BACTERIAL COLONISATION AND ANTIMICROBIAL RESISTANCE IN MOTHER-NEONATE DYADS
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ABSTRACT
Maternal bacterial carriage is influential in neonatal colonisation and is a factor in the transfer of bacterial infections from mother to child. However, there is scant evidence on this from resource-constrained circumstances. This cross-sectional research determined the frequency, antibiotic susceptibility profiles and transmission of bacterial infections among 50 mother-infant dyads at Niger Delta University Teaching Hospital and Federal Medical Centre, Yenagoa, Nigeria. Maternal nasal and hand swabs and neonatal umbilical cord swabs were collected from October 2024 to March 2025. Bacteria were isolated, identified and their sensitivity to antimicrobial agents was determined using conventional microbiological procedures. A total of 269 bacterial isolates were recovered from 150 specimens. 23 pairs (46%) shared at least one bacterial species, with Staphylococcus aureus being most frequently matched (48.70%), followed by Staphylococcus epidermidis (22.68%), Pseudomonas aeruginosa (10.04%), and Escherichia coli (6.69%). All the organisms isolated in this study were found to be resistant to amoxicillin, augmentin, cefuroxime, methicillin, and oxacillin. The incidence of resistance to cloxacillin (99.26%), ceftriaxone (99.63%), erythromycin and vancomycin (92.94%), were very high, but all the organisms isolated were found to be sensitive to imipenem. Chi-square analysis revealed significant associations between neonatal colonisation, shared isolates and shared organisms, but not with delivery mode, gender, or medical conditions. Maternal bacterial carriage is important in early neonatal colonization. The high prevalence of universal resistance to first-line antibiotics and the retention of carbapenem sensitivity points to an urgent need for maternal screening, infection control and the implementation of antimicrobial stewardship programs in Nigerian healthcare settings.
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INTRODUCTION
The human microbiome has been reported to significantly influence protection against pathogen colonisation, and immune system maturation (Gensollen et al., 2016; Sorbara and Pamer, 2019; Al-Nabhani and Eberl, 2020). Disruptions to the microbiota in neonates during early development can increase the likelihood of health issues in childhood or even in adulthood (Brodin, 2022).
A newborn's first encounter with bacteria mostly comes from maternal sources and occurs during and after delivery (de Goffau et al., 2019). Such vertical transfer of germs may be a major driver of the newborn microbiome. However, the introduction and fast spread of antimicrobial-resistant organisms have been identified as one of the most important global health concerns of the 21st century (Murray et al., 2022).
The frequency of illnesses due to antibiotic-resistant organisms jeopardizes the efficacy of existing treatments and significantly contributes to worldwide morbidity and death (ARC, 2022). The World Health Organization (WHO) has identified antimicrobial resistance (AMR) as one of the ten foremost public health issues globally (Walsh et al., 2023). The Centres for Disease Control and Prevention predicts that annually in the United States, approximately 2.8 million illnesses due to drug-resistant bacteria occur, resulting in more than 35,000 fatalities (Centres for Disease Control and Prevention, 2019, 2022). In Europe, antimicrobial resistance (AMR) is associated with over 25,000 deaths per year (World Health Organisation, 2023; Naghavi et al., 2024). 
The consequences of antimicrobial resistance (AMR) are particularly acute in low- and middle-income countries (LMICs), which account for approximately 85% of the global population and disproportionately endure the burden of microbial illnesses (Antimicrobial Resistance Collaborators, 2022).  
In Sub-Saharan Africa, newborn mortality rates are among the highest globally, ranging from 26 to 32 deaths per 1,000 live births, with infections constituting a significant proportion of these fatalities (UNICEF, 2023; WHO, 2024; Enyew et al., 2025). Managing these conditions has grown increasingly difficult with the spread of antimicrobial-resistant organisms (Wen et al., 2021). Recent estimates indicate that over 40% of neonatal sepsis episodes have acquired resistance to WHO-recommended first-line treatments (WHO, 2022).
Maternal microbial colonisation has been associated with infant infections (Liu et al., 2019), and pathogens shared between mother and child may arise through vertical transfer during delivery or via mutual environmental contacts (Yassour et al., 2018). While targeted strategies, including antenatal screening and intrapartum antibiotic prophylaxis, have achieved reductions exceeding 80% in early-onset invasive cases in high-income regions (American College of Obstetricians and Gynaecologists, 2020; Verani et al., 2010), knowledge gaps persist regarding maternal colonisation patterns and their links to neonatal infections in LMICs.
This study aims to investigate the prevalence, antibiotic susceptibility profiles, and transmission of bacterial pathogens isolated from mothers to their neonates in Bayelsa State, Nigeria.

MATERIALS AND METHODS
Study design and setting
This cross-sectional research was undertaken between October 2024 and March 2025 at two health care institutions in Bayelsa State, Nigeria: Niger Delta University Teaching Hospital (NDUTH), Okolobiri and Federal Medical Centre (FMC), Yenagoa. All laboratory studies were carried out at the Medical Microbiology and Parasitology Laboratory, College of Health Sciences, Niger Delta University.
Study population and sampling
Fifty mother-child dyads were consecutively enrolled until the predetermined sample size was attained, yielding 150 specimens (50 umbilical cord swabs from neonates, 50 hand swabs, and 50 nasal swabs from mothers). Eligible mother-child pairs included neonates with intact umbilical cords who were admitted to Special Care Baby Units or present in postnatal wards, and whose mothers provided verbal consent. Exclusion criteria included maternal refusal or withdrawal of consent and neonates whose umbilical cords had already fallen off.
Sample collection and transportation
Umbilical cord swabs were collected from neonates, while hand and nasal swabs were obtained from their mothers using sterile swabs and aseptic techniques following the method described by Mukuande (2023). All the samples obtained were transferred to sterile bottles containing STUART Transport Medium (Remel, USA) and transported on ice to the laboratory. 
Bacterial isolation and identification
Samples were cultured aerobically on Blood agar, MacConkey agar, and Mannitol Salt agar, and anaerobically on MacConkey and Blood agar using anaerobic jars. Plates were incubated at 37°C for 24–48 hours. Plates showing no growth after 24 hours were further incubated before declaring the absence of bacteria.
Gram staining was performed for preliminary identification to separate the isolated into Gram-positive and Gram-negative categories and to determine cellular morphology. Spore staining was conducted using malachite green and safranin to detect endospore-forming bacteria such as Bacillus species.
Biochemical identification tests included catalase, coagulase, oxidase, triple sugar iron (TSI), indole, motility, citrate, and methyl red-Voges Proskauer (MR-VP). All the bacterial isolates obtained in the course of this study were stored cryopreserved at -85°C.
Antimicrobial susceptibility testing
The sensitivity of the isolates to different antibiotics was determined using the modified Kirby-Bauer disc diffusion technique on Mueller-Hinton agar (CLSI, 2023). Bacterial suspensions in sterile normal saline were produced and adjusted to mild turbidity The sterile swabs were dipped into the solution and the suspension was spread over Mueller-Hinton agar plates. Antibiotic discs were put on surface with sterile forceps after 5 min drying.
Thirteen antibiotics, amoxicillin (25μg), augmentin (30μg), ceftazidime (30μg), ceftriaxone (30μg), cefuroxime (30μg), cloxacillin (5μg), erythromycin (5μg), gentamicin (10μg), methicillin (10μg), ofloxacin (5μg), oxacillin (5μg), and vancomycin (30μg) were examined as mentioned above. Agar well diffusion technique was used to evaluate Imipenem (10μg). Wells were punched onto Mueller-Hinton agar plates and 10 µL of the stock solution was added to each well.
Plates were incubated for 18-24 hours at 37°C. Zones of inhibition were measured in millimeters using a clear ruler and evaluated according to Clinical and Laboratory Standards Institute (CLSI) recommendations 2023.
Quality control
All procedures followed standard operating procedures. Sterile swabs were verified by culturing unused swabs on MacConkey agar, with no growth observed after incubation. Media expiry dates were checked before use.  
Statistical analysis
Data were analysed using Statistical Package for Social Sciences (SPSS) version 25. Summary measures were reported as percentages for categorical variables. Chi-square tests of independence were conducted to examine associations between neonatal colonisation and maternal/neonatal factors including maternal colonisation status, mode of delivery, neonate gender, and presence of shared bacterial organisms. P-values ≤0.05 were considered statistically significant.
Ethical considerations
Ethical approval was obtained from the College Ethic Committee of the College of Health Sciences, Niger Delta University, Wilberforce Island, Bayelsa State (Ref No: 01- 10782024/043). And also, the Health Research Ethics Committee, Federal Medical Centre Yenagoa (FMCY/REC/ECC/2024/NOV/802).


RESULTS
Distribution and prevalence of bacterial isolates
A total of 269 bacterial isolates were recovered from the 150 clinical specimens. Staphylococcus aureus was the most prevalent species, accounting for 131 isolates (48.70% of total isolates), followed by Staphylococcus epidermidis with 61 isolates (22.68%), Pseudomonas aeruginosa with 27 isolates (10.04%), Escherichia coli with 18 isolates (6.69%), Bacillus subtilis with 8 isolates (2.97%), Klebsiella pneumoniae with 8 isolates (2.97%), Enterobacter cloacae with 4 isolates (1.49%), Enterococcus faecalis with 4 isolates (1.49%), Staphylococcus saprophyticus with 4 isolates (1.49%), and Streptococcus pneumoniae with 4 isolates (1.49%) (Figure 1).


Figure 1: Distribution of Bacterial Isolates Across Both Hospital Sites
Key: B. sub: Bacillus subtilis, E. clo: Enterobacter cloacae, E. sp: Enterococcus faecalis, E. coli: Escherichia coli, K. pne: Klebsiella pneumoniae, P. are: Pseudomonas aeruginosa, S. au: Staphylococcus aureus, S. ep: Staphylococcus epidermidis, S. sap: Staphylococcus saprophyticus, S. pne: Streptococcus pneumoniae.
Mother-child bacterial transmission patterns
Out of 50 mother-child dyads examined, 23 pairs (46%) shared at least one bacterial species between mother and neonate. Among these shared isolates, S. aureus was the most frequently transmitted organism, comprising 77 isolates (70.64% of shared isolates), followed by S. epidermidis with 17 isolates (15.6%), E. coli with 8 isolates (7.34%), P. aeruginosa with 5 isolates (4.59%), and B. subtilis with 2 isolates (1.83%).
Twenty dyads (40%) showed no shared organisms, and 7 dyads (14%) demonstrated partial sharing where some bacterial species were found in either the mother or neonate but not both.
Antimicrobial resistance patterns
Antimicrobial susceptibility testing of all 269 isolates revealed alarming patterns of resistance. All isolates (100%) demonstrated resistance to amoxicillin, augmentin (amoxicillin-clavulanic acid), cefuroxime, methicillin, and oxacillin. Additionally, high resistance rates were observed for cloxacillin, ceftriaxone, ceftazidime, erythromycin, and vancomycin. More than half of the isolates exhibited resistance to gentamicin and ofloxacin. Notably, all 269 isolates (100%) remained susceptible to imipenem (Table 1).


Table 1 Comparative Assessment of Antimicrobial Resistance Profiles to 13 Antibiotics Among 269 Bacterial Isolates Recovered from Mother–Child Dyads
 
	Bacterial isolates 
	Isolate 
	Cef
	Van
	Cefu
	Meth
	Gent
	Ceft
	Oxa
	Ery
	Clox
	Ofl
	Aug
	Amox
	Imi

	Bacillus subtilis 
	8
	100.00
	62.50
	100.00
	100.00
	62.50
	87.50
	100.00
	50.00
	100.00
	12.50
	100.00
	100.00
	0.00

	Enterobacter cloacae 
	4
	100.00
	100.00
	100.00
	100.00
	25.00
	100.00
	100.00
	100.00
	100.00
	0.00
	100.00
	100.00
	0.00

	Enterococcus faecalis 
	4
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	0.00

	Escherichia coli
	18
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00
	61.11
	100.00
	100.00
	0.00

	Klebsiella pneumoniae 
	8
	100.00
	100.00
	100.00
	100.00
	50.00
	100.00
	100.00
	100.00
	100.00
	50.00
	100.00
	100.00
	0.00

	Pseudomonas aeruginosa 
	27
	100.00
	96.30
	100.00
	100.00
	62.96
	100.00
	100.00
	100.00
	100.00
	55.56
	100.00
	100.00
	0.00

	Staphylococcus aureus
	131
	100.00
	90.84
	100.00
	100.00
	61.83
	100.00
	100.00
	93.89
	99.24
	62.60
	100.00
	100.00
	0.00

	Staphylococcus epidermidis 
	61
	95.08
	100.00
	100.00
	100.00
	57.38
	100.00
	100.00
	88.52
	98.36
	36.07
	100.00
	100.00
	0.00

	Staphylococcus saprophyticus 
	4
	100.00
	100.00
	100.00
	100.00
	0.00
	100.00
	100.00
	100.00
	100.00
	75.00
	100.00
	100.00
	0.00

	Streptococcus pneumoniae 
	4
	100.00
	25.00
	100.00
	100.00
	0.00
	100.00
	100.00
	100.00
	100.00
	0.00
	100.00
	100.00
	0.00

	Total
	269
	266
	250
	269
	269
	165
	268
	269
	250
	267
	142
	269
	269
	0

	Percentage (%) Resistant
	
	98.88
	92.94
	100.00
	100.00
	61.34
	99.63
	100.00
	92.94
	99.26
	52.79
	100.00
	100.00
	0.00



Key: Amox: Amoxycillin, Aug: Augmentin, Cefu: Cefuroxime, Meth: Methicillin, Oxa: Oxacillin, Cef: Ceftriaxone, Clox: Cloxacillin, Ceft: Ceftazidime, Ery: Erythromycin, Van: Vancomycin, Gent: Gentamicin, Ofl: Ofloxacin, Imi: Imipenem
Association between neonatal colonisation and maternal/neonatal factors
Chi-square tests of independence were conducted to examine associations between neonatal colonisation and various maternal and neonatal factors (Table 2). Statistically significant associations were found between neonatal colonisation and shared isolates. However, no significant associations were observed with neonatal gender, mode of delivery or medical conditions.
Table 2 shows the association between baby colonisation and maternal-neonatal factors
	Variable tested
	X2
	Df
	p-value

	Shared isolate
	8.113
	2
	0.017

	Shared organism
	4.948
	1
	0.026

	Gender
	0.924
	2
	0.630

	Mode of delivery
	2.4862
	4
	0.647

	Medical condition
	4.385
	10
	0.928











Antibiogram of shared isolates from mother-neonate dyads
Susceptibility testing of the shared isolates showed resistance amongst the listed antibiotics below. The matching resistance profiles observed across mother-neonate pairs for each species supports the classification of these isolates consistent with vertical transmission rather than independent acquisition from the hospital environment.
Table 3	Antibiogram of shared Isolates from Mother-Neonate dyads
	
	No. of resistant isolates

	
	B. sub
	E. coli
	P. aeru
	S. aureus
	S. epider

	
	n = 2
	n = 8
	n = 5
	n = 77
	n = 17

	Amo Aug Cefx Cef Cefu Clo Ery Gen Meth Oxa Van
	1
	0
	0
	0
	5

	Amo Aug Cefx Cef Cefu Clo Ery Gen Meth Ofl Oxa Van
	1
	8
	5
	77
	12

	Total
	2
	8
	5
	77
	17


Key: B. sub: Bacillus subtilis, E. coli: Escherichia coli, P. aeru: Pseudomonas aeruginosa, S. aureus: Staphylococcus aureus, S. epider: Staphylococcus epidermidis
Key: Amo: Amoxycillin, Aug: Augmentin, Cefu: Cefuroxime, Meth: Methicillin, Oxa: Oxacillin, Cefx: Ceftriaxone, Clo: Cloxacillin, Cef: Ceftazidime, Ery: Erythromycin, Van: Vancomycin, Gen: Gentamicin, Ofl: Ofloxacin, Imi: Imipenem
DISCUSSION
This study provides baseline data on bacteriological profiles and antimicrobial resistance patterns in mother-infant dyads from Bayelsa State, Nigeria. The 46% vertical transmission rate with 109 shared isolates falls within the 30–70% range documented in cohort studies from Italy (Ferretti et al., 2018), Sweden (Bäckhed et al., 2015), Ireland (Drell et al., 2017), and Germany (Moreno-Gallego et al., 2019), validating the significant role of maternal bacterial carriage in neonatal colonisation.
Bacterial diversity and maternal-neonatal transmission
The identification of S. aureus, E. coli, P. aeruginosa, S. epidermidis, and other pathogens from mother-child dyads supports previous studies documenting similar bacterial diversity in mother-neonate pairs (Matok et al., 2021) and neonates alone (Suneel et al., 2018; Obaro and Madhi, 2022). Postnatally, newborns are consistently exposed to various microbiome communities, including those from their mothers (Yassour et al., 2018; Bogaert et al., 2023).
The distribution of bacterial isolates among various anatomical regions reveals the microbial variety present in the maternal-neonatal environment. This observation aligns with research highlighting the existence of multiple pathways for microbial transmission between mothers and infants (Maqsood et al., 2019; Thomas, 2022; Guglielmi, 2023). A study on mother-to-infant microbiota transmission found that alternative routes of microbial seeding may compensate for each other, contributing to the transfer of essential microbes even when some transmission routes are disrupted (Ru et al., 2024).
The isolation of S. aureus and S. epidermidis from both maternal and neonatal specimens holds particular clinical importance, given their roles as commensal colonizers of skin and mucosal surfaces (Smith et al., 2018; Johnson and Lee, 2020). Growing evidence suggests that the umbilical cord stump is highly vulnerable to colonisation by pathogenic microorganisms soon after birth, often involving vaginal flora and bacteria transferred via caregivers' hands (Nguyen et al., 2017; WHO, 2019). The most commonly identified organisms include S. aureus, E. coli, and Group B Streptococcus (Kumar et al., 2016; Patel and Green, 2021), was consistent with our findings. Such colonisation presents a significant risk for severe and potentially life-threatening neonatal infections (Olowe et al., 2015; Centres for Disease Control and Prevention, 2022; Bruno et al., 2023)
Antimicrobial Resistance: Clinical and Public Health Implications
The universal resistance (100%) to amoxicillin, augmentin, cefuroxime, methicillin, and oxacillin represents a critical finding with immediate clinical implications. These antibiotics, recommended as WHO first-line therapies for neonatal sepsis, showed complete ineffectiveness against all isolated species. Resistance exceeding 90% to ceftriaxone, cloxacillin, ceftazidime, erythromycin, and vancomycin further narrows therapeutic options.
The resistance patterns in this study are consistent with the broader problem of ESKAPE pathogens, which are carbapenem-resistant Enterobacterales, methicillin-resistant S. aureus, extended-spectrum β-lactamase-producing Enterobacterales, vancomycin-resistant Enterococcus, and multidrug-resistant P. aeruginosa (Salam et al., 2023). Methicillin-resistant or vancomycin-resistant S. aureus identification in maternal-neonatal dyads has been highly associated with poor clinical outcomes. Neonates who are colonised or infected are routinely hospitalised for longer periods and have greater rates of admission to neonatal critical care units (Houlihan et al., 2025; Rallis et al., 2025). 
Noteworthy is the entire sensitivity to imipenem (0% resistance). This discovery emphasizes the significance of carbapenems as last-resort therapy for severe infections caused by multidrug-resistant pathogens. Imipenem showed the greatest activity across the Gram-positive and Gram-negative isolates. This was consistent for all bacterial strains identified in the present investigation. However, this is contradictory to a finding showing imipenem was most efficient exclusively against Gram-negative bacilli (Jhaihria et al., 2018). The universal susceptibility to imipenem shows the significant need for antimicrobial stewardship initiatives to preserve carbapenem effectiveness and prevent the emergence of carbapenem resistance.
Shared organisms as the primary predictor of neonatal colonisation
One of the most significant findings was the demonstration that shared bacterial isolates and shared organisms were the only statistically significant predictors of neonatal colonisation. Mode of delivery, gender, and medical conditions showed no significant association.
These finding challenges conventional assumptions that prioritise delivery mode as the primary determinant of neonatal microbiota. The lack of association with caesarean versus vaginal delivery contradicts several prospective studies that consistently highlight delivery mode as the key factor that brings about neonatal bacterial colonisation (Mohamed et al., 2025; Ronde et al., 2025).  
The high transmission rate of S. aureus suggests that maternal S. aureus carriage may be a significant risk factor for neonatal colonisation and subsequent infection, supporting findings demonstrating that maternal nasal and skin carriage of S. aureus facilitates early neonatal colonisation, which can persist and predispose infants to invasive infections (Bojang et al., 2024; Syahniar et al., 2024).
The transmission pattern observed in this study shows a complex bacterial sharing dynamic: 23 dyads (46%) with complete matching organisms, 20 dyads (40%) with no shared organisms, and 7 dyads (14%) with partial sharing. This distribution suggests that while vertical transmission is significant, other factors may influence the transmission of organisms between mothers and neonates. A previous study reported maternal-to-neonate transmission rates of extended-spectrum β-lactamase-producing Enterobacterales and methicillin-resistant S. aureus at 48% and 27.8%, respectively, with susceptibility profiles of neonatal isolates being identical to those of maternal isolates (Matok et al., 2021). Our transmission rate of 46% falls within the range reported in similar studies.
Antibiogram profiling as an epidemiological tool
This study validates the utility of antibiogram profiling as an epidemiological tool for tracking bacterial transmission in resource-limited settings where molecular methods may be unavailable. The consistent resistance patterns observed between maternal and neonatal isolates of the same species provided strong phenotypic evidence of vertical transmission. While molecular confirmation would strengthen these findings, the concordance of antibiotic susceptibility patterns offers a practical, cost-effective surrogate for strain-relatedness in low-resource contexts.
This represents a significant contribution to knowledge, as it demonstrates that culture-based surveillance combined with systematic antibiogram analysis can effectively trace transmission dynamics when sophisticated genomic technologies are financially or technically prohibitive. Previous studies on mother-to-infant microbiota transmission found that bacterial communities are more readily transmitted from mother to infant compared to viral communities (Shao et al., 2019). This supports the vertical transmission component of early-life antimicrobial resistance.
CONCLUSION
This study demonstrates that maternal bacterial carriage was significantly associated with neonatal colonisation, with 46% of mother-infant dyads sharing bacterial species. The universal resistance to first-line antibiotics (amoxicillin, augmentin, cefuroxime, methicillin, oxacillin) and preservation of carbapenem sensitivity has immediate implications for empirical therapy guidelines in Nigerian healthcare settings.
The finding that shared organisms rather than delivery mode, gender, or medical conditions predict neonatal colonisation redirects preventive focus toward maternal screening and targeted interventions. The validation of antibiogram profiling as an epidemiological tool in resource-limited settings provides a practical framework for microbial surveillance where molecular diagnostics are unavailable.
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