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Abstract: The One Health approach recognizes the interconnectedness between human, animal, and
environmental health. Honeybees (Apis mellifera) embody this framework due to their crucial role
in ecosystems, food production, and susceptibility to contaminants. Despite their suitability for
a One Health approach, there is a lack of research showcasing the multidisciplinary impacts and
contributions of bees. The objective of this work is to explore the application of the One Health
approach to bees through a narrative review. This work highlights the contribution of bees to history
and culture, economy, medicine, nutrition, food security, and the functioning of ecosystems. It also
demonstrates that bee health is affected by land management, agricultural practices, environmental
contaminants, nutritional resource availability, predators and diseases, weather, climate patterns, and
beekeeping practices. This complex system is highly influenced by policy and beekeeping practices,
which will benefit animal health directly and environmental and human health indirectly. Thus, the
protection of bees should be prioritized.
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1. Introduction

The One Health concept is a transdisciplinary and collaborative approach to health,
recognizing the interconnectedness between humans, animals, and the environment [1].
This transdisciplinary approach combines multiple areas of expertise and fosters improved
communication among professionals [1]. Integrating transdisciplinary surveillance and mit-
igation strategies is crucial for managing the complex changes that pose new public health
threats, including intricate environmental problems [2]. For instance, livestock farming can
be associated with increasing exposure of neighboring communities to particulate matter
and infectious agents [3], while, conversely, animals can act as sentinels for environmental
contaminants [4].

Honeybees (Apis mellifera) embody the One Health framework due to their vital role
in ecosystems, food production, and susceptibility to anthropogenic stressors. The current
20,000 species of bees evolved originally from carnivore wasps in the Cretaceous period,
about 120 million years ago, around the same time that flowering plants began to spread [5].
Species of solitary bees generally produce a single generation of adults per year (during the
flowering season), whereas social bees produce several generations per year (with annual
cycles) [5]. The best-known species of social bee is the honeybee, domesticated for the
production of honey, wax, and pollination. Social colonies of honeybees are divided into
30,000–60,000 workers and a single reproductive queen bee [6].

Bees provide ecosystem services as pollinators, which directly influences food security
and ecosystem stability [7]. Besides beekeeping practices, the health of the beehives is
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closely linked to environmental conditions, such as land use, agriculture practices, the
presence of pathogens, and environmental contaminants [8]. Bees are key species for moni-
toring ecosystem health and potential human health risks [9]. Their products, such as honey,
also enter the human food chain, potentially leading to human exposure [10]. Therefore,
the objective of this work was to conduct a narrative review to explore the application of
the One Health approach to honeybees (Apis mellifera), integrating findings from various
disciplines and enhancing understanding of the interconnectedness between honeybees,
ecosystems, and human health. Beyond the integration of human, animal, and environ-
mental health, there is no clear framework on how to apply a One Health approach [11].
Thus, this work is divided into the following sections: (i) bees’ contributions, addressing
the contribution to ecosystems, food safety, health, and culture; (ii) anthropogenic stressors
affecting bees, addressing beekeeping practices, environmental changes, and pesticide ex-
posure; and (iii) applying a One Health approach to bees, integrating the previous sections,
exploring their intersections, and applying a transdisciplinary perspective.

2. Bees’ Contributions
2.1. Ecosystem Services of Bees

Bees play an important ecological role as pollinators [12]. Pollination is part of the
reproductive cycle of certain plants and consists of the transfer of pollen from male struc-
tures (anthers) to female structures (stigmata) [12]. It is estimated that 87.5% of flowering
plants depend on animal pollination services [13]. These services are often provided by bee
species, which represent the most frequent flower visitors (e.g., 75% of flower visits) [12].

Honeybees are responsible for 13% of total visits to plants and for the exclusive polli-
nation of 5% of plant species [14]. Additionally, they are a species with a high geographic
distribution, generalist in the plants they visit, and highly competent as pollinators, being
irreplaceable in ecosystems [15]. The introduction of domesticated bees can also change
ecosystems by favoring certain plant species (e.g., invasive plants), competing with other
pollinator species, and contributing to the dispersion of pathogens [14]. It appears that
the introduction of domestic bees may not harm native pollinators in ecosystems with
high plant diversity and that wild species tend to be more resistant to pathogens [14].
However, high-density beekeeping can compete and reduce the occurrence of wild bees
(e.g., by 55%) and the productivity of honeybees themselves, based on a study of rosemary
plants in Europe [16]. In that case, densities of 7.8 and 3.9 honeybee colonies km−2 were
recommended for “saturation” (i.e., most efficient resource use by honeybees) and “half-
saturation” (i.e., half-resource use by honeybees for wild bee conservation), respectively [16].
Moreover, there is a positive association between the prevalence of viral infections in wild
bees and their prevalence in honeybees and a negative effect from extreme climatic events
(e.g., temperature and precipitation) [17]. Yet, these capabilities emphasized the role of do-
mesticated bees in crop pollination, resulting in their global dissemination, improvements
in beekeeping technology, and transhumance beekeeping (moving hives to increase access
to nectar and/or provide pollination services).

2.2. Bees and Food Security

The activity of pollinators, including domestic bees, is worth approximately EUR
22 billion to the European agricultural sector [18]. It is estimated that the agricultural
pollination service has a value 15 to 20 times higher than the products obtained from bees,
such as honey and wax [18]. Moreover, pollination by animals contributes to 30% of global
food production, and a third of the human diet depends directly on bees [19]. The presence
of honeybees also improves agricultural yields, increasing it up to 84% in Ethiopia [20].
Losing 50% of pollination services could translate into 700,000 additional human deaths
per year from malnutrition [21].

The importance of honeybees in agriculture likely stems from a growing demand from
pollinator services as a result of economic and political decisions, namely the loss of wild
pollinators (e.g., habitat loss, pesticide use), the intensification of agricultural production,
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and the increasing demand for pollinator-dependent crops [22]. Indeed, a study on the
United States found evidence of pollinator limitation in most sampled areas (64–94%),
while attesting that most visits were performed by bees (74%, varying with plant species),
which translated into an estimate USD 6.4 billion in crop yields just for highbush blueberry,
apple, sweet cherry, tart cherry, almond, watermelon, and pumpkin [23]. Moreover, the
vibration of bee wings during flight (similar to that of predatory wasps) can activate defense
mechanisms and restrict feeding in caterpillars, preventing the destruction of foliage and
agricultural losses [24]. However, intensive farming creates an adverse environment
for pollinators.

2.3. Bee Products and Human Health

Besides pollinator services, bees produce honey, which is the primary reason for their
domestication [25]. Honey is produced from nectar or plant secretions, collected up to
10 km from the hive, subjected to cycles of regurgitation and evaporation, resulting in
water concentration <20% and the breakdown of sucrose into fructose and glucose [26]. It
is mainly composed of monosaccharides (fructose, glucose) and trace amount compounds
which are responsible for the organoleptic (e.g., taste), medicinal properties, and shelf-
stability of honey, such as amino acids, proteins, enzymes, minerals, and polyphenols [27].

Demand for honey was high until the 17th century, decreasing due to the availability
of sugar, but recovering recently due to the recognition of its unique health benefits. Its
growing demand has led to an approximately 45% rise in the global number of honeybee
colonies over the past 50 years, mostly for honey production [22]. However, up to 46%
of imports and 14% of honey on the market in the European Union (EU) are suspected
of adulteration [28]. The rapid increase in demand motivates adulteration with cheaper
sweeteners, which may reduce financial returns of beekeepers, change honey’s natural
properties, and introduce harmful contaminants (e.g., metals) [29,30].

Honey has remarkable nutritional and pharmacological properties [31]. For instance,
it can be used to treat upper respiratory tract infections, acute diarrhea, and applied
topically on burns and wounds [32]. It is also prebiotic due to the presence of oligo and
polysaccharides, used by the gastrointestinal flora, and probiotic, containing lactic acid
bacteria, such as Lactobacillus [33]. As summarized in Table 1, honey has low toxicity and
presents multiple medical applications, including as an antitumoral, anti-inflammatory,
antimicrobial, and complementary therapy agent.

Bees also produce wax, propolis, bee pollen, bee bread, bee venom, and royal jelly,
which also have antioxidant, anti-inflammatory, antitumoral, antimicrobial, immunomodu-
latory, analgesic, and neuroprotective functions, being used in the production of cosmetics,
pharmaceuticals, and nutritional supplements [34]. In nutrition, bee pollen can be used as
a source of protein (21%), omega-3 fatty acids, minerals, B-complex vitamins, and polyphe-
nols [35]. Therefore, it has long been recognized as a food supplement, with a recommended
daily intake of 30 g [36]. Propolis is a gluey mixture mostly composed of resin (50%) and
rich in bioactive phytochemicals, which are highly dependent on the available botanical
sources [37]. Propolis has shown broad-spectrum antiviral and antibacterial activities,
while being simultaneously an immune stimulator and modulator (i.e., protecting against
infection but preventing excessive inflammation) [38]. Remarkably, there is moderate
evidence of its topical use in the clinical management of herpes labialis [38].

These products are applied in human medicine and in veterinary medicine, when
allergies to bee venom, glandular secretions, or pollen are not present [39] (it is estimated
that allergy to bee stings affects up to 7.5% of adults [40]). Conversely, honey seems to
relieve symptoms and inflammation of other allergic diseases [41]. The use of honeybee
products as therapy is known as apitherapy [26]. However, the variation in composition
and the lack of data on safety and therapeutic effectiveness currently hinder the use of bee
products in medicine [42].
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Table 1. A summary of original articles addressing honey’s therapeutical properties published in 2023
and 2024 based on a search for “honey AND medicine” on Web of Science in May 2024 (20 selected
from 126 results).

Type Application Effects Reference

In vitro Antitumoral agent

60 kDa protein in Pakistani Sidr honey
inhibited angiogenesis in umbilical vein
endothelial cells, suggesting its use as a

cancer treatment.

[43]

Sidr honey has shown antiproliferation
activity in cancer cells due to

aggregation in G1 phase, increase in
apoptosis and necrotic cell death,

showing its potential use as an
antitumoral agent.

[44]

Thyme and chestnut honey had little to
no effect on the apoptosis of human

cancer cells, which was increased
through its mixture (10%) with royal

jelly or propolis, suggesting its use as a
supplement to conventional

cancer treatments.

[45]

In vitro Antimicrobial agent

Stingless bee honey (Hymenoptera,
Apidae, Meliponini) has antimicrobial

activity against Gram-positive,
Gram-negative bacteria and fungi, with

some cases showing stronger activity
than the standard antibiotic

(ciprofloxacin).

[46]

Honey has antimicrobial activity, but it
may vary depending on botanical

origins and season.
[47]

Latvian monofloral honey presented
antimicrobial activity, higher against
Gram-positive than Gram-negative
bacteria, with some cases exceeding

Manuka honey’s inhibition.

[48]

Pre-exposure to Sumra and Sidr honey
increase antibiotic sensitivity of bacteria

and reduced biofilm formation.
[49]

Manuka honey (rich in methylglyoxal)
has a broad-spectrum antimicrobial

activity, with both varieties inhibiting
bacterial growth but only one having

bactericidal and antibiofilm properties.

[50]

Castanea crenata honey treatment in vitro
prevented influenza virus infection in
mouse macrophages by inhibiting the

expression of viral proteins and
increasing the expression in

proinflammatory cytokines, while
in vivo increase survival, reduced body
weight loss, decreased viral replication,

reduced inflammatory response,
stimulated antiviral response, and

prevented infection, presenting
protective effects on influenza virus

infection in mice.

[51]
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Table 1. Cont.

Type Application Effects Reference

In vitro

Anti-inflammatory
agent

Manuka honey natural pteridine
derivative 3,6,7-trimethyllumazine

(Lepteridine™) shows partial inhibition
of a metalloproteinase (MMP) involved
in non-healing chronic wounds through

a dysregulated proteolytic activity
(MMP-9); this activity is not lost during

simulated gastrointestinal digestion,
which may explain the beneficial
anti-inflammatory effects of oral

consumption or topical applications.

[52]

Honey applied to in vitro cultures of
canine, equine, and chicken peripheral

blood lymphocytes stimulate
proliferation (i.e., moderate stimulant)

but also increased cytotoxicity.

[53]

Stingless bees honey (Melipona, Trigona)
inhibits the release of inflammatory
mediators from human mast cells,
including tumor necrosis factor-a,

interleukin-4, and histamine, depending
on the botanical origins (for bamboo and

rubber tree but not mango and noni
honey), which could help treat

allergic diseases.

[54]

In vivo

Isolation and purification of an Alhagi
honey polysaccharide (AHPN50-1a),

which was shown to reduce colon tissue
damage, reduce inflammation, and
restore intestinal microbiota in mice,
presenting a potential treatment for

inflammatory bowel disease.

[55]

Isolation and purification of an Alhagi
honey polysaccharide (AHPN80), which
was shown to improve liver parameters,
repair the intestinal barriers, and reduce

oxidative stress in mice with
alcohol-induced acute liver injury.

[56]

Case study

Complementary
therapy

Postoperative treatment of synovial
sepsis in three horses with intraarticular

or intrathecal medical-grade honey
instillation led to good recoveries (free

from lameness in all gaits).

[57]

Randomized
controlled

trial

Gargling with silk-cotton tree or kapok
tree honey every 6 h for 10 days after a

tonsillectomy reduced pain and the
need for analgesics, suggesting its use as

a complementary therapy in
postoperative patients.

[58]
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Table 1. Cont.

Type Application Effects Reference

In vitro

Low toxicity

Treatment of peripheral blood
lymphocytes with strawberry tree honey

reveals low genotoxic potential, not
impairing in vitro proliferation and
offering geno- and cytoprotection
against a cytotoxic agent damage,

showing in vitro safety.

[59]

In vivo

Evaluation of repeated dose oral toxicity
of Apis cerana honey in Winstar mice
testing concentrations of 3–24 g kg−1

body weight/day of honey for 28 days
only found decrease in food

consumption and body weight in the
highest tested concentration and

determined the
no-observed-adverse-effect level at

12 g kg−1 body weight day.

[60]

In vivo Negative results

Supplementation of rats undergoing
forced swimming tests as a proxy for

physical stress with wild bee honey did
not result in a significant reduction in

antioxidative stress in ovarian follicles.

[61]

Manuka honey was applied on clean
surgical wounds every day for 15 days
on 12 beagle dogs and 12 shorthaired
cats, showing no significant different
healing than control in cosmetic and
histologic evaluations, but showing
higher skin thickening and smaller
wound area (antimicrobial activity

benefits may not be evident in clean
surgical wounds).

[62]

2.4. Bees as Indicators and Sentinels

Bees are indicator organisms, as they translate the risk to ecosystems, and sentinels,
as they act as an early alert system for human health. Bees and their products are good
indicators of toxic substances such as metals, pesticides, radioactive elements, and per-
sistent organic pollutants [9,10]. These compounds tend to deposit on plants and thus
be transported to the hive. They accumulate in colony products and lead to changes in
behavior and mortality (i.e., toxicity).

Assessing the presence of contaminants in honey is relevant to food safety and as an
indicator of environmental problems. These contaminants are generally present in low con-
centrations, but in mixtures that can have synergistic adverse effects [63]. Human beings are
exposed through water and food (orally) but also through environmental exposure through
inhalation or skin contact [64]. For example, in archipelagos in the South Pacific, bees from
hives close to smelters had high concentrations of nickel in their internal tissues, reveal-
ing a potential risk for neighboring human populations [65]. Therefore, environmental
monitoring can be conducted through bees, which act as passive environmental samplers.

2.5. Bees in Culture, Science, and Technology

The production of honey led to the domestication of bees and development of bee-
keeping. During this period of coexistence, beekeeping also influenced the development of
culture and religion, including the arts (e.g., statues originally carved in wax), local legends,
rituals (e.g., honey used in funeral and religious rituals, wax candles in Christianity), and
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traditional medicine [66]. Moreover, it is believed that the development of eusociality
(i.e., higher levels of altruism and cooperation) in insects, such as bees, is similar to the
evolution of human societies [67]. Eusociality is characterized by colonies composed of
overlapping generations, cooperation, and division between reproductive and nonrepro-
ductive castes [68]. Honeybees live in hives consisting of multiple generations, where they
care for their brood, have a division of labor, and rely on a single reproductive queen [68].
Moreover, their behavior (e.g., learning capacity) is dependent on social interactions [69]. In
addition to helping us understand our evolutionary history, bees currently contribute to our
collective bond. Indeed, beekeeping fosters community ties through local food production,
social cohesion, and sustainability, while also enhancing understanding of ecosystems [70].

Bees are also used as model organisms in scientific research. Their complex social
behavior, navigational skills, and capacity for mathematical operations (including under-
standing the concept of zero) is controlled by a brain with only 1 million neurons [71,72].
Their repertoire of behaviors also includes societal responses to disease known as social im-
munity, which mostly consist of segregation between casts (e.g., of foragers highly exposed
to pathogens) and hygienic response (e.g., by eliminating infected bees) [73]. Moreover,
bees present an alternative developmental model, complementary to Drosophila and with
higher plasticity [74]. The microbiome influences metabolism, immune response, and
pathogen defense, but its study is complicated by interactions between the host’s phe-
notype, environment, and diet [75]. The microbiome of bees also provides resistance to
stressors, such as pathogens and pesticides, which can be exploited through the use of
probiotics (i.e., administration of beneficial live microorganisms) [76]. Besides its value to
beekeeping, the microbiome of bees also offers a simpler model to study its development
and health impacts on social insects of lower complexity than mammals [77,78]. Therefore,
bees are great models for research in areas such as development, neurosciences, and the
gut microbiome. Compared to other organisms, bees offer several advantages as model
organisms: (i) they have a basic body plan; (ii) their genome has been sequenced; (iii) they
exhibit higher brain functions; (iv) they are social animals; (v) their hives have low mainte-
nance costs; and (vi) they meet ethical requirements (i.e., invertebrates are not covered by
animal experimentation laws, e.g., Directive 2010/63/EU) [79].

The study of bees also supports technological development. Studies on bees’ vi-
sual perception and navigation could allow the development of autonomous navigation
systems [80]. Knowledge of their anatomy could inspire the creation of lighter, more maneu-
verable and cheaper aerial robots [81]. Bee-inspired flight control and sensory abilities can
also provide technology for the exploration of Mars [82]. The decentralized organization of
tasks by several agents is also of interest for modeling systems with self-organization [83].
The hive social system is based on horizontal information exchange (i.e., “swarm intelli-
gence”), which can prove a useful alternative to traditional vertical human organization [79].
For instance, the Hewlett Packard Enterprise is drawing on the decentralized learning and
decision-making of hives and applying it to networks as a form of artificial intelligence,
which can be used, for instance, in self-driving vehicles [84]. Technology can also involve
bees, such as their use for drug screening in airports following conditioning [79], or be used
to modulate their behavior, such as through “dancing” robots that communicate with the
hive to artificially modify feeding areas [85].

3. Anthropogenic Stressors Affecting Bees
3.1. Detrimental Beekeeping Practices

Honey and wax were first harvested from wild hives, followed by the likely beginning
of beekeeping in Egypt in 2400 BC, which spread to other Mediterranean populations [86].
Stingless bees (Melipona beecheii) were simultaneously domesticated by the Mayan civiliza-
tion in the Yucatan peninsula [87]. Beekeeping began by maintaining hives in logs, ceramic
pots, and straw baskets in ancient times, followed by recesses in stones in the medieval
period, and finally the recent and progressive development of the modern commercial
beehive [66]. Its developments began in the 17th century in Greece by introducing bars on
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top of vertical hives that would serve as anchors for honeycombs. It was followed by the
invention of the removable frame in 1838 in Poland, the current Langstroth hive in 1851
in the United States, completed by the addition of molded sheets of wax to frames (i.e.,
foundations) in 1857 in Germany. The development is still ongoing, with the introduction
of new materials (e.g., plastics). For instance, plastic foundations are being introduced
as a cost-effective alternative to wax foundations, but they are less accepted by bees and
difficult to clean [88]. However, the impact of changing to synthetic materials has not yet
been researched.

Modern beekeeping practices encompass high densities of hives, which can facili-
tate the transmission of diseases. More spaced hives, at different heights, painted with
different colors and symbols favor honey production, reduce disease transmission, and
reduce mortality [89]. Practices involving prophylactic use of antibiotics increase the sus-
ceptibility to opportunistic agents of disease through the depletion of the honeybee’s gut
microbiome [90]. Transhumance may also harm bees when conducted as an intensive
beekeeping practice, which involves moving the hive to provide pollinator services to
agriculture, exposing bees to large nectar yields limited in time and diversity (i.e., mass
flowerings), favoring pathogen exchange by concentrating colonies from different places,
and increasing the risk of exposure to pesticides [91]. Moreover, most winter mortality in
the EU has been found in colonies kept by inexperienced hobbyist beekeepers, which also
suffered most from bacterial infections and Varroa infestation [92].

Colony collapse disorder occurs when worker bees disappear, leaving a condemned
hive with food, immature bees, and the queen. It is thought to have a multifactorial
origin due to habitat changes, nutritional deficiencies, immune suppression, exposure
to contaminants and pesticides, infestations and infections, and increased stress due to
transhumance beekeeping [93,94]. An investigation conducted in 2012 and 2013 in the
European Union estimated that bee winter mortality could reach 30% in some Member
States [95]. Moreover, the global spread of the invasive Asian yellow-legged hornet (Vespa
velutina) in the last decades (2000s and 2010s) has also contributed to colony losses, as they
pillage from hives and predate on bees (especially foraging bees, reducing food intake) [96].
Similarly, the parasitic mite Varroa can lead to colony loss within one or two seasons as a
result of weakened worker bees and as a vector of diseases (e.g., deformed wing virus) [97].

3.2. Environmental Changes

Hives have an increased vulnerability to disease due to a compromised immune
function resulting from environmental factors [98], which are largely dependent on habitat
management [99]. Honeybees’ immunity is influenced by ambient temperature, suppres-
sion caused by anthropogenic chemicals (e.g., pesticides), availability of floral nutritional
resources, and existing plant species to provide beneficial phytochemicals and bioactive
compounds [98,99]. For instance, abscisic acid and nitric oxide are two molecules involved
in bee immunity synthetized, directly or indirectly, from the amino acid L-arginine, which
depends on available nutritional resources [100]. Intensive agriculture generally consists of
monocultures (i.e., single crop agriculture), which may cause nutritional deficiencies due
to the crops producing pollen and/or nectar in poor quantity, of poor quality (e.g., low
diversity), or only during a short time [101–103]. Natural landscapes rich in wildflowers
(e.g., hedgerows) can supplement the diets of bees in intensive agriculture settings [102].
Climate change can also lead to a decline of hive population and food reserves due to
changes in flowering resulting from a higher frequency of extreme events such as droughts
and high temperatures [104]. Environment and diet also influence the honeybee’s gut
microbiome, which has an important role in digestive functions, health, and detoxification
of environmental pollutants (e.g., pesticides) [105].

3.3. Exposure to Pesticides

Exposure to pesticides and other environmental contaminants also contributes to
increased stress [101,103]. Due to the importance of pollinators for food production, the
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EU is evaluating toxicity and regulating or banning pesticides that have an impact on this
species. Moreover, exposure to pesticides is higher when bees’ diets are more reliant on
treated crops [106]. The use of three neonicotinoids pesticides (clothianidin, thiamethoxam,
imidacloprid) was severely restricted in the EU following Regulation No. 485/2013. These
three pesticides do not elicit an avoidance response from bees, leading to continued feed-
ing or even preference to solutions containing thiamethoxam and imidacloprid, which
can result in adverse effects to individuals and colonies [107]. Nonetheless, measures
to protect pollinators from plant protection products were hindered due to the lack of
consensus between Member States [108]. In 2019, a revision of guidelines defined risk
assessment targets more clearly, including the Specific Protection Goal (i.e., a standard
that translates the maximum impact tolerated by the legislator based on risk assessment)
for honeybees as a maximum of 10% colony size reduction [108]. Other pesticides may
also have adverse effects on bee colonies. For instance, field-relevant concentrations of
the fungicide pyraclostrobin and the insecticide fipronil compromised the production of
brood-food in the glands of nurse honeybees [109]. The herbicide glyphosate also changes
the bees’ microbiome, increasing susceptibility to infection [110]. Pesticides may also enter
the human food chain through honeybee products such as honey and pollen. Yet, a study
from Greece spanning from 2015 to 2020 found pesticide concentrations ranging from 1.3
to 785.0 ng g−1 of honey (26% positive), which were considered of low risk for bee and
human risk assessment [111].

4. Applying a One Health Approach to Bees

The concept of One Health refers to growing recognition of the interdependence
between human, animal, and environmental health. As previously shown throughout
this work, bees clearly integrate the One Health concept as an agent of a multidisciplinary
system integrated in an ecosystem and closely linked to human health.

Bees can have a direct influence on human health through the nutritional and phar-
macological properties of their products (Table 1). These properties are dependent on
available plant species (and respective phytochemicals) [98,99], which result in high vari-
ations in composition and biological activity [42]. Yet, there are currently no low-cost,
high-throughput methods of chemical characterization of honey [112]. The availability of
diverse plant species depends on land management, which often reflects political decisions.

Bees also pollinate agricultural crops, which contributes to human food security. Loss
of half of pollination services by animals, responsible for 30% of global food production [19],
could lead to 0.7 million additional human deaths per year due to malnutrition [21]. This is
concerning, considering that 9.2% of the world population already suffers from hunger [113]
and that agricultural environments are averse to pollinators due to nutritional deficiencies
(i.e., low plant diversity) and pesticide use [102]. Yet, most crops in the United States
suffer from pollinator limitation [23], which also can stem from political decisions on land
management and agricultural production (e.g., higher demand for pollinator-dependent
crops) [22].

Bees have a dynamic relationship with the environment. Pollinator services are rele-
vant not only for agricultural crops but also for the reproduction of plants, and therefore the
productivity of ecosystems [14]. However, domesticated bees can have negative impacts on
ecosystems by favoring certain plant species and/or outcompeting wild pollinators [14,16].
Bees are also victim to invasive species, such as the predator Asian yellow-legged hornet
(Vespa velutina) [96] and the parasitic mite Varroa [97]. Conversely, anthropogenic stressors
(e.g., pesticides, habitat loss) can have a negative impact on bees’ health. Monitoring
these negative impacts can prove useful, as bees can provide an early alert system for
environmental degradation and/or the presence of risks to human health [9].

Bees’ health is also influenced by environmental properties, such as temperature,
contamination, habitat, nutritional resources, and available phytochemicals [98,99]. Land
management policies, such as the preservation of natural landscapes, can prove favorable
to bees’ health [102], Indeed, measures aimed at protecting bees (e.g., habitat conservation,
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pesticide restrictions) also contribute to a greater protection of environmental health, food
security, and, consequently, human health.

Humans also have a dynamic relationship with bees. Besides sharing eusociality,
culture has been highly influenced by bees (e.g., use of bee products in art, medicine, and
religion) [66]. Presently, beekeeping still contributes to sustainability and community ties
while stimulating local food production and a better understanding of ecosystems [70].
Beekeeping practices have also evolved alongside culture and have a high impact on the
survival of hives. For instance, most colony losses are attributed to inexperienced hobbyist
beekeepers [92], while highly intensive beekeeping practices can overexploit environmental
resources [16], facilitate the transmission of diseases, and deplete natural hive defenses,
including their protective gut microbiome [77]. Restoring balance often involves using
antibiotics prophylactically and therapeutically. However, antibiotic resistance persists
and amplifies in the bee gut, potentially becoming vectors for the spread of resistance
genes [114]. Moreover, many countries have banned their use in beekeeping due to con-
cerns about antibiotic resistance, ineffectiveness against infectious spores, suppression of
symptoms without cure, residues in honey, and negative impacts on the hive’s brood [115].
Nonetheless, 4% of beekeepers in the EU admit to using antibiotics, even though there are
no approved pharmaceuticals for honeybees [116]. Moreover, exposure to environmental
contaminants can contribute to the loss of the gut microbiome, upregulate transporters that
reduce the effectiveness of antimicrobials, and increase the prevalence and transmission of
pathogens [98].

Good beekeeping practices should focus on managing hives to promote health, while
conscious of their role in a complex social-ecological system [117]. Veterinarians should
have more active participation in bee protection, which also requires increased dissemi-
nation of honeybee veterinary medicine [118]. Moreover, bees continue to contribute to
human development through their use as model organisms and their study as an inspira-
tion for technological development. In summary, bees are integrated in a complex system
that represents the interaction between animals, humans, and the environment, being easily
integrated in the One Health concept.

The stock and flow diagram represented in Figure 1 summarizes these dynamics
between human, animal, and environmental health, aiming to clarify their relationship with
bees. Therefore, the principal stocks are “animal health” (i.e., bee health), “human health”,
and “environmental health”, complemented by secondary stocks that represent practices
or status (e.g., transhumance, natural landscapes). Arrows represent the relationships
between stocks, based on the information previously summarized.

The diagram reveals that the system is highly interconnected due to the interdepen-
dence between bees and the environment, ecosystems, and food production. Many factors
can indirectly impact bee health. For instance, intensive agriculture reduces plant diversity,
hindering balanced nutrition for bees, thus reducing their resilience. Moreover, factors
having a negative impact on bees generally also have indirect negative impacts on human
and animal health.

Overall, the system seems to be influenced by two key factors: (i) policy, which
controls land management, agricultural practices, and contamination (e.g., pesticide use);
and (ii) beekeeping and veterinary practices, which should have a preventive mission by
catering to the bees’ needs and enhancing their natural defense mechanisms. Because of
the system’s interdependency, measures to protect bees will also safeguard environmental
and human health. Therefore, protecting bees is of utmost importance and offers high
cost–benefit advantages.
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5. Conclusions

This narrative review highlights the interconnections between bees, ecosystems, and
human health, integrated into a One Health framework. By incorporating findings from
multiple disciplines, this work demonstrates the multifaceted impacts of bees on envi-
ronmental and public health. Bees have significantly contributed to history and culture,
economy, medicine and health, nutrition and food security, ecosystems (e.g., through pol-
lination), and scientific and technological development. Conversely, bees are impacted
by land management, agriculture practices, environmental contaminants, availability of
nutritional resources, presence of predators and diseases, weather and climate patterns,
and beekeeping practices. The study of these interactions reveals two main meeting points
that highly influence this complex system: (i) policy aiming to protect bees, especially
regarding land management, agriculture practices, and contaminant control (e.g., pesticide
use); and (ii) beekeeping and veterinary practices, which can increase the resilience of
bees by respecting their needs and boosting their natural defense mechanisms. Finally,
measures undertaken to protect bees will have a high cost–benefit ratio considering they
will indirectly lead to the protection of the environment and human health.

Author Contributions: Conceptualization, J.C.P.; software, J.C.P.; investigation, J.C.P.; resources,
J.C.P.; data curation, J.C.P.; writing—original draft preparation, J.C.P.; writing—review and editing,
J.C.P., P.M.d.C.; visualization, J.C.P. All authors have read and agreed to the published version of
the manuscript.
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