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Abstract
Background Neonatal sepsis is one of the major causes of 
morbidity and mortality in neonates. Exposure to maternal 
bacteria during pregnancy or delivery allows for coloniza-
tion of the normal upper airway. Such bacteria become 
the major ecological species in the infant. If the colonizing 
bacteria invade the bloodstream, early-onset neonatal sepsis 
(EONS) could occur.
Objective To evaluate for an association between coloniza-
tion of the newborn nasopharynx and EONS, as well as for 
agreement between nasopharyngeal swab culture and blood 
culture isolate results.
Methods This prospective cohort study was conducted in 
Dr. Wahidin Sudirohusodo General Hospital and Ibnu Sina 
Hospital, Makassar, South Sulawesi. Nasopharyngeal swab 
culture was taken within 2 hours of life from newborns who 
met the inclusion criteria, then they were followed up for 
signs of EONS. Blood culture was taken from subject with 
EONS.
Results Of the 100 newborns, 69 (69%) had nasopharyngeal 
bacterial colonization, of whom 5.8% (4/69) experienced 
EONS. Of the remaining 31 (31%) without colonization, 
9.7% (3/31) experienced EONS. There was no significant 
difference in frequency of EONS between newborns with 
and without nasopharyngeal colonization. Although Gram-
negative bacteria were predominant among colonized 
newborns, there was no significant difference to numbers of 
Gram-positive bacteria as a causative agent of EONS. Only 
one patient with EONS had the same bacterial species in 
both the nasopharynx and blood culture isolate.
Conclusion  Newborn nasopharyngeal colonization at 
birth is not associated with EONS. [Paediatr Indones. 
2020;60:287-92 ; DOI: 10.14238/pi60.4.2020.287-92 ].
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The World Health Organization (WHO) 
identified three major causes of neonatal 
mortality: infections including pneumonia, 
tetanus, and diarrhea (36%), preterm birth 

(28%), and asphyxia (23%).1,2 The World Bank 
reported that the mortality rate of newborn babies in 
Indonesia was 16 per 1,000 live births in 2013. The 
incidence of sepsis in developing countries is still 
high (1.8-18/1000) compared to developed countries 
(1-5/1000).3

Although the infection can be caused by viruses, 
fungi and parasites, bacterial infection is the most 
important in neonatal sepsis.4 Exposure can occur in 
utero, during labor, or after birth. If it occurs in utero 
or during childbirth, it can lead to early-onset sepsis. 
Intrauterine fetuses are relatively safe from infection 
because they are protected by various organs, such 
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as the placenta, amnion, and chorion as well as anti-
infective factors in the amniotic fluid.5 Rupture of the 
membranes allows microorganisms in the vaginal flora 
or other bacterial pathogens to ascend to the amniotic 
fluid and fetus. This may result in chorioamnionitis or 
infected amniotic fluid, which may then be aspirated 
by the fetus or neonate. Neonates can also be exposed 
to vaginal flora as they pass through the birth canal.6

Colonization mainly occurs in the skin, 
nasopharynx, oropharynx, conjunctiva, and umbilical 
cord. Acquisition of bacteria by ascending or 
through the birth canal leads to colonization of the 
skin and mucosa.  The upper respiratory tract is 
one of the major sites of bacteria, and is colonized 
rapidly.7 Usually, pathogenic bacteria survive in the 
airway for several months before disappearing or 
being replaced by other pathogenic bacteria. The 
local immune response plays an important role in 
preventing or reducing the duration of colonization.8 
If the immune response is unable to prevent invasion 
of the colonizing bacteria or the barrier integrity 
is disturbed, colonization may lead to invasive 
disease, such as early-onset neonatal sepsis (EONS).  
A previous study found a significant correlation 
between bacterial colonization of the maternal birth 
canal and colonization on newborn body surfaces 
(umbilical, throat, ear) as well as EONS. The risk for 
sepsis increased if there was superficial colonization 
with pathogenic bacteria.9 The aims of our study were 
to evaluate for a possible association between newborn 
nasopharyngeal bacterial colonization immediately 
after birth and EONS, with the hope of decreasing 
mortality due to EONS with timely and appropriate 
interventions.

Methods

This prospective cohort study was carried out in 
Dr. Wahidin Sudirohusodo General Hospital, and 
Ibnu Sina Hospital, Makassar, South Sulawesi, from 
January to June 2016. The study population was 
newborns delivered in Dr. Wahidin Sudirohusodo 
General Hospital and Ibnu Sina hospital who met 
the following inclusion criteria: newborns whose 
mothers had no signs or risk of infection (fever during 
labor, prolonged premature rupture of membrane 
(PPROM), or urinary tract infection), underwent 

vaginal or Caesarean section delivery, and provided 
parental informed consent. Exclusion criteria were 
obvious congenital malformation, asphyxia, and 
need for resuscitation. Nasopharyngeal swabs were 
obtained for culture studies from all eligible newborns 
immediately after birth. The newborns were followed 
up until 72 hours of life.  Nasopharyngeal swab culture 
was done according to standard operational procedure 
to avoid contamination. The swabs were collected 
using a Dacron-tipped swab placed in Amies transport 
media.  Swabs were streaked on to blood agar plates 
and incubated for 18-24 hours at 37°C.  Suspected 
colonies were further identified by Gram stain (IMVic 
for Gram- negative and mannitol salt agar for Gram-
positive cocci). Blood cultures were performed only 
for subjects who developed EONS. Swabs and blood 
culture were analyzed at Hasanuddin University 
Medical Research Centre (HUM-RC) Laboratory. 

Early onset of neonatal sepsis was diagnosed 
if there were two or more signs suggestive of sepsis 
with at least one abnormal laboratory parameter, or 
one or more signs suggestive of sepsis with two or 
more abnormal laboratory parameters that occurred 
in ≤72 hour of life. The signs suggestive of sepsis 
were: respiratory distress, seizure, reduced level of 
consciousness (lethargy to unconscious), temperature 
instability, reduced activity, poor feeding, irritability, 
vomiting, and abdominal distension. The abnormal 
laboratory parameters were leukopenia or leukocytosis, 
I/T ratio ≥0.2, increased CRP or procalcitonin, and 
signs of infection on blood smear or positive blood 
culture.5

Statistical analyses were done with IMB SPSS 
Statistic version 23. All data were grouped based on 
the type and purpose, and then analyzed by univariate 
analysis, unpaired student T-test, Mann-Whitney 
test, and Chi-square test. This study was approved 
by the Ethics Committee of Hasanuddin University 
Medical School. 

Results

Of 100 subjects, 69 (69%) subjects with nasopharyngeal 
bacterial colonization and 31 (31%) subjects without 
colonization at birth were identified during the study 
period. Of the 69 subjects with nasopharyngeal 
colonization, there were 28 boys (40.6%) and 41 girls 
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(59.4%), which was not significantly different from 
the distribution in the group without colonization 
(P=0.131). Nor were there significant differences 
between groups in terms of birth weight, gestational 
age, or delivery type (Table 1).

There was no significant difference in EONS 
incidence between newborns with and without 
nasopharyngeal bacterial colonization (OR 0.574; 
95%CI 0.121 to 2.736; P=0.674) (Table 2). However, 
Mann-Whitney test revealed significant correlations 
between EONS and birth weight, as well as EONS 
and gestational age (Table 3).

Of the 69 nasopharyngeal swab cultures, 6 
subjects exhibited more than one type of bacterial 
species growth. However, the species in those subjects 

Table 1.  Characteristics of newborns with and without nasopharyngeal bacterial colonization  

Characteristics With colonization
(n=69)

Without colonization
(n=31)

P value

Gender, n (%)
Male
Female

28 (40.6)
41 (59.4)

18 (58.1)
13 (41.9)

0.131*

Birth weight, g
Median
Range

2970
1800-4100

2760
1835-3300

0.052**

Gestational age, weeks
Median
Range  

38
36-41

38
36-40

0.089***

Type of delivery, n (%)
Vaginal
Caesarean section

58 (84.1)
11 (15.9)

29 (93.5)
2 (6.5)

0.334*

*Chi-square test; **unpaired student T-test; ***Mann-Whitney test

Table 2.  Analysis of nasopharyngeal bacterial colonization and EONS (N=100)

Variables With colonization
(n=69)

Without colonization
(n=31)

Total

EONS, n (%)
Yes
No

4 (5.8)
65 (94.2)

3 (9.7)
28 (90.3)

7 (7.0)
93 (93.0)

Chi-square test; OR=0.574; 95%CI 0.121 to 2.736; P=0.674

Table 3.  Correlations between EONS and birth weight or gestational age (N=100)

Variables EONS
(n = 7)

Not EONS
(n = 93)

 P value

Birth weight
Median
Range

2,500
1,900-3,200

2,890
1,800-4,100

0.046

Gestational age
Median
Range

37
36-38

38
36-41

0.032

Mann-Whitney test    

had the same Gram stain type. Gram-negative bacteria 
(66.7%) were more common than Gram-positive 
bacteria (33.3%). The most common Gram-positive 
and Gram-negative bacteria were Staphylococcus 
epidermidis (14.67%) and Alcaligenes faecalis 
(17.3%), respectively. None of newborns with these 
colonizing bacteria developed EONS (Table 4). 

Of 7 newborns with EONS, 4 were colonized 
and 3 were not colonized. Among colonized newborns 
who developed EONS, only two subjects had positive 
blood culture and only one of those had the same 
bacterial species as the colonized nasopharynx (Table 
5). Among non-colonized newborns who developed 
EONS, only one subject had a positive blood culture.
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Table 4. Distribution of bacteria isolated from culture-positive nasopharyngeal swabs  

Type  of  bacteria EONS Not EONS Total

Gram-positive, n (%)
Bacillus sp
Staphylococcus aureus
Staphylococcus epidermidis

0
1
0

  4
  9
11

   4 (5.3)
   10 (13.4)
   11 (14.7)

Gram-negative, n (%)
Klebsiella pneumonie
Enterobacter cloacae
Enterobacter agglomerans
Enterobacter aerogenes
Enterobacter hafniae
Proteus mirabilis
Providencia alcalifaciens
Providencia alcaligenes
Pseudomonas aeruginosa
Alcaligenes faecalis
Acinetobacter calcoaceticus

1
0
0
1
1
0
0
0
0
0
0

  8
  1
  6
  2
  3
  1
  3
  2
  3
13
  5

  9 (12)
  1 (1.3)

6 (8)
3 (4)

   4 (5.3)
   1 (1.3)

3 (4)
   2 (2.7)

3 (4)
   13 (17.3)

   5 (6.7)

Table 5. Distribution of bacteria from nasopharynx and blood cultures in newborns with EONS 

Number of cases Nasopharyngeal swab Blood culture 

1 Enterobacter hafniae (Gram-negative) E. coli (Gram-negative)

1 Enterobacter aerogenes (Gram-negative) -

1 S. aureus (Gram-positive) S. aureus (Gram-positive)

1 Klebsiella pneumonia (Gram-negative) -

Discussion

This study shows a high prevalence of nasopharyngeal 
bacterial colonization in newborns at birth, but a low 
frequency of early-onset sepsis that was not different 
from uncolonized newborns. Of 69 neonates with 
bacterial colonization, only 4 neonates experienced 
EONS. This finding indicates that other factors may 
influence the incidence of EONS, including bacterial 
virulence, the number of bacteria (colony forming 
unit), and the infant immune response.10

In fo rmat ion  about  the  f r equency  o f 
nasopharyngeal bacterial colonization in newborns is 
limited. A previous study stated that babies born to 
Staphylococcus aureus-carrier mothers were at risk of 
bacterial colonization in the nose, ears, umbilical cord, 
and rectum.11 A meta-analysis of 39 studies found 
that approximately 30-45% of newborns were surface 
colonized if they were born to colonized mothers.12

Early-onset neonatal sepsis is generally caused 
by microorganisms obtained from the mother before 
or during birth.9 Microorganisms that cause sepsis 
usually colonize the rectovaginal or genitourinary 
tract of pregnant women, leading to contamination 

of the amniotic fluid, placenta, cervix, and vagina. 
Type of delivery can also affect the transmission of 
bacteria from mother to newborn. During vaginal 
birth, the newborn is exposed to maternal bacteria 
which can colonize the skin and mucosa. This 
microbiota may suppress colonization by pathogenic 
bacteria that cause sepsis. Other factors that could 
affect colonization in newborns are breastfeeding, 
gestational age, and birth weight.13 

Our findings were similar to a study which 
reported no association between group B Streptococcus 
(GBS) colonization and sepsis in newborns. Thus, 
nasopharyngeal bacterial colonization of the newborn 
is not a risk factor for EONS, so it is not necessary to 
perform nasopharyngeal swab culture for diagnosing 
or for giving antibiotics to prevent sepsis.14 In 
contrast, a previous study showed a significant 
correlation between colonization of the infant body 
surface (by nasopharyngeal and ear swab, as well as 
gastric aspiration) and blood culture with EONS.9 In 
addition,  another study stated that nasopharyngeal 
cultures positive for GBS in newborns can be used 
as an indicator for diagnosis and management of 
presumed GBS sepsis.15
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Variations on bacterial colonization in 
nasopharynx represent local bacterial colonization. 
Bacteria found in the nasopharynx of our subjects were 
opportunistic, with a predominance of Gram-negative 
bacteria, including Alcaligenes faecalis. Similarly, 
a study showed evidence of Alcaligenes faecalis in 
the vagina of pregnant women and colonization of 
newborn body surfaces.3 Our findings also suggest that 
while Alcaligenes faecalis was common in nasopharynx 
colonization, it did not cause neonatal sepsis. Similarly, 
a previous study found that the majority of isolates 
from the newborn nasopharynx were Gram-negative.16 

In contrast, another study showed colonization of 
pathogenic bacteria on neonatal body surfaces. They 
stated that 37% of subjects had E. coli colonization 
(Gram-negative) and 24% had Klebsiella pneumonia 
colonization (Gram-negative).9 Another previous 
meta-analysis of studies in Western countries found 
bacterial colonization mostly by GBS and E. coli.12

Several of our subjects with EONS had negative 
blood cultures. Blood culture is the gold standard for 
the diagnosis of neonatal sepsis. However, its positivity 
rate is low and is affected by the inoculation volume 
of the blood specimen, prenatal antibiotic use, level 
of bacteremia, laboratory capabilities,17 or if the 
cause of sepsis is not bacterial. The different bacterial 
types in the nasopharynx and blood cultures may 
have been due to the blood culture species already 
existing in the nasopharynx, but not detected by 
nasopharyngeal swab due to other colonizing species. 
Or the bacteria that caused sepsis may have not 
come from colonization of the nasopharynx. It was 
also difficult to assess the lack of agreement between 
colonizing bacteria in the nasopharynx with blood 
culture results, since only half of the cases (2/4) were 
blood-culture positive.

Some factors that influence the occurrence 
of EONS include vaginal bacterial colonization 
of pregnant women, premature rupture of the 
membranes, gestational age, birth weight, and 
APGAR score.14,16 We also noted that gestational 
age and birth weight were risk factors for EONS, but 
neither were associated with nasopharyngeal bacterial 
colonization of newborns. Hence, neither variable 
was a confounding factor in the relationship between 
bacterial nasopharynx colonization and EONS.

Physical barriers, such as skin, mucous 
membranes, antibacterial factors, or factors that 

prevent bacterial adhesion mature at 32-34 weeks 
of gestational age and accelerate after birth. Thus, 
IgA levels produced by the mucosal protection layer 
are low in very low birth weight (VLBW) infants.1 

LBW infants have 10 times increased risk of EONS 
compared to normal birth weight infants.18  A study 
also showed that birth weight and gestational age 
were associated with EONS due to GBS.14 Group B 
Streptococcus and Gram-negative bacteria, especially 
E. coli, are the main causes of EONS. Although E. coli 
and Klebsiella were found in newborns from mothers 
with the same colonizing species, Klebsiella was more 
common in blood cultures of infants with EONS.9 A 
previous study concluded that Gram-negative bacteria 
were more common in babies, but Gram-positive 
bacteria were more common in the baby's blood as 
a cause of sepsis.6 An Indonesian study showed that 
Acinetobacter calcoaceticus was the most common 
bacterial cause of neonatal sepsis,17 while another 
study found that neonatal sepsis was mostly caused 
by Pseudomonas sp. and Klebsiella sp.19  The sepsis 
etiologies in our study were E. coli and S. aureus.

Limitations of the study were not counting 
the bacterial colonies, which could influence the 
occurrence of sepsis, and that 50% of our EONS cases 
had negative blood cultures.

In conclusion, EONS mostly occurred in 
subjects without nasopharyngeal colonization and 
the species isolated from blood culture were different 
from that of the nasopharynx. Therefore, newborn 
nasopharyngeal colonization at birth is not associated 
with EONS. Nasopharyngeal bacterial colonization 
may be an important source of infection, but routine 
nasopharyngeal swab culture examination would not 
be clinically helpful.

Conflict of Interest

None declared. 

Funding Acknowledgment

The authors received no specific grants from any funding agency 
in the public, commercial, or not-for-profit sectors.



Andi D. B. Febriani et al.: Nasopharyngeal colonization at birth and the development of early-onset neonatal sepsis

292 • Paediatr Indones, Vol. 60, No. 6, November 2020

References 

1.  Nussbaum C, Gloning A, Pruenster M, Frommhold D, 
Bierschenk S, Genzel-Boroviczeny O, et al. Neutrophil and 
endothelial adhesive function during human fetal ontogeny. 
J Leukoc Biol. 2013;93:175-84. DOI: 10.1189/jlb.0912468.

2.  Yang MJ, Sun PL, Wen KC, Chao KC, Chang WH, Chen 
CY, et al. Prevalence of maternal group B streptococcus 
colonization and vertical transmission in low-risk women 
in a single institute. J Chinese Med Assoc. 2012;75:25-8.  
DOI: 10.1016/j.jcma.2011.10.011.

3.  Febriani ADB, Handriyati1 A, Alasiry E, Daud D. The 
correlation between the mother’s vaginal bacterial 
colonization and incidence of early onset neonatal sepsis. 
Curr Pediatr Res. 2017;21:105-11. 

4.  UNICEF, BAPPENAS. The Situation of Children and 
Women in Indonesia 2000-2010: Working Towards Progress 
with Equity Under Decentralisation. 2011. 

5.  Anderson-Berry AL, Bellig LL, Ohning BL. Neonatal Sepsis: 
Background, Pathophysiology, Etiology [Internet]. Neonatal 
sepsis. 2015 [cited 2019 Jul 23]. Available from: https://
emedicine.medscape.com/article/978352-overview.

6.  Pusponegoro TS. Sepsis pada Neonatus (Sepsis Neonatal). 
Sari Pediatr. 2017;2:96. DOI: 10.14238/sp2.2.2000.96-102.

7.  Nitsch-Osuch A, Choroszy-Król I, Kuchar E, Korzeniewski 
K, Zycinska K, Wardyn K. Microbiological spectrum and 
susceptibility pattern of clinical isolates from the neonatal 
unit in a single medical center. Adv Clin Exp Med. 
2015;24:15-22. DOI: 10.17219/acem/38170.

8.  García-Rodríguez JA, Fresnadillo Martínez MJ. Dynamics 
of nasopharyngeal colonization by potential respiratory 
pathogens. J Antimicrob Chemother. 2002;50 Suppl S:59-73. 
DOI: 10.1093/jac/dkf506.

9.  Kerur BM, Vishnu Bhat B, Harish BN, Habeebullah S, Uday 
Kumar C. Maternal genital bacteria and surface colonization 
in early neonatal sepsis. Indian J Pediatr. 2006;73:29-32.  
DOI: 10.1007/BF02758256.

10.  Marchant EA, Boyce GK, Sadarangani M, Lavoie PM. 
Neonatal sepsis due to coagulase-negative staphylococci. 
Clin Dev Immunol. 2013;2013. DOI: 10.1155/2013/586076.

11.  Leshem E, Maayan-Metzger A, Rahav G, Dolitzki M, Kuint J, 

Roytman Y, et al. Transmission of staphylococcus aureus from 
mothers to newborns. Pediatr Infect Dis J. 2012;31:360-3. 
DOI: 10.1097/INF.0b013e318244020e.

12.  Chan GJ, Lee ACC, Baqui AH, Tan J, Black RE. Prevalence 
of early-onset neonatal infection among newborns of mothers 
with bacterial infection or colonization: A systematic 
review and meta-analysis. BMC Infect Dis. 2015;15:1-16.  
DOI: 10.1186/s12879-015-0813-3.

13.  Dominguez-Bello MG, Costello EK, Contreras M, Magris 
M, Hidalgo G, Fierer N, et al. Delivery mode shapes the 
acquisition and structure of the initial microbiota across 
multiple body habitats in newborns. Proc Natl Acad Sci U S 
A. 2010;107:11971-5. DOI: 10.1073/pnas.1002601107.

14.  Makhoul IR, Sprecher H, Sawaid R, Jakobi P, Smolkin T, 
Sujov P, et al. Early-onset group B streptococcus sepsis in high 
risk neonates born after prolonged rupture of membranes. Isr 
Med Assoc J. 2009;11:34-8. PMID: 19344010.

15.  Malik A, Kothari C, Paulose A, Fogel J, Boxer H, Brinda 
Doraiswamy. Neonatal Nasopharyngeal Colonization with 
Group B Streptococcus and its Association with Clinical 
Sepsis. Am J Perinatol. 2016;33:800-7. DOI: 10.1055/s-0036-
1572432.

16.  Parm U, Metsvaht T, Sepp E, Ilmoja M-L, Pisarev H, Pauskar 
M, et al. Risk factors associated with gut and nasopharyngeal 
colonization by common  Gram-negative species and yeasts 
in neonatal intensive care units patients. Early Hum Dev. 
2011;87:391-9. DOI: 10.1016/j.earlhumdev.2011.02.007.

17.  Juniatiningsih A, Aminullah A, Firmansyah A. 
Profil Mikroorganisme Penyebab Sepsis Neonatorum 
di Departemen Ilmu Kesehatan Anak Rumah Sakit 
Cipto Mangunkusumo Jakarta. Sari Pediatr. 2016;10:60.  
DOI: 10.14238/sp10.1.2008.60-5.

18.  Ramesh Bhat Y, Baby LP. Early onset of neonatal sepsis: 
Analysis of the risk factors and the bacterial isolates by using 
the BacT alert system. J Clin Diagnostic Res. 2011;5:1385-8. 
DOI: 10.1186/1824-7288-37-32.

19.  Ety Apriliana, Prambudi Rukmiono, Devi Nulia Erdian FT. 
Bakteri Penyebab Sepsis Neonatorum Dan Pola Kepekaannya 
Terhadap Antibiotika. Lemb Penelit Univ Lampung. 
2013;583-91. 


