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TREATMENT OF URINARY TRACT INFECTIONS IN PREGNANCY CAUSED BY Enterococcus faecalis: AN ALTERNATIVE MANAGEMENT


Abstract 
Background: Urinary tract infections (UTIs) during pregnancy are a significant public health concern due to their potential risk to maternal and child health. Among other prevalent organisms, Enterococcus faecalis has emerged as a key pathogen, with virulence genes, biofilm-forming ability, and multidrug resistance as significant pathogenic properties.
Objective: This review examines the pathogenic mechanisms, diagnostic innovations, treatment challenges, and alternative therapeutic strategies for E. faecalis-induced UTIs during pregnancy.
Methods: A literature review was conducted to examine virulence factors, diagnostic advancements, conventional antibiotic therapies, and emerging alternatives.
Results: E. faecalis exhibits multiple virulence traits, including adhesion proteins (Agg, Ace), gelatinase, hemolysin, and surface proteins (Esp), which facilitate colonisation, immune evasion, and biofilm formation. Diagnostic innovations such as molecular assays, metabolomics-based biomarkers, microfluidic platforms, and AI-assisted urinalysis have improved the accuracy of rapid detection. While nitrofurantoin has remained a reliable antimicrobial agent, because of its low resistance profile, emerging antimicrobial resistance necessitates the exploration of alternative approaches. These include phage therapy, antimicrobial peptides, immunotherapy, probiotics, and herbal adjuncts. Effective campaigns towards antibiotic stewardship and combination therapy are also critical in managing recurrent and resistant infections.
Conclusion: Effective management of urinary tract infections caused by E. faecalis during pregnancy requires a multidisciplinary approach that incorporates advanced technologies, targeted therapeutics, and preventive strategies to improve outcomes and combat antimicrobial resistance.
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A. Introduction
Urinary tract infections (UTIs) are common during pregnancy and pose significant risks to both maternal and foetal health. Pregnant individuals are particularly vulnerable to infections due to physiological and immunological changes that occur during gestation. Pathogens such as Salmonella (Chattopadhyay et al., 2010), Listeria monocytogenes (Lamont et al., 2011), Trypanosoma cruzi, and Cytomegalovirus (Duaso et al., 2011) are known to impact maternal and child health negatively.
In 2019, UTIs affected over 404.6 million people worldwide, leading to more than 200,000 deaths (Zilberberg et al., 2022). The financial burden is substantial, with the United Kingdom alone spending over £2.8 billion on UTI-related hospitalisations in 2011. Data from the Global Health Data Exchange (1990–2019) show a global increase in infection rates, mortality, and disability-adjusted life years (DALYs), emphasising the ongoing need for research and prevention measures.
UTIs during pregnancy are affected by anatomical, physiological, demographic, and behavioural factors. These include increased vaginal colonisation, hormonal shifts, immune suppression, urinary stasis, and changes in vaginal microbiota. Additional risk factors are age, race/ethnicity, socioeconomic status, medical history, multiparity, poor hygiene, low fluid intake, delayed urination, and tight clothing (Esan et al., 2023).
UTIs are classified as uncomplicated or complicated, with Enterococcus species—particularly Enterococcus faecalis and Enterococcus faecium—emerging as significant pathogens. E. faecalis accounts for approximately 95% of enterococcal infections, affecting the urinary tract, biliary tract, wounds, ulcers, and occasionally causing endocarditis or meningitis. It is a normal commensal of the vaginal and intestinal tracts, while E. faecium is responsible for a minority of infections (Cheesbrough, 2006).
E. faecalis is a Gram-positive, facultative anaerobic bacterium that typically appears in pairs or short chains. It thrives in a wide temperature range (10–45°C), with optimal growth at 35–37°C and can survive in high salt concentrations (up to 6.5% NaCl), ethanol (22%), bile, and sodium dodecyl sulfate. It produces distinct colonies on various media: dark red on MacConkey agar, yellow on CLED agar, and black on bile esculin agar.
Classified initially under the genus Streptococcus, E. faecalis was reclassified in 1984, with its first documentation of isolation in 1906 from a patient with endocarditis (Murray, 1990). It is one of the common pathogens in hospital-acquired infections worldwide (Gilmore & Lebreton, 2013), and its presence in the digestive tract has led to its use as a probiotic, although this has been challenged due to its pathogenic potential (Franz et al., 2011; Arias & Murray, 2012).

The bacterium’s pathogenicity is attributed to chromosomal and plasmid-encoded virulence factors that enhance its ability to invade host tissues and to resist antibiotics. Environmental isolates are generally less pathogenic but can acquire virulence genes through horizontal gene transfer, including resistance to cephalosporins, clindamycin, aminoglycosides, and vancomycin (MacDougall et al., 2020). E. faecalis produces cytolysin, a toxin capable of lysing both bacterial and eukaryotic cells, contributing to its role in diseases such as infective endocarditis. It contains teichoic acid and a lysine-alanine type of peptidoglycan in its cell wall, distinguishing it from other Enterococcus species (Van Tyne et al., 2013; Růžičková et al., 2020). The bacterium does not produce catalase but can survive in complex media due to lysine enzymes and prefers anaerobic conditions, aided by superoxide dismutase, which detoxifies reactive oxygen species (Sedláček, 2007). Given its adaptability, resistance, and virulence, E. faecalis remains a critical focus in the study of UTIs, especially in vulnerable populations such as pregnant individuals.
The pathogenicity process starts from the entry of bacteria into the cells of the host through interactions between their receptors, followed by the secretion of one of the factors that make colonization of the host easy such as cytolysin or enterosin enzymes, then they begin to adapt better to the environment of host cell including lack of nutrients, high oxidative potential, and host defence mechanisms (Jaafar, 2022). These virulence factors, along with others, help E. faecalis invade body cells and move between cells and organs to cause disease. In addition, it contributes to bacterial aggregation and biofilm formation, thereby preventing phagocytosis (Růžičková et al., 2020).

E. faecalis can acquire virulence genes through conjugation between bacteria of the same species, plasmid transmission or extrachromosomal elements that help them colonise the hosts, compete with other organisms, resist the host's defence mechanisms, and cause pathological changes. It can also produce enzymes or substances that increase the thickness of the biofilm, forming a calcified biofilm that is highly resistant to the host's immune defence mechanisms (Alghamdi & Shakir, 2020). The normal intestinal flora is primarily composed of bacteria, but also includes viruses, fungi, and archaea. The bacterial component is the most studied and includes several major phyla: Firmicutes, Bacteroidetes, Actinobacteria, Proteobacteria, and Verrucomicrobia. 
E. faecalis belongs to the Firmicutes phylum. These bacteria can migrate from the intestine into the bloodstream, causing systemic infections. They can also proliferate widely in the intestinal tract and invade dentinal tubules, resulting in urinary tract infections. (UTIs) (Khan et al., 2018). Some research has suggested that the transfer of E. faecalis from the mother to the newborn child during childbirth accounts for approximately 20% of instances of bacterial endocarditis in infants and can lead to infections in the heart, abdomen, and pelvis. In some cases, it may also lead to meningitis (Madsen et al., 2017; Asfaw, 2019).


B. Pathogenicity and Virulence Factors of Enterococcus faecalis in UTI
E. faecalis is a common bacterium found in the human gastrointestinal tract. However, when it enters the urinary system, it can also lead to urinary tract infections (UTIs). Although it is not as well-known as some other UTI-causing pathogens, such as Escherichia coli, E. faecalis has several pathogenicity and virulence factors that contribute to its ability to cause infections, including UTIs.
1. Adherence mechanisms to uroepithelial cells.
In E. faecalis, several virulence factors and genes contribute to its pathogenicity. One of the most important factors is the adhesion. E. faecalis expresses surface adhesins that enhance its adherence to and colonisation of urinary tract epithelium, thus facilitating the establishment of infection in the host.  Two major adhesins produced by this organism include aggregation substance (Agg), a surface protein expressed in response to a pheromone that mediates adherence of E. faecalis to renal epithelial cells. The second major adhesin involved in bacterial adherence to collagen is the E. faecalis collagen-binding protein (Ace). Both adhesins (Agg and Ace) play crucial roles in adherence to and colonisation of host tissues (Hashem et al., 2021).
2. Biofilm formation in the urinary tract.
E. faecalis can also form a biofilm on the mucosal surfaces of the urinary tract, which protects it from host immune defences and antibiotics. The biofilm ability of the organism enables evasion of the host defences and enhances bacterial virulence and antibiotic tolerance (Ch’ng et al., 2018). Ch’ng et al. highlighted the four stages of biofilm development by E. faecalis: attachment, facilitated by surface adhesins (Agg, Esp proteases, and glycolipids); once securely attached, bacterial multiplication, secretion, and the formation of a biofilm matrix follow. The matrix then matures by producing extracellular matrix components, including extracellular DNA, glycoproteins, polysaccharides, modified lipids, lipoteichoic acid, and proteases. As the microcolony expands and develops, it faces challenges such as limited nutrients, overcrowding, low oxygen levels, and waste buildup, resulting in environmental stress (Ch’ng et al., 2018). The stress response during biofilm development shifts gene expression from maturation to dispersal. This leads to the breakdown of the biofilm's microcolony wall, allowing the newly formed bacteria to produce a thick film that is difficult to penetrate and from which they can escape to form new colonies (Codelia-Anjum et al., 2023). Adherence and biofilm formation seem to be distinguishing features of Enterococcus spp., and they are associated with the ability to cause infection, particularly in urinary tract isolates. Biofilms pose further difficulties in treatment, as they establish a commensal relationship with other isolates and cause polymicrobial colonisation, especially with E. coli (Ch’ng et al., 2018). 
Tien et al. (2017) studied the immunomodulatory strategies used by E. faecalis. They discovered its ability to impair macrophage recruitment and activation by blocking nuclear factor kappa B (NF-κB) signalling pathways. The study also emphasised the role of the gelatinase secreted by E. faecalis in degrading complement components C3, C3a, and C5a, thereby aiding evasion of the host's innate immune response. Furthermore, the researchers investigated the combined interactions between E. faecalis and other microbial species in catheter-associated urinary tract infections (CAUTIs). Their results showed that polymicrobial CAUTIs involving both E. faecalis and E. coli had significantly fewer macrophages than infections caused by E. coli alone, indicating a cooperative mechanism that enhances immune evasion.
3. Gelatinase (GelE).
Gelatinases (GelE) are enzymes that degrade the extracellular matrix and are associated with tissue damage and inflammation. Gelatinase, an enzymatic action, refers to the ability of E. faecalis to break down gelatin, which is a protein derived from collagen. Gelatinase (GelE) is a zinc metalloprotease encoded by the gelE gene. It is a secreted bacterial four-factor protease (fsrA, fsrB, fsrC and fsrD). It facilitates tissue invasion and degradation of host proteins, contributing to the pathogenesis of E. faecalis infections. By degrading gelatin and other key proteins such as collagen, fibrinogen, fibronectin, laminin, and elastin, which can promote bacterial dissemination, facilitate bacterial adherence to host tissues, and contribute to tissue damage and inflammation during infection. Gelatinase facilitates the spread of the Uropathogenic organism within the urinary tract, thus promoting its survival and proliferation. Studies have suggested a correlation between the presence of gelatinase-producing E. faecalis strains and the severity of UTIs (Hashem et al., 2021). In the study by Hashem et al. (2021), the gelE gene was detected in 87% of the isolates.  gelE shows a strong correlation between the presence of fsrA, fsrB, and fsrC and gelatinase activity. Prior work from the same authors (Hashem et al., 2021) also showed that fsrA or fsrB can serve as a sufficient biomarker for gelatinase activity; however, fsrB remains the strongest predictor of that activity. Higher levels of gelatinase activity have been associated with increased virulence and resistance to host immune defences (Zhang et al., 2012).
4. Hemolysin/Cytolysin
E. faecalis has haemolytic properties, one of its major virulence factors in urinary tract infections and related infections. Hemolysins produced by E. faecalis are cytolysins, also known as Hemolysin BL (Hly). Cytolysin is encoded by the cyl operon, which consists of cylA, cylB, and cylM genes. Cytolysin has been associated with the pathogenesis of UTIs caused by E. faecalis because it promotes bacterial survival and persistence in the urinary tract by facilitating tissue damage and evasion of host immune responses. Several studies have investigated the role of cytolysin in urinary tract infections caused by E. faecalis, providing evidence of its haemolytic activity and its contribution to virulence. 
An earlier study by Sava et al., (2010) demonstrated that cytolysin is crucial for the development of experimental UTIs in a murine model, emphasising its importance in urinary tract disease. Subsequent research has identified the presence of cyl genes and cytolysin production in clinical isolates of E. faecalis linked to urinary tract infections (UTIs), highlighting the clinical relevance of this virulence factor (Hashem et al., 2021). In a related earlier study, Coburn et al. (2003) examined the distribution of cyl genes among E. faecalis isolates obtained from UTI patients. They reported a statistically significant association between the presence of cyl genes and isolates from urinary sources, compared with those from faecal samples. These findings suggest a specific role for cytolysin in the pathogenesis of urinary tract infections.
5. Enterococcal Surface Proteins (Esp).
Enterococcal surface proteins (esp) are surface-associated virulence factors mainly found in E. faecalis and E. faecium. These proteins play a crucial role during the early stages of host colonisation by aiding adhesion to host tissues, thereby supporting bacterial persistence and infection (García-Solache & Rice, 2019). Enterococcal surface proteins (esp) have been shown to significantly contribute to biofilm formation by mediating initial adhesion and strengthening cell-to-cell interactions within the biofilm matrix. This structural function not only promotes biofilm development but also enhances its durability, allowing the bacteria to survive in hostile environments and evade host immune responses (Codelia-Anjum et al., 2023).
Experimental studies have shown that disruption or deletion of esp genes reduces colonisation ability in animal models, emphasising their role in pathogenesis (Codelia-Anjum et al., 2023). Esp has also been linked to the development of severe enterococcal infections, including endocarditis and urinary tract infections (Sillanpää et al., 2010). Due to its critical role in virulence and biofilm formation, Esp is a promising therapeutic target. Approaches that inhibit esp expression or activity may provide new ways to fight enterococcal infections (Nallapareddy et al., 2008).

C. Mechanisms of Antibiotic Resistance in Enterococcus faecalis
One of the key strategies used by E. faecalis to sustain its pathogenicity in the urinary tract is antimicrobial resistance. Over time, antibiotic resistance has become a significant challenge in treating bacterial infections. One mechanism involves Efflux Pumps —membrane proteins that actively expel antibiotics from bacterial cells, thereby decreasing intracellular drug concentration (Kumawat et al., 2023). In E. faecalis, efflux pumps such as EmeA, EfrAB, and EmeB contribute to resistance against tetracyclines, fluoroquinolones, and macrolides (Cattoir & Leclercq, 2013). The production of β-lactamases enables bacteria to hydrolyze β-lactam antibiotics, thereby rendering them ineffective. This enzymatic mechanism is a major contributor to resistance against penicillins and cephalosporins (Miller & Munita, 2014). Another mechanism involves horizontal gene transfer (HGT), through which E. faecalis acquires external genetic material via conjugation, transduction, and transformation. This process facilitates the spread of antibiotic-resistance genes among strains (Lebreton et al., 2014). E. faecalis can form biofilms on both inanimate and living surfaces, creating a protective matrix that shields the bacteria from antibiotics and immune responses, thus complicating treatment. Within biofilms, gene expression is altered, with increased expression of resistance-related genes (Donelli et al., 2012). Additionally, resistance can develop through spontaneous mutations in genes that encode antibiotic targets or regulatory proteins. Mutations in genes such as gyrA and parC can confer fluoroquinolone resistance by altering the target sites of these drugs (Palmer et al., 2012).

D. Diagnosis Approaches of Enterococcus faecalis in UTIs.
1. Rapid diagnostic tests-Urinalysis and Home test kits
This approach utilises colour changes in the kits to detect bacterial activity in urine. Urinalysis can be employed to diagnose UTIs in patients with kidney disease and diabetes. It involves the physical, chemical, and microscopic examination of urine to identify abnormalities indicative of UTIs. The urine is visually inspected for colour, clarity, and odour. Cloudy urine or a strong, unpleasant odour may indicate the presence of pus or a microbial infection. Chemical tests, such as dipstick testing (urinalysis kit), are used to detect various substances in the urine, including leukocyte esterase and nitrites. Nitrites are produced by certain bacteria, commonly associated with UTIs, which reduce nitrates present in urine. The presence of leukocyte esterase, an enzyme released by white blood cells, indicates inflammation or infection. If nitrites and leukocyte esterase are present in urine, a urinary infection is presumptively suspected (Advani et al., 2024; Fauzan et al., 2024). Urine samples can also be examined microscopically by analysing urine sediment to detect white blood cells (pyuria), red blood cells, bacteria, and epithelial cells. Pyuria indicates an inflammatory response to infection. In a study by Advani et al. (2024), the accuracy of urinalysis parameters for diagnosing UTI in children presenting with symptoms was assessed. The study concluded that nitrite and leukocyte esterase showed high accuracy, with sensitivities ranging from 43% to 63% and specificities from 84% to 97%.
2. Cultural Diagnostic Approach
The diagnosis of urinary tract infections (UTIs) caused by E. faecalis using a cultural approach involves several steps to identify the presence of the bacteria in urine samples. Midstream clean-catch urine samples are collected from suspected patients with presumptive UTI. The samples are then processed by streaking the urine onto a culture medium that supports the growth of Enterococcus faecalis, or onto a differential medium such as chromogenic media (CLED agar or HiCrome UTI Agar). Other commonly used media include blood agar and MacConkey agar supplemented with vancomycin to inhibit the growth of other bacteria and promote enterococci growth (Forbes et al., 2007). The inoculated culture plates are incubated at appropriate temperatures (usually 35-37°C) for 24-48 hours. Then the plates are examined for smooth, nonhemolytic, yellow colonies with entire edges on CLED media, indicating lactose fermentation. Confirmatory biochemical tests include catalase and oxidase tests, which are negative for enterococci, as well as specific biochemical assays such as the bile esculin test and the PYR test, which are positive for E. faecalis (Baron et al., 1994). Identified strains of E. faecalis are then tested with antimicrobial agents using standardised methods, such as disk diffusion or broth microdilution. This step is crucial for guiding antibiotic therapy (CLSI, 2018). The susceptibility pattern will then inform the choice of antibiotics.
3. Molecular Diagnostics
The detection of E. faecalis in urinary tract infections (UTIs) has markedly advanced through molecular techniques, particularly polymerase chain reaction (PCR). These tests target species-specific and virulence-related genes such as gelE, ace, Esp, and resistance genes like vanA and vanB, enabling rapid and accurate identification (Vankerckhoven et al., 2004). DNA is generally extracted from urine samples via enzymatic or mechanical lysis, then amplified using gene-specific primers. Detection of PCR products is carried out through gel electrophoresis or real-time PCR, with the latter offering quantitative data and quicker results.
3.1. Metabolomics-Based Diagnostics
Metabolomics is increasingly recognised as a diagnostic tool for UTIs by profiling urinary metabolites linked to bacterial infections. Recent studies have shown that specific metabolites, such as agmatine and N6-methyladenine, are elevated in UTI-positive samples, offering a non-culture-based diagnostic alternative (Zheng et al., 2024). These biomarkers are usually analysed using liquid chromatography–mass spectrometry (LC-MS), delivering high sensitivity and specificity.
3.2. Microfluidic Platforms
Microfluidic systems, often referred to as "lab-on-a-chip" technologies, are being developed for point-of-care UTI diagnostics. These platforms integrate fluid handling, sample preparation, and detection into compact cartridges, enabling rapid and multiplexed analysis. Centrifugal microfluidic systems, such as the LabDisk, have shown promise in detecting pathogens and assessing antimicrobial susceptibility with minimal reagent use and short assay times (Zheng et al., 2024).
3.3. Artificial Intelligence in Urinalysis
Artificial intelligence (AI) is increasingly applied in urinalysis to automate image interpretation and support clinical decision-making (De Bruyne et al., 2023; Shukla et al., 2023). AI algorithms trained on large datasets can identify patterns in urine microscopy and biochemical data, improving diagnostic accuracy and efficiency. These systems offer advantages such as nonlinear modelling, predictive analytics, and rule-based inference, making them valuable tools in modern diagnostics (Özkan et al., 2018; Verma & Baliyan, 2020).

E. Antibiotic Treatment, Challenges, and Alternative Therapies for Urinary Tract Infections
Urinary tract infections (UTIs) are among the most common bacterial infections worldwide, affecting over 30% of the population (Bischoff et al., 2018). Epidemiological data show that about 40% of women and 12% of men will experience at least one symptomatic UTI during their lifetime, with recurrence rates among women ranging from 27% to 48% (Mititelu et al., 2024; Kaur & Kaur, 2021; Braumbaugh et al., 2013).

Antibiotic therapy remains the cornerstone of UTI management. However, infections caused by E. faecalis pose significant therapeutic challenges due to both intrinsic and acquired resistance mechanisms. This organism exhibits natural resistance to several commonly used antibiotics, including cephalosporins and aminoglycosides, attributed to factors such as a robust cell wall structure and active efflux pump systems (Kristich et al., 2025; Verma & Kashyap, 2024; Arias & Murray, 2012).

Ampicillin, a broad-spectrum β-lactam antibiotic, is frequently used to treat E. faecalis UTIs, often in combination with aminoglycosides such as gentamicin or streptomycin to boost bactericidal activity (Nicolle, 2005). Ampicillin works by inhibiting bacterial cell wall synthesis. However, resistance has developed through the production of β-lactamases, enzymes that hydrolyse β-lactam antibiotics (Mainardi et al., 2008).

Resistance to glycopeptides, including vancomycin, is mainly mediated by the van gene complex, which encodes enzymes that alter peptidoglycan precursors—usually replacing the terminal D-Ala-D-Ala with D-Ala-D-Lac—thereby decreasing the binding affinity of glycopeptide antibiotics and allowing continuous cell wall synthesis (Yan et al., 2025; Hourigan et al., 2024; Pan et al., 2024). Linezolid, an oxazolidinone antibiotic, inhibits bacterial protein synthesis by binding to the 23S rRNA of the 50S ribosomal subunit, preventing the formation of the initiation complex. It has shown efficacy against vancomycin-resistant E.  faecalis strains (Stevens et al., 2002). However, recent studies have reported an increase in linezolid-resistant E. faecalis, with resistance mechanisms involving mutations in the 23S rRNA and the acquisition of resistance genes such as optrA, poxtA, and cfr (Peykov et al., 2025; Seyedolmohadesin et al., 2024). This emerging resistance complicates treatment strategies and highlights the importance of ongoing surveillance and molecular characterisation of resistant strains.
Broad-spectrum antibiotic use also disrupts the gut microbiota, promoting the proliferation of resistant organisms such as E. faecalis, and further exacerbating the issue of antimicrobial resistance (Llor & Bjerrum, 2014).

Nitrofurantoin, approved by the U.S. Food and Drug Administration in 1953, has long been used for the treatment of uncomplicated lower UTIs. It is a synthetic antimicrobial derived from furan, modified with a nitro group and a hydantoin side chain (Calderaro et al., 2021). Although its use declined in the 1970s with the advent of trimethoprim-sulfamethoxazole and newer β-lactams, recent guidelines have reinstated nitrofurantoin as a first-line agent due to rising resistance to newer antibiotics and the increasing prevalence of extended-spectrum β-lactamase (ESBL)-producing pathogens (Ghazvini et al., 2019).
Nitrofurantoin is particularly advantageous for lower UTIs due to its targeted urinary tract activity, low systemic absorption, and minimal impact on intestinal flora. Its sustained efficacy and low resistance rates are believed to be linked to its limited disruption of gut microbiota. It remains active against a broad spectrum of uropathogens, including Escherichia coli, Enterococcus spp., Klebsiella spp., Staphylococcus saprophyticus, and Enterobacter spp., as well as other organisms such as Shigella, Salmonella, Citrobacter, Neisseria, Bacteroides, group B streptococci, Staphylococcus aureus, and Staphylococcus epidermidis (Gardiner et al., 2019).

Despite decades of clinical use, resistance to nitrofurantoin remains remarkably low. Its continued efficacy in both treatment and long-term prophylaxis of uncomplicated urinary tract infections (UTIs) has been well documented, with clinical efficacy ranging from 79% to 92% and microbiological eradication rates between 80% and 92% (Mahdizade Ari et al., 2023). A recent large-scale study across multiple outpatient settings found nitrofurantoin resistance in only 1.7% of positive urine cultures, with most resistant cases linked to prior nitrofurantoin exposure (Voyer et al., 2022).
The antimicrobial activity of Nitrofurantoin is attributed to its multifactorial mechanism of action. After uptake into bacterial cells, it is reduced by nitroreductases (e.g., NfsA and NfsB) to reactive intermediates that disrupt multiple cellular processes, including DNA and RNA synthesis, protein synthesis, and metabolic pathways (Kettlewell et al., 2024). This broad-spectrum intracellular targeting requires multiple independent mutations for resistance to develop, making the evolution of resistance both rare and complex. Additionally, nitrofurantoin achieves high localised concentrations in the urinary tract with minimal systemic exposure, reducing off-target selection pressure and preserving gut microbiota integrity (Khamari & Bulagonda, 2024).

F. Alternative Therapies for Urinary Tract Infections
Urinary tract infections (UTIs) are a prevalent bacterial infection, but their treatment is becoming increasingly complex due to antibiotic resistance (Ku et al., 2024; Damm & Cameron, 2023). The overuse or misuse of antibiotics has led to the emergence of antibiotic-resistant strains, reducing the effectiveness of traditional antibiotic treatments (Ku et al., 2024). This has made the management of UTIs more complex, despite the exploration of alternative therapies to address the treatment challenges posed by antibiotic resistance (El Kholy et al., 2024; Cipriani et al., 2025).
1. Development of Novel Antibiotics.
Healthcare providers are increasingly constrained in treating infections caused by multidrug-resistant (MDR) and extensively drug-resistant (XDR) bacteria, which are resistant to many or nearly all available antibiotics. These infections often result in prolonged illness, increased healthcare costs, and elevated mortality rates (Başaran & Öksüz, 2025). Developing new antibiotics is a critical strategy to combat antibiotic resistance, but it remains a time-consuming and capital-intensive process, often hindered by scientific, regulatory, and economic barriers (Gargate, Laws, & Rahman, 2025).
Currently, several novel antibiotic agents are in development or have recently been approved for the treatment of resistant urinary tract infections (UTIs). These include β-lactam/β-lactamase inhibitor combinations such as ceftazidime-avibactam, imipenem-relebactam, and aztreonam-avibactam, as well as newer classes like siderophore cephalosporins (e.g., cefiderocol), novel aminoglycosides (e.g., plazomicin), fluoroquinolones (e.g., delafloxacin), and tetracyclines (e.g., eravacycline) (Dan & Tǎlǎpan, 2024; Başaran & Öksüz, 2025).
A significant milestone was the FDA approval of gepotidacin, the first new class of oral antibiotics for uncomplicated UTIs in nearly 30 years. Gepotidacin has shown efficacy against drug-resistant uropathogens and offers a promising alternative to traditional treatments (Wagenlehner et al., 2024).
Despite these advances, pharmaceutical companies face significant challenges, including high research and development costs, complex regulatory pathways, and limited financial incentives due to short treatment durations and low return on investment. These factors have led many major companies to exit the antibiotic development space (Gargate et al., 2025). Nonetheless, ongoing research and innovation remain essential to identify new antibiotic classes and address emerging resistance mechanisms.
2. Phage Therapy in E faecalis
Researchers have been actively investigating bacteriophages (viruses that specifically infect bacteria) as a promising alternative to antibiotics in the treatment of Enterococcus faecalis infections. Recent in vitro and in vivo studies have demonstrated the efficacy of phage therapy against multidrug-resistant (MDR) E. faecalis, including strains resistant to vancomycin, a last-resort antibiotic (Ali et al., 2025; Song et al., 2023). For instance, phage ZAT1, isolated from sewage, showed vigorous lytic activity and biofilm-disruption capabilities, and successfully rescued mice from lethal E. faecalis bacteraemia when administered post-infection.
Another promising candidate, phage SFQ1, exhibited a broad host range, rapid replication, and potent biofilm degradation, making it suitable for therapeutic applications against E. faecalis infections in clinical settings. 
One of the key challenges in phage therapy is the emergence of phage-resistant bacterial strains during treatment. However, recent research suggests that such resistance may come at a biological cost to the bacteria. Phage-resistant E. faecalis strains often exhibit reduced virulence, impaired biofilm formation, and increased antibiotic susceptibility, especially when combined with phages (Ghatbale et al., 2024). This phenomenon, known as phage-antibiotic synergy, has been shown to resensitize resistant strains to antibiotics like vancomycin and linezolid. 
These findings underscore the potential of phage therapy not only as a standalone treatment but also as part of combination strategies to combat MDR E. faecalis infections.
3. Antibiotic Adjuvants.
[bookmark: _Hlk212413688]Adjuvant therapy for antibiotics has emerged as a promising strategy to combat multidrug-resistant (MDR) pathogens, including  E. faecalis, by enhancing the efficacy of existing antibiotics. Adjuvants are compounds that work synergistically with antibiotics to overcome bacterial resistance mechanisms. These include efflux pump inhibitors, which prevent bacteria from expelling antibiotics, and β-lactamase inhibitors, which restore the activity of β-lactam antibiotics (Si et al., 2023).
Recent studies have demonstrated that antibiotic adjuvants can greatly enhance treatment outcomes for challenging E. faecalis infections, particularly those resistant to vancomycin, daptomycin, and linezolid (Turner et al., 2025). By blocking resistance mechanisms, adjuvants can restore bacterial sensitivity to antibiotics, enhance drug penetration into bacterial cells, and disrupt biofilms that shield bacteria from antimicrobial agents (Kumar et al., 2023).
Different classes of adjuvants have been studied, including those that modify resistance and target bacterial cell wall synthesis and membrane permeability. These adjuvants enhance antibiotic effectiveness and decrease the chance of resistance emergence because they are non-antibiotic and do not exert selective pressure (Kumar et al., 2023). Using adjuvants together with antibiotics offers a promising strategy for controlling MDR E. faecalis infections and could help prolong the usefulness of current antimicrobial drugs.
4. Antimicrobial Peptides
An alternative approach to antibiotics involves using naturally occurring antimicrobial peptides (AMPs), such as defensins, uromodulin, histatins, cathelicidins, and RNase 7, which are essential for maintaining sterility in the human urinary tract. These peptides are secreted by epithelial and immune cells and work by disrupting bacterial membranes, interfering with cellular processes, and evading resistance mechanisms (Becknell et al., 2019). 
RNase 7, a broad-spectrum AMP initially discovered in human skin, is highly expressed in the urinary tract, especially in the bladder urothelium and kidney collecting ducts. It shows strong bactericidal activity against Gram-positive and Gram-negative pathogens, including E. faecalis, and its urinary concentration rises during infection, indicating a protective role against UTIs (Becknell et al., 2019). 
Recent studies have also explored synthetic AMPs and their enhanced activity against E. faecalis, especially in biofilm-associated infections. For example, peptides KP and L18R demonstrated significant antibacterial and antibiofilm activity against E. faecalis in endodontic models, with L18R showing strong efficacy in disrupting mature biofilms and reducing viable bacterial counts without cytotoxic effects (Mergoni et al., 2021). 
Furthermore, synthetic antimicrobial peptides (SAMPs) designed to target vancomycin-resistant E. faecalis have demonstrated promising results. When used in combination with conventional antibiotics such as chloramphenicol, these peptides enhanced bacterial membrane disruption and biofilm inhibition, suggesting synergistic therapeutic potential (Lima et al., 2024). 
5. Immunotherapy
Immunotherapy is increasingly recognised as a viable strategy for combating bacterial infections, including those caused by E. faecalis, by activating and modulating host immune mechanisms. This therapeutic approach encompasses the development of prophylactic vaccines to prevent infection and the administration of immunomodulatory agents to enhance immune responses against established infections. Recent empirical studies have demonstrated that autovaccine-based immunotherapy significantly reduces the recurrence of urinary tract infections (UTIs), particularly in patients infected with multidrug-resistant (MDR) bacterial strains.
A 2025 pilot study conducted in Spain evaluated the use of the Uromune® autovaccine, a sublingual, heat-inactivated polybacterial formulation tailored to each patient’s urine culture. The study showed a significant reduction in UTI episodes—from an average of 3.73 to 0.98 per year—after treatment, with 44 out of 49 patients experiencing no UTIs three months post-administration (Iftimie et al., 2025). Similarly, a prospective study in neurogenic bladder patients found that autovaccination reduced hospitalisations and emergency visits, with UTI-free rates of 69.1% at three months and 20.6% at one year (Bonillo-García et al., 2025). 
Beyond autovaccines, immunomodulatory agents are being explored to enhance host defenses against antibiotic-resistant E. faecalis. These agents may help overcome treatment failures in difficult-to-treat infections by boosting immune responses and improving pathogen clearance, especially in immunocompromised patients (Turner et al., 2025).
6. Combination Therapy
Combination therapy is the use of two or more antimicrobial agents. In recent times, combination therapy has been increasingly employed to manage urinary tract infections (UTIs) caused by E. faecalis, particularly in cases involving multidrug-resistant (MDR) strains. This approach aims to target multiple bacterial pathways simultaneously, thereby enhancing bactericidal activity and reducing the likelihood of resistance development (Turner et al., 2025). 
In clinical practice, combining a cell wall-active drug like ampicillin or vancomycin with an aminoglycoside such as gentamicin has traditionally been the standard approach for treating serious E. faecalis infections, including endocarditis and complicated urinary tract infections. This combination leverages synergistic effects, where the beta-lactam enhances cell wall permeability, facilitating the aminoglycoside's access to intracellular targets. Recent evidence also suggests alternative combinations, such as ampicillin with ceftriaxone, particularly for patients at risk of aminoglycoside toxicity. This regimen has proven effective against both gentamicin-sensitive and resistant E. faecalis strains, including those causing prosthetic valve infections (Clark & Burgess, 2024). 

Furthermore, new combination approaches involving beta-lactams and daptomycin are under investigation to combat vancomycin-resistant enterococci (VRE). Recent therapies show potential in overcoming resistance and enhancing outcomes in severe infections. These include synthetic antibiotics like cresomycin, which target resistant bacterial ribosomes effectively, and targeted antimicrobial treatments such as monoclonal antibodies, bacteriophages, and CRISPR-based methods. Researchers are also exploring combination therapies and advanced drug-delivery systems to enhance effectiveness and reduce resistance (Myers et al., 2024; Zai et al., 2024; Maji et al., 2025). Ongoing research aims to improve these strategies, balancing efficacy with antimicrobial stewardship.
7. Probiotics and Microbiota Restoration
Probiotics, defined as live microorganisms that confer health benefits to the host when administered in adequate amounts, have gained significant attention for their role in modulating gut microbiota and enhancing immune function. In the context of E. faecalis infections, probiotics offer a promising adjunctive strategy by restoring microbial balance and preventing colonisation by pathogenic strains (Mechoub et al., 2025).
Recent studies have highlighted the ability of probiotic strains such as Lactobacillus, Bifidobacterium, and even particular non-pathogenic Enterococcus species to produce antimicrobial compounds, such as bacteriocins, that inhibit the growth of Uropathogens, including E. faecalis. These probiotics also contribute to the formation of a protective mucosal barrier and modulate immune responses through cytokine regulation and Toll-like receptor signalling (Beikmohammadi, et al., 2025).

Furthermore, probiotic-rich fermented foods like yoghurt, kefir, and kombucha have been shown to improve resistance to urinary tract infections (UTIs) by increasing the diversity and resilience of the gut and urogenital microbiota. This microbial adjustment helps prevent dysbiosis and strengthens the host’s natural defenses against recurring infections (Saraiva et al., 2025).
Although Enterococcus faecalis itself is a commensal organism in the human gut, its dual role as both a probiotic candidate and a potential pathogen necessitates careful strain selection. Recent genomic studies emphasise the importance of evaluating virulence factors and antibiotic resistance profiles before considering E. faecalis strains for therapeutic use (Mechoub et al., 2025).
8. Antibiotic Stewardship
Antibiotic stewardship programmes (ASPs) are coordinated initiatives designed to optimise antimicrobial use, preserve their efficacy, and reduce the risk of antimicrobial resistance. These programmes promote responsible prescribing, including avoiding unnecessary antibiotics, choosing suitable agents guided by microbial susceptibility, and prescribing the shortest effective duration of treatment (CDC, 2024). 
Recent global initiatives, such as the United Nations High-Level Meeting on Antimicrobial Resistance, have highlighted the significance of stewardship programmes in reducing deaths from antimicrobial resistance (AMR) and enhancing antibiotic use across healthcare systems (CDC, 2024). Evidence-based guidelines now stress the integration of stewardship principles into routine clinical practice, particularly in hospital environments, where inappropriate antibiotic use continues to be a significant factor driving resistance (Sannathimmappa, 2025). 
A five-year retrospective study in a Chinese tertiary hospital demonstrated that a pharmacist-led Antibiotic stewardship programme (ASP) significantly reduced inpatients’ antibiotic consumption by over 22%, suggesting the effectiveness of multidisciplinary stewardship models in improving prescribing behaviour and reducing healthcare costs (Qian et al., 2025). 
Social education and awareness remain critical components of stewardship efforts. Training healthcare providers and informing the public about the risks of antibiotic misuse are essential to sustaining the impact of these programs and preventing a return to a pre-antibiotic era where common infections could become life-threatening (Sannathimmappa, 2025).
9. Herbal therapy
While antibiotics remain the cornerstone of urinary tract infection (UTI) treatment, their frequent and prolonged use can disrupt the intestinal microbiota and accelerate the emergence of antibiotic resistance. This resistance is driven by high mutation rates and horizontal gene transfer among uropathogens, including E. faecalis (Hochstedler-Kramer et al., 2023). These pathogens employ survival strategies such as biofilm formation, intracellular invasion, and morphological adaptation to persist in the bladder under stress conditions, evading both immune responses and antimicrobial agents.
Biofilms formed by E. faecalis are remarkably resilient due to their extracellular matrix, composed of DNA, exopolysaccharides, pili, and flagella, which shield bacterial communities from antibiotics and host defences. This complexity underscores the need for alternative therapies that can disrupt biofilms and reduce recurrence rates (Mukherjee, et al., 2023).
Herbal therapy has gained attention as a complementary or alternative approach to conventional antibiotics. Recent studies have demonstrated the antimicrobial efficacy of plant-derived compounds, such as curcumin, allicin, gingerol, and cinnamon, against E. faecalis, including biofilm-forming strains. These phytochemicals exhibited significant antibacterial activity, with gingerol and cinnamon showing rapid bactericidal effects and comparable biofilm-eradication activity to sodium hypochlorite in vitro (Haripriya et al., 2023).

Additionally, plant extracts like cranberry, bearberry, and pomegranate have shown promise in preventing recurrent UTIs through anti-adhesive and biofilm-disrupting mechanisms. A-type proanthocyanidins in cranberry and arbutin in bearberry are particularly effective in inhibiting bacterial adhesion and biofilm formation, offering a well-tolerated adjunct to conventional therapies (Hsu et al., 2025). While these findings are promising, further clinical trials are needed to validate the safety, efficacy, and optimal dosing of herbal therapies for the management of UTIs caused by E. faecalis.


G. Conclusion and Recommendation E. faecalis is increasingly recognised as a major contributor to urinary tract infections (UTIs), particularly among pregnant women. Addressing infections caused by this organism requires access to contemporary scientific evidence, especially in resource-limited settings where maternal and neonatal health risks are heightened.
This review examines how pathogens cause disease, current techniques for diagnosing UTIs, and emerging technologies for managing UTIs in pregnant women. To improve early detection and reduce antibiotic misuse, it is essential to invest in real-time diagnostic tools that can swiftly and accurately identify E. faecalis. These innovations will facilitate prompt, targeted treatment and help prevent antimicrobial resistance.
Future Research
Future investigations should prioritise the design and implementation of affordable, rapid diagnostic systems tailored for low-income regions. Moreover, longitudinal research is needed to evaluate the effectiveness of these technologies in improving clinical outcomes and guiding antibiotic stewardship in maternal healthcare.
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