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Abstract 

Background 
Bacterial colonization during and shortly after birth are common in newborn infants. The aim of this 

study was to determine the umbilical cord bacterial colonization in newborn infants rooming in with 

mothers and neonates admitted to neonatal intensive care unit (NICU). 

Materials and Methods 

In a cross-sectional study, 180 newborn infants were studied in three groups including: newborn 

infants born via normal delivery and stayed with their mothers (n=60), newborn infants born by 

cesarean section and stayed with their mothers (n=60), and newborn infants admitted in NICU (n=60). 

Umbilical cord care was done as natural drying without use of any disinfectant or local antibiotic for 

all newborn infants. Bacterial culture was performed on the second day in three groups and in days of 

5-7 only among the infants admitted in NICU.  

Results 

Among the subjects, 50% (n=90) were boy and 50% (n=90) were the first-time mothers. Normal 

gestational age (38 to 42 weeks) was seen in 67.2% (n=121) of subjects. Three groups had no 

significant differences in terms of gender (p=0.247), and first-time mothers (p=0.344), but had a 

significant difference in terms of gestational age (p=0.001). Staphylococcus aureus was the most 

common bacteria responsible for the colonization in the first culture (n=31, 17.22%), and second 

culture (n=17, 13.5%). Bacterial colonization was more common in newborn infants who were born 

by cesarean section and stayed with their mothers compared to the other groups (p<0.001). 

Conclusion 

According to the study, bacterial colonization was common in newborn infants who were born by 

cesarean section and stayed with their mothers and Staphylococcus aureus had an important role in 

this colonization. Future study is recommended to confirm our results.  
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1- INTRODUCTION 

     Annually, one million newborn infant’s 

death occur in the world due to infection 

caused by bacteria that are entered the 

body through umbilical cord (1). Necrotic 

tissues of umbilical cord are the best 

places for bacterial colonization which are 

established shortly after birth (2, 3). 

Staphylococcus aureus, Group B 

streptococcus (GBS) and Escherichia coli 

(E. coli) have been the predominant 

isolates from the colonized umbilicus in 

newborns (4-6). To the umbilical cord 

bacterial colonization a sequences of steps 

including the process of bacterial 

transmission, an invasion to primary host 

defense mechanisms such as skin, mucosal 

adhesion, and colonization with bacterial 

growth is required (7, 8). Umbilical cord 

colonization occurs with the growth of 

bacterial organisms including both normal 

skin flora and pathogenic bacterial, and 

can result in  life-threating conditions (9).  

Today, advances in umbilical cord care 

have reduced exposure of umbilical cord to 

infection in developed and developing 

countries (10-12). Strategies including use 

of disinfection solutions and hygiene 

protocols, postnatal care, and reduction the 

number of caregivers to a person have 

been associated with reduced incidence of 

umbilical cord colonization, so that in 

studies, application of chlorhexidine and 

hygienic caring reduced the incidence of 

umbilical cord infection (10-13).  

Potential risk factors for umbilical cord 

infection are low birth weight, childbirth 

prolongs, premature rupture of 

membranes, non-sterile delivery, umbilical 

cord catheterization, method of umbilical 

cord care, and home delivery (14, 15). The 

most common complication of umbilical 

cord infection is sepsis (6, 16). The 

incidence of newborn infant sepsis due to 

umbilical cord colonization has been 

estimated to occur in 1-4 cases per 1,000 

live births in developing countries, 

depended on geographic location (12, 17). 

Other complications of umbilical cord 

infection are inflammation of the umbilical 

artery, portal vein thrombosis, hepatic 

abscess, peritonitis, intestinal gangrene, 

necrosis and finally death (18, 19). 

Given that dangerous complication of 

umbilical cord infection may be lead to 

death, the aim of this study was to 

determine and comparison of the umbilical 

cord bacterial colonization in newborn 

infants rooming in with mothers and 

neonates admitted to neonatal intensive 

care unit (NICU).  

2- MATERIALS AND METHODS 

2-1. Study design and population  

     In a cross-sectional study, 180 newborn 

infants born in female hospital of Amir- al-

Mu'minin hospital in Semnan, Iran, during 

the October 2014 to March 2015 were 

recruited. Sample size was calculated 

using pilot data (10 newborn infants 

admitted to NICU, 10 newborn infants 

who stayed with mother in normal delivery 

and 10 newborn infants who stayed with 

their mothers in cesarean section). After 

counseling with a statistician and that it 

would not be possible to evaluate data for 

2% of subjects, a total of 60 newborn 

infants per group were considered to detect 

difference in laboratory finding with 80% 

power and 95% confidence interval (CI). 

Therefore, 180 patients as convenience 

sampling were included to the study.  

2-2. Methods 

Newborn infants were investigated in three 

groups: newborn infants born by caesarean 

section, and vaginally who stayed with 

mothers at the birth time, and neonates 

who were admitted to NICU. In this study, 

umbilical cord care method was as 

umbilical cord natural drying without use 

of any disinfectant or local antibiotic for 

all newborn infants.  

2-3. Measuring tools 
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A questionnaire was used for collecting 

data including type of delivery, first time 

mothers, gender, birth weight and 

gestational age. 

2-4. Laboratory measurements 

Culture samples were collected by a 

laboratory technician who was unaware of 

the aim of the study from the newborn 

infants cord stump using a sterile swab. All 

samples were placed in a sterile tube and 

were immediately transferred to 

laboratory. In laboratory, samples were 

taken by swab and were immediately 

transferred to blood agar. After 24 hours, 

the grown colonies were separated, and 

identified by standard methods. Also, for 

newborn infants admitted to NICU, the 

second culture samples were collected 

from umbilical cord stump on days 5-7 

after birth. Bacteriological examinations 

were performed on the all colonization.  

2-5. Inclusion and exclusion criteria 

All newborn infants in NICU were treated 

by empirical antibiotic therapy with the 

same protocol, based on the treatment of 

premature neonatal sepsis bacteria (first 

week: Ampicillin and Cefotaxime, 

Amikacin). If newborn infants in NICU 

received other antibiotics due to sepsis that 

resistance to empirical antibiotic treatment 

or any other reason were excluded from 

the study. 

2-6. Ethical consideration 

After the full explanation about the 

purpose of the study to one of the parents 

by the researchers, an informed consent 

was obtained before delivery. For selecting 

infants admitted to NICU, an informed 

consent from parents was obtained 

immediately after admission. 

2-7. Data Analyses  

Data were analyzed by SPSS (version 

20.0) and descriptive statistics were used 

to determine the frequency and distribution 

of data. Kolmogorov-Smirnov test was 

used to determine the normality. Also; 

Chi-square test, t student test, one-way 

ANOVA in normal and Mann-Whitney 

and Kruskal Wallis test in non-normal data 

were used for data analysis. The level of 

statistical significance was set at P <0.05. 

3- RESULTS 

    All 180 infants were investigated and 

none of them were excluded from the 

study. Among them, 50% (n=90) were boy 

and 50% (n=90) were the first-time 

mothers. Normal gestational age (38 to 42 

weeks) was seen in 67.2% (n=121) of 

subjects. The mean birth weight was 3,750 

± 250 grams and 3,680 ± 330 grams in 

newborns rooming in with their mothers at 

the birth time in normal vaginal delivery 

and in caesarean section, respectively. The 

mean birth weight was 2,310 ± 145 grams 

in infants who were admitted to NICU that 

majority (85%, n= 51) of them were in 

abnormal range. Data analysis showed that 

three groups had no significant differences 

in terms of gender and first-time mothers, 

but had a significant difference in terms of 

gestational age and birth weight. Table.1 

shows the distribution of these variables.  

In investigating of bacterial colonization 

on the second day of birth, umbilical cord 

bacterial colonization was significantly 

higher in the neonates born by cesarean 

section and rooming in with mothers 

compared to the other groups (P<0.001). 

Staphylococcus aureus was the most 

frequently isolated from the newborns 

umbilical cord. In 13 cases (42%) they 

were mixed with other bacteria, and in 18 

cases (58%) they were the only isolates. 

After Staphylococcus aureus, Escherichia 

coli in the NICU neonates, and Klebsiella 

pneumoniae in the neonates rooming in 

with mothers were the most cause of 

umbilical cord colonization (Table.2). 

There was no significant difference 

between the groups in term of frequency of 

isolated bacteria from the newborns 

umbilical cord (P>0.05) (Table.2). 
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Assessment the distribution of umbilical 

cord culture results on the day of 5-7 in 

newborns admitted to NICU showed that 

18.3% (n=11) of them were without 

growth, and Staphylococcus aureus (n=17, 

13.5%), Escherichia coli (n=8, 13.5%), 

Klebsiella pneumonia (n=11, 18.2%), 

Staphylococcus epidermidis (n=6, 10%), 

Enterococci (n=3, 5%), Staphylococcus 

haemolyticus (n=2, 3.5%), and 

Staphylococcus saprophyticus (n=2, 

3.5%), were the most frequently isolated 

from the umbilical cord, respectively. 

Also, umbilical cord culture results in the 

second day and day of 5-7 had not 

significantly relationship with gender, first 

time mothers, gestational age and birth 

weight and these factors had not effect on 

the colonization rate (P>0.05). 

 

  

Table-1: Distribution of gender, first-time mothers, gestational age and birth weight in three groups 

Variables 

Studied groups 

P-value Admitted to NICU 

Number (%) 

Stayed with mother and 

cesarean section delivery 

Number (%) 

Stayed with mother and 

normal vaginal delivery 

Number (%) 

Gender 

Boy 

girl 

31 (51.7) 

 

29 (48.3) 

25 (41.7) 

35 (58.3) 

34 (56.7) 

26 (43.3) 

 

0.247 

First-time mothers 

Yes 

No 

34 (56.7) 

26 (43.3) 

26 (43.3) 

34 (56.7) 

 

30 (50) 

30 (50) 

0.344 

Gestational age (38-42 

weeks) 
6 (10) 57 (95) 

58 (96.7) 

 
0.001 

Birth weight (2500 – 

4000grams)  
9 (15) 54 (90) 

53 (88.3) 

 
0.001 

 
   

Table-2: Distribution of umbilical cord culture results on second day of birth in three groups 

Culture Result 

Studied groups 

P-value*  
Admitted to 

NICU 

Number (%) 

Stayed with mother and 

cesarean section 

delivery 

Number (%) 

Stayed with mother and 

normal vaginal delivery 

Number (%) 

Without growth 42 (70) 21 (35) 34 (56.7) 0.001 

Staphylococcus aureus 7 (11.8) 16 (26.8) 8 (13.5) 0.051 

Escherichia coli 4 (6.7) 6 (10) 5 (8.5) 0.424 

Klebsiella pneumoniae 3 (5) 9 (15) 7 (11.8) 0.134 

Staphylococcus 

epidermidis 
2 (3.5) 4 (6.7) 3 (5) 0.587 

Enterococci 1(1.5) 2 (3.5) 1 (1.5) 0.89 

Staphylococcus 

haemolyticus 
1(1.5) 1 (1.5) 1 (1.5) - 

Staphylococcus 

saprophyticus 
- (0) 1 (1.5) 1 (1.5) 0.811 

*Chi-square test. 
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4- DISCUSSION 

    This study was conducted aimed to 

determine of the umbilical cord bacterial 

colonization in newborn infants rooming 

in with mothers and neonates admitted to 

neonatal intensive care unit. Our results 

indicated that newborns born by cesarean 

section are more susceptible to develop 

umbilical cord bacterial colonization 

compared to newborns born by vaginal 

delivery and neonates admitted to NICU. 

Staphylococcus aureus was the most 

common bacteria responsible for the 

colonization. Statistically, frequency of 

bacteria was similar between the groups.  

Chamnanvanakij et al. investigated the 

umbilical cord bacterial colonization 

among 180 infants stayed at home. In their 

study, umbilical swab cultures was 

performed within 7 days post discharge, 

which all taken culture specimens were 

positive and Klebsiella, Escherichia coli, 

Enterobacter and Staphylococcus were the 

most frequent organisms, respectively. 

Klebsiella and Escherichia coli were 

isolated from the umbilical cord in 60% 

and 37.2% of the neonates (20).  

In our study, majority of the neonates had 

not any umbilical cord bacterial 

colonization, which this difference may be 

due to umbilical cord care method. Natural 

drying of umbilical cord was the only used 

methods in our study, while in 

Chamnanvanakij at el., triple dye and 

alcohol were the other methods. Despite 

the many studies, there is still controversy 

over which umbilical cord care practice is 

the best (21). Several trials have shown 

that dry cord care increased colonization 

rates of bacteria, especially 

Staphylococcus aureus (21, 22).  

In another study by Besharati et al., 

prevalence of bacterial colonization was 

investigated among 100 neonate in-

patients NICU ward. Results of this study 

showed that Staphylococcus epidermidis, 

Klebsiella pneumonia and Escherichia coli 

were the main cause of microbial 

colonization and septicemia in the 

neonates (23). In our study, Klebsiella 

pneumonia and Escherichia coli were the 

leading cause of colonization, too. Ying, et 

al., conducted a study aimed to determine 

the distribution of bacteria isolated in 

omphalitis. In their study, total of 69 

strains of pathogens were isolated from 

samples, which Staphylococcus aureus 

(33.33%), Escherichia coli (64%), and 

Klebsiella pneumonia (59%), were the 

predominant isolates recovered from the 

inflamed umbilicus in newborns (24). The 

results of this study are in line with our 

study. The most common isolated 

organisms in Taffazoli et al. study in 

Mashhad, Iran, were Staphylococcus 

epidermidis, Staphylococcus aureus, 

Escherichia coli and Klebsiella 

Pneumoniae in the umbilical stump (25).  

In Oishi at el. study, also, despite the use 

of disinfectant in order to in the prevention 

of neonatal umbilical colonization, a 

significant number of participants 

colonized by Staphylococcus aureus (26).  

Staphylococcus epidermidis is a skin and 

mucosal flora, which similar to 

Staphylococcus aureus are the most 

frequent causes of nosocomial infections 

on indwelling devices (27). Therefore, 

healthcare personnel have an important 

role in prevention of Staphylococcus 

colonization and standard precautions 

should be performed to avoid transfer and 

spread of bacteria. Association of bacterial 

colonization with low birth weight or early 

gestational age has been reported in 

several studies (28, 29).  

We did not observe this relationship that 

further carefully designed studies are 

needed to demonstrate them. The most 

important limitation of this study was low 

sample size and lack of control on the hand 

hygiene of personals due to higher 

incidence of infection following contacts 

caregivers with mothers. Also, studies 

aimed to introduce the best strategies to 
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decrees the prevalence of Staphylococcus 

aureus were recommended.  

4-1. Limitations of the study 

The most important limitation of our study 

was the lack of uniformity of samples in 

terms of gestational age and birth weight. 

Other limitation was the second culture 

which was done only in infant admitted in 

ICU. Also, other factors such as parent 

education and socio-economic status, and 

history of vaginal infection may be 

effective in umbilical cord colonization. 

So, we recommend another study with 

considering these factors.  

5- CONCLUSION 

     This study showed that umbilical cord 

bacterial colonization was more in infants 

who were born by cesarean section and 

stayed with their mothers. So, due to need 

of mothers for special care, number of 

caregivers and close contacts caregivers 

with mother especially in those with 

caesarian section, cares to prevent 

transmission of bacteria should be 

considered.  
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