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ABSTRACT
	Background : Breastfeeding is, and always has been, the normal mode of feeding for infants, enabling them to achieve an optimal level of health, growth and development (AMS, 2001). For the mother, it leads to faster weight loss and fat reduction in the postpartum period, a lower incidence of breast cancer, ovarian cancer and postpartum depression, and a reduced risk of metabolic and cardiovascular pathologies. Milk preparation systems and the hospital environment in the neonatal unit were evaluated. The risk of contamination linked to milk preparation was assessed using a questionnaire. 
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:  Mention the design of the study here.
Place and Duration of Study: Sample: Department of Medicine (Medical Unit IV) and Department of Radiology, Services Institute of Medical Sciences (SIMS), Services Hospital Lahore, between June 2009 and July 2010.
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: The results of the microbiological analyses revealed high loads of E. coli (3.6.104 cfu/ml), P. aeruginosa (7.95.103 cfu/ml) and S. aureus (3.7.103 cfu/ml) in the milk formula. E. faecalis was not present. Sensitivity tests revealed a high level of resistance to most of the antibiotics tested, mainly to â-lactamins. The majority of E. coli showed an ESBL-producing phenotype (35%). S. aureus showed 44.4% resistance to aminoglycosides, giving a KTG phenotype. Other ESBL phenotypes were found in P. aeruginosa. In general, these strains are highly resistant to a variety of antibiotics, presenting a real risk for human antibiotic therapy
Conclusion: The results obtained showed a predominance of E. coli with an average microbial load of 3.6.104 cfu/ml, followed by S. aureus (3.7.103 cfu/ml) and finally P. aeruginosa (7.95.103 cfu/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, and always has been, the normal mode of feeding for infants, enabling them to achieve an optimal level of health, growth and development (AMS, 2001). For the mother, it leads to faster weight loss and fat reduction in the postpartum period, a lower incidence of breast cancer, ovarian cancer and postpartum depression, and a reduced risk of metabolic and cardiovascular pathologies (Thirion, 1999). This is why, since 2002, national and international recommendations have called for its initiation and continuation exclusively during the first 6 months post-partum (WHO, 2004). Nevertheless, alternatives to breastfeeding have always been sought. This has led to proposals for substitute foods, based on infant formula (Lokombe & Mullie, 2005). Although often presented as an alternative to breast milk, infant formulas can present contamination risks to which newborns are exposed. These contamination risks are most often linked to a lack of hygiene at several levels, both in terms of preparation equipment and personnel, and also in terms of the hospital environment.  Among the bacterial strains circulating in hospitals, Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), Pseudomonas aeruginosa (P. aeruginosa) and Enterococcus faecalis (E. faecalis) are the major agents of nosocomial and community-acquired infections (Kirat, 2007). Indeed, most of these bacteria are responsible for food poisoning, proliferating in the body and producing disorders such as diarrhea, nausea, abdominal cramps, muscular pains, migraines and fevers. These bacteria also have deleterious effects on the human organism, causing illnesses such as meningitis, urinary tract infections, skin infections and many others (Abhijit, 2013). To alleviate this problem, medicine resorts to antibiotics, which often control epidemics caused by these bacteria (Ashish & Rajesh, 2017). The routine and abusive use of antibiotics not only leads to bacterial resistance, but is also costly for society. It is therefore imperative to study the phenomenon in order to better understand the origin, functioning and mechanisms of antibiotic resistance (Tremblay, 2007). The aim of our work is to ensure the safety of milk preparations intended for newborn nutrition in the neonatology department of Treichville University Hospital.
2. material and methods 

2.1. Biological material
This experimental study consisted of searching for four (4) bacteria in milk preparations, hands, nostrils and the ambient environment during a period from November 2017 to May 2018. These bacteria are S. aureus, E. coli, P. aeruginosa and E. faecalis.

2.1.1. Sampling
Sampling was carried out at Treichville University Hospital in the mornings at preparation times (8am-10am), from March 2018 to April 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; they varied between 10-1 and 10-3. For each sample, four bacteria were tested: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Enterococcus faecalis. Escherichia coli was detected and counted on Tryptone bile X-glucuronide (TBX) agar after incubation at 44°C for 24 h. E. coli germs are characterized by blue colonies (Marchal et al., 1982). Staphylococcus aureus was tested and counted on Baird Parker agar supplemented with egg yolk and potassium tellurite and incubated at 37°C for 24 to 48 h. Colonies appeared black, shiny, convex and surrounded by a clear halo about 2 to 5 mm in diameter. Confirmation was performed by Gram staining (+) and testing for catalase (+) and DNAase (+) (AFNOR, 2004). Pseudomonas aeruginosa were detected and counted on cetrimide agar incubated at 37°C for 24 to 48 h. Colonies are 1.5 to 2 mm in diameter, circular in outline, smooth and shiny on the surface, mucous in appearance and sometimes accompanied by the production of blue-green pigment (Marchal et al., 1982).
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
Determination of antibiotic susceptibility was carried out using the diffusion method on Mueller-Hinton agar medium in accordance with the standards and recommendations of the Antibiogram Committee of the French Society of Microbiology (EUCAST /CASFM, 2017). Briefly, microorganisms were grown on nutrient agar for 24 hours. These cultures were used to prepare bacterial suspensions in saline water (NaCl 0.85%) equivalent to the turbidity of Mac Forland 0.5. The suspensions were then used to inoculate 90 mm-diameter Petri dishes by swabbing. The ATB discs were then deposited directly onto the cultures, and the dishes incubated at 37°C. Readings were taken after 24 hours. Antimicrobial activity was assessed by measuring the inhibition diameters around the discs, and interpretation was made using the critical values defined by the Antibiogram Committee of the Société Française de Microbiologie.
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 results of the survey carried out on the milk preparation system and the hygiene of the milk preparers reveal that only 83% of women wash their hands with soapy water before feeding their infants. Compared with 17% who use plain water. In general, women rinse cups with plain water before and after feeding. They also wash preparation equipment with plain water. As for the preparation areas, they are only disinfected just before and after milk preparation. Infant preparation and feeding staff wear gowns, but no gloves or nose coverings. A single storage area for milk preparations.Table 1. Distribution of samples obtained in neonatology department of Treichville’s Center University Hospital (CUH) products
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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.

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 (cfu/mL) of microorganisms isolated from milk preparation samples is summarized in Table 2.
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Table 2. Survival rate (CFU/mL) of microorganisms isolated from milk products


3.5. Interpretation of milk batch analysis results
The results in Table 3 show that lots 1, 3, 4 and 5 were characterized by the presence of E. coli, with loads of 70; 2.59.104; 2.95.104 and 9.104 CFU/mL respectively. Lots 1 and 3 were found to be free of S. aureus and P. aeruginosa, while lot 4 was characterized by the presence of S. aureus and P. aeruginosa. S. aureus and P. aeruginosa with successive loads of 5818 and 5.5.103 CFU/mL, and lot 5 with the presence of S. aureus with a load of 7.5.102 CFU/mL and an absence of P. aeruginosa. Batch 2 showed the presence of P. aeruginosa with a load of 1.04.104 CFU/mL, and an absence of E. coli and S. aureus. Batch 6 showed the presence of S. aureus with a load of 9.8.102 CFU/mL, and an absence of E. coli and P. aeruginosa.

[image: ]Table 3. Interpretation of results of bacteriological analysis


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 C3G (Cefotaxime, Ceftazidime, Cefixime and Cefepime) with a resistance rate of 87.5 %, to Cefuroxime with a resistance rate of 100% and to penicillin (Ticarcillin, Ticarcillin + clavulanic acid, ampicillin, Aztreonam and Piperacillin) where a resistance rate of 100% was noted. A resistance rate of 87.5% was observed for trimethoprim, trimethoprim/sulfamethoxazole and gentamycin. Any sensitivity to imipenem, meropenem, norfloxacin, furantoin, 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 Staphyloccocus aureus strains isolated from milk products. 
3. results and discussion

Formula, a substitute for breastfeeding, is the first food given to infants at birth, and the only food they receive until the age of four to six months. However, preparation, handling and storage conditions can lead to microbial contamination and multiplication, which in turn can cause serious infections and even death in newborns and young infants. In the course of our work, we observed a diversity of micro-organisms in the various milk batches analyzed, as well as in samples taken from hands, nostrils and ambient air. The results showed that E. coli was the species most frequently isolated from milk, followed by S. aureus and P. aeruginosa. The presence of these bacteria in milk is questioned by several authors. According to Abera et al. (2016), the presence of enterobacteria in milk could be due to cross-contamination. As for Zarei et al. (2014), the presence of S. aureus in milk may present a potential health risk for the consumer (newborn), particularly in the case of the presence of enterotoxic strains.  Our study also assessed biological parameters (hands and nostrils) and the ambient air in the preparation kitchen. Several microorganisms were isolated, including bacteria and yeasts. 
Bacterial contamination of milk preparations could be due to the hospital environment, i.e. the ambient air, the nostrils and the hands of the department's staff. What's more, when preparing milk, hygiene rules are not fully respected by kitchen staff and those responsible for feeding newborns. It should also be noted that the way in which the infants were fed could be at the origin of this contamination, as the cups used for feeding were not single-use, but also the equipment used to prepare and store the milk formula. It should be noted that the sanitary quality of the milk preparations assessed on the different batches revealed that only batch 1 was satisfactory. It can therefore be said that the sanitary quality of infant formula is unsatisfactory.


The sensitivity tests carried out showed a considerable resistance to the majority of antibiotics tested. In fact, E. coli strains showed resistance to Ticarcillin, Piperacillin, ampicillin and amoxicillin + clavulanic acid combined with C3Gs, resulting in the production of extended-spectrum beta-lactamase (ESBL). Imipenem and meropenem remain the most active molecules on all E. coli strains isolated. Cross-resistance has also been observed with antibiotics belonging to the aminoglycoside (GEN, NET), quinolone (OFX, NAL) and sulfonamide (SXT) families. In reality, these results reflect the antibiotic resistance situation at Treichville University Hospital. It should be noted that the population is urban and made up mainly of well-off people who can afford microbiological examinations and are accustomed to using ATBs. The resistance of ESBL-producing E. coli strains was highlighted by (Duval et al. 2009) and (Barguigua et al. 2011) in their work on enterobacteria resistance. They found resistance rates of 37.8% and 1.3% respectively, compared with 35% in our study. P. aeruginosa strains showed high resistance to all antibiotics tested, with the exception of imipenem and tazobactam + piperacillin. This resistance is probably due to the production of extended-spectrum ß-lactamases (ESBLs). 
Our results remain high compared with those found by (Touati, 2013) in Algeria but relatively close to those of Sefraoui (2015) at Oran University Hospital. This difference in results could be due to the country's geographical location and also to the sampling season. Analysis of the resistance profile of S. aureus revealed a high rate of resistance (72.15%) to antibiotics belonging to the aminoglycoside families, to erythromycin (50%) and to antibiotics belonging to the quinolone families (72.15%). This finding was made by Touaitia (2016) with a rate of 46.2% and by Bouguenoun (2017) who obtained a rate of 42.84%. Aminoglycoside resistance could be due to the production of an inactivating enzyme called aminoside acetyltrans- ferases 6' phosphotransferases 2'' (AAC (6') - APH (2'')), which is a bifunctional enzyme with both phosphorylation and acetylation actions responsible for the production of the KTG phenotype (Bismuth & Leclercq, 2000).
Phenotypic analysis revealed the following two types of phenotype, with a predominance of the KTG phenotype (55.6%) over the K phenotype (22.2%). These results are in contrast to those reported by Touaitia et al (2015). A resistance rate of 100% for penicillin and 66.6% for Cefoxitin was noted, reflecting the Méti R phenotype. These results are relatively close to those reported in Senegal and the United States, with 72% and 70% respectively (Seydi et al. 2004; Awad et al. 2007), but clearly higher than those reported in Côte d'ivoire and Morocco, with 25% and 19.3% respectively (Akoua-Koffi et al. 2004; Elhamzaoui et al. 2009). Indeed, these strains, in addition to producing a penicillinase, produce a modified PLP (additional PLP2), which has a greatly diminished affinity for Cefoxitin and implies cross-resistance to all â-lactamins, (Ghernaout, 2013). This would partly explain the resistance of our isolates to penicillin and Cefoxitin.

4. 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 3.6.104 cfu/ml, followed by S. aureus (3.7.103 cfu/ml) and P. aeruginosa (7.95.103 cfu/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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