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Abstract 	
Introduction: The purpose of this study was to compare the topical effect of breast milk, chlorhexidine, and dry cord care on the umbilical cord bacterial colonization in premature infants hospitalized in a neonatal intensive care unit.
Methodology: This randomized controlled double-blinded trial was performed on premature infants admitted to the NICU of Valiasr Hospital, Birjand in 2016.  The infants were allocated to one of the three study groups of breast milk, chlorhexidine, dry cord care. The data were analyzed using the SPSS (v.21.0) at the level of p-value≤0.05.
Results: 25 infants were included in each group matched for gender, type of delivery, birth weight, and gestational age. The density (p<0.001) and the number p<0.05) of bacterial colonization reduced after intervention in all groups, significantly. However, the was no difference between the groups.
Conclusion: The results of this study indicated the effect of the three procedures of dry cord care, application of chlorhexidine, as well as use of breast milk in the control of the umbilical cord bacterial colonization in preterm infants, although no difference was reported between the study groups.
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Introduction
Preterm birth is considered as one of the major causes of infant mortality as well as one of the main and potential causes of disability in its survivors. Neonatal infections are also known as one of the most common causes of mortality during this age, especially in newborns admitted to neonatal intensive care units (NICUs) (Kanti Mallicki, 2015). Despite the advances made in health systems along with infections in these units remain critical. Most of the factors that are colonized on the umbilical cord (UC) originate from mothers’ skin and genital tract colonized during the first 24 hours of birth potentially leading to systemic infections. Although antibiotic treatments can be used along with recommendations such as keeping the UC dry to deal with this condition, there have long been traditional procedures such as topical application of special oils on the UC (Abbaszadeh et al., 2014 ; Vural and Kisa, 2006). Thus, the purpose of this study was to compare the topical effects of breast milk, chlorhexidine, and dry cord care (DCC) on the UC bacterial colonization in premature infants hospitalized in a neonatal intensive care unit (NICU).
Method
This randomized controlled double-blind trial was conducted on premature infants admitted to the NICU of Valiasr Hospital in Birjand in 2015-2016. The inclusion criteria were the gestational age(GA)<37 weeks, NICU admission, consent by neonates’ legal guardians, no confirmed sepsis, and no history of non-sterile delivery, anatomical malformations, asphyxia, omphalitis symptoms, use of antibiotics by mothers at the time of delivery, premature rupture of embryo curvature, and chorioamnionitis. In addition, neonates who had been infected with sepsis or chorioamnionitis during the study or those in need of umbilical catheterization or other interventions on the UC during their hospitalization were excluded.
The study was approved by the Ethics Committee (Ir.bums.REC.1396.63) and registered in IRCT (IRCT2017090517756N27). After matching the infants in terms of their GA and type of delivery, they were allocated to one of the three study groups of breast milk, chlorhexidine, DCC using 1:1:1 simple random sampling method. 
During the first 12 to 24 hours of hospitalization in the NICU in the morning shiftwork, the entire surface of the skin with a radius of 1 cm around the UC was scrubbed using a sterile wet swab; then, the prepared specimen (considering the average diameter of the UC by 1.5 cm along with 1 cm around it) in the PBS environment (a tube containing 5cc of phosphate buffer saline with pH7) was transferred to the laboratory. After that, serial dilutions of the samples were prepared at a ratio of 0.1; and then, 0.1 and 0.01 diluted samples of 0.01 ml of the undiluted sample were cultured on blood agar medium and eosin methylene blue medium. The plates were then stored at 37°C for 48 hours. Next, the number of colonies was determined by the isolation of the strain of the bacteria grown in the environment using the standard laboratory method. The infants were randomly blocked in one of three groups of breast milk, chlorhexidine, and DCC. In each group, 12 intervention sessions were performed with 6-hour intervals. In the DCC group, the UC was kept dry only with sterile gauze. In the chlorhexidine group, every two hours, 2-3 cc of 0.2% chlorhexidine mouthwash manufactured by Donay-e-Behdasht Laboratories was applied to the entire UC and 1 cm around it considering the UC size. In the breast milk group, between 2 and 3 cc of mother’s breast milk was applied, every six hours, to the entire UC and 1 cm of its surrounding area taking the size of the UC into account. After 72 hours and observing a minimum of six-hour interval from the last intervention, the samples were collected again from the UC blood using a sterilized wet swab and then they were re-cultured. As well, the results of two cultures in each group and in two other groups were compared. In order to evaluate the average density of bacterial colonization, the number of live bacteria per unit area of ​​the body (obtained from the multiplication of the number of bacteria grown on the culture medium in the dilution image and its division by the sampling surface, which included the total area of ​​the scrubbed region minus the cord area average) was used. The type of bacteria included different species isolated from the sampling medium identified by laboratory tests. It should be noted that treatment was immediately started after sampling in all the study groups.
The sample size was estimated by 22 individuals in each group based on the study by Tafazoli et al. (Taffazoli et al., 2008) and considering the percentage of infection with E. coli equal to 31.2% in the intervention group and 45.6% in the control group as well as taking P1=0.13, P2=0.45, =1.96, =0.84, and  [image: ] into account using formula. The study subjects were also selected using convenience sampling method and they were randomly allocated to one of three study groups via drawing from 1:1:1 block.
Data were analyzed using the SPSS (v21.0). Analysis of the qualitative data was performed using Chi-square test (or Fisher’s exact test) along with Kruskal-Wallis H test, Wilcoxon signed-rank test, and McNemar’s test. P≤0.05 was considered significant.
Results
At total number of 75 patients were included in this study (25 individuals in each group) (Table 1).
Table 1: A comparison of demographic information 

	Study group
	milk
	DCC
	Chlorhexidine
	test 

	Variable
	Frequency (%)
	Frequency (%)
	Frequency (%)
	

	gender
	male
	14 (56)
	13 (52)
	12 (48)
	p=0.85


	
	female
	11 (44)
	12 (48)
	13 (52)
	

	delivery
	Cesarean
	19 (76)
	19 (76)
	19 (76)
	
-

	
	vaginal
	6 (24)
	6 (24)
	6 (24)
	

	
	mean±SD
	mean± SD
	mean± SD
	

	birth weight (gr)
	1896.20±537.90
	1899.0±463.96
	1872.60±472.78
	p =0.9

	GA (w)
	36.36±2.30
	32.60±2.21
	32.32±2.34
	p =0.9


Comparing the type of the UC bacterial colonization in premature infants, no significant differences were reported between breast milk, chlorhexidine, and DCC groups (Table 2). 




Table 2: Determining the frequency of pre-/post-intervention bacterial growth in the UC of premature infants 
	Groups
	Breast milk
	DCC
	Chlorhexidine
	test 


	pre-intervention
	frequency (%)
	frequency (%)
	frequency (%)
	

	without growth
	9 (36)
	9 (36)
	12 (48)
	

p =0.74

	S. epidermidis
	10 (40)
	10 (40)
	6 (24)
	

	S. aureus
	3 (12)
	2 (8)
	4 (16)
	

	Enterococci
	0 (0)
	2 (8)
	1 (4)
	

	E. coli
	3 (12)
	1 (4)
	2 (8)
	

	Klebsiella
	0 (0)
	1 (4)
	0 (0)
	

	post-intervention
	
	
	
	

	without growth
	17 (68)
	16 (64)
	20 (80)
	

p =0.74

	S. epidermidis
	4 (16)
	4 (16)
	0 (0)
	

	S. aureus 
	1 (4)
	3 (12)
	3 (12)
	

	Enterococci
	0 (0)
	1 (4)
	0 (0)
	

	E. coli
	3 (12)
	1 (4)
	2 (8)
	

	Klebsiella
	0 (0)
	0 (0)
	0 (0)
	


The most common colonized bacteria in the breast milk and DCC groups were S. epidermis (16% in each group) and they were S. aureus (also called golden staph) in the chlorhexidine group (12%). The average density of colonized bacteria in the UC of premature infants had also significantly reduced in all the three groups after intervention, while there were no differences between the groups in this regard (Table 3). 
Table 3: Determining the pre-/post-intervention average density of bacterial colonization in the UC of premature infants 
	Study time
	Pre-intervention
	Post-intervention
	test 

	study group
	median
	mean±SD
	median
	mean±SD
	

	chlorhexidine
	127.38
	230.8±184.1
	0
	26.12±11.05
	p˂0.001


	breast milk
	150.31
	533.4±395.9
	0
	32.04±18.03
	p˂0.001


	DCC
	118.47
	287.3±171.7
	0
	19.51±10.70
	p˂0.001


	test
	p =0.4
	p =0.5
	


The mean changes in the bacterial density in the chlorhexidine, breast milk, and DCC were respectively equal to -173.09±219.24, -377.93±507.46, -161.07±283.52 (p=0.4). The frequency of the UC bacterial colonization in all the premature infants was also initially investigated and the post-intervention results indicated no differences between study groups in this regard (p-value was respectively equal to 0.6 and 0.4). The number of the colonized bacteria in the neonates in the chlorhexidine group before and after the intervention was equal to 52% and 20 %; respectively (p=0.008). Also, the number of colonized bacteria in the breast milk group had significantly decreased after the intervention (64% and 32% with p=0.02%). Considering the infants in the DCC group, the number of pre-intervention colonized bacteria was reported by 64% and that was equal to 36% after intervention which was a significant decrease (p=0.03) (Table 4).
Table 4: Frequency distribution of pre-/post-intervention bacterial growth among three study groups
	Study time
	Pre-intervention
	Post-intervention
	McNemar’s test results

	study group
	frequency
	percentage
	frequency
	percentage
	

	chlorhexidine
	13
	52
	5
	20
	p=0.008

	breast milk
	16
	64
	8
	32
	p=0.02

	DCC
	16
	64
	9
	36
	p=0.03

	Kruskal-Wallis H test
	X2=1   p-value=0.6
	X2=1.6    p-value=0.4
	


[bookmark: _GoBack]Discussion
This clinical trial was to evaluate three umbilical cord care (UCC) procedures (including DCC, topical application of breast milk, and topical use of chlorhexidine) in premature infants. The results of this study showed that the average density and the type of colonized bacteria in the UCs of the three study groups had not differed from each other after the intervention. In order to compare the results of investigations on the UCC procedures, the conditions of the study area (considering the degree of neonatal mortality due to infectious diseases) and study setting (given that babies had been born in maternity hospitals or at home) were also considered. Moreover, various studies have evaluated different care procedures, most of them related to the UCC in term infants. For example, the results of a clinical trial by Abbaszadeh et al. demonstrated no significant differences between study groups in terms of the growth of pathogenic micro-organisms and normal flora of the skin (Abbaszadeh et al., 2014 ). Also, no cases of blood infections and need for hospitalization in the neonates were observed. Even studies conducted within hospitals using a purely clinical approach (without culturing) have also suggested no effectiveness of the UCC procedures in using a method other than DCC. In this respect, the results of the research study by Vural and Kisa showed no significant differences between the three groups (Vural and Kisa, 2006).
Contrary to the findings of the present study, the results of the trial by Tafazoli et al. showed that the frequency of pathogenic and non-pathogenic bacterial colonization in the neonates of the breast milk group was significantly higher than those in the dry care group; therefore, the topical application of breast milk was suggested as one of the easy, inexpensive, and non-invasive procedures to take care of the UC. Of course, no incidence of the UC infections had been reported. Also, in a trial by Mahrous et al., showed that the pathogenic bacterial colonization in the infants in the breast milk group was lower than those in the ethanol group, and concluded that topical application of breast milk was associated with reduced time of UC separation and colonization. In addition, the studies by Mahrous et al. and Tafazoli et al. were among the few ones suggesting that the use of a method other than DCC in sterile delivery conditions (Mahrous et al., 2012; Taffazoli et al., 2008). It should be noted that the UCC procedures, except for the use of chlorhexidine, have not been systematically evaluated so far although it has been shown that the use of traditional methods such as topical use of ash, human milk, or herbal or other vegetable poultices can merely create a suitable environment for bacterial growth, and except for this, there are no longer any clinical benefits (Mrisho et al., 2008; Stewart and Benitz, 2016). It may be possible that the time of separation of the UC is decreased by topically using the breast milk, thus reducing the chance of infection and bacterial colonization (Ahmadpour-Kacho et al., 2006; Vural and Kisa, 2006).
There is still a controversy about the best UCC procedure even in developed countries in spite of providing relatively aseptic conditions (Stewart and Benitz, 2016). In developing countries, the use of unsafe substances on the UC has even continued based on traditions and beliefs, which can lead to the creation of an appropriate environment for the bacterial growth. In order to achieve the goals of preventing the occurrence of omphalitis all over the world, deliveries are required to take place in a clean and healthy environment. The UC should be also cut by a sterile scalpel and ideally accompanied by sterile gloves. As mentioned in the related literature, the appropriate treatment procedure in developing countries or in the case of delivery in hospital health conditions is the use of the DCC without the application of topical substances (World Health Organization, 2014). Four meta-analysis studies have been conducted on the UCC cares (Imdad et al., 2013a; Imdad et al., 2013b; Sinha et al., 2015) and two of them have been reviews by the CDSR. In these studies; the effectiveness of using 4% chlorhexidine on the UC stump within the first 24 hours of birth were proven. Since 1998, the WHO recommended no DCC procedure to take care of the UC rather that DCC in high-resource settings centers (World Health Organization, 1998). If the cord gets unclean, the remains can be also cleaned using sterile swabs and water. In settings wherein the health status is poor or the infection is high, the WHO has also suggested the topical application of chlorhexidine (Samuel et al., 1994; World Health Organization, 2014).
Furthermore, there are controversies on the impact of using chlorhexidine on the mortality of infants born in hospitals. Of course, there is still evidence of the efficacy of the topical use of this medication on reduced infections (Sinha et al., 2015). Using chlorhexidine topical is a well-established and safe therapeutic procedure; however, there have been reports of small amounts of this substance found in neonatal blood after topical use (Aggett et al., 1981; Johnsson et al., 1987). In addition, in very-low-birth-weight infants whose prescribed dressing contains 0.5% chlorhexidine; dermatitis has been reported up to 15% of the cases (Garland et al., 2001). The data on the acceptable and accurate dose of chlorhexidine are also incomplete (Sinha et al., 2015). In addition, using chlorhexidine can impose heavy costs on health systems. Due to the very small incidence of omphalitis in the centers with high-resource settings as well as its severity in the face of its occurrence, the sum of the evidence are for the use of the DCC procedure to care for the UC (Stewart and Benitz, 2016).
Despite the fact that no differences were observed in terms of bacterial growth in different groups, the results of this study revealed that the most common colonized bacteria in the breast milk and DCC groups were S. epidermis (as non-pathogenic and normal flora of the skin bacteria) and they were S. aureus  in the chlorhexidine group. There was also a significant disagreement over the impact of using chlorhexidine on the mortality of neonates born in maternity hospitals. It should be noted that the data on the acceptable and accurate dose of chlorhexidine are not enough and the use of chlorhexidine can also impose heavy costs on health systems. Besides, it can provide the grounds for the growth of more virulent species of bacteria without any clinical benefits (Sinha et al., 2015; Stewart and Benitz, 2016). 
Conclusion
Overall, the results of this study showed no differences between DCC, antibiotic prophylaxis use of chlorhexidine, and use of breast milk in terms of type and amount of bacterial colonization in the UC of premature infants which was consistent with the findings of the related literature in this domain. 
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