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The Molecular Microbiology section of Current Issues in Molecular Biology publishes
original research and review articles on microbes, including bacteria, archaea, eukaryotic
microorganisms, and viruses. Published investigations address the fundamental mech-
anisms of molecular microbiology, encompassing areas ranging from basic research to
translational or applied research. Areas of interest include mechanisms of antimicrobial
resistance, vaccine development, the evolution of host—pathogen interactions, microbial
ecology, comparative microbiology of various hosts, and microbial genomics.

Recent developments in molecular microbiology include the continuation of the search
for alternatives to antibiotics, utilizing bacteriophage therapy [1,2]. This is especially true
for the ESKAPE pathogens, including Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp. This
group of bacteria comprises organisms that are highly predisposed to antibiotic resistance;
they are therefore difficult to treat with traditional antibiotics to achieve effective infection
control [3]. Although newly developed antibiotics, such as cefiderocol, have shown promise,
resistance to this siderophore has been demonstrated among certain cohort groups [4].
Consequently, research into developing personalized therapies using bacteriophages as an
alternative treatment in clinical settings could be an important aspect of future treatment
approaches [5]. To achieve the goal of utilizing bacteriophages as antimicrobials, it will be
necessary to continue supporting the isolation and characterization of bacteriophages from
a variety of bacterial hosts prone to developing antibiotic resistance during infections [6-9].

The Food and Agriculture Organization of the United Nations and the WHO
(FAO/WHO) define probiotics as “live microorganisms which when administered in
adequate amounts confer a health benefit on the host,” and probiotic bacteria are now being
developed for medical applications [10]. Traditionally, probiotic treatments have been asso-
ciated with alleviating gastrointestinal disorders, such as those associated with Helicobacter
pylori [11]. Recent proposals have included the use of probiotics in sanitizing healthcare
environments [12] and employing detergents in conjunction with selected probiotics that
can displace surrounding pathogens through competitive exclusion [13]. One interesting
approach to control infections among crowded community environments is the use of
probiotic-based sanitation [14]. This method is reportedly effective in reducing levels of
fungal, bacterial, and viral pathogens as an alternative to traditional chemical disinfec-
tants and, in one study, was even used to help sanitize a subway microbiome [15]. Such
breakthroughs are particularly compelling; as an example, a high-risk, antibiotic-resistant
strain of Pseudomonas aeruginosa was cultured from an urban water drain in a populated
subway underpass, demonstrating the multitude of pathogens that can be found in various
environments that negatively impact human and animal health [16].

Research tools used by investigators to genetically modify microbial genes have tradi-
tionally been implemented using techniques such as transposon mutagenesis screens to
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identify the mechanisms of specific genes in certain phenomena, including the thermoregu-
lation of motility in organisms, for example, typhoidal Salmonella [17]. The development
of high-throughput sequencing techniques [18] combined with CRISPR (clustered regularly
interspaced short palindromic repeats)-Cas systems [19] has revolutionized researchers’
ability to study microbial-host interactions [20]. One of the more intriguing developments
is the technique of the newly developed MetaEdit (Metagenomic Editing) approach, which
allows for targeted insertion of large DNA sequences into the genomes of bacteria within
the mouse gastrointestinal tract [21]. The procedure involves the utilization of optimized
CRISPR-associated transposases delivered by a conjugative vector system to genetically
engineer a diverse ecology of commensal bacteria directly to single-nucleotide genomic res-
olution. The goal is to genetically modify individual bacteria within natural communities
among gigabases of a metagenomic bacterial population. Moreover, techniques such as
precision microbiome programming for therapeutic applications may eventually become a
reality [22]. Certainly, the above breakthroughs represent potentially monumental advances
in metagenomics analyses; for now, however, investigators will continue to utilize CRISPR
systems to study individual pathogens [23].

Diagnostic development for clinically important microorganisms remains an essential
aspect of microbial research for highly specific, rapid pathogen detection [24]. CRISPR
systems have been adapted for microbial detection assays, which include the Combina-
torial Arrayed Reactions for Multiplexed Evaluation of Nucleic acids (CARMEN), used
for multiplexed pathogen detection [25]. This assay has recently been updated to detect 23
blood-borne pathogens critical to clinical diagnostics and public health surveillance [26].
Another technique, matrix-assisted laser desorption/ionization time-of-flight mass spec-
trometry (MALDI-TOF MS), has been developed for the detection of microorganisms, and
databases have been established to characterize pathogens [27,28]. The technique has been
utilized for the rapid detection of pathogen-associated illnesses such as Staphylococcus
aureus bloodstream infections [29] and fungal biotyping [30]. Point-of-care diagnostics
utilizing molecular techniques are another critical aspect of infectious disease detection and
monitoring [31]. Such testing is particularly important in locations where rapid, low-cost
alternative diagnostics are needed as it does not require sophisticated equipment and has
been recommended by the WHO for initial diagnosis. Consequently, methods such as
the loop-mediated isothermal amplification (LAMP) technique offer a promising tool for
the diagnosis of pulmonary tuberculosis in resource-limited regions of the world [32]. In
addition to nucleic acid techniques, time-honored serological diagnosis of parasitic diseases,
such as toxoplasmosis, remains vital in many parts of the world [33].

Exploration of microbiomes in numerous environments is an ever-evolving area of
research. On a related note, Time magazine recognized Dr. Jeffrey I. Gordon for his contribu-
tions to the development of a therapeutic food designed to treat childhood malnutrition as
one of the best inventions of 2025 (https:/ /time.com/collections /best-inventions-2025/731
8496 /mdcf-2/, accessed on 20 December 2025 and https:/ /medicine.washu.edu/news/
time-magazine-names-therapeutic-microbiome-directed-food-a-best-invention-of-2025/,
accessed on 20 December 2025. https://www-nature-com.oregonstate.idm.oclc.org/
subjects /microbiome, accessed on 20 December 2025). Severe global malnutrition affects
14 million children under 5 years of age, and food insecurity remains an ongoing challenge
for which therapeutic interventions are needed, representing a significant societal burden in
low- and middle-income countries [34]. Importantly, Dr. Gordon and collaborators created
an intervention with a microbiota-directed complementary food that was more efficacious
than a ready-to-use supplementary food. The results provide investigators and health
personnel with a path that will provide a basis for further testing of the human microbiome
to identify biomarkers and better define treatment responses for malnutrition [35,36]. Bac-
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teria represent the primary focus of the majority of microbiome studies. However, fungi
also play important roles in gastrointestinal microbiomes, yet these organisms are not as
widely studied in microbial ecology research. The basis of new applications may depend
on expanding our knowledge of the evolutionary origins of the gut microbiome, which will
also depend on deciphering the importance of the mycobiome [37].

Environmental microbiology is a far-reaching subject that includes a diverse array
of research, including aquatic microbial systems, biofilms, plant—fungal relationships,
how microbes play roles in restoration ecology, and how microbes impact a variety of
insect and animal microbiomes. Within this field, bioremediation utilizing consortia of
microbes holds promise as a tractable, commercially viable strategy to treat wastewater
and contaminated marine or freshwater environments [38]. Moreover, these approaches
may also contribute to the production of useful byproducts such as fertilizers [39]. To
improve upon these approaches, progress in the world of bioinformatics will continue to
play a crucial role in bacterial genomics and metagenomics [40]. Consequently, new user-
friendly metagenomics analysis techniques, such as MetaXplore, have been developed as an
interactive interface written in the R language to analyze complex microbial communities
through high-throughput sequencing of marker gene amplicon data. This process includes
determining alpha and beta diversity, taxonomic composition, differential abundance
analysis, and identification of the core microbiome [41].

Discovery and research in virology will continue to play important roles in microbio-
logical research. The impact of viral disease-causing agents, such as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [42], mechanisms by which human immunod-
eficiency virus type 1 (HIV-1) impacts host cellular pathways [43], avian influenza in
agricultural products [44], and the need for mpox diagnostics [45], combined with a “host”
of other issues in virology, will continue to be a focus during the future [46]. One important
aspect of viral pathogenesis research is related to the emergence of long COVID. The emer-
gence of long-term illness after SARS-CoV-2 infection was first reported in 2020, following
reports of patients with infection-associated chronic conditions, which included mainstream
media coverage and official recognition of the condition among the human population [47].
The condition is defined as “an infection-associated chronic condition that occurs after
SARS-CoV-2 infection and is present for at least 3 months as a continuous, relapsing and
remitting, or progressive disease state that affects one or more organ systems” that mani-
fests as interstitial lung disease with cardiac complications [48]. Research into the causes
of long COVID includes investigating persistent immune activation and proinflammatory
responses [49] and potential B-cell dynamics among individuals with long COVID [50],
amongst other mechanisms of the disease to aid mitigation of the syndrome [51].

Of particular interest in the future will be to monitor how artificial intelligence (AI) and
machine learning impact microbiology and microbiome research [52]. Within the diagnostic
laboratory, advancements in image analysis, also known as computer vision, help interpret
digital images through comparison with annotated reference standards and curation of
data for quality control analysis, two areas that could expedite and improve accuracy in
clinical microbiology practices [53]. Natural Language Processing (NLP) is being used
to analyze microbial interactions in gastrointestinal communities to predict issues such
as irritable bowel disease (IBD) and diet-related effects by identifying distinct taxa [54].
Due to the complexities of artificial intelligence, machine learning, and microbial ecology,
it is beneficial to have accessible guides that provide foundational information on these
subjects [55,56]. Microorganisms are the most abundant living entities on our planet; they
play major roles in organismal health, the environment, and in food systems. Consequently,
research involving understanding the mechanisms of molecular microbiology will continue
to be of utmost importance far into the future.
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