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Abstract

Background: A double-blind, placebo-controlled randomized trial was designed to investigate the effects of recombinant human
granulocyte colony-stimulating factor (rhG-CSF) on the prognosis of preterm infants with early onset neonatal sepsis (EONS).
Methods: Fifty preterm infants were selected from the neonatal intensive care unit (NICU) of Qaem Hospital, Mashhad, Iran in
2011. They were randomized to rhG-CSF (intervention group, n = 25) or identical placebo (control group, n = 25) for 3 days. The
following blood parameters were measured: White blood cells count (WBC), absolute neutrophil count (ANC), serum level of high-
sensitivity C-reactive protein (hs-CRP), and the ratio of immature to total neutrophils. In addition, the mortality rate, adverse effects,
and duration of hospital stay were evaluated as clinical parameters.
Results: At baseline, both groups were not significantly different (P > 0.05) except for the hs-CRP level (P = 0.024) and hypoglycemia
(P = 0.001). Compared with the controls, significant improvements were only observed in WBC (P = 0.001) and ANC (P = 0.010) of
the intervention group. The mean difference in the WBC, ANC, hs-CRP level, and the ratio of immature to total neutrophils between
the baseline and 3-day post-treatment values was higher in the controls than the intervention group. More than 90% of the patients
exposed to either rhG-CSF or placebo hospitalized for over 72 hours and no significant difference was found between them (P =
0.946). In each group, a decease was recorded (4.0%) during the hospitalization.
Conclusions: The rhG-CSF administration could effectively improve WBC and ANC. No significant changes were observed in mor-
tality rate, adverse effects, and hospital stay after the treatment.
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1. Background

Neonatal sepsis is referred to as a medical condition in
which a blood infection occurs in infants below 90 days
old. It has been reported that 2% of intrauterine fetus and
10% of neonates develop neonatal sepsis during the first
month of birth (1). Globally, sepsis is recognized as one
of the most common causes of neonatal deaths (2, 3). It
also contributes to mounted medical costs, prolonged hos-
pital stay, and potentially poor long-term neurodevelop-
mental outcomes (4). Early-onset neonatal sepsis (EONS)
is known as a sepsis developing in the first seven days of
life (5). Majority of infants show symptoms within 24 hours
of birth (6). EONS is mainly generated by pathogenic bac-
teria transmitted vertically from mother to infant prior to

or during delivery through the birth canal (7, 8). The inci-
dence of EONS is different between countries and research
centers (9). It has been reported that 0.5% of infants admit-
ted to Canadian neonatal intensive care units (ICUs) pre-
sented with EONS (10). Recent evidence from the USA has
shown the overall incidence and case fatality rate of EONS
was approximately 0.77 cases per 1000 live births and 10.9%,
respectively (11). Invasive group B streptococcus (GBS) in-
fection in neonates constitutes the most common cause of
EONS at increasing morbidity and mortality risk (12). Ges-
tational age (GA) has a lowering effect on the incidence and
case fatality rates. Women with preterm birth less than 37-
week-GA are at risk for infection and intrapartum antibi-
otic prophylaxis should be administered, especially when
GBS colonization remains suspected (5, 13).
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Clinical presentation of EONS among preterm infants
often includes apnea, bradycardia, and cyanosis (65.8%)
(14). Moreover, high incidence of poor activity, probably
lethargy (48.7%), and respiratory effort (43.0%) were found
in these infants (14). Several variables, including white
blood cells count (WBC) and C-reactive protein (CRP) are
used to diagnose the early bacterial infection in neonates;
despite the specificity of CRP, this serological marker is less
sensitive in early stages of neonatal sepsis (15-20). Recently,
inflammatory cytokines such as interleukin 6 (IL-6), inter-
leukin 8 (IL-8), granulocyte colony-stimulating factor (G-
CSF), and tumor necrosis factor (TNF-α) were investigated
as effective markers for this purpose in both infants and
adults (21-25).

G-CSF is a prominent cytokine improving the function
and growth of neutrophils. Despite the early evidence in-
dicating the positive contribution of G-CSF to the treat-
ment of EONS (26-28), there are controversies still exist on
its application in infants, so further studies are required
in either clinical or non-clinical (in vitro and in vivo) set-
tings (29-32). Considering the high incidence of sepsis in
preterm infants and its subsequent morbidity and mortal-
ity (33, 34), the objective of the present study was to evalu-
ate the efficacy of the recombinant human G-CSF (rhG-CSF)
administration on blood parameters (WBC, ANC, hs-CRP
level and the ratio of immature to total neutrophils), and
clinical parameters (mortality rate, adverse effects and du-
ration of hospital stay) in preterm infants with EONS hos-
pitalized at the NICU of Qaem Hospital in Mashhad, Iran.
To the best of our knowledge, there was no report on the
rhG-CSF administration in preterm infants with EONS to
date and this is the first clinical trial in Iran considering the
treatment of EONS preterm infants with rhG-CSF.

2. Methods

This randomized controlled trial was designed to in-
vestigate the impact of rhG-CSF on preterm neonates with
EONS within a period of three days. This interventional
study received ethical approval from Medical Research
Ethics Committee, Mashhad University of Medical Sciences
(Ethical code: IR.MUMS.REC.1389.100). The CONSORT guide-
lines were adopted to design the present study, as well.

A total of 50 subjects were selected in 2011 from
preterm infants who were admitted to the NICU of Qaem
Hospital, Mashhad, Iran. To detect an increased effect on
WBC over time (at least 2-fold at day 1) based on the study
by Kocherlakota and La Gamma (26), with desired power
of 80% and type one error of 5%, the sample size was cal-
culated 25, thus this trial included a total sample size of
50 participants. The written informed consents were ob-
tained from all their parents or guardians, as well.

The clinical criteria of sepsis included temperature in-
stability that was not justified by the effects of the envi-
ronment (< 36°C or > 37.8°C), respiratory signs (gagging,
apnea, cyanosis, tachypnea, and respiratory distress), car-
diovascular signs (systemic hypotension, capillary filling
time above 3 seconds, and cold extremities), neurologi-
cal signs (irritability, poor feeding, lethargy, reduction in
neonatal reflexes, seizure, bombing fontanel, and hypoto-
nia), gastrointestinal signs (nausea and vomiting, abdom-
inal distention, hepatomegaly, and icterus), and miscella-
neous signs (e.g., petechial, purpura, disseminated hemor-
rhage, and conjunctivitis). Additionally, the laboratory cri-
teria of sepsis were the following: Neutropenia (less than
1500/µL), immature/total neutrophil ratio > 20%, and hy-
poglycemia (plasma glucose < 50 mg/dL). Sepsis was diag-
nosed if the infant met at least two clinical signs and at
least one laboratory test with a positive result.

Other factors along with the diagnosis of sepsis were
considered as the inclusion criteria of the present study:
(1) gestational age (GA) below 35 weeks; (2) birth weight
less than 2000 g; (3) the presence of bacteria in the blood
culture and infection signs in the first 3 days of life veri-
fied early-onset neonatal sepsis; (4) clinical presentation of
infection in the absence of positive blood culture verified
clinical sepsis in preterm infants; (5) sufficient renal and
liver functions, which no kidney failure or liver failure hap-
pened in this study, and the laboratory renal or liver func-
tion tests assessing the functioning of the kidneys or liver
showed normal results. In this study, GA was estimated
based on the first day of the last menstrual period (LMP),
and first and second-trimester ultrasound examinations.

Those patients with APGAR score less than five at
five minutes, major congenital anomaly, severe birth as-
phyxia (hypoxic-ischemic encephalopathy), maternal se-
vere preeclampsia unresponsive to medical therapy, sys-
temic hypotension or metabolic disorders, absolute neu-
trophil count (ANC) greater than 6000/µL (35), and se-
vere lesions like intraventricular hemorrhage with grade
III and IV were excluded from the initial enrollment. The
initial examinations were conducted by a neonatologist.
Thereafter, patients’ medical history was reviewed. The
studied participants underwent baseline tests by means of
a demographic questionnaire as well as biochemical anal-
ysis before the start of the intervention.

Using simple random allocation, these patients were
equally categorized into two groups: Intervention (n = 25;
10 µg/kg/day of rhG-CSF in dextrose 5% over 20 - 40 min-
utes for three consecutive days, intravenous infusions) and
control (n = 25; an equivalent volume of dextrose 5% as
placebo, intravenous infusions) groups. A nurse who was
blind to the study was requested to dispense the medicine
amongst the patients. All infants also received routine
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sepsis care, including antibiotics, inotropes, supplemen-
tal oxygen, and so on. Owing to the small sample size in
the present trial, randomization was carried out through
random number tables. The neonatologist and research in-
vestigator were blind to the group allocation and related
treatment until the end of the study.

The following blood parameters were measured: WBC,
ANC, serum level of hs-CRP, and the ratio of immature to
total neutrophils. In addition, mortality rate and dura-
tion of hospital stay were evaluated as clinical measures.
The laboratory tests were conducted prior to and following
the intervention. The baseline variables were measured
by using a demographic questionnaire: GA, sex, and clini-
cal signs, including fever, respiratory distress, renal failure,
cardiac failure, central nervous system (CNS) symptoms,
gastrointestinal symptoms, anemia, and hypoglycemia.
WBC counts were also performed through a hemocytome-
ter. ANC was measured by examining the blood smears
by a light microscope at a magnification of 400 ×. The
serum high-sensitivity CRP (hs-CRP) was evaluated by us-
ing a sensitive CRP assay (Monobind, INC. Lake Forest, USA).
Moreover, duration of hospital stay was recorded from the
first day following admission to the day of hospital dis-
charged (36). The neonatal hospital mortality rate refers to
the number of deaths reported in hospitalized newborns
over a given period expressed as a percentage (37).

Data were collected and imported to SPSS (version 19,
Chicago, USA). A nurse who was blind to the study, clini-
cal laboratory technician, and the statistician were aware
of randomization codes. The investigator, as well as the
neonatologist, did not have any direct contact with this
nurse assigned to the study, clinical laboratory technician,
and statistician. Statistical analysis was carried out in trip-
licated. Descriptive statistics (mean± standard deviation)
were used to present the data. The normality of data was
evaluated by Lilliefors corrected Kolmogorov-Smirnov test.
Student’s t test or its non-parametric equivalent (Wilcoxon
Mann-Whitney test) was performed for paired compar-
isons. Pearson’s chi-squared test or the Fisher’s exact test
was used to comparing proportions between the study
groups. A P < 0.05 was considered statistically significant.

3. Results

Fifty participants were randomized into both interven-
tion (n = 25) and control (n = 25) groups and completed
the intervention of three-day-duration. All of them were
younger than 5 days old at the admission. There was no sig-
nificant difference in demographic parameters between
two groups (GA, gender; P > 0.05) except for hypoglycemia
(P = 0.001).

Two infants in the control group did not have any clini-
cal signs of sepsis. There was no sign of renal insufficiency
among the studied infants. Additionally, 74% were deliv-
ered by cesarean section. No significant difference was
found in the two types of delivery between the two groups
(P = 0.747). The average birth weight was 1500 ± 499 g for
all infants. There were no significant disparities in terms
of height, weight, and head circumference between the
two (P > 0.05). A total of 14 urine samples was obtained
from the intervention (n = 4) and control (n = 10) groups;
it was found that all the cultures were negative. Similarly,
in ten (intervention group, n = 5; control group, n = 5)
cerebrospinal fluid samples, all the cultures appeared neg-
ative. On the other hand, the two groups did not signif-
icantly differ in the serum levels of sodium, potassium,
urea, creatinine, bilirubin (total and direct) along with a
partial thromboplastin time, prothrombin time, and inter-
national normalized ratio (data not shown) (P > 0.05).

The findings of the blood analysis are presented in Ta-
ble 2. At baseline, both groups were statistically similar in
WBC counts (P = 0.352), the ratio of immature/total neu-
trophils (P = 0.993), and ANC (P = 0.148). There was only
a considerable difference in the hs-CRP level (P = 0.024);
the intervention group (4.24 ± 7.60 mg/L) had markedly
higher levels of hs-CRP than the control group (1.72 ± 2.17
mg/L).

Data were compared between the two groups follow-
ing a three-day-intervention (Table 2). Substantial differ-
ences were observed in the WBC (P = 0.001) and ANC (P =
0.010). It was found that the utility of rhG-CSF notably in-
creased the WBC (13233.33 ± 8244.03 mL-1 vs. 7400.00 ±
6766.03 mL-1) and ANC (6952.08 ± 5518.79 mL-1 vs. 2984.48
± 3158.71 mL-1) in the intervention group as compared with
the control group. The mean difference in the WBC be-
tween the baseline and 3-day post-treatment values was
considerably higher in the controls than the intervention
group (P = 0.016). Likewise, the mean difference in the ANC
between the baseline and 3-day post-treatment values was
greater in the controls than the intervention group; how-
ever, It was not statistically significant (P = 0.261). There
was a slight increase in the serum hs-CRP level of the in-
tervention group (6.98 ± 7.43 mg/L); however, it was not
statistically significant (P = 0.105) in comparison to the
control group (5.77 ± 9.16 mg/L). Similarly, the mean dif-
ference in the hs-CRP level between the baseline and 3-
day post-treatment values was higher in the controls than
the intervention group, however, It was not statistically
significant (P = 0.606). The ratio of immature/total neu-
trophils almost remained unchanged between the groups
(P = 0.345). The mean difference in the ratio of imma-
ture/total neutrophils between the baseline and 3-day post-
treatment values was higher in the controls than the inter-
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Table 1. General and Clinical Characteristics of the Participants

Characteristics
Groups

P Value
Intervention (n = 25) Control (n = 25)

GA, Mean ± SD

LMP 31.6 ± 1.5 31.4 ± 2.2 0.906a

NBS 32.1 ± 1.5 32.4 ± 1.7 0.375a

Male, No. (%) 17 (68) 18 (72) 0.762b

Clinical signs, No. (%)

Fever 0 (0) 1 (4) 0.999c

Respiratory distress 23 (92) 25 (100) 0.490c

Cardiac failure 2 (8) 7 (28) 0.138c

CNS symptoms 22 (88) 24 (96) 0.609c

Gastrointestinal symptoms 0 (0) 4 (16) 0.110c

Anemia 0 (0) 1 (4) 0.999c

Hypoglycemia 10 (40) 0 (0) 0.001c

Abbreviations: CNS, central nervous system; GA, gestational age; LMP, last menstrual period; NBS, new Ballard score.
a Wilcoxon Mann-Whitney test.
b Fisher’s exact test.
c chi-squared test.

Table 2. Blood Analyses in the Participants Prior to and Following the Intervention

Variable
Result by Study Group

P Value
Intervention Control

WBC, mL-1

Baseline 13292.00 ± 12991.27 12868.00 ± 12991.27 0.352a

3 days 13233.33 ± 8244.03 7400.00 ± 6766.03 0.001a

Difference -404.17 ± 11132.54 -5612.50 ± 13282.59 0.016a

hs-CRP, mg/L

Baseline 4.24 ± 7.60 1.72 ± 2.17 0.024a

3 days 6.98 ± 7.43 5.77 ± 9.16 0.105a

Difference 2.69 ± 8.42 4.03 ± 9.43 0.606a

ANC, mL-1

Baseline 5610.28 ± 2984.48 5518.48 ± 5610.28 0.148a

3 days 6952.08 ± 5518.79 2984.48 ± 3158.71 0.010a

Difference 779.17 ± 5418.47 -2174.96 ± 4853.27 0.261a

Immature/total neutrophils

Baseline 0.136 ± 0.16 0.136 ± 0.17 0.993b

3 days 0.138 ± 0.18 0.134 ± 0.14 0.345b

Difference 0.003 ± 0.26 -0.002 ± 0.19 0.476b

Abbreviations: ANC, absolute neutrophil; hs-CRP, high-sensitivity C-reactive protein; WBC, white blood cell.
a Wilcoxon Mann-Whitney test.
bt test.

vention group, however, It was not statistically significant
(P = 0.476).

regarding the effect of rhG-CSF administration on the
clinical parameters, it was observed that more than 90%
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of the patients who exposed to either rhG-CSF or placebo,
were hospitalized for over 3 days and no significant dif-
ference was reported in the duration of hospital stay be-
tween the two groups (P = 0.946). The mean period of hos-
pital stay of the patients treated with rhG-CSF and placebo
was 16 ± 10 days (range: 2.0 - 38 days) and 17 ± 14 days
(range: 0 - 54 days), respectively. In each group, one partic-
ipant (4.0%) died during hospitalization. In the interven-
tion group, 12.0% (n = 3), 16.0% (n = 4), 16.0% (n = 4), 8.0%
(n = 2), and 8.0% (n = 2) had respiratory, hematologic, gas-
trointestinal, central nervous system, and cardiovascular
adverse effects, respectively. The controls shared a slightly
different adverse effect profile (respiratory (n = 3, 12.0%),
hematologic (n = 2, 8.0%), gastrointestinal (n = 6, 24.0%),
central nervous system (n = 1, 4.0%), and cardiovascular (n
= 5, 20.0%)). Also, two patients (n = 2, 8.0%) developed noso-
comial infection in the control group.

4. Discussion

The positive contribution of rhG-CSF to neonatal sep-
sis as well as neutropenia has been studied in various stud-
ies (30, 38-40). In this study, it was indicated that rhG-
CSF was associated with considerable improvements in the
number of WBC and ANC, while no significant changes
were observed in the serum level of hs-CRP and imma-
ture/total neutrophil ratio. In addition, mortality rate and
duration of hospital stay were comparable between the pa-
tients who received rhG-CSF or not. In our study, the ini-
tial serum level of ANC was more than 5000 cells mm-3.
An increased ANC was also reported by Kocherlakota and
La Gamma in response to an intravenous infusion of rhG-
CSF (10µg/kg/d x 3 d), whose study included seven neonates
with EONS as well as neutropenia at birth (ANC < 1500 cells
mm-3) (26). In consistent with our findings, Kucukoduk
et al. used 5 µg/kg/day of intravenous rG-CSF for 3 days,
and indicated a significant increase in ANC meanwhile no
change was observed in immature/total neutrophil ratios.
They recorded the shortened length of time on the NICU
in the treated infants (27). Moreover, Miura et al. corrob-
orated the increased level of neutrophil counts in prema-
ture neonates with EONS who were exposed to 10µg/kg/day
of intravenous rG-CSF for 3 days. They had as mortality rate
as the controls. The use of rG-CSF declined nosocomial in-
fections over the subsequent 2 weeks (28). Likewise, Aktas
et al. showed that treatment with rhG-CSF (10 µg/kg/day; 1
- 4 days, median, 2 days) was associated with an outstand-
ing recovery of the ANC in neutropenic (ANC < 1.0× 109/L)
preterm infants with sepsis and short-term mortality re-
mained unchanged in their study (38). In the study con-
ducted by Borjianyazdi et al. in Iran, the effectiveness of
G-CSF (10µg/kg for up to 5 consecutive days) was evaluated

clinically in preterm infants with sepsis and neutropenia
(ANC≤ 5000/µL). In line with our mortality rates, only one
death was reported in the treated group. Furthermore, no
positive results for cultures were observed. In both treated
and control groups, a number of patients experienced res-
piratory side effects. The only significant difference be-
tween the two groups was related to length of hospitaliza-
tion, in which our study failed to demonstrate a statisti-
cally significant reduction (39). In this regard, Ahmad et
al. established a significant elevation of ANC meanwhile an
unchanged rate of mortality or morbidity in symptomatic,
septic premature neonates receiving the rG-CSF adminis-
tration (5 µg/kg/dose i.v. twice a day for a maximum of 7
days) (29).

There were two trials presenting a significantly more
rapid rise in ANC as well as significantly fewer deaths in
the rhG-CSF group. Both studies used a similar dose of rhG-
CSF (10µg/kg/day) for preterm infants with sepsis and neu-
tropenia (ANC < 5000 cells mm-3). However, there were
some methodological differences between the two studies
(e.g., birthweight, administration duration, GA) (41, 42). In-
terestingly, Chaudhuri et al. documented these two find-
ings for sepsis preterm infants with ANC < 1500 cells mm-3

associated with a very high risk of mortality. Length of
NICU stay was reduced significantly in the G-CSF group, as
well. In their study, G-CSF was administered intravenously
in a single daily dose of 10 µg/kg/day in a 5% dextrose solu-
tion over 20 - 40 minutes for three consecutive days (30).
Although Schibler et al. did not observe a substantial dif-
ference in ANC between the treated (10 µg/kg/d for 3 days)
and control groups with neutropenia (ANC: G-CSF group
1698±2167 cells/µL, placebo group 1249±877 cells/µL) and
EONS, other findings such as morbidity, mortality, and im-
mature to total neutrophil ratio were significantly differ-
ent (43). By contrast, Teng et al. in a study on very-low-birth-
weight infants with early neutropenia (ANC < 1500 cells
mm-3) demonstrated that the rhG-CSF administration (5 -
10 µg/kg/day for 3 - 5 days) failed not only to prevent noso-
comial infections but also to affect mortality and morbid-
ity rates (40).

Carr et al. performed a meta-analysis to exhibit the
safety and efficacy of G-CSF and granulocyte-macrophage-
CSF infusion to manage or treat mortality amongst pa-
tients suffered from suspected or proven systemic infec-
tions. They noted that the use of medical regimen, in-
cluding rhG-CSF did not decrease the immediate mortal-
ity in preterm infants presented with suspected systemic
infection. Moreover, there was no survival advantage fol-
lowing two weeks on such treatment. However, mortal-
ity was significantly improved as a result of this treat-
ment on patients who had both systemic infection and
neutropenia (44). This may justify the effects of rhG-CSF
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on mortality rate and adverse effects in our study. Indeed,
myeloid lineage colony stimulating factors (CSFs) such as
granulocyte-macrophage CSF (GM-CSF; CSF-2) and granu-
locyte CSF (G-CSF; CSF-3) are able to activate the innate
immune response, ameliorate myelopoiesis, and repress
apoptosis (45). The removal of apoptotic cells plays a cen-
tral role in resolving inflammation and the phagocytosis
of apoptotic granulocytes reduces in neonates similar to
adults (46). Small neutrophil pool is quickly depleted in
infants if sepsis occurs, which leads to neutropenia, while
Gram-negative sepsis is recovered somehow through the
G-CSF use in preterm infants (47, 48). Considering these
data, the administration of G-CSF is suitable for manage-
ment of infections in infants (49-52). This can partially
arise from a hyporesponsiveness of neonatal granulocytes
to G-CSF associated with anti-apoptotic effects in compar-
ison to adults (53). However, it has been emphasized that
G-CSF or GM-CSF can be effective for preterm infants with
moderate (< 1700/µL) or severe (< 500/µL) neutropenia
and systemic infection, respectively (50). In this regard, op-
timal timing of administration as well as monitoring of G-
or GM-CSF levels are expected to maximize their positive
contributions to these neonates (52).

This study has several limitations; including, sample
size was low because there were some parents unwilling
to continue participation during the follow-up period af-
ter discharge. Consequently, some complications related
to the treatment failed to be recorded.

In conclusion, the administration of rhG-CSF was effec-
tive in a rapid increase of WBC and ANC. Furthermore, it
caused an inconsiderable enhancement in the plasma con-
centration of hs-CRP and the cell ratio of immature/total.
However, it did not affect mortality rate, adverse effects,
and duration of hospital stay in the treated group. Since
the present evidence is conflicting about the use of rhG-CSF
for infants with sepsis; therefore, further investigations
are required with larger sample size and more prolonged
follow-ups.
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