Preliminary study between IgG antibody in breast milk and neonatal jaundice

Background: Maternal IgG antibodies can pass through the placental barrier to the fetal circulation, and may sensitize fetal red cells when there is maternal-fetal blood type incompatibility. The pathogenesis of breast milk jaundice is not yet clear. Few studies have focused on hemolytic disease of the newborn (HDN) associated with passively-acquired maternal antibodies from breast milk, for which individual cases were occasionally reported in recent years.

Case Report: Five newborns were found to develop jaundice 19 hours to 4 days after birth. These affected neonates were enrolled in a study to test free antibodies in plasma and antibodies bound to the surface of red blood cells, as well as antibodies in their mothers' blood and breast milk. The data were analyzed in combination with the mothers' antibody monitoring records during pregnancy.

Methods: 3 mL of EDTA-anticoagulated venous blood was collected from each affected neonate and 5 mL from his/her mother to separate plasma. The plasma was incubated with panel cells in normal saline in test tubes at 37 °C for 45 min, and then added to anti-human globulin micro-column gel cards and centrifuged to observe the results. 100–200 mL of the whey separated from breast milk was used in a two-stage papain technique: 50 μL of panel cells was incubated with 50 μL of 1% papain at 37 °C for 10 min, then washed once with normal saline and prepared to a 3–5% cell suspension; the cell suspension was incubated with 200–300 μL of whey at 37 °C for 30 min, then washed 3 times with normal saline and prepared to a 0.8–1% cell suspension. 50 μL of the resultant suspension was added to anti-human globulin micro-column gel cards and centrifuged to observe the results. In addition, an antibody elution test was conducted on the red blood cells of the affected neonates.
Results: The antibodies in the red blood cell eluate of the affected neonates were consistent with those in the maternal blood and breast milk. The antibodies acquired in case 1 can immediately be considered irrelevant to the placental route. 

Conclusion: Anti-erythrocyte IgG antibodies may result from breast milk and cause red blood cell sensitization in newborns. For children with severe HDN, restrictions on breastfeeding should be considered to prevent continuous antibody acquisition. 
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As breastfeeding is strongly recommended globally, a higher incidence of neonatal jaundice has been found in breastfed infants compared with the formula-fed ones[1]. One of the main factors contributing to pathological jaundice in hospitalized neonates is breastfeeding, for which, however, the pathogenesis is not yet clear[2]. Breast milk is rich in bioactive substances which benefit infants and can play multiple roles in nutrition supply, antibacterial action and immune regulation. A high level of immunoglobulins in breast milk is not readily hydrolyzed in the intestines, and thus can protect the newborns when their immune system is immature[3]. Antibodies against various pathogens can be transferred to infants via breast milk, and likewise there is a possibility for other blood group-related IgG antibodies to enter the neonatal body via breast milk; this fact is attracting more attention in recent years[4-6]. According to a study in a mouse model, a concentration-catabolism relationship was identified for the specific transport of IgG molecules via the intestinal mucosa[7]. The observation was supported by evidences from clinical symptom analysis, disease mechanism derivation, and laboratory immunological findings. In our study, the breast milk for the 5 breastfed infants with neonatal jaundice was tested for blood group-specific IgG antibodies. The results showed that the antibodies detected in the breast milk were consistent with those in maternal serum. In particular, an RhD-negative puerpera detected with no anti-D antibody in the blood sample collected on the day before delivery was injected with anti-D immunoglobulin post-partum on the day of delivery, and her child developed neonatal jaundice on day 3 after birth. The direct anti-human globulin test (DAT), indirect anti-human globulin test (IAT), and erythrocyte antibody elution test indicated that the red blood cells in the child were sensitized by anti-D IgG. This finding revealed another possible mechanism for breast milk jaundice.

Case report

All the cases involved in this study obtained the informed consent of the guardian of the child.

Basic information of patients（Table 1），Hemoglobin (HGB) and total bilirubin (TBIL) are the results of the day of jaundice.All the 5 children in this study were directly breastfed after birth.

Table 1  Basic information of patients

	Case
	Children blood type 
	Maternal blood type
	Age（m+d）
	Apgar
	Occurrence time of jaundice
	HGB（g/L）
	TBIL（umol/L）

	1
	B  DCcee
	B  dccee
	9+7
	9
	3d
	182
	270.98

	2
	A  DCcEe
	O  DccEE
	9+11
	7
	1d
	96
	301.00

	3
	A  DCCEe
	A  dCcee
	8+24
	8
	19h
	130
	85.41

	4
	A  DCCee
	O  DCCee
	9+0
	9
	3d
	97
	182.36

	5
	B  DCcEe
	AB  dccee
	9+2
	8
	4d
	108
	332.1


Table 2  Laboratory results

	Case
	Direct antiglobulin test
	Indirect antiglobulin test
	Erythrocyte antibody elution test
	Before childbirth Antibody in maternal plasma
	After childbirth Antibody in maternal plasma
	Antibody in breast milk

	1
	Positive
	Negative
	Anti-D
	Negative
	Anti-D
	Anti-D

	2
	Positive
	Positive
	Anti-Ce  Anti-A
	*
	Anti-Ce    Anti-A
	Anti-Ce    Anti-A

	3
	Positive
	Negative
	Anti-D
	Anti-D
	Anti-D
	Anti-D

	4
	Weak positive
	Weak positive
	Anti-A
	*
	Anti-E      Anti-A
	Anti-E  Anti-A

	5
	Weak positive
	Negative
	Anti-D
	*
	Anti-D
	Anti-D


*No test

Case 1

The child was a primipara of a RhD negative mother. The parturient narrated herself with no abortion experience, and were injected with anti-D immunoglobulin within 24 hours after delivery. HGB was 203 g / L at the first day of life. On the third day of birth, yellow skin staining began to appear in the neck and gradually spread to the upper limbs. The mental state was good, the appetite was normal and HGB was 182 g / L, TBIL was 270.98 umol / L and DBIL was 14.67 umol / L. Laboratory tests showed DAT was positive in erythrocytes and anti-D was positive in erythrocytes eluate in the child. The titer of anti-D was 8 in maternal plasma and that of breast milk was 2. It was found that anti-D was negative in the maternal blood samples from the day before delivery, suggesting that the only way for the children to obtain anti-D passively was breast milk after separation from the mother. In 2014, the British commission on haematological standards (BCSH) issued guidelines for the use of anti-d immunoglobulins to prevent hemolytic disease of the fetus and newborn, recommending that anti-D immunoglobulins should be injected within 72 hours for possible allergenic events [8]. The merican Association of blood banks (AABB) recommends the dosages of anti-d immunoglobulin. Studies have also shown that prophylactic administration of anti-D immunoglobulin can cause DAT positive red blood cells in newborns, but not hemolysis [9]. According to the clinical features of the child, he was diagnosed as physiologic jaundice and were treated with intermittent ultraviolet radiation. The reexamination showed that HGB was 229 g / L, TBIL was 239.61 umol / L, and DBIL was 15.73 umol / l after 7 days.

Case 2

The mother gave birth for the second time, 4 years ago her first birth had normal condition and 10 years ago she had blood transfusion experience. The jaundice appeared on the face, trunk and limbs, drowsiness appeared and appetite was normal and there was a slight murmur in the lungs after 24 hours of child birth. Laboratory tests showed DAT positive of red blood cells, Ce positive and anti-A positive in the plasma and red blood cell eluants. Anti-C (titre was 32) , anti-E (titre was 8) and anti-A (titre was 4) were detected in maternal plasma and anti-Ce and Anti-a were detected in breast milk. Because of the history of pregnancy and blood transfusion, it was impossible to speculate on the origin of the antibodies. However, DAT elution could confirm that the red blood cells have been sensitized by anti-Ce and anti-A and we combined with the other tests to diagnose hemolytic disease of the newborn as a result of a combination of the ABO and Rh systems. To avoid continued passive acquisition of antibodies as a result of breastfeeding, formula milk was converted to his base diet. The guardian of the child refused the transfusion advice of the clinician. Three injections of 400 mg / kg.d of gamma globulin were given to the child and combined with intermittent ultraviolet radiation therapy. The monitoring of HGB was on the rise and HGB was 121 g / L and TBIL was 88.12 umol/l on the 13th day after birth.

Case 3

The child was a primipara of RhD negative mothers. The mother had a history of spontaneous abortion and was injected with anti-D immunoglobulin once at the 28th week of pregnancy. The plasma anti-D immunoglobulin was detected to be positive (titer was 2) an the 51th day before delivery and the anti-D immunoglobulin was injected once immediately after delivery. There was slight jaundice on the face 19 hours after birth, which may be sent for examination to eliminate HDN. The DAT of red blood cell was positive and anti-D in red blood cell eluant was positive. The titer of anti-D in maternal plasma was 8 and anti-D was detected in breast milk. The jaundice subsided after 2 days of treatment with intermittent ultraviolet radiation and diet based on formula milk powder.

Case 4

The mother of the sick child is the second pregnancy and childbirth, and her first child was normal 4 years ago. When the sick child was born 3 days later,  developed systemic jaundice, HGB decreased and TBIL increased. Laboratory tests showed that erythrocyte DAT was weakly positive, plasma free anti-A was weakly positive, anti-E was weakly positive, and erythrocyte eluent was anti-A positive (strength 2+). Plasma IgG of mothers of sick children was positive for anti-A (titer 128) and anti-E (titer 2). Anti-E and anti-A were detected in breast milk. Stop breastfeeding and switch to formula milk powder. Intermittent ultraviolet irradiation was given, albumin 1 g/kg d three times and gamma globulin 400 mg/kg d three times. Infusion was washed, irradiated and leukocyte-depleted O-type DCCee red blood cell 1u, HGB rose to 121g/L and maintained. DAT was negative, HGB127g/L, TBIL8.58umol/L when the sick child came to the hospital 42 days after birth.

Case 5

The sick child is the first-born fetus of RhD negative mother, and the parturient has a history of abortion. Jaundice of head and neck occurred 4 days after birth and spread all over the body 24 hours later. HGB108g/L，TBIL332.1umol/L。 Laboratory tests showed that erythrocyte DAT was weakly positive and erythrocyte eluent was anti-D positive (strength 1+). Anti-D was positive in plasma of mothers of sick children (titer 32), and anti-D was detected in breast milk. Intermittent ultraviolet irradiation was given, phenobarbital 5 mg/kg d (5 d), albumin 1 g/kg d three times, and gamma globulin 400 mg/kg d three times. Infusion was washed, irradiated, leukocyte-depleted type o dccee red blood cell 1u, HGB increased to 114g/L, tbil 145.98 umol/l. HGB83g/L and TBIL151.02umol/L were reexamined 3 days later. Clinicians suggested that the sick children should be fed with formula milk instead of breast milk. After washing, irradiation and leukocyte elimination, the O-type dCcee red blood cell 1u, HGB increased to 139g/L for maintenance, and jaundice subsided after 10 days.

Discussion
If the mother's homologous immune antibodies produced by pregnancy, blood transfusion or other condition enters the fetus, and it can cause allergic reaction of the neonatal red blood cell, and even initiate the neonatal hemolysis when the fetal carries the antigen corresponding to the antibody on red blood cell surface. The main clinical manifestations of neonatal hemolysis are HGB decline, jaundice, shortness of breath, rapid heartbeat, hepatosplenomegaly of different degrees, etc. Its severity is closely related to the physical maturity of the newborn, the amount of antibody in the body and the ability of hematopoietic compensation. Neonatal hemolysis can have a serious impact on neonatal survival, intellectual development, and neurological function. Early detection and intervention are essential for disease diagnosis and neonatal safety. It is well known that the blood group antibodies that cause the sensitization of newborn red blood cells generally enter the body of fetus through blood circulation during pregnancy or delivery. After the fetus is born, breast milk is the only way for these antibodies to enter the newborn again. Studies had shown that levels of immunoglobulin IgM 、IgG and SIgA in breast milk on the first, fourth and sixth day after birth are significantly higher than those in neonatal serum, suggesting that abundant immunoglobulin in breast milk can compensate the immature humoral immune function of newborns, and maternal IgG in the serum of full term newborns can be maintained until 6 months after birth[10].
The five newborns in this study all developed different degrees of jaundice symptoms after birth. And consistent antibodies, which involved ABO and Rh systems, were found in fetus by eluting and identifying antibodies bound to the surface of the children's red blood cells, and be detected in breast milk and maternal plasma at the same time. When detecting antibodies in breast milk, red blood cells treated with papain can improve results of the detection and help to correct diagnosis. Case 1and 3’s jaundice could not be decided whether relating to HDN according to reference clinical diagnostic criteria, while laboratory tests had demonstrated the occurrence of antigen-antibody reaction. Three other cases were all confirmed as HDN by consistent clinical diagnosis and laboratory findings. In order to avoid the possibility of passive acquisition of antibodies through breast milk, all five infants stopped breastfeeding at doctor's suggestion and were transferred to formula as a basic diet. Five neonates were treated according to the need such as ultraviolet radiation, blood transfusion, injection of immunoglobulin and other appropriate methods and all achieved good results.
This evidence, similar to the findings of other previous studies, had one gap which only showed that neonatal allergic erythrocytes antibodies originated from their mother[11] .Since antibodies exist in both maternal plasma and breast milk, there is lacking of direct evidence to support that only breast-milk-derived antibodies are sufficient to sensitize newborn red blood cells. The case 1 in this study gave us a breakthrough finding in which mother did not detect anti-D in her plasma on 1 day before delivery. However the antibodies was found in mother’s plasma, breast milk as well as neonatal red blood cell surface simultaneously after birth. The only source was that the mother received a shot of  anti- D immunoglobulin within 24 hours after birth .Meanwhile, the fetus has been separated from the mother and began to breastfeed after birth, and the only connection between the baby and the mother was breast-feeding, so it could be inferred that the anti-D in the neonate's body was passively obtained by breast-feeding and binds to D antigen of the baby's red blood cells. This finding compensated for the absence of evidence that IgG antibodies obtained through the exclusive breast-milk pathway could directly sensitize newborn red blood cells. This shows that the blood type IgG antibody existing in breast milk can enter the infant's body through breast feeding to generate antigen-antibody reaction.
There are still many deficiencies in this study. Case 1 was titrated with antibody titer, while the other 4 cases were not tested with antibody titer in breast milk. Antibodies in breast milk are obtained by high-speed centrifugal separation of whey, which can confirm the existence of irregular antibodies in breast milk, but it cannot be excluded that different antibody concentration efficiency leads to different antibody reaction intensity. Due to the lack of donors, this study was unable to obtain breast milk without irregular antibodies as a blank control to avoid interference of other components in breast milk to the experiment, which should be improved in future studies. Mothers receive antigen stimulation to produce antibodies, antibodies persist in breast milk, breast feeding is also a long-term process, the establishment of infant immune barrier and immune tolerance, and a series of immune response mechanisms such as the disposal of the body when receiving these unfavorable antibodies need further research. 

Through the examination of the above-mentioned cases, the author reviews the past cases. Once the sick child was diagnosed with hemolytic disease of newborn after birth, he was admitted to hospital for treatment for anemia about 30 days after being cured and discharged from hospital, and hemolysis-related antibodies were detected again in his blood. If the antibodies were transferred from the mother to the sick child during pregnancy or childbirth and should not be detected again after treatment and improvement, it can now be explained that these antibodies should come from breast milk. Although interruption of breast feeding is no longer recommended as a diagnostic procedure to identify breast milk jaundice [12]. However, this study suggests that caution should be taken for breast-feeding infants with breast-milk jaundice or clinically diagnosed hemolytic disease of newborn, especially breast-feeding with high titer antibody.
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