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ABSTRACT

Background: Differences in the lifestyle of people that this century brought on us resulted in an increase in obesity and
metabolic disorders. This growing prevalence resulted in an intensified interest in next- generation probiotics (NGPs). They
are microorganisms that enable a more targeted therapy to various diseases. Hafnia alvei, a commensal bacteria inhabiting
the human gut, has gained attention due to it’s potential to influence appetite regulation and energy homeostasis.

Aim of the study: This article reviews the information about Hafnia alvei with particular emphasis on it being the next-
generation probiotic, as well as the mechanisms, safety and potential therapeutic effect

Scope of review: The goal of this review was to gather knowledge about Hafnia alvei, its effects on human metabolism and
the potential of Hafnia alvei becoming a NGP.

Conclusion: Forty eight studies were included in this review. We found that specific strains of Hafnia alvei can produce
caseinolytic protease B (ClpB), a protein that mimics a-melanocyte-stimulating hormone (a-MSH) that is a well known
regulator of appetite. Through this mimicry, H. alvei may influence food intake and body weight regulation. Experimental
and clinical studies suggest that applying H. alvei as a treatment results in a reduced caloric intake, improved metabolic
parameters and weight loss. Moreover it has been demonstrated that Hafnia can influence the release of pro- and anti-
inflammatory cytokines. Studies suggest that this bacteria can regulate the balance of inflammatory effects, which could be
of importance regarding inflammatory diseases, especially obesity where the inflammation can be implicated in it’s
pathophysiology. Despite promising findings, the available data is very limited and there is a need of conducting larger-
scale, well-controlled trials to confirm the efficacy of this treatment.

Further research is crucial to ensure the safety of this therapeutic option and confirm these findings.
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1. Introduction

1. In recent years the gut microbiota has been assigned a significant role in the health of a gut. A vast
population of bacteries have an influence on a wide range of biological processes such as nutrient metabolism,
immune system development, and protection against pathogenic microorganisms. Over the past two decades
due to the improvement of genomics, molecular biology, bioinformatics and sequencing technology our
understanding of it’s significance has dramatically improved. Different diseases and dysbiosis can disrupt the
composition of gut microbiota. Metabolic diseases are often associated with an inflammatory process started
by dysbiosis of the gut microbiome. Obesity, type 2 diabetes as well as other gastrointestinal diseases can stem
from the microbial disruptions. These observations have created an interest in modulating the microbiota in
order to restore the microbial balance and improve the hosts’ life. Among many, the next generation probiotics
have emerged as a potential way.

2. Probiotics are generally described as live microorganisms that can positively influence the host's
health when applied in an adequate amount [1]. They can be found in certain fermented foods, yoghurts, cheese
as well as pills. The first discovery of a probiotic was made in 1905 when microbiologist Stamen Grigorov
had encountered Lactobacillus bulgaricus. Since then, many other probiotics have been found. Amongst the
most famous probiotics Lactobacillus has made it’s mark. It has the ability to ferment food, prevent it’s
spoilage and improve the nutritional value of meals. Pickled vegetables, kimchi, sauerkraut and sour bread are
just a few examples of products that use Lactobacillus in the process. It is important to notice that using
probiotics in immunodeficient patients may increase the chance of adverse effects. There have been reports of
children with loss of immunity who had severe bacteriemia and even sepsis after consuming probiotics.
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Probiotic supplements should be used according to the recommended dose, as its abundance can cause
unintended effects [2]. In the last few years the growing interest has caused the creation of a concept of the
next-generation probiotics.

3. Next-generation probiotics are microorganisms that have been carefully engineered to offer a targeted
approach to various diseases [3]. The difference between probiotics and NGP is that NGP allows a more
tailored approach to battling an illness. Advancements in technology have allowed us to identify potential NGP
candidates. Amongst them were: Faecalibacterium prausnitzii, Akkermansia muciniphila, Bacteroides fragilis
[4] and Hafnia alvei. One of the examples was Lactobacillus that could be engineered to produce a
transforming growth factor (TGF- beta) or interleukin 10 (IL-10) that can help with the symptoms of
inflammatory bowel disease (IBD) [5]. Akkermansia muciniphila is another example of potential NGP. It could
be used as a diabetes treatment, because it can improve glucose metabolism. It is important to note that the use
of NGP faces some challenges. The biggest one is the need for more extensive research that could ensure it’s
safety.

4. Within this concept there has been a growing interest in the potential of Hafnia Alvei being the next-
generation probiotic. This gram negative bacteria has been investigated because of it’s targeted properties,
especially in the appetite and energy balance. Thanks to it’s production of ClpB protein that mimics the
anorexigenic hormone alfa- MSH, it has a potential to influence the satiety pathways resulting in gut and
dietary changes. Despite this ability, there still needs to be more research done in order to establish Hafnia's
efficacy and long-term safety.

5. Therefore the aim of this review is to analyze the potential of hafnia alvei as the next generation
probiotic using a vast range of research. There has been an emphasis placed on the mechanisms in which the
H. alvei can influence the gut balance, safety of the proposed method and the therapeutic potential of using h.
Alvei as the next- generation probiotic. By combining the experimental, clinical, microbiological studies, this
overview serves a purpose in finding the probiotical opportunities of H. Alvei.

Methods

Our search focused on the potential of Hafnia alvei becoming the next- generation probiotic and it’s
influence on gut health. Our systematic search was conducted of PubMed and SCOPUS databases on 7
November 2025. Initially, we searched the databases with Hafnia Alvei, microbiome, microbiota, gut, health.
Additionally, we manually inspected the reference list to check for any publications of interest. We included
only records written in English and related to humans and mice and rats.

The goal of this review was to investigate and analyse the potential benefits of applying Hafnia alvei.

After screening, 320 articles on Pubmed and 286 on scopus were identified. In summary 606 studies
have been found, 164 of them were duplicates, most of them were rejected due to the fact that they differed
significantly from the main topic of this work. Most of them involved case reports, studies about Hafnia’s
protein membrane, LPS and quorum censoring without addressing the potential probiotic effect. Additional
exclusion involved work about non- representative study populations such as non- mammals. Case reports and
studies with a small group of patients were not used due to insufficient clinical significance.

Data Collection Process

Microsoft Excel program was used to carry out the data collection. This process was carried out by one
author, while another reviewed it for reliability. The dataset included information about study characteristics,
interventions, participant details, and microbiome shift outcomes. All discrepancies were resolved by
consensus between the authors.

2. Biological Characteristics of Hafnia alvei

Hafhnia Alvei is a facultative anaerobic, gram negative rod that stems from the Hafniaceae family [6].
The genus was first described by Mgller in 1954. Hafnia is a flagellate bacterium and thus is motile. It tests
positive for catalase, ornithine decarboxylase, lysine decarboxylase but negative for oxidase. Moreover,
different strains of Hafnia are known to produce N-acyl homoserines lactones (AHLSs) and form biofilm [7].
AHLs are a type of quorum signaling (QS) [8] molecule that enable regulation of behavior depending on the
environment [9]. This is an advantageous model as it can increase resistance to environmental factors such as
the host immune system or antibiotics. Studies demonstrate that several H. alvei strains share the same core
oligosaccharide structure within their lipopolysaccharide (LPS). LPS contained components that are typical
for gram negative bacteria: Kdo, heptose residues, phosphate groups, and ethanolamine [10]. In this case LPS
is a highly conserved core region, that due to phosphate and phosphoethanolamine substitutions may contribute
to the bacteria's immunomodulary properties [11].

e-ISSN: 2544-9435 3


https://en.wikipedia.org/wiki/Hafniaceae

2(50) (2026): International Journal of Innovative Technologies in Social Science

It has been discovered that Hafnia is particularly resistant to colistin placing it amongst enterobacterial
genera naturally resistant to this antibiotic because of the substructural modifications of LPS, especially within
the lipid A moiety [12].

Sazakis’ serological classification dictates that hafnia strains have 68 O-antigens and 34 H-antigens [13].
Seven O-subgroups can cross-react with Enterobacter cloaceae, Citrobacter freundii, Escherichia coli and
Shigella [13].

Additionally Hafnia possesses similar characteristics as Salmonella, which often times has led to
misidentification. False identification can distort data for studies and may result in inappropriate findings.

Hafnia is also known to be an often cause of food spoilage of fish, cream and milk where the population
canreach up to 8 x 1010 CFU/g [14]. The reason for that is the production of AHLs and mediating the spoilage
factors through QS [7]. Moreover the food decomposition can often happen in vacuum packagings [15]. In the
food industry this bacteria is used to ripen certain types of cheeses such as camembert contributing to the
flavour development [9, 16]. Other studies suggest that incorporation of Hafnia as a part of a probiotic group
in post- harvest wash treatments may reduce Salmonella contamination in eggs. [17]

This bacteria is widely distributed throughout nature and exists in various places. It is commonly found in
food, soil, water and mammals where it colonises the gastrointestinal tract. Hafnia can rarely act as an opportunistic
pathogen usually in patients that are immunocompromised, with malignancies or infected with HIV virus [18]. Most
of the infections are nosocomial [19]. It can cause different symptoms such as diarrhea [19], fever [20], abdominal
pain and various diseases: gastroenteritis [8, 21], septicemia [22, 23], meningitidis [24], pneumonia [25, 26], urinary
tract infections. Fecal samples from patients have been reported to be bloody or tarry [18]. H. alvei is considered to
be a commensal bacterium, which means that it causes no harm to the host. It is being proposed that the bacterium
can additionally benefit the place it colonises- the gut microbiome. [27].

A significant aspect of understanding the Hafnia genus is differentiating various strains of this bacterium.
As with many other bacteria, the properties of the organism vary depending on the strain. This is a very
important aspect when looking for a next-generation probiotic. One of the most broadly studied strains in this
case is Hafnia alvei 4597. This commercial strain of hafnia produces a caseinolytic protease B (ClpB). ClpB
is a 96kDa heat-shock protein that is involved in cellular stress response and protein disintegration. It has been
found that it mimics the a-melanocyte-stimulating hormone (a-MSH) [28] that plays a role in regulation of
appetite, satiety, glucose levels and losing weight [29]. There have been conducted few pre-clinical and clinical
studies that have shown promising results over this beneficial role of Hafnia, but it still needs further
investigation to notice adverse effects and long-term safety. At the same time it is crucial to notice that some
of the strains may act as opportunistic pathogens, particularly in patients with underlying diseases. It is
imperative to notice this dual nature and be cautious when conducting the studies using different strains.

In another study it was found that the growth of Hafnia lowers the inflammatory response of endothelial
cells by regulation of adhesion molecules and decreases in pro-inflammatory cytokines such as IL-6 and IL-8
[30]. Moreover it has been discovered that some of Hafhia strains can induce high levels of Interleukin-10 in
dendritic cells [31]. IL-10 is an anti-inflammatory cytokine that has effects on immunoregulation. It lowers
Thl expression and improves B cell survival. This context can be relevant in the context of immune diseases
and allergies.

3. Mechanisms of Action

3.1 Modulation of Appetite and Energy Homeostasis

The potential of Haftnia alvei being the next generation probiotic is closely correlated to the mechanism
it presents. Unlike the traditional probiotics which mostly have a local impact in the gut, Hafnia may work
though more complex mechanisms like other gut microbiota. It may involve microbial signaling,
neuroendocrine and immune modulation [32, 33].

One of the ways that it can exert it’s effects is through it’s commensalism in the gut microbiota. Although
Hafnia is the smaller part of the microbiota, it still can influence the balance by competing with other bacteria
for nutrients or adherence sites. This can affect the proportional composition of bacteria and their metabolites
in the gut.

A distinctive feature of Hathia is it’s ability to produce the ClpB protein, which has been identified as
the key to the potential next- generation probiotic effect. ClpB is a heat shock protein that is involved in stress
response. Moreover it exhibits a similar structure to alfa-MSH hormone [28]. This mimicry suggests that ClpB
could act as alfa-MSH hormone and have a role in appetite suppression, regulating the food intake. The primary
site of alfa-MSH regulatory effect is located in the brain, however there are also more peripheral targets such
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as the gut, where it can stimulate the PYY secretion by expressing the MC type 4 receptor (MC4R) [34].
Mutation that causes a loss of function of MC4R results in severe obesity with hyperphagia and
hyperinsulinemia [35]. MC4R is the second most enriched G protein-coupled receptor (GPCR) in PYY and
glucagon-like peptide (GLP-1) expressing L cells which are located in the distal small intestine and colon [34].
Activating the MC4R by alfa-MSH leads to reduced caloric intake and often results in weight loss [34]. PYY
acts by slowing the emptying of the stomach and satiety promotion, while GLP-1 promotes insulin secretion
and inhibits glucagon release thus suppresses appetite.

There is a proposition that hafnia alvei may influence the gut- brain connection, especially the vagus
nerve. It is suggested that the hormone secretion can affect the vagal afferents thus impacting the central
appetite control circuits. This could be an additional way that the microbiome can affect the metabolism.
Another reason that suggests that Hafnia alvei may influence the gut- brain connection are increased serum
IgM and IgA responses to H. alvei’s LPS in patients with major depression disorder due to leaky gut [36].

3.2 Immunomodulatory Effects

An additional reason that Hafnia can become a great new generation probiotic is the ability to regulate
anti- and proinflammatory cytokines. The gut microbiota plays a crucial role in controlling homeostasis and
any disruptions can induce inflammation observed in metabolic disorders [37]. Experimental studies have
demonstrated that H. Alvei can induce production of crucial pro-inflammatory cytokines such as TNF-alfa and
IL-6 [31]. Additionally, this bacteria has also influenced the production of secretion of an anti- inflammatory
cytokine IL-10. Even though studies about Hafnia’s immunomodulatory effect are limited, findings from
broader microbiome research suggest that commensal bacteria may shift the cytokine balance to the anti-
inflammatory state. Modulation of the cytokines may also influence the balance between T helper cells subsets,
particularly Th1 and Th2. Th cells are a part of the adaptive immune system that work by releasing cytokines.
While Thl is responsible for cell-mediated response, usually through macrophages and T cytotoxic cells,
activation of the Th2 leads to a humoral immune response with the help of B-cells, eosinophil and mast cells.
Equilibrium between Thl and Th2 is crucial to maintain immune homeostasis as disruptions can lead to
metabolic and inflammatory diseases. Microbiota can regulate this balance through the impact on the gut-
associated lymphotic tissue (GALT) and dendritic cells. Such observations have been reported for other
commensal bacteria and it is believed that Hafnia has the same effect.

Another mechanism that Alvei presents is the influence of the intestinal barrier integrity. The intestinal
epithelium is a single layer made out of simple columnar epithelium that covers the small and large intestine.
It’s main function is the absorption of useful substances and secretion of mucins and peptides. The barrier of
the intestinal epithelium is made out of 4 types of cell junctions, in which the most important are tight junctions.
They provide a selective, narrow paracellular transport that prevents the passage of microorganisms and their
toxins [38]. Disruptions of these structures can lead to an increased intestinal permeability otherwise known
as a “leaky gut”. Leaky gut can contribute to systemic inflammation [39]. Although direct evidence for Hatnia
is limited, it has been studied that other commensal and probiotic bacteria can enhance the tight junction
stability. In experimental and clinical studies Akkermansia muciniphila has shown to improve the gut barrier
and reduce gut permeability [40]. Hafnia may indirectly exert similar abilities thanks to promoting a favorable
microbial environment and reducing inflammation in the epithelial structures.

4. Safety Considerations

The safety of Hafnia alvei is a crucial aspect to consider when talking about the possibility of this
bacteria becoming a next-generation probiotic. H. Alvei belongs to the order of Enterobacterales which
includes several pathogenic species. Despite that, Hafnia is generally considered to have a low pathogenic
potential. It can be found in a lot of different niches such as food, water, soil and the gastrointestinal tract
suggesting a long history of exposure to the human immunity system. It’s frequent detection in familiar places
may indicate that Hafnia does not cause widespread adverse effects. The safety of h. Alvei 4597 strain has
been investigated in experimental models [experimental hafnia]. The studies reported no acute toxicity,
significant adverse effects or pathogenic behavior. Furthermore the preliminary clinical studies also did not
find any side effects, suggesting a safe profile [41]. Nevertheless, further studies need to be conducted to ensure
the absolute safety of using Hafnia as the next-generation probiotic.

Despite Hafnia being considered a low- pathogenic bacterium, there have been reports of opportunistic
infections in hospitalised or immunocompromised patients. These infections include: bacteriemia, respiratory
infections and urinary tract infections, however such cases remain a rarity [18]. Often there were cases of
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polymicrobial infections where it was difficult to say if Hafnia was the cause of the infections or just a
secondary colonizer.

Another key safety concern is the risk of horizontal gene transfer within the gut microbiome and the
potential presence of antibiotic resistant genes. Bacteria from the Enteriobacteriaceae family are known to
have diverse antibiotic resistance mechanisms such as Beta-lactamase production and multidrug efflux
system.These features can raise concerns as to the safety of applying Hafnia alvei as a therapeutic.
Comprehensive research is needed to ensure that other members of the gut microbiota won’t undergo the
horizontal gene transfer which could lead to the spread of antibiotic resistance. Strict regulations and
continuous monitoring should be applied to minimize these potential risks.

5. Evidence from Preclinical and Clinical Studies

Preclinical studies can provide an important insight into the possibilities of Hafnia alvei, especially
regarding obesity and appetite regulation. Several studies have used a HA4597 strain to conduct their research,
amongst them some employed a diet-indused obesity (DIO) model on ob/ob mice to evaluate the physiological
effects of H.alvei. This model is used to imitate the modern human high-fat diet (HFD). Other studies included
C57BL/6J mice and KK.Cg-a/a and KK.Cg-Ay /a mice that imitate a patient with type 2 diabetes mellitus.

Results of such studies have yielded promising results. Supplementing Hafnia Alvei HA4597 by an
intragastric gavage to HFD mice for 38 days has resulted in decreased body mass, reaching a 15.3% difference
to the untreated HFD group [42]. Another study reported a 50,1% decrease in body weight gain in ob/ob mice
after the course of treatment. Body composition in H.alvei HA4597-treated ob/ob mice changed with 38.3%
lower gain of fat and 126.8% decrease in lean mass. The HFD model also resulted in 51.9% decrease in fat
mass in mice, while the changes in lean mass were not significant [43]. Studies that used C57BL/6J mice
showed no significant changes in weight or body composition after the course of treatment. [44]
Administration of Hafnia alvei to KK.Cg-a/a and KK.Cg-Ay /a mice did not significantly change the body
weight, adiposity, glucose concentration, or insulin levels compared to the placebo (C57BL/6J) group. [45]

H. alvei has shown similar results to orlistat regarding the improvement of the lean/fat ratio. Interestingly
this strain of bacteria has shown potential to reduce the food intake, whereas orlistat did not affect the
hyperphagia. The HFD mice group treated with Hafnia resulted in a 26.7g lower cumulative food intake
compared to the HFD control group [42]. In hyperphagic ob/ob mice the treatment yielded a 20,8% decrease
in food intake, while there was no significant difference in HFD model [43].

Moreover mice treated with h. alvei have shown a significant decrease in the basal glucose level
compared to control groups. HFD Hafnia- treated mice had about 1.5-fold of the basal glucose plasma level
compared to the HFD controlled and standard diet- groups [42].

Studies have shown that the decrease in glucose was bigger when the Hafnia alvei bacteria was applied,
in comparison to H. Alvei protein extract on C57BL/6J mice [44]. However the bacterial protein extract
improved glucose tolerance (only in [P-GTT and not IG-GTT). Pretreatment with either Hafnia alvei bacteria
or protein extract did not change plasma glucose levels in IG-GTT. These findings suggest that the observed
metabolic effects are probably not mediated by alterations in intestinal glucose absorption. The mice receiving
the bacterial suspension also showed a visible elevation of the incretin effect. That can suggest that Hafnia can
influence gut- derived hormonal signaling pathways. (F(2, 32) =4.48, p < 0.02; effect of time F(6, 192) = 3.22,
p < 0.005; probiotic x time F(12, 192) =1.02, p > 0.42)).

Interestingly there have not been demonstrated any significant effects on the insulin levels neither when
given the hafnia alvei protein extract nor when applied hafnia alvei bacterium. Pretreatment with either one of
them did not significantly alter the basal plasma insulin level. (one-way ANOVA: F(2, 26) = 1.02, p > 0.37;
p> 0.34~ 0.90,Turkey post hoc test p > 0.36). However there was a tendency of a lower level in mice treated
with bacteria (Student’s t-test p = 0.08 vs control). Probiotic implementation had no significant effect on a
response to insulin tolerance test. (F(2, 27) = 0.32, p > 0.72; effect of time F(3, 81) = 231.42, p < 0.0001;
probiotic x time F(3, 81) =1.32, p > 0.25) [44]. These findings suggest that Hafnia alvei metabolic effects are
unlikely mediated through classical insulin- dependent pathways. The alternative way may use modulation of
appetite regulation, incretin pathways, gut-brain signaling as a more significant role.

Additionally, studies demonstrated that the relative mass of pancreas have decreased by 21% in mice
receiving H.alvei protein extract and 13% in mice receiving h. Alvei bacteria (compared to the control group)
[44]. The reduction in relative mass of pancreas also occurred in C57BL/6J (B6) control mice while in KK or
Ay mice there weren’t any changes [45].
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No compelling results have been shown on the effects on plasma triglycerides [42], However h. Alvei
prevented alanine aminotransferase (ALAT) and total cholesterol increase in the HFD group [44]. Treatment
of H. alvei in ob/ob mice resulted in a significant increase in pHSL levels compared to the control group. In
the HFD mice model there was a trend of increasing pHSL levels. Administration of H. alvei did not yield
substantial improvements in liver morphology or metabolic parameters in KK or Ay mice [45].

Applying Hafnia to ob/ob mice resulted in an increased ClpB DNA content and plasma concentration
of ClpB [43]. The HFD obese mice model also resulted in an increase in ClpB DNA content, however the
ClpB plasma concentration did not change.

The studies show that there wasn’t any change to the expression levels of NPY and POMC mRNA in
hypothalamus in ob/ob, HFD and C57BL/6J mice, which suggest that the treatment does not influence the
hypothalamic metabolism regulation. [43, 44] However there has been a lower mRNA expression level of
orexigenic neuropeptide AgRP in ob/ob mice and HFD obese mice [43]. Agouti-related protein (AgRP) is a
neuropeptide that increases appetite and decreases metabolism.

Experimental studies have not shown any adverse effects.

As to Hafnia’s probiotic properties, a study about how H. alvei influences survival rates of narrow
clawed crayfish (Astacus leptodactylus) has been made. This treatment did not affect growth or survival rates
of mentioned crayfish. This bacterium did not show any harmful effects towards the animals, however it
showed antagonistic effects towards crayfish's pathogen- Aeromonas hydrophila [46].

Clinical studies have been conducted to further verify the effects of Hafnia alvei 4597 strain (HA). A
12- week placebo-controlled, randomized, double-blind explorative study had been conducted and has shown
promising results [41]. The HA group had significantly more patients reach the endpoint than the placebo
group. (54.9 vs. 41.4%, p = 0.048). In both Intended to treat (ITT) and per protocol (PP) the amount of patients
who lost at least 3% of their weight the was significantly higher in HA group (54.9% and 57.7%) compared to
the placebo group 41.4% and 41.7%, for ITT and PP, respectively ((p = 0.048 and 0.028, respectively) [24].
Likewise, there were more patients who lost at least 4% of baseline weight in the HA group both in ITT and
PP ((44.2% and 46.2%) compared to the P group (29.3% and 30.6%, for ITT and PP, respectively).

There has been a BMI reduction of about 0.97 kg/m2 in HA groups compared to 0.82 kg/m2 in placebo
groups (pU = 0.048). In both the HA and placebo group the weight loss was considered significant (2.89 kg
(HA) and 2.49 kg (P)). The difference was more significant in PP (p=0.046) than ITT (p=0.1) Despite that,
there wasn’t a significant increase in lean mass/fat ratio. Additionally there has been a slightly higher loss in
the hip circumference in HA group vs Placebo. Moreover, while there were no significant changes in the ITT
group, the PP has noted a trend in a lower waist circumference in HA (—2.95 cm) in comparison to the P group
(—2.76 cm.) (pu=0.1)

The change in fullness has drastically improved after the 12 week supplementation, with the HA group
having 8.24 mm in Visual Analogue Scale (VAS), while the placebo group had 1.92 mm VAS. The HA group
reported a higher reduction in gastrointestinal symptoms than the placebo group (pHA = 0.003 and pP = 0.16,
ITT analysis).

In ITT analysis, the Hafnia alvei supplemented group had lower fasting glucose than the p group at 12
weeks ((pU = 0.027)). There has been no findings of any change to haemoglobin, haematocrit, erythrocytes,
thrombocytes, leukocytes, ALAT, ASAT AP, gGT, bilirubin, creatinine, urea, uric acid, HbAcl, cholesterol
and triglycerides levels [41]. There weren’t any significant differences in systolic, diastolic pressure or pulse
rates during screening visits. The ITT analysis did not report any differences in quality of life in global
IWQOL-LITE score. Tolerability of treatment was assessed as “very good” in 98.2% of cases in both groups.

There have been reported a total of 55 adverse effects in 43 out of 236 patients (25 in HA, 18 in P group).
None of them were classified as a serious adverse effect and the causal relationship was assessed as unlikely.

No safety concerns have been reported.
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6. Therapeutic Applications

6.1 Obesity and Metabolic Syndrome

Obesity and metabolic diseases that are becoming major global epidemics are defined by adipocity,
chronic low-grade inflammation and disrupted energy balance. The genetics, environmental, metabolic and
neuroendocrine factors play a major role in the development of these diseases. In recent years the gut
microbiota has gained an interest as a potential regulator of appetite control and host metabolism.

Within this context, Hafnia alvei, especially the HA 4597 strain has emerged as a potential treatment for
metabolic interventions. Experimental and clinical studies have shown promising results [41, 42, 43, 44]. Pre-
clinical studies have shown that implementation of HA 4597 caused a reduced food intake, weight loss and
improvement in metabolic parameters. Although more studies are needed, these findings suggest that H. Alvei
may present a new approach to treating obesity.

6.2 Type 2 Diabetes

Type 2 diabetes (T2D) is a metabolic disorder that is characterised by resistance to insulin or failure to
produce it causing spikes in sugar. Recent studies have suggested that it can be linked to profound dysbiosis
[47]. Dysbiosis can be associated with reduced production of beneficial bacterial metabolites such as short-
chain fatty acids (SCFA) and elevated levels of endotoxins, which may contribute to insulin resistance and
inflammation. Indirectly H. alvei can improve the glucose tolerance. By improving satiety and reducing food
intake it can contribute to the loss of weight, which can improve the insulin sensitivity. Although direct studies
about the influence Hafnia alvei has on diabetes is limited, findings from other studies can provide indirect
support for this potential role. Future clinical studies must be conducted to decide on this treatment's potential.
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6.3 Eating Disorders

Eating disorders can be defined as abnormal behaviour around food that can affect a person's mental or
physical health. They involve neurobiological, metabolic and psychologic factors. Studies suggest that altered
gut microbiota may be observed in individuals with eating disorders [48]. This may imply that microbial factors
can influence appetite regulation. H.alvei can affect eating behaviours through the ClpB protein that mimics
alfa-MSH and enteroendocrine signaling pathways. Further research is required to determine if H. alvei can
be used as an eating disorder treatment.

6.4 Inflammatory Disorder

Inflammatory disorder can be characterised by a persistent activity of the immune system and
dysregulation of the inflammatory signaling pathways. Inflammatory responses can be triggered in the
gastrointestinal tract by an impaired barrier function. Increased intestinal permeability can allow
microorganisms or their toxins to enter the systemic circulation and cause an inflammatory reaction. In this
situation Hafnia can turn out to be a helpful treatment. Studies show that H. Alvei can regulate the cytokine
levels, produce anti-inflammatory interleukins such as IL-10 and additionally can help stabilize tight junctions.
Although this aspect needs further investigation, Hafnia remains a promising treatment option.

7. Limitations and Knowledge

Despite the growing interest in H. alvei becoming the next-generation probiotic, the number of studies
is very scarce and several limitations need to be considered when analysing the current studies. Most of the
current knowledge about Hafnia comes from a small group of studies, where most of them focus primarily on
HA 4597 strain. Moreover there is a prevalence of preclinical studies that may not fully translate to the human
model. Although the studies seem comprehensive, the translation of these works to human psychology may
not take into account factors such as genetics, lifestyle and environmental factors.

Clinical studies not only are limited in quantity but have generally involved a small sample of people
and short intervention periods. Moreover the studies have mainly focused on the weight management potential,
leaving other potential probiotic advantages largely unexplored.

Lastly, the mechanism of how Hafnia alvei works still remains incomplete. Despite knowing the role of
ClpB protein, other mechanisms that involve microbiome modulation and metabolite production still need
further investigation. Addressing these concerns will be crucial to determine whether Hafnia could become the
NGP.

8. Future Perspectives

There still need to be conducted further research about the probiotic potential of Hafnia. The studies that
are now available have some gaps that need to be addressed. It’s crucial to plan larger and longer-term studies
to evaluate safety and efficacy of this treatment. Such studies should be done not only on overweight patients
but also on patients with other metabolic disorders such as insulin resistance or type 2 diabetes. In addition to
clinical research, there should be a further interest in understanding how H. alvei interacts with gut microbiota.
This could identify potential adverse effects or give a better understanding of mechanisms that are or aren’t
even discovered yet. Moreover an area that deserves more investigation involves microbiome- based therapies,
where Hafnia alvei would be used as a part of microbial consortium rather than a single therapeutic agent. The
use of next- generation probiotics is based on the idea of targeted therapies and H. alvei may be considered a
valuable component of polibacterial therapy.

9. Conclusions

In recent years there has been a growing interest in the microbiome-based therapies that led to finding
potential next-generation probiotics. Amongst them, thanks to experimental and clinical evidence Hafnia alvei
has emerged as a strong candidate. One of the most distinctive feature is the production of ClpB protein, which
mimics anorexigenic alfa-MSH hormone that signals satiety. Preclinical studies used a strain HA 4597 and
demonstrated that its use can reduce food intake and body weight in obese mice [42, 43, 44]. These findings
have been partially supported by clinical studies that included overweight patients [41].

Despite the promising results, the amount of studies remains very limited. Most studies have only
focused on a single strain and a limited range of metabolic outcomes. Further studies need to be conducted to
explore broader therapeutic effects and possible long-term adverse effects. Moreover the mechanisms that
happen between the bacterium and the host need more research.

Overall, Hafnia alvei is a promising next-generation probiotic. Continuing interdisciplinary research
will prove to be crucial to determine whether hafnia should be used as a treatment.
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