestational age did not affect ANC,
and ANC increased significantly only after a
prolonged labor. Some studies6,7 stated that
the VLBW infants born by cesarean section
(C/S) were more likely to be neutropenic, and
increased C/S rate in hypertensive mothers may
contribute to the decreased neutrophil count.
These results suggest that event of labor is an
important factor for the neutrophil count in fetal
circulation We were unable to detect a statistical
significance between neutrophil counts of
infants who were delivered vaginally or by
C/S because of the high C/S rate in the
preeclamptic mothers in this study.
It has been shown that there is no relationship
between endogenous maternal serum G-CSF
levels and cord G-CSF levels 30. There are
some conflicting studies about the effects
of gestational age, birth weight, infection
and maternal hypertension on serum
G-CSF levels18-21,23,31-35. In this study, we did
not find any relationship between gestational
age and birth weight and serum G-CSF levels.
Some studies20,31 have indicated a positive
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correlation between gestational age and serum
G-CSF levels; however, Bailie et al.35 found a
negative correlation. Similar to our study, Tsao
et al.21, Shimada et al.32, and Bedford Russel
et al.19 demonstrated that gestational age has
no effect on serum G-CSF level.
It has been shown that NN associated with
maternal hypertension is due to transiently
reduced neutrophil production6. However, it is
unclear whether the etiology of this diminution
is due to decreased production of neutrophilic
growth factors, reduced responsiveness of
neutrophil pro-genitors to these factors, or the
presence of inhibitors. Tsao et al.21 found that
cord blood G-CSF levels were significantly lower
in neutropenic infants of preeclamptic mothers.
G-CSF levels were positively correlated with both
ANC and total white blood cell count in this
study. Koenig and Christensen23 indicated that
serum G-CSF levels were similar in normotensive
and hypertensive gestations. They concluded that
the disorder in neutrophil production should be
related to a decreased biologic activity, but not to
decreased serum concentrations of G-CSF, possibly
caused by an inhibitor of neutrophil production
by the placenta in hypertensive gestations.
Similarly, in this study, we did not find any
difference in serum G-CSF levels between infants
of preeclamptic and normotensive mothers.
Although we could not determine corresponding
serum G-CSF level on the 2nd and 7th days of
life to ANCs, we found no correlation between
serum 1st day G-CSF levels and ANCs on the
1st, 2nd and 7th days of life in the study group.
High serum G-CSF levels and lack of correlation
between serum G-CSF levels and ANCs in
neutropenic infants of the study group in contrast
to the control group support the hypothesis that
diminished neutrophil production is possibly
caused by diminished response to G-CSF due
to an unknown inhibitory factor.
In conclusion, it has been shown that the
development of neutropenia in infants of
preeclamptic mothers does not seem to be the
result of G-CSF deficiency. The high levels of
serum G-CSF found in this study might show
a decreased or altered response to G-CSF in
neutropenic infants of preeclamptic mothers.
Acknowledgement
This study was supported by Hacettepe
University Research Foundation.

Serum G-CSF, Infants of Preeclamptic Mothers

59

REFERENCES
1. Zupsan PF. Hypertensive disorders of pregnancy. In:
Fanaroff AA, Martin RJ (eds). Neonatal-Perinatal
Medicine (6th ed). St. Louis: Mosby; 1997: 241-257.
2. Diagnosis and management of preeclampsia and
eclampsia. American College of Obstetricians and
Gynecologist Practice Bulletin no. 33; Obstet Gynecol
2002; 99: 159-167.
3. WHO International Collaborative Study of Hypertensive
Disorders of Pregnancy. Geographic variation in the
incidence of hypertension in pregnancy. Am J Obstet
Gynecol 1988; 158: 80-83.
4. Duley L. Maternal mortality associated with hypertensive
disorders of pregnancy in Africa, Asia, Latin America
and the Caribbean. Br J Obstet Gynaecol 1992;
99: 547-553.
5. Manroe BL, Weinberg AG, Rosenfeld CR, Browne R.
The neonatal blood count in health and disease. I.
Reference values for neutrophilic cells. J Pediatr 1979;
95: 89-98.
6. Koening JM, Christensen RD. Incidence, neutrophil
kinetics, and natural history of neonatal neutropenia
associated with maternal hypertension. N Engl J Med
1989; 321: 557-562.
7. Mouzinho A, Rosenfeld CR, Sanchez PJ, Risser R. Effect
of maternal hypertension on neonatal neutropenia and risk
of nosocomial infection. Pediatrics 1992; 90: 430-435.
8. Barton JR, O’Brien JM, Bergauer NK, Jacques DL, Sibai
BM. Mild gestational hypertension remote from term:
progression and outcome. Am J Obstet Gynecol 2001;
184: 979-983.
9. Xiong X, Mayes D, Demianczuk NN, et al. Impact of
pregnancy-induced hypertension on fetal growth. Am
J Obstet Gynecol 1999; 180: 207-213.
10. Mouzinho A, Rosenfeld CR, Sánchez PL, Risser R.
Revised reference ranges for circulating neutrophils
in very-low-birth-weight neonates. Pediatrics 1994;
94: 79-82.
11. Doron MW, Makhlouf RA, Katz VL, Lawson EE,
Stiles AD. Increased incidence of sepsis at birth in
neutropenic infants of mothers with preeclampsia. J
Pediatr 1994; 125: 452-458.
12. Lieschke GJ, Burgess AW. Granulocyte colony
stimulating factor and granulocyte macrophage colony
stimulating factor (first of two parts). N Engl J Med
1992; 327: 28-35.
13. Lieschke GJ, Burgess AW. Granulocyte colony
stimulating factor and granulocyte macrophage colony
stimulating factor (second of two parts). N Engl J Med
1992; 327: 99-106.
14. Demetri GD, Griffin JD. Granulocyte colony-stimulating
factor and its receptor. Blood 1991; 78: 2791-2808.
15. Makhlouf RA, Doron MW, Bose CL, Price WA, Stiles
AD. Administration of granulocyte colony stimulating
factor to neutropenic low birth weight infants of mothers
with preeclampsia. J Pediatr 1995; 126: 454-456.
16. La Gamma EF, Alpan O, Kocherlakota P. Effect of
granulocyte colony stimulating factor on preeclampsiaassociated neonatal neutropenia. J Pediatr 1995;
126: 457-459.

60

Güner Ş, et al

17. Cairo MS, Suen Y, Knoppel E, et al. Decreased
stimulated GM-CSF production and GM-CSF gene
expression but normal numbers of GM-CSF receptors
in human term newborns compared with adults. Pediatr
Res 1991; 30: 362-367.
18. Cairo MS, Suen Y, Knoppel E, et al. Decreased GCSF and IL-3 production and gene expression from
mononuclear cells of newborn infants. Pediatr Res
1992; 31: 574-578.
19. Bedford Russel AR, Davies EG, McGuigan S, et
al. Plasma granulocyte-colony stimulating factor
concentrations (G-CSF) in the early neonatal period.
Br J Heamatol 1994; 86: 642-644.
20. Gessler P, Kirchmann N, Kientsch–Engel R, et al.
Serum concentrations of colony-stimulating factor in
healthy term and preterm neonates and in those with
various diseases including bacterial infections. Blood
1993; 82: 3177-3182.
21. Tsao PN, Teng RJ, Tang JR, Yau KI. Granulocyte colony–
stimulating factor in the cord blood of premature
neonates born to mothers with pregnancy–induced
hypertension. J Pediatr 1999; 135: 56-59.
22. National High Blood Pressure Education Program
Working Group Report on High Blood Pressure
in Pregnancy. Am J Obstet Gynecol 1990; 163
(5 Pt 1): 1691-1712.
23. Koenig JM, Christensen RD. The mechanism responsible
for diminished neutrophil production in neonates
delivered of women with pregnancy-induced hypertension.
Am J Obstet Gynecol 1991; 165: 467-473.
24. Schibler KR, Osborne KA, Leung LY, et al. A
randomized, placebo-controlled trial of granulocyte
colony-stimulating factor administration to newborn
infants with neutropenia and clinical signs of neonatal
sepsis. Pediatrics 1998; 102: 6-13.
25. Kocherlakota P, La Gamma EF. Preliminary report:
rhG-CSF may reduce the incidence of neonatal sepsis
in prolonged preeclampsia-associated neutropenia.
Pediatrics 1998; 102: 1107-1111.

The Turkish Journal of Pediatrics • January - March 2007
26. Davies NP, Buggins AG, Snijders RJ, et al. Blood
leucocyte count in human fetus. Arch Dis Child 1992;
67: 399-403.
27. Forestier F, Daffos F, Galaktéros F, et al. Hematological
values of 163 normal fetuses between 18-30 weeks of
gestation. Pediatr Res 1986; 20: 342-346.
28. Coulombel L, Dehan M, Tchernia G, et al. The
number of polymorphonuclear leucocytes in relation
to gestational age in the newborn. Acta Paediatr Scand
1979; 68: 709-711.
29. Schelonka RL, Yoder BA, desJardins SE, et al. Peripheral
leukocyte count and leukocyte indexes in healthy
newborn term infants. J Pediatr 1994; 125: 603-606.
30. Bailie KE, Irvine AE, Bridges JM, McClure BG.
Granulocyte and granulocyte-macrophage colonystimulating factors in cord and maternal serum at
delivery. Pediatr Res 1994; 35: 164-168.
31. Chirico G, Ciardelli P, Cecchi M, et al. Serum concentration
of granulocyte colony-stimulating factor in term and
preterm infants. Eur J Pediatr 1997; 156: 269-271.
32. Shimada M, Minato M, Takahashi S, Takahashi S, Harada
K. Plasma concentration of granulocyte colony-stimulating
factor in neonates. Acta Paediatr 1996; 85: 351-355.
33. Kennon C, Overturf G, Bessman S, et al. Granulocyte
colony-stimulating factor as a marker for bacterial
infection in neonates. J Pediatr 1996; 128: 765-769.
34. Calhoun DA, Lunoe M, Du Y, et al. Granulocyte colonystimulating factor serum and urine concentrations in
neutropenic neonates before and after intravenous
administration of recombinant granulocyte colonystimulating factor. Pediatrics 2000; 105: 392-397.
35. Bailie KE, Irvine AE, Bridges JM, McClure BG.
Granulocyte and granulocyte-macrophage colonystimulating factors in cord and maternal serum at
delivery. Pediatr Res 1994; 35: 164-168.
36. Bedford Russel AR, Emmerson AJ, Wilkinson N, et al.
A trial of recombinant granulocyte colony-stimulating
factor for the treatment of very low birthweight infants
with presumed sepsis and neutropenia. Arch Dis Child
Fetal Neonatal Ed 2001; 84: F172-176.

