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Abstract

Objective: Newborns who suffer from jaundice and/or receive phototherapy (PT) are at a higher risk ofdeveloping asthma. In this study we aimed to investigate the relationship between bilirubin and peripheraleosinophil counts in newborns with severe hyperbilirubinemia needing PT.
Methods: In this study, a retrospective analysis was performed on 306 newborns with severehyperbilirubinemia with gestational age ≥35 weeks (Group 1) and the control group consisted of 295 age andgender-matched newborns (Group 2). Total serum bilirubin, hemoglobin, albumin, leucocyte and eosinophilcounts before and after PT were recorded from medical charts.
Findings: All the patients in Group 1 received phototherapy and 77 (25.2%) of them needed exchangetransfusion (ET). Before receiving PT, the patients in Group 1 had lower levels of Hb and higher levels of totalserum bilirubin and lymphocytes than those in Group 2 although there was no statistically significantdifference with regard to peripheral eosinophil counts. Eosinophils were detected to be numerically lower inGroup 1. Higher bilirubin subgroups had also lower eosinophil counts. The patients in Group 1 had lowerlevels of Hb, leucocyte, albumin and higher levels of eosinophil following PT.
Conclusion: Peripheral eosinophil count may be affected by bilirubin levels and/or phototherapy. There is aneed for further clinical research based on different models.
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IntroductionIndirect hyperbilirubinemia (IHB) is the mostcommon cause of jaundice in the neonatalperiod[1]. Eosinophils are white blood cells of theimmune system which are responsible for parasitedefense reactions, allergic response, tissueinflammation, and immune modulation[2].Eosinophils have a central role in the pathogenesisof asthma, therefore can be selectively targetedwith therapeutic agents, which seems to provideclinical benefit in asthmatics patients with

persistent airways eosinophilia[3].Bilirubin is one of the end products of hemecatabolism mediated by heme oxygenase andbiliverdin reductase[4]. Even though bilirubin isknown to have toxic effects, it also has antioxidantproperties and protects the lungs and even theintestines[5]. Bilirubin was shown to inhibitvascular cell adhesion molecule-1 (VCAM-1)-dependent mechanisms[6]. VCAM-1 plays a majorrole in inflammatory cell migration and located onendothelial cell surface starts the adhesion oflymphocytes and eosinophils to the vascular
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endothelium[7]. Keshavan et al utilized a mousemodel of airway inflammation similar to asthma,and they discovered VCAM-1-mediated pulmonaryeosinophilia, lymphocytosis; and anti-inflammatory effects of bilirubin in the lung tissueand eosinophilia in circulation of these mice[8].It was reported that the newborns withjaundice requiring or not requiring PT are atgreater risk of developing asthma later in lifecompared to newborns who do not suffer fromjaundice[9-11]. To the best of our knowledge, thereis no study in the literature that focuses onrelationship between peripheral eosinophil countsand hyperbilirubinemia in jaundiced newbornswho receive or not receive PT. Therefore, in thisstudy we aimed to investigate the relationshipbetween bilirubin and eosinophil counts innewborns with severe hyperbilirubinemia, and wealso compared eosinophil counts variability beforeand after PT.
Subjects and MethodsA retrospective analysis was performed on 306newborns with severe hyperbilirubinemia whowere admitted to the intensive care unit (NICU) atDr Sami Ulus Maternity and Children Research andTraining Hospital, a level III neonatal center inAnkara, Turkey; between January 2011 andDecember 2012. Severe hyperbilirubinemia wasdefined as having a total serum bilirubin (TSB)level ≥20 mg/dL and/or requiring FT or exchangetransfusion (ET) according to the AmericanAcademy of Pediatrics (AAP) guidelines[12]. Thestudy was approved by the Ethics Committee ofthe Keçiören Ethic Committee, Ankara, Turkey.The newborns with severe hyperbilirubinemiawere assigned as study patients (Group 1) andtreated according to the AAP guidelines. 295 ageand gender-matched newborns that were checkedfor bilirubin levels and did not receive PT anddiagnosed as physiological jaundice were analyzedas control group (Group 2).
Inclusion criteria for the patient group: Infantswith a gestational age ≥35 weeks, TSB levels ≥20mg/dL, and with no other accompanyingpathologies than jaundice were included.
Exclusion criteria for the patient group: Infants

with a gestational age <35, TSB levels <20 mg/dLand other accompanying pathologies thanjaundice were excluded.
Inclusion criteria for the control group: Infantswith a gestational age ≥35 weeks and TSB levels of10-15 mg/dL.
Exclusion criteria for the control group: Infantswith a gestational age <35 and TSB levels <10mg/dL were excluded.The patients in Group 1 were also stratifieddepending on their TSB levels: Group A consistedof patients with a TSB level of 20-22.9 mg/dL,Group B consisted of patients with a TSB level of23-24.9 mg/dL, and Group C consisted of patientswith a TSB level ≥25 mg/dL.All patients' gender, gestational age, birthweight, type of delivery, and birth weightpercentiles as well as the age of their mothers, theexistence of preeclampsia and gestational diabetesin the mothers, whether the mothers had a historyof smoking and the presence of allergic diseases inthe family were taken from the medical records.Depending on hyperbilirubinemia protocol ofour unit, before PT treatment was commenced, 2mL of blood sample was taken from all patientsand analyzed for hemoglobin (Hb), leucocyte,lymphocyte, eosinophil, total and direct bilirubin,and albumin levels. When the TSB level fell 2mg/dl below the PT threshold for patient's age,the treatment was terminated. Subsequently, 12-24 hours later, blood samples were obtained andre-analyzed for Hb, leucocyte, lymphocyte,eosinophil, TSB, and albumin.The patients in the control group, underwentthe transcutaneous bilirubin control, and bloodsamples were obtained in those who had abilirubin level of 10-15 mg/dL. The samples wereanalyzed for Hb, leucocyte, lymphocyte,eosinophil, and TSB. The patients who had a TSBlevel of 10-15 mg/dL were allocated to the controlgroup.Eosinophil count was determined via completeblood count test (Abx-Pentra120, France), usingimpedance and cytochemistry method.Biochemical analyses including bilirubin, andalbumin were studied with spectrophotometricmethod (Beckman Coulter, DxC-8000; CA, USA).Transcutaneous bilirubin levels were checkedwith Drager Jaundice Meter (JM 103, Germany).In statistical analysis of the data, the softwarepackage called SPSS (version 16.0) was used. The
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Table 1: Demographic features of the patients
Parameter Group 1 (n=306) Group 2 (n=295) P. value
Gender (Male/Female) n 163/143 163/132 0.684
Birth weight (grams) 3149(468) 3185(443) 0.117
Gestational age (weeks) 39 (35-41) 39 (36-41) 0.08
Age at admission (days) 5 (1-12) 5 (2-10) 0.162
Maternal age (years) 26.5(5.2) 26.1(5.4) 0.922
Gestationel diabetes n (%) 10 (3.3) 10 (3.5) >0.05
Preeclampsia n (%) 8 (2.6) 8 (2.9) >0.05
Smoking during pregnancy n (%) 8 (2.6) 8 (2.7) >0.05
Family history of allergic disorders n (%) 13 (4.2) 11 (4.0) >0.05

Kolmogorov-Smirnov test was conducted todetermine the shapes of the distribution ofvariables. In summarizing the data, mean±SD ormedian values (interquartile range, IQR) wereused, as appropriate. Pearson or Spearman testwas used for correlation analysis. Groupcomparisons were analyzed by Student t-test orMann-Whitney U-test. Paired test or Wilcoxon testwas used for paired samples. One-way ANOVA wasused to compare three groups. A two-tailed
P-value <0.05 was considered statisticallysignificant.
FindingsA total of 306 cases were included in the patientgroup; 163 (53.3%) of these patients were malesand 228 (74.5%) of the patients were born viaspontaneous vaginal delivery. The patients wereborn at a median gestational age of 39 (35-41)weeks with a mean birth weight of 3149±468gram. No statistically significant difference withregard to socio-demographic differences wasobserved between Group 1 and Group 2 (Table 1).The patients in Group 1 were hospitalized on

postnatal day 5 (1-12). No underlying causes ofjaundice could be determined in 74 (24.2%) of thepatients. And the most common cause of jaundicewas ABO incompatibility (n=88, 28.7%). As for allthe patients in Group 2, the underlying cause ofjaundice was physiological jaundice and none ofthem needed hospitalization.All the patients in Group 1 received PT (2.8±1.6days) and 77 (25.2%) of the patients needed ET.Blood tests revealed that before receiving PT, thepatients in Group 1 had lower levels of Hb(P=0.001) and higher levels of TSB andlymphocytes than those in Group 2 (P=0.001,0.004, respectively). Although with regard toeosinophils no statistically significant differencewas observed, the levels of eosinophil weredetected to be numerically lower in Group 1(P=0.05) (Table 2). The patients in Group 1(patients who received ET were excluded fromthis analysis, n=229) had lower levels of Hb,leucocyte, and albumin; and higher levels ofeosinophil following the PT (P=0.001) (Table 3).In Group 1, there was a negative correlationbetween TSB and lymphocyte levels (r= -0.182,
P=0.001) and between TSB and eosinophil levels(r=-0.12, P=0.03), and a positive correlationbetween TSB and albumin (r= 0.23, P<0.001)before the patients received PT. As for the

Table 2: Comparison of Group 1 and 2 including total serum bilirubin, hemoglobin,leucocytes, lymphocytes and eosinophils
Group 1 (n=306) Group 2 (n=295) P. value

Total serum bilirubin (mg/dl) 23.4 (4.0) 12.8 (1.5) 0.001
Hemoglobin (g/dl) 15.6 (2.8) 17.3 (2.0) 0.001
Leucocytes (/mm3) 12675 (6729) 12457 (4417) 0.8
Lymphocytes (/mm3) 5124.3 (3792.0) 4227 (1627) 0.004
Eosinophils (/mm3) 407.2 (243.7) 453 (208) 0.05
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Table 3: Comparison of total serum bilirubin, hemoglobin, leucocytes, lymphocytes,eosinophils and albumin in Group 1 before and after phototheraphy
Parameter Before PT (n=229) After PT (n=229) P. value
Total serum bilirubin (mg/dl) 23.4 (4.0) 10.0 (2.2) 0.001
Hemoglobin (g/dl) 15.6 (2.8) 13.8 (2.4) 0.001
Leucocytes (/mm3) 12675 (6729) 11040 (3640) 0.001
Lymphocytes (/mm3) 5124.3 (3792.0) 4953.7 (2026.2) 0.507
Eosinophils (/mm3) 407.2 (243.7) 506.4 (357.8) 0.001
Albumin (g/dl) 3.2 (0.4) 3.0 (0.4) 0.001

relationship between the blood values obtainedafter the patients in Group 1 received PT, apositive correlation between TSB and eosinophil(r=0.15, P=0.02) was found.The patients in Group 1 were stratifieddepending on their TSB levels: (Group A; 20-22.9mg/dL, Group B; 23-25 mg/dL, and Group C; >25mg/dL). No statistically significant difference withregard to socio-demographic differences wasobserved within these subgroups (data not given,
P>0.05). The assessment of the Hb, leukocyte,lymphocyte, eosinophil and albumin levelsobtained before PT revealed that there was adifference in these three groups with regard toeosinophil. Group A had higher eosinophil levelscompared to Group C (F=4.65, P=0.01) (Table 4,Fig. 1).

DiscussionIn our study, we found that the newborns whosuffered from severe hyperbilirubinemia beforethe commencement of PT had a significantlyhigher lymphocyte count than those who sufferedfrom a much less severe hyperbilirubinemia (TSB10-15 mg/dL), and newborns with severe IHBwere observed to have lower levels of eosinophils,even though this difference was not statisticallysignificant. In term neonates, the mean value foreosinophils is reported to be 550/uL, rangedbetween 140 to 1300/uL[13]. Although patient’seosinophil levels are within normal range, weshowed that higher bilirubin subgroups had lowereosinophil counts. It has been proven in thelimited number of animal experiments that in

Fig. 1: Comparison of eosinophil levels in group I (group A, group B and group C)
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Table 4: Comparison of hemoglobin, leucocytes, lymphocytes, eosinophils and albumin in Group 1 subgroupsdepending on bilirubin levels before phototherapy
TSB Levels

20-22.9 mg/dl
(Group A)

[n=151 (49.3%)]

23-25 mg/dl
(Group B)

[n=72 (23.5%)]

>25 mg/dl
(Group C)

[n=83 (27.2%)]
F P. value P. value

Hemoglobin
(g/dl)

16.0 (2.7) 16.2 (2.6) 15.7 (2.4) 0.464 0.6 a-b:0.871b-c:0.604a-c:0.816
Leucocytes
(/mm3)

11663 (5033) 11826 (3339) 11708 (4073) 0.031 1 a-b:0.966b-c:0.986a-c:0.997
Lymphocytes
(/mm3)

5118 (2950) 4873 (2042) 4543 (1828) 1.373 0.3 a-b:0.781b-c:0.703a-c:0.225
Eosinophils
(/mm3)

463 (265) 414 (225) 356 (251) 4.648 0.01 a-b:0.389b-c:0.342a-c:0.007
Albumin
(g/dl)

3.2(0.3) 3.2(0.3) 3.2 (0.3) 1.709 0.2 a-b:0.640b-c:0.734a-c:0.163* Tukey HSD
mouse model of asthma, the mice that are givenbilirubin have low levels of lymphocytes andeosinophils in the lung tissue, but also that theirblood eosinophil levels increase para-doxically[8,14,15]. However, no clinical trials have yetbeen conducted to observe the effects of bilirubinon human beings. Nevertheless, based on theanimal experiments, it might be claimed that thesuppression of VCAM-1 accounts for the low levelsof blood eosinophil in our study. The fact that TSBlevels are in negative correlation with eosinophillevels supports our claim. Paradoxically, it can alsobe claimed that high levels of TSB have a seriousneurotoxic effect on one hand, and on the other,they might have a protective effect against thedevelopment of allergic diseases later in life. Butthe mechanism underlying the high levels oflymphocytes is not clearly known.High levels of bilirubin may induce a decreasein eosinophil levels by suppressing VCAM-1, sothat, any treatment that aims to decrease TSBlevels may be expected to increase the levels ofeosinophils. The most commonly used method inthe treatment of IHB is PT. Recent studies haveshown that certain cytokines released byperipheral blood mononuclear cells are affected infull-term neonates who are given PT to treathyperbilirubinemia. Sirota et al pointed out intheir study on newborns who receive PT thatthere was a significant increase in the release ofIL-2 and IL-10 and a decrease in the secretion ofIL-1beta. They claimed that IL-6 and IL-10 are

produced from keratinocytes in association withPT[16]. Kondo et al, on the other hand, who exposednormal cultured human epidermal keratinocytesto 10-300 J/m2 UVB irradiation, found that therewas an increase in IL-8 mRNA level[17]. There is nostudy in the literature that focuses on how PTaffects the level of eosinophils. However, the factthat notably IL-10 is a chemoattractant suggeststhat eosinophilia might develop in associationwith PT. In the light of all this data, it might beclaimed that bilirubin is protective against allergicdiseases and that PT might trigger allergicdiseases. There are only 3 studies in the literatureregarding this matter[9-11]. In their study, Aspberget al reported that in the absence of other neonataland maternal risk factors newborns who sufferfrom jaundice and/or who therefore receive PT,are at a 1.5 times higher risk of developing asthmalater in life than newborns who do not suffer fromjaundice[10]. The same researchers showed inanother study that neonatal jaundice and/orexposure to PT is the single determinant of therisk of developing asthma after 12 years of age[9].Ku et al reported that infants who were diagnosedwith neonatal jaundice had 1.64 times higher riskfor asthma[11]. However, in the mentioned studies,it is not clear whether the risk of developingasthma is associated with bilirubinemia or PT. Inour study, we also found that the levels of serumalbumin levels decreased following PT. In the lightof literature and our data, one might suggest thatnot bilirubin but PT may cause a decrease in
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antioxidant capacity, and may be related risk ofdeveloping asthmaHuman serum albumin, which is amultifunctional, non-glycosylated, negativelycharged transport protein in human blood plasmaserving antioxidant and enzymatic functions, is themost important antioxidant in an individual who isexposed to oxidative stress[18]. In our study, wefound that there is a positive relationship betweenlevels of TSB and serum albumin. This brings tomind that bilirubin, which is known to be anantioxidant, can act like a pro-oxidant when foundin large quantities.The limitation of this study is being ofretrospective nature and without randomization.The literature would benefit from prospectivestudies in which such a randomizationmeasurement is made.

ConclusionPeripheral eosinophil count may be affected bybilirubin levels and/or phototherapy. The exactmechanism of neonatal jaundice/phototherapyand later risk of developing asthma is not clearyet, further prospective studies in larger groupsare needed.
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