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Salivary Lactoferrin in Neonates with Chorioamnionitis
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Abstract: Lactoferrin, an iron-binding glycoprotein, has been found to have
various biological functions in various tissues. Although, many studies have
been reported on salivary lactoferrin in adults and children, little is known
regarding lactoferrin in salivary fluid of neonates, especially under conditions of
chorioamnionitis (CAM). Salivary lactoferrin concentrations in neonates
gradually increased as the days advanced and when breast feeding started, the
levels elevated significantly. Salivary lactoferrin levels in neonates measured
on the day of delivery in the group delivered with chorioamnionitis were
3.4=0.5 ug/ml and were significantly higher (p<0.05) than those without
chorioamnionitis (0.8=0.3 ug/ml). The changes in the lactoferrin concentra-
tions of salivary fluids in neonates were demonstrated. Furthermore, the
elevation of salivary lactoferrin concentrations in neonates in response to the
amniotic infection suggested the novel function as a host defense against
infections.
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Introduction

Lactoferrin, an 80 kDa iron-binding glycoprotein was first isolated from human milk'-®
and other biological fluids, e.g., urine®, saliva in adult and amniotic fluid®. Lactoferrin
consists of a single polypeptide chain and two iron-binding sites per molecule®.

Many biological functions of lactoferrin have been reported, including bacteriostatic ef-
fect™ ", iron absorption'*>'®); lymphocyte growth-promoting effects, and product regulation
of macrophages, granulocytes, and neutrophils'*'®. Inhibition of lipid oxidation has also
been reported!®'”. The bacteriostatic effect of lactoferrin is one of the significant physi-
ological functions in human milk. High concentration of lactoferrin in colostrum might be
one factor that explains why breast-fed infants rarely suffer from intestinal infections. There-
fore, it has been suggested that lactoferrin plays a possible role in the defense against local
mucosal infections'®'®. In addition, lactoferrin has been found in amniotic fluid® and sup-
presses the production of inflammatory cytokines, tumour necrosis factor alpha, and inter-
leukin 6%” both in vivo and in vitro.

Although several studies of salivary lactoferrin in adults?*:?» and in children have been
reported?®, there is no information about salivary lactoferrin in neonates, especially those
delivered under conditions of amniotic infection. Amniotic infection causes the degradation
of chorioamnion with the invasion of granulocytes and intrauterine fetal infection. Therefore,
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in the present study, lactoferrin concentrations were measured in the saliva of neonates who
had been delivered with and without chorioamnionitis (CAM), and the possible role of
salivary lactoferrin is discussed.

Materials and Methods

Subjects
Subjects were 18 full-term neonates (9 boys and 9 girls) who had been delivered without

obstetric complications. Saliva was collected daily and the subjects were observed for 4 to
5 days. Saliva was collected on the day of birth from neonates (4 boys and 3 girls) who
had been delivered under conditions of CAM, which had been diagnosed pathologically**.
There was no significant difference between two groups in gestational age at birth (normal;
39.5+1.1 weeks; CAM (+); 38.1%=1.7 weeks) or body weight (normal; 3,118+319 g; CAM
(+); 2,955+377 g). No neonates had complications after birth. The children were fed
5% sugar water until breast feeding was started, and physiological weight losses were less
than 7%.

The purpose of the study was explained and informed consent was obtained from all
parents.
Sampling

To minimize possible effects of the circadian sleep-awake cycle and feeding on lactoferrin
levels, the first saliva sampling of neonates was performed between 19:00 and 20:00 on the
day of birth. Saliva sampling was performed every day until breast feeding started.

A dental cotton roll (1 cm in diameter, 3 cm in length) was used to collect saliva from
the infants according to the method previously reported®®. Saliva sampling was continued
for about 5 to 10 minutes, and if necessary, unsweetened lemon crystals were given to obtain
sufficient amount of saliva?®. Saliva was kept frozen at —80°C until assayed.

Chemicals

Anti-human lactoferrin IgG from sheep and anti-human lactoferrin peroxidase conjugate
from sheep were obtained from The Binding Site. (Birmingham, England). Lactoferrin
from human milk was purchased from Sigma, Co. (St. Louis, Mo, USA).

All other reagents were of analytical grade.

Lactoferrin measurement

Human lactoferrin in saliva was measured with enzyme-linked immuno-sorbent assay
(ELISA) of the sandwich type modified with the method reported by Camile and Irwin2".
The method is illustrated in Fig. 1.

Polyvinyl microplates (Immuno Plate MaxiSorp F96, Nunc, Roskilde, Denmark) were
coated with anti-human lactoferrin IgG from sheep. The coated plates were left for 2 hours
at 37°C in a moisture chamber before use. To prevent non specific binding, gelatin was
added to the plates. Aliquots of saliva samples were diluted 100 to 500 times with phos-
phate buffered saline. Incubation was performed for 1 hour at 37°C. Plate was washed
and purified anti-human lactoferrin peroxidase conjugate from sheep was added and succes-
sively incubated for 1 hour. Plates were washed and left for 20 minutes at room tempera-
ture. The intensity of the green color was measured with an ELISA Reader (International
Reagents Corporation, Tokyo, Japan). Assays were performed in duplicate. Inter and intra
coefficients of variation were 4.7 and 7.0%, respectively. The acceptable assay range lies

Abbreviations: CAM: chorioamnionitis, ELISA: enzyme-linked immuno-sorbent assay.
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Fig. 1. Measurement of salivary lactoferrin by ELISA (enzyme-linked immuno-sorbent
assay) of the sandwich type, a modification of the method reported by Camille and
Irwin®,

Table 1. Changes of salivary lactoferrin levels in neonates after birth.

Days after birth No. of samples Lactoferrin (ug/ml)
0 18 0.8+0.3
1 18 2.5+3.2a
2,3 11 4.1+4.12
4, 5 7 5.7+1.82
breast feeding 18 34.1+10.1Y

a; p<0.05 v.s. day 0, b; p<0.01 v.s. 1 day before.

between 5 and 250 ng/ml.

Statistics
The data are presented as mean=+S.D. Statistical analysis was performed by means of
unpaired Student’s t-test. In all analyses, p<0.05 was considered to indicate statistical

significance.

Results

Changes in salivary lactoferrin concentrations in neonates after birth are shown in Table 1
and Figure 2. Lactoferrin levels in salivary fluid on the first day were 0.8+0.3 ug/ml, and
the concentrations increased significantly on the 1st day of life and gradually increased as
days passed. After breast feeding started, salivary lactoferrin levels in all neonates increased
significantly, to 34.1=10.1 ug/ml (p<0.01). The salivary lactoferrin levels of neonates
on the day of birth in the CAM (+) group were 3.4+0.5 ug/ml and were significantly higher
(p<0.05) than those in normal neonates (0.8+0.3 ug/ml) (Fig. 3).

Discussion

Salivary lactoferrin levels in neonates were demonstrated. Salivary lactoferrin levels in
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Fig. 2. Changes of salivary lactoierrin levels in neonates after birth. a; p<0.05 v.s. day O,
b; p<0.01 v.s. 1 day before.
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Fig. 3. Lactoferrin levels in salivary fluids with and without chorioamnionitis. CAM(7);
n=18. CAM(*); n=7. Values are expressed as mean+S.D., *; p<0.01.

neonates gradually increased with the days progressed and when breast feeding was started
extremely high levels of lactoferrin was observed. Salivary lactoferrin levels in neonates
were similar to the levels reported previously in children and adults??2%:2728), The salivary
concentrations of lactoferrin in adults were reported to be 2-50 ug/ml?*®>. On the other
hand, Tenovuo et al.?®> and Lehtonen et al.? reported that the concentrations of salivary
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lactoferrin measured by ELISA in children aged 0.8 to 3.8 years were 3.0=1.6 ug/ml and
that in adults were 8.5+4.0 ug/ml. Takemori?®’ reported that salivary lactoferrin levels in
adults were 4.03+=1.48 ug/ml. The lactoferrin concentrations in human milk showed several
mg/ml. From our findings, the lactoferrin levels of salivary fluids in neonates were signifi-
cantly (p<0.001) increased after the breast feeding started and the levels reached over the
ten times higher than that collected before the breast feeding. To minimize possible effects
of feeding on lactoferrin levels, all saliva samplings were performed at least 30 minutes prior
to breast feeding in the present study. However, the contamination of the milk in these
breast fed infants in saliva can not be completely ruled out.

Recently, the relationship between amniotic infection and preterm labor is well docu-
mented. Among several biological functions of lactoferrin proposed, the bacteriostatic effect
of lactoferrin may be the most significant one. Chimura et al.*® reported the decreased of
lactoferrin levels in cervical mucous in case of chorioamnionitis. However, there is no re-
port in regard to the lactoferrin levels in salivary fluid collected from the infant delivered
with CAM. Therefore, in the present study, the lactoferrin concentrations in salivary fluids
with CAM were measured. Significant high levels of salivary lactoferrin was observed.

Anti-microbial factors including lactoferrin in whole saliva of children were analyzed by
Tenovuo et al.?*), and they reported that the lactoferrin concentrations in children prone to
recurrent respiratory infections were compatible to those of healthy children?®. Since lacto-
ferrin inhibits the growth of bacteria and fungi in vitro, lactoferrin may be a possible con-
tributor to defense against local mucosal infections'®'). Therefore we presumed that sali-
vary lactoferrin in neonates might act as a local protection factor against infections. Most
recently, we have measured the levels of lactoferrin in amniotic fluid in normal pregnancy,
and the levels were compared with those complicated with infection. High lactoferrin con-
centrations in amniotic fluid were associated with the infection in this preliminary study
(unpublished data). It has been proposed that lactoferrin might be involved in the protection
of feto-placental allograft from immune rejection. At present, however, the physiological
functions of salivary lactoferrin are not fully understood. Our results showing the increase
of lactoferrin levels in salivary fluids with CAM, suggest that salivary lactoferrin in neonates
may have some defense mechanisms against the intrauterine bacterial infections as a host
defense against local infections.
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