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Abstract
Objective: The evidence for the effects of blood exchange transfusion on selenium (Se) in newborn infants isunknown. This study was conducted to determine the possible effects of blood exchange transfusion on Se bycomparing the Se blood concentrations before and after exchange transfusion in jaundiced neonates.
Methods: A total of 30 jaundiced term neonates who underwent blood exchange transfusion (EXT) for firsttime because of idiopathic unconjugated hyperbilirubinemia, were recruited. The Se level of 30 blood bankdonors’ samples used for EXT were measured and 30 pairs of uncontaminated umbilical cord blood sampleswere investigated for Se before and after exchange transfusion. The samples were analyzed by instrumentalneutron activation analysis method. Serum bilirubin concentrations were measured by venous blood samplesbefore EXT.
Findings: The average of Se concentration before EXT was higher than that after EXT (629.78±283.82 SD ppbversus 454.83±213.75 SD ppb) (P<0.05). There was significant correlation between the blood concentrationof Se before and after EXT and also between the blood level of Se before EXT and total serum bilirubin level(P<0.05). There was no significant correlation between the blood concentration of Se before EXT and babies’gender and weight (P>0.05). The average Se level in samples obtained from transfused blood products was507.90±223.56 SD ppb.
Conclusion: Blood exchange transfusion caused a 28% decrease of the blood Se level because the blooddonors had lower blood Se levels than the newborns. Furthermore, there was a significant correlationbetween the blood level of Se before EXT and the total serum bilirubin level.
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IntroductionFifteen trace elements are claimed to be essentialfor human organism. Inadequate intake of theseelements causes deficiency diseases. However,even essential trace elements may become toxic athigh doses[1]. Also low fetal stores, immaturity of

digestive system, low content in breast milk, rapidgrowth and disease affect the serumconcentrations[2]. The role of micronutrientsdeficiencies in increasing or exacerbating themajor clinical problems facing neonatal healthprofessionals in developing countries is unknown.Micronutrients or minerals levels might affect the
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role of bilirubin binding proteins or process ofbilirubin excretion[3]. The antioxidant capacityof jaundiced infants were related to the level ofbilirubin as a decrease in antioxidant capacityafter exchange transfusion has been reported[4].Se (Se) is an essential trace element oftremendous importance for human health. Its rolein animal nutrition was first recognized in 1957 bySchwartz and Foltz who demonstrated that Sedeficiency led to necrotic degeneration of liver,pancreas, heart and kidney in mammals. Inhumans, it was not until 1973, however, thatselenium's biochemical function as an integralpart of the antioxidant enzyme glutathioneperoxidase (GSH-Px) was discovered[5]. Little isknown about in utero transport of Se across theplacenta or even distribution of Se within the fetalbody. Backward extrapolation to expectedaccumulation in the third trimester would be 1µg/kg/day[5]. Babies are born with lower Seconcentration in their blood than their mothers'and lower still in preterm infants[6]. Infants bornprematurely have lower hepatic Se stores thanterm infants at birth[5].Se deficiency is characterized by peripheralmyopathy with muscle weakness and muscle pain,cardiomyopathy, arrhythmias and congestiveheart failure[7]. An endemic cardiomyopathyoccurring mainly in infants and children in China,known as Keshan disease has been reported[5,8].There are reports of white finger nails andincreases in serum ALT (alanineaminotransferase) and AST (aspartate amino-transferase) and creatinine kinase attributed to Sedeficiency during long term parenteralnutrition[5,8], and Se may be related todisturbances in thyroid hormones metabolism[9].
Se is an essential constituent of various enzymesincluding glutathione peroxidase, which protectsagainst oxidative injury. In the neonate, neuronalinjury in hypoxic ischemic encephalopathy andseveral other diseases is believed to be caused byoxygen free radical injury[10]; also low Se levelswere associated with increased risk of fetal death,neonatal death and HIV transmission through theintrapartum route[11].Removal of blood from the affected infant andreplacing with fresh blood from blood bank(exchange transfusion) is used as a treatment for

severe unconjugated hyperbilirubinemia in new-born infants. Traditionally twice the blood volumeof baby is removed and replaced with fresh blood.Exchange transfusion can be associated withserious adverse events and death.Exchange transfusion rapidly produced variablechanges in the concentrations of prooxidant andantioxidant substances in plasma and may thusinfluence Se level in the newborn. The evidencefor the effects of blood exchange transfusion on Sein newborn infants is unknown. InstrumentalNeutron Activation Analysis Method (INAA) wasthe standard, sensitive, relatively cheap, non-destructive, powerful and most reliable analyticalmethod with minimum detection limits in the sub-PPM range[12-14], thus INAA is performed atspecialized centers, often for research. Thepresent study aimed to elucidate the Se bloodconcentrations in jaundiced newborns thatunderwent EXT and possible effects of EXT on thisselected trace element by INAA method.
Subjects and MethodsThe study carried out in the national laboratory ofPayame Noor University and Atomic EnergyOrganization of Iran (AEOI) and the TehranUniversity of Medical Sciences, Children’s MedicalCenter which provides levels 2 and 3 of neonatalcare. This is a prospective, case series, descriptiveand analytical study in Iranian newborns fromOctober 2007 through October 2008. A total of 30term (37-40 weeks gestation) jaundiced newborninfants who needed blood exchange transfusionadmitted to Children’s Medical Center, wereselected. The local institutional ethics committeeapproved it and informed patient’s parent consentwas obtained. The babies who were born withhistory of birth trauma, asphyxia, hemolyticjaundice, major congenital malformations, andsepsis were excluded. The newborns fed withformula or milk fortifier, enteral supplement,parenteral nutrition with trace elements, as wellas contaminated blood sample also were excludedfrom the study. The mothers with history ofsmoking, drug abuse, vegetarians and those with
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medical condition needing treatment wereexcluded from the study. All infant demographicfindings were recorded. Serum bilirubinconcentrations were measured by venous bloodsamples of all patients before EXT.Thirty pairs of umbilical cord blood samples(~5ml) from 30 newborns were obtained, onesample before EXT, and second sample 2-5minutes after EXT were collected needleless viathe umbilical vein catheter. 30 samples oftransfused blood product were obtained and 5 mlblood samples from each donor were collected. Allsamples were collected in uncontaminatedpolyethylene tubes. Within few minutes the bloodsamples were transferred to special glass bottles.All glassware and bottles used for collection andanalysis were pre cleaned with analytical gradenitric acid solution and rinsed with ion free waterat PNU (Payame Noor University) nationallaboratory. All samples were stored at -20°C untilfreezing. After drying the blood samples (in Pyrexdishes with 5 cm diameter in an oven at 60°C for 7h), samples were powdered by a porcelain mortar,30 mg from each sample sealed in cylindricalpolyethylene capsules, and distributed inirradiation tubes. Samples were irradiated in AEOIreactor laboratory by swimming pool researchreactor facilities in thermal neutron flux 1-5×1011cm-2 s-1 for 59-65 minutes. Decaying of short halflife trace elements took 7-10 days, and thensamples were measured with an HPGe detector.They were processed in batches of 7 samples andone sample for internal quality control. Thestandard control reference materials were NIST-SRM-bo1 (solid), NIST-SRM-bo2 (solid) and NIST-SRM-OC575154 (liquid). The measurements weredone in two stages, the first stage was after 10-15days and the second stage was 22-28 days decay.The irradiated standard reference materials weremeasured in the same conditions and the net areaof peaks were corrected according to samples andstandard reference elements. The data wereanalyzed by Gamma-2000 and Spam software.The independent simple t-test, one samplet-test, paired sample t-test, analysis of variance(AnoVa) test, post hoc tests (multiplecomparisons, Tukey HSD), and Levine’s test forequality of variances were used for data analysis.A P-value below 0.05 was considered significant.

FindingsOf the 30 term neonates, 20 (66.6%) were malesand 10 (33.3%) females, 14 (46.6%) mothers wereprimigravida. Newborn characteristics and serumbilirubin levels (Table 1) and Se status before andafter blood exchange transfusion and in donors’blood (Table 2), comparison of average andstandard deviation of Se levels before and afterEXT with donors’ blood (Table 3) of the subjectsare presented. The mean postnatal age, gestationalage, weight of patients, and serum bilirubinconcentrations were 5.2 days, 38.5 weeks, 2950 g,and 23.5 mg/dl respectively. The mean andstandard deviation of dry blood Se concentrationbefore EXT were higher than after it(629.78±283.82 SD ppb vs 454.83±213.75 SDppb). There was significant difference between theblood concentrations of Se before and after EXT(P<0.05), post EXT Se was decreased by 28% andthere was a significant correlation between theblood levels of Se before EXT and total serumbilirubin levels (P<0.05). The mean Seconcentrations before EXT in boys were631.39±306.20 SD ppb and in girls626.56±248.21SD ppb. The mean Seconcentrations after EXT in boys were477.93±230.57 SD ppb and in girls 408.62±177.30SD ppb. There was no significant relation betweenthe blood concentrations of Se before EXT andbaby's sex and weight (P>0.05). Samples obtainedfrom transfused blood product showed mean Se507.90±223.56 SD ppb.

DiscussionTo our best knowledge this is the first report onthis effect of EXT on Se level in newborn infants.This study showed that post EXT Se leveldecreased by 28%.This study showed that adult blood bankdonors had lower Se level than newborns andexchange is another factor that influences Sestatus in newborns. We found that the level of Sein dry blood components of healthy volunteers ofblood bank donors in Tehran ranged between
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Table 1: Newborn characteristics and serum bilirubin levels
Patients No Sex

Age at time of EXT
(day)

Weight
(gr)

Serum bilirubin before EXT
(mg/dl)1 female 3 2200 24.02 male 5 2500 26.03 male 7 3000 21.04 female 8 3400 23.05 female 5 3650 23.06 male 6 2600 23.07 male 3 3900 23.88 male 7 2500 23.09 male 7 3350 26.510 male 4 2750 24.111 male 4 2500 26.012 female 5 4000 27.013 female 3 2420 21.614 male 7 2800 23.215 male 9 3300 27.016 male 5 2550 17.017 male 5 2380 23.318 male 4 3050 22.019 female 9 2000 16.020 male 7 3020 26.021 male 7 3150 25.022 female 3 3400 27.023 female 4 3300 21.024 female 7 2740 16.025 male 3 2200 22.026 male 5 2250 31.027 male 4 3600 25.028 female 3 2950 27.629 male 5 3760 23.030 male 4 3100 22.4

507.90±223.56 SD ppb. This result is close tothose reported by Bakir et al, namely 650-2260ppb (dry form)[13], but it is more than the serumlevels which are reported of healthy individualsliving in Tehran (100.6±12.6 ppb)[15]. The blood Selevel varies widely with geographical area,country, region, sex, age, climate and season[8]. Thetechnique appears to have significant influence onlevel of measured Se in serum/plasma [16]. In thepresent study these differences in Se status areprobably due to measurement technique.Term infants at birth have higher serum orplasma Se concentrations than their pretermcounterparts and both groups have significantlylower Se levels than their mothers, and Seconcentrations are generally 50-65% of those ofadults[10,8]. The plasma Se concentration of themajority of healthy neonates from birth up to 3

months of age fall within the range of 50-150ppb[5]. Our results show that in newborns Se levelsbefore EXT was 629.78±283.82 SD ppb, it is closeto the Se levels in German neonates[17], but it ismore than in Indian infants, Iranian children,Italian, Iranian and Turkish newborns[5,8,18-20]. It isknown that human infants are born with Sereserves but its level also depends on the Seconcentration of human milk, colostrum containsmore than twice the Se concentration of maturemilk[5,11,16]. Although interpretation andcomparison of Se concentration in neonates isdifficult[5], the Se status was found to vary withpostnatal age and the type of feeding[8]. In thisstudy there was no significant correlation betweenblood concentrations of Se before EXT and babies’gender and weight (P>0.05), while Se level innewborns was higher than that of adults of
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Table 2: Comparison of selenium (Se) status in jaundiced newborns before and afterblood exchange transfusion with Se status of the donor’s blood
No

Se Before
EXT (ppb)

Se Donor
(ppb)

Se After
EXT (ppb)

No
Se Before
EXT (ppb)

Se Donor
(ppb)

Se After
EXT (ppb)1 802.91 663.21 387.70 16 1285.30 432.75 712.032 801.52 754.55 554.59 17 332.83 850.89 408.943 1041.70 343.45 675.23 18 126.65 552.19 237.894 638.91 567.88 668.00 19 818.74 457.65 372.255 880.72 502.76 339.67 20 449.01 453.02 337.296 633.67 281.90 868.28 21 207.19 475.33 347.847 1277.00 274.10 940.82 22 270.63 163.43 268.488 646.85 454.83 695.77 23 221.33 264.45 117.359 425.81 729.83 491.84 16 842.10 957.84 726.4110 805.23 538.83 238.59 24 500.68 654.53 692.2411 593.41 830.48 335.31 25 824.69 102.00 228.9612 382.17 569.01 428.22 26 463.36 730.72 610.2413 783.47 566.22 353.58 27 624.57 127.38 424.514 581.65 239.49 189.57 28 546.45 334.70 207.3315 530.85 746.29 285.17 29 553.99 617.43 500.66

Tehran’s blood bank donors. we do not have anexplanation for this, but the possible reason forhigher dry blood Se levels in babies compared tothose of blood donors may be transport of Seacross the placenta and with breast milk.Low serum or plasma Se concentrations anddecreased erythrocyte glutathione peroxidase(GSH-Px) activity have previously been shown tobe associated with a variety of clinical problemsthat improved when Se therapy was instituted[8,9].Some of these conditions in neonates may be atleast partly attributable to damage caused byoxygen radicals. These include bronchopulmonarydysplasia, retinopathy of prematurity, necrotizingenterocolitis, patent ductus arteriosus andneuronal injury in Hypoxic ischemicencephalopathy[5,6,10,21]. Symptoms of acutetoxicity include nausea, vomiting, diarrhea, hairloss and exfoliative dermatitis. Se toxicity inhumans has been well documented in residents ofHubei province of China, 50-80% of inhabitants

developed loss of hair and nails and lesions ofskin, nervous system and teeth[17].We detected the blood Se level was decreasedsignificantly after blood exchange transfusion;apparently this drop is related to the lower Selevel of donors blood.The effect of an exchange transfusion onantioxidants in the plasma of newborns with rhhemolytic disease was studied. Exchangetransfusion rapidly produced variable changes inthe concentrations of prooxidant and antioxidantsubstances in plasma and may thus influence freeradical metabolism in the newborn[22]. There wasno detectable change in mean Se or glutathioneperoxidase concentration after transfusion[23].Newborns are subject to increased oxidativestress and in cases where there is a depressedantioxidant system, which is significantly shown incord blood and on the 4th day of life in babies withhigh bilirubinemia compared to less jaundicedbabies[4].
Table 3: Comparison of average and standard deviation of Se (ppb) levelsbefore and after EXT with donors’ blood.

Before. EXT
Mean (SD)

Donor
Mean (SD)

After EXT
Mean (SD)629.78 (283.82) 507.90 (223.56) 454.83 (213.75)SD: Standard Deviation
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In this study, significant correlations wereobserved between the blood levels of Se beforeEXT and total serum bilirubin levels. Morecomprehensive studies are needed in order toelucidate the role of Se in idiopathic unconjugatedhyperbilirubinemia in neonates.However, this is a preliminary study, possiblythe first; more studies with large number of casesare required to confirm the feasibility and potencyof this method as a research laboratory test. Wedid not study Se level in mothers; this is thelimitation of the study.

ConclusionThe blood Se level was decreased significantlyafter blood exchange transfusion. Apparently thisdrop is related to the lower Se level of donor’sblood, and exchange is another factor thatinfluences Se status in newborns. There was asignificant correlation between the blood levels ofSe before EXT and total serum bilirubin levels.
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