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1.Introduction

Aims: To determine the spectrum of organisms with their sensitivity pattern and to explore 

whether the organisms isolated from inborn and outborn groups of neonates are identical or 

different. Methods: A total of 100 (50 inborn and 50 outborn) neonates were included in the 

study and 100 samples/swabs were taken from each site, viz axilla, umbilicus, groin, nose and 

stool at 6 hrs and 72 hrs. Individual swab sticks containing different samples were inoculated 

on blood agar as well as MacConkey agar media plates and incubated overnight at 37°C. 

Specific identification of individual organisms was carried out by an automated 

system.Results: From all the swab regions, common gram negative pathogenic organisms were 

Klebsiella sp. followed by Acinetobacter sp., whereas, common gram positive pathogenic 

organisms were Staphylococcus aureus and undoubtful pathogen CONS. No statistically 

significant dissimilarities were observed among the nature of organisms isolated from inborn 

and outborn groups at 6 hrs and 72 hrs after admission. Similarly, the sensitivity patterns of the 

organisms isolated both from inborn and outborn babies were also identical.Conclusion: The 

similarities among the bacterial colonization and their sensitivity pattern seen in our study 

participants make us infer that there might be single ward for the care of inborn and outborn 

neonates. This possibly obviates the need for segregating the outborn neonates as 

bacteriological milieu is identical in both the groups. This in turn will reduce the cost and 

complexity of treatment.

Sepsis is known to be one of the serious causes of neonatal 

mortality and morbidity worldwide [1]. The burden of neonatal 

sepsis in South Asia was about 3.5 million cases per year and India 

is not the exception where more than 1.4 million neonatal mortality 

occurs due to invasive infections caused by pathogenic organisms 

[1]. The pathogenic organism causes infection when bacteria 

colonizes at the appropriate site of entry on a human body and 

begins to proliferate [2]. Birth of a neonate in a tertiary care 

hospital is referred to as inborn while transfer of newborn from a 

facility to a tertiary care hospital is said to be outborn. During birth, 

newborns may get colonized by the endogenous bacteria ofthe 

mothers' reproductive tract and acquire infection [3]. After birth 

owing to multiple external exposures and underdeveloped immune 

system, neonates are inclined to varied bacterial colonization that 

ultimately leads to infection. The pathogenic organisms 

responsible for causing infection among the neonates generally 

includes Klebsiella sp., Acinetobacter sp., Pseudomonas sp., E.coli, 

coagulase negative Staphylococcus sp.(CONS) and Staphylococcus 

aureus (S. aureus). These bacteria are identified as an emerging 

etiology of early onset sepsis (EOS) and late onset sepsis (LOS) [4, 

5].The neonates are often premature, receive several antibiotics 

and delayed feedings, all of which enhance the interactions with 

heterogenic bacteria when they are exposed to hospital 

environment [6]. Methicillin-resistant Staphylococcus aureus 

(MRSA) colonization in the Neonatal Intensive Care Unit (NICU) 

was almost exclusively associated with outborn neonates which 

act as a carrier of diseases [7]. Despite infection control measures, 

the acquisition rate is high and neonates colonized with MRSA on 

admission are more likely to suffer from infection after 

hospitalization [7]. The neonates might also get colonized with 

resistant bacteria due to usage of varied types of antibiotics. The 

antibiotic prophylaxis could affect the maternal bacterial flora to 
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which an infant was exposed as well as the establishment of normal 

flora which might favor colonization by antibiotic resistant bacteria, 

especially β-lactam-resistant enterobacteria [8]. Antibiotic therapy 

exerts a major effect on microbial succession [9]. Therefore, the 

bacterial colonization of inborn and outborn groups might be 

identical or different in their growth pattern, biochemical profiles 

and antibiotic sensitivity pattern. Due to huge numbers of admitted 

inborn and outborn neonates in Pediatric and Neonatology wards of 

tertiary care hospitals of Kolkata, India, the current practice is to 

segregate outborn newborns in a separate ward. This is practiced in 

other hospitals of the city too.

Henceforth this study was conducted to determine the spectrum 

of organisms colonized on skin in various parts of body of inborn and 

outborn neonates and compare these organisms with their 

antibiogram among both the mentioned groups. This might support 

or refute the current practice of segregating the outborns.

MATERIAL AND METHODS

Recruitment:

Current study was conducted in the department of Pediatric 

medicine and Neonatology of Medical College, Kolkata, India. 

Study subjects: Fifty inborn and 50 outborn neonates (total 100) 

were selected randomly from June 2015 to December 2015, and 

included in this study after taking prior consent from the mothers or 

guardians of the neonate.Subjects were excluded from the study if 

mothers having HIV infection, diabetes, immuno-compromised, 

history of any infection.

Ethical statement: 

The study was approved by the Institutional Ethics Committee of 

Medical College, Kolkata, India. 

Sample collection and culture:

Contact swab samples from groin, axilla, umbilical stump, nasal 

septum and stool were collected at 6 hours (h) and 72 h after 

admission at Sick Newborn Care Unit (SNCU) / NICU. Swab sticks 

were inoculated on blood agar as well as MacConkey agar media 

plates and incubated overnight at 37°C (fig.1).

Identification and sensitivity testing:

Specific identification as well as antibiotic sensitivity pattern of 

individual organisms was carried out by an automated system (Vitek 

2 Biomeriux, France).

Statistical analysis:

The experiments were carried out thrice and data were analyzed 

with SPSS statistical software version 17 (Illinois, Chicago: SPSS Inc., 

2008). Independent proportions were compared between the 

groups by Chi square (CHI) test. For these comparisons, p value less 

than 0.05 was considered to be statistically significant. Ninety five 

percent confidence interval (95% CI) values and CHI have been 

presented where deemed relevant.

RESULTS

Amongst the recruited 50 inborn neonates, male: female ratio was 

1:1 and that in 50 outborn neonates was 3:2. Mean [standard 

deviation (SD)] age of inborn at the time of sample collection was 80 

(45.77) minutes (min) after birth and the corresponding values in 

outborn were 4 (3.9) days (d). Mean (SD) weight of inborn and 

outborn neonates were 2211(869.2) grams (g) and 2313(688.7) g 

respectively. 

Out of 100 samples from axillary region taken at 6 h after 

admission 44 (88%) inborn and 46 (92%) outborn swabs grew 

organisms. The commonest isolated gram negative and gram 

positive organisms were Klebsiella sp (18.2% & 23.9%) and CONS 

(9% &13%) respectively. Similarly, 72h after admission, 50 (100%) 

inborn and 50 (100%) outborn swabs grew organisms of which the 

predominant isolated gram negative organisms were Klebsiella sp. 

(26% &24%) followed by Acinetobacter sp.(14% &4%)and 

undoubtful gram positive pathogen CONS (8% & 16%). 

Of the 100 umbilicus samples taken at 6h after admission, 

41(82%) inborn and 39(78%) outborn swabs grew organisms. The 

commonest isolated gram negative and gram positive organisms 

were Pseudomonas sp. (7.3% & 7.7%) and S. aureus (17% & 25.6%) 

respectively. Umbilical swabs at 72 h post admission revealed 

growth in cent percent in both groups. The commonest isolated 

organisms were Pseudomonas sp. (10% & 8%) followed by 

Klebsiella sp. (4% & 4%), S. aureus (16% & 30%) and undoubtful 

pathogen CONS (14% & 18%) respectively. Groin swabs at 6h after 

admission showed growth of organisms among 41(82%) inborn and 

42(84%) outborn groups. Klebsiella sp. (29.3% & 23.8%) and S. 

aureus (9.8% & 9.5%) respectively were commonest isolated gram 

negative and gram positive organisms. Correspondingly, 72h after 

admission, 100% inborn and outborn swabs grew organisms where 

Klebsiella sp. (38% & 34%) followed by Acinetobacter sp (6% & 4%), 

S.aureus (8% & 8%) and CONS (10% & 6%) were the common ones. 

Similarly nasal swabs at 6 h of admission revealed organisms in 

41(82%) inborn and 46(92%) outborn neonates where the 

commonest being CONS (9.7% & 9.5%) and S.aureus (4.9% & 

10.9%). Nasal swab at 72 h post admission, the growth of organisms 

were 100% in both the groups with S. aureus (18% & 24%) and 

CONS (22% & 14%) being commonest gram positive and Klebsiella 

sp.(6%)being the commonest gram negative organisms.

Likewise from 100 stool samples taken at 6h and 72h after 

admission, grew organisms in all newborns with the common 

isolated gram positive organism being Enterococcus sp. (19%, 

23.91% and 14%, 24% in inborn and outborn respectively) and 

common isolated gram negative organism being E. coli (4.3%, 4.3%&  

8%, 4% respectively). 

Overall, we observed that from all the swab regions, common 

gram negative pathogenic organisms were Klebsiella sp. followed by 

Acinetobacter sp., whereas, common gram positive pathogenic 

organisms were S.aureus and CONS. However, no statistical 

significant differences were observed among the nature of 

organisms isolated from inborn and outborn groups at 6h and 72 h 

after admission (table 1& 2).
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Sensitivity pattern among the organisms isolated from all the swab regions (umbilicus, axilla, groin, nose and stool) at 6 h and 72 h of both 

inborn and outborn groups revealed that, all gram negative organisms namely Klebsiella sp (96.4% & 96.5), Pseudomonas sp. (100% & 

95.2%), E.coli (83.3% & 100%),were highly sensitive to meropenem except Acinetobacter sp. which was 64.7% & 62.5% sensitive 

respectively. Second most effective drug was levofloxacin where E.coli, Pseudomonas sp. and Acinetobacter sp. were 83.3% & 100%, 66.6% 

and 58.8% & 62.5% sensitive respectively, except Klebsiella sp. which was only 40% & 42.1% sensitive. Aminoglycosides showed 

significant resistivity except in Pseudomonas sp. (88.8% sensitive to amikacin) and E. coli (66.6% sensitive to amikacin). We also found that 

all gram negative organisms were highly resistant to Gentamicin (>70%). Moreover, Acinetobacter sp.(52.9% & 50%),Pseudomonas 

sp.(66.6% & 66.6%), and E. coli (66.6% & 75%) were almost above 50% sensitive to Pipercillin-tazobactum, whereas, Klebsiella sp. was 

only about36.4%& 35% sensitive to Pipercillin-tazobactum respectively. On the other hand, S.aureus and Enterococcus sp. isolated from 

inborn and outborn groups are equally sensitive to linezolid and vancomycin (>90%) as shown in table 3.

Fig 1: Flow chart depicting the methodology of sample collection, culture and antibiotic sensitivity pattern of the study 

participants.

RESULTS
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Fig 1: Flow chart depicting the methodology of sample collection, culture and antibiotic sensitivity pattern of the study 

participants.
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Table 2: Organisms isolated from inborn and outborn neonates of different skin swabs (Umbilicus, Axillary, Groin, Nose and 

Stool) at 6h and 72 h of admission.
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Table 3: Comparison of proportion of each antibiotic used and their sensitivity pattern between Gram negative and Gram positive 

organisms isolated from inborn and outborn groups.

N– Total number of organisms, n- organisms present in inborn and outborn, MRP- Meropenem, IPM-Imipenem, AMIKA-Amikacin, LEVO- 

Levofloxacin, PIPZO- Piperacillin-tazobactum, GENTA- Gentamycin, VANCO- Vancomycin, ERYTHRO- Erythromycin, CLINDA- Clindamycin, 

CIPRO-Ciprofloxacin, DAPTO- Daptomycin, sen-sensitive, CI- Confidence interval, p= pvalue, s-sensitive.

DISCUSSION

     The idea of the present study was to find out that can we handle 

the outborn and inborn newborns in single ward or in a different 

setup. It is a common belief that, if the inborn and outborn babies 

were kept in a same setup then there might be cross transfer of 

infection from one group to other if the colonization pattern is 

different in these 2 groups of babies as possibly the outborns are 

colonized with resistant form of organisms.  We observed in our 

study that colonization pattern of gram negative organisms were 

high in axilla, umbilical, groin and stool except in nose, where gram 

positive bacterial colonization was predominant.  

  Briefly, bacterial colonization at axillary region was 

predominantly due to pathogenic organisms like Klebsiella sp. 

followed by Pseudomonas sp, Acinetobacter sp. and undoubtful 

pathogen like CONS.  Our result was comparable with previous 

researchers report [10-12]. These organisms might spread from 

one neonate to other through direct contact of the contaminated 

items. On the other hand, umbilical region was mostly colonized by 

pathogenic organisms like Pseudomonas sp. and S. aureus. The 

possible explanation of overgrowth of Pseudmona at umbilicus 

was probably due to moistness at umbilical stump. A previous 

study by Heshmati F et.al in 2011 demonstrated that Pseudomonas 

sp. colonization was highest in umbilical region [13] which 
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DISCUSSION

     The idea of the present study was to find out that can we handle 

the outborn and inborn newborns in single ward or in a different 

setup. It is a common belief that, if the inborn and outborn babies 

were kept in a same setup then there might be cross transfer of 

infection from one group to other if the colonization pattern is 

different in these 2 groups of babies as possibly the outborns are 

colonized with resistant form of organisms.  We observed in our 

study that colonization pattern of gram negative organisms were 

high in axilla, umbilical, groin and stool except in nose, where gram 

positive bacterial colonization was predominant.

    Briefly, bacterial colonization at axillary region was 

predominantly due to pathogenic organisms like Klebsiella sp. 

followed by Pseudomonas sp, Acinetobacter sp. and undoubtful 

pathogen like CONS.  Our result was comparable with previous 

researchers report [10-12]. These organisms might spread from 

one neonate to other through direct contact of the contaminated 

items. On the other hand, umbilical region was mostly colonized by 

pathogenic organisms like Pseudomonas sp. and S. aureus. The 

possible explanation of overgrowth of Pseudmona at umbilicus was 

probably due to moistness at umbilical stump. A previous study by 

Heshmati F et.al in 2011 demonstrated that Pseudomonas sp. 

colonization was highest in umbilical region [13] which 

corroborates our findings. The umbilical region also harbors S. 

aureus which was similar to other previous studies [14, 15]. 

Klebsiella sp. and S. aureus were predominantly higher in the groin 

region. Our observation here is not different from previous 

researcher's experience [16, 17]. Empirical overuse of antibiotics, 

hospital setting and longer hospital stays might be the associated 

factors responsible for colonization of Klebsiella sp. [18]. Other 

virulent bacteria like Acinetobacter sp. and Pseudomonas sp. were 

also found from the groin region but comparatively at a lesser rate 

(10%, 6% vs 16%, 58%) than S. aureus and Klebsiella sp. The 

common aerobic or facultative anaerobic bacterial colonization of 

stool were Enterococcus sp. and E. coli.The contamination of hands 

and uniform of health care workers with maternal stool could be 

responsible for colonization with these groups of bacteria namely 

Enterococcus sp. and E. coli. Similar findings were also observed by 

other researchers [19-21]. The nasal region was largely colonized 

only by gram positive bacteria especially S. aureus. Based on 

previous reported findings [22, 23], our observation was also not 

the exception. 

Keeping in mind the entire result of the current study, the 

common isolated gram positive organism was CONS followed by S. 

aureus and common isolated gram negative bacteria was Klebsiella 

sp. followed by Acinetobacter sp. and Pseudomonas sp. Our 

experience in this regard was same to that of other researchers [13, 

24]. Nevertheless, some other studies depicted that E. coli and 

Klebsiella sp. were commonly isolated gram negative bacteria. 

Whereas, in our setup, growth of E.coli was comparatively less in 

comparison to previous study carried out by Ekwempu CC et.al 

[25]. Early use of drugs with unknown action against organisms 

might be responsible for the increased colonization of these 

pathogenic bacteria. Rottier WC et.al in 2015 in his study 

demonstrated similar report [26]. Moreover, in our setting, the 

growth of E. coli might get suppressed by the growth of other 

Enterobacteriaceae like Klebsiella sp.  Overall no statistical 

significant difference in colonization pattern was found among the 

organisms isolated from inborn and outborn neonates after 6 h and 

72 h of admission.

       Based on the results of sensitivity pattern towards the isolated 

gram negative organisms from inborn and outborn groups at 6 hr 

and 72 hr, gram negative organisms were highly sensitive(>80%) to 

meropenem which was similar to prior findings [27].  The gram 

negative bacteria were also found to be sensitive to 

levofloxacin(<65%) and amikacin(<55%), though comparatively 

lower than meropenem. Some recent published data showed the 

excellent sensitivity of levofloxacin and amikacin, though it is also 

well known fact that sensitivity differs from centre to centre as 

documented in other studies [28, 29]. Majority of isolated 

organisms were resistant to pipercillin-tazobactum and 

gentamycin. The sensitivity of meropenem was more because it 

was newly introduced drug whereas pipercillin-tazobactum was 

introduced for treatment long back. A study from Turkey showed 

similar observations in this regard [30]. Probably, avoiding 

inappropriate usage of antibiotics might improve sensitivity 

amongst pathogenic organisms.  All gram positive organisms 

isolated in current study were highly sensitive to linezolid and 

vancomycin which is similar to a recent study by Lamba M et.al [27]. 

Overall no statistical significant difference in antibiotic sensitivity 

pattern was found among the isolated bacteria from inborn and 

outborn neonates. 

        The similarities among the bacterial colonization and their 

sensitivity pattern seen in our study participants make us infer that 

there might be single ward for the care of inborn and outborn 

neonates. A separate ward includes separated work space, staffs, 

medicines, equipments and machineries which are essentially 

required for the treatment of each neonate. Hence, there might be 

mismanagement among the health care workers which ultimately 

leads to increase in infection. However, if the neonates are admitted 

in the same ward, chances of infection would be minimized because 

every essential requirement might be confined under the same 

ward. Therefore, communication among each staffs, maintaining 

data of the patient history and management of the patient care 

might be at its best comparing to the present scenario. Thus our 

findings support our hypothesis of nursing these two groups of 

neonates in the same setup. Further multicentric studies might 

substantiate our findings. 

CONCLUSION

Similar bacteriological milieu in both the groups refutes the 

current practice of segregation of outborn neonates. This in turn 

may have implications in reduction of cost of treatment and 

judicious use of facility.
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