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ARTICLE INFO ABSTRACT
Keywords: A vast amount of knowledge has been acquired through human activities such as farming,
Living creatures hunting, and fishing. Throughout history, humans have utilized living creatures for disease

Animal healer treatment, relying on the natural world’s healing powers. The special “healers” may be able to

Nature . treat patients via the power of nature. However, there was no systematic introduction or summary
Refractory diseases . .
Therapy of these treatments. Therefore, we conducted a literature review based on PubMed, Google

Scholar, Web of Science, Scopus, CNKI and WanFang DATA. Here, we defined this unique method
as “animal healer” and six common kinds of animal healers were reviewed. These are fish therapy,
pet therapy, worm therapy, leech therapy, maggot therapy, and bee therapy. According to the
different characteristics of healers, treatment methods mainly included bite, parasitism, contact
and communication. With the advantages of green and effectiveness, animal healers have great
therapy potential against a variety of refractory diseases. The main purpose of this review is to
draw people’s attention to animal healer, promote it to become a possible clinical treatment
strategy, and make further exploration in species cultivation, mechanism research, animal wel-
fare, standard setting, safety evaluation and other aspects. In the future, animal healers will play
an increasingly important role in medicine and hopefully solve more medical problems and
dilemmas.
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1. Introduction

In many fairy tales, characters who possess extraordinary longevity and live secluded lives in mountains and forests are a recurring
motif. These characters may not be entirely fictional. Beyond the pristine natural environment, living creatures play a crucial role in
maintaining the health and longevity of centenarians (Fig. 1). Nowadays, with the rapid development of medicine, most of diseases can
be alleviated or even cured and the average life expectancy of human is constantly increasing [1]. However, there are still certain
diseases that cannot get satisfactory results through conventional therapies. Alongside the development of new medical technologies
and new drugs, the explorations of many ancient and miraculous drugs hold promise. Herein, we discussed animal as the panacea,
which may have great potential against the refractory diseases.

The animal healers are defined as natural animals that have direct or indirect therapeutic effects on diseases by acting directly on
the patients through various means (including bite, parasitism, contact, communication, etc.). Currently, maggot therapy [2], hel-
minth therapy [3], leech therapy [4], fish therapy [5], bee therapy [6] and pet therapy [7] are known animal treatment providing
medical assistance. Among them, leech therapy, maggot therapy and pet therapy are more widely used in clinical practice and have
been undergone extensive study. Unlike conventional biotherapy, which often relies on the biological characteristics of organisms to
treat diseases, animal healers leverage direct interactions such as biting, parasitism, contact, and communication to offer treatment.
For example, in the treatment of infectious wound, use of antibiotics often needs to consider the patient’s systemic state, drug
metabolism and drug resistance. There is no such concern with maggot therapy because it works directly on the wound to treat
bacterial infections and promote healing [8]. Another example, leech therapy, eliminates shortcomings of traditional puncture and
blood drawing methods. Its procedure is minimally invasive and has a significant analgesic effect [9]. However, there is not any article
to introduce this method or summarize its research status. In this article, we propose the concept of animal healer and introduce six
representative healers, currently including fish, pet, worm, leech, maggot and bee (Table 1).

Due to limited treatment options for refractory diseases, a comprehensive and in-depth understanding of animal healers is
imperative. Additionally, although many articles about animal healers have been published, there is still a lack of systematic combing
and summary about efficacy, side effects, suitable population, disadvantages, and so on. Therefore, starting with classification, this
review highlights the progress made so far in research involving animal healers, and it provides in-depth introduction to the currently
known therapeutic mechanism, as well as those of animal healers that have already been applied to the treatment of different re-
fractory diseases. This review also seeks to provide treatment optimization, determination of indications, improvement and species
range expansion for subsequent scrutiny of animal healers, find new breakthroughs aimed at expanding the application of animal
healers against refractory diseases and provide new suggestions for developing treatment strategies in the future.

Fig. 1. Six representative animal healers were conceived in the same context: The seriously ill old man is being treated by animal healers.



M. Song et al.

Table 1

Overview of animal healers.
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Name Main selected  Indications Appropriate Usage Mechanism of Side effects Main existing
species crowd treatment problem
Fish therapy Cyprinion Skin diseases (psoriasis) Patients who are Patients and Gently Cross How to enhance
macrostomus; no taboos about  fishes bathe exfoliating the contamination  the effectiveness
Garra rufa bathing; people  together skin of fish therapy
with healthy
immune systems
Pet therapy Dog; cat; Mental and emotional  Patients with Pets are Emotional Accidental There is no
dolphin; others  disorders; pain; low malignant assigned to sustenance; kill  injury; parasitic standard
quality of life tumors or mental accompanied time; attention  disease; allergy; measurement,

illness

with patients

diversion

bite

pet type, and
treatment plan

Worm therapy Tapeworm; Inflammatory bowel Unknown Patients are Regulation of Pruritus; How to prevent
nematode; disease; artificially immune enteropathy; worms from
whipworm; encephalomyelitis; parasitized with response; eosinophilia escaping; How to
blood fluke multiple sclerosis; type I worms inhibition enhance the

diabetes; rheumatoid inflammatory safety
arthritis process

Leech therapy Hirudo Venous congestive Unknown Place the leech Removal of the  Infection; skin ~ How to promote
nipponica disease; knee in the lesion hematoma; itching; infection

osteoarthritis; chronic area of patients release the secondary prevention
complex regional pain effective bleeding;

syndrome; diabetic foot; substances anemia

revascularization

Maggot therapy Larvae of Infectious or refractory ~ Patients who Place the larvae Debridement; Crawling How to achieve
Calliphoridae wounds have no fear and in the wound of anti-infection; feeling; pain; standardized

psychological patients healing unpleasant odor production and
resistance promotion application

Bee therapy Honey bee Knee osteoarthritis; Patients who are Clamp the bee  Expansion and  Intoxication; How to reduce

nerve-root type cervical
spondylosis; peripheral
vascular diseases

negative
response to bee
venom

and stab the bee
venom into the
patient’s skin

congest of local
blood vessels;
meridian
stimulation

allergy

toxic and side
effects

2. Method

LLITS

A search was conducted mainly applying the following key words: “fish therapy” “Ichthyotherapy”, “pet therapy”, “animal assisted
therapy”, “worm therapy”, “helminthic therapy”, “leech therapy”, “hirudinization”, “maggot therapy”, “biological debridement
therapy”, “bee therapy”, “bee-sting therapy”, “apitherapy”, “refractory disease”, “traditional Chinese medicine”, “Persian medicine”,
“Ayurveda”, “Unani” and assorted combinations of these terms, in scholarly electronic databases, including PubMed, Google Scholar,
Web of Science, Scopus, CNKI and WanFang DATA. The literature obtained via this means was reviewed for aggregating information
on different types of treatment, as well as for developing the concept of “animal healer”. Relevant studies until March 2024 were
selected. Regarding the treatment of animal healer, relevant literature from 2000 to March 2024 on the subject was selected, as was a
small portion of earlier literature to ensure the integrity of the review and provide support.

The inclusion criteria of the generated literature were as follows: (1) Clinical and preclinical studies with all types of animal healer;
(2) Studies of other species receiving animal healers.

The exclusion criteria were as follows: (1) Studies that have no relevance for disease treatment; (2) Studies on animal damage to
humans during non-disease treatments.

3. Different treatment methods of animal healers
3.1. Fish therapy (Ichthyotherapy)

With recreational nature, fish therapy originated in Turkey and widely used around the world. It is regarded as a method to relieve
fatigue and treat skin diseases with a simple and comfortable process. During bathing, fishes could chew and clean the dead epidermis
and diseased skin (Fig. 2A). As a chronic inflammatory skin disease, psoriasis had a long course of disease and a tendency of recurrence.
However, there was no specific therapy for psoriasis and some patients suffer from psoriasis for the whole life. Fish therapy may
provide a promising method for remission and treatment of psoriasis.

Cyprinion macrostomus and Garra rufa are two species from Kangal hot spring in Turkey and were often used for fish therapy. Garra
rufa is considered to be more effective. In the natural state, these healers feed on plankton rather than skin necrosis of mammals. Once
adapted for therapeutic purposes, they have become beneficial to humans. Fish therapy was first reported in Lancet in 1989, showing
that compared with the patients treated with corticosteroids, the remission period of psoriasis patients treated with fish therapy was
significantly extended [10]. The short-term fish therapy, lasting four to 8 h, has a good effect on the relief of psoriasis. The therapeutic
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effect of fish therapy on psoriasis is probably related to the reverse Koebner phenomenon. Haemorrhagic lesion following fish attack
may cause this special phenomenon to promote the skin recovery [11]. Between 2002 and 2004, Grassberger conducted a study
treating psoriasis patients with fish therapy for three weeks [12]. The patients received fish therapy for 2 h in a separate bathtub at a
suitable temperature every day and the results proved that fish therapy had a good effect on the treatment of psoriasis. In addition, the
stronger natural ultraviolet radiation, higher selenium content and jacuzzi effect may play a positive role in improving the therapeutic
effect of fish [12].

Currently, it is recognized that fish therapy could prolong the remission period of psoriasis patients and repair the damaged skin.
However, it is noted that patients should be careful to avoid sunburn when performing fish therapy outdoors. Despite these benefits,
current research faces several challenges, including the absence of control cases and a limited number of patient samples. More

Usage: Usage: B
Put the skin lesion in the | Touch and empathize with

water and let the fish your pet

doctor eat

Indications: Indications:

Skin diseases (psoriasis) | Mental and emotional
disorders; pain; low quality
of life

Usage: Usage:

Parasitize worms in the gut Place leeches on swollen areas
of the body

Indications: Indications:

Inflammatory bowel disease;
encephalomyelitis; multiple
sclerosis; type | diabetes;

Venous congestive disease;
knee osteoarthritis; chronic
complex regional pain

rheumatoid arthritis

syndrome; diabetic foot;
revascularization

Usage:
Place the maggots in the
wound area

Indications:
Infectious or refractory
E wounds

vascular diseases

Fig. 2. Usage and indications of six animal healers: fish therapy(A), pet therapy (B), worm treatment (C), leech treatment (D), maggot treatment (E)
and apitherapy (F).
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researches on the therapeutic mechanism are needed to advance its use and maximize its therapeutic effect. Furthermore, there is no
conclusive evidence on whether fish therapy increases the risk of contracting diseases. Compared with conventional treatment, fish
therapy has the advantages of acceptance and fewer side effects. In future, fish therapy may be expected to become an important
method to treat skin diseases.

3.2. Pet therapy (Animal assisted therapy)

Pet therapy, recognized as a means to alleviate stress and improve the psychological state of patients, operates through the
interaction between pets and their human companions. It is often performed to assist psychological counseling of terminal stage
patients or mental patients (Fig. 2B). The main purpose of this treatment is diverting patients’ attention and enriching patients’ lives
through the communication and interaction between patients and pets. The concept of using pet dogs or other animals as cooperative
therapists dates back to the 1960s and was proposed by psychiatrist Boris M. Levinson, who described pets as "emotional mediators"
and "catalysts" for socialization [13]. Many kinds of animals can be used in pet therapy, such as dogs, cats, dolphins, etc [14]. However,
due to the limitation of funding, regions and other reasons, most studies used the pet dog as a treatment medium to explore the
therapeutic effect of pet therapy on specific diseases.

The anesthetic effect of pet therapy on children’s negative emotions is very significant. Pet dogs can significantly reduce children’s
physical pain and emotional distress [15]. Moreover, the psychological pressure of both parents and children could be significantly
relieved [16]. Pet therapy could be used to help children suffering from malignant tumors for improving emotion, appetite, social
engagement and participation of activity [17,18]. Pets can also entertain, reduce fear and anxiety, and bring children sense of safety
[17]. For children with terminal cancer, pet therapy can improve their quality of life [18]. Furthermore, pet therapy is also used to
assist in the treatment of attention deficit hyperactivity disorder [18]. Elderly patients are another vulnerable group that should be
cared for. They often face psychological and physical problems. Pet therapy is the ideal auxiliary solution for these patients, as well
[19]. Pet therapy could significantly improve the depression and quality of life of patients with severe dementia. But there was no
effect on restlessness [19]. Pets could also improve patients’ social and communication skill via the enhanced language and body
language, which could improve happiness, self-esteem and optimistic attitude [20]. Pet therapy was considered to enhance the social
and cardiovascular functions of the elderly in the community [21] and improve the symptoms of the elderly psychiatric patients [22].
It has also shown excellent efficacy on other types of patients, such as enhancing the feeling of well-being, reducing anxiety [23],
reducing pressure [24,25], and creating a better treatment environment [26]. Other studies have found that pets can also be used to
treat pregnant women with psychological disorder and the intellectual disabled with communication difficulty [27,28].

Pet therapy can be used as an auxiliary therapy of conventional treatment scheme, which affects the hormone level in patients, and
then reduce anxiety and excitement of sympathetic nervous system [29]. However, there was a different viewpoint from Thodberg
et al. that the pet therapy does not affect the long-term mental state of patients, and the effect on sleep time and other aspects still
remains to be studied [30]. Although some studies have set up a control group, it is still not sure that pet therapy is more effective than
other interventions. There are still some deficiencies in researches clinic about pet therapy, including the measurement standard, pet
type, side effect, and treatment plan. In terms of side effects, accidental injury and transmission of parasites are problems that need to
be addressed in pet treatment. By standardization and improvement, the healers will be the partners living together with the patients as
well as the great complement in therapeutic process.

3.3. Worm therapy (Helminthic therapy)

Worm therapy refers to the treatment or adjuvant therapy for some diseases by artificially placing or ingesting worms into patient’s
digestive tract (Fig. 2C). Medical parasitology divides worms into nematodes, acanthocephalans, flukes and tapeworms. Nematodes
include ascaris, hookworm, filariasis and trichinella. Except harm to the human body, their parasitics in the digestive tract have some
unexpected positive effects.

Research has indicated that worms can easily parasitize in our body, increasing the metabolism of intestinal epithelial cells and
promoting the recovery of normal intestinal function [31,32]. These organisms can trigger the type 2 immune response of the host and
alternately activate macrophages and mast cells. This activation promotes the proliferation of goblet cells and the production of
mucous [33]. Numerous studies have confirmed that worm therapy has a significant effect on inflammatory bowel disease [34-38].
Worms induce strong Th2 cell-mediated immune response as well as inhibit Th1 cell-mediated immune response to mucosa, and then
possibly inhibit inflammatory bowel disease [35]. Schistosome eggs could reduce colitis and protect the intestine of mice from fatal
inflammation [36]. It was worth noting that tapeworm was better than dexamethasone in the prevention of colitis in mice, and it would
not lead to the side effects of collagen deposition [37]. Moreover, the larvae of the nematode heligmosomoides polygyrus can inhibit
the symptoms of colitis induced by dextran sodium sulfate (DSS). Its mechanism was not only increasing the expression of
inflammation-associated cytokines in the small intestine, but also inhibiting of the expression of these factors in the colon [38]. The
eggs of swine whipworm were safe and effective in the treatment of active colitis [39]. For refractory diseases, worm therapy will be a
new choice. For example, infection with schistosoma japonicum may decrease the incidence of encephalomyelitis by reducing the
production of proinflammatory cytokines and improving the inflammation in the central nervous system [40]. Parasite infection
significantly prolonged the deterioration times of patients with multiple sclerosis. It may be related to the protective effect of some
cytokines induced by parasite [41]. Another research showed that worm infection can significantly inhibit type I diabetes in mice
through the mechanism of independent CD25 and IL-10 [42]. It was also reported that schistosoma japonicum might be useful for
rheumatoid arthritis [43]. Evaluation of the safety and effectiveness of worm therapy have been done in allergic rhinitis patients.
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Unfortunately, they proposed that there was not enough evidence to prove the effectiveness of worm therapy in the treatment of
allergic rhinitis [44]. There are a series of reports about the mechanism of immunotherapy about worms, focus on the regulation of
inflammatory response and the improvement of immune system [45,46].

Despite its potential, worm therapy faces several challenges, including the possibility of affecting drug efficacy through immune
response regulation and increasing infection risks in immunocompromised hosts due to parasite implantation [47]. To a certain extent,
the emergence of side effects such as pruritus, enteropathy and eosinophilia also restricted the application of worm therapy. Another
stumbling block is the cost that involved production and application. In addition, it is also very difficult to prevent worm escape while
treating [48]. In future, the focus of research will be the reasonable selection of species and state of worms, improvement of the safety,
and the formulation of standardized methods.

3.4. Leech therapy (Hirudinization)

In nature, leeches attach to the surface of the host body and pierce the skin through mouthparts to feed on blood, similar to
mosquitoes. While this may seem harmful to humans, leech therapy has significant therapeutic value for certain diseases (Fig. 2D).
Dating back to ancient Rome 3500 years ago, leech therapy experienced a revival in the second half of the 20th century [49]. Ancient
Ayurveda and Unani have accumulated rich experience in the use of leech therapy. They are good at using leeches for removing
hematoma and prmoting the healing of skin and soft tissue diseases [50-52]. Leech therapy is also an important component in the
development of treating varicose veins in Persian medicine [53]. The hirudin contained in leech’s body is known as the most effective
natural coagulant inhibitor. Because of the blood-sucking habit, Hirudo nipponica was most commonly used.

The properties of leeches to absorb blood has been used in studies to improve blood circulation, showing significant effect in the
treatment of venous congestive diseases [54,55]. Lee et al. placed the leeches on the open incision line in the dark position of fingers.
After the leeches fall off by themselves, the wound is wiped with gauze stained with heparin solution to facilitate blood outflow. The
result showed that leech therapy could help patients with severed fingers to reconstruct blood circulation and to provide the success
rate of plantation surgery [56]. Moreover, the effectiveness of leech therapy has been found in the treatment of chronic musculo-
skeletal diseases. Michalsen et al. placed four to six medicinal leeches on the soft tissue around the knee, until the leeches and the
patient’s skin were separated [57]. After that, the pain and symptoms of knee osteoarthritis were significantly relieved, suggesting
long-term treatment value for chronic conditions [57]. Kulbida et al. applied leech therapy to chronic complex regional pain syndrome,
the symptoms of pain intensity in patients were alleviated rapidly, and the active and passive degree of affected limbs was also
improved significantly [58]. Hohmann et al. conducted the first randomized controlled trial of leech therapy for chronic low back pain,
demonstrating that leech therapy was effective in lowering the intensity of pain and improving the quality of life [59]. Furthermore,
the end measure of gangrene in diabetic foot patients is often debridement and amputation. Leech therapy can also be used for the
complications treatment of diabetic foot to alleviate the progression of gangrene [60]. In addition, leech therapy may also be effective
in some special diseases, such as priapism [61], promoting skin flap survival after long-term ischemia [62]. It was also played an
important role in the field of plastic surgery [63]. The saliva of leeches consists of anesthetic components, anticoagulant components
and vasodilator components, which can not only mask the pain of the host, but also effectively prevent the wound healing after blood
coagulation [64].

Despite its benefits, the main complication of leech therapy is infection, including cellulitis, perianal abscess, and keratitis, with
infection rates reported between 2 % and 36 % [65-68]. Additionally, the bites of leech can cause mild skin itching, which can last for
hours to three days [63]. Due to the saliva of leeches contains anticoagulant and vasodilator components, secondary bleeding and
anaemia after leech treatment also occurs sometimes [67,68]. Even so, the potential of this animal healer in medical field has attracted
wide attention, including pain syndrome, inflammatory conditions, reconstructive surgeries, dentistry, and ophthalmological and ear
nose throat disorders.

3.5. Maggot therapy (Biological debridement therapy)

Maggot therapy is an ancient animal healer, using medical maggots to clear the necrotic tissue in the wound, kill bacteria, promote
the growth of granulation (Fig. 2E). The larvae of Calliphoridae, such as Lucilia sericata, Chrysomyia megacephala and Lucilia cuprina,
have been regarded as the mediums for this treatment. In China, as a part of traditional Chinese medicine (TCM), maggot has a long
history. The ancient Chinese regarded maggot as the panacea for both wound and dyspepsia. Ayurveda considered that the therapeutic
process of maggots accorded with Krimi Utpattikara Chikitsa. And debridement and disinfection are two significant effects in maggots’
promoting wound healing [69]. The observation of confocal microscopy showed that maggots could phagocytize and kill E.coli by its
midgut [70]. With the continuous development of researches, maggots have been proved to have the ability of anti-biofilm, anti-in-
flammatory, healing wound and can also enhance tissue proliferation and repair [71,72]. Via crawling, maggots can stimulate the
wounded surface to accelerating healing [73]. The secretions and excretions of maggots contain deoxyribonuclease, growth promoting
factors, serine enzyme and non-proteolytic auxiliary factors, which initiate the mechanisms of wound repair [74-76]. Recently,
maggots have been used to work in synergy with antibiotics aiming at exploring the potential mechanism of combined antibacterial
[77-79].

Maggot therapy is recognized as a safe and effective wound treatment method, offering lots of advantages, such as effectively
reducing the use of antibiotics, wide indications, shortening the length of stay, auxiliary debridement and lightning the workload of
doctors [80]. At the same time, it is cost-effective for the patient and healthcare providers from both an economic and a medical
perspective [81]. In the last century, researchers began to treat osteomyelitis by maggots and found the necrotic and deactivated tissue
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in the wound can be removed rapidly, forming healthy granulation tissue, and accelerating the healing of the wound [82]. The strong
anti-infective ability of maggot therapy was soon aroused attention of the lancet [83]. For debridement effect, maggot therapy has
obvious and efficient ability. In a study on refractory wounds, researchers placed a certain amount of maggots on the wounds and
found that the superficial wounds can be cleaned quickly [84]. A retrospective study was done to compare the changes of necrotic area
of chronic wound under maggot therapy and standard treatment [85]. The result showed that maggot therapy had better effect in
promoting the healing of lower limb ulcer. Maggot therapy could play a remarkably effective role on promoting wound healing [85].
Dumville et al. carried out a study on maggots in the treatment of leg ulcers, which illustrated that Maggot therapy shortened the time
to heal leg ulcers compared with hydrogels [86]. Moreover, the curative effect of maggot therapy in pressure sore cases was also
cheerful [87]. Seven different types of hard-to-heal wounds were successfully cured by the combined application of maggot treatment
and moist burn ointment, including scar ulcer, pressure ulcer, skin necrotic wound, iatrogenic incision, diabetic foot ulcer, traumatic
skin ulcer, and infective skin ulcer [8]. Additionally, maggot therapy seems to be an effective way to cure malodorous and infectious
cancer wounds [88]. Some secretions of maggots can help control cancer by inhibiting proliferation and migration [89]. Maggot
therapy have been used to treat equine sarcoid with the satisfactory effect [90]. Based on the findings, we believe that it is a promising
way to promote tissue repair.

However, it is undeniable that there are still many practical problems to be solved in maggot therapy. For medical maggots, the
problems mainly focus on maggot acquisition, use time and treatment plan. For patients whom received treatment, shortcomings like
potential psychological resistance, possible pain symptoms and occasional anaphylaxis can not be ignored. In the future, the primary
research directions of Maggot therapy focus on the standardized cultivation, transportation and preservation of medical maggots,
improvement of treatment methods, collaborative application with other drugs and other aspects.

3.6. Bee therapy (Apitherapy)

Bee therapy has a long history in TCM, with the ancient Chinese medical text "Huang Di Nei Jing Su Wen" documenting the concept
of "attacking poison with poison. Approximately 2500 years ago, Hippocrates utilized bee therapy to treat his patients [91]. It has also
been reported that this therapeutic modality in use since at least the second century BC in Eastern Asia [92]. The discovery of this
treatment is closely related to the honey gathering activities of ancient humans in the wild. In term of the concept of bee therapy,
factitious bee sting was applied to the meridians and acupoint to generate mechanical stimulation and had the mixed effect of
acupuncture, medicine and warming moxibustion (Fig. 2F). From the perspective of TCM, the theory of this animal healer does not
seem complicated. Bee acupuncture was similar to acupuncture and the venom were the main factors. It has the advantages of
economical, simple, fast and effective. The pharmacological effect of bee venom on the body could promote the local blood vessels to
expand and congest, which promote warming meridians and collaterals, activating blood circulation, and reducing pain [93]. Addi-
tionally, bee therapy alleviated RA effects and all rheumatoid factor markers were significantly reduced [92].

Among the studies, researchers used needle of honeybee to stab the acupoint at knee joints, and then the bee needle was carefully
put out via forceps [94]. The later clinical observation results indicated that bee therapy had a definite effect on knee osteoarthritis,
which is superior to conventional acupuncture therapy in both pain relief and long-term effect [94]. Nerve-root type cervical spon-
dylosis often follows intractable pain and persistent numbness and lack effective conservative treatment. Pan et al. performed a study
including seventeen nerve-root type cervical spondylosis patients and inserted bee needle into the cervical acupoint [95]. It was proved
that bee therapy had significant effect on the improvement of symptoms, and most of the patients did not recur after one year [95]. To
clarify the efficacy of bee therapy on appendicitis, one bee therapy study of patients with appendicitis was performed [96]. In the
process of treatment, patients regularly took 10 ml bee product mixture such as honey and royal jelly. After 1-3 courses of bee therapy,
all patients were cured without recurrence in the next six months [96]. In addition, the team found that a similar combination of bee
therapy could treat cervical lymph tuberculosis and inhibit tumor progression [97]. Another study was applied to the treatment to
relieve cancer pain and the result showed analgesic effect of bee therapy was not only better than that of conventional therapy, but also
had a certain inhibitory effect on tumor growth [98]. Bee therapy was also believed to have effect on reducing the symptoms in patients
with peripheral vascular diseases and improving the quality of their lives [99,100]. In addition, bee therapy also has a good therapeutic
effect on gynecopathy such as hyperplasia of mammary gland [101,102].

Most of the researches on bee therapy have positive results. But xiong et al. searched 589 literature reports and found a relatively
low level of evidence for bee-related treatments [103]. There are also some side-effects in this therapy. After bee sting, patients may
develop three main symptoms like systemic reactions, local allergic reactions, and digestive discomfort [104]. In order to reduce
adverse reactions, researchers have made many attempts. Kwon and Hwang tried to change the therapy method by needle dipping in
bee venom instead of living bees, which could control the amount of bee venom entering the body [105,106]. TCM painless bee
therapy has been introduced, including focus on improved breeding, manipulation techniques, and acupoint selection to eliminate
pain [107]. Allergic reactions and infections remain the most common side effects of apitherapy. ddressing these challenges, the
development of apitherapy relies on solving a series of problems, mainly including improving the quality of clinical research and
achieving treatment without side effects. There still are reasons to believe that the application prospect and scientific value of bee
therapy in solving various stubbornt diseases are worth looking forward to.

3.7. Others

In recent years, more and more creatures are being used as animal healers. Although no formal studies provide reliable data for
reference and verification, some animal healers still caused widespread concern in the medical community. For example, Baldness is
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known as a refractory skin disease, which has long plagued many male patients. There seems no effective treatment in cases where
medication is largely ineffective. According to the records of TCM “Thousand Golden Prescriptions”, cattle lick is able to cure baldness.
Researchers found that this method could actually help hair to regenerate, because saliva contained many enzymes and growth-
promoting proteins [108]. From the perspective of TCM, licking may play a role of massage to promote local blood circulation and
hair growth. Similar treatments could also be found in other ancient medicine [109]. Additionally, it was found that the symptoms like
weight loss, bloody diarrhea, colon shortening and damage of colon tissue were significantly improved in these mice after trichinella
papuae therapy, which gave the possibility for single-celled organisms to work as animal healer [110]. While encouraging, we cannot
ignore the side effects of these emerging animal healers. The selection of animal healers for treatment also requires sufficient pre-
liminary research, good standards, and the established plan to deal with side effects.

4. Discussion

It is well known that animals are human’s best companions. The relationship, especially the doctor-patient relationship between
humans and animals, could not be ignored. The pace of medical development will never stop, and the advanced development of drugs
and technologies has cured a vast number of patients. Unfortunately, for refractory diseases including chronic wounds, autoimmune
diseases, psoriasis and depressive disorders, as well as some rare diseases, traditional treatment seems to struggle to get satisfied
results. In primitive society, dangers from nature were everywhere. The outdoor collection and farming experience of the ancient time
brought the new inspiration of medical development. Therefore, we present the opinion of animal healer and believe that it will play an
increasingly inestimable role in the field of medicine.

4.1. Categories of animal healers

According to the mode of action, animal healers can mainly be divided into four categories: parasitism, bite, contact and
communication. Leech therapy, maggot therapy, and worm therapy can be considered as a kind of therapy based on parasitism. The
host provides the nutrition for parasites, and the creatures can delay, inhibit, or even reverse the development of the host’s disease.
Additionally, some creatures can use special structure to pierce the skin of patients, or use their biological functions and secretions to
affect the progress of the diseases. The last therapy works by touching. Pet therapy, as a classic example, also achieves results through
physical contact and interaction with patients.

Based on the habits of living creatures, animal healers can be divided into two different categories. The first category is the
creatures attach to body surface and easy to be detected. Leeches fed on blood and indirectly improve blood circulation of the host.
With the increase of blood intaking, the size of leeches will increase at the same time. Maggots clean up the necrotic tissue rapidly with
high efficiency. There are changes not only in body size but also at instars of the maggots, which can even be captured by the naked eye.
Pet healers also express their happy emotions through behaviors and actions that can be found by both patients and doctors. The
second category involves therapies that cannot be judged through simple observation. It is often found that the diseases improve
unconsciously after the patients contact with the creatures. The process of bee acupuncture is fast, but it takes a long time to work in
vivo. Therefore, the curative effect may not be judged by observation of the bee used.

4.2. Social economics, welfare and ethics

The current status of animal healers indicates significant economic benefits from this treatment method, despite it not being widely
applied yet. Maggots, fishes, leeches, pets, and bees have already seen their services priced or included on regional price lists. The
sources of costs involved capture, breeding, feeding, training, disinfection, vaccination, transportation, and final treatment. Treatment
is charged in two forms: by quantity or by course of treatment. Maggot is the most standardized and clear type of charge at present.
Medical maggot was approved by the Food and Drug Administration (FDA) as a medical device in 2004 [111]. Subsequently, the
American Medical Association and Centers for Medicare and Medicaid approved reimbursement coding guidelines for maggot therapy
[112]. In Poland, one hundred medical maggots cost about 26-44 EUR [113]. Soares et al. found the average cost of maggot therapy
was 1696-1833 GBP through the clinical data research of 267 leg ulcers [114].

Fish therapy actually evolved from a fee-based spa program. At present, Turkish Ministry of Health has designated the Kangal
Spring as a certified health center to offer a 21-day treatment for worldwide patients with psoriasis [115]. In 2004, the FDA also
approved leeches for clinical use as medical devices at a recommended price of 7-10 USD each [116].

Pet therapy appears to be the most widely used treatment. Pets may play a therapeutic role in several ways since they establish a
close relationship with their owners. This is an expensive treatment. Using guide dog pricing as a reference, the average total cost per
dog during his or her work cycle was 40,598 USD. And the average cost of dog guide ownership per year over the working life of the
animal was 2379 USD [117]. Bee therapy seems mainly used in China, outpatient clinics featuring bee therapy have made use of this
particular method to solve difficult conditions. It has been included in China medical service price item specification sincec 2007, but
the price of the treatment remains unclear [118]. However, it may take a long time before worm therapy to be both commoditized and
charged. And no report on economics has been found.

As the relationship between humans and animals grows closer, the research interest in evaluating the influence of human proximity
behavior towards animals on animal welfare has increased [119]. The potential harm to animal healers also deserve extensive
attention. The welfare of therapy dog is studied more deeply and its definition includes absence of stress and positive emotions [120].
Handler are the principal person responsible for their dog welfare who can recognize the signs of stress to get them out of the
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uncomfortable situation. Guidelines to handlers should be established based on applied ethology [120]. Additionally, because to lack
of animal welfare, fish therapy is not allowed in many parts of the US, Canada, and Europe [121]. Welfare studies for other animal
healers are still unknown. The ethics of treatment for animal healers have not been described in detail. All available is approval from
the ethics committee of the medical institution where the treatment was performed.

4.3. Management and optimization

Although there was no special criteria and conception for animal healing in the past, this therapy method still had made great
progress. It is mainly reflected in the optimization of treatment methods and expansion of indications. Creatures that can be used as
healers are mostly wild. Similar to domesticated livestock and insect, animal healers are also need to be specially treated, bred or
domesticated. Almost all animal healers need to go through artificial process. Because side effects can not be ignored (Table 1). Fish
therapy seems to be the safest but there is still a risk of cross infection. Ensuring cleanliness of both water and treatment area is a
reasonable coping approach. The patient with acute exacerbation of severe skin diseases is not suitable for treatment with fish therapy.
Accidental injury, parasitic disease, allergy and bite are main side effects of pet therapy. Trained pets often improve the safety of pet
therapy after regular vaccination. Pet therapy is not a good option for patients who are susceptible to allergies. Worms are mainly used
to treat autoimmune diseases, so its main complication is directly related to the immune dysregulation. This treatment may be more
appropriate for the adult population, provided worms are well disinfected. Bacteria in the salivary glands and digestive tract of leeches
may cause infection and pruritus. This is very important for the quality control of medical leeches. After the method of leech treatment
is standardized, the incident of secondary bleeding and anemia will also significantly decrease. This treatment is not recommended for
patients with abnormal coagulation function and anemia. As a commonly used animal healer in clinical practice, the side effects of
maggot treatment are highlighted by crawling feeling, pain and unpleasant odor. The maggots confined in container or mesh bag
provides a great help in reducing the crawling feeling during treatment. Painkillers can be administered to patients during maggot
therapy. Maintaining ventilation in the room is a good way to change the undesirable odor caused by the treatment. Patients with
psychological illness or mental disorder should not use this method. The essence of bee therapy is to pierce the venom into the body of
the patient, so it is also a relatively dangerous treatment. Intoxication and allergy are the most significant complications. Artificial
breeding of bees to reduce both toxicity and sensitization is an urgent problem to be solved. This treatment is not suitable to use in
people who are susceptible to allergies. However, adding allergen testing before formal treatment is beneficial to exclude maladaptive
populations.

To improve the safety, convenience and efficacy, many efforts of both research and clinic experts have been done to promote the
development and application of animal healers. Combined with selenium-rich hot spring and modest ultraviolet, fish therapy may
achieve better therapeutic effect [11]. Active maggots prefer to constantly wandering and cause patients to have crawling feeling. This
always leads to develop patients’ fears for maggot therapy. On the premise of ensuring vitality and ability, maggots could be enclosed
in biological packs that were made of special materials [8]. By this indirect contact, patient’s discomfort and fear could be dramatically
reduced. Bee venom contains lots of toxic substance that is the main cause of side effects, so bee therapy must be modified for much
safe. Now, bee therapy is advocated for some new methods, needles with appropriate bee venom and bee therapy combined with
special acupuncture methods of TCM [122,123]. This measure greatly protects the treatment safety of patients. Leech therapy was very
popular in Europe, but its main causes of side effects were the hemorrhagic shock and infection. Studies have shown that about 20 %
patients suffering from wound infection [124]. To prevent infection, researchers found 0.02 % chlorhexidine solution could effectively
kill aeromonas hydrophilus in the intestinal tract of leech. Results indicated the risk of infection was dramatically reduced by pre-use
disinfection [125]. Moreover, pets that directly contact with the patient usually need to be immunized with vaccines. Most of them
should receive special training for supplying with more help to the patients.

4.4. Advantages and limitations

A relatively convenient method of use and a wide range of indications are the significant advantages of animal healers. It is
emphasized to make full use of the natural relationship between human and creature for treatment, such as the accompanying rela-
tionship between human and pets, the parasitic relationship between worms and human beings, and the stress relationship after bee
venom enters the human body. The impact of this natural relationship on human body is more in line with human psychophysiology, so
people are more likely to accept this kind of therapy. In the long term, both the medical institutions and the patients will reap greater
benefits.

Despite its long history, limitations of animal healers cannot be ignored. Artificial screening and purification culture is the first
hurdle. Then, strictly standardized processes and relevant laws should be developed from capture to clinical application of the animal
healers. In many countries, animal healers are still seen as unconventional method, which cannot be subject to medical insurance funds
and the doctors are also not interested in using the method. The data from clinical trials and number of patients have been lacking to
date. More randomized controlled trials are also needed to optimize usage and indications, while exploring more compatible drugs.
Although it is certain that animal healers play an important role in the process of treatment, the therapeutic mechanisms of these
creatures are still veiled.

5. Conclusions and perspectives

The animal healer must be considered as an interdisciplinary subject including medicine, nursing, parasitology, zoology, health law
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and ethics. The development of a standard set of treatment protocols or tools can facilitate the internationalization of treatment and
ethics, while enabling patients to subjectively evaluate the approaches. As animal healers become available within more countries’
national health care systems, the accessibility of this approach and the demand for related products will gradually increase. The
corresponding production and treatment costs will gradually decrease, thus bringing immeasurable economic benefits while
improving the medical efficacy. In addition, there is a great deal of medical wealth in nature. The emergence of new animal healer
species should also be adequately studied and verified.

Fish therapy cleans the diseased skin tissue by chewing. Pet therapy changes the hormone levels in patients’ body through
communication and interaction. Worm therapy can stimulate the immune response. Leeches improve blood circulation through the
active constituents in the body. And maggots can remove the necrotic tissue while secreting antibacterial and enzymes that promote
the growth of healthy tissue. However, most mechanisms of animal healers are still unknown and need to be further explored by
researchers, which is going to be a huge area of research. In the future, the emergence of new animal healers should be fully studied and
validated, and artificial intelligence and bio-simulation can also be used to mimic the therapeutic effects of animal healers.

In conclusion, safety, efficiency, and lower side effects will be the rules for the development of animal healers. The animal healers
will become guardians of human health.
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