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Abstract

Objectives—Lactoferrin (LF) is a breast milk glycoprotein with protective effects against 

neonatal infections, mainly in premature and low-birth-weight (LBW) neonates. The aims of this 

study were to determine LF concentration in breast milk of mothers of LBW infants during the 

first two months postpartum, and to identify the factors associated with LF concentration.

Study Design—Prospective study conducted as a part of an ongoing clinical trial in three 

Neonatal Units in Peru. We included 346 mothers of neonates with a birth weight <2000g. We 

measured LF concentration in four stages of lactation using a commercial enzyme-linked 

immunosorbent assay kit. Multivariate analysis was performed to assess the association between 

maternal and neonatal factors, and LF concentration.

Results—We collected 695 milk samples. LF mean concentration ± standard deviation was 

14.92±7.96 mg/mL in colostrum (n=277), 10.73±5.67 in transitional milk (n=55), 10.34±6.27 at 1 

month (n=259), and 8.52±6.47 at 2 months (n=104). There was a significant difference in LF 

concentration between different stages of lactation (p<0.001). Mothers with higher LF 

concentration in colostrum had higher values in the following two months. High maternal income 

and multiple gestation were significantly associated with higher LF levels; in contrast, maternal 

peri-partum infections and male neonatal gender were associated with lower LF levels.

Conclusions—LF concentration in breast milk of mothers of LBW infants was high and 

remained elevated even at 1 and 2 months postpartum. LF concentration in colostrum was higher 
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in mothers with higher income and multiple pregnancies, and lower in mothers with peri-partum 

infections.
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Introduction

Neonatal sepsis is one of the most important causes of death in infants, mainly in premature 

and low-birth-weight (LBW) neonates(1,2). Multiple interventions are being studied to 

reduce the morbidity of this serious infection and therefore, prevent its high mortality and 

negative effect on growth and long-term neurodevelopmental outcome(3–5). The beneficial 

effects of human milk against neonatal sepsis in these vulnerable populations are well 

established(6,7).

Lactoferrin (LF), a breast milk’s protective factor, is a glycoprotein with antimicrobial 

properties which is present not only in human breast milk, but also, in other body fluids(8). 

LF’s antimicrobial effect has been demonstrated in vitro and in animal models(9,10). 

Currently, several clinical trials around the world are investigating the effect of supplemental 

bovine or recombinant human LF for preventing neonatal infections(11). Three recent 

double-blinded, placebo-controlled, randomized clinical trials have been published regarding 

the protective effect of bovine LF supplementation in newborns: Manzoni in 472 very LBW 

infants in Italy(12), Akin in 50 very LBW infants or with gestational age below 32 weeks in 

Turkey(13), and Ochoa in 190 infants below 2500 grams at birth in Peru(14). These trials 

have been reviewed in a recent meta-analysis(15). In addition, two pilot studies conducted in 

the United States (16) and Canada (17) have been recently published.

LF is the second most abundant protein in breast milk; however, its concentration varies 

through lactation, and is associated with some maternal and neonatal factors(18). A recent 

systematic review describes the LF longitudinal changes in breast milk from mothers around 

the world(19). However, there are not published studies that include a large sample size with 

a standardized method for LF measurement, especially among breast milk of mothers of 

premature infants. The aims of this study were to determine the changes in LF 

concentrations during the first 2 months postpartum in breast milk of mothers of LBW 

infants and to identify the maternal or neonatal factors associated with these concentrations.

Methods

Study design and setting

We conducted a prospective study as a part of an ongoing randomized placebo-controlled 

trial of bovine LF supplementation for prevention of late-onset-sepsis in infants 

(NEOLACTO, NCT01525316). This study was carried out from May 2012 to September 

2014 in the Neonatal Units of three tertiary care hospitals in Lima, Peru: “Hospital Cayetano 

Heredia”, Hospital Nacional Almenara” and “Hospital Nacional Sabogal”. The study was 

approved by the Institutional Review Boards (IRB) of the University of Texas Health 
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Science Center at Houston, Universidad Peruana Cayetano Heredia, and the IRB of the 3 

participating hospitals. Parents gave written informed consent to participate before the 

collection of clinical data and biological samples.

Study participants

We included 346 mothers of neonates with a birth weight <2000g. From the 414 infants 

enrolled in the NEOLACTO clinical trial, 37 mothers of multiple pregnancies (35 had twins 

and 2 had triplets), so they were only considered once. Milk samples from 29 mothers were 

not obtained or were out of the time frame, therefore, they were not included in the analysis. 

We included mothers whose infant’s birth weight was between 500 and 2000 grams within 

the first 72 hours after birth. We excluded mothers whose infants had gastrointestinal 

problems (n=7) that prevented oral intake (such as esophageal atresia, gastroschisis, 

duodenal atresia, small bowel obstruction, among others), mothers whose infants were born 

with severe neurological conditions (n=17) that profoundly affect the growth and 

development (such as trisomy 18, trisomy 21, anencephaly, myelomeningocele, among 

others), or family history of allergy to cow’s milk.

Data from the mother’s medical history (maternal age, parity, prenatal care, prenatal 

complications, use of antibiotics or steroids, anemia, socio-economic status, and mode of 

delivery) and neonatal characteristics (weeks’ gestation, gender, birth weight and Apgar 

score) were collected at enrollment.

Milk collection and processing

Sample collection was standardized to reduce bias and daily variability. The mothers were 

educated by qualified nurses for adequate milk collection. They collected an aliquot of 2–3 

ml of milk in sterile polystyrene containers by manual extraction from either breast before 

breastfeeding. Samples were obtained according to the stages of lactation: colostrum (0–7 

days), transitional milk (8–14 days), mature milk at 1 month (30±7 days), and at 2 months 

postpartum (60±7 days). If a sample was collected out of those time frames, it was not 

included in the analysis. They were immediately stored in coolers that contained an ice 

block at −4 C° for transportation to the laboratory.

Lactoferrin concentration measurement

First, the milk samples were centrifuged (13000 RPM for 15 minutes); then, the fat layer 

was removed and the milk serum was kept frozen at −70°C until LF quantification. We 

measured the LF concentration using a commercial enzyme-linked immunosorbent assay kit 

(ELISA) (Assaypro LLC, 30 Triad South Drive St., Charles, MO 63304, USA) according to 

the manufacturer's instructions. All the reagents were allowed to be warmed up to room 

temperature (25°C) before use. The plates were read by optical density at a wavelength of 

450nm using the Microplate reader (BIOTEK, Synergy H1m Multi-Mode Microplate 

Reader). The quantitative analysis of samples was done using a Four Parameter Logistic Fit 

(http://www.myassays.com/welcome.aspx). The LF concentrations were reported as 

milligrams per milliliter (mg/mL).
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We performed quality control assays to determine if our LF concentrations were reliable. 

Every sample was tested twice; when the second value differed more than 5mg/mL from the 

original, the sample was retested in order to verify an accurate LF concentration. To ensure 

the precision of the ELISA kit used (Assaypro), we randomly selected and retested 8 milk 

samples with a different ELISA kit (Abcam – Massachusetts, USA). In addition, we 

collected 6 milk samples (4 samples were collected at 1 month postpartum, and 2 samples at 

2 months postpartum) and looked for variations according to the moment of milk extraction: 

at the beginning, middle or at the end of a lactation. Also, we measured LF concentrations in 

9 samples from all milk expressed by emptying the entire breast (all milk), to compare with 

the concentrations obtained from an aliquot collected with our standard technique.

Statistical analysis

The data analysis was performed with Stata software version 8 (College Station, Texas, 

USA). Categorical variables were expressed in frequencies and percentages. Continuous 

variables were summarized using means (standard deviation [SD]) and/or medians 

(interquartile ranges [IQR]). Quantitative variables, such as maternal age, parity, monthly 

income, neonatal birth weight, gestational age and Apgar score were recoded into 

categorical variables using standard cut-off points. The comparison of LF concentration 

between different stages of lactation was done using linear regression to determine the slope 

(β), the r2 coefficient and the p-value. To compare changes in LF concentration between 

colostrum and mature milk at one month in the same woman we used a paired sample t test. 

The milk samples that were obtained as a quality control were analyzed by using linear 

regression.

We looked for associations between the LF concentration in colostrum or mature milk (at 1 

month), and maternal/neonatal variables using linear regression with a logarithmic 

transformation of the dependent variable (LF concentration) to achieve homoscedasticity. 

The milk samples of mothers with multiple births were excluded in this analysis. All 

variables with a p-value of <0.1 in the bivariate analysis and all possible two-factor 

interaction terms were included in the multivariate analysis. For the multivariate analysis, 

statistical significance was defined as a p-value <0.05. Using a stepwise approach, non-

significant variables were excluded until a final model was achieved. Only the variables with 

significant association were presented in the results.

Results

We included 346 mothers and collected 695 milk samples: 277 (39.9%) colostrum, 55 

(7.9%) transitional milk, 259 (37.3%) mature milk at 1 month and 104 (14.9%) at 2 months 

postpartum.

Maternal and neonatal characteristics

The median maternal age (IQR) was 30 years (24 – 34); 278 (83.5%) had prenatal care and 

the median monthly income (IQR) was $333.3 (266.7 – 533.3) (Table 1). The main 

complications were cesarean delivery 274 (79.4%), preterm labor 157 (45.5%), preeclampsia 

110 (31.8%) and maternal peri-partum infection 90 (28.0%). The newborns had a median 
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gestational age (IQR) of 31 weeks (29 – 33), a median birth weight of 1415 grams, and a 

birth weight range between 570 to 2000 grams. 24.6% of infants were found to be small for 

gestational age.

Lactoferrin concentration

LF mean concentration ± SD varied according to the lactation stage (Figure 1): colostrum 

14.92±7.96 mg/mL, transitional milk 10.73±5.67 mg/mL, mature milk at 1 month 

10.34±6.27 mg/mL and mature milk at 2 months 8.52±6.47 mg/mL (Table 2A). There was a 

significant difference in LF concentration between different stages of lactation (p<0.001) in 

all subjects and in the <1500g birth weight infants. LF concentration categorized by days 

postpartum based on Rai’s systematic review(19) is presented in Table 2B. Using a cutoff 

point of 28 days, we found a LF concentration of 13.73±7.71 mg/mL in milk samples 

collected up to 28 days postpartum (n=369), and a concentration of 9.89±6.48 in samples 

from 28 days onwards (n=326). Of interested, after 30 days postpartum, the mean ± SD of 

LF concentration was 9.57±6.48 mg/mL.

When looking for correlation between different samples from the same woman, we found a 

significant positive correlation between LF concentration in colostrum and mature milk at 1 

month postpartum, and between mature milk at 1 month and at 2 months postpartum (Suppl. 

figure 1).

Mothers with higher LF concentration in colostrum had higher values in the following stages 

of lactation, although the differences tend to disappear over the course of time (Figure 2). In 

those women who provided a sample of colostrum and mature milk at 1 month (n=203), 

there was a significant reduction of 5.38 mg/mL in the LF concentration (15.68 – 10.30 

mg/mL respectively, p<0.001). The administration of supplemental bovine LF had no effect 

on LF concentration in human milk, measured at 1 month postpartum (p=0.09).

As a quality control, we performed three additional comparisons to verify the accuracy of 

LF concentration. We compared LF level and its variation in the same woman using two 

different ELISA kits by a linear regression. We also compared LF concentration in milk 

samples collected from the same woman at different timings within an extraction: beginning, 

middle, end of lactation. Finally, LF concentration was also measured in 9 samples obtained 

from the same mother using 2 methods of extraction: aliquot collected by our standard 

method versus all milk expressed by emptying the entire breast. No significant differences 

were found among LF concentrations obtained by performing these three quality controls.

Association between LF concentration and maternal or neonatal characteristics

All the maternal and neonatal characteristics were analyzed in the bivariate analysis with the 

logarithmic transformation of LF concentration in colostrum and maternal milk at 1 month 

(Table 3). Significant associations were found between LF concentration and monthly 

income, peri-partum infections, and multiple pregnancy. These variables, in addition to 

prenatal care and preterm labor, were included in the multivariate analysis comparing the 

maternal or neonatal characteristics, with the logarithmic transformation of LF 

concentration, as in the bivariate analysis. Maternal income and multiple pregnancy were 

significantly associated with higher LF concentrations in colostrum. Maternal peri-partum 
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infection was significantly associated with lower a LF concentration in colostrum (Table 4). 

Regarding the neonatal factors, neonatal gender and gestational age were included in the 

multivariate analysis. Male gender was associated with a significant reduction of LF 

concentration at 1 month postpartum (Table 4). No interaction terms were significant.

Discussion

This is the first study to present in detail the variation of lactoferrin concentration in milk 

from a large set of mothers of preterm newborns. We found high LF concentrations in breast 

milk of mothers of LBW infants. The mean of LF concentration decreases in time, from 

15.68 mg/mL in colostrum to 10.30 mg/mL in mature milk at 1 month postpartum in those 

mothers who provided both samples. These results are consistent with previous studies, 

which have shown that LF levels decrease significantly in relation to the number of days 

postpartum (20–22). Our LF values are considerably higher than those previously reported; 

in general, it is considered that the concentration of LF is 5–6 mg/mL in colostrum, and 0.5–

1 mg/mL after the first month of lactation(23,24). However, previous studies included 

mainly mothers of term infants and used different analytical methods to quantify LF 

concentration (radial immunodiffusion, immunoelectrophoresis, ELISA, and SDS-PAGE). 

Rai et al. published a systematic review on LF concentrations around the world including 52 

studies in 25 countries(19). In “early milk” (<28 days lactation) they found a LF 

concentration ± SD of 4.91±0.31 mg/mL, and in “mature milk” (≥28 days lactation) it was 

2.10±0.87 mg/mL. Using the same cutoff point in days postpartum, in our sample we found 

a LF concentration ± SD of 13.73±7.71 mg/mL in early milk, and 9.89±6.48 mg/mL in 

mature milk.

LF levels are higher in mothers of preterm neonates (23,25,26). When analyzing the data 

that included only preterm infants from eight previous studies, Rai et al. found the LF 

concentration in colostrum was 5.93±1.39 mg/mL and 3.55±0.90 mg/mL in mature 

milk(19). These values, although higher than studies in term infants, are lower than what we 

found. One possible explanation for this discrepancy is the lack of data on the gestational 

age or birth weight from infants of those mothers enrolled in the previous studies. Therefore, 

we cannot determine if the populations are comparable; our sample included mothers of 

infants with a median gestational age (IQR) of 31 (29–33) weeks and a median birth weight 

(IQR) of 1415 (1130–1692) grams, all were LBW infants. In addition, some limitations of 

previous studies in preterm infants were the relative small sample size, the use of different 

sample collections techniques, and different methods for LF measurement(19); all of which 

are the strengths of our study.

The elevated LF values found in our study may be related to the high proportion of mothers 

who underwent cesarean delivery (79.4%), or used steroids (77.2%), which may cause stress 

and a delay in breast milk secretion, and therefore, an increase in the LF concentration. 

However, none of those two variables showed statistical significance in the bivariate analysis 

(p=0.72 and p=0.25, respectively). This theory has been suggested by Tang et al., who 

proposed that steroid hormones may have an effect on LF expression(27). Thus, these results 

could probably be extrapolated only to areas in the world with similar delivery conditions, 

especially delivery of LBW infants. Of interest, although high LF levels in colostrum could 
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be related to stressed delivery conditions, the groups of mothers with high LF levels in 

colostrum (> 20 mg/mL) continue producing higher LF concentrations at 1-month 

postpartum (≈ 14 mg/mL) (Figure 2).

Since the LF concentrations found in our study were high, we performed several quality 

control assays to verify the accuracy of these finding. First, we used two different 

commercial LF ELISA kits to compare the LF concentration in the same milk samples and 

found similar results. Then, we compared the concentration in milk samples obtained at 3 

different timings within a milk extraction (beginning, middle, and end), with the hypothesis 

that probably the LF concentration was higher at the beginning of the milk breast extraction 

(the standard technique used in our study). However, we found similar concentrations in 

either middle or final timing of extraction when comparing with the levels obtained at the 

beginning. Finally, we compared the LF concentration in an aliquot (2–3 mL) taken out of 

the total breast extraction (40–50 mL of mature milk) versus our standard aliquot (2–3 mL) 

taken at the beginning of the milk extraction (our collection technique) from the same 

mother, and found no significant differences.

In relation to the factors that may influence the LF levels, the literature has contradictory 

findings. In colostrum, we found higher LF concentrations in mothers with higher monthly 

income, which is consistent to what was published by Hennart et al.(28) comparing mothers 

from rural and urban areas in Zaire. However, Sanchez-Pozo et al. found an opposite 

association in Spain with higher values in mothers of low socio-economic groups(29). We 

found higher LF levels in colostrum of mothers with multiple pregnancy (twins), contrary to 

what was previously published(28). On the other hand, we found an inverse relationship 

between maternal peri-partum infection and LF concentration in colostrum. Lönnerdal et al. 

showed similar results, higher LF levels in non-ill Peruvian mothers than ill mothers (urinary 

tract infection, chorioamnionitis, respiratory or skin infection)(20). Two different studies 

compared the LF concentration in amniotic fluid in mothers with choriamnionitis; both 

found an increased LF value in the amniotic fluid of infected mothers(30,31). Our lower LF 

concentrations in milk may be related to a “compensatory decrease” in breast milk due to a 

significant rise in the amniotic fluid; however, this is only a hypothesis that needs to be 

proven. Finally, we found a significant association between male neonates and reduced LF 

concentration in mature milk at 1 month. There are no previous studies that have analyzed 

this association. Our study did not find a significant correlation with other factors, such as 

daily fat intake(32), maternal parity(28,33), and ill-infants(34). Nevertheless, many 

geographical and socioeconomic factors may explain the differences found among studies. 

There are no large, multicenter and standardized studies to determine the factors associated 

with LF concentration in breast milk.

Our study has some limitations. First, we have not used the “gold standard” technique for 

breast milk collection, which is all the milk collected by total breast emptying during 24 

hours; however, we have compared it with our technique (aliquot sample at the beginning of 

breastmilk extraction) in a small number of samples and found no significant differences. 

Second, not all of our samples were collected at the same time of the day. We know there are 

circadian differences in breast milk composition, and this could explain some of the 

heterogeneity on LF levels between samples at the same stage of lactation. Third, we have 
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not collected information on some maternal factors such as nutritional status, diet, and signs 

of labor, which could affect the LF concentration. Fourth, we have a smaller number of milk 

samples at 2 months postpartum, because we started to collect these samples later on our 

trial due to high LF levels found at 1 month postpartum. Finally, we only included samples 

from Peruvian mothers, which may affect this study’s generalizability across other 

ethnicities. Nevertheless, this is, to our knowledge, the study with the largest number of milk 

samples collected (≈ 700) from mothers of LBW preterm infants with sequential samples up 

to 2 months postpartum. Future additional studies are needed to determine the protective 

effect of different LF concentrations in breast milk.

In conclusion, our study showed that LF concentrations in breast milk of mothers of LBW 

infants are high and remain elevated in the first two months postpartum. Peruvian mothers of 

LBW infants have higher LF values than previously reported for preterm neonates. LF 

concentration in colostrum was significantly higher in mothers with higher income and 

multiple pregnancies, and lower in mothers with peri-partum infections. Although LF 

concentrations decrease with days postpartum, preterm neonates continue to receive a high 

concentration of this protective factor during the critical first two months of life. Therefore, 

pediatricians and all healthcare personnel should continue to promote exclusive breast-

feeding during this period.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Lactoferrin concentration according to stage of lactation. n = 695 milk samples of mothers 

of low-birth-weight infants (< 2000g).
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Figure 2. 
Variation in LF concentration in breast milk from each individual mother over the course of 

lactation. Data are presented as mean LF concentrations, and are classified in three groups 

per initial LF concentration in colostrum. Mothers with colostrum LF concentrations 

between 20 and 45 mg/mL (▲) maintained relative higher concentrations at 1 month, when 

compared to mothers with lower colostrum LF concentrations [10 to < 20 mg/mL (■) and 0 

to < 10 mg/mL (◆)]. At two months, all mothers had similar LF concentration values.
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Table 1

Maternal and neonatal characteristics.

Maternal/neonatal characteristics n=346

Maternal characteristics

  Maternal age, median (IQR) years 30 (24–34)

  Parity, median (IQR) 1 (0–2)

  Prenatal care, n/N (%) 278/333 (83.5%)

  Monthly income, median (IQR) USD 333.3 (266.7–533.3)

  Maternal anemia, n/N (%) 16/345 (4.6%)

Delivery characteristics and complications

  Cesarean delivery, n/N (%) 274/345 (79.4%)

  Use of steroids, n/N (%) 237/307 (77.2%)

  Preterm labor, n/N (%) 157/345 (45.5%)

  Preeclampsia/eclampsia, n/N (%) 110/345 (31.8%)

  Peri-partum infection, n/N (%) 90/321 (28.0%)

  Premature rupture of membranes, n/N (%) 80/333 (24.0%)

  Multiple pregnancy, n/N (%) 52/345 (15.1%)

Neonatal characteristics

  Male, n/N (%) 175/294 (59.5%)

  Gestational age, median (IQR) 31 (29 – 33)

  Birth weight, median (IQR) grams 1415 (1130 – 1692)

  Apgar score 1 min, median (IQR) 8 (6–8)

  Apgar score 5 min, median (IQR) 9 (8–9)

IQR: interquartile range
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Table 4

Multivariate analysis between maternal/neonatal characteristics and logarithmic transformation of LF 

concentration in different stages of lactation.

Maternal/neonatal
characteristics

Colostrum (Log LF) Mature milk at 1 month (Log LF)

β p-value β p-value

Monthly income ≥ 300 USD +0.19 0.004 - -

Multiple pregnancy +0.18 0.03 - -

Peri-partum infection −0.19 0.008 - -

Male gender - - −0.15 0.035
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