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Abstract

Purpose: This study aimed to evaluate the effect of probiotics and phototherapy combined application in
comparison with phototherapy alone on bilirubin reduction in term neonates hospitalized in Iran.

Methods: This clinical trial study included 150 term neonates diagnosed with neonatal jaundice. Patients
were equally assigned to two groups of phototherapy with oral probiotics (PediLact drop, 10 drops daily)

and phototherapy alone through a simple random sampling method. Serum Bilirubin Levels (SBL) at the

time of intervention, 24, 48, and 72 hours later, duration of phototherapy, duration of hospitalization, and

the need for blood transfusion were compared in the two groups.

Results: The mean serum bilirubin level (SBL) on the first day of hospitalization was 15.6+1.7 mg/dl in
the combinatory therapy group, and it was 15.8%1.6 mg/dl in the Monotherapy group (P=0.584). The
mean serum level (SBL) on the second day in the combinatory therapy group was 11.2+2.2, and in the
other group it was 12.4+2.1, and on the third day, they were 7.2+0.9 and 7.8+0.7, respectively, and the
difference between the two groups was statistically significant. The mean hospital stay time in the
combinatory therapy group was 2.4+0.5, and in the phototherapy group, it was 2.8+0.6 days (P = 0.001).
The duration of phototherapy in the combinatory therapy group was 26.2+9.9 days, and in the
phototherapy group, it was 31.4+10.3 hours (P = 0.001).

Conclusions: The findings show that the addition of oral probiotics to phototherapy in neonatal jaundice
treatment is associated with phototherapy duration reduction and hospital stay time.

Introduction

Jaundice (icterus) is the most common cause of hospitalization in infancy, especially in the first week
after birth. It is also one of the most important causes of neonatal disease [1]. Gestational age less than
37 weeks, history of phototherapy in previous neonates, exclusive breastfeeding, and evident jaundice in
the first 24 hours after birth are the most important risk factors for jaundice in neonates [2]. 60% of full-
term neonates (third day of birth) and 80% of premature neonates (fifth day of birth) develop jaundice.
Jaundice is caused by an increase in direct or indirect bilirubin [3]. Bilirubin is also one of the final
products of catabolism. In neonates, due to the short lifespan of erythrocytes compared to adults (90
days vs. 120 days) and due to lack of liver development in bilirubin excretion due to deficiency in
glucuronyl-2-transferase, bilirubin production will be higher than excretion, which causes bilirubin
deposition in the skin and mucous membranes resulting in physiological jaundice in the neonates [4, 5].

Phototherapy is an effective and safe way to reduce indirect bilirubin levels, especially if it starts before
the serum bilirubin level rises to the levels that lead to Kernicterus. Phototherapy uses white and blue light
with a wavelength of 420-450, which effectively reduces bilirubin levels. Under the influence of light,
bilirubin is converted into water-soluble isomers and will be excreted. However, it has side effects such as
retinal injury, hyperthermia, dehydration, loose stools (diarrhea), and Bronze baby syndrome [6, 7]. If
neonates with jaundice are not treated, some of them may have persistent traces due to jaundice. Drugs
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used to treat non-conjugated neonatal jaundice include Phenobarbital, Metalloporphyrins, oral charcoal,
clofibrate [8-10], and D-penicillamine, requiring further studies to confirm their safety [11]. Probiotics are
microorganisms that can reduce the transport time of substances in the intestine [12]. Few studies have
shown the positive effects of probiotics on lowering serum bilirubin levels. These studies have shown to
some extent that probiotic compounds reduce the time duration required for phototherapy [13—-15].
Therefore, in this study, we investigated the effect of probiotic compounds on serum bilirubin levels (SBL)
and the duration needed for phototherapy in term neonates.

Materials And Methods

Study design and setting

This was a parallel, randomized controlled trial performed for eight months (from 23 October 2019 to 20
June 2020) in a pediatric hospital in western Iran. Before entering the study, informed consent was
obtained from the parents of the neonates or their legal guardians. The ethics committee of Hamadan
University of Medical Sciences was registered with the ID IR.UMSHA.REC.1398.458 and in the Iranian
Clinical Trial Database (IRCT) with the ID IRCT20120215009014N306.

Study population

Inclusion criteria were full-term neonates (37 to 42 weeks), weight over 2500 g at birth, neonates with no
abnormalities, and seemingly healthy. Neonates with blood group incompatibility, Rh incompatibility,
glucose 6-phosphate dehydrogenase deficiency, first-day jaundice, and neonates who received drugs such
as Phenobarbital during pregnancy by the mother and previous treatment of neonatal jaundice with
medication or home treatment were excluded. The sample size was estimated using the findings of
previous studies [10]. The average bilirubin level in the control and intervention groups was 15 and 13
mg/d|, respectively. Standard deviation was 2 and 90% power and 10% loss. Finally, 75 people for each
group were estimated.

Randomization

Randomization was performed using softwarerandomization.com. For allocation concealment, the
randomization instructions were given to the investigator and research assistants in sequentially
numbered, opaque, sealed, identical envelopes (SNOSE) with an unpredictable allocation code.

Study interventions

The intervention group was treated with standard phototherapy with probiotics (PediLact drops made by
Zist-Takhmir Company; ten daily drops, taken orally). Phototherapy was performed with a device
manufactured by Parsa Company with 5 special blue lamps and 420-450 nm wavelength, which was
placed 30 cm above the neonate. We used billitest A for measuring total bilirubin. The control group only
received phototherapy. In present study, clinicians, caregivers and the laboratory staff performing
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analysis of blood bilirubin levels were blinded but, the study staff and the baby were not due to the nature
of the intervention.

Outcome measures

The blood bilirubin levels were measured at the start of treatment and 24, 48, and 72 hours after that. All
neonates were examined on an outpatient basis for jaundice, general condition, and possible
complications 2 days after discharge in Besat Hospital.

Data collection

Information of participating neonates was completed using a checklist including information on mother's
age, neonate age, neonate weight, gestational age, neonate sex, and recorded bilirubin levels at the start
of treatment, 24, 48, and 72 hours after treatment, duration of phototherapy, and the length of hospital
stay. The validity and reliability of the checklist were also evaluated. 10 pediatricians confirmed the
validity of the checklist, and their opinions were applied.

Statistical analysis

SPSS24 software was used to analyze the data. Mean and standard deviation were used to describe
quantitative variables; frequency and frequency percentages were used for qualitative variables. The
Kolmogorov-Smirnov test showed that the studied quantitative variables had a normal distribution.
Therefore, t-test and repeated analysis of variance were used to compare quantitative variables. The
significance level was less than 0.05.

Results

In this clinical trial study, 150 term neonates with a diagnosis of jaundice meeting the inclusion criteria
were divided into two groups: phototherapy with oral probiotics (combinatory therapy) and phototherapy
(monotherapy) alone. There was no statistically significant difference between the two groups regarding
gender, gestational age, mother's age, neonate age at the time of hospitalization, and birth weight. In this
respect, both groups were similar in terms of variables (Table 1). The hospitalization duration and
phototherapy duration of neonates in combinatory therapy were statistically and significantly lower
(Table 2). None of the examined neonates required blood transfusion. Serum bilirubin levels were
comparable at the start of treatment in both groups. On the second and the third day after the
intervention, serum bilirubin levels decreased in both groups, which was more significant in the
combinatory therapy group (Table 3). Repeated analysis of variance test showed that the bilirubin rate in
both groups was significantly lower than the rate recorded at the beginning of the study (Table 4).
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Table 1

Comparison of basic features in both groups

Variable Combinatory
treatment
N=75

Gender of neonate Male 43 (57.3)

Frequency Female 32 (42.7)

Gestational age (week), mean * sd 37.8+0.8

Mother's age (year), mean * sd 26.0+2.6

Neonate' age at the time of hospitalization 39+1.3

(day),

mean + sd

Weight of the neonate at birth, mean + sd 3097 £329.2

Chi2, ¥, t-test, SD: standard deviation

Phototherapy
N=75

39 (52.0)
36 (48.0)
37.6+0.7
25.7+2.5
40+12

3062 +300.3

P-
value

0.512

0.118¥

0.413¥%
0.611¥

0.512¥%

Table 2
Comparison of the length of the hospital stay and the duration of phototherapy of both
groups
Treatment groups Combinatory treatment  Monotherapy  P-value
N=75 N=75
Mean £ SD Mean £ SD
the length of the hospital stay (day) 2.4+0.5 2.8+0.6 0.001

the duration of phototherapy (hour)  26.2+9.9

31.4+10.3 0.001

Phototherapy

N=75
Mean £ SD
15.8+1.7
124121
7.8+0.7

Mean serum bilirubin level in mg/dL irTla':II:Let\?vo groups, measured at three intervals
Time of measurement Combinatory treatment
N=75
Mean + SD
The first day of hospitalization 15.6+1.7
The second day 112122
The third day 72109

The number of patients on the third day in the combinatory treatment group and the phototherapy

group was 31 and 53, respectively.
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Table 4
Analysis of variance test with the repeated rate of bilirubin in both groups

Factor

Time? Groupb time x group

d npz* F np2° F np2°
SBT 420.53** 0.837 2.53* 0.030 1.87 0.022
df. : Time: 1.84, group: 1, timx group: 1.84.a: Baseline vs. days 2, and 3day .°: combined therapy vs.
monotherapy.*: P<0.05, **: P<0.001, c Large effect size. e: small effect size

Discussion

According to the present study's findings, probiotics as an adjuvant treatment with phototherapy in
neonatal jaundice treatment can reduce the length of hospital stay and the phototherapy duration that
reduces the costs and the separation time of neonates from mothers.

A slight increase in bilirubin levels usually has no severe side effects other than jaundice and, in most
cases, is not dangerous, so it does not require special treatment [2]. However, neonatal jaundice can be a
concern for parents and increase hospital costs due to hospitalization. Therefore, proper and timely
diagnosis and treatment of Hyperbilirubinemia is crucial. Current recommendations for neonatal
hyperbilirubinemia management focus on determining the level of specific bilirubin in infancy before
initiating phototherapy. Hyperbilirubinemia occurs in approximately two-thirds of neonates in the first
days of life and is often treated by phototherapy. Although this is a safe procedure, there is a concern that
it could potentially cause DNA damage and severe side effects, especially in premature neonates.
Researchers have found that Hyperbilirubinemia does not cause DNA damage and apoptosis, while
phototherapy (both normal and severe) is associated with DNA damage in neonates [16, 17]. Also,
phototherapy may lead to early complications such as abnormalities of the neonate's body temperature,
water and electrolytes, Bronze Baby syndrome, retinal damage and skin injuries, and in some cases, late
complications such as neoplasm and allergic diseases due to the separation of the baby from the mother
[18, 19]. Therefore, other alternative therapies instead of phototherapy have been considered in recent
years, and several pharmacological methods, including the use of clofibrate in the treatment of neonatal
jaundice, have been introduced for this purpose in studies of Eghbalyian et al. [8, 9, 20] However, studies
on the use of probiotics in the treatment of neonatal jaundice are controversial.

Most studies have shown that probiotics effectively decrease serum bilirubin levels (SBL). The findings of
a recent study by Ahmadipour et al. [6] in Khorramabad city, Lorestan province, showed that adding 5
drops per day of probiotics (synbiotics) compared to the control group (phototherapy) on 83 term
neonates could significantly decrease the length of hospital stay. In this study, fecal and urinary excretion
per day significantly increased in the intervention group, which was not studied in the present study.
Demirel et al. [15] examined the effect of the probiotic Saccharomyces Boulardii on 179 neonates with
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very low birth weight and jaundice. Their findings showed that the phototherapy duration in neonates
who received probiotics was shorter than in the control group. In the present study, no statistically
significant difference was observed between the SBL of the two groups. Yuan et al. [21] also evaluated
the oral effect of probiotics and their safety in treating Hyperbilirubinemia in neonates with jaundice.
They concluded that additional treatment with probiotics might increase the effect of phototherapy and
the level of immunity in neonates. In a clinical trial study, Mu et al. [22] investigated the effect of
Saccharomyces Boulardii on serum bilirubin levels. They found that Saccharomyces Boulardiiis effective
in reducing serum bilirubin levels. Armanian et al. [13] examined the effect of prebiotics on jaundice of 50
premature neonates. In this study, oligosaccharides were used as probiotics. According to their findings,
following prebiotics application, feces per day and serum bilirubin levels decreased. In the present study,
fecal excretion per day was not studied, which was one of the limitations of our study. Lingling et al. [23]
also observed in their study that the probiotic Mami reduces jaundice following exclusive breastfeeding
by increasing the intestinal flora in neonates. Bisceglia et al. studies 76 neonates and reported bilirubin
levels in neonates who received probiotics for 72 hours were significantly lower than in controls. In this
study, bilirubin was measured using dermal bilirubin. Torkaman et al.'s [24] study findings were consistent
with the present study and showed that adding probiotics to phototherapy has a good effect on reducing
the length of hospital stay in neonates and is not associated with any specific side effects.

Contrary to the results of this study, Zahed Pasha et al. [25] studied 150 term neonates with jaundice in
Babol city, Mazandaran province, in 2017. 75 neonates received probiotics in addition to phototherapy;
decreased serum bilirubin levels and duration of phototherapy were not significantly different between
the two groups. Another study by Serce et al. [26] on 119 neonates showed that the probiotic
Saccharomyces combined with phototherapy had no significant effect on reducing SBT and the duration
of phototherapy.

Some reasons for the differences in the studies were the type of probiotic used, the method of following
up, measuring the serum bilirubin level, and the sample (term, non-term), as well as the characteristics of
the patients. Probiotics are beneficial live bacteria found in certain foods or supplements. They can
provide many health benefits, while prebiotics are the foods that probiotics feed on. Probiotics have a
beneficial effect on the intrahepatic cycle, including better gastrointestinal motility, improving and
increasing the excretion, and viscosity of feces may help reduce bilirubin and excretion [27].

In this study, none of the neonates who received probiotics and the neonates who received phototherapy
needed blood transfusions. They also did not develop serious complications such as encephalopathy. In
recent years, due to advances in the treatment of these patients, blood transfusion in these neonates is
rarely necessary. Findings of studies, including the meta-analysis study by Armanian et al. [13], which
recently reviewed clinical trial studies, showed that probiotics do not have any significant side effects in
the treatment of neonatal jaundice. In the present study, no severe side effects were observed following
the use of probiotics. The findings of this study suggest that the combined application of phototherapy
and probiotics is effective in reducing bilirubin levels, which ultimately reduces hospital stay length and
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the duration of phototherapy than phototherapy alone. Performing similar studies in other areas and
regions are suggested.

Conclusion

According to the findings of this study, although both phototherapy alone and phototherapy combined
with probiotics are effective in reducing serum bilirubin levels in term neonates with jaundice, given that
the length of hospital stay and the duration of phototherapy in neonates receiving probiotics are shorter,
this treatment method is preferred in these neonates. However, more studies are needed to confirm the
results of this study and other performed studies.
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Figure 1: Diagram of the study design
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