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Microbiological Characterization and Pathogenicity Assessment of Bacteria Isolated from Medicinal Plant Powders Sold in Abidjan, Côte d’Ivoire

Abstract
INTRODUCTION: Medicinal plant powders are widely used in sub-Saharan Africa, especially in Côte d’Ivoire, as accessible alternatives to conventional medicine. However, their informal trade, often lacking sanitary regulation, promotes microbial contamination. This study aimed to identify bacterial species present in medicinal plant powders sold in Abidjan markets and assess their pathogenic and antimicrobial resistance profiles.
METHODS: One hundred (100) medicinal powder samples were collected from markets across Abidjan. Bacteria were isolated and identified using MALDI-TOF mass spectrometry. A small amount of bacterial culture is deposited on a target with a chemical matrix and then ionized by a laser. The generated ions are accelerated in a vacuum tube, and their time of flight is measured. The resulting mass spectrum is compared to a database to identify the bacterial species. Pathogenicity was evaluated through an extensive literature review focusing on virulence factors and resistance mechanisms.
RESULTS: Seventy-four (74) bacterial isolates representing 16 pathogenic and opportunistic species were identified, including Enterobacter hormaechei (30), Escherichia coli (18), Klebsiella pneumoniae (2), Proteus mirabilis (2), Pseudomonas aeruginosa (5), and various Staphylococcus species. Rare isolates such as Cronobacter sakazakii and Alcaligenes faecalis were also detected. Literature data indicate that these species possess multiple virulence factors (biofilm, urease, siderophores, toxins) and exhibit multidrug resistance, particularly to β-lactams (ESBLs, carbapenemases), fluoroquinolones, aminoglycosides, and polymyxins.
CONCLUSION : The presence of bacteria in medicinal powders sold in Abidjan could pose a major health risk to consumers. These results highlight the need to establish strengthened quality control measures and appropriate regulations to protect consumer health.
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1. Introduction
Medicinal plants constitute a cornerstone of traditional healthcare systems, especially in Africa, where they are widely used to treat a broad range of ailments. However, recent evidence indicates that traditional medicinal products including dried herbs, powders, and decoctions are frequently contaminated with microorganisms (bacteria, fungi, and yeasts) and chemical residues (heavy metals, pesticides), posing a recognized global public health and food safety concern [1].
Such contamination often results from inadequate harvesting, processing, and storage practices, compounded by the absence of regulatory quality control. A systematic review covering 2000–2024 across Africa reported a high and diverse prevalence of microbial contamination in herbal medicines, with frequent isolation of enteric bacteria (e.g., Escherichia coli, Salmonella spp.), Staphylococcus species, and fungal spores [2,3]. Several studies have also documented antibiotic-resistant strains, exacerbating the dual risks of infection and antimicrobial resistance dissemination.
Market surveys conducted in Ghana, Benin, and other African countries have reported microbial loads frequently exceeding permissible limits in over 30–40% of analyzed samples [4,5]. Moreover, multi-country investigations have detected extended-spectrum β-lactamase (ESBL) producers and plasmid-mediated resistance genes in ready-to-use herbal preparations [2].
In Côte d’Ivoire, prior studies have demonstrated microbial contamination in medicinal plants sold in Abidjan. Investigations on local species such as Mitragyna spp. revealed the presence of enteric bacteria and other pathogens, often linked to poor hygiene conditions during harvesting and storage [3,6]. These findings align with regional data indicating a high risk of fecal and environmental contamination of raw materials.
Consumption or preparation of contaminated herbal products can lead to gastrointestinal infections, sepsis particularly in immunocompromised individuals and toxin-related intoxications. The presence of resistant bacteria (e.g., ESBL or plasmid-borne genes) also represents a potential reservoir for antimicrobial resistance dissemination within communities. In addition, chemical contaminants such as heavy metals and pesticides increase the risk of chronic toxicity, including renal, neurological, and carcinogenic effects [2,3].
In this context, the present study aimed to isolate, identify, and characterize bacteria present in medicinal plant powders sold in Abidjan markets, and to evaluate their pathogenic potential and public health implications through a review of recent literature.
2. Methods
2.1 Sampling of Medicinal Powders
Between 2022 and 2024, a total of 100 samples of medicinal plant powders were randomly collected from markets in the Abidjan district (Fig. 1), specifically from the communes of Abobo, Adjamé, and Yopougon, which serve as the main entry points and supply hubs for medicinal plants. A preliminary survey was conducted to enumerate all medicinal plant vendors in the visited markets, and the markets with the highest number of vendors were selected. Consequently, three markets were chosen in Abobo, three in Adjamé, and four in Yopougon. The selection of plant powders was guided by two main criteria: (i) frequent use in traditional therapeutic practices and (ii) consistent availability on market stalls. These medicinal plant powders are used to treat diseases in people of all ages. Each sample was collected in sterile, airtight bags and transported under aseptic conditions to the Laboratory of Environmental Chemistry and Microbiology at the Pasteur Institute of Côte d’Ivoire. Upon arrival, all samples were immediately processed and analyzed without prior storage.




[image: ]Fig. 1. Map showing the location of the markets visited in the city of Abidjan

2.2 Isolation and Identification of Bacteria
From each sample, 25 g of powder were mixed with 250 mL of buffered peptone water (BPW). The mixture was homogenized and kept at room temperature for 10 minutes. Then, three serial dilutions (10⁻¹, 10⁻², 10⁻³) were prepared from this initial suspension. Inocula (100 µL) were surface-plated on EMB, MacConkey, Chapman, and Cetrimide agar. The plates were incubated for 24 to 48 hours at 37 °C. Colonies exhibiting distinct morphological characteristics were isolated, purified, and subjected to Gram staining as well as oxidase and catalase tests. The identification of key bacterial species was further confirmed using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF), Vitek MS Prime model, version 3.2.
2.3 Assessment of Pathogenicity
The potential pathogenicity of the isolated strains was evaluated through an extensive literature review, focusing on reported infections, described virulence factors, and known antibiotic resistance profiles. This review was primarily based on recent scientific publications indexed in the PubMed database, selected for their quality, reliability, and comprehensive coverage of current advances in clinical microbiology and antimicrobial resistance.
3. Results
3.1 Identified Bacteria
A total of 74 bacterial strains, representing 16 distinct species, were isolated from the analyzed medicinal powders. The majority belonged to the Enterobacteriaceae family, comprising 60 Gram-negative bacilli. Among these, Enterobacter hormaechei (30 isolates) and Escherichia coli (18 isolates) were predominant, followed by Klebsiella pneumoniae (2), Proteus mirabilis (2), Franconibacter pulveris (1), Citrobacter freundii (2), Enterobacter asburiae (2), Enterobacter cloacae (2), Enterobacter bugandensis (1), and Cronobacter sakazakii (1). The Pseudomonadaceae family comprised six Gram-negative isolates, including Pseudomonas aeruginosa (5) and Pseudomonas mosselii (1). Regarding Gram-positive cocci, six isolates belonging to the Staphylococcaceae family were identified: Staphylococcus saprophyticus (2), Staphylococcus cohnii (1), and Staphylococcus sciuri (3). Finally, one Gram-negative, Alcaligenes faecalis (1), from the Alcaligenaceae family was also detected (Table 1).

Table 1. Bacteria isolated from medicinal plant powders sold in the markets of the Abidjan district

	Bacterial species
	Family / Gram reaction
	Number of isolates 
(n)

	Enterobacter hormaechei
	Enterobacteriaceae / Gram-negative
	30

	Escherichia coli
	Enterobacteriaceae / Gram-negative
	18

	Klebsiella pneumoniae
	Enterobacteriaceae / Gram-negative
	2

	Enterobacter cloacae
	Enterobacteriaceae / Gram-negative
	2

	Enterobacter bugandensis
	Enterobacteriaceae / Gram-negative
	1

	Cronobacter sakazakii
	Enterobacteriaceae / Gram-negative
	1

	Citrobacter freundii
	Enterobacteriaceae / Gram-negative
	2

	Enterobacter asburiae
	Enterobacteriaceae / Gram-negative
	2

	Proteus mirabilis
	Enterobacteriaceae / Gram-negative
	2

	Pseudomonas aeruginosa
	Pseudomonadaceae / Gram-negative
	5

	Pseudomonas mosselii
	Pseudomonadaceae / Gram-negative
	1

	Staphylococcus sciuri
	Staphylococcaceae / Gram-positive
	3

	Staphylococcus saprophyticus
	Staphylococcaceae / Gram-positive
	2

	Staphylococcus cohnii
	Staphylococcaceae / Gram-positive
	1

	Alcaligenes faecalis
	Alcaligenaceae / Gram-negative
	1

	Franconibacter pulveris
	Enterobacteriaceae / Gram-negative
	1


3.2 Pathogenic Profile of the Isolates
The 74 bacterial strains identified from medicinal plant powders sold in the markets of Abidjan exhibited a concerning pathogenic potential according to the literature review. The pathogenicity of these microorganisms is notable due to their involvement in opportunistic and, in some cases, severe infections (Table 2). Among the Enterobacteriaceae, Enterobacter hormaechei, Escherichia coli, and Klebsiella pneumoniae were among the most clinically significant agents, frequently responsible for urinary tract, respiratory, septicemic, and nosocomial infections, often associated with multidrug resistance (ESBL, carbapenemases). Proteus mirabilis is classically linked to complicated urinary tract infections, reinforced by its urease production that promotes stone formation. Cronobacter sakazakii, though rare, represents a major risk for infants, with reported cases of meningitis and necrotizing enterocolitis. Other isolated Enterobacteriaceae including Citrobacter freundii, Enterobacter bugandensis, Enterobacter cloacae, Enterobacter asburiae, and Franconibacter pulveris are recognized as emerging opportunistic pathogens, often encountered in hospital settings (Table 2). The Pseudomonadaceae, dominated by Pseudomonas aeruginosa, represent typical opportunistic pathogens responsible for severe respiratory and systemic infections in immunocompromised patients. Their virulence arsenal includes the production of exotoxins, siderophores, and biofilm formation, frequently associated with multidrug and even extensively drug-resistant (MDR/XDR) profiles (Table 2). Among Gram-positive cocci, Staphylococcus saprophyticus, S. sciuri, and S. cohnii were mainly associated with urinary tract infections (notably S. saprophyticus). However, their potential role in the dissemination of resistance genes, including mecA and other plasmid-mediated mechanisms, warrants attention. Finally, Alcaligenes faecalis, typically an environmental isolate, has also been reported as a rare yet emerging opportunistic pathogen responsible for respiratory and septicemic infections (Table 2). Overall, the identified bacterial species combine classical virulence determinants (adhesins, biofilm formation, toxins, siderophores, urease) with concerning multidrug resistance profiles. Their detection in medicinal powders highlights a potential risk for community dissemination of opportunistic and drug-resistant bacteria, underscoring the need for strengthened sanitary monitoring and regulation.

Table 2: Virulence factors, resistance mechanisms, and clinical significance of bacterial species isolated from medicinal plant powders
	Bacterial species
	Reported infections
	Virulence factors
	Resistance mechanisms
	Clinical significance
	References

	Enterobacter hormaechei

	Bacteremia, urinary tract infections, nosocomial pneumonia, neonatal sepsis
	Polysaccharide capsule, siderophores, biofilm, plasmid-borne resistance genes
	ESBL (CTX-M, SHV, TEM), carbapenemases (KPC, NDM, OXA-48), colistin resistance (mcr)
	Emerging opportunistic pathogen associated with high mortality and limited treatment options
	[7-14]

	Escherichia coli
	Community and nosocomial urinary tract infections, septicemia, hemorrhagic colitis, HUS
	Adhesins (fimH, pap), toxins (Shiga, Hly), siderophores, biofilm
	ESBL (CTX-M, TEM, SHV), carbapenemases (NDM, OXA-48), resistant clones ST131/ST167
	Major cause of UTI and sepsis; global dissemination of resistant clones
	[15-20]

	Klebsiella pneumonia
	Pneumonia, septicemia, liver abscess, urinary infections
	Capsules K1/K2, rmpA/rmpA2, siderophores (aerobactin, yersiniabactin)
	ESBL (CTX-M, SHV, TEM), carbapenemases (KPC, NDM, OXA-48), colistin/tigecycline resistance
	Hypervirulent (hvKp) and multidrug-resistant (CR-hvKp); severe ICU infections
	[21-25]













Table 2. Virulence factors, resistance mechanisms, and clinical significance of bacterial species isolated from medicinal plant powders (Continued)
	Bacterial species
	Reported infections
	Virulence factors
	Resistance mechanisms
	Clinical significance
	References

	Enterobacter cloacae

	Bacteremia, urinary infections, nosocomial sepsis
	Biofilm, adhesins, chromosomal AmpC
	Carbapenemases (NDM, OXA-48, VIM), plasmidic ESBL
	Frequent nosocomial infections, increased neonatal mortality
	[26-29]

	Enterobacter bugandensis

	Severe neonatal sepsis, invasive infections
	Biofilm, chromosomal virulence genes
	ESBL, carbapenemases (NDM, IMI), emerging multidrug resistance
	Emerging ESKAPE pathogen with high resistance potential
	[30-32]

	Cronobacter sakazakii

	Neonatal meningitis, septicemia, necrotizing enterocolitis
	Adhesins, biofilm, virulence plasmids
	Resistance to cephalosporins and carbapenems
	Causes severe neonatal infections with high fatality rate
	[33-36]

	Citrobacter freundii

	Urinary tract infections, septicemia, neonatal meningitis
	Biofilm, capsule, siderophores
	AmpC, ESBL, carbapenemases (NDM, KPC)
	Opportunistic multidrug-resistant pathogen
	[37-39]

	Enterobacter asburiae
	Bacteremia, respiratory infections, chronic wounds
	Capsule, biofilm, plasmid-borne resistance genes
	ESBL, occasional carbapenemases
	Emerging nosocomial pathogen in vulnerable patients
	[40-42]




Table 2. Virulence factors, resistance mechanisms, and clinical significance of bacterial species isolated from medicinal plant powders (Continued)
	Bacterial species
	Reported infections
	Virulence factors
	Resistance mechanisms
	Clinical significance
	References

	Proteus mirabilis 
	Complicated UTIs, septicemia, ocular infections
	Urease, fimbriae, hemolysins
	ESBL, emerging carbapenemases
	Recurrent infections, stone formation
	[43-47]

	Pseudomonas aeruginosa

	Nosocomial pneumonia, bacteremia, urinary and wound infections
	Biofilm, exotoxin A, pyocyanin, quorum sensing
	Carbapenemases (VIM, IMP, NDM), efflux, colistin resistance
	Major ESKAPE pathogen with limited therapeutic options
	[48-51]

	Pseudomonas mosselii
	Bacteremia, cellulitis, respiratory infections
	Biofilm, adhesins
	Sporadic β-lactam and fluoroquinolone resistance
	Environmental opportunist (dual agronomic utility vs health risk)
	[52-55]

	Staphylococcus sciuri
	Skin, urinary infections, septicemia
	Biofilm, transferable resistance genes (mecA-like)
	Resistance to β-lactams, macrolides
	Reservoir of resistance genes for S. aureus
	[56-58]

	Staphylococcus saprophyticus
	Cystitis, community-acquired UTI
	Urease, adhesins, biofilm
	Fluoroquinolone and macrolide resistance
	2nd most common cause of community UTI after E. coli
	[59-62]





[bookmark: _GoBack]Table 2. Virulence factors, resistance mechanisms, and clinical significance of bacterial species isolated from medicinal plant powders (Continued)
	Bacterial species
	Reported infections
	Virulence factors
	Resistance mechanisms
	Clinical significance
	References

	Staphylococcus cohnii
	Nosocomial infections (bacteremia, peritonitis, endocarditis)
	Biofilm, plasmid-borne resistance genes
	Multiresistant (β-lactams, glycopeptides)
	Rare opportunist, difficult to diagnose
	[63-65]

	Alcaligenes faecalis
	Opportunistic infections (wounds, urinary, septicemia)
	Biofilm, extracellular enzymes
	Frequent resistance to fluoroquinolones, 3rd-gen cephalosporins, glycopeptides
	Emerging hospital opportunist
	[66-68]


	Franconibacter pulveris
	Rare opportunistic cases (urine, wounds, isolated sepsis)
	Biofilm, environmental adaptability
	Limited but possible multidrug resistance
	Emerging, limited clinical importance so far
	[69-72]




The heatmap illustrates the relative levels (scale 1–3) of virulence factors (capsule, biofilm, siderophores, toxins, adhesion genes) and antimicrobial resistance mechanisms (ESBL, carbapenemases, mcr gene, efflux pumps) observed or reported for each bacterial species (Fig. 2). The values are based on data from recent scientific literature. The color gradient, ranging from light yellow (low intensity) to dark red (high intensity), highlights variations in pathogenic potential and antimicrobial resistance among the isolates. The highest levels of virulence and resistance (score 3) were observed in Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli, and Enterobacter hormaechei, indicating hypervirulent and multidrug-resistant profiles. Intermediate levels (score 2) were recorded for Enterobacter cloacae, Enterobacter bugandensis, Citrobacter freundii, and Proteus mirabilis, suggesting an emerging pathogenic potential. Coagulase-negative staphylococci (S. sciuri, S. saprophyticus, S. cohnii) displayed moderate virulence, but act as reservoirs of transferable resistance genes. Environmental species such as Franconibacter pulveris and Alcaligenes faecalis exhibited low scores (1), indicating a limited pathogenic risk.
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Fig. 2. Heatmap of Virulence and Resistance Profiles of Bacteria Isolated from Medicinal Plant Powders. 
4. Discussion
The present study was conducted to characterize bacterial species isolated from medicinal plant powders sold in the markets of Abidjan and to assess their pathogenicity and resistance profiles through an extensive literature review.
Our findings reveal that medicinal powders marketed in Abidjan harbor a diverse assemblage of opportunistic and potentially pathogenic bacteria, frequently reported in the literature as vectors of infectious risk and antimicrobial resistance dissemination. These observations are consistent with recent reviews documenting a high and recurrent prevalence of microbial contamination in herbal preparations across Africa and other low- and middle-income countries, highlighting the hazardous combination of environmental fecal contaminants and isolates carrying resistance genes [3].
The predominance of Enterobacteriaceae (notably E. hormaechei and E. coli) among isolates is clinically significant. These species are well known for their ability to harbor and transfer plasmids encoding extended-spectrum β-lactamases (ESBLs) and carbapenemases, which complicates the therapeutic management of related infections. Recent genomic analyses have confirmed the emergence of E. hormaechei isolates carrying carbapenemases and multidrug-resistance cassettes, underscoring the risk posed by uncontrolled supply chains in disseminating highly resistant clones [73].
The detection of Pseudomonas aeruginosa and its virulence arsenal (biofilm formation, secretion systems, and toxic pigments) presents a dual threat: increased virulence and high antibiotic tolerance through intrinsic and acquired mechanisms (efflux pumps, porin loss, metallo-β-lactamases). Recent literature emphasizes the central role of biofilm formation in environmental persistence and antibiotic protection, explaining why contaminated dry herbal preparations may serve as reservoirs of difficult-to-eradicate strains [74].
The isolation of neonatal or foodborne species such as Cronobacter sakazakii highlights another critical issue: contaminated powders and herbal products can transmit pathogens responsible for life-threatening infections in infants, such as meningitis and necrotizing enterocolitis. The involvement of C. sakazakii in food contamination events has been widely documented and justifies targeted sanitary control measures [36].
Regarding antimicrobial resistance, the reported abundance of β-lactam–associated determinants (ESBLs) and the presence in the literature of transmissible genes (e.g., mcr, qnr, 16S methylases) are alarming. These findings suggest a tangible risk of horizontal gene transfer from commercial herbal matrices to the human microbiota and clinical settings, thereby exacerbating the already critical antimicrobial resistance crisis in the region [75].
Several limitations should be acknowledged. Our evaluation of pathogenicity and resistance profiles was based on a literature review rather than exhaustive in vitro or in vivo functional testing for each isolate, which may lead to under or overestimation of the actual local risk. Nevertheless, the accumulation of published evidence associated with the studied isolates justifies concrete action including strengthened quality control of traditional products, awareness campaigns for vendors and consumers, establishment of integrated (One Health) surveillance systems, and prioritization of genomic analyses to trace the transmission of resistant clones and plasmids.
5. Conclusion
This study highlights significant bacterial contamination of medicinal plant powders marketed in Abidjan, with isolates belonging to opportunistic or highly pathogenic species frequently implicated in severe nosocomial and community-acquired infections. The detection of Enterobacteriaceae (notably Enterobacter hormaechei and Escherichia coli), Pseudomonadaceae (Pseudomonas aeruginosa), Staphylococcaceae, and critical species such as Cronobacter sakazakii underscores the potential risk of invasive infections, particularly among vulnerable populations (newborns, immunocompromised individuals). The literature review reveals that many of these bacteria possess major virulence determinants (biofilm formation, toxins, siderophores, hydrolytic enzymes) and exhibit worrisome resistance profiles to last-resort antibiotics (carbapenems, fluoroquinolones, polymyxins). These findings identify medicinal powders as potential vectors for the community spread of multidrug-resistant bacterial strains, calling for urgent public health intervention and regulatory oversight. These results highlight the need to implement stronger quality control, appropriate regulations, and increased public awareness. Several limitations exist, as pathogenicity and resistance were assessed via literature review rather than comprehensive in vitro or in vivo testing, which may under- or overestimate the actual local risk.
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