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Evaluation of Bacterial Contamination Risk in Milk Preparations and Antibiotic Resistance Patterns in the Neonatal Unit of Treichville University Hospital, Côte d'Ivoire.

ABSTRACT
	Background : Breastfeeding remains the physiological and optimal mode of infant feeding, conferring critical benefits for early health, growth, and neurodevelopment (Victora et al., 2023). For mothers, exclusive breastfeeding is associated with enhanced postpartum weight loss, a decreased risk of breast and ovarian cancers, improved glucose metabolism, and lower incidence of cardiovascular disorders (Rollins et al., 2022; Binns et al., 2020). Despite these advantages, alternative feeding methods are often employed in hospital neonatal units, particularly when breastfeeding is not feasible. In such contexts, the safety of infant milk substitutes becomes paramount. Consequently, an evaluation of milk preparation systems and hygiene practices within the neonatology unit was conducted. The risk of microbial contamination associated with milk preparation procedures was assessed using a structured questionnaire administered to preparation staff, focusing on hygiene protocols, equipment handling, and environmental sanitation.
Aims: The aim of our work is to ensure the safety of milk formulas used for newborn nutrition in the neonatal department of Treichville University Hospital.
Study design: This manuscript sheds light on a deeply important issue. The safety of milk preparations given to newborns in a hospital setting. By revealing the presence of harmful bacteria and their resistance to antibiotics, it brings attention to the hidden risks in neonatal care, especially for fragile infants. The study emphasizes the need for better hygiene and monitoring practices to protect newborns from preventable infections. It’s a timely and necessary contribution to improving infant health and hospital safety.
Place and Duration of Study: In this study, sample collection was conducted at the Treichville University Hospital Center (Abidjan, Côte d'Ivoire) from Novembre 2017 to May 2018. To ensure the reliability and representativeness of the data, samples were systematically collected every day between 8:00 and 10:00 a.m.
Methodology: Out of a total of 59 samples, 36 milk preparation samples grouped into 6 batches and 23 samples from hands, nostrils and ambient air were collected and analyzed in accordance with microbiological standards for foodstuffs. Analysis of the batches showed a predominance of S. aureus, followed by E. coli and finally P. aeruginosa. Presumptive isolates were identified by biochemical tests, and antibiotic susceptibility tests were carried out in accordance with the recommendations of the Antibiogram Committee of the French society of Microbiology. .
Results: Microbiological analyses revealed high microbial loads in the milk formula, including Escherichia coli (3.6 × 10⁴ UFC/mL), Pseudomonas aeruginosa (7.95 × 10³ UFC/mL), and Staphylococcus aureus (3.6 × 10³ UFC/mL). Enterococcus faecalis was not detected. Antibiotic susceptibility testing showed a high level of resistance among the isolates, particularly to β-lactam antibiotics. A significant proportion of E. coli isolates (35%) exhibited an extended-spectrum β-lactamase (ESBL)-producing phenotype. Furthermore, 44,4% of S. aureus strains displayed resistance to aminoglycosides, consistent with a kanamycin-tobramycin-gentamicin (KTG) resistance phenotype. Additional ESBL-producing phenotypes were also identified among P. aeruginosa isolates. Overall, these strains demonstrated multidrug resistance, representing a serious threat to effective antibiotic therapy in clinical settings.
Conclusion: The results obtained showed a predominance of E. coli with an average microbial load of 3,6 x 104 UFC/mL, followed by S. aureus (3,7 x 103 UFC/mL) and finally P. aeruginosa (7,95 x 103 UFC/mL). However, a diversity of bacterial strains in the environment was observed. Given the high microbial load of the strains compared with food microbiology standards, milk intended for newborns is judged to be of unsatisfactory sanitary quality.
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1. INTRODUCTION 
Breastfeeding is universally recognized as the natural and optimal mode of infant feeding, delivering significant short- and long-term health benefits for both infants and mothers. It provides essential nutrients, immunological protection, and bioactive components that support healthy growth, cognitive development, and immune system maturation (Victora et al., 2016). For lactating mothers, breastfeeding facilitates postpartum weight reduction, decreases the risk of breast and ovarian cancers, lowers the incidence of postpartum depression, and contributes to improved cardiovascular and metabolic health (Rollins et al., 2016). These benefits have led to the formulation of strong public health recommendations, with the World Health Organization (WHO) and UNICEF advocating exclusive breastfeeding for the first six months of life, followed by continued breastfeeding alongside complementary foods up to two years of age or beyond (WHO & UNICEF, 2021). Nevertheless, several socioeconomic, medical, or personal factors often prevent the successful initiation or continuation of breastfeeding. In such circumstances, infant formulas serve as alternatives, developed to mimic the nutritional profile of human breast milk as closely as possible (Martin et al., 2019). These products are commonly used in neonatal care units, particularly for premature or low birth weight infants, who may be unable to breastfeed due to health complications. Despite their widespread use, infant formulas are not sterile and may be contaminated during manufacturing, preparation, or handling. The risk of microbial contamination is significantly heightened in clinical settings where hygienic conditions may not always be optimal (Ogbu et al., 2022). Nosocomial infections remain a leading cause of neonatal morbidity and mortality, particularly in low-resource hospital environments. Pathogens such as Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus faecalis are frequently identified in both healthcare-associated and community-acquired infections among neonates (Mills et al., 2020). These bacteria are opportunistic in nature and can cause a wide range of illnesses, from mild gastrointestinal disturbances to life-threatening conditions such as meningitis, sepsis, urinary tract infections, and necrotizing enterocolitis (Chen et al., 2019). In the context of infant formula use, contamination with these organisms may occur through unclean preparation tools, inadequate hand hygiene, or colonization within hospital wards, especially in neonatal intensive care units (NICUs). Infection control in neonatal care is particularly challenging due to the immature immune systems of newborns, who have limited capacity to combat invasive bacterial infections. As a result, even low levels of contamination can have devastating consequences. To mitigate infection risks, antibiotic prophylaxis and treatment are frequently employed. However, this reliance on antibiotics has contributed to the alarming global rise of antimicrobial resistance (AMR). The overuse and misuse of antibiotics in both hospital and community settings accelerate the emergence of resistant bacterial strains, rendering conventional treatments ineffective (WHO, 2020; Patel & Koyner, 2021). Multidrug-resistant organisms (MDROs) are now increasingly detected in neonatal units, complicating treatment regimens and contributing to prolonged hospital stays, higher treatment costs, and increased mortality rates. Understanding the sources of microbial contamination and resistance mechanisms is, therefore, essential for designing targeted strategies to improve neonatal care. This includes not only the evaluation of microbial loads in infant feeding preparations but also the implementation of stringent hygienic protocols and systematic surveillance in healthcare environments. Previous studies have highlighted critical gaps in infection control practices, including inadequate staff training, improper sterilization of feeding equipment, and insufficient environmental cleaning (Ogbu et al., 2022; Chen et al., 2019). Addressing these weaknesses requires a multidisciplinary approach involving microbiologists, clinicians, and public health professionals. Given the vulnerability of neonates and the potential consequences of contaminated nutrition, the present study aims to assess the microbiological safety of infant formula preparations used in the neonatology unit of the Treichville University Hospital Center in Abidjan, Côte d'Ivoire. Specifically, the research focuses on quantifying bacterial contamination levels, identifying the species involved, and evaluating their antibiotic resistance profiles. Ultimately, this study seeks to contribute to the development of more effective hygiene practices and infection prevention strategies to ensure safer nutritional support for hospitalized newborns.
2. material and methods 

2.1. Biological material
This experimental study was designed to investigate the presence of four clinically significant bacterial species : Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and Enterococcus faecalis in various critical points of the neonatal care environment. The sampling was carried out between November 2017 and May 2018, and targeted milk preparations intended for neonatal feeding, as well as potential reservoirs of contamination including the hands and nostrils of healthcare personnel, and the ambient environment of the neonatal ward. These bacterial species were selected due to their well-documented roles in nosocomial infections and foodborne illnesses, particularly in vulnerable populations such as newborns (Silva et al., 2021; Nwachukwu et al., 2018). Their detection in these matrices allows the assessment of both hygiene practices and potential cross-contamination risks associated with infant feeding in hospital settings.
2.1.1. Sampling
Sampling was carried out at Treichville University Hospital in the mornings at preparation times (8am-10am), from November 2017 to May 2018. In order to assess the bacteriological quality of milk collected in the neonatal department, samples of milk preparations were taken, as well as samples from the hands, nostrils of kitchen staff and ambient air. Milk samples were collected aseptically in 30 mL sterile conical centrifuge tubes. Each conical centrifuge tube constituted a batch. Six (6) batches of milk were collected, and sub-batches of 5 mL were made from the six batches.  Each batch consisted of 6 x 5-mL conical centrifuge tubes containing milk containing milk, with one 5 mL conical centrifuge tube constituting a sub-batch. Samples were then taken from the hands and nostrils of kitchen staff by swabbing, and from ambient air by exposing plates containing ordinary agar to air. To do this, open Petri dishes previously filled with ordinary agar were placed in the preparation kitchen near the preparation area for 30 minutes to 1 hour. A total of 59 samples were collected. Immediately after collection, all samples were stored at low temperature (4°C), in a cooler containing cold accumulators, and transported to the Institute Pasteur of Ivory Coast for bacteriological analysis.
2.1.2. Identification and enumeration of contaminating germs
Different dilutions with tryptone salt solution (TSE) were used, depending on the nature of the sample, typically ranging from 10⁻¹ to 10⁻³, to allow accurate microbial enumeration. For each sample, four indicator bacteria of sanitary concern were tested: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Enterococcus faecalis, as these are commonly associated with foodborne illnesses and nosocomial infections (Trafny et al., 2020; WHO, 2020). Escherichia coli was isolated and quantified on Tryptone Bile X-glucuronide (TBX) agar, incubated at 44°C for 24 hours, following ISO 16649-2:2001 guidelines. E. coli colonies appear blue due to the enzymatic cleavage of X-glucuronide, a specific substrate for β-glucuronidase activity, characteristic of most E. coli strains (Fricker et al., 2020). Staphylococcus aureus was cultured on Baird-Parker agar supplemented with egg yolk emulsion and potassium tellurite, incubated at 37°C for 24 to 48 hours. Characteristic colonies appear black and shiny with a surrounding clear halo due to lecithinase activity. Identification was confirmed through Gram staining (Gram-positive cocci), catalase test (positive), and DNase activity, which is a confirmatory trait of S. aureus strains (Zhou et al., 2022; ISO 6888-1:2021). Pseudomonas aeruginosa was detected on cetrimide agar, a selective medium exploiting the organism’s resistance to cetrimide and its ability to produce pigments such as pyocyanin and fluorescein. After incubation at 37°C for 24 to 48 hours, colonies appear smooth, slightly mucoid, and greenish-blue due to pyocyanin production. The presence of this pigment is a distinguishing feature of P. aeruginosa (Fernández et al., 2021). The selection of these bacterial targets is in line with WHO recommendations for monitoring hygiene and safety in neonatal and clinical environments, where immunocompromised patients, including neonates, are particularly vulnerable to such pathogens (WHO, 2020).
2.2. Analysis methods 
2.2.1. Enterococcus faecalis were enumerated
On BEA (Bile, Esculin and Sodium Azide) medium at 37°C for 24 to 48 h. E. faecalis colonies appear as small translucent colonies surrounded by a black halo derived from the action of esculin (Marchal et al., 1982).
Presumptive colonies were purified on ordinary agar, followed by gram staining and Leminor's reduced carriage for E. coli, and other biochemical tests (catalase, oxidase, mobility and DNAase tests) for the other bacteria (Delarras C, 2007). The results obtained from the enumeration of the various bacteria were interpreted according to a two-class plan. These results were expressed as follows:
For milk preparations;
Satisfactory: i.e. in compliance with the standards imposed by legislation.
Non-satisfactory: i.e. exceeding the acceptability threshold.
Bacteriological analyses were interpreted to assess the hygiene and sanitary quality of the formula.
For hands, nostrils and ambient air;
Presence: when the germs tested for were found.
Absence: when the germs tested for were not found.
2.2.2. Determination of antibiotic susceptibility
The determination of antibiotic susceptibility was performed using the standard disk diffusion method (Kirby-Bauer method) on Mueller-Hinton agar, in accordance with the guidelines of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and the Antibiogram Committee of the French Society of Microbiology (CASFM/EUCAST, 2019). This method remains the reference technique for routine assessment of bacterial resistance profiles due to its reliability, reproducibility, and adaptability to various bacterial strains (Leclercq et al., 2020). Briefly, bacterial isolates were subcultured on nutrient agar and incubated for 18-24 hours at 37 °C. A suspension of each isolate was prepared in sterile physiological saline (0,85 % NaCl) and adjusted to the turbidity of 0.5 McFarland standard (approximately 1.5 × 10⁸ UFC/mL), using a densitometer for accuracy. Sterile cotton swabs were then used to evenly inoculate the entire surface of 90 mm Mueller-Hinton agar plates. Commercially available antibiotic-impregnated disks (Bio-Rad, France) were aseptically placed on the agar surface using sterile forceps. The inoculated plates were incubated aerobically at 37 °C for 18-24 hours. After incubation, inhibition zones around the antibiotic disks were measured with a digital caliper, and the results were interpreted according to the latest EUCAST clinical breakpoints (EUCAST, 2024). This method allows for classification of the isolates as susceptible (S), intermediate (I), or resistant (R) to each antimicrobial agent tested. The use of this standardized approach ensures comparability across laboratories and strengthens the epidemiological surveillance of antimicrobial resistance, which remains a critical global health concern (WHO, 2022; Tacconelli et al., 2018).
2.2.3. Data analysis
The various data collected after the antibiogram was performed were processed using an automated ADAGIO system. The result obtained is categorized as sensitive (S) if the diameter of the zone of inhibition obtained around the disc is greater than the critical diameter, or resistant (R) if the diameter of the zone of inhibition obtained around the disc is greater than the critical diameter.
3. RESULTS
3.1. Description of milk preparation practices
The survey conducted on milk preparation practices and hygiene measures among infant feeding personnel revealed significant deviations from optimal sanitary protocols. Notably, while 83 % of the respondents reported washing their hands with soap and water prior to infant feeding, a concerning 17% relied solely on rinsing with plain water, an inadequate practice in the context of neonatal care. Utensils, including feeding cups, were typically rinsed with non-disinfected water both before and after use, and similar insufficient cleaning procedures were applied to other preparation equipment. Disinfection of the preparation surfaces was performed only immediately before and after milk formulation, suggesting limited temporal hygiene control and potential microbial recontamination during extended use. Furthermore, although staff members involved in infant feeding systematically donned protective gowns, no use of disposable gloves or facial masks was reported, thereby exposing milk preparations to risks of contamination through direct hand contact or respiratory droplets. The survey also highlighted the absence of differentiated storage units for milk, with all preparations stored in a single communal area regardless of preparation time or batch, increasing the likelihood of cross-contamination. These findings underscore a pressing need for the implementation of standardized hygiene protocols aligned with WHO guidelines for neonatal nutrition and hospital sanitation (WHO, 2020; CDC, 2021).
3.2. Distribution of samples according to sampling type
The distribution of samples obtained in the neonatal department of Treichville University Hospital is shown in Table 1. A non-homogeneous distribution of samples was noted between the different types of sampling. The number of samples for premature babies was higher (24) than for the other parameters. The number of samples for term babies was similar to that for hand samples. The lowest number of samples was recorded for ambient air, with 4 samples.
Table 1. Distribution of samples obtained in neonatology department of Treichville’s Center University Hospital (CUH) products
	
	Preterm infants
	Full-term infants
	Hands
	Nostrils
	Ambient air

	Number of samples
	24
	12
	12
	7
	4

	sampling rate (%)
	40,68
	20,34
	20,34
	10,17
	8,47



3.3. Prevalence of microorganisms isolated from samples taken
Figure 1 shows the prevalence of microorganisms isolated from the various samples collected. Out of 59 samples collected, 8 strains of E. coli were isolated, with a prevalence of 13.56 %, 3 strains of P. aeruginosa, with a prevalence of 5,08 %, and 16 strains of S. aureus, i.e. 27,11 %.
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Fig. 1. Prevalence of microorganisms isolated from prepared-milk samples. Prevalence of three microorganisms isolated from prepared-milk samples.
3.4. Distribution of microorganisms according to different milk batches analyzed
Microbiological analysis of milk preparation samples revealed the presence of E. coli, P. aeruginosa and S. aureus strains with high loads. A non-homogeneous distribution of germs was noted between the different milk batches. The number of E. coli isolated from milk preparations was higher than that of S. aureus and P. aeruginosa. P. aeruginosa strains were only present in batches 2 and 4. However, S. aureus was present in batches 4, 5 and 6 and absent in batches 1, 2 and 3. The load distribution (UFC/mL) of microorganisms isolated from milk preparation samples is summarized in Table 2.
Table 2. Survival rate (UFC/mL) of microorganisms isolated from milk products
	
	Escherichia  coli
	Pseudomonas aeruginosa
	Staphylococcus aureus

	Batch 1
	70
	< 1
	< 1 

	Batch 2
	< 1
	1,04 x 104
	< 1

	Batch 3
	2,59 x 104
	< 1
	< 1

	Batch 4
	2,92 x 104
	5,5 x 103
	5,81 x 103

	Batch 5
	9,00 x 104
	< 1
	7,50 x 102

	Batch 6
	<1
	< 1
	9,8 x 102

	Standards in UFC/mL
	1 x 103
	1 x 103
	<10


3.5. Interpretation of milk batch analysis results
The results in Table 3 show that Batches 1, 3, 4 and 5 were characterized by the presence of E. coli, with loads of 70; 2,59 x 104; 2,95 x 104 and 9,00 x 104 UFC/mL respectively. Batches 1 and 3 were found to be free of S. aureus and P. aeruginosa, while Batch 4 was characterized by the presence of S. aureus and P. aeruginosa. S. aureus and P. aeruginosa with successive loads of 5,81 x103 and 5.5.103 CFU/mL, and Batch5 with the presence of S. aureus with a load of 7,5 x102 UFC/mL and an absence of P. aeruginosa. Batch 2 showed the presence of P. aeruginosa with a load of 1,04 x 104 UFC/mL, and an absence of E. coli and S. aureus. Batch 6 showed the presence of S. aureus with a load of 9,8 x 102  UFC/mL, and an absence of E. coli and P. aeruginosa.
Table 3. Interpretation of results of bacteriological analysis
	Number of batches
	Isolated bacteria
	Bacterial loads (UFC/cm³)
	Interpretation

	Batch 1
	E. coli
S aureus
P. aeruginosa
	7,0 x 101
< 1
< 1
	Satisfactory

	Batch 2
	E. coli
S aureus
P. aeruginosa
	< 1
< 1
1,04 x 104
	Unsatisfactory

	Batch 3
	E. coli
S aureus
P. aeruginosa
	2,59 x 104
< 1
< 1
	Unsatisfactory

	Batch 4
	E. coli
S aureus
P. aeruginosa
	2,92 x 104
5,18 x 103
5,50 x 103
	Unsatisfactory

	Batch 5
	E. coli
S aureus
P. aeruginosa
	9,00 x 104
7,50 x 102
< 1
	Unsatisfactory

	Batch 6
	E. coli
S aureus
P. aeruginosa
	< 1
9,80 x 102
< 1
	Unsatisfactory


3.6. Determining the sensitivity of isolated bacterial strains
3.6.1. Antibiotic susceptibility of E. coli
Following TBA sensitivity testing, the highest rates of resistance were recorded with antibiotic molecules belonging to the beta-lactam family, notably, high resistance was observed to third-generation cephalosporins (Cefotaxime, Ceftazidime, Cefixime, and Cefepime), with a resistance rate of 87,5 %. Complete resistance was also recorded against Cefuroxime and penicillin, including Ticarcillin, Ticarcillin/clavulanic acid, Ampicillin, Aztreonam, and Piperacillin. Additionally, resistance to Trimethoprim, Trimethoprim/Sulfamethoxazole, and Gentamicin reached 87,5 %. No susceptibility was detected to Imipenem, Meropenem, Norfloxacin, Nitrofurantoin, Tigecycline, and Chloramphenicol.
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Fig. 2. Antibiotic resistance rate of Escherichia coli strains isolated from milk products.
3.6.2. Antibiotic susceptibility of P. aeruginosa
Figure 3 shows the antibiotic resistance profile of P. aeruginosa. This resistance reflects the emergence of the ESBL phenotype. A study of the sensitivity of P. aeruginosa isolated from milk revealed a resistance rate of 100 % for Tigecycline and 66 % for Cefepime, Ticarcillin, Ticarcillin + Clavulanic Acid and Piperacillin. A lower rate of 33,3 % for Ceftazidime, gentamycin and colistin, and 100% sensitivity for Tazobactam + Piperacillin and imipenem.
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Fig. 3. Antibiotic resistance rate of Pseudomonas aeruginosa strains isolated from milk products. 
3.6.3. Susceptibility of S. aureus to antibiotics
An analysis of the antibiotic resistance profile of S. aureus is shown in Figure 4, revealing a resistance rate of 100 % for penicillin, 77,7 % for kanamycin and Norfloxacin. Resistance rates of 66,6 % for Cefoxitin, Gentamycin and Ofloxacin observed. Resistance to Cefoxitin and gentamicin reflects the Meti R and KTG phenotypes respectively. Resistance rates of 55,5 % for trimethoprim/sulfamethoxazole, 44,4 % for erythromycin and clindamycin and 11,1 % for teicoplanin and fusidic acid were also noted. However, a sensitivity rate of 100 % for vancomycin and chloramphenicol was noted.
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Fig. 4. Antibiotic resistance rate of Staphylococcus aureus strains isolated from milk products. 
4. discussion

Infant formula, often used as a substitute for breastfeeding, constitutes the primary source of nutrition for neonates from birth until approximately four to six months of age. Despite its nutritional value, formula milk is particularly vulnerable to microbial contamination during its preparation, handling, and storage. Such contamination poses significant health risks, including severe infections and, in extreme cases, neonatal mortality.
In our study, a microbiological assessment was conducted on several batches of powdered infant formula, as well as environmental and biological samples from the preparation area (Kim et al., 2023). The results revealed a broad spectrum of microbial presence. Among the bacterial isolates, Escherichia coli was the most prevalent species, followed by Staphylococcus aureus and Pseudomonas aeruginosa. These findings are consistent with recent literature, which highlights the contamination potential of infant formula with enteric and opportunistic pathogens. Cross-contamination, inadequate hand hygiene, and exposure to contaminated surfaces and air are frequently implicated as sources of bacterial transmission (Parra-Flores et al., 2021; Kim et al., 2023).
Environmental sampling of the kitchen air, as well as hand and nostril swabs from the staff involved in formula preparation, also yielded various bacterial and yeast species (Binns et al., 2020). These findings suggest that the nosocomial environment plays a central role in the contamination of formula milk. Improper adherence to hygiene protocols by kitchen staff and neonatal caregivers further exacerbates the risk. Notably, the reuse of feeding cups and the suboptimal sanitation of preparation equipment contribute to microbial persistence and proliferation. Only one of the milk batches analyzed met acceptable microbiological quality standards, underscoring the generally poor sanitary condition of the prepared formula samples (Hernández-Cortez et al., 2020).
Antimicrobial susceptibility testing revealed significant resistance among the bacterial isolates. E. coli strains exhibited marked resistance to beta-lactam antibiotics, including Ticarcillin, Piperacillin, Ampicillin, and the Amoxicillin-Clavulanate combination, as well as to third-generation cephalosporins. These resistance profiles are indicative of extended-spectrum beta-lactamase (ESBL) production. Despite this, Carbapenems such as Imipenem and Meropenem retained efficacy against all tested E. coli strains. Cross-resistance was also observed with aminoglycosides (Gentamicin, Netilmicin), quinolones (Ofloxacin, Nalidixic Acid), and sulfonamides (Trimethoprim-Sulfamethoxazole), in agreement with recent findings from hospital-based resistance monitoring (Teka et al., 2023; Chen et al., 2022).
Similarly, P. aeruginosa isolates displayed high levels of resistance across most antibiotic classes tested, sparing only Imipenem and the Piperacillin-Tazobactam combination. Such resistance is presumed to be associated with carbapenemase production or multidrug efflux mechanisms, which are increasingly reported in healthcare settings (Ali et al., 2023).
The antimicrobial resistance profile of S. aureus isolates was particularly concerning, with 72,15 % showing resistance to aminoglycosides and quinolones, and 50% to erythromycin. The high prevalence of multidrug resistance is likely mediated by the acquisition of mobile genetic elements encoding resistance genes such as mecA and AAC (6’)-Ie-aph (2”), consistent with reports from neonatal intensive care units in Africa and Asia (Akinyemi et al., 2021; Raji et al., 2022).
Phenotypic analysis of the isolates identified two major resistance phenotypes: the KTG phenotype (55,6 %) and the K phenotype (22,2 %). Penicillin resistance was universal (100 %), and resistance to Cefoxitin reached 66,6 %, indicating the presence of the Methicillin-Resistant S. aureus (MRSA) phenotype. These rates are aligned with recent surveillance studies in sub-Saharan Africa and the United States, reporting MRSA prevalence ranging from 66 % to over 70 % in clinical isolates (Aboagye-Antwi et al., 2022; CDC, 2021). The resistance mechanisms are attributable to the production of penicillinases and alterations in penicillin-binding proteins, notably PBP2a, which confer resistance to all β-lactam antibiotics (Hassan et al., 2020).
Taken together, our findings highlight critical lapses in hygiene and infection control practices in the preparation of infant formula, and underscore the pressing need for reinforced sanitary protocols and regular microbiological surveillance in neonatal care units to mitigate the risk of multidrug-resistant bacterial infections.

5. Conclusion

Milk is a foodstuff very rich in nutrients (proteins, lipids, vitamins and minerals), creating a suitable environment for the development of bacterial flora, including pathogenic bacterial flora leading to microbial contamination. Analysis showed a high microbial load of E. coli, S. aureus and P. aeruginosa strains in the milk. This load was used to assess the sanitary quality of milk used to feed newborns in the neonatal department of Treichville University Hospital. The results showed a predominance of E. coli, with an average microbial load of 3,6 x 104 UFC/mL, followed by S. aureus (3,7 x 103 UFC/mL) and P. aeruginosa (7,95 x 103 UFC/mL). However, a diversity of bacterial strains in the environment was observed. Given the high microbial load of the strains compared with food microbiology standards, milk intended for newborns is judged to be of unsatisfactory sanitary quality. Antibiotic sensitivity tests were carried out to gain a better understanding of the phenomenon of bacterial resistance. Alarming rates of bacterial multi-resistance were recorded for all the strains isolated. E. coli resistance is very worrying, with almost all resistant to beta-lactam antibiotics and a high percentage of ESBL phenotype, E. coli (35%) and P. aeruginosa (5%). All S. aureus isolated in our study were resistant to the majority of antibiotics tested, notably aminoglycosides, beta-lactams, quinolones and trimethoprim/sulfam-thoxazole. Several phenotypes were revealed, with a predominance of the KTG phenotype (55,6 %) followed by the Meti R phenotype (22,2 %). As resistance has a considerable impact on the health of the newborn, even leading to death, it would be desirable to carry out a molecular and phenotypic study of the strains and identify all the genetic supports for antibiotic-associated resistance.
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