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ABSTRACT

Background: Majority of the jaundiced neonates requiring phototherapy do not have an identifiable cause for the
jaundice. Reticulocyte count more than 4% on day 3 of life is called reticulocytosis in neonates. So far no studies have
evaluated the prevalence of reticulocytosis among jaundiced neonates requiring phototherapy. Objective of the study
was to identify babies with only reticulocytosis as cause for jaundice and identify factors contributing to
reticulocytosis.

Methods: An observational study was carried out over a period of one year in the neonatal unit of a tertiary care
hospital on 200 jaundiced neonates requiring phototherapy for determining the incidence of jaundice with unknown
etiology. This data was analysed for prevalence of reticulocytosis and its contributing factors.

Results: 67 of 200 babies with jaundice had reticulocytosis. An etiology for the reticulocytosis was found in 37
babies. 12 of the remaining 30 babies had dehydration (weight loss more than 10%) contributing to jaundice. 18
babies had no identifiable cause for the reticulocytosis. Mildly significant correlation was found with sibling history
of neonatal jaundice (p = 0.052). No significant correlation was found with any other contributing factors.
Conclusions: Reticulocyte count should be done for any baby with jaundice requiring phototherapy. Screening for
irregular antibodies and genetic studies need to be promoted along with routine tests, to identify the cause for
reticulocytosis after working out the costs involved.
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INTRODUCTION METHODS

60 to 80% of neonates develop jaundice in the first week

of life.! Only 8-11% of these babies develop jaundice that
is significant enough, to need further evaluation and
phototherapy.” Identification of cause helps in early
counselling regarding future incidence of haemolysis,
anaemia and bilirubin cholelithiasis.®

Reticulocytosis has been defined as >7% at birth, >4% at
day 3 of life and > 1% after 7 days of life.*> As of now,
to the author’s knowledge, there are no studies evaluating
the prevalence of or factors contributing to reticulocytosis
in jaundiced neonates requiring phototherapy.

An observational study was carried out over a period of
one year in the neonatal unit of a tertiary care hospital on
all jaundiced neonates who required phototherapy, for
determining the incidence of jaundice with unknown
etiology (idiopathic neonatal jaundice/ exaggerated
physiological jaundice).®

From this data, all neonates >35 weeks who required
phototherapy as per Bhutani’s chart and in whom
reticulocyte count was evaluated were included in the
study. Jaundiced neonates on phototherapy in whom
reticulocyte count was not evaluated were excluded from
the study.
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During the study period 861 neonates were born after 35
completed weeks of gestation. 344 babies required
phototherapy. In 144 of these babies reticulocyte count
was not evaluated for various reasons, and hence were
excluded. Remaining 200 neonates were evaluated for
prevalence of reticulocytosis, and for correlation with
factors contributing to reticulocytosis.
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Figure 1: Determination of etiology of jaundice.

A complete history with respect to the onset of the
jaundice, feeding history, risk factors present, family and
sibling history of jaundice or blood transfusion, maternal
illnesses, mother and baby blood group, starting of
phototherapy and number of days phototherapy given
were taken. A proper clinical examination was done for
features of sepsis, bruises or cephallhaematomas.

200 babies were analysed for the cause of jaundice as per
Figure 1. Babies in whom no cause were found was
labelled as idiopathic jaundice. Babies in whom more
than 10% weight loss was found without any other cause
for jaundice requiring phototherapy were labelled as
dehydration jaundice. The babies in whom reticulocytosis
was found (reticulocyte count more than 4%) were
further evaluated as per figure 1, for identifying the
etiology for reticulocytosis. Babies in whom no etiology
could be found for reticulocytosis; were further evaluated
for significant correlation with contributing factors like
baby blood group, presence of risk factors, sibling and
family history of jaundice or blood transfusion, caste and
community of origin.

Descriptive and inferential statistical analysis has been
used in the present study.” Data was entered in Microsoft
Excel spread sheet. Data was analysed using SPSS
(statistical package for social sciences) version 20 for
Windows.

Continuous variables were interpreted using mean and
standard deviation. Categorical variables were interpreted
using number and percentages.

Fischer exact test and ANOVA were used to test the
statistical significance. P < 0.05 was considered as
statistically significant.

RESULTS

92 were females and 108 of the 200 jaundiced babies
were males. 125 babies delivered normally and 75 of 200
babies by caesarean section. 156 babies were born at term
and 44 of the 200 babies were born preterm.

87 of the 200 babies had no identifiable cause for the
neonatal jaundice and were hence classified as idiopathic
jaundice. 39 babies had only dehydration as cause for
jaundice.

67 of the remaining 74 babies had reticulocytosis on
evaluation. The remaining 7 of 200 babies had
identifiable causes other than reticulocytosis for jaundice
(Table 1).

Table 1: Etiology of jaundice.

No of
babies

Cause for jaundice

Percentage Onset (hours)

Peak Mean

Duration bilirubin reticulocyte

(hours)

Physiological jaundice 87 43.5 66.68+28.40 64.81+28.88 17.29+3.37 2.23+1.32
Only dehydration 39 19.5 72.10£19.21 65.03£26.72 18.20+4.64 2.35%1.32
Reticulocytosis 67 33.5 54.04+16.58 67.67+27.12 18.82+6.63  7.23+4.8
Causes other than 35 647142446  63.35:33.63 10314664  2.10+1.17
reticulocytosis for jaundice

P value (ANOVA) 0.001 0.921 0.262 0.001
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Table 2: Etiology for reticulocytosis in neonatal jaundice requiring phototherapy.

] ] _ Mean
(C;z;iilfggyﬁtgﬂgﬁtf;% E‘;b?; Onset (hours) Duration (hours) (Prre;l/( d?)l ki reticulocyte
ABO incompatibility 17 55.29+19.05 72.24+27.24 17.86+2.50 8.51+5.18
Rh incompatibility 13 47.00+14.54 74.77+30.86 26.78+11.54 6.87+3.65
ABO + Rh incompatibility 2 55.00+21.21 46+36.77 20.05+2.76 6.15+1.77
Sepsis 4 42.25+9.32 78.25+25.41 18.05+2.09 7.00+4.43
G6PD 0 0 0 0 0
Membrane defects 0 0 0 0 0
Hemoglobinopathies 0 0 0 0 0
Cephalhaematoma/bruises 1 56 80 17 4.4
With dehydration only 12 60.75+16.99 69.83+31.08 16.04+1.45 5.97+2.55
No cause for reticulocytosis 18 54.06+14.81 56.17+19.32 15.96+2.09 7.43+6.6
Total 67 54.04+16.58 67.67+27.12 18.82+6.63 7.23+4.8

Table 3: Comparison of clinical variables in relation to reticulocytosis.

Onset of Duration of Peak Mean
Percentage jaundice in phototherapy  bilirubin reticulocyte
hours (hours) (mg/dl) count (%)

No of

Causes for reticulocytosis

babies

Blood group incompatibility 32 47.76 52.94+17.82 71.63+29.02 21.62+8.6 7.70+4.46
Sepsis/ cephalhematoma 5 7.5 45.00+10.15 78.6+£22.02 17.84+1.87 6.52+3.98
With dehydration 12 17.9 60.75+16.99 69.83+31.08 16.04+1.45  5.97+2.55
With no cause 18 26.87 54.06+14.81 56.17+19.32 15.96+2.09  7.4316.6
P value (ANOVA) 0.314 0.187 0.008 0.744

ANOVA: Analysis of variance

Table 4: Comparison of risk factors, sibling and family history of jaundice in relation to reticulocytosis in neonatal
jaundice (NJ).

Reticulocytosis
Blood group other than
incompatibility blood group

NJ due to
causes other
than P value

Dehydration

Physiological only cause

jaundice

Number(N)Risk

factors _ for NJ causing NJ incompatibility : .
n =87 =139 n=32 causing NJ rezlculocytoms
~ n=7
n=235

Only Major 2 2 3 0 0 0.58
Only minor 51 27 16 18 0 0.79
Major+ minor 19 6 11 13 4 0.24
No risk factors 15 4 2 4 3 0.79
Sibling history of

jaundice 12 0 6 1 2 0.05
Family history of

jaundice 7 0 3 2 3 0.93

Fischer exact test

reticulocytosis and non-physiological jaundice due to
other causes with respect to peak bilirubin, mean duration
of phototherapy and mean onset of significant jaundice.

Only 32 of the 67 babies with reticulocytosis, had ABO
or Rh incompatibility on further evaluation. The
remaining 35 of 67 babies did not have membrane defects
on peripheral smear or G6PD deficiency. Out of 67
babies, 4 babies had features of sepsis, one baby had
cephalhaematoma and 12 babies had dehydration also
along with reticulocytosis. 18 babies (9%) had only

Table 3 shows comparison of etiologies of reticulocytosis
in neonatal jaundice with respect to mean onset, duration
of phototherapy and peak bilirubin. No significant

reticulocytosis (cause) on evaluation (Table 2). Table 1
shows the comparison between idiopathic, dehydration,

correlation was found between the caste and community
of origin, baby blood group for the 30 babies who had
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only reticulocytosis as aetiology for jaundice (p = 0.287).
No significant correlation was found with presence of
risk factors (Table 4). No significant correlation was
found with presence of family history of jaundice or
blood transfusion (Table 4). Mildly significant correlation
was found with sibling history of jaundice (P = 0.052).

DISCUSSION

Neonatal jaundice occurs due to mismatch between
production and elimination of bilirubin, with many
factors affecting each step of the process. An imbalance
in the production and elimination of bilirubin more than
what is anticipated can cause neurological sequalae in the
baby (kernicterus).® Jaundice requiring phototherapy is
the most common cause for prolonged hospital stay or
readmission in the first week after birth.®*

Most of the neonates that require phototherapy in the first
week of life, have no identifiable etiology for their
jaundice and are classified as idiopathic jaundice.'® In this
study 43.5% babies had no identifiable cause for jaundice
requiring phototherapy and hence were labelled as
idiopathic. 19.5% babies had only dehydration (weight
loss more than 10% of birth weight) as the cause for
jaundice (breastfeeding jaundice).'**® Idiopathic jaundice
is proposed to be secondary to interplay between
polymorphic genes involved in production and
metabolism of bilirubin (glucose-6-phosphate
dehydrogenase, uridine  diphosphate  glucuronosyl
transferase 1Al and solute carrier organic anion
transporter polypeptide 1B1)."

Reticulocyte count more than 4% on day 3 of life is
considered as reticulocytosis.” 33.5% (67) of the 200
babies had reticulocytosis (haemolytic cause for
jaundice). Babies with reticulocytosis had earlier onset of
jaundice (p = 0.001), though the peak bilirubin and
duration of phototherapy were similar to that of neonates
without reticulocytosis, as expected. 32 of these 67
(47.76%) babies had ABO and Rh incompatibility. 4
babies had sepsis contributing to reticulocytosis and one
baby had cephalhaematoma. Most cases of haemolytic
jaundice could be identified by combining family history
with laboratory investigations and morphological picture
on peripheral blood smear.*

30 babies (44.78%) had no further identifiable etiology
for the reticulocytosis. Screening for other causes for
hemolysis (glucose 6 phosphate dehydrogenase levels,
peripheral blood smear for membrane defects and thyroid
stimulating hormone for hypothyroidism) were negative.
This is in contrast to available literature where G-6-PD
causes 6-8% of haemolytic neonatal jaundice.” Since this
is the first study evaluating reticulocytosis in jaundiced
neonates to our knowledge, we do not have data from
other studies to compare. However in a study done by
Cheng SW et al to identify the etiology of
hyperbilirubinemia, no etiology was found in 53.8 % of
jaundiced babies. The reticulocyte count was not done for

all jaundiced babies in that study.’ Similar results were
obtained by Sgro et al.>*’

Other than Rh and ABO incompatibility, moderate to
severe cases of neonatal jaundice attributed to other
minor group antibodies has been described in Asian
population in the last ten years."*'® Genetic studies and
screening of mother for irregular antibodies were not
done in the study, due to financial constraints. Further
genetic studies should also be considered, in those cases
where no identifiable etiology are found.”

Babies in whom an etiology was found for the
reticulocytosis, had a significantly higher peak bilirubin
(p = 0.008) as compared to babies in whom no cause was
found for reticulocytosis. In this study no significant
correlation was found between presence of
reticulocytosis; with caste and community of origin, baby
blood group, presence of risk factors or family history of
jaundice or blood transfusion. This could not be
explained. Mildly significant correlation was found with
sibling history of jaundice (p = 0.052). Further studies
with larger groups of jaundiced neonates may throw
better light on correlation with factors contributing to
reticulocytosis.

Latest American association of paediatrics does not
suggest routine testing of reticulocyte count in all babies
with jaundice requiring phototherapy.? The results of this
study stresses the importance of doing reticulocyte count
in all babies with jaundice requiring phototherapy for
further evaluation (peripheral blood smear, G-6-PD
assays, other relevant tests), prognosticating the course of
jaundice and better management of babies requiring
phototherapy.

We suggest screening of all jaundiced babies with
reticulocytosis with negative coomb’s test; for irregular
antibodies to detect rare variants in blood group.?* We
also suggest further genetic studies for academic interest
if feasible so as to identify the cause of reticulocytosis in
these jaundiced babies. The finances for the above
suggestions being immensely expensive will need to be
worked out, for arranging funds and formulating
protocol.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Ambalavanan N, Carlo WA. Jaundice and
hyperbilirubinemia in the newborn. Eds: Kleigman
RM, Schor NF, Geme JWS, Behrman RE, Stanton
BF. Nelson textbook of Pediatrics. 20" edition.
Philadelphia Mosby: Elsevier; 2016:870-875.

International Journal of Contemporary Pediatrics | October-December 2016 | Vol 3 | Issue 4 Page 1433



10.

11.

12.

Xavier R et al. Int J Contemp Pediatr. 2016 Nov;3(4):1430-1434

Sgro M, Campbell D, Shah V. Incidence and cause
of sever hyperbilirubinemia in Canada. Canadian
Med Asso J. 2006;175(6):587-90.

Bhutani VK, Stark AR, Lazzeroni LC, Poland R,
Gourley GR, Kazmierczak S, et al. Initial clinical
testing evaluation and risk assessment for universal
screening for hyperbilirubinemia. study group.
predischarge screening for severe neonatal
hyperbilirubinemia identifies infants who need
phototherapy. J Pediatr. 2013;162:477-82.

Dana CM, Bertil G. Erythrocyte disorders in
infancy. Avery’s diseases of the newborn. ot
edition. Saunders. 2012;1083-1084.

Kevin NI. Neonatal jaundice. Rennie and
Robertson’s textbook of neonatology. 5 edition.
Churchill Livingstone. 2012;682.

Maisels MJ. What’s in a name? physiological and
pathological jaundice: The conudrum of defining
normal bilirubin levels in the newborn. Pediatrics.
2006;118:805-7.

Suresh KP, Chandrasekhar S. Sample size
estimation and power analysis for clinical research
studies. J Human Reprod Sci. 2012;5(1):7-13.
Ronald SC, Ronald JW, David KS. Understanding
neonatal jaundice: a perspective on causation.
Pediatr Neonatol. 2010;51(3):143-8.

Robert DC, Hassan MY, Richard SL. neonatal
hemolytic jaundice: morphologic features of
erythrocytes that will help you diagnose the
underlying condition. Neonatology. 2014;105:243-
9.

Bhutani VK, Stevenson DK. The need for
technologies to prevent bilirubin-induced neurologic
dysfunction syndrome. Semin Perinatol.
2011;35:97-100.

Christensen RD, Lambert DK, Henry E, Eggert LD,
Yaish HM, Reading NS, Prchal JT. Unexplained
extreme hyperbilirubinemia among neonates in a
multihospital healthcare system. Blood Cells Mol
Dis. 2013;50:105-9.

Chen C, Hsu M, Shen C, Wang C, Chang S, Wu K
et al. Influence of breast feeding on weight loss,
jaundice and weight elimination in neonates.
Paediatr Neonatol. 2011;52:85-92.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Xavier R, Manoj VC, Cherian VJ. Breastfeeding
jaundice: how big is the problem? Int J Contemp
Pediatr. 2016;3(2):498-503.

Jon FW, Zhili L. Exploring the genetic architecture
of neonatal hyperbilirubinemia. Fetal Neonatal Med.
2010;15(3):169-75.

Boskabadi H, Maamouri GH, Mafinejad S.
Prevalence and clinical manifestation of glucose-6-
phosphate dehydrogenase deficiency in newborns
with hyperbilirubinemia in Mashhad, Iran. Maced J
Med Sci. 2011;4(1):93-8.

Wen SC, Wen YC, Hao YW. Etiological analyses of
marked neonatal hyperbilirubinemia in a single
institution in Taiwan. Chang Gung Med J.
2012;35:148-54.

Bhutani VK. For a safer outcome with newborn
jaundice. Indian Pediatr. 2004;41(4):321-6.

Thakral B, Agrawal SK, Dhawan HK, Saluja K,
Dutta S, Marwaha N. First report from India of
haemolytic disease of the newborn by anti ¢ and anti
E in Rh (D) positive mothers. Haematology.
2007;12:377-80.

Wu KH, Chu SL, Chang JG, Shih MC, Peng CT.
Haemolytic disease of the newborn due to maternal
irregular antibodies in the Chinese population in
Taiwan. Transf Med. 2003;13:311-4.

Christensen RD, Nussenzveig RH, Yaish HM,
Henry E, Eggert LD, Agarwal AM. Identifying
causes of significant hyperbilirubinemia in neonates
using ‘next generation’ gene sequencing. J
Perinatol. 2014;34:616-9.

Bryon JL, Nancy DS. Hyperbilirubinemia in the
Newborn. Pediatrics. 2011;32:341.

Koelewijn JM, Vrijkotte TG, Schoot CE, Bonsel GJ,
de Haas M. Effect of screening of red cell
antibodies, other than anti D to detect hemolytic
disease of the foetus and newborn: a population
study in the Netherlands. Transfusion. 2008;48:941-
52.

Sabita B, Ravneet K, Gagandeep K. Hemolytic
disease of the fetus and newborn: current trends and
perspectives. Asian J Transfus Sci. 2011;5(1):3-7.

Cite this article as: Xavier R, Manoj VC, Kumar
STM, Cherian VJ. Reticulocytosis: the unevaluated
parameter in neonatal jaundice requiring
phototherapy. Int J Contemp Pediatr 2016;3:1430-4.

International Journal of Contemporary Pediatrics | October-December 2016 | Vol 3 | Issue 4 Page 1434



