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Abstract: Neonatal umbilical cord infections (omphalitis) remain a significant 

cause of morbidity and mortality in developing countries. This study aimed to 

characterize bacterial pathogens associated with neonatal omphalitis using both 

phenotypic and molecular methods, and to determine the prevalence of integron 

genes. One hundred umbilical swabs were collected from neonates (3-28 days 

old) with clinical omphalitis. Bacterial identification was performed using 

conventional culture, the Vitek 2 Compact system, and 16S rRNA gene PCR 

sequencing. PCR detected integron genes (intI1, intI2, intI3). Phylogenetic 

analysis was conducted using MEGA X software. Bacterial growth occurred in 

48/100 (48%) samples. The predominant isolates were Staphylococcus aureus 

(14/48, 29.16%), Escherichia coli (14/48, 29.16%), and Pseudomonas aeruginosa 

(14/48, 29.16%), followed by Enterococcus spp. (4/48, 8.33%) and Bacteroides spp. 

(2/48, 4.16%). All 24 tested isolates yielded 1500 bp 16S rRNA amplicons. 

Sequenced P. aeruginosa isolates showed 99-100% identity with GenBank 

references. Phylogenetic analysis revealed bootstrap values of 63-100% for P. 

aeruginosa, 99-100% for Enterococcus faecalis and Bacteroides sp., and 32-70% for E. 

coli. Integron gene prevalence varied significantly, with intI1 being the highest 

in E. coli (85.71%) and Enterococcus spp. (100%); intI2 predominated in P. 

aeruginosa (75%) and S. aureus (71.42%); intI3 was detected only in S. aureus 

(57.14%) and E. coli (28.57%). Gram-positive and Gram-negative bacteria equally 

contributed to neonatal omphalitis. High integron prevalence, particularly 

classes 1 and 2, indicates a significant potential for antimicrobial resistance, 

requiring enhanced surveillance and stewardship strategies. 

Keywords: Neonatal umbilical cord infections; bacteria; PCR; phylogenetic 

analysis; integrons.  

1. Introduction 

Neonatal infections continue to pose a substantial threat to infant 

survival and health outcomes worldwide, particularly in resource-limited 

settings where healthcare infrastructure remains inadequate [1]. Among these 

infections, omphalitis—infection of the umbilical cord stump—represents a 

preventable yet potentially fatal condition that disproportionately affects 

newborns in developing countries. The umbilical cord stump serves as a 

vulnerable portal of entry for pathogenic microorganisms during the critical first 

weeks of life, potentially leading to localized infection that can rapidly progress 

to systemic sepsis and death if left untreated [2]. The epidemiology of omphalitis 

demonstrates stark disparities between developed and developing nations. In 
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high-income countries, the incidence remains relatively low at 0.2-0.7% of live births, attributed to 

standardized hygienic cord care practices and accessible healthcare services [1]. Conversely, developing 

regions report substantially higher rates, with hospital-born neonates experiencing an 8% incidence and home-

delivered infants under unhygienic conditions reaching rates as high as 22% [1]. Recent data from Eastern 

Uganda documented a 3% omphalitis rate among 2,052 neonates, with significantly higher prevalence among 

home deliveries compared to hospital births [2]. These statistics underscore the critical role of environmental 

factors and healthcare access in disease prevention. 

The bacterial etiology of neonatal umbilical infections encompasses a diverse spectrum of 

microorganisms, predominantly aerobic bacteria. Staphylococcus aureus and Escherichia coli consistently emerge 

as the most frequently isolated pathogens across multiple studies [3]. The pathogenic significance of S. aureus 

in neonatal sepsis has been well-documented in regional studies from Iraq and Sudan, where virulence factors 

contribute substantially to disease pathogenesis [4, 5]. Additionally, Pseudomonas aeruginosa represents a 

formidable opportunistic pathogen, particularly concerning due to its intrinsic resistance mechanisms and 

capacity to cause severe infections in immunocompromised neonates [6]. Anaerobic bacteria, including 

Bacteroides species, though less frequently isolated, contribute to polymicrobial infections and complicate 

treatment strategies [7]. Traditional culture-based diagnostic methods, while remaining the gold standard in 

many clinical settings, present inherent limitations that may compromise timely and accurate pathogen 

identification. Culture-negative results occur frequently, particularly in patients with prior antibiotic exposure 

or infections caused by fastidious organisms [8]. These limitations have prompted the adoption of molecular 

diagnostic approaches, particularly those involving PCR and sequencing of the 16S ribosomal RNA gene. The 

16S rRNA gene contains both highly conserved regions and hypervariable sequences that enable precise 

bacterial identification at the species level [9]. Recent investigations have demonstrated the superior sensitivity 

of 16S rRNA sequencing in detecting bacterial DNA, even in culture-negative cases of neonatal sepsis, with 

detection rates reaching 100% compared to significantly lower rates for conventional blood culture [10]. 

Furthermore, next-generation sequencing technologies targeting the 16S rRNA gene have successfully 

identified additional pathogens undetected by traditional culture methods [11]. 

The escalating challenge of antimicrobial resistance in neonatal pathogens necessitates a 

comprehensive understanding of the mechanisms underlying resistance. Integrons, mobile genetic elements 

capable of capturing and expressing resistance gene cassettes, play a crucial role in horizontal gene transfer 

and the dissemination of resistance. Class 1 integrons demonstrate the highest prevalence and strongest 

association with multidrug resistance, particularly in Gram-negative bacteria. A recent study reported 12.9% 

of E. coli isolates from hospitalized patients harbored class 1 integrons [12]. Although less prevalent, class 2 

and 3 integrons contribute significantly to resistance profiles. Multi-center studies from Iran documented the 

presence of all three integron classes in multidrug-resistant S. aureus, with significant associations between 

integron presence, antibiotic resistance, and biofilm production [13]. Similarly, investigations in Egypt 

revealed the concurrent presence of class 1 and 2 integrons in hospital-origin S. aureus isolates [14]. Despite 

advancements in diagnostic capabilities and growing concerns regarding antimicrobial resistance, limited data 

exist on the molecular epidemiology of omphalitis-associated bacteria in Iraq and its neighboring regions. The 

prevalence and distribution of integron genes among neonatal pathogens in this geographical area remain 

largely unexplored. Therefore, this study aimed to comprehensively characterize bacterial pathogens isolated 

from neonatal umbilical cord infections through an integrated phenotypic and genotypic approach, including 

automated biochemical profiling (Vitek 2), 16S rRNA gene PCR amplification and sequencing, phylogenetic 

analysis, and determination of the prevalence of integron classes 1, 2, and 3 within bacterial genomes. 

 

2. Materials and Methods 
2.1 Sample Collection and Culture 

One hundred umbilical swab specimens were collected from neonates aged 3-28 days presenting with 

clinical signs of omphalitis at pediatric wards in Al-Qadisiyah, Iraq. Clinical diagnosis was based on the 

presence of purulent discharge, periumbilical erythema, and edema. Samples were collected using sterile 

cotton swabs and immediately transported to the bacteriology laboratory in Stuart transport medium. 
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Specimens were inoculated onto MacConkey agar, Eosin Methylene Blue (EMB) agar, and 5% sheep blood 

agar plates using the streak plate technique. All plates were incubated aerobically at 37°C for 18 to 24 hours. 

Colonies displaying distinct morphological characteristics were subsequently sub-cultured on CHROMagar 

Orientation medium (bioMérieux, France) for differential identification. Pure cultures were obtained through 

repeated sub-culturing and preserved in glycerol stocks at -80°C for further analysis. 

2.2 Identification of Bacterial Isolates 

Initial identification was performed through assessment of colonial morphology on selective and 

differential media. Gram staining was conducted following standard protocols, and microscopic examination 

was performed at 1000× magnification under oil immersion [15]. Biochemical characterization included indole 

production, methyl red-Voges Proskauer (MR-VP) test, citrate utilization, motility assessment, urease activity, 

catalase test, oxidase test, and Triple Sugar Iron (TSI) agar reactions, all performed according to established 

procedures [15]. Hemolytic patterns (alpha, beta, and gamma hemolysis) were evaluated on blood agar plates 

after 24-48 hours of incubation. Mannitol Salt Agar (MSA) was used for the selective isolation of Gram-positive 

cocci and for differentiation based on their ability to ferment mannitol. Lactose fermentation was assessed 

using MacConkey agar to distinguish between lactose-fermenting and non-lactose-fermenting Gram-negative 

bacteria. 

2.3 VITEK 2 System Identification 

Biochemical identification was validated using the VITEK 2 Compact automated system (bioMérieux, 

France) with appropriate identification cards. Gram-negative (GN) cards were used for Gram-negative 

isolates, while Gram-positive (GP) cards were employed for Gram-positive bacteria. The system performed 48 

biochemical reactions with identification confidence levels reaching 99% [16]. Bacterial suspensions were 

prepared in 0.45% saline solution to achieve 0.5-0.63 McFarland standard turbidity. Cards were automatically 

filled, sealed, and incubated, with readings taken every 15 minutes. Final identification was based on 

comparison with the system's extensive database using Advanced Expert System software. 

2.4 Molecular Characterization 

Genomic DNA was extracted from overnight bacterial cultures using the Geneaid Bacterial Genomic 

DNA Extraction Kit (Geneaid Biotech, Taiwan) following the manufacturer's protocol. DNA concentration 

and purity were assessed using a NanoDrop spectrophotometer (Thermo Fisher Scientific, USA), with 

A260/A280 ratios between 1.8 and 2.0 considered acceptable. Extracted DNA was stored at -20°C until further 

use. PCR amplification was performed in 25 μL reaction volumes using AccuPower® PCR PreMix (Bioneer, 

Korea). The thermal cycling conditions comprised initial denaturation at 94°C for 5 minutes, followed by 30 

cycles of denaturation at 94°C for 45 seconds, annealing at 58-60°C for 45 seconds (optimized for each primer 

set), and extension at 72°C for 1 minute, with a final extension at 72°C for 7 minutes. Universal primers for 16S 

rRNA gene amplification and specific primers for integron gene detection were employed as detailed in Table 

1. PCR products were resolved on 1.5% agarose gels containing 0.5 μg/mL ethidium bromide in 1× TAE buffer 

at 80V for 45 minutes. Bands were visualized using UV transillumination and documented using a gel 

documentation system (Bio-Rad, USA). Universal primers for 16S rRNA gene amplification and specific 

primers for integron gene detection were employed as detailed in Table 1. The 16S rRNA primers (F: 5'-AGA 

GTT TGA TCC TGG CTC AG-3' and R: 5'-GGT TAC CTT GTT ACG ACT T-3') amplified an approximately 

1500 bp fragment [17]. For integron detection, class 1 integrase gene (intI1) primers generated 280 bp products, 

class 2 (intI2) primers yielded 233 bp fragments, and class 3 (intI3) primers produced 600 bp amplicons [17]. 

Negative controls were included in all PCR reactions to ensure the accuracy of the results. No-template 

controls (NTC) using sterile water instead of a DNA template were included to monitor for reagent 

contamination. Reference bacterial strains confirmed to lack integron genes [specify strains] were used as 

negative controls to verify primer specificity. All negative controls consistently showed no amplification 

products. 
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Table 1. Primer sequences used for PCR amplification 

Target Gene 
Primer 

Name 
Sequence (5' → 3') Product Size (bp) Reference 

16S rRNA 16S-F AGAGTTTGATCCTGGCTCAG 1500 [17] 

16S rRNA 16S-R GGTTACCTTGTTACGACTT 1500 [17] 

intI1 intI1-F CCTCCCGCACGATGATC 280 [17] 

intI1 intI1-R TCCACGCATCGTCAGGC 280 [17] 

intI2 intI2-F TTATTGCTGGGATTAGGC 233 [17] 

intI2 intI2-R ACGGCTACCCTCTGTTATC 233 [17] 

intI3 intI3-F TGTTCTTGTATCGGCAGGTG 600 [17] 

intI3 intI3-R AGTGGGTGGCGAATGAGTG 600 [17] 

2.5 DNA Sequencing and Phylogenetic Analysis 

PCR products of the 16S rRNA gene (~1500 bp) from 24 representative isolates were purified using 

GeneJET PCR Purification Kit (Thermo Fisher Scientific, USA) and sequenced bidirectionally by Macrogen Inc. 

(Seoul, South Korea) using an ABI 3730XL DNA analyzer. Sequence chromatograms were analyzed and edited 

using Chromas software version 2.6.6. Multiple sequence alignments were performed using MEGA X software 

[18]. Sequences were compared with reference strains deposited in the NCBI GenBank database using the 

Basic Local Alignment Search Tool (BLAST). Phylogenetic trees were constructed using the neighbor-joining 

method with 1000 bootstrap replicates to assess the robustness of tree topology. Bootstrap values ≥50% were 

considered significant for cluster support. Phylogenetic analysis based solely on 16S rRNA gene sequencing 

has limited discriminatory power, particularly for E. coli, where bootstrap values of 32-70% suggest insufficient 

resolution for strain-level differentiation." 

2.6 Statistical Analysis 

Data were analyzed using SPSS version 25.0 (IBM Corp., USA). A chi-square test was employed to 

evaluate the distribution of bacterial species and integron genes among the isolates. A p-value <0.05 was 

considered statistically significant. Prevalence rates were expressed as percentages, along with 95% confidence 

intervals where applicable. 

3. Results and Discussion 

3.1. Results 

3.1.1 Bacterial Isolation and Culture Characteristics 

Among the 100 clinical specimens collected from neonates with umbilical cord infections, bacterial 

growth was obtained in 48 samples (48%), while 52 samples (52%) yielded no growth after 48 hours of 

incubation. The culture-positive rate observed in this study aligns with previous reports from Uganda, where 

50% of umbilical infection samples demonstrated bacterial growth. The relatively high proportion of culture-

negative samples may be attributed to prior antibiotic administration, presence of fastidious organisms, or 

non-bacterial etiologies. 

3.1.2 Distribution of Bacterial Species 

Phenotypic identification through conventional methods, followed by confirmation with the VITEK 2 

Compact system, revealed the presence of five distinct bacterial species. The distribution showed equal 

predominance of Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa (14/48, 29.16% each), 

followed by Enterococcus spp. (4/48, 8.33%) and Bacteroides spp. (2/48, 4.16%) (Table 2). Statistical analysis using 

the Chi-square test demonstrated significant differences in species distribution (χ² = 25.70; p < 0.0001). 
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Table 2. Distribution of bacterial species isolated from neonatal umbilical cord infections 

Bacterial Species Number of Isolates Percentage (%) 95% CI 

Staphylococcus aureus 14 29.16 18.2-42.9 

Escherichia coli 14 29.16 18.2-42.9 

Pseudomonas aeruginosa 14 29.16 18.2-42.9 

Enterococcus spp. 4 8.33 3.3-19.6 

Bacteroides spp. 2 4.16 1.2-13.9 

Total 48 100 - 

CI: Confidence Interval; χ² = 25.70; p < 0.0001 

 

3.1.3 Molecular Identification by 16S rRNA Gene Amplification 

PCR amplification of the 16S rRNA gene successfully generated uniform products of approximately 

1500 bp for all 24 tested isolates (Figure 1). The consistent amplification across diverse bacterial species, 

including both aerobic and anaerobic organisms, validates the universal primer design and confirms the 

molecular identity of the isolates. 

Figure 1. Agarose gel electrophoresis showing 16S rRNA gene PCR products (~1500 bp). Lanes 1-7: S. aureus; 8-14: 

E. coli; 15-21: P. aeruginosa; 22-23: Enterococcus spp.; 24: Bacteroides spp.; M: DNA ladder (100-3000 bp). 

 

3.1.4 Phylogenetic Analysis 

Sequence analysis of the 16S rRNA gene revealed high genetic similarity between local isolates and 

global reference strains. P. aeruginosa isolates demonstrated 99-100% sequence identity with GenBank 

references. Phylogenetic tree construction revealed robust clustering patterns with bootstrap values ranging 

from 32% to 100% (Figure 2). The highest bootstrap support (99-100%) was observed for Enterococcus faecalis, 

Bacteroides sp., and S. aureus, while E. coli showed more variable support (32-70%), suggesting greater genetic 

heterogeneity. 
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Figure 2. Phylogenetic tree based on 16S rRNA gene sequences showing relationships between local isolates 

(marked with circles) and global reference strains. Bootstrap values (based on 1000 replicates) are 

shown at nodes. 

 

3.1.5 Detection and Distribution of Integron Genes 

PCR screening for integron genes revealed species-specific distribution patterns (Table 3). Class 1 

integrons showed the highest prevalence in Enterococcus spp. and Bacteroides spp. (100% each), followed by E. coli 

(85.71%). Class 2 integrons predominated in Bacteroides spp. (100%), P. aeruginosa (75%), and S. aureus (71.42%). 

Class 3 integrons were detected only in S. aureus (57.14%) and E. coli (28.57%), being absent in all other species 
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tested. Integron gene detection was performed on 24 representative isolates selected from the 48 culture-

positive samples, including 7 isolates each of S. aureus, E. coli, and P. aeruginosa, 2 Enterococcus spp., and 1 

Bacteroides sp. Class 1 Integrons (intI1) PCR amplification targeting the class 1 integrase gene (intI1) yielded 

amplicons of approximately 280 bp in multiple bacterial isolates (Figure 3). Among S. aureus isolates (lanes 1-

7), positive amplification was observed in 4 of 7 tested strains (57.14%), with clear bands visible in lanes 2, 4, 

5, and 7. E. coli isolates demonstrated the highest prevalence of intI1, with 6 of 7 isolates (85.71%) showing 

positive amplification (lanes 8, 9, 10, 12, 13, and 14). P. aeruginosa showed lower prevalence, with only 2 of 7 

tested isolates (28.57%) positive for intI1 (lanes 15 and 17). Both Enterococcus spp. isolates (lanes 22-23) and the 

single Bacteroides sp. isolate (lane 24) were positive for class 1 integrons. No amplification was observed in the 

negative control lanes, confirming the specificity of the PCR reaction. 

Class 2 Integrons (intI2) Class 2 integrase gene detection revealed 233 bp amplicons in a different 

distribution pattern (Figure 4). S. aureus isolates showed positive results in 5 of 7 strains (71.42%), with bands 

visible in lanes 1, 3, 4, 6, and 7. E. coli maintained high prevalence with 5 of 7 isolates (71.42%) positive for intI2 

(lanes 8, 10, 11, 13, and 14). P. aeruginosa demonstrated the highest class 2 integron prevalence among the major 

pathogens, with 6 of 8 isolates (75.00%) showing positive amplification (lanes 15, 16, 17, 18, 19, and 20). One 

Enterococcus isolate (lane 22) and the Bacteroides isolate (lane 24) were positive for intI2. Class 3 Integrons (intI3) 

PCR targeting class 3 integrase genes produced 600 bp amplicons with more restricted distribution (Figure 5). 

Class 3 integrons were detected exclusively in Gram-positive bacteria and select E. coli isolates. Among S. 

aureus, 4 of 7 isolates (57.14%) were positive (lanes 2, 4, 5, and 7). E. coli showed lower prevalence for intI3, 

with only 2 of 7 isolates (28.57%) positive (lanes 9 and 12). Notably, no amplification was observed in any P. 

aeruginosa, Enterococcus, or Bacteroides isolates for class 3 integrons, indicating the absence of intI3 in these 

species within our collection. The PCR results demonstrated the successful amplification of target sequences 

with the appropriate molecular weights for all three integron classes. Negative controls consistently showed 

no amplification, confirming the specificity and reliability of the detection methods. 

Table 3. Prevalence of integron genes among bacterial isolates from neonatal umbilical infections 

Bacterial Species n intI1 n (%) intI2 n (%) intI3 n (%) 

S. aureus 7 4 (57.14) 5 (71.42) 4 (57.14) 

E. coli 7 6 (85.71) 5 (71.42) 2 (28.57) 

P. aeruginosa 7 2 (25.00)* 5 (75.00) 0 (0.00) 

Enterococcus spp. 2 2 (100.00) 1 (50.00) 0 (0.00) 

Bacteroides spp. 1 1 (100.00) 1 (100.00) 0 (0.00) 

*Significantly lower than E. coli (p < 0.05) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.  Electrophoresis of the PCR products at 80 V on agarose gel, amplified by the PRF and PRR primers 

for the int I1. Lanes 1–7, S aureus; lanes 8–14, E coli, and lanes 15–18, P. aeruginosa, Pseudomonas spp. 

(lanes 19–21), Enterococcus spp. (lanes 22–23), and Bacteroides spp. (lane 24). The predicted amplicon 

size is approximately 280 bp. Lane M shows the DNA ladder (100 bp). 
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Figure 4. 8% agarose gel electrophoresis at 80 V of PCR amplicons amplified by using primers of the intI2 

gene. Lane 1-7: S. aureus; lane 8-14: E. coli; Lane 15-18: P. aeruginosa; Lane 19-20: Pseudomonas spp. 

(lanes 19–21), Enterococcus spp. (lanes 22–23), and Bacteroides spp. (lane 24). The predicted amplicon 

length was approximately 233 bp. LMT is a DNA ladder (100 bp). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Agarose gel at 80 V showing PCR amplified products with the specific primers of the (intI3) gene. 

Lanes 1–7: Staphylococcus aureus; lanes 8–14, Escherichia coli; lanes 15–18, Pseudomonas aeruginosa; 

lanes 19–22, Pseudomonas spp. (lanes 19–21), Enterococcus spp. (lanes 22–23), and Bacteroides spp. (lane 

24). The predicted amplicon length was ~600 bp. Lane M is a DNA ladder (100 bp). 

 

3.2 Discussion 

3.2.1 Bacterial Etiology and Clinical Significance 

The equal distribution of S. aureus, E. coli, and P. aeruginosa (29.16% each) as predominant pathogens 

corroborates global epidemiological patterns of neonatal infections [22,23]. This finding aligns with reports 

from Iraq and Sudan documenting S. aureus as a major causative agent in neonatal sepsis [24,25]. The high 

prevalence of E. coli corresponds with regional studies identifying multiple phylogenetic lineages, including 

novel strains with enhanced virulence potential [26,27]. The isolation of P. aeruginosa in nearly one-third of 

cases raises significant clinical concern, given its intrinsic antimicrobial resistance and capacity for biofilm 

formation. Studies from Latin America have reported similar P. aeruginosa prevalence in neonatal intensive 

care units, with mortality rates reaching 40% in affected infants [28]. The presence of Enterococcus spp. (8.33%) 

and Bacteroides spp. (4.16%), Although less frequent, it remains clinically relevant due to its association with 

polymicrobial infections and inherent resistance to commonly used empirical antibiotics [29,30]. 

3.2.2. Molecular Identification and Phylogenetic Relationships 

The 100% concordance between phenotypic and molecular identification validates the reliability of 

both approaches while highlighting the superior discriminatory power of 16S rRNA sequencing. Previous 

studies have demonstrated that 16S rRNA PCR can achieve 100% detection rates in neonatal sepsis cases, 

compared to 60-70% for conventional blood culture [31,32]. The successful amplification from all tested 

isolates, including fastidious Bacteroides spp., underscores the method's broad applicability. Phylogenetic 
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analysis revealing 99-100% sequence identity between local P. aeruginosa isolates and international strains 

suggests global dissemination of specific clonal lineages. This finding parallels observations from multi-center 

studies that document the intercontinental transmission of epidemic P. aeruginosa clones in healthcare settings 

[33]. The lower bootstrap support observed for E. coli (32-70%) reflects the species' extensive genetic diversity, 

particularly among extraintestinal pathogenic strains causing neonatal infections [34]. 

3.2.3 Integron-Mediated Resistance Implications 

The high prevalence of class 1 integrons in E. coli (85.71%) significantly exceeds the 12.9% reported in 

adult clinical isolates [35], suggesting that the neonatal environment may exert a more pronounced selective 

pressure. This finding is particularly concerning as class 1 integrons frequently harbor gene cassettes encoding 

resistance to aminoglycosides, β-lactams, and trimethoprim [36]. The detection of intI1 in all Enterococcus and 

Bacteroides isolates, though based on limited sample sizes, indicates widespread dissemination of this genetic 

element across taxonomically diverse bacteria. The predominance of class 2 integrons in P. aeruginosa (75%) 

and S. aureus (71.42%) represents an unusually high prevalence compared to previous reports. Studies from 

Iran reported class 2 integrons in only 15-20% of multidrug-resistant S. aureus isolates [37]. This elevated 

prevalence may reflect regional antibiotic usage patterns or enhanced horizontal gene transfer within local 

healthcare facilities [38]. The exclusive detection of class 3 integrons in S. aureus and E. coli aligns with their 

reported rarity but emerging clinical significance. Class 3 integrons, though uncommon, have been associated 

with carbapenemase genes, potentially compromising last-resort therapeutic options [39]. The complete 

absence of intI3 in P. aeruginosa contrasts with reports from East Asia, where class 3 integrons have been 

detected in 5-10% of clinical isolates [40]. 

3.2.4 Clinical and Epidemiological Implications 

The high proportion of integron-positive isolates (>70% for at least one integron class in most species) 

suggests substantial antimicrobial resistance potential among neonatal pathogens in this region. This finding 

necessitates the implementation of enhanced infection control measures and antimicrobial stewardship 

programs to prevent the spread of infections. The coexistence of multiple integron classes within individual 

species, particularly evident in S. aureus and E. coli, indicates complex resistance mechanisms that require 

comprehensive molecular surveillance [41]. The equal distribution of Gram-positive and Gram-negative 

bacteria challenges the traditional emphasis on Gram-negative organisms in neonatal infections, suggesting 

the need for broad-spectrum empirical therapy pending culture results [42]. However, the high prevalence of 

integrons suggests that indiscriminate antibiotic use should be avoided, emphasizing the importance of rapid 

molecular diagnostics to guide targeted therapy. 

3.3 Study Limitations 

This study's limitations include the relatively small sample size for less prevalent species and the 

absence of antimicrobial susceptibility testing to correlate integron presence with phenotypic resistance. 

Future studies should incorporate larger sample sizes, include antibiotic resistance profiling, and characterize 

specific gene cassettes within detected integrons. 

4. Conclusions 
This study provides a comprehensive molecular and phenotypic characterization of bacterial 

pathogens associated with neonatal umbilical cord infections in Al-Qadisiyah, Iraq. The equal predominance 

of Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa (29.16% each) demonstrates the 

polymicrobial nature of omphalitis, challenging traditional therapeutic approaches that primarily target 

Gram-negative organisms. The successful application of 16S rRNA gene sequencing achieved 100% 

concordance with phenotypic identification, validating its utility as a rapid and reliable diagnostic tool, 

particularly valuable in culture-negative cases or when dealing with fastidious organisms. Phylogenetic 

analysis revealed high genetic similarity (99-100%) between local isolates and global reference strains, 

indicating widespread dissemination of specific bacterial clones and potential international transmission 

routes. The variable bootstrap support observed for E. coli (32-70%) suggests ongoing local adaptation and 

genetic diversification, warranting continued molecular surveillance. Most significantly, the detection of 
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integron genes across all bacterial species tested represents a critical finding with immediate clinical 

implications. The exceptionally high prevalence of class 1 integrons in E. coli (85.71%) and Enterococcus spp. 

(100%). Coupled with substantial class 2 integron presence in P. aeruginosa (75%) and S. aureus (71.42%), 

indicates extensive antimicrobial resistance potential among neonatal pathogens in this region. These findings 

exceed previously reported global prevalence rates, suggesting intense selective pressure that may be related 

to regional patterns of antibiotic usage. The study highlights the urgent need for the implementation of 

molecular diagnostics in neonatal units, the establishment of robust antimicrobial stewardship programs, and 

the development of evidence-based, empirical therapy guidelines. Future investigations should focus on 

characterizing specific resistance gene cassettes within identified integrons and correlating molecular findings 

with clinical outcomes to optimize neonatal infection management strategies. 
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