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Introduction: The mother's colostrum carries immunological components, such as cytokines and immunoglobulins (Igs), derived from the maternal circulation with bacteriostatic properties.

Objective: The objective of this study was to evaluate the effect of oropharyngeal administration of colostrum (OPAC) vs. placebo in the first 4 days of life in premature newborns ≤32 weeks of gestation on serum Ig concentration, neonatal morbidity, and total days of hospitalization.

Hypothesis: The OPAC increases serum Igs and decreases morbidity and total days of hospitalization.

Materials and Methods: A double-blind randomized controlled trial was carried out. Participants were randomly assigned to one of the two groups, namely, group 1: placebo (P) (n = 50) and group 2: colostrum (C) (n = 46). A blood sample was obtained at baseline and 7 and 28 days of life to quantify immunoglobulin G (IgG), immunoglobulin A (IgA), and IgM. Results: The C group showed an increase in serum IgA on day 28 expressed as median and [interquartile range]; C: 25 [12–35] vs. P: 11 [8–18], p < 0.001. There were no significant differences in neonatal morbidity. Newborns in the colostrum group showed the completed enteral feeding earlier (days), C: 13.9 ± 7 vs. P: 17.4 ± 8.4, p < 0.04; they reached the birth weight earlier, C: 10.9 ± 2.8 vs. P: 12.9 ± 4, p < 0.01, and had less days of hospitalization, C: 60.2 ± 33.8 vs. P: 77.2 ± 47.3, p < 0.04. Neonatal mortality was lower in the colostrum group than the placebo group 0% vs. 12%, respectively, without a statistical difference (p = 0.06).

Conclusion: In premature newborns ≤32 weeks of gestation, the OPAC within 4 days after birth increases serum IgA concentration at day 28 compared to placebo. Similarly, OPAC decreased the days to complete enteral feeding and reach the birth weight and total days of hospitalization.

Clinical Trial Registration: [https://clinicaltrials.gov/ct2/show/NCT03578341], identifier: [NCT03578341].
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INTRODUCTION

Preterm birth is a live birth that occurs before 37 completed weeks of gestation. Approximately 15 million babies are born preterm annually worldwide, indicating a global preterm birth rate of about 11% (1, 2). Low-weight and extremely low-weight newborns are at risk of presenting complications, of which the most frequent are nosocomial sepsis (20–54% in those under 1,000 g), with a high mortality rate of close to 18% (3); necrotizing enterocolitis (NEC) with frequencies of 2–7% in premature newborns ≤32 weeks of gestation, and 5–22% in those <1,000 g (4); other frequent complications include intraventricular hemorrhage, bronchopulmonary dysplasia (BPD), and immune alterations related to gestational age (3).

Active transport of immunoglobulin G (IgG) across the placental syncytiotrophoblast is dependent on maternal placental IgG concentrations beginning in the second trimester of pregnancy. Transport occurs linearly as pregnancy progresses, and the most significant amount is transferred in the last trimester, reaching 50% of maternal concentrations between gestational weeks 28 and 32. Premature newborns have significantly lower IgG concentrations than preterm newborns (5).

Immunoglobulin A (IgA) inhibits the adherence of pathogens in the respiratory tract and the epithelium of the intestinal mucosa, functioning as a barrier (6). The number of immunoglobulins (Igs) found in colostrum on days 1–3 is IgG: 80–50 mg, IgM: 120–40 mg, IgA: 11,000–2,000 mg, and 1 to 3 g in mature milk, which means that the breastfed newborn receives passive immunity against viral and bacterial infections (7). These Igs are decreasing, and transitional milk contains less than colostrum; however, they remain effective during the duration of lactation.

The current recommendation to start feeding, including premature newborns, is breast milk. Colostrum is produced during the first 5 days postpartum and contains many immunological factors, growth factors, cytokines, leukocytes, and large amounts of nutrients (8). When administered in the oropharynx, it activates oral and intestinal immunity, protecting premature infants from various inflammatory diseases, such as sepsis and NEC (9).

Colostrum also contains oligosaccharides that can be absorbed through the oral mucosa with systemic effects to protect against the development of NEC (10).

Recently, several studies have explored the effect of oropharyngeal administration of colostrum (OPAC) on infectious processes, and Rodríguez N et al. (11) administered 0.2 ml colostrum in nine patients in the oropharyngeal mucosa every 2 h for 48 h, starting at 48 h of life and compared with six patients who were administered placebo; they found no difference between the groups in lactoferrin, IgA, and IL-10 levels in tracheal aspirates and urine. However, the group with colostrum completed the enteral route earlier, 14.3 ± 5.7 vs. 24.2 ± 8.7 days (p < 0.032).

Other small studies analyzing the effects of the administration of colostrum for 48 h reported the results that are still inconclusive (12). Abd-Elgawad et al. (13) reported that infants receiving oral colostrum had a significantly shorter Neonatal Intensive Care Unit (NICU) length of stay compared with infants with regular feeding. This effect is probably related to early achievement of discharge criteria in terms of being off oxygen therapy, on full oral feeding, and reaching the required weight, even if there are two meta-analyses where it is reported no effect of oral colostrum therapy on the length of NICU stay.

A systematic review that includes six randomized clinical trials showed that the days to complete enteral feeds were reduced in the early oropharyngeal colostrum group compared to placebo with mean differences of−2.58 days (95% CI−4.01 to−1.14; six studies, 335 infants; P = 0.0004; I2 = 28%; very low-quality evidence) (14). However, researchers found no significant differences between early oropharyngeal colostrum and control for incidence of NEC, late-onset infection, death before hospital discharge, and length of hospital stay. The authors concluded that large, well-designed trials would be required to evaluate more precisely and reliably the effects of oropharyngeal colostrum on important outcomes for preterm infants (14).

Given the lack of conclusive information, the primary aim of this study was to compare the effect of OPAC vs. placebo in the first 4 days of life in premature newborns≤32 weeks of gestation on serum Ig concentration, neonatal morbidity, and total days of hospitalization.



MATERIALS AND METHODS


Study Design

A double-blind randomized clinical trial was carried out. The study was performed according to the principles of the Declaration of Helsinki and was approved by the Internal Review Board of the National Institute of Perinatology “Isidro Espinosa de los Reyes” and registered with a number (546) 212250-2320-10305-01-16. This clinical trial was registered with a number NTC03578341. Informed consent was signed by the mother of each participant.



Description of the Study Subjects

Premature newborns <32 weeks of gestation were included from 1 June 2018 to September 2019. Before administering the first dose of colostrum, 1 ml of blood was drawn for the serum quantification of Igs; the procedure was repeated at 7 and 28 days. Premature newborns whose mothers were carriers of HIV, hepatitis B and C, cytomegalovirus, newborns with major congenital defects, hemolytic syndromes, early-onset sepsis, or who received transfusions in the first 24 h of life were not included in the study.



Procedure

Participants were randomly assigned to one of the two groups: group 1: placebo (P) and group 2: colostrum (C), using a random number table. Both interventions (colostrum and placebo) were presented in the same packaging and appearance. The presentation was a sterile and 1-ml graduated plastic syringe that was covered with aluminum foil to cover the content. All mothers were asked to perform the expression manually or with a manual breast pump, regardless of their assigned group. The colostrum and placebo were prepared in the Human Milk Bank to perform the dosage of 0.3 ml of colostrum and 0.3 ml of double-distilled water for the placebo. Colostrum or placebo administration was started within 24 h after birth, every 4 h, for 4 days. Mothers extracted colostrum, twice a day, regardless of the group to which the newborns were assigned. The mothers of participants, research team, doctors, and the assistant nurse were blinded to the allocation group untilthe final analysis. The data were collected by two clinical doctors, who were blinded and did not take participation in the management of the patients.

The assistant nurse administered the colostrum or placebo drop by drop to the oropharyngeal mucosa of the newborn. During the administration, the nurse places the tip of the syringe in the child's mouth, along with the tissue of the right and left buccal mucosa, administering 0.15 ml (approximately three drops) of colostrum in each cheek of the mouth during a period at least 1 min with the tip directed toward the posterior part of the oropharynx; therefore, a total of 0.3 ml was administered per treatment session.

The institutional policy for feeding children under 1,500 g begins with the concept of aggressive nutrition; all premature infants receive solutions containing 2.8 to 3 g/kg/day of proteins, 4 mg/kg/min of glucose, and calcium gluconate; after 24 h, total parenteral nutrition is started at 3 g/kg/day of proteins, 2–3 g/kg/day of lipids, 4 mg/kg/min of carbohydrates to a total of 12.5 mg/kg/min (17.28 g/kg/day). The enteral nutrition begins with 12.5 ml/kg/day and is divided into eight intakes; depending on tolerance, it increases from 12.5 to 25 ml/kg/day with human milk or pasteurized donated milk up to 150 ml/kg/day; the total parenteral nutrition is gradually decreased and withdrawn upon reaching the volume mentioned. It is essential to mention that INPer has a Human Milk Bank and 100% of patients ≤32 weeks of gestation start with milk from their mother (40% homologous) or with pasteurized donated human milk (60%); however, for the next 15 days, premature newborns are fed 50/50% milk from their mother and with pasteurized donated human milk. After the first 15 days, once the newborns completed the enteral route, they continued to be fed with homologous and/or fortified pasteurized human milk (an acidified liquid fortifier is used, adding 4 vials of 5 ml of the fortifier to 100 ml of human milk). In addition, according to the tolerance of the enteral route, it is increased by 10 ml/kg/day until reaching 180 ml/kg/day. Newborns receive a multivitamin from the first week, which is continued daily during their hospital stay (vitamin A: 1,500 IU/ml, vitamin C: 30 mg/ml, and vitamin D: 400 IU/ml). Fifteen days after birth, they start with iron and folic acid, in a presentation of 600 mg/10 mg/100 ml (dosed at 2–4 mg/kg/day of iron), and continue until 1 year of age.

Basic characteristics, such as maternal age, prenatal control, use of prenatal steroids, history of maternal chorioamnionitis, diabetes mellitus, preeclampsia, premature rupture of membranes, mode of delivery, gestational age at birth, neonatal sex and weight, growth restriction, respiratory distress syndrome, Apgar score at 1 and 5 min, mechanical ventilation, CPAP nasal, oxygen in nasal cannulas, and intraventricular hemorrhage, were collected at the time of birth by a neonatologist.



Primary End Point

The primary outcome was to compare the serum Ig concentration (IgG, IgM, and IgA) after the OPAC in the first 4 days of life in premature newborns ≤32 weeks of gestation and to evaluate whether OPAC increases the immunity of premature infants with a gestational age of ≤32 weeks (WG). The serum concentrations of Igs, namely, IgG, IgM, and IgA, at baseline, on day 7, and at 28 days of life, were compared between groups.



Secondary Outcomes

The secondary outcomes include the following neonatal morbidity: frequency of neonatal sepsis, NEC, BPD, intraventricular hemorrhage, retinopathy of prematurity (ROP), and neonatal death at 28 days, the days to star and complete the enteral feeding, oxygen administration, and compare the total days of hospitalization in both groups.



Definition of Variables

Feeding With Whole Human Milk

Newborn fed with milk from its mother and/or pasteurized donated milk.


Mixed Feeding

It is the feeding with human milk and requires completing the milk intake with any other substitute. Diagnosis of food intolerance was defined as the inability to digest enteral feeding associated with increased gastric residuals, vomiting, abdominal distention, visible bowel loops, diarrhea, or bloody stool (15, 16). The diagnosis of sepsis was made based on the modified Haque KN clinical (17) and hematological criteria. Sepsis: A positive blood culture of PCR in the presence of clinical signs and symptoms of infection (18). The diagnosis of NEC was made using the Bell classification, modified by Walsh and Kliegman (19). Episodes of suspected sepsis were those in which the neonate had at least two clinical or laboratory signs suggestive of infection, along with a negative blood culture result. For the diagnosis of BPD, the 2005 consensus definition was used (20). The definition of ROP was made concerning the definition of the International Committee for the Classification of Retinopathy of Prematurity (21). The total days of hospitalization cover the days from birth to discharge from the hospital.




IgG, IgM, and IgA Immunoglobulins Quantification

Blood samples were extracted at basal, 7 days, and 28 days after administration of placebo or colostrum. The blood was centrifuged, and 50 to 100 μl of serum was separated. The determinations were performed by nephelometric methods using the MININEPH equipment (Binding Site) kits and IgG, IgM, and IgA from the same company. Dilutions varied according to the concentration of the analyte under study in each sample and were made according to the manufacturer's protocol. The concentrations are automatically calculated from a calibration curve stored in the equipment software. The quantity is determined by the equipment automatically.

The sample size was determined using the formula to compare two means using the EPI-INFO version 7 program for windows. The IgA levels determined by Salazar (22) in healthy newborns were taken as a reference, where they report an average serum IgA concentration of 0.051 with a standard deviation of 0.028 g/L; therefore, we expect that, with the administration of colostrum, the serum IgA concentration was increased by 0.025 g/L considering the following parameters with α = 0.01, a power of 90%, β = 0.10, namely, Δ = 0.026, a mean of IgA = 0.051, and standard deviation = 0.028, requiring 35 participants per group.




RESULTS

The eligible patients were 154, of which 106 patients were included and randomly assigned, i.e., 53 patients per group. In total, ten participants were eliminated; three participants were eliminated in the placebo group (one by insufficient sample and two died of early sepsis in the first 24 h after entering the study), and seven participants were eliminated in the colostrum group (three by insufficient sample and four died of early sepsis). The remaining 89 participants finished the trial (Figure 1).


[image: Figure 1]
FIGURE 1. Flow diagram for participants included in the study.


The OPAC in premature newborns ≤32 weeks of gestational age was well-tolerated without generating adverse effects.


Description of the Sample

The age of the mothers of the newborns was similar in both groups; there was no difference in prenatal control, chorioamnionitis, maternal pathology, or the use of prenatal steroids (Table 1).


Table 1. Description of the population who completed the treatment.

[image: Table 1]

Regarding premature newborns, there was no difference between the groups at the time of entry to the study in terms of gender, weight, gestational age, or any other demographic variable (Table 2).


Table 2. Description of the population that completed the follow-up.
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Morbidity Assessment

The time of starting the intervention (placebo or colostrum) was a mean of 18 h after birth (range 10–20 h). The time to the started enteral route was similar in both groups. There was no difference between the groups in the presence of NEC, nosocomial sepsis, retinopathy, BPD, and intraventricular hemorrhage (Table 2).

Regarding other variables, there was a lower number of days in the colostrum group than in the placebo group to complete the enteral feeding 13.9 ± 7 vs. 17.4 ± 8.4 (p = 0.04) and reach the birth weight 10.9 ± 2.8 vs. 12.9 ± 4 (p = 0.01) and length of hospital stay 60.2 ± 33.8 vs. 77.2 ± 47.3 (p = 0.04).



Serum Immunoglobulin Concentration

The concentrations of Igs at basal, day 7, and day 28 are shown in Table 3. There were no significant differences between groups in the concentrations of IgG and IgM at basal and day 7. The basal concentration of IgA was significantly higher in the placebo group than in the colostrum group (p < 0.001); however, the concentration of IgA at day 28 was significantly higher in the colostrum group than in the placebo group (p < 0.001). There were no significant differences between groups in the concentration of IgA at day 7.


Table 3. Immunoglobulins between groups.

[image: Table 3]

Intragroup comparison of serum Ig levels is shown in Figure 2 (A,B,C). (A) There was a significant decrease in the intragroup concentration of IgG from basal to day 28 in both groups. (B) There was a significant increase in the intragroup concentration of IgM from basal to day 28 in both groups. (C) There was a significant increase in the intragroup concentration of IgA for 3.8 and 5 times from basal to days 7 and 28, respectively, in the colostrum group, while in the placebo group, there was no significant decrease in IgA from basal to day 28.


[image: Figure 2]
FIGURE 2. Intragroup comparison of serum immunoglobulin levels at basal, day 7, and day 28. *p < 0.05, **p < 0.001, ***p < 0.0001. (A) There was a significant decrease in the intragroup concentration of IgG from basal to day 28 in both groups. (B) There was a significant increase in the intragroup concentration of IgM from basal to day 28 in both groups. (C) There was a significant increase in the intragroup concentration of IgA from basal to days 7 and 28, respectively, in the colostrum group, while in the placebo group, there was no significant decrease of IgA from basal to day 28.




Mortality Analysis

Neonatal mortality at 28 days was lower in the colostrum group vs. placebo group (0 vs. 12%); however, it did not reach a significant statistical difference (p = 0.06). The causes of neonatal death are described in Table 4.


Table 4. Patients who participated at the study and causes of death.
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DISCUSSION

In this study, the OPAC in premature newborns ≤32 weeks of gestation increased the serum IgA concentration at day 28 and decreased the days to complete enteral feeding, reaching the birth weight and the total days of hospitalization. Interestingly, the basal IgA concentration was higher in the placebo group than in the colostrum group, and it could be attributable to the high proportion of women with premature rupture of membranes in the placebo group 36 vs. 19.6% in the colostrum group, as previously reported by Ismail MA et al. (23).

The increase in serum IgA in the OPAC group compared to the control group demonstrates a positive impact using colostrum, an effect that if it is accompanied by feeding with the mother's milk (homologous), the results at 28 days are improved.

The beneficial effects of OPAC were evidenced as fewer days to reach the enteral route, which suggests the beneficial effect of secretory IgA present in colostrum. These results agree with Palmeira et al. (24) who reported that IgA from human milk constitutes 80–90% of the total proteins present in milk, corresponding to 0.3 g/kg/day. However, only 10% of it is absorbed in the intestine and is transported to the bloodstream, suggesting that the effect of IgA is more specific in the mucosa, favoring tolerance to the enteral route. We must consider that the most significant effect of IgA is the secretory portion, whose action is on the mucosa, and this effect is very difficult to measure. For example, if the quantification of IgA is performed in urine samples as Rodríguez et al. (11) did, only the immunological action on the urinary tract can be measured.

In this study, OPAC was administered with a syringe, which provides a higher concentration of Igs, as reported by Miller J et al. (25). These authors compared the administration of colostrum with a swab vs. the administration with a syringe, and they report that patients who were administered colostrum with a syringe had a higher urinary concentration of IgA and lactoferrin than those administered with a swab. We cannot compare the concentrations of Igs detected with those reported by Miller J et al. (25) since the measurement was made in serum and not in urine.

In this study, there was no statistically significant difference in IgG concentrations between groups, and the concentrations were similar to concentrations reported by Twisselmann N et al. (26) in neonates of 29.8 ± 1.6 weeks of gestation. In this study, IgG levels showed a decrease as age increases in both groups, comparing basal and day 28 of life levels, as reported by Conway et al. (27). The decline in their levels reflects the maternal immune response change, because it is a strictly transferable biomarker (28).

IgM plays a vital role in protecting the mucosa surface of neonates; the human fetus can produce IgM in small amounts and is the one-off Ig usually synthesized by neonates (29, 30), as demonstrated by the identification of IgM-secreting cells in the infant's intestine (31). With respect to IgM, no differences were found between the groups in the three measurements, probably because the colostrum treatment was for a short time, and its effect does not manifest beyond a week, in contrast to that reported by Moreno-Fernandez J et al. (28), in a group of Spanish neonates <32 WG administered 0.2 ml colostrum for every 4 h during 15 days and showed a significant increase of IgM in the colostrum group compared with a control group (28).

Therefore, with the findings of our study, we can suggest that colostrum, in premature newborns, can help improve immunity, and secondary, it can improve tolerance to the oral route.

Regarding the favorable clinical effects that were found, the patients in the group treated with colostrum completed the enteral route earlier, and regained weight in less time, with a statistically significant difference, results similar to those found by Bashir T et al. (32).

We found a decrease in the number of days to reach complete enteral feeding, which is consistent with the findings reported by Garofalo et al. (12), Abd-Elgawad M et al. (13), and Moreno-Fernandez J et al. (28). It was of importance due to early-oral feeding with breast milk having a beneficial impact on neuro-psychomotor outcomes of preterm infants (13). Previous research has shown that the practice of applying mothers' colostrum or milk to the tongue and oropharyngeal pouch of preterm infants prior to gavage feeding results in better feeding tolerance and earlier achievement of enteral and oral feeding (13, 14).

Research similar to our study showed that oral stimulation led to earlier better oral feeding performance, attainment of complete oral feeding, greater weight gain, and a shorter length of hospital stay (33, 34).

Similarly, in this study, the length of hospital stay was significantly lower in the colostrum group, similar to that reported in a recent systematic review (35). It could have to decrease the economic burden of preterm infant care. In a recent study, Rios JD et al. (36) estimated in Canadian dollars a median (IQR) cost of hospitalization before NICU discharge at $30,572 ($16,597–$51,857) at a gestational age of 29–32 weeks; and $100,440 ($56,858–$1,593,867) at a gestational age of <29 weeks, and the cost estimates correlated with length of stay (r = 0.97) and gestational age (r = −0.65).

No reduction in neonatal sepsis or NEC was found; results comparable with the meta-analysis carried out by Tao J. et al. (35), where they report an RR of 0.59 (033–1.06) for enterocolitis and an RR of 0.78 (0.60–1.03) to reduce sepsis. In this study, the effects of colostrum on neonatal morbidity were similar to the placebo group, considering that the patients were fed in a very similar manner with pasteurized donated and own mother's milk. It is known that patients fed exclusively with human milk have lower rates of NEC compared to formula-fed infants, as described in the systematic review by Miller J et al. (25). With this in mind, we can suggest that colostrum therapy is short but well-tolerated and that we could recommend that mothers extract the colostrum and administer it as early as possible drop by drop on the oral mucosa so that the immunological components can be absorbed. If the patient is fasting, it should be frozen and used when the newborn is ready to receive it.

Regarding mortality in the colostrum group, there were no deaths during the study, showing a tendency to reduce the death of premature newborns in the first month of life compared to the control group where six participants died due to sepsis, which makes us suggest that colostrum has a vital role in modulating the infectious processes of premature newborns; however, when determining the risk reduction, we found no significant changes, data similar to those reported by Rodríguez et al. (11) who also did not find a decrease in neonatal mortality; however, they did find an increase in urinary IgA and lactoferrin, suggestive of an improvement in immunity during the first days of life. Ware JL et al. (37), in a retrospective epidemiological study, found that the earlier the onset of human milk intake, the more statistically significant reduction in mortality (odds ratio [OR] = 0.81, 95% CI 0.68–0.97) (37). Our study did not observe a decrease in NEC, similar to data reported in a recent systematic review (14). One of the patients in the colostrum group died late after 88 days due to severe respiratory distress secondary to severe BPD.

The advantages of this study were that all patients were treated in the same way, which reduces the variability of the results. Colostrum is a free therapy that can be used routinely in all neonatal care units.

The limitations of the study are associated with having it carried out in a single institution, and the sample size was limited for analyzing neonatal mortality.

Future multicentric studies with a large sample size are necessary to corroborate our findings and explore the effect of colostrum administrated during more days.



CONCLUSION

These results suggest that the administration of colostrum is safe, considering that we can enhance its effect if we administer it during the period of colostrum production and later continue with the feeding of exclusive human milk due to the potential benefits of intolerance to the enteral route, earlier weight gain. The reduction in the days of hospitalization in the group treated with colostrum shows the relevance of its early application to premature newborns.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Internal Review Board of the National Institute of Perinatology Isidro Espinosa de los Reyes. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

SR-M: conceptualization. EC-M and EM-O: methodology. DS-B: validation. SR-M, GC, and ES-C: formal analysis. AM-E and MG-C: investigation. SR-M, AM-E, and ER-M: writing-original draft, writing-review and editing. PG-M and SC-M: supervision. JC-P and SR-M: project administration. All authors contributed to the article and approved the submitted version.



FUNDING

This research was funded by the Instituto Nacional de Perinatología, Isidro Espinosa de los Reyes, grant number (546) 212250-2320-10305-01-16.



ACKNOWLEDGMENTS

We thank the National Institute of Perinatology Isidro Espinosa de los Reyes.



REFERENCES

 1. Bharati P, Pal M, Bandyopadhyay M, Bhakta A, Chakraborty S, Bharati P. Prevalence and causes of low birth weight in India. Malays J Nutr. (2011) 17:301–13.

 2. Walani SR. Global burden of premature birth. In J Gynaecol Obstet. (2020) 150:31–3. doi: 10.1002/ijgo.13195

 3. Corpeleijn WE, Kouwenhoven SM, Paap MC, van Vliet I, Scheerder I, Muizer Y, et al. Intake of own mother's milk during the first days of life is associated with decreased morbidity and mortality in very low birth weight infants during the first 60 days of life. Neonatology. (2012) 102:276–81. doi: 10.1159/000341335

 4. Battersby C, Santhalingam T, Costeloe K, Modi N. Incidence of neonatal necrotising enterocolitis in high-income countries: a systematic review. Arch Dis Child Fetal Neonatal. (2018) 103:F182–9. doi: 10.1136/archdischild-2017-313880

 5. Mussi-Pinhata M, Gonçalves AL. Serum immunoglobulin levels and incidence of infection during the first year of life in full-term and preterm infants. J Trop Pediatr. (1989) 35:147–53. doi: 10.1093/tropej/35.4.147

 6. Brandtzaeg P. The secretory immunoglobulin system: regulation and biological significance. Focusing on human mammary glands. Adv Exp Med Biol. (2002) 503:1–16. doi: 10.1007/978-1-4615-0559-4_1

 7. Wilson CB, Ogra PL. Human milk. In: Remington JS, Klein JO, . Infectious Diseases of the Fetus and Newborn, 7th ed. Philadelphia: WB Saunders Co. (2011). p. 191–220. doi: 10.1016/B978-1-4160-6400-8.00005-5

 8. Hartmann BT. Benefit by design: determining the 'value' of donor human milk and medical products derived from human milk in NICU. Semin Perinatol. (2019) 43:151157. doi: 10.1053/j.semperi.2019.06.005

 9. Eid P, Meritet JF, Maury C, Lasfar A, Weill D, Tovey MG. Oromucosal interferon therapy: pharmacokinetics and pharmacodynamics. J Interferon Citokine Res. (1999) 19:157–69. doi: 10.1089/107999099314306

 10. Manila P, Korhonen H. Colostrum. In: Fuguay J, Fox PF, McSweenesy PLH, editors. Encyclopedia of Dairy Sciences. San Diego: Academic Press Milk (2011). p. 591–6 doi: 10.1016/B978-0-12-374407-4.00322-8

 11. Rodríguez NA, Groer MW, Zeller JM, Engstrom JL, Fogg L, Du H, et al. A randomized controlled trial of the oropharyngeal administration of mother's colostrum to extremely low birth weight infants in the first days of life. Neonatal intensive care. J Perinatol-neonatol. (2011) 24:31–5. Available online at: https://www.researchgate.net/publication/272815955_A_Randomized_Controlled_Trial_of_the_Oropharyngeal_Administration_of_Mother's_Colostrum_to_Extremely_Low_Birth_Weight_Infants_in_the_First_Days_of_Life

 12. Garofalo NA, Caplan MS. Oropharyngeal mother's milk: state of the science and influence on necrotizing enterocolitis. Clin Perinatol. (2019) 46:77–88. doi: 10.1016/j.clp.2018.09.005

 13. Abd-Elgawad M, Eldegla H, Khashaba M, Nasef N. Orophayngeal administration of mother's milk prior to gavage feeding in preterm infants: a pilot randomized control trial. J Parenter Enteral Nutr. (2020) 44:92–104. doi: 10.1002/jpen.1601

 14. Nasuf AWA, Ojha S, Dorling J. Oropharyngeal colostrum in preventing mortality and morbidity in preterm infants. Cochrane Database Syst Rev. (2018) 9CD011921:1–51. doi: 10.1002/14651858.CD011921.pub2

 15. Khashana A, Moussa R. Incidence of feeding intolerance in preterm neonates in neonatal intensive care units, Port Said, Egypt. J Clin Neonatol. (2016) 5:230–2. doi: 10.4103/2249-4847.194165

 16. Moore TA, Wilson ME. Feeding intolerance: a concept analysis. Adv Neonatal Care. (2011) 11:149–54. doi: 10.1097/ANC.0b013e31821ba28e

 17. Haque KN. Definitions of bloodstream infection in the newborn. Pediatr Crit Care Med. (2005) 6(3 Suppl):S45–9. doi: 10.1097/01.PCC.0000161946.73305.0A

 18. Zea-Vera A, Ochoa TJ. Challenges in the diagnosis and management of neonatal sepsis. J Trop Pediatr. (2015) 61:1–13. doi: 10.1093/tropej/fmu079

 19. Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on staging criteria. Pediatr Clin North Am. (1986) 33:179–201. doi: 10.1016/S0031-3955(16)34975-6

 20. Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH, Wright LL, Fanaroff AA, et al. National Institutes of Child Health and Human Development Neonatal Research Network. Validation of the National Institutes of Health consensus definition of bronchopulmonary dysplasia. Pediatrics. (2005) 116:1353–60. doi: 10.1542/peds.2005-0249

 21. International Committee for the Classification of Retinopathy of Prematurity. The international classification of retinopathy of prematurity revisited. Arch Ophthalmol. (2005). 123:991–9. doi: 10.1001/archopht.123.7.991

 22. Salazar Torres L, Bequer Mendoza L, Gómez Hernández T, Hermida Lama V, Medina Yagual D. Levels of immunoglobulins and complement in healthy newborns. Rev Latin Perinat. (2017) 20:30. http://www.revperinatologia.com/images/3_Niveles_de_inmunoglobulinas_y_complemento_en_reci%C3%A9n.pdf

 23. Ismail MA, Yang SL, Abusharif AN, Moawad AH. Immunoglobulins in prolonged ruptured membranes. Am J Obstet Gynecol. (1985) 153:390–3. doi: 10.1016/0002-9378(85)90076-6

 24. Palmeira P, Carneiro-Sampaio M. Immunology of breast milk. Rev Assoc Med Bras. (2016) 62:584–93. doi: 10.1590/1806-9282.62.06.584

 25. Miller J, Tonkin E, Damarell RA, McPhee AJ, Suganuma M, Suganuma H, et al. Systematic review and meta-analysis of human milk feeding and morbidity in very low birth weight infants. Nutrients. (2018) 10:707. doi: 10.3390/nu10060707

 26. Twisselmann N, Bartsch YC, Pagel J, Wieg C, Hartz A, Ehlers M, et al. IgG Fc glycosylation patterns of preterm infants differ with gestational age. Front Immunol. (2019) 18:3166. doi: 10.3389/fimmu.2018.03166

 27. Conway SP, Dear PRF, Smith I. Immunoglobulin profile of the preterm baby. Arch Dis Child. (1985) 60:208–12. doi: 10.1136/adc.60.3.208

 28. Moreno-Fernandez J, Sánchez-Martínez B, Serrano-López L. Enhancement of immune response mediated by oropharyngeal colostrum administration in preterm neonates. Pediatr Allergy Immunol. (2019) 30:234–41. doi: 10.1111/pai.13008

 29. Ashwood ER, GI Knight. Disorders of pregnancy. In: Tietz CA, Ashwood ER, Bruns DE, editors. Fundamentals of Clinical Chemistry Burtis, 6th ed. Philadelphia: Saunders Elsevier (2008). p. 802–24.

 30. Ballow M, Cates KL, Rowe JC, et al. Development of the immune system in very low birth weight (less than 1500 g) premature infants: concentrations of plasma immunoglobulins and patterns of infection. Pediatr Res. (1986) 20:899–904. doi: 10.1203/00006450-198609000-00019

 31. Perkkiö M, Savilahti E. Time of appearance of immunoglobulin-containing cells in the mucosa of the neonatal intestine. Pediatr Res. (1980) 14:953–5. doi: 10.1203/00006450-198008000-00012

 32. Bashir T, Reddy KV, Kiran S, Murki S, Kulkarni D, Dinesh P. Effect of colostrum given within the 12 h after birth on feeding outcome, morbidity and mortality in very low birth weight infants: a prospective cohort study. Sudan J Paediatr. (2019) 19:19–24. doi: 10.24911/SJP.106-1540825552

 33. Fucile S, Gisel E, Lau C. Oral stimulation accelerates the transition from tube to oral feeding in preterm infants. J Pediatr. (2002) 141:230–6. doi: 10.1067/mpd.2002.125731

 34. Fucile S, Gisel EG, Lau C. Effect of an oral stimulation program on sucking skill maturation of preterm infants. Dev Med Child Neurol. (2005) 47:158–62. doi: 10.1017/S0012162205000290

 35. Tao J, Mao J, Yang J, Su Y. Effects of oropharyngeal administration of colostrum on the incidence of necrotizing enterocolitis, late-onset sepsis, and death in preterm infants: a meta-analysis of RCTs. Eur J Clin Nutr. (2020) 74:1122–31. doi: 10.1038/s41430-019-0552-4

 36. Rios JD, Shah PS, Beltempo M, Louis D, Mukerji A, Premji S, et al. Costs of neonatal intensive care for Canadian infants with preterm birth. J Pediatr. (2021) 229:161–7.e12. doi: 10.1016/j.jpeds.2020.09.045

 37. Ware JL, Chen A, Morrow AL, Kmet J. Associations between breastfeeding initiation and infant mortality in an urban population. Breastfeed Med. (2019) 14:465–74. doi: 10.1089/bfm.2019.0067

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Romero-Maldonado, Soriano-Becerril, García-May, Reyes-Muñoz, Muñoz-Ortíz, Carrera-Muiños, Granados-Cepeda, Cardona-Pérez, Castro-Millán, Segura-Cervantes, Ceballos and Montoya-Estrada. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-891491-t003.jpg
Placebo

n=50
Basal
109G 390 [300-604)
oM 1(11-29)
IgA 16 [5-24]
7 days
19G 358 [273-551]
IgM 22[12-33)
1A 16(10-31]
28 days
19G 262 [169-419]
IgM 28(18-35)
1A 11[8-18]

Data are presented as median and interquartie.
difference are presented in bold.

Colostrum
n=46

381(285-513)
15 [9-22)
5[3-12)

408 (328-596)
25 (18-35)
19[11-33]

272 [159-399]
24 [17-28)
25 [12-35)

P-value

0.44
0.90
0.001

0.16
0.46
0.10

0.89
0.06
0.001

Values with a statistically significant





OPS/images/fped-10-891491-t004.jpg
Placebo
cause

Sepsis shock by Staphylococcus Aureus.
Died on day 18 of life

Early-onset neonatal sepsis

Congenital pneumonia

Necrotizing enterocolitis stage 2-B

Died on day 8 of ife

Neonatal sepsis caused by gram negative bacill
Died on day 26 of lfe

Late-onset sepsis

Late-onset sepsis by Klebsiella

Necrotizing enterocolitis

Died on 28 days of ife

Sepsis by E. Col

Patent ductus arteriosus

Died on day 19 of lfe

Colostrum
cause





OPS/images/fped-10-891491-t001.jpg
Placebo Colostrum  P-value
n=50 n=ds
Maternal age 305+68 30165 06
Prenatal control 46 (92%) 39 (84.8%) 03
Prenatal steroid 40 (80%) 32(30.6%) 03
Chorioamnionitis 10(20.4%)  12(26.1%) 04
Diabetes melitus 10 (20%) 6(13%) 03
Preeclampsia 12 (24%) 15 (32.6%) 03
Premature rupture of membranes 18 (36%) 9(195%) 006
Vaginal delivery 7 (14%) 6(13%) 08
Cesarean section 43 (86%) 40 (87%) 08
Respiratory distress syndrome 32(66.7%)  28(65.1%) 08
1 min Apgar median rank 61-8 61-8 08
5min Apgar median rank 939 929 07

Data are presented as mean = standard deviation, and frequency (%).





OPS/images/fped-10-891491-t002.jpg
Gestational age
Female

Male

Weight

Start of the enteral administration
Total days with supplementary
oxygen

Days of mechanical ventilation
CPAP nasal (Days)

Oxygen in nasal cannulas
Retinopathy of prematurity

Stage 1:

Stage 2:

Stage
Stage 4:

Stage 5

Apnea

Positive blood culture

Late neonatal sepsis
Days of lfe at late-onset neonatal
sepsis

Neonatal death at 28 days

Intraventricular hemorrhage
Grade 1
Grade 2:
Grade 3:

Necrotizing enterocolitis
stadium >2

Patent ductus arteriosus
Intrauterine growth restriction
Bronchopulmonary dysplasia
Days to reach full enteral feeding
(days)

Days to reach the birth weight
Length of hospital stay

Placebo
n =50

299138
21 (42%)
29 (58%)

1,111 %280

26268

4523335

852+ 15.3
2212207
15.7+15
12 (24%)
9(18%)
1(2%)
0(0%)
0(0%)
2(4%)
30 (60%)
6(12%)
14 (28%)
131+ 143

6(12%)

16 (32%)
18
2
1

7(14%)

22 (44%)
5(10%)
27 (68%)

17.4+84

129+4
T72+473

Colostrum
n=46

203+2
23 (50%)
23 (50%)
1,147 = 274
235+92
442£331

66+ 13.4
198+ 18
1734156
14 (30%)
12 (26%)
1(2%)
1(2%)
0(0%)
0(0%)
24.(62%)
48%)
16 (34%)
15.7 £ 19

0(0%)
14 (30%)
11
1
2

48.6%)

13 (28%)
4.(8%)
26 (67%)
189%7

109+28
60.2 +338

Data are presented as mean and standard deviation, and frequency (%).

P-value

0.1
0.4

09
0.9
08

0.04
08
056

0.04

0.01
0.04





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effect of Oropharyngeal Administration of Colostrum in Premature Newborns ≤32 Weeks of Gestation on the Immune Response and Neonatal Morbidity: A Double-Blind Randomized Clinical Trial



		Introduction



		Materials and Methods



		Study Design



		Description of the Study Subjects



		Procedure



		Primary End Point



		Secondary Outcomes



		Definition of Variables



		Mixed Feeding









		IgG, IgM, and IgA Immunoglobulins Quantification







		Results



		Description of the Sample



		Morbidity Assessment



		Serum Immunoglobulin Concentration



		Mortality Analysis







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics

Effect of Oropharyngeal
Administration of Colostrum in
Premature Newborns <32 Weeks of
Gestation on the Immune Response
and Neonatal Morbidity: A
Double-Blind Randomized Clinical
Trial





OPS/images/fped-10-891491-g001.gif
T R

b+ Docinad o porcput o-28)

Randomized (0<108)
G P-Pracsbo Group G- oot
Aocate to tomenton (53) Aocated o tonenton (53)
Recsted locaad arenton (v=50) Recoved stccated tarenton (v=46)
D ot oo socaed morvonton (v<3) D ot rocoie aacaed morvontn (v<7)
Eniatoddoa o it sl (1) Ernatoddoa o it sampl (03)
o mine st 24 e (21 Do inihe st 24 v (%)

Losto atowsp (1) [Er——

oo st e g 7 (06
“nsyd (0e50) ‘osyd (oms6)

Exciotd fom anayss on day 28 by dean (1) Excoed fom anayis on doy 28y deah (v<0)

Finsned o sudy (0-44) Frisnod o sty (v045)






OPS/images/fped-10-891491-g002.gif
BN Day28

A K Basal B3 Day7
1500-










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





