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Article 
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Abstract: Carbapenems-resistant enterobacteria are considered multidrug-resistant, making the control 
of their nosocomial infections a major challenge in healthcare settings. It is important to know the 
incubation site and source of the spread of these strains, especially in neonatal intensive care units 
(NICU). Colonization of the colon of preterm neonates per se by multidrug-resistant bacterial strains 
could be the source of dissemination of these multidrug-resistant strains and their site of incubation. In 
this study, colonization of the colon of preterm neonates with enterobacteria and their multidrug-
resistant strains was investigated. The presence of enterobacteria in the stool of preterm neonates was 
investigated on EMB (eosin-methylene blue) agar, followed by morphological and biochemical characterization and 
phylogenetic analysis of the 16S rRNA-encoding gene sequences. Antibiotic susceptibility of all isolated strains 
was tested using VITEK 2 technology. All cases examined at two weeks of age and older showed 
bacterial colonization of the colon. Klebsiella pneumoniae colonized the colon in 56.2% of the preterm 
neonates and Klebsiella quasipneumoniae was found in 6.3%, corresponding to 62.5% in total. The 
colonizing Klebsiella pneumoniae was multidrug-resistant in 2 of 9 cases. One strain of Klebsiella pneumoniae 
was resistant to carbapenems and another showed intermediate resistance to these antibiotics. These 
Klebsiella pneumoniae strains showed resistance to most of the other antibiotics tested. Some cases 
contained more than one genus, with Escherichia coli found in 50% of cases in preterm neonates. In 
contrast to Klebsiella pneumoniae, none of the E. coli strains colonizing the colon of preterm neonates in 
this study showed resistance to carbapenems. The results of this study suggest that Klebsiella pneumoniae 
and its carbapenems multidrug-resistant strains are well marked in preterm neonates colonizing their 
colon, which is the incubation site and source of such multidrug-resistant bacterial strains in NICU. This 
study highlights the importance of careful management of preterm neonates in the NICU and possible 
contamination with multidrug-resistant Klebsiella pneumoniae incubated in their colon. Further studies 
would be of interest to avoid the possibility of fecal-oral transmission and infection by these multidrug-
resistant bacteria and their treatment in the colon, where their incubation site is located. 

Keywords: carbapenems-resistant enterobacteria; Escherichia coli; Klebsiella pneumoniae; multidrug-resistant 
bacteria; preterm neonates 

 

1. Introduction 

Multidrug-resistant bacteria pose a growing challenge in combating their nosocomial infections, 
where only a limited range of antibiotics is available for effective treatment. Carbapenems, the most 
recently developed β-lactams, such as meropenem and imipenem (currently marketed as 
imipenem/cilastatin), have a broad-spectrum of antibacterial activity and are generally used as a last resort 
in the treatment of multidrug-resistant bacterial infections [1–5]. In nosocomial settings, where multidrug-
resistant Gram-negative bacteria are already endemic, the spread of the carbapenems-resistant bacterial 
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strains is particularly problematic [6]. The human colon is considered a microbial ecosystem whose 
microbial community is important for the health of the body [7–9]. The initial colonization of the colon in 
neonates with health-beneficial and commensal bacteria and the establishment of its microbiome is a 
complicated process [10–12], where the enterobacterium E. coli and lactic acid bacteria initial colonization 
of the colon occur in the first week of life in healthy neonates [13,14].  

Because of the multiple metabolic functions it performs and its relevance to the human body’s health, 
the human gut microbial community is sometimes referred to as the forgotten metabolic organ [15–18].  
In addition to its function in digestion of insoluble fibers, the human gut microbial community also 
protects the gut epithelium from pathogens by occupying the available niches of the intestinal lumen 
space and nutrients and plays a basic role in the development of the human body’s immune system [19–
21]. The gut resident microbial community represent thouthands of species microbial genomes serving 
the human body in excess of the human genome. The human body contains trillions of commensal and 
health benificial microbial cells, belonging to thouthands of species, that outnumber the human body cells 
by around 10 fold [22,23] with an estimated composition of 100 trillion of microbial cells in the human gut 
[24].  The gut resident microbial community has a metabolic activity that is collectively equal to that of 
an acutal organ in the body [15]. 

Nosocomial infections by multidrug-resistant bacteria are posing a huge burden to healthcare 
systems worldwide and are associated with high morbidity and mortality [25–29]. The plumbing 
systems components and sanitary installations in the hospital restrooms could represent a reservoir 
and incubation sites for multidrug-resistant bacteria [29–32]. Several factors may increase the risk of 
nosocomial infections with multidrug-resistant bacteria, including overuse of broad-spectrum 
antibiotics, sterility of invasive devices, the intensive health care unit environment, and other factors. 
The abundance and continuity of the source of incubation of these multidrug-resistant bacteria is an 
important risk factor in the intensive care units. Therefore, it is important to know, the incubation site 
and source of spread of multidrug-resistant bacteria in the neonatal intensive care unit. Colonization 
of the colon of preterm neonates by multidrug-resistant bacterial strains could be the incubation site 
and source of spread of these multidrug-resistant strains. In this study, colonization of the colon of 
preterm neonates by normal resident enterobacteria and their multidrug-resistant strains was 
investigated to determine whether colonization of the colon of preterm neonates by multidrug-
resistant enterobacteria is the site of incubation and the source of spread of these strains. 

2. Materials and Methods 

The colonization of preterm neonates’ colon by normal resident enterobacteria and their 
multidrug-resistant strains was investigated by exploring its occurrence in preterm neonates’ stool. 
This study was conducted according to approval from the ethics committee of the institutional review 
board (IRB), General Directorate of Health Affairs in Madinah, Kingdom of Saudi Arabia (KSA) [IRB 
committee Head, Dr. Yasmeen Talal AlJehani]. Informed consents were obtained from parents of 
preterm neonates enrolled in the study for the collection of the preterm neonate’s stool. Stool samples 
from preterm neonates were collected from the neonatal intensive care units in three hospitals in 
Madinah, KSA [Cases 1, 2, 3 were collected from Maternity and Children hospital; cases 4, 5, 6 from 
Saudi German hospital Madinah; cases 7 up to 21 from Ohud hospital]. The different preterm 
neonates were chosen randomly to obtain the stool samples for having a wide view of the study. 
Once the samples of preterm neonate stool normally obtained in diapers were collected, they were 
sent for microbiological analysis in the bacteriology laboratory at Taibah University and used directly 
for exploring the occurrence of enterobacteria and its multidrug-resistant strains. The enterobacteria 
occurrence in the stool of preterm neonates was followed using EMB agar. 

Serial dilution of stool samples was performed and subsequently E. coli colonies with metallic 
green sheen or Klebsiella large, dome-shaped, pink to purple dark mucoid colonies or others were 
detected on the EMB agar after 24 h of inoculation and incubation at 37 °C and CFU (Colony Forming 
Units) was followed by MPN (Most Probable Number) techniques [33]. The EMB plates with low 
detectable number of bacterial colonies have been used to determine the CFU of the dominating 
bacterial colonies of similar morphological and biochemical characteristics from which an isolated 
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bacterial strain was subcultured in EMB agar for obtaining a purified strain. Bacterial isolates were 
further purified on LB (Luria-Bertani) agar medium, cultured on LB broth at 37 °C for 24 h and 
preserved in same medium retaining 20% glycerol at -80 °C. Morphological and biochemical 
characterization of enterobacteria were conducted for identification as outlined in Bergey’s Manual 
[34] and by VITEK 2 technology. Further genetic identification of bacterial strains using molecular 
biological technology by 16S rRNA encoding gene sequence phylogenetic analysis. The antibiotic 
susceptibility test of all isolated bacterial strains was conducted using VITEK 2 technology automated 
susceptibility testing system in Al Madinah Al Munawarah Hospital in King Salman Bin Abdulaziz 
Medical City. The susceptibility of isolated bacterial stains to various antibiotics and thier resistance 
versus sensitivity were determined from the MIC (Minimum Inhibitory Concentration) followed by 
VITEK.2 device in Al Madinah Al Munawarah Hospital in King Salman Bin Abdulaziz Medical City. 

2.1. Genetic Identification of Bacterial Strains by Phylogenetic Analysis of 16S rRNA Encoding Gene Sequence 

The genetic identification of bacterial strains using molecular biological technology was 
conducted by phylogenetic analysis of the 16S rRNA encoding gene sequence of each bacterial strain. 

2.1.1. PCR Amplification of the 16S rRNA Gene 

Extraction and purification of the genomic DNA of bacterial cultures were conducted using  
Promega Wizard (Promega Corporation, Madison, WI, USA) genomic DNA purification kit according to 
instructions described by the manufacturer. The purified genomic DNA was used as a template for 
amplifying a nearly full-length nucleotide sequence of the 16S rRNA-encoding gene by polymerase chain 
reaction (PCR). The universal forward (27F, 5'-AGAGTTTGATC[A/C]TGGCTCAG-3') and reverse 
(1492R, 5'-G[C/T]TACCTTGTTACGACTT-3') primers were used for the PCR amplification of the nearly 
full-length sequence of the 16S rRNA-encoding gene [35]. The PCR amplification of the nearly full-length 
sequence of the 16S rRNA-encoding gene was conducted in a thermal cycler (model 2720; Applied 
Biosystems, Foster City, CA, USA) using a 25 µl reaction mixture (25 µl) with the following composition: 
2.5 µl 10× Taq buffer (100 mM Tris-HCl, pH 8), 100 mM deoxynucleoside triphosphates (dNTPs) 
(Invitrogen, Carlsbad, CA, USA), 1.25 mM MgCl2, 1.2 mM forward and reverse primers, 0.5 U Taq DNA 
polymerase (Invitrogen, USA), and about 5 ng of the template bacterial genomic DNA. The following PCR 
program was followed for the amplification: Initial denaturation at 95°C for 5 min followed by 35 cycles 
of amplification [94°C (denaturation) for 1 min, 56°C (annealing) for 1 min, and 72°C (extension) for 1 min] 
and a final extension 10 min at 72°C. Analyzing the PCR amplification products was conducted using 
agarose gel electrophoresis using 1% agarose gels containing 5 µ/ml ethidium bromide in comparison to 
a DNA size marker (1 kb Plus DNA ladder; Invitrogen, USA). 

2.1.2. Nucleotide Sequence Analysis 

Purification and cycle sequencing of the PCR products were conducted at the Macrogen Korea 
sequencing facility located in Seoul, South Korea. The purified PCR products were subjected to direct 
cycle sequencing at the Macrogen Korea sequencing facility by the automated florescent dye terminator 
sequencing method [36] in the 3730XL DNA analyzer (Applied Biosystems, CA, USA) using the same 
forward (27F) and reverse (1492R) primers for sequencing in both directions.  Using the NCBI (National 
Center for Biotechnology and Information) server’ nucleotide-nucleotide BLAST search tool, the sequence 
reads of the 16S rRNA-encoding gene of each isolated bacterial strain colonizing the preterm neonates’ 
colon were assembled and compared with the closest matches of bacterial strains recorded in the GenBank 
at www.ncbi.nlm.nih.gov/blast/Blast.cgi. Alignments of sequences of the 16S rRNA gene were conducted 
using Clustal W1.83 XP [37]. Using the neighbor-joining method [38], the derived phylogenetic tree of the 
16S rRNA gene sequences was constructed by MEGA11 software [39]. Bacillus subtilis strain JCM 1465 
(accession number NR_113265) was used as an outgroup.  
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2.1.3. Data Availability and Nucleotide Sequences Accession Numbers 

The partial nucleotide sequences of the 16S rRNA-encoding gene of the bacterial strains 
colonizing the colon of preterm neonates were deposited in the GenBank under an accession number 
assigned for each strain in the NCBI’s GenBank nucleotide sequence database. The deposited 16S 
rRNA-encoding gene sequence accession numbers are listed in Table 1.   

Table 1. Colonization of colon by Klebsiella  pneumoniae versus other Enterobacteria including the 
normal colon resident enterobacterium Escherichia coli as well as Acinetobacter baumannii (a Non-
Enterobacteriaceae bacterium) in antibiotics intravenously treated preterm neonates. 

 Preterm 

Neonates 

subject # 

Age 

days 

Gestational 

age (Weeks) 

Types of antibiotics 

Treated with 

Bacterial strains 

Colonizing Preterm 

Neonates Colon 

Accession 

number 

1 st 

week 

Case 3 2 31 Ampicillin 50mg/ivq12h 

Cefotaxim50mg ivq12/h 

ND - 

Case 4 1st  

time 

5 32 Gentamicin 

Ampicillin50mg/iv/q12h 

ND - 

Case 5 1st  

time 

6 32 Gentamicin 

Ampicillin50mg/iv/q12h 

ND - 

Case 9 2 30 Merobenem80mg q12h/iv 

Cefotaxime 80mg ivq12h 

ND - 

Case 18 3 33 Ampicillin 90Mg iv q 12h 

Gentamicin  8Mg iv q 36h 

ND - 

Case 19 

 

5 26 Ampicillin 12Mg iv q 12h 

CEFOTAXIME --Mg iv q 48h 

ND - 

> 1 

week 

Case 6 1st  

time 

8 28 Ampicillin50mg/iv/q12h 

Cefotaxim50mg/iv/q12h 

ND - 

Case 1 22 27 Vancomycin10mg/ivq36h Escherichia coli EFTU1 PP156718 

Case 2 18 25 Ampicillin 50mg/ivq12h 

Cefotaxim50mg ivq12/h 

Fucanazol13mg/ivq12 

Klebsiella pneumoniae 

EFTU101 

 

PP157088 

Case 4 

2nd  time 

15 32 Stop AB before 5 days E. coli EFTU2 

 

PP157624 

Case 5 2nd  

time 

16 33 Gentamicin 

Ampicillin50mg/iv/q12h 

Klebsiella pneumoniae 

EFTU102 

PP177257 

Case 6 2nd  

time 

18 28 Ampicillin50mg/iv/q12h 

Cefotaxim50mg/iv/q12h 

Klebsiella pneumoniae  

EFTU103 

PP177305 

Case 7  44 26 Vancomycin 10mg q12h/iv 

Merobenem20mg q12h/iv 

Klebsiella pneumoniae 

EFTU104 

PP177307 

Case 8 44 26 Vancomycin 10mg q12h/iv 

Merobenem20mg q12h/iv 

Klebsiella pneumoniae 

EFTU105 

PP177367 
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Case 10  44 29 He was taking vancomycin 

15mg iv q 12 h and stopping 

before 18day  

Klebsiella pneumoniae 

EFTU3 

PP157908 

Case 11 24 31 No antibiotic Escherichia coli EFTU4 PP182268 

Case 13 21 25 Merobenem27mg q12h 

Colitin45mg q12h/iv 

Escherichia coli EFTU5 PP187030 

Case 14 16 33 Gentamicin8mgivq36h 

Ampicillin76mg/iv/q12h 

Klebsiella pneumoniae 

EFTU110 

PP177465 

Case 15 

 

46 27 Vancomycin 10mg q8h/iv 

Merobenem20mg q8h/iv 

 

Escherichia coli EFTU6 PP187981 

Klebsiella pneumoniae 

EFTU113 

PP204007 

Acinetobacter baumannii 

EFTU111 

PP177550 

 

Case 16 29 29 Ampicillin 65Mg iv q 12h 

Gentamicin 65Mg iv q 48h 

Acinetobacter baumannii 

EFTU114 

PP177613 

 

Case 17 32 29 Ampicillin 60Mg iv q 12h 

CEFOTAXIME 60Mg iv q 48h 

 

Escherichia coli EFTU7 PP188038 

Klebsiella 

quasipneumoniae 

EFTU115 

PP177908 

 

Case 20 

 

 

64 31 meropenem 50Mg iv q 8h 

Colistin 50Mg iv q 8h 

Escherichia coli EFTU8 PP188042 

Klebsiella pneumoniae 

EFTU116 

PP177909 

Case 21 14 31 AMPCILLIN 67MGiv q 12h 

Gentamicin 6,7Mg iv q 36h 

stopping before six day 

Escherichia coli EFTU9 

 

PP188096 

ND, Not Detected. 

3. Results 

In this study, the colonization of the preterm neonate’s colon by enterobacteria and its multidrug-
resistant strains was investigated for exploring whether the colon of preterm neonates per se  could be the 
source of dissemination of these multidrug-resistant strains and their site of incubation. This was 
conducted by following the occurrence of  enterobacteria in the stool of preterm neonates (Table 1) on 
EMB agar followed by morphological and biochemical characterizations for identification and by VITEK 2 
technology. The antibiotic susceptibility using VITEK 2 technology automated susceptibility testing system 
of all isolated bacterial strains was also conducted (Tables 2 and 3). The gestational age of all investigated 
preterm neonate cases ranged between 25 and 33 weeks (Table 1).  

All investigated preterm neonate cases were receiving antibiotics treatment intravenously in the 
intensive care unit as outlined in Table 1. The age of all investigated randomly selected preterm 
neonate cases ranged between 2 and 64 days (Table 1).  No bacteria were detected in the stool of all 
investigated preterm neonate cases with ages 2 up to 8 (Table 1). All investigated preterm neonate 
cases with age two weeks and above (16 cases) showed bacterial colonization of their colon (Table 1).   

After identification by morphological and biochemical characterizations and by using VITEK 2 technology, 
the molecular biological identification of all isolated strains of bacteria was also performed by phylogenetic analysis 
of each bacterial strain 16S rRNA-encoding gene sequence (Figures 1–4). The near full-length nucleotide 
sequence of the 16S rRNA-encoding gene of all isolated bacterial strains deposited in the NCBI’s GenBank 
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nucleotide sequence database, were used for phylogenetic analysis based identification of these bacterial 
strains in comparasion to the closest matches of bacterial strains recorded in the GenBank (Figures 1–4). 

 
Figure 1. Phylogenetic analysis of 16S rRNA encoding gene of Klebsiella pneumoniae strains isolated from 
preterm neoantes stool. The isolated  Klebsiella pneumoniae strains phylogenetic tree shows the relationship 
with the closest neighbor strains of bacteria from NCBI. The accession numbers of 16S rRNA encoding 
genes of isolated Klebsiella pneumoniae strains are shown in boldface. The isolated Klebsiella pneumoniae 
strains and other bacterial strains neighborjoining tree was determined using 16S rDNA nearly full-length 
gene sequences and the frequency filter in the analysis package of MEGA 11 software. An out-group 
Bacillus subtilis JCM 1465 (accession number NR_113265) was used in the analysis. The scale bar shown 
indicates 2% estimated difference in sequence. The NCBI database accession numbers and strain names 
are shown in the phylogenetic tree and are also listed here: Klebsiella pneumoniae EFTU104, PP177307; 
Klebsiella pneumoniae EFTU113, PP204007; Klebsiella pneumoniae EFTU105, PP177367; Klebsiella pneumoniae 
EFTU110, PP177465; Klebsiella pneumoniae EFTU101, PP157088; Klebsiella pneumoniae KPLYC2, MT953921; 
Klebsiella pneumoniae E, OM090128; Klebsiella pneumoniae DJY-1, OK036428; Klebsiella pneumoniae LJH-D1, 
MK968716; Klebsiella pneumoniae EFTU116, PP177909; Klebsiella pneumoniae PSB B-10, OP750994; Klebsiella 
pneumoniae SDWH02, KX636139; Klebsiella pneumoniae EFTU3, PP157908; Klebsiella pneumoniae QLR-3, 
KM096435; Klebsiella pneumoniae EFTU103, PP177305; Klebsiella pneumoniae EFTU102, PP177257; Klebsiella 
pneumoniae ATCC 13883, NR_119278; Enterobacter cloacae ATCC 23373, NR_118011; Citrobacter freundii 
ATCC 8090, NR_028894; Enterobacter hormaechei 0992-77, NR_042154; Escherichia coli S484, MK951738; 
Bacillus subtilis JCM 1465, NR_113265. 

Klebsiella pneumoniae  (Figure 1) was found colonizing colon in 9 cases of preterm neonates in 
neonatal intensive care units (Table 1) representing 56.2% of the total colonized cases (16 cases) and the 
relevant bacterium Klebsiella quasipneumoniae (Figure 2) was found in one case representing 6.3% and so, 
both bacteria represent in total 62.5% of the total colonized cases. Some cases contained more than one 
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genus (Table 1) where E. coli (Figure 3) was found colonizing colon in 8 cases representing 50 % of the total 
colonized cases of preterm neonates (16 cases) in neonatal intensive care units (Table 1).  

 
Figure 2. Phylogenetic analysis of 16S rRNA encoding gene of Klebsiella quasipneumoniae strain 
EFTU115 isolated from preterm neoantes stool. The isolated  Klebsiella quasipneumoniae strain 
EFTU115 phylogenetic tree shows the relationship with the closest neighbor strains of bacteria from 
NCBI. The accession numbers of 16S rRNA encoding genes of isolated Klebsiella quasipneumoniae strain 
EFTU115 is shown in boldface. The isolated Klebsiella quasipneumoniae strain EFTU115 and other 
bacterial strains neighborjoining tree was determined using 16S rDNA nearly full-length gene 
sequences and the frequency filter in the analysis package of MEGA 11 software. An out-group 
Bacillus subtilis JCM 1465 (accession number NR_113265) was used in the analysis. The scale bar 
shown indicates 2% estimated difference in sequence. The NCBI database accession numbers and 
strain names are shown in the phylogenetic tree and are also listed here: Klebsiella quasipneumoniae 
Kq-CW12, MK880381; Klebsiella quasipneumoniae. 2437, MT604862; Klebsiella quasipneumoniae 
A3GWS1-22(1)-E1, OR889330; Klebsiella quasipneumoniae EFTU115, PP177908; Klebsiella 
quasipneumoniae VITDJ2, MT826235; Klebsiella pneumoniae OOA, OR702992; Klebsiella pneumoniae 
ATCC 13883, NR_119278; Klebsiella pneumoniae UT09, OM978274; Enterobacter cloacae ATCC 23373, 
NR_118011; Citrobacter freundii ATCC 8090, NR_028894; Enterobacter hormaechei 0992-77, NR_042154; 
Escherichia coli S484, MK951738; Bacillus subtilis JCM 1465, NR_113265. 

For exploring the occurrence of multidrug-resistant Enterobacteria, the isolated bacterial stains 
susceptibility to various antibiotics and the resistance versus sensitivity of these bacterial stains were 
explored from the MIC (Table 2 and 3) followed by VITEK.2 device. Strains of Klebsiella pneumoniae 
(Figure 1) colonized the colon of the investigated preterm neonates showing extensive multidrug 
resistance was clear in two strains (Table 2). One strain Klebsiella pneumoniae EFTU110 was resistant 
to Carbapenems (Meropenem and Imipenem) and another Klebsiella pneumoniae EFTU113 showed 
intermediate resistance to these antibiotics.  These two strains of Klebsiella pneumoniae showed 
resistance to most other tested antibiotics (Table 2). The occurence of Carbapenems resistant Klebsiella 
pneumoniae in stool of of preterm neonates (Table 2) refers to the ability of these multidrug-resistant 
bacterial strains to colonize the colon of preterm neonates where its incubation site is located in the 
neonatal intesnsive care units. In contrast to Klebsiella pneumoniae, none of the E. coli strains (Figure 3) 
colonizing the colon of the investigated preterm neonate cases in this study showed resistance to the 
Carbapenems tested Meropenem and Imipenem (Table 3).   
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Table 2. In vitro antibiotics sensitivity of various Klebsiella pneumoniae and Klebsiella quasipneumoniae (Enterobacteriaceae ) strains and Acinetobacter baumannii (a Non-Enterobacteriaceae 
bacterium) colonizing preterm neonates’ colon. 

Bacterial strains ESBL Antibiotic 

 AMP Amox Tzp CF FOX CAZ CRO FEP 

MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr 

Klebsiella pneumoniae EFTU101 P0S >=32 R 4 S <=4 S >=64 R <=4 S 8 R >=64 R >=64 R 

Klebsiella pneumoniae EFTU102 NEG >=32 R <=2 S <=4 S <=2 S <=4 S <=1 S <=1 S <=1 S 

Klebsiella pneumoniae  EFTU103 NEG >=32 R <=2 S <=4 S <=2 S <=4 S <=1 S <=1 S <=1 S 

Klebsiella pneumoniae EFTU104 P0S >=32 R 16 i 32 i >=64 R 16 R >=64 R >=64 R >=64 R 

Klebsiella pneumoniae EFTU105 P0S >=32 R 8 S <=4 S >=64 R <=4 S 8 R >=64 R 2 R 

Klebsiella pneumoniae EFTU3  NEG >=32 R 4 S <=4 S 16 I <=4 S <=1 S <=1 S <=1 S 

Klebsiella pneumoniae EFTU110 NEG >=32 R >=32 R ≥128 R >=64 R >=64 R 16 R >=64 R >=64 R 

Acinetobacter baumannii EFTU111 NM NM - NM - <=4 S NM - NM - 4 S 16 R 2 S 

Klebsiella pneumoniae EFTU113 P0S >=32 R >=32 R 3 R >=64 R <=4 R >=64 R >=64 R >=64 R 

Acinetobacter baumannii EFTU114 NM NM - NM - <=4 S NM - NM - 4 S 8 R 2 S 

Klebsiella quasipneumoniae EFTU115 NM NM - NM - <=4 S NM - NM - 4 S 8 R 2 S 

Klebsiella pneumoniae EFTU116 NEG >=32 R >=32 R 8 S >=64 R >=64 R 4 S <=1 S <=1 S 

Table 2. continued. 

Bacterial strains Antibiotic 

IMI MERO AK GM CIP TGC FT SXT 

MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr 

Klebsiella pneumoniae EFTU101 <=0,25 S <=0,25 S <=2 S <=1 S 0, 5 S 1 S 64 I 320 R 

Klebsiella pneumoniae EFTU102 <=0,25 S <=0,25 S <=2 S <=1 S <=0, 25 S =<0,5 S 32 S 20 S 

Klebsiella pneumoniae EFTU103 <=0,25 S <=0,25 S <=2 S <=1 S <=0, 25 S =<0,5 S 32 S 20 S 

Klebsiella pneumoniae EFTU104 <=0,25 S <=0,25 S <=2 S <=1 S 1 S 1 S 128 R >=320 R 

P
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Klebsiella pneumoniae EFTU105 <=0,25 S <=0,25 S <=2 S <=1 S 1 S 2 S 64 I >=320 R 

Klebsiella pneumoniae EFTU3  <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0,5 S <=16 S <=20 S 

Klebsiella pneumoniae EFTU110 >=16 R >=16 R ≥64 R <=1 S >=4 R 2 S 256 R 40 S 

Acinetobacter baumannii EFTU111 <=0,25 S <=0,25 S NM - <=1 S <=0,25 S <=0,5 S NM - <=20 S 

Klebsiella pneumoniae EFTU113 2 I 2 I 4 S 2 S 2 R 2 S 128 R <=320 R 

Acinetobacter baumannii EFTU114 <=0,25 S <=0,25 S NM - <=1 S <=0,25 S <=0,5 S NM - <=20 S 

Klebsiella quasipneumoniae EFTU115 <=0,25 S <=0,25 S NM - <=1 S <=0,25 S <=0,5 S NM - <=20 S 

Klebsiella pneumoniae EFTU116 <=0,25 S <=0,25 S <=2 S <=1 S 1 S 2 S 128 R 320 R 
Interpretation, Intpr; Resistant, R; Sensitive, S; Intermediate, I; Minimum Inhibitory Concentration, MIC (µg/ml);  Negative, Neg; Positive, Pos. Extended-spectrum beta-lactamases, ESBL; 
NM, Not measured; Ampicillin/Sulbactam, AMP; Amoxicillin/Clavulanic Acid, AMOX; Piperacillin/Tazobactam, TZP; Cefalotin, CF; Cefoxitin, FOX; Ceftazidime, CAZ; Ceftariaxone, CRO; 
Cefepime, FEP; Imipenem, IPM; Meropenem, MERO; Amikacin, AK; Gentamicin, GM; Ciprofloxacin, CIP; Tigecycline, TGC; Nitrofurantoin, FT; Trimethoprim/Sulfamethoxazole, SXT. 

Table 3. In vitro antibiotics sensitivity of various Escherichia coli strains colonizing preterm neonates’ colon. 

Strains ESBL 

 

Antibiotics 

AMP Amox Tzp CF FOX CAZ CRO FEP 

MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr 

E. coli  EFTU 1 NEG >=32 R 4 S <=4 S 16 I <=4 S <=1 S <=1 S <=1 S 

E. coli  EFTU 2 POS >=32 R 4 S <=4 S >=64 R <=4 S 4 R <=64 R 2 R 

E. coli  EFTU 4 NEG >=32 R 4 S <=4 S 16 I <=4 S <=1 S <=1 S <=1 S 

E. coli  ETTU5 NEG <=2 S <=2 S <=4 S 4 S <=4 S <=1 S <=1 S <=1 S 

E. coli  EFTU6 NEG >=32 R 16 I <=4 S 16 I <=4 S <=1 S <=1 S <=1 S 

E. coli  EFTU7 P0S >=32 R 4 S <=4 S >=64 R <=4 S <=1 R >=64 R <=1 R 

E. coli  EFTU8 P0S >=32 R 4 S <=4 S >=64 R <=4 S 16 R >=64 R 8 R 

E. coli  EFTU9 P0S >=32 R 4 S <=4 S >=64 R <=4 S 16 R >=64 R >=64 R 
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Table 3. continued. 

Strains Antibiotics 

IMI MERO AK GM CIP TGC FT SXT 

MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr MIC Intpr 

E. coli  EFTU 1 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0,5 S <=16 S <=20 S 

E. coli  EFTU 2 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0,5 S <=16 S <=20 S 

E. coli  EFTU 4 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0,5 S <=16 S <=20 S 

E. coli  ETTU5 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0, 5 S <=16 S <=20 S 

E. coli  EFTU6 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0,5 S <=16 S >=320 R 

E. coli  EFTU7 <=0,25 S <=0,25 S <=2 S <=1 S <=0,25 S <=0, 5 S <=16 S <=20 S 

E. coli  EFTU8 <=0,25 S <=0,25 S <=2 S <=1 S 0, 5 S <=0, 5 S <=16 S <=20 S 

E. coli  EFTU9 <=0,25 S <=0,25 S <=2 S <=1 S 0, 5 S <=0, 5 S <=16 S <=20 S 
Interpretation, Intpr; Resistant, R; Sensitive, S; Intermediate, I; Minimum Inhibitory Concentration, MIC (µg/ml);  Negative, Neg; Positive, Pos. Extended-spectrum beta-lactamases, ESBL; 
Ampicillin/Sulbactam, AMP; Amoxicillin/Clavulanic Acid, AMOX; Piperacillin/Tazobactam, TZP; Cefalotin, CF; Cefoxitin, FOX; Ceftazidime, CAZ; Ceftariaxone, CRO; Cefepime, FEP; Imipenem, 
IPM; Meropenem, MERO; Amikacin, AK; Gentamicin, GM; Ciprofloxacin, CIP; Tigecycline, TGC; Nitrofurantoin, FT; Trimethoprim/Sulfamethoxazole, SXT. 
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Figure 3. Phylogenetic analysis of 16S rRNA encoding gene of Escherichia coli strains isolated from 
preterm neoantes stool. The isolated Escherichia coli strains phylogenetic tree shows the relationship 
with the closest neighbor strains of bacteria from NCBI. The accession numbers of 16S rRNA encoding 
genes of isolated Escherichia coli strains are shown in boldface. The  isolated Escherichia coli strains 
and other bacterial strains neighborjoining tree was determined using 16S rDNA nearly full-length 
gene sequences and the frequency filter in the analysis package of MEGA 11 software. An out-group 
Bacillus subtilis JCM 1465 (accession number NR_113265) was used in the analysis. The scale bar 
shown indicates 2% estimated difference in sequence. The NCBI database accession numbers and 
strain names are shown in the phylogenetic tree and are also listed here: Escherichia coli EFTU7, 
PP188038; Escherichia coli EFTU8, PP188042; Escherichia coli FUA 1046, GQ222387; Escherichia coli S484, 
MK951738; Escherichia coli EGI292, MN704502; Escherichia coli EFTU9, PP188096; Escherichia coli LZ-11, 
OR717626; Escherichia coli UFV 478, MN557058; Escherichia coli EFTU2, PP157624; Escherichia coli 
EFTU1, PP156718; Escherichia coli EFTU6, PP187981; Escherichia coli EFTU4, PP182268; Escherichia coli 
EFTU5, PP187030; Escherichia coli 2p-64, KU682209; Klebsiella pneumoniae ATCC13883, NR_119278; 
Enterobacter cloacae ATCC 23373, NR_118011; Citrobacter freundii  ATCC 8090, NR_028894; 
Enterobacter hormaechei 0992-77, NR_042154; Bacillus subtilis JCM 1465, NR_113265. 

Along with enterobacteria, a non-Enterobacterium Acinetobacter baumannii known for its active 
nosocomial infections was found in the stool of two cases representing 12.5% of the total colonized 
preterm neonate cases (Table 1) confirmed by identification using the phylogenetic analysis of the 
16S rRNA-encoding gene sequence (Figure 4). The Acinetobacter baumannii strains colonizing the 
colon of preterm neonates isolated from the two cases did not show resistance to the Carbapenems 
tested Meropenem and Imipenem (Table 2) and thus Carbapenems multidrug-resistant strains were 
found only belonging to Klebsiella pneumoniae. 
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Figure 4. Phylogenetic analysis of 16S rRNA encoding gene of Acinetobacter baumannii (a Non-
Enterobacteriaceae bacterium) strains isolated from preterm neoantes stool. The isolated Acinetobacter 
baumannii strains phylogenetic tree shows the relationship with the closest neighbor strains of bacteria 
from NCBI. The accession numbers of 16S rRNA encoding genes of isolated Acinetobacter baumannii 
strains are shown in boldface. The  isolated Acinetobacter baumannii strains and other bacterial strains 
neighborjoining tree was determined using 16S rDNA nearly full-length gene sequences and the 
frequency filter in the analysis package of MEGA 11 software. An out-group Bacillus subtilis JCM 1465 
(accession number NR_113265) was used in the analysis. The scale bar shown indicates 2% estimated 
difference in sequence. The NCBI database accession numbers and strain names are shown in the 
phylogenetic tree and are also listed here: Acinetobacter baumannii C49, OQ405518; Acinetobacter 
baumannii Sn21, KM373317; Acinetobacter baumannii D4, MK799974; Acinetobacter baumannii EFTU111, 
PP177550; Acinetobacter baumannii HNNY-FY, OQ569359; Acinetobacter baumannii EFTU114, PP177613; 
Acinetobacter baumannii HNNY86G, OQ569357; Acinetobacter baumannii CGKV/U36d-2014, MK078538; 
Acinetobacter baumannii G21, OQ405624; Acinetobacter baumannii CR7, KR780411; Acinetobacter 
baumannii HAU425, OK483367; Acinetobacter baumannii rY25, MN173925; Acinetobacter baumannii B5, 
MG234437; Acinetobacter baumannii VrB1, LT963768; Moraxella catarrhalis Ne 11 ATCC 25238, 
NR_028669; Moraxella bovis L-3 ATCC 10900, NR_028668; Pseudomonas aeruginosa DSM 50071, 
NR_026078; Bacillus subtilis JCM 1465, NR_113265. 

4. Discussion 

This study was devoted to visualizing the incubation site and source of the spread of the 
multidrug-resistant enterobacteria strains in the neonatal intensive care units and investigating 
whether the colonization of the colon of the antibiotics intravenously treated preterm neonates per se 
by multidrug-resistant enterobacteria is such incubation site and source of the spread of these 
multidrug-resistant strains. The colonization of preterm neonates’ colon by normal resident 
enterobacteria and its multidrug-resistant strains was followed by exploring its occurrence in preterm 
neonates’ stool. All investigated cases with ages 2 up to 8 did not show any bacteria in their stool 
indicating a delay in colonization possibly due to antibiotic treatment and health care environment 
in the neonatal intensive care unit where bacterial colonization of preterm neonates’ colon appeared 
in all investigated preterm neonate cases with age two weeks and above. This is in contrast to a 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 April 2024                   doi:10.20944/preprints202404.1511.v1

https://doi.org/10.20944/preprints202404.1511.v1


 13 

 

previous study of healthy neonates where the healthy neonates’ colon showed initial colonization 
with the normal colon resident enterobacterium E. coli at days 5 and 6 in the second half of the first 
week of their life in all healthy neonates investigated subjects despite the delay in neonates born by 
cesarean section in comparison to vaginal birth [14].  

E. coli is a major member of the enteric bacteria of the normal microbial community in the human 
colon which plays several beneficial roles for the body health [40–44] and is one of the first bacterial 
community members initially colonizing the colon microbial ecosystem in the neonates [14]. Despite 
its frequent pathogenicity, the enteric E. coli as one of the normal microbiota in the human gut plays 
many interesting roles for the human body health [42,43]. The commensal E. coli as a normal resident 
has many healthy beneficial roles in the human colon including production of certain vitamins such 
as vitamin K2 (menaquinone) [40,45] and vitamin B1 [46,47]. Strains of E. coli includig the well-known 
probiotic E. coli strain Nissle 1917 marketed as Mutaflor [48,49] and the probiotic E. coli marketed as 
Symbioflor [50,51] have long been used as a probiotic with many health benefits [52–58]. The 
probiotic Symbioflor E. coli is less known than Mutaflor (E. coli Nissle 1917) and thier main differences 
is that Symbioflor probiotic contains six genotypes of E. coli comprising six probiotic E. coli strains 
which together constitute the probiotic product entitled Symbioflor 2 [50,59]. The enterobacterium E. 
coli was also suggested along with other facultative anaerobes in the colon to play an important role 
to sustain the installation of anaerobiosis in the large intestine as a basic requirement for the various 
fermentation processes where such fermentation processes in the colon is of importance to the human 
body health in many aspects [60,61].  

Carbapenems-resistant gram-negative bacteria, such as Carbapenems-resistant 
Enterobacteriaceae are considered, multidrug-resistant bacteria. The occurrence of Carbapenems-
resistant Enterobacterium Klebsiella pneumoniae in the stool of preterm neonates represents a spotlight 
on the incubation and possibly the creation site of these multidrug-resistant strains colonizing the 
colon in antibiotics intravenously treated preterm neonates in the neonatal intensive care units. The 
multidrug-resistant bacteria may lead to virtually untreatable infections where such pathogens might 
acquire resistance determinants for multiple antibiotic classes [62]. Carbapenems-resistant 
Enterobacterales infections represent an important therapeutic problem where other effective 
therapeutic alternatives are limited [63]. The Carbapenems class of antibiotics is usually reserved for 
the treatment of infections caused by known or suspected multidrug-resistant bacteria [4]. The 
appearance of resistant bacteria to this last resort effective therapeutic alternative antibiotics would 
be especially daunting in neonatal intensive care units.  The presence of Acinetobacter baumannii, 
detected in 12.5  % of the investigated preterm neonate subjects indicates the ability of this non-
Enterobacterium to colonize the colon of preterm neonates along with enterobacteria. This non-
Enterobacteriaceae bacterium Acinetobacter baumannii was reported responsible for outbreaks in the 
neonatal intensive care units and many infections in neonates [64]. This opportunistic pathogen has a 
high ability for nosocomial infections [65] particularly among immunocompromised individuals in a 
prolonged hospital stay [66,67] and hence might represent a risk for preterm neonates with immature 
immune system. The colonization of preterm neonates’ colon by this bacterium should be visualized 
in the neonatal intensive care unit patients for treatment and to avoid this incubation source of such 
pathogen. The strains of Acinetobacter baumannii colonizing the preterm neonates’ colon in this study 
did not show resistance to Carbapenems in similar results to E. coli strains indicating that 
Carbapenems multidrug-resistant Klebsiella pneumoniae strains are well marked in preterm neonate 
cases and more likely to occur in the neonatal intensive care units. Klebsiella pneumonia represent 
opportunistic nosocomial pathogen and is reported as a cause of various healthcare-associated 
infections other than bacterial pneumonia which include bloodstream infections [68–71], meningitis 
[72,73] and others [74] where it  is a major cause of neonatal sepsis [75,76].  The ability of multidrug-
resistant Klebsiella pneumoniae to colonize the colon of preterm neonates might indicate a high risk of 
infection to preterm neonates in the neonatal intesnsive care units. 

In conclusion, an analysis of the bacterial community in the stool of preterm neonates to screen 
the pathogenic bacteria colonizing the colon, especially multidrug-resistant bacteria, could be helpful 
to overcome the source of incubation of these pathogens by treatment and thus prevent healthcare-
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associated infections and hospital outbreaks in neonatal intensive care units. Such an analysis to 
determine colonization of the colon of  preterm neonates by multidrug-resistant Enterobacteriaceae 
and other bacteria could be important to isolate the cases that incubate these strains in their colon 
and thus control nosocomial infections  with multidrug-resistant bacteria in neonatal intensive care 
units.  

In future applications, A frequent microbiology test of stool samples from preterm neonates in 
the neonatal intensive health care units, might be helpful for better followup and isolation of cases in 
which multidrug resistant strains of klebsiella neomonia or other bacteria apprear.  This might also be 
helpful to determine the normality of the major colonization members of the microbial community 
in the preterm neonates gut in comparasion to a general figure of the microbial community colonizing 
the gut in healthy neonates of the same age. This would require further future studies to have a full 
picture for diagnosing the microbial community in the neonates gut ecosystem in this early critical 
stage of the human life. 
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