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Abstract

Introduction: There is still some uncertainty on cord care practices all around the world, especially in developing countries. The aim of our
study was to investigate the effects of six different umbilical cord care practices on the rate of colonization and cord separation time.
Methodology: A total of 516 newborns were randomly allocated to the following six umbilical cord care groups: group 1 received dry care;
groups 24 received a single application of 70% alcohol, 4% chlorhexidine, or povidon-iodine in the delivery room, respectively, which were
discontinued thereafter; groups 5 and 6 received a single application of 70% alcohol or 4% chlorhexidine, respectively, starting in the delivery
room and continuing every six hours until discharge. Umbilical cords were examined on the second and third days and between the fifth and
seventh day for signs of omphalitis. Swab cultures were taken on the second or third day from all cases.

Results: Cord separation time (median [interquartile range]) was the shortest for group 1 (7 [6-7] days) and the longest for group 3 (10 [7-12]
days) and group 6 (10 [8-12] days) (p < 0.001). The cord colonization in the swab cultures was significantly lower in groups 3 and 6 (p <
0.001). Omphalitis was detected in eight (1.5%) patients among the study population, and there was no significant difference between the
groups.

Conclusions: Our study showed that chlorhexidine application was the most effective agent in decreasing colonization, though it increased cord

separation time significantly in both groups.
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Introduction

In countries with limited resources, umbilical cord
infection continues to be a major cause of neonatal
morbidity and poses significant risk of mortality [11-
3. The idea of preventive treatment evolved from the
assumption that bacterial growth in the umbilicus is
harmful. This resulted in routine umbilical cord care
with disinfectants and antimicrobial agents to prevent
systemic infection (14,

Since 1998, the World Health Organization has
recommended promotion of clean and dry cord care for
newborns, while noting that topical antiseptics may be
used where risk of infection is high; however,
controversy still exists in the literature 501, A
Cochrane review by Zupan et al. 1611 reported studies
mainly conducted in hospitals in high-income
countries; the results cannot be generalized to

community settings in low-income countries, where
achieving clean and dry cord care is difficult [7-10]. A
recent meta-analysis that included studies from both
developing and developed countries reported that 4%
chlorhexidine significantly reduced omphalitis in
community settings [11]. However, the effect of
chlorhexidine compared to dry cord care on neonatal
mortality in hospital settings remains largely unknown.

Turkey is a middle-income country, and cord care
practices differ widely depending on the hospital’s
policy. The aim of our study was to investigate the
effects of the most frequently used umbilical cord care
practices in our hospital setting and to propose the most
appropriate antiseptic agent for cord care. The primary
outcome of the study was the rate of colonization and
the time of cord separation.
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Methodology

This was a prospective randomized clinical trial to
study the above objectives and to analyze the outcomes
specified on an intention-to-treat basis. The study was
conducted on all infants who were born consecutively
between December 2008 and June 2010 in the obstetric
wards of the Marmara University Hospital, with the
approval of the institutional ethics committee. Written
informed consent from one or both parents was
obtained prior to enroliment.

Participants

The eligibility criteria included term healthy
newborn infants. The flow chart of the study is shown
in Figure 1. The criteria for exclusion were prematurity
(less than 37 weeks of gestation), birth weight less than
2,500 grams, any congenital anomaly, meconium-
stained amniotic fluid, and respiratory distress after
birth. In this study, the time of discharge was set at
between 48 and 72 hours.

Intervention

The eligible infants were randomly allocated to one
of the six different umbilical cord care groups per the
opaque envelope method. The study subjects were
randomized by means of consecutively numbered
opaque envelopes on which a sticker indicating
instructions for each group was placed. The babies were
enrolled in one of the following groups. Group 1 was
the dry cord care group; the umbilical cord was kept
clean and dry. In groups 2, 3, and 4, a single application
of 70% alcohol, 4% chlorhexidine, or povidone-iodine,
respectively, was applied in the delivery room. In
groups 5 and 6, a single application of 70% alcohol or
4% chlorhexidine, respectively, was applied in the
delivery room, and the same agent was applied every
six hours until discharge.

None of the patients were given any antiseptic
solutions after discharge unless indicated. There was no
blinding during allocation, as it was not possible to
mask the intervention received, but the physician who
followed the babies after birth until discharge was blind
to all the cases.

The clean cord care at birth was performed in
accordance with the recommendations of the World
Health Organization [5]. All the study subjects were
rooming with their mothers. In this study, the mothers
were instructed to fold diapers below the level of the
umbilicus and to avoid giving their infants tub baths
until the cord fell off. Meticulous hand-washing was
emphasized for the caregivers.
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Figure 1. The flow chart of study.
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Follow-up

The umbilical cord was examined and swab
cultures were taken at the second or third day of life
during discharge. After discharge, at the fifth or seventh
day of life, all newborns were re-examined for signs of
omphalitis. A second swab culture was taken when
signs of omphalitis were detected. If the umbilical cord
was not separated at the fifth or seventh days of life,
families were called weekly by phone, in order to record
the cord separation time and signs of omphalitis.
Specimens were obtained with a sterile cotton swab
from the cord-cutaneous junctions and were placed
immediately in Stuart's transport medium (bioMeriéux,
Marcy-1’Etoile, France). Swabs were inoculated onto
blood agar (bioMeriéux, Marcy-1’Etoile, France) and
MacConkey's agar (bioMeriéux, Marcy-I’Etoile,
France) using the streak plate method. Plates were
incubated aerobically for 24-48 hours at 37°C. Isolates
were identified by Vitek 2 (bioMeriéux, Marcy-1’Etoile,
France). The results were recorded by the same research
fellow in microbiology.

Definitions

Omphalitis and colonization were diagnosed based
on the criteria of the Centers for Disease Control (112
and was defined as follows. Omphalitis in a newborn (<
30 days of age) must meet at least one of the following
criteria: (1) The patient has erythema and/or serous
drainage from umbilicus and at least one of the
following: (a) organisms cultured from drainage or
needle aspirate; or (b) organisms cultured from blood;
or (2) The patient has both erythema and purulence at
the umbilicus. Colonization was defined as the presence
of microorganisms on skin, on mucous membranes, in
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open wounds, excretions, or secretions that were not
causing any adverse clinical signs or symptoms.

The cord detachment time was the length of time
necessary for the cord to detach completely.

Sample size

To determine the sample size, a power analysis with
95% confidence level (1-a) and 80% power (1-f3) was
performed. For the cord separation time, the sample size
was calculated as 36 babies for each group if the
shortest and the longest cord separation times were
accepted as six (with a variance of 2) and eight days
(with a variance of 16), respectively [13,14]. The
sample size was calculated as 49 for each group,
considering that the percentage of colonization for dry
cord care would be 60% and 30%, respectively, for
chlorhexidine application [15,16].

Statistical analysis

Descriptive statistics were used to report sample
characteristics. All continuous data were analyzed
using the Kolmogorov-Smirnov test for normality
testing. Descriptive statistics were presented as mean,
standard deviations and median, and inter-quartile
ranges. The cord separation time between the groups
was compared using the Kruskal-Wallis test and post
hoc Bonferroni correction analysis, and the descriptive
analysis was presented as median and inter-quartile
range. The categorical data were presented with
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groups for normally distributed continuous variables
were evaluated using one-way analysis of variance
(ANOVA) test with post hoc Tukey honest significant
difference (HSD) comparisons. The differences were
considered statistically significant at a level of
probability of p < 0.05. SPSS version 13.0 (IBM,
Armonk, USA) was used for statistical analysis.

Results

There were 44 babies who were noncompliant with
the assigned study group, and 18 babies were lost
during follow-up (Figure 1). The distribution of the
noncompliant and lost follow-up babies was not
significantly different across the study groups. The
demographic characteristics were not significantly
different among the six groups (Table 1). The cord
separation time was significantly shorter in the dry care
group (7 [6-7] days) compared to other groups (p <
0.001).In the post-hoc analysis, the cord separation time
in both 4% chlorhexidine groups (group 3: 10 [7-12]
days; group 6: 10 [8-12] days) was significantly longer
than that in groups 1, 2, and 5 (p < 0.001), but there was
no statistically significant difference when compared
with the povidone-iodine group. The cord separation
time was found to be 7 (6-10) days, 8 (6-11) days, and
7 (6-10) days in groups 2, 4, and 5, respectively, without
any statistical differences (Table 2).

In total, 49% (253/516) of the study cases were
colonized. Most cases were colonized with normal skin

percentages (%), and Pearson’s Chi-squared test was flora including coagulase-negative staphylococci
used for statistical analysis. Comparisons between
Table 1. Demographic characteristics of the study groups.
Group 1 Group 2 Group 3 Group 4 Group 5 Group
(n=86) (n=86) (n=86) (n=86) (n=86) 6 (n =86) P
Gender (M)’ 44 (51.1 43 (50.0 44 (51.1 36 (41.8 43 (50.0 38 (44.2 b0.62
n (%) (51.1) (50.0) (51.1) (41.8) (50.0) (44.2) :
Gestational
age (weeks) 38.7£0.8 38.8+0.9 38.9+0.9 38.7+0.8 38.7+1.0 39.1£1.0 20,06
Mean + SD
Birth weight
(@ 3,417.1+364.5 3,3752+372.3 3,3524+3758 3,247.9+3122 3,380.7+383.1 3,412.1+375.2
Mean+SD 3,300 (2,750— 3,340 (2540—- 3,280 (2,600- 3,190 (2,700 3,250 (2,670— 3,350 (2,680—  20.28
Median 4,360) 4,300) 4,400) 4,080) 4,400) 4,350)
(IQR)
Delivery
mode 30 (34.8) 21 (24.4) 22 (25.6) 25 (29.1) 19 (22.1) 23 (26.7) b0.39
(VD)" n (%)
Maternal age
MgﬁaféD 294 +53 30.1+5.0 30.2+6.1 299+53 29.6+5.0 20355 o
Median 29 (17-42) 29 (19-42) 30 (17-45) 30 (18-42) 28 (20-42) 29 (20-46)
(IQR)

20ne-way ANOVA test; ® Pearson’s Chi-squared test " VVD: vaginal delivery; *M: male; Group 1: Dry care; Group 2: A single application of 70% alcohol in
the delivery room; Group 3: A single application of 4% chlorhexidine in the delivery room; Group 4: A single application of povidone-iodine in the delivery
room; Group 5: A single application of 70% alcohol in the delivery room that continued until discharge (every six hours with in the first two to three days);
Group 6: A single application of 4% chlorhexidine in the delivery room that continued until discharge (every six hours with in the first two to three days).
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Table 2. Cord separation time of the study groups.

J Infect Dev Ctries 2017; 11(2):152-157.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 p
(n =86) (n =86) (n =86) (n =86) (n=86) (n=86)
Cord separation time .
(days) Median (IQR) 7 (6-7) 7 (6-10) 10 (7-12) 8 (6-11) 7 (6-10) 10 (8-12) 30.001
*p <0.01; ®Kruskal-Wallis test.
Table 3. Colonization results of the study groups.
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 a
n (%) n (%) n (%) n (%) n (%) n (%) P
Normal skin floraf 47 (54.7) 42 (48.8) 12 (14.0) 42 (48.8) 36 (41.9) 12 (14.0) 0.001"
Pathogenic
microorganisms? 12 (14.0) 11 (12.8) 4 (4.7) 17 (19.7) 13 (15.1) 5(5.8) 0.35
Total bacterial *
colonization 59 (68.6) 53 (61.6) 16 (18.6) 59 (68.6) 49 (56.9) 17 (19.7) 0.001
No growth 27 (31.4) 33(38.3) 70 (81.4) 27 (31.4) 37 (43.0) 69 (80.2) 0.001"

aPearson’s Chi-squared test; * p < 0.01; " Including coagulase-negative Staphylococcus; * Staphylococcus aureus, group B Streptococcus, Enterococus faecalis,
Escherichia coli, Klebsiella, Enterobacter, Serratia marcescens; Group 1: Dry care; Group 2: A single application of 70% alcohol in the delivery room: Group
3: A single application of 4% chlorhexidine in the delivery room; Group 4: A single application of povidone-iodine in the delivery room; Group 5: A single
application of 70% alcohol in the delivery room that continued until discharge (every six hours with in the first two to three days); Group 6: A single application
of 4% chlorhexidine in the delivery room that continued until discharge (every six hours with in the first two to three days).

(CoNS) (37%; 191/516), while 12% (62/516) were
colonized with pathogenic organisms (Staphylococcus
aureus, group B Streptococcus, Gram-negative
microorganisms), mainly Staphylococcus aureus (52%)
(Table 3). Total bacterial colonization rate of cases with
normal skin flora (including CoNS) was significantly
lower in the third and sixth groups in the swab cultures
(p < 0.001). The percentage of Staphylococcus aureus,
the leading agent in the pathogenic group, was not
different among the groups. The rate of Staphylococcus
aureus colonization in groups 1, 2, 3, 4, 5, and 6 was
7.6%, 9.3%, 3.4%, 8.9%, 8.1%, and 5.2%, respectively.
Of 516 newborns, 8 (1.5%) developed omphalitis. The
results of the swab cultures are shown in Table 4. There
was no significant difference in the rate of omphalitis
when compared between the study groups (p = 0.375).
Colonization with pathogenic organisms was present at
the first swab culture in two of the eight infants with
omphalitis (one infant with Staphylococcus aureus and
one infant with Serratia marcescens), and three of the
infants with omphalitis had positive colonization at the

second swab cultures (three infants  with

Staphylococcus aureus) (Table 4).

Discussion

Different methods of umbilical cord care have been
applied over the years in efforts to reduce the risk of
neonatal infection; however, the recent evidence does
not support one regimen over another for the prevention
of omphalitis [6]. Previously, colonization of the
umbilical cord was considered to be a risk factor for
omphalitis. The umbilicus is recognized as the first site
of colonization after birth, and colonization usually
occurs 48-72 hours after birth [16]. The infection-
colonization relationship has been investigated in
several studies, and there is still controversy among
reported studies [6]. In a community-based study from
Bangladesh, the authors showed that cord cleansing
with 4% chlorhexidine immediately after birth reduces
overall and organism-specific colonization of the
stump, and also reduces neonatal infection in
developing countries [20]. Mullany et al. reported that

Table 4. Clinical findings and culture results of the babies with omphalitis.

First colonization

Patient no. Groups

Second colonization Clinical findings

(Days 2 and 3) (Days 5 to 7)
1 1 No growth Staphylococus aureus Erythema and pus
2 1 Normal skin flora No growth Erythema and pus
3 1 Normal skin flora No growth Erythema and pus
4 2 No growth No growth Erythema and pus
5 2 Normal skin flora Staphylococus aureus Erythema and pus
6 4 Serratia marcescens CONS Erythema
7 4 Staphylococus aureus Normal skin flora Erythema
8 6 Normal skin flora Staphylococus aureus Erythema and pus
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although the cord separation time was longer with
chlorhexidine compared to other antiseptics, it did not
increase subsequent morbidity or infection [21]. A
recent meta-analysis showed that there was significant
evidence to suggest that topical application of
chlorhexidine to the umbilical cord reduces neonatal
mortality and omphalitis in community and primary
care settings in developing countries [11]. In contrast to
that study, a meta-analysis including 21 studies mostly
from developed countries with low rates of omphalitis,
reported that antiseptic solutions did not decrease the
rate of omphalitis when compared to dry cord care,
although they reduced bacterial colonization compared
to dry cord care. It must be kept in mind that most of
the studies in this meta-analysis were hospital based [6].
In our study, both chlorhexidine groups were less
colonized with normal skin flora, including CoNS,
compared to all the other groups. However, the longest
cord separation time was measured in both groups
receiving 4% chlorhexidine (groups 3 and 6). Cord
separation time was significantly shorter in the dry cord
care group. This was in accordance with the current
literature [4,13,22,23]. Although the cord separation
time was increased in both 4% chlorhexidine groups in
our study, only one of the cases with omphalitis was in
the chlorhexidine group (group 6).

The incidence of omphalitis has decreased in
industrialized countries over the years due to aseptic
delivery techniques and clean cord care, and the
incidence has been reported to be between 0.2% and
0.7% [5,24,25]. The rate of omphalitis was 1.5% in our
study, which is higher than the rates reported from
developed countries, but lower than in the developing
world where this rate may be as high as 6%-10% [24-
26]. We found no significant difference in the rate of
omphalitis between the study groups. As the targeted
number of cases for this outcome could not be reached
according to the power analysis, this result should be
interpreted cautiously.

Conclusions

The aim of our study was to compare the effect of
different antiseptic solutions on colonization and cord
separation time. In that aspect, chlorhexidine
application appeared to be the most effective agent in
decreasing colonization, though it significantly
increased the cord separation time. Further studies are
needed to reach a conclusion about routine cord care
practices, particularly in the developing world, where
omphalitis is a significant issue.
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References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mullany LC, Darmstadt GL, Tielsch JM (2003) Role of
antimicrobial applications to the umbilical cord in neonates to
prevent bacterial colonization and infection: a review of the
evidence. Pediatr Infect Dis J 22: 996-1002.

Imdad A, Mullany LC, Baqui AH, El Arifeen S, Tielsch JM,
Khatry SK, Shah R, Cousens S, Black RE, Bhutta ZA (2013)
The effect of umbilical cord cleansing with chlorhexidine on
omphalitis and neonatal mortality in community settings in
developing countries: a meta-analysis. BMC Public Health 13
Suppl 3: 3-15.

Karumbi J, Mulaku M, Aluvaala J, English M, Opiyo N (2013)
Topical umbilical cord care for prevention of infection and
neonatal mortality. Pediatr Infect Dis J 32: 78-83.

Evens K, George J, Angst D, Schweig L (2004) Does umbilical
cord care in preterm infants influence cord bacterial
colonization or detachment? J Perinatol 24: 100-104.

World Health Organization (1999) Care of the umbilical cord:
a review of the evidence (WHO/RHT/MSM/98.4). Geneva,
Switzerland: WHO.

Zupan J, Garner P, Omari AA (2004) Topical umbilical cord
care at birth. Cochrane Database Syst Rev. 3: CD001057.
Mullany LC, Darmstadt GL, Khatry SK, Katz J, LeClerq SC,
Shrestha S, Adhikari R, Tielsch JM (2006) Topical
applications of chlorhexidine to the umbilical cord for
prevention of omphalitis and neonatal mortality in southern
Nepal: a community-based, cluster-randomised trial. Lancet
367: 910-918.

Smith CK (2009) Some traditional umbilical cord care
practices in developing countries. Midwifery Today Int
Midwife 91: 12-13.

Arifeen SE, Mullany LC, Shah R, Mannan |, Rahman SM,
Talukder MR, Begum N, Al-Kabir A, Darmstadt GL,
Santosham M, Black RE, Baqui AH (2012) The effect of cord
cleansing with chlorhexidine on neonatal mortality in rural
Bangladesh: a community-based, cluster-randomised trial.
Lancet 379: 1022-1028.

Soofi S, Cousens S, Imdad A, Bhutto N, Ali N, Bhutta ZA
(2012) Topical application of chlorhexidine to neonatal
umbilical cords for prevention of omphalitis and neonatal
mortality in a rural district of Pakistan: a community-based,
cluster-randomised trial. Lancet 379: 1029-1036.

Sinha A, Sazawal S, Pradhan A, Ramji S, Opiyo N (2015)
Chlorhexidine skin or cord care for prevention of mortality and
infections in neonates. Cochrane Database Syst Rev 3:
CD007835.

Horan TC, Andrus ML, Dudeck MA (2008) CDC/NHSN
surveillance definition of health care-associated infection and
criteria for spesific types of infections in the acute care setting.
Am J Infect Control 36: 309-332.

Dore S, Buchan D, Coulas S, Hamber L, Stewart M, Cowan D,
Jamiessen L (1998) Alcohol versus natural drying for newborn
cord care. J Obstet Gynecol Neonatal Nurs 27: 621-627.
Bourke E (1990) Cord care: too much or too little. Aust J Adv
Nurs 7: 19-22.

Meberg A, Schoyen R (1985) Bacterial colonization and
neonatal infections. Effects of skin and umbilical disinfection
in the nursery. Acta Paediatr Scand 74: 366-371.

Verber IG, Pagan FS (1993) What cord care: If any? Arch Dis
Child 68: 594-596.

Nizet V, Bradley JS (2011) Staphylococcal infections. In:
Remington JS, Klein JO, Wilson CB, Nizet VV, Maldonado YA,

156



Ozdemir et al. — Impact of antiseptics on umbilical cord care

18.

19.

20.

21.

22.

23.

editors. Infectious diseases of the fetus and newborn infant.
Philadelphia: Elsevier Saunders. 489-490.

Smales O (1998) A comparison of umbilical cord treatment in
the control of superficial infection. NZ Med J 101: 453-455.
Janssen PA, Selwood BL, Dobson SR, Peacock D, Thiessen
PN (2003) To dye or not to dye: a randomized clinical trial of
a triple dye/alcohol regime versus dry cord care. Pediatrics
111: 15-20.

Mullany LC, Saha SK, Shah R, Islam MS, Rahman M, Islam
M, Talukder RR, El Arifeen S, Darmstadt GL, Baqui AH
(2012) Impact of 4.0% chlorhexidine cord cleansing on the
bacteriologic profile of the newborn umbilical stump in rural
Sylhet District, Bangladesh: a community-based, cluster-
randomized trial. Pediatr Infect Dis J 31: 444-450.

Mullany LC, Shah R, El Arifeen S, Mannan I, Winch PJ, Hill
A, Darmstadt GL, Baqui AH (2013) Chlorhexidine cleansing
of the umbilical cord and separation time: a cluster-randomized
trial. Pediatrics 131: 708-715.

Hsu WC, Yeh LC, Chuang MY, Lo WT, Cheng SN, Huang CF
(2010) Umbilical separation time delayed by alcohol
application. Ann Trop Paediatr 30: 219-223.

Medves J, O’Brien B (1997) Cleaning solutions and bacterial
colonization in promoting healing and early separation of the

24.

25.

26.

J Infect Dev Ctries 2017; 11(2):152-157.

umbilical cord in healthy newborns. Can J Public Health 88:
380-382.

Sawardekar KP (2004) Changing spectrum of neonatal
omphalitis. Pediatr Infect Dis. J 23: 22-26.

Cushing AH (1985) Omphalitis: a review. Pediatr Infect Dis 4:
282-285.

Mir F, Tikmani SS, Shakoor S, Warraich HJ, Sultana S, Ali
SA, Zaidi AK (2011) Incidence and etiology of omphalitis in
Pakistan: a community-based cohort study. J Infect Dev Ctries
5: 828-833. doi:10.3855/jidc.1229.

Corresponding author
Hulya Ozdemir, MD

Fevzi Cakmak Mah. Sinan Cad
No:41 Ust Kaynarca Pendik
Istanbul, Turkey

Phone: 0090216 6570606

Fax: 0090216 6570695

Email: hulyazeynep@yahoo.com

Conflict of interests: No conflict of interests is declared.

157



	Introduction
	Methodology
	Participants
	Intervention
	Definitions
	Sample size
	Statistical analysis

	Results
	Discussion
	Conclusions
	References
	Corresponding author


