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INTRODUCTION:
Neonatal hyperbilirubinemia is a common condition during the initial few days of life resulting from elevated serum Total bilirubin (STB), most often occurring as an indirect type and manifests as visible jaundice. Around 80% of preterm and 60% of term newborns develop clinical jaundice in the first week of life. (1) In most cases, it is mild, transient, and self-limiting and resolves without treatment termed "physiological jaundice." It is, however, crucial to distinguish this from a more severe form called "pathological jaundice." which may result in acute bilirubin encephalopathy and associated neurological sequelae including Acute bilirubin encephalopathy/kernicterus spectrum disorder which is a rare and serious complication of jaundice if not identified and treated early, Therefore, early detection of jaundice is of particular importance. For management, STB levels are plotted on a nomogram to determine the need for treatment.(2)  Incidence of kernicterus has remarkably declined in the developed nations, still it occurs in 0.4 to 2.7 instances/100,000 neonates, with a higher prevalence in Asia, the Middle East, and Africa.(3)
Treatment options include phototherapy, which is safe, effective, and remains the first-line treatment for managing pathological unconjugated hyperbilirubinemia and is usually applied in a hospital setting. However, this therapy is also associated with complications such as erythematous rashes, temperature instability, diarrhea, dehydration, bronze baby syndrome, and interference with the process of lactation due to separation from mothers for phototherapy. (4,5) therefore alternate treatment options are imperative for the management of neonatal hyperbilirubinemia. In the early postnatal period, the undeveloped and insufficient intestinal microbiome and increased enterohepatic circulation contribute to an increase in plasma bilirubin levels. When bilirubin levels are extremely high or continue to increase despite intensive phototherapy, one or more exchange transfusions may be needed to decrease bilirubin levels. (6)
A clinical study showed significant reduction in the mean bilirubin levels and the duration of phototherapy by using oral probiotic along with phototherapy in comparison with phototherapy alone in full-term newborns for the whole period of supplementation On the first day of hospitalization, the mean serum bilirubin level (SBL) in the combinatory therapy group was 15.6 ± 1.7 mg/dl, while in the monotherapy group, it was 15.8 ± 1.6 mg/dl (p=0.584). On the second day, the mean SBL in the combinatory therapy group was 11.2 ± 2.2, whereas in the monotherapy group, it was 12.4 ± 2.1. By the third day, these levels were 7.2 ± 0.9 and 7.8 ± 0.7, respectively, with a statistically significant difference between the two groups. Repeated analysis of variance testing confirmed a statistically significant decrease in serum bilirubin levels in both groups. The average length of hospital stay for the combinatory therapy group was 2.4 ± 0.5 days, compared to 2.8 ± 0.6 days in the phototherapy group (p = 0.001). In terms of phototherapy duration, the combinatory therapy group received treatment for 26.2 ± 9.9 hours, while the phototherapy group received it for 31.4 ± 10.3 hours (p = 0.001).(7) Recently, some studies suggest that gut microbiota plays a crucial role in maintaining metabolic and immune health, renewal of epithelial cells, maintaining intestinal barrier integrity ,synthesis of vitamins and fat storage(8-9) and ultimately lowering serum bilirubin levels, reducing the side effects of phototherapy and the duration of hospital stay.(10, 11)  A randomized controlled trial was conducted in 2019 at the NICU of the Federal Government Polyclinic Hospital, Islamabad for 6 months in which neonates with hyperbilirubinemia requiring phototherapy were randomly divided into two groups, each having 30 patients. Group A received probiotics along with phototherapy while Group B received phototherapy alone, demonstrating that the addition of probiotics to standard treatment decreased the time required for phototherapy in neonatal jaundice. (12) 
There is a dearth of available literature that illuminate the beneficial role of probiotics in significantly reducing the total serum bilirubin. If the use of probiotics remarkably reduces the serum bilirubin levels (SBL) in neonatal hyperbilirubinemia, it would routinely be advised in the future for newborns with neonatal jaundice. It would help reduce the side effects of phototherapy, hospital admission, maternal-infant separation, and prolonged hospital stays. Ultimately reducing the overall morbidity associated with neonatal hyperbilirubinemia.
OBJECTIVES:
To compare the mean reduction in bilirubin and mean duration of neonatal hyperbilirubinemia with probiotic and phototherapy in comparison with phototherapy alone.
OPERATIONAL DEFINITIONS:
PROBIOTICS:
This will be defined as giving live microorganisms in the form of Enterogermina (Bacillus clausii) to be administered orally, 2.5ml twice daily for 2 consecutive days
NEONATAL HYPERBILIRUBINEMIA:
It is defined as the presence of serum total bilirubin level >5 mg/dl in neonates of age 1-7 days.
PHOTOTHERAPY:
Phototherapy involves the exposure of a naked baby to blue light which provides maximum irradiance of 50 𝜇W/cm2 /nm with a wavelength of 450 - 460 nm. The light waves convert bilirubin to water-soluble nontoxic forms which are excreted.
REDUCTION IN BILIRUBIN:
It will be measured by comparing the mean reduction in serum bilirubin levels from the baseline at 12, 24 and 48 hours between two groups. 
DURATION:
It will be measured by the length of hospital stay in hours
HYPOTHESIS:
ALTERNATE HYPOTHESIS: there is a difference in the outcome of phototherapy alone as compared to phototherapy with oral probiotics in neonatal hyperbilirubinemia.
NULL HYPOTHESIS: there is a no difference in the outcome of phototherapy alone as compared to phototherapy with oral probiotics in neonatal hyperbilirubinemia.
MATERIALS AND METHODS:
STUDY DESIGN: Randomized control trial 
SETTING: Neonatal Intensive Care Unit, Pediatric Department, PAF Hospital, Islamabad.
STUDY DURATION: 6 months post synopsis approval.
SAMPLE SIZE CALCULATION: 
The sample size is calculated by using the WHO calculator is 160 having 80 in each group
a. Level of significance   5%
b. Power of test   90%
c. Population standard deviation   10.1.(7)
d. Test value of the population mean   26.2.(7)
e. Anticipated population mean   31.4.(7)
f. Minimum sample size in each group (n) =    80 patients in each group. 
g. Total =    160 patients. 
SAMPLING TECHNIQUE:
Consecutive non-probability sampling 
CRITERIA FOR SAMPLE SELECTION:
INCLUSION CRITERIA: 
1. Full-term neonates (37 to 42 weeks)
2. Weight 2500g or more at birth
3. Neonates with hyperbilirubinemia (as per operational definition)
EXCLUSION CRITERIA: 
1. Neonates with congenital defects or any life-threatening disease
2. Neonates with direct hyperbilirubinemia (Conjugated bilirubin >2 mg/dl)
3. Neonates taking phenobarbital
DATA COLLECTION PROCEDURE:
After taking approval from the hospital’s ethical review board, 160 neonates, meeting the selection criteria, admitted in Neonatal Intensive Care of the Pediatrics department at PAF Hospital, Islamabad, will be enrolled in the study, after obtaining informed written consent from parents/guardians as per Annexure A. Demographic details like registration number, age, gender, birth weight, gestational age at delivery, type of feeding, and serum total bilirubin level at baseline will be noted. The neonates will be divided randomly into two groups by allocating even numbers to Group A and odd numbers to Group B participants. In group A, neonates will be given phototherapy along with oral probiotics (Enterogermina containing Bacillus Clausii – 2.5ml twice daily for 2 consecutive days) and group B will be given phototherapy by consecutive non-probability sampling.  The baseline STB level will be noted. Then neonates will be followed-up for 12, 24, and 48 hours of treatment in the NICU. On each follow-up, a 2ml blood sample will be taken in a red top serum vial and sent to the laboratory for assessment of bilirubin level. STB will be assessed at 12, 24, and 48 hours of treatment and a reduction in mean STB level at 12, 24, and 48 hours of treatment will be calculated from baseline (as per the operational definition). Moreover, the effect of probiotics on the major clinical course including the duration of phototherapy, duration of hospitalization, and the need for exchange transfusion will be assessed.  All the data will be collected by using the proforma (Annexure B). To reduce selection bias within the study and maintain the quality of the data, the researcher along with paramedical staff will collect and maintain all data. 
DATA ANALYSIS PROCEDURE:
All the collected data will be recorded and analyzed in SPSS Software (version 23). Numerical variables like age, weight, gestational age, bilirubin level (before, and after 12, 24, and 48 hours of treatment), duration of phototherapy, hospital stay and reduction in STB will be calculated as mean ± standard deviation. Frequency and percentage will be calculated for qualitative variables like gender and feeding pattern. For comparison between the groups, the independent samples t-test will be applied for quantitative variables. The paired t-test will be used to compare the mean reduction in bilirubin level in both groups pre and post-intervention and a p-value of ≤0.05 will be taken as significant. The effect modifiers such as gestational age at birth, gender, and mode of feeding will be stratified by using post stratified independent sample t-test.
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ANNEXURE A
INFORMED CONSENT FORM
Serial No.______
Name: ______________________________________________
Guardian’s name and relation: ______________________________
Hospital ID No: ____________________________________
1.	I hereby authorize the undersigned doctor to include my patient in her research study titled ‘‘Efficacy of probiotics in reducing severity and duration of neonatal-hyperbilirubinemia’’
2.	I understand that the aims of the study.
3.	My doctor has explained to me the procedure of the collection of data in detail and I fully understand that being part of this study sample does not expose my patient to any complications/ hazards.
4.	I feel no compulsion to be part of this study and I have the freedom to refuse to be part of this sample.
 (Above mentioned words of consent have been read to the patient in the language he/ she understands and signs it as correct, and in the form of consent).

Signatures of Guardian: _______________Signatures of Doctor: ________________________
Signatures of Witness: ______________________
                                                                                                                                                                                                                            

ANNEXURE B      
PROFORMA
EFFICACY OF PROBIOTICS IN REDUCING SEVERITY AND DURATION OF NEONATAL-HYPERBILIRUBINEMIA
Case no.:			         Hospital ID:				 
Group:  (A) Probiotics + standard phototherapy □        (B) Standard phototherapy alone □
Age:						
Gender:	M	□	F	□
Birth Weight:					kg
Gestational age at delivery:				weeks
Mode of Feeding:	Exclusive breastfeeding □	    Formula feed □     Mixed feed □  

Follow-up:
	Total bilirubin level (IU)
	Laboratory findings

	Baseline
	

	After 12 hours
	

	After 24 hours
	

	After 48 hours
	


Total duration of phototherapy: ____________________ hours
Length of hospital stay: ____________________ hours
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