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Abstract. Lactoferrin (Lf) is an approximately 80-kDa iron-
binding glycoprotein, belonging to the transferrin family, 
with well-known bacteriostatic and bactericidal properties. 
It is produced and stored in specific (secondary) neutrophil 
granules and released during neutrophil activation and 
degranulation. Nowadays, Lf has a well-known therapeutic 
indication for combating iron deficiency anemia (IDA) in 
pregnant women. Studies suggest that Lf plays an important 
role against cervicovaginal infections by decreasing cytokines 
levels, such as interleukin (IL)-6, in cervicovaginal fluid. The 
aim of this preliminary trial was to evaluate the effectiveness 
of Lf in preventing preterm delivery caused by cervical infec-
tions and ripening. From November 2009 to August 2010, 21 
pregnant women (26-32 weeks pregnant), aged between 22 and 
36 years, suffering from IDA, at risk of preterm delivery, were 
prospectively enrolled in the study. One group (N=14) received 
100 mg of recombinant human lactoferrin (rhLf) (lattoferrina; 
AG-pharma®) twice a day before meals, for one month. The 
other group (N=7) received 520 mg of ferrous sulfate (Ferro-
Grad®; Abbott Laboratories, USA) once a day. The patients 
underwent transvaginal ultrasound to evaluate cervical length 
and funneling, and vaginal swabs were used to detect infec-
tions and cervicovaginal fluid sample collection to determine 
IL-6 levels. The results showed a correlation between the oral 
administration of 200 mg of rhLf with both the normaliza-
tion of vaginal flora (vaginal infection disappearance) and the 
decrease in IL-6 cervicovaginal fluid levels in women at risk 
of preterm delivery.

Introduction

Preterm delivery is one of the most important obstetric 
pathologies, with a high  rate of perinatal morbidity and 

mortality (1). Generally, preterm delivery is induced by infec-
tions, such as abnormal vaginal flora (AVF), full and partial 
bacterial vaginosis (FBV and PBV) and aerobic vaginitis (AV) 
(2). Infections lead to the inflammatory host response by two 
different pathways depending on pathogenic microorganisms.  
Gram-positive bacteria, such as S. aureus, S. agalactiae and 
E. faecalis, enhance the innate immune system response of the 
host through the peptidoglycan (PGN), the major component of 
the cell wall. PGN activates Toll-like receptors 2 and 4 (TLR2/
TLR4), type I transmembrane glycoproteins, that increase the 
expression of multiple inflammatory genes (3). Gram-negative 
bacteria, such as E. cloacae, activate the inflammatory host 
response by the bacterial endotoxin lipopolysaccharide (LPS)
(4).

Finally, cytokine production, the synthesis of prostaglandins 
and the activation of metalloproteinases, glycosaminoglycans 
and collagenases lead to cervical dilatation and funneling, 
premature rupture of membranes (PROM) and preterm 
delivery (5-8).

The above pathogenic scenario anticipates that suppression 
of the inflammatory host response may be useful to prevent 
preterm labor and delivery.

Lactoferrin (Lf) is an approximately 80-kDa iron-binding 
glycoprotein, belonging to the transferrin family, with well-
known bacteriostatic and bactericidal properties, that plays 
a significant role in iron homeostasis. LF is produced and 
stored in specific (secondary) neutrophil granules and released 
during neutrophil activation and degranulation (9). It has been 
detected in secretary fluids, such as milk, tears, saliva, vaginal 
secretion, seminal fluid, and amniotic fluid. Therefore, it is 
considered an important component of host defense against 
microbial infection (10-12).

Nowadays, Lf has a well-known therapeutic indication for 
combating iron deficiency anemia (IDA) in pregnant women 
(13,14), which is still a major health problem in pregnant 
women (15). Values of hemoglobin corresponding to 11 g/dl 
or less define IDA. The preferred treatment of that pathology 
consists of oral administration of iron as ferrous sulfate. 
However, ferrous sulfate often fails to exert significant effects 
on hypoferremia and may also cause adverse effects. Therefore, 
Lf represents a novel therapeutic alternative to ferrous sulfate 
for treating IDA (13,14).

Studies on pregnant female mice have suggested that 
Lf plays a focal role against cervicovaginal infection by 
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decreasing cytokine levels, such as interleukin (IL)-6, on 
cervicovaginal fluid. Yakuwa and Otsuki have evaluated 
the capacity of Lf in suppressing uterine cervical dilatation 
and ripening in a rabbit model, in which preterm labor was 
induced by bacterial endotoxin LPS (16). Recombinant human 
Lf (rhLf) was administrated to pregnant rabbits as a vaginal 
suppository. The histological study of cervical tissues of the 
rabbits showed remarkable loosening of the connective tissue 
and edema in the control group (without treatment). These 
results suggest that rhLF inhibits cervical maturation induced 
by LPS in rabbits (16).

Taken together, these data prompted us to undertake this 
open-label double-blind pilot trial aimed at evaluating the 
impact of rhLf on the prevention of preterm delivery.

Materials and methods

Patients and treatment. From November 2009 to August 
2010, 21 women aged between 22 and 36 years, 26-32 weeks 
pregnant, suffering from IDA, at risk of preterm delivery who 
were referred to the Maternal-Infant Health and Radiological 
Sciences Department, University Hospital G. Rodolico, 
Catania, Italy, were prospectively enrolled in the study. The 
inclusion criteria were: IDA, early uterine contraction, cervical 
length of <2.5 cm and/or funneling, no previous preterm birth. 
Women affected by one or more of the following pathologies 
were excluded from the study: Metrorrhagia, PROM, twin 
pregnancy, pregnancy pathologies such as gestational diabetes, 
gestational hypertension, placenta previa, polyhydramnios, 
intrauterine growth restriction (IUGR), uterine abnormalities 
and previous conization.

Patients were divided in two groups: One group received 
100 mg of rhLf (lattoferrina®; AG-pharma) twice a day before 
meals for one month and the other group (N=7) received a 
tablet of 520  mg of ferrous sulfate (Ferro-Grad®-Abbott 
Laboratories, USA) once a day, as suggested by the Italian 
standard treatments.

Every woman received a tocolytic treatment with atosiban 
(Tractocile®), as stated in the International Guidelines. 
Atosiban is an inhibitor of the hormones, oxytocin and vaso-
pressin, and it is used as an intravenous medication to treat 
preterm delivery: Pregnancy weeks from 24 to 33, regular 
labor (at least 4 contractions/30 min) in combination with an 
affected cervix (i.e., cervix obliterated >50% or open >1.5 cm 
or cervix channel <25 mm at vaginal ultrasound) or breaking 
of the water, and normal fetal heart rate.

At enrollment, and after 10 and 30 days of treatment, 
the patients underwent obstetric transvaginal ultrasound to 
evaluate cervical length and funneling, vaginal swabs to 
detect infections, and cervicovaginal fluid sample collection 
to determine IL-6 levels.

The study protocol was conformed to the ethical guide-
lines of the 1975 Helsinki Declaration and it was approved 
by the Institutional Review Board of the department. Written 
informed consent was obtained from each female patient upon 
enrollment.

Microbiological analyses. Standard microbiological methods 
were followed in this study during swab culture. Specimens 
were collected with the help of serum-coated cotton-tipped 

swab sticks for culture, following universal precautions and 
sent for microbiological analysis. Swabs were cultured on 5% 
sheep blood agar plates and inoculated into Todd-Hewitt broth 
for aerobic culture and semiquantitative growth (2+ or more 
was considered to be significant). A vaginal smear was taken 
to assess vaginal microflora by phase contrast microscopy.

AVF, bacterial vaginosis (BV), AV, increased inflamma-
tion (more than ten leucocytes per epithelial cell) and vaginal 
colonization with Candida spp. were scored according to the 
standardized classification by Donders, based on the relative 
quantities of lactobacillary morphotypes present. If lactobacilli 
of variable size predominate, the flora is considered normal 
(lactobacillary grade I, LBGI) (2). Lactobacillary grade II 
is an intermediate flora, with a mixture of lactobacilli and 
other morphotypes, usually coccoids. Lactobacillary grade 
III indicates complete disruption of the normal vaginal flora. 
Flora was defined as normal (NF) when none of the following 
was present: LBG III, BV, coccoid AV flora, increased vaginal 
leucocytosis (2).

Sexually transmitted infections caused by organisms, 
such as Chlamydia trachomatis, Neisseria gonorrhoeae and 
Trichomonas vaginalis were excluded.

IL-6 determination. IL-6 was determined by sandwich 
enzyme-linked immunoadsorbent assay (ELISA). The limit of 
sensitivity of the assay was 1.5 pg/ml. Intra- and inter-assay 
coefficients of variation were within 5 and 10%, respectively. 
Those samples with a content of IL-6 <1.5 pg/ml were assigned 
this value as a theoretical value to allow statistical analysis.

Outcome was recorded as either preterm birth (PTB; 
between 26 + 0 to 36 weeks + 6 days) or birth at term (TB; 
between 37 + 0 and 41 weeks + 6 days).

Normally distributed continuous variables were compared 
using the Student's t-test and stochastic variables were 
compared using the Chi-square test as appropriate. A value 
P<0.05 was considered significant.

Results

At baseline visit, microbiological analysis showed a marked 
presence of AVF, consisting of predominantly coccoid AV 
flora, Gram-positive and Gram-negative, and Candida albi-
cans in both groups (Figs. 1 and 2). Women treated with Lf 
had 71% of AVF at baseline vs. 71% of AVF in those treated 

Figure 1. Main pathogens in the vaginal swabs of the LF group at baseline 
visit and after 30 days of treatment.
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with ferrous sulfate (Fig. 2). There were showed elevated levels 
of pro-inflammatory cytokines, such as IL-6 in the vaginal 
fluid (IL6cv), in both groups at baseline: IL-6cv mean value 
± SD was 3.538±2.2 pg/ml in the patients treated with Lf and 
3.2874±1.5 pg/ml in those treated with the ferrous sulfate, 
with no differences between the two groups (p=0.821) (Fig. 3). 
It was not possible to determine IL-6 serum (IL6s) levels in 
11 patients in the Lf-treated group and in 5 patients from the 
ferrous sulfate-treated group.

Cervical length values were between 26 and 32 mm in the 
female patients included in the Lf group and between 24 and 
35 mm in those included in the placebo group. No funneling 
was found in any case.

At first follow-up (10 days) there was no significant change 
of AVF either in the Lf group or in the ferrous sulfate group 
(64% of AVF vs. 57% of AVF, respectively) (Fig. 2). After 30 
days of the Lf treatment, a significant reduction of AVF was 
observed in the Lf group as compared to those treated with 
ferrous sulfate (15% of AVF after 30 days of therapy vs. 57% 
of AVF after 30 days in the control group; p=0.0007) (Fig. 2).

A decrease in IL-6cv levels was also observed in the 
patients treated with Lf as compared to those treated 
with ferrous sulfate after 10 and 30 days (Fig. 3). After 
10 days of therapy the IL-6cv level was 1.834±0.4 pg/ml 
in the female patients taking Lf and 3.466±1.8 pg/ml in those 
taking ferrous sulfate (p=0.005) (Fig. 3). After 30 days the 
mean IL6cv levels of the two groups were 1.998±1.2 pg/ml and 
3.532±2.1 pg/ml (p=0.05), respectively (Fig. 3). It was impos-
sible to detect IL-6s levels of the same patients (sensitivity 
limit, 1.5 pg/ml).

The ultrasound data, cervical length and funneling, did not 
change at follow-up after 10 and 30 days. Pregnancy continued 
regularly in both groups: All women had TB after 37 weeks 
(Table I).

Discussion

Inflammatory cytokines are thought to play an important role 
in preterm delivery pathogenesis with infection occurring via 
the uterine cervix (17,18).

Preterm labor and delivery have been associated with 
elevated amniotic fluid concentrations of IL-6, IL-8 and IL-10. 
In particular, an elevated concentration of IL-6 in the amni-
otic fluid appears to be a marker of intrauterine infection that 
causes preterm delivery (19,20).

The bacterial endotoxin LPS plays a major role in this 
process, binding a protein receptor on the macrophages 
membrane, constituted by the CD14 glycoprotein, TLR4 and 
the myeloid differentiation protein-2. This causes the activa-
tion of myeloid differentiation factor-88 and other molecules, 
leading to the activation and nuclear translocation of NF-κB 
and the synthesis of inflammatory cytokines, such as IL-1β, 
IL-6 and IL-8, metalloproteinases, glycosaminoglycans, and 
collagenases, which promote cervical ripening and dilatation 
(21). Finally, the inflammatory host response promotes cervical 
ripening and dilatation.

Gram-positive bacteria act through PGN and other bacte-
rial antigens binding TLR2 (3). Such a process leads to PROM 
and preterm delivery (6-8). Therefore, suppression of the 

Figure 2. Percentage of normal vaginal flora (NF) and abnormal vaginal flora 
(AVF) from vaginal swabs of female patients treated with lactoferrin (A) or 
ferrous sulphate (B) at baseline visit, after 10 days and 30 days of treatment.

Figure 3. Cervicovaginal IL-6 levels. IL-6 levels detected in the cervico-
vaginal fluid of female patients treated with either lactoferrin (GA) or ferrous 
sulphate (GB) at baseline visit, after 10 days and after 30 days of treatment.

Table I. Clinical characteristics of the female patients enrolled 
in the study.

	 Group A	 Group B
	 (N=14)	 (N=7)

Age	 28±4	 27±5
Parity	 1±1	 1±1
Days at delivery	 266±9	 258±4
Cervical length at baseline (mm)	 29±2	 30±4
Cervical length after 30 days (mm)	 28±2	 29±3
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inflammatory host response could be crucial in preventing 
preterm labor and delivery.

In more than 30% of cases, PROM and preterm delivery 
are associated with bacterial infection of the amniotic fluid 
(amnionitis) and elevated rates of inflammatory cytokines, 
such as IL-6 and IL-8, in the amniotic fluid. This is known as 
intrauterine inflammatory response syndrome (22). As a result, 
the fetus may experience fetal inflammatory response syndrome 
and elevated levels of inflammatory cytokines, such as IL-6 and 
TNFα in fetal plasma (22). The latter represents an independent 
risk factor for severe neonatal morbidity and is strictly associ-
ated to neonatal periventricular leukomalacia, developing brain 
injury due to ischemia in the periventricular area (23).

Lf has a well-known therapeutic indication for combating 
IDA in pregnant women, as it is able to influence iron homeo-
stasis directly or through other proteins, such as hepcidin, 
Il-6 or iron transporter ferroportin (FPN), involved in iron 
transport out of intestinal cells into the blood (13,14). Recent 
advances on the role of inflammation in iron homeostasis may 
provide an explanation for the failure of the common therapy 
with ferrous sulfate in restoring physiological concentrations 
of total serum iron and serum ferritin.

It is thought that Lf is capable of protecting against infec-
tion through different mechanisms of action, by regulating the 
iron needed for bacterial proliferation, specifically through its 
strong iron-binding power (11,12). Lf is also capable of causing 
cell membrane destruction by binding bacterial cell membrane 
proteins (24,25). Furthermore, it has an inhibitory effect on 
LPS-induced production of inflammatory cytokines (TNF-α, 
IL-1β, IL-6, and IL-8 mRNA) and in monocytic cells by inter-
fering with NF-κB activation (26,27). Additional functions of 
Lf have been reported, such as neutrophil and macrophage 
activation (28), regulation of specialization and function of 
lymphocytes (29), activation of the natural killer cells (30), and 
control of the oxidation injury (31).

Hasegawa et al have previously demonstrated that 
LPS-induced IL-6 production in human amnion cells was 
significantly inhibited by the physiological concentration of Lf 
in vitro, suggesting that increased levels of Lf under infectious 
conditions might serve as a self-defense mechanism for both 
antibacterial and anti-cytokine actions (32). Later, the same 
research group reported that the transcervical administration 
of Lf to pregnant rabbits, previously inoculated with E. coli, 
improved fetal survival and prolonged pregnancy (32). Yakuwa 
and Otsuki conducted an interesting study in preterm pregnant 
mice uterine cervix modification caused by bacterial vaginal 
infection, and demonstrated that vaginal administration of 
rhLf may be a potential as a local treatment  for combating 
host inflammatory response and preventing cervical ripening 
and dilatation mediated by inflammatory cytokines (16).

The present data suggest that the Lf mechanism of action 
is to normalize vaginal flora (vaginal infection disappearance) 
and suppress vaginal inflammatory response (reduction of 
IL-6 levels on cervicovaginal fluid).

We found that oral administration of 100 mg Lf twice a 
day for one month, causes reduction of IL-6 in cervicovaginal 
fluid (IL6cv) and the normalization of vaginal flora in women 
at risk of preterm delivery. Apart from the clinical data and 
the lack of effects on cervical parameter at TV-US, our study 
suggests that Lf prolongs gestation by suppressing the IL-6 

cervicovaginal fluid level in preterm pregnant women. These 
preliminary data are consistent with the preclinical data on 
the role of Lf as a down-modulator of ongoing immune-
inflammatory responses during preterm delivery.

Further studies are warranted to confirm our data which 
provide valuable proof of concept for the potential use of Lf 
for the prevention of preterm delivery.
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