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Abstract

Background: Despite a widespread aversion towards faeces and urine, animal excreta are used in traditional medi-
cine in many countries since centuries, but records are scattered and few therapeutic uses have been accurately
documented while in the current context of emerging zoonoses such records may be of major interest.

Methodology: In this study, we investigated the therapeutic uses that mahouts in Xayaboury province, Lao PDR

make of elephant urine and faeces as well as of the brood chamber that beetles (Heliocopris dominus) fashion from
elephant dung. Semi-structured interviews were conducted with mahouts on elephant diet, health problems and
responses to disease, andwhether they use elephant products. Data were supplemented by interviews with tradi-
tional healers.

Results: Seven respondents reported the use of elephant urine in ethnoveterinary care for elephants and in human
medicine in case of diabetes and otitis. 25 respondents reported therapeutic use of elephant faeces (EF) and elephant
dung beetle brood chambers. The major indications are gastrointestinal and skin problems. Macerations or decoc-
tions are drunk or used externally as a lotion. The mahouts attribute the therapeutic effectiveness of EFs to their
content which includes the remains of many species from the elephant diet which they consider to be medicinal.

Discussion: The indications of these uses are consistent with pharmacological and clinical studies highlighting the
properties of different animals'urine and faeces and their curative potential tested in vivo. The acknowledgement by
the mahouts of medicinal properties of elephant faecal bolus contrasts with the rare justifications of animal material
use recorded in zootherapeutic studies, which falls within the symbolic domain. However, numerous studies highlight
the preponderant role of the microbiota in physiological processes, raising the hypothesis of a curative action of EF, by
rebalancing the user’s microbiota.

Conclusion: The therapeutic uses of EF preparations despite their possible curative properties are a potential source
of zoonotic transmission from elephants to humans. In the current context of globalisation of trade which favours
the emergence of zoonoses and in relation with the issue of One Health, it becomes crucial to further document the
zootherapeutic practices to prevent emerging diseases. As elephants and local related ethnoethological knowledge
are threatened, documenting them is urgent to contribute to their preservation.
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Fig. 1 Distribution of UR by category of indications

Background

Zootherapy and uses of animal excreta

Zootherapy, in the sense of traditional therapeutic uses of
substances from the animal world emerged in the 1990s
as a particular field of ethnomedicine and ethnophar-
macology studies. Zootherapic practices involve the use
of all kinds of animal matters including different animal
body parts, secretions (blood, milk, venom, bile, musk,
cocoons, spiderwebs), some animal productions (such as
honey, propolis, nests) and excreta (urine, faeces, amber-
gris, kidney stones). Although these latter, and especially
animal urine and faeces on which this study focuses, are
often the subject of learnt or adaptive aversion [1-3],
medicinal uses of animal excreta are actually recorded
in the oldest treatises of the learned medical traditions
that have come down to us: as in the ancient Egyp-
tian [4], Ayurvedic [5, 6], Chinese [7, 8], Tibetan [9, 10],
Greek [11, 12] and Hebrew [13] traditions, and remained
in common use in Western scholarly medicine at least
until the Enlightenment, as shown in a book written in
the eighteenth century by the German doctor Franz
Christian Paullini, whose title in English would be “How
most diseases and damages could be fortunately cured by
excrement and urine” [14].

Regarding recent or contemporary traditional uses of
these matter we found 220 use reports (UR) recorded in
64 zootherapic studies of which 129 relate to faeces and
91 to urine. These UR are compiled in Additional file 1:
URs of animals excreta. The animal species whose urine
or faeces are used are distributed in the very diverse

zoological classes of insects, reptiles, birds, and wild and
domestic mammals. Among the uses of mammal excreta,
30 UR of human urine and 6 UR of human faeces are
reported.! The indications of these zootherapic uses are
very diverse, as shown on Fig. 1

This great variety of indications is to be compared with
the wide diversity of metabolites and microbiota compos-
ing the faeces of the different animal species used, or for
urine with the wide spectrum of indications that its anti-
microbial and emollient properties can cover (see below).

In these URs, urine is used as it is or mixed with mud,
crushed plant material, flour or rice to form a paste. It
is drunk, sometimes sweetened or diluted in water or
applied locally, either as a lotion or as a poultice when
used in a paste, can be instilled in the eyes or ears, or
used as an enema. Faeces are used fresh, dried in the sun,
roasted then pulverized, burned and reduced to ashes,
in decoction or maceration and sometimes combined
with other ingredients such as plant parts, honey, curd,
figs and flour (baked into bread for hepatitis). In one UR,
the stomach and intestine of the animal (porcupine) are
dried with their contents and consumed. The methods of

! Also noteworthy is a review on the therapeutic uses of human urine in Spain
that lists more than 200 URs throughout the country [15], which, with the
exception of the references quoted in this review that can be consulted online,
we have not retained due to the lack of access to most of the sources men-
tioned, many of which written in Spanish come from publications of limited
diffusion, and whose remarkable exhaustivity would have over-represented
the use of human urine in this brief overview intended to give an idea of the
extent of these zootherapeutic practices.
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administration are also very varied: in internal use they
can be ingested as they are (pigeon faeces), drunk in the
form of a decoction or maceration, simply sniffed or
sometimes the smoke from burning faeces is inhaled; in
external use, they are applied locally, sometimes as a hot
poultice, inserted into the nose (haemostatic) or used to
massage the affected area.

This brief overview of therapeutic uses of animal fae-
ces and urine shows that these practices date back to the
known origins of human medicine, and have been and
are still widely distributed.

The motivations or the modus operandi on which the
uses of animal materials identified are based is poorly
documented in the surveys that present them. If we did
not find justifications for the use of animal urine or faeces
in the zootherapy studies consulted, a few studies report
motivations underlying the use of other animals matter:
Alves et Alves [16] reports that in Brazil “reptiles that
move slowly are used to calm people”; Pemberton [17],
recording the use of animal materials by traditional doc-
tors in South Korea quotes the example of centipedes
“with their numerous legs, feet and articulated body
segments [which] are used for leg, foot and joint prob-
lems”; Friants et al. [18] report that in Senegal heads and
whole bodies of Riippel’s Horseshoe bat (Rhinolophus
fumigatus) were used for the treatment of mental ill-
ness because "bats exist as a symbol of orientation, and
therefore could aid patients who [...] lacked mental ori-
entation’; and in Nigeria the use of dog saliva to cure dog
bites or snake teeth to cure snake bites, both uses that
the authors interpret as an illustration of the ‘like cures
like’ theory of healing [18]. All these examples are given
by the authors who quote them to illustrate quite similar
analogic rationales: one establishing a link via an analogy
between the physical or behavioural characteristics of the
animal whose products are used and the symptoms of the
ailment considered—rationale that Pemberton [17] com-
pares with the European doctrine of signatures that have
been developed and formulated as such in Europe dur-
ing the sixteenth and seventeenth centuries [7]—and the
other which, as is the case in homeopathy, consist in the
use of the agent that causes a disorder to treat that same
disorder. It is not excluded though, as Bennett points out
in his discussion of the theory of signatures, that these
“signatures” may be sometimes a posteriori rationalisa-
tions to account for an observed effective therapeutic
action of the substance used, constituting moreover an
excellent mean of memorising and transmitting these

uses.2

2 Meyer-Rochow (2017), taking the etic point of view of the biomedicine,
insists that although some uses may seem ridiculous and superstitious, their
real therapeutic potential should not be dismissed and should be examined
from the point of view of the properties of the substances handled and used.
[19].

Page 30f 18

Environmental issues

The use of animals and their products for therapeutic
purposes raises the question of the pressure on the envi-
ronment and the threats to biodiversity posed by these
practices, a problem that is all the more acute with the
globalization of international trade, which encourages a
demand for “exotic” therapeutic products. With regard
to the materials of interest here, although a priori the use
of animal faeces or urine does not imply the capture of
individuals of the species considered, in some cases their
collection and preparation does involves the killing of the
animal. As for a species of flying squirrel (Biswamoyop-
terus biswasi) classified as critically endangered by the
IUCN from which the bladder is removed to collect its
urine which is used in case of kidney or gallstones by an
ethnic group in north-east India [19], or for a use of por-
cupine (Histrix indica) in northern India whose stomach
and intestine are consumed with their content.

Elephants in Laos and uses of elephant excreta

In the course of a survey carried out in Laos, taking the
bond and proximity of life that unites mahouts and ele-
phants to study how observation of animals may have
contributed to the development of human pharma-
copoeia [20], zootherapic uses emerged among other
medicinal practices, extending the scope of the survey
to the question of the origin of the zootherapic practices
that we examine here. The elephant is an emblematic spe-
cies in Laos, formerly called Lan Xang or the Kingdom of
a Million Elephants. Although enjoying an eminent status
in this country, whose foundation is legendarily associ-
ated with this animal [21, 22], the wild elephant (Elephas
maximus) population of Laos which was estimated at
2000-3000 in 1988 [23] had drastically reduced to just
600-800 individuals by 2009 [24]. Domestic elephant
numbers are also declining sharply and are now compa-
rable to the number of their wild counterparts [24, 25].
These elephants living in contact with humans have an
intermediate status between wild and captive or domes-
ticated animals. Traditionally sourced from wild popu-
lations and most elephant calf births in the village being
the result of females mating with wild males in the forest
[26, 27], they have not undergone a selection process like
most domesticated animals, and in Laos their population
constitutes a genetic pool as important as that of wild
elephants.

According to traditional management methods in the
area studied, village elephants are not fed and are still
periodically released into the forest for long periods [20,
28, 29]. However, beside this traditional way of living
the relation with elephants, the globalisation, industri-
alisation and the increased use of western medicine are
modifying both the relationship and the local medicinal



Dubost et al. J Ethnobiology Ethnomedicine (2021) 17:62

Page 4 of 18

{2,771 Country boundary
D Province boundary
1 :] District boundary
Namphuy NPA

0
- Kilometers

Fig. 2 Contextual map of Thongmyxay district and location of the ECC centre (Juan A. Torres)

practices. Laos is currently witnessing a transfer of village
elephants—which are no longer used for transporting
goods and are less and less employed in the now regu-
lated logging industry—to elephant resorts where young
inexperienced mahouts (elephant caretaker) are often
employed [29], leading to a disruption in the transmis-
sion of traditional knowledge related to elephants. In
our previous study mentioned above [20], we have high-
lighted a set of medicinal and ethnoveterinary practices
that stem from this proximity of life that unites mahouts
and their elephants and the use that both species make of
the resource of their environment. This valuable knowl-
edge is threatened by the reduction of the forest cover
which shelters the resource used and by the relocation of
village elephants. It is therefore urgent to document this
knowledge, which is part of the cultural heritage of Laos
and which could contribute to better management of the
health and well-being of the elephants in tourist resorts.
We present here a study of zootherapy practices
that are also rooted in this close relationship between
mahouts and their elephants, allowing us to better under-
stand the motivations that may have led to their emer-
gence. These practices consist in the therapeutic use of
elephant urine and faeces including the fecal material
found in the brood chambers that beetles fashion from
the elephant dung. We will place these uses in perspective
with the other similar uses of animal excreta presented

in Additional file 1: URs of animals excreta and discuss
their therapeutic potential in the light of the mahouts’
own justifications for their therapeutic efficacy, phar-
macological studies carried out on these substances,
and the emerging uses of human faeces in biomedicine.
Because zoonotic transmission of pathogens is a risk that
has become particularly acute in the context of globali-
zation and multiplication of trade, and the multiplication
of zoonotic pandemics, we also aim to raise awareness
of the risk of related to human practices involving the
exchange of substances and biological material with ani-
mals. Thus, in this still little explored field of therapeu-
tic uses of animal faeces, we expect that this study will
shed light on traditional practices involving the handling,
the topical application, and the ingestion by humans of
a material containing a particularly developed microbial
flora and therefore potentially contaminant.

Material and methods

Study site

This study was conducted at two sites in Sayaboury prov-
ince (Fig. 2), which is home to 80% of the village and cap-
tive elephants in Laos [30]:

1. The district of Thongmyxay, whose inhabited area is
encompassed by the Namphuy National Protected
Area (NNPA) covering 1912 km? and shelters the
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Fig. 3 Heliocopris dominus male (left) and female (right) (photo JM Dubost)

second largest population of wild elephants in Laos,
estimated at 60-80 individuals in 2009 [24]. The
inhabited area is mainly surrounded by forested areas
consisting of degraded secondary forests, Dyptero-
carpaceae forests, riverine forests and hill bamboo
forests.

2. The Elephant Conservation Centre (ECC) in the
north of the province, dedicated to elephant con-
servation and research in Laos, develops ecotour-
ism activities focused on elephant observation and
research programmes for both wild and captive ele-
phants. It is delegated by the Ministry of Forests to be
responsible for the NNPA’s wild elephant protection
activities.

Data collection

Sixty-six mahouts aged 35 to 78 were interviewed in the
same province of Xayabury, 36 in Thongmyxay district
and 29 at the ECC (Xayabury district), of which 13 were
also from Thongmyxay, bringing the number of mahouts
from Thongmyxay interviewed to 49, and the remain-
der were from other districts of Xayabury province
(Xayabury district: 7, Piang: 4, Paklai: 3), except for one
mahout who originated from Bokeo province. Fifty-four
of the mahouts are from a mahout lineage and 40 are still
active. All mahouts in Laos are male. Semi-structured
individual interviews were conducted on elephant man-
agement practices and diet, health problems, their needs,
the possible care provided to them, and observations
regarding the response elephants give to their health

problems. Mahouts were also asked whether they use or
know about uses of elephant products (Figs. 3, 4).

We carried out an inventory of plants which the
mahouts indicated were consumed by elephants, speci-
fying the parts consumed. Four traditional healers (1
female and 3 males) were interviewed and asked which
species from this inventory they used for therapeutic
purposes. We supplemented these interviews with that
of a woman whose father was a mahout and who was
referred to us for her experience in the use of elephant
dung beetle brood chambers.

Results and discussion

Uses of elephant urine

Seven mahouts out of the 66 interviewed reported ther-
apeutic uses of elephant urine. Two of them use it in
ethno-veterinary preparations to treat their elephant:
they mix it with the chopped stem of Alpinia galanga (L.)
Willd. One of them uses it in a pad in case of skin rash

N 3 Y OB i L
t dung (photo JM Dubost)

Fig.4 Open elephan
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to apply lotion to the affected area, and the other adds
dried elephant dung to the preparation that he applies
with his hands on skin abrasions resulting from the chaf-
ing of chains. The other five mentions of therapeutic uses
of urine are applied to humans, they are not the respond-
ents’ own uses or a home practice, but uses that they
have heard of and that they report. Four mahouts say
that people have asked them for elephant urine for cases
of diabetes. One of them specifies that they drink a little
every day, but don’t know for how long, and that they say
they are happy with it as it works well. Baird [31] reports
a similar use in southern Laos: “In Phatthoumphone
District, Champasak Province, diabetics boil 5 L pots of
elephant urine and ingest the medicine over a number of
days to treat their condition. Buckets are regularly placed
under Phatthoumphone’s many domesticated elephants
to collect the urine” Two other similar urine uses for
diabetes are mentioned in our bibliographical inventory
(Additional file 1: URs of animals excreta): one in India
where 5 ml of fresh urine of mainland Serow (Capri-
cornis sumatraensis) is taken once a month, and one in
Sikkhim where fresh urine of Bos Taurus diluted in some
water is drunk [32, 33]. Another use of elephant urine
given by one mahout consists of instilling elephant urine
in the ear to treat ear infections. Nine similar uses are
recorded in Additional file 1 where urine from different
mammals is used for ear problems; these are dogs (Canis
lupus familiaris), musk deer (Maschus sp.), barking deer
(Muntiakus munjak), Bos Taurus indicus and bos indicus
in India, Tibetan argali (Ovis ammon odgsoni) in Nepal
and aardvark (Orycteropus afe) in Nigeria [34—41]. When
the method of administration is specified, it also consists
of an instillation in the ear (8 UR).

Uses of elephant faeces (EF) and elephant dung beetle
brood chambers (EBC)

Twenty-nine mahouts (44% of the mahouts interviewed)
reported the use of EF or EBC. Five of them mentioned
prophylactic uses of EF to purify hen houses and keep
insects and parasites away, either by placing fresh dung
in the hen house, or by fumigation by burning dry dung.
Twenty-five respondents reported personal or family
therapeutic practices of EF or EBC: an elderly woman
born into a mahout family in Thongmyxay, 23 mahouts
from Thongmyxay, representing 47% of the 49 mahouts
from this district interviewed, and one mahout from
Hongsa district in the same province of Xayabury,
whom we met and interviewed at ECC. We explain
below why we address the uses of EF and EBC together.
Uses recorded for each respondent are presented in the
Table 1.
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The elephant dung beetle

During our survey, while we were addressing the issue
of human use of elephant products, fifteen mahouts and
one woman whose father was a mahout, all fromThong-
myxay, mentioned therapeutic uses of elephant dung
beetle brood chambers (EBC). This scarab beetle has
been identified as Heliocopris dominus from pictures of
specimens brought by mahouts.

K. Joseph [42, 43] has studied this coprophagous spe-
cies in India, which depends exclusively on the fresh dung
of elephants. During the months of July and August, in
the rainy season, the females dig a tunnel of 20 to 50 cm
under the pile of elephant droppings they exploit, ending
with a horizontal chamber. They transport 800 to 2,400 g
of dung into this chamber,® which they then shape into 2
or 4 balls of 9 to 12 cm in diameter that they cover with
a thin layer of soil and in which they create a cavity that
will house an egg. This egg hatches after a week, releasing
a larva which, passing through three instar larva stages,
develops over four months by feeding from the inside of
its nest. This development period is followed by a three-
month quiescent period, during the dry season, at the
end of which the larva enters a pupal stage. The adult
insect emerges from this pupa at the end of the dry sea-
son and feeds on the remains of the nest until the first
monsoon rains, which soften the soil sufficiently to allow
it to dig its way out.

In the zootherapy studies consulted we found only
one mention of therapeutic use of beetle nests (sp. Not
specified) reported in an inventory carried out in a rural
municipality in Brazil[44]. These nests are used for the
treatment of mumps, but the method of preparation or
administration is not indicated.

Therapeutic uses of EF or EBC
The major indications for EF and EBC are gastrointesti-
nal problems (17 UR: diarrhoea, stomach-ache, food poi-
soning accompanied by vomiting) and skin problems (10
UR: skin rashes, inflammations, and fungal infections).
Other indications mentioned were diabetes, fevers,
and the condition of ‘internal heat’ (hon nay) described
as a feeling of warmth in the abdomen, distinct from
the rise in temperature called fever in biomedicine.
Two ethno-veterinary uses were reported for the treat-
ment of elephant wounds and sores. A mahout who
is also a mo phi (traditional healer using supernatural

% This considerable quantity of buried elephant faeces, added to that con-
sumed by adult individuals, shows the significant ecological role played by
these insects in accelerating the decomposition of the excrement produced
by elephants, as well as by the digging of tunnels and brood chambers which
contribute to the aeration of the soil and the percolation of rainwater into the
ground.
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EF/EBC Indication Preparation and use

EF Ethnoveterinary use for elephants’skin abrasion Urine and dry elephant faeces are mixed with crushed Alpinia galanga
stems (in equal amounts) and applied by hand on the wound

EF Ethnoveterinary use for elephants’wounds A poultice made of a mixture of clay and elephant faeces in equal parts
placed in a piece of banana stem is applied on wound

EF Diabetes, diarrhoea, intoxication with vomiting Decoction of sun-dried faeces drunk at will

EF Fever Maceration of dry faeces, collected fresh or dry, 1 handful per litre drunk
all day

EF Fever, diarrhoea, digestive problems, skin rash Decoction drunk in case of diarrhoea or fever, or used as a lotion for rash.
Alcoholic maceration in case of digestive problems

EF Neuromotor problems as an outcome of stroke ('sen pasat’) Faeces wrapped in cloth are placed in a stream for 15-20 min and used to
massage and dab the limbs of affected people. Female faeces are used to
treat males and vice versa

EF Food intoxication with vomiting Decoction of dried faeces (one handful per litre of water, boiled for 10 min)
drunk all day long

EF Diarrhoea, food intoxication Decoction of dried droppings

EF Skin rash Aqueous maceration of dry faeces used in lotion

EF Diarrhoea, skin rash Decoction drunk for diarrhoea or used as a lotion for skin rash

EBC Food intoxication (e.g. from toxic mushroom ingestion) Aqueous maceration drunk at will until recovery

EBC Diarrhoea, food intoxication Decoction drunk. 1/3 of EBC used for each preparation

EBC Skin rash Decoction drunk

EBC Tinea pedis (athlete’s foot) Pat the affected area with a decoction twice a day

EBC Diarrhoea, food intoxication Decoction drunk 3 times a day. Sometimes wood and bark of Broussonetia
papyrifera and culm of Dendrocalamus brandisii are added to the decoction

EBC Skin rash Decoction used in lotion

EBC Diarrhoea Decoction drunk for 2-3 days (one fifth of EBC with 3 litre of water some-
times with sugar cane added)

EBC Diarrhoea, stomach-ache Decoction drunk

EBC Diarrhoea, food intoxication Decoction with roots of Strobilanthes auriculatus Nees (one thumb of each
for 1 L of water) drunk

EBC Food intoxication, stomach-ache Decoction or aqueous maceration drunk

EBC Stomach-ache Decoction drunk (one handful for 3 L of water to be drunk at discretion
until recovery)

EBC Diarrhoea, stomach-ache, internal heat (‘hon nay’), skin problems  Diarrhoea, stomach-ache, internal heat: decoction drunk (2 thumbs of EBC
for | litre of water). Skin problems: decoction used in lotion

EBC Skin irritation Decoction drunk or used in lotion

EBC Diarrhoea, fever, skin rash Diarrhoea, fever: decoction drunk. Skin rash: decoction drunk or used in
lotion. Use 2 EBC for 4-5 L of water

EBC Stomach-ache, bloating Decoction of EBC with plants: drunk (1 L per day)

means for healing) and sometimes also uses medici-
nal preparations, makes use of elephant faeces to treat
problems related to neuromotor problems sometimes
affecting the mobility of the limbs: faeces wrapped in a
piece of cloth are placed in a stream for 15 to 20 min to
form a pad used to massage and dab the affected limbs.
A mahout finally reports having heard that in the south
of Laos children are given a decoction of EF to drink
so that they become “as strong as an elephant’, but he
specified that in Thongmyxay he has never heard that
people do so. We have also heard about such uses for
children in the South of Thailand. Table 2 summarizes

these uses by category of indications with the methods
of administration used.

Two mahouts use EBC in combination with plants to
prepare a decoction against diarrhoea: in once case the
roots of Strobilanthes auriculatus Nees, (an Acanthaceae
also used for the same indication by one of the local
healers interviewed), and for the other, the bark of Pen-
tace burmanica Kurz, seeds of ‘naiken mak kiao’ (a palm
tree not collected) and a sp. of Artemisia (cf. Artemisia
indica Willd) used whole with the root. In the two eth-
noveterinarian uses noted, elephant faeces are applied as
a poultice to treat wounds or sores affecting elephants.
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Indications

Gastro-intestinal problems

Skin problems

Other

Faeces (10r) Decoction drunk (5) Alcoholic maceration drunk

(1 Decoction used in lotion (2)
EBC(157r) Decoction drunk (9) Maceration drunk (2)
Totalof UR 17 UR 10 UR

Maceration used in lotion (1)

Decoction (7): drunk (3) used in lotion (5)

-Diabetes: decoction drunk (1)
-Ethnoveterinary use for wounds in a poul-
tice applied topically (2)

-Fever: decoction (1) or maceration drunk
(1]

-Nerve (sen pasat) and neuromotor prob-
lems (1)

Internal heat (‘hon nay’) decoction drunk (1)
7 UR

Number of UR are given in brackets for each type of use

For all uses, dry or freshly collected faeces are used, but
then dried beforehand in the sun. EBC are used when
collected or kept in a dry place. Two mahouts specify
that it is preferable to use bull elephant faeces to treat
females and cow elephant faeces to treat males. For mac-
erations or decoctions, about a handful of dung is used
per litre of water, which is taken for internal use at discre-
tion throughout the day, or two to three times a day. For
EBCs, we have noted the following proportions which are
more variable according to the respondents: one thumb
for 1 L of water, % EBC for 4-5 L of water, one handful
for 3 L of water.

Two mahouts had simply heard of therapeutic uses
of EF, but had not directly witnessed their use. One of
them reported that at the Xayabury Elephant Festival (a
popular annual festival attended by the local population
and Lao and foreign tourists) some people asked him
for fresh dung to treat themselves, but he did not know
the intended use. For the 25 respondents who reported
personal or family therapeutic practices, one of them
pointed out that these products are no longer used now
that they can get ready-made medicines, while others
reported recent use of them. It is difficult to estimate
the actual current prevalence of these practices because
they take place in the general context of a decline of tra-
ditional medicinal practices in favour of the use of bio-
medicine; one of the mahouts explained that medicinal
plants used to be planted around the house to have them
at hand in case of need, but that now people go to the
district dispensary for healthcare needs, these species are
tending to disappear from the neighbourhood. He added
that as the number of village elephants decreases, it
becomes more difficult to find elephant dung beetle tun-
nels. This assertion is in line with the findings of a study
carried out in Malaysia on beetles visiting elephant dung
which states that most of the species encountered are not
found in locations where elephants are absent [45]. Thus
another mahout, 48 years old, mentioned EBC use as a

family custom that was more common in his childhood.
Since respondents were not explicitly asked when the last
occurrence of the uses they reported occurred, it is pos-
sible that some people who reported therapeutic use of
elephant dung may have been referring to past use that
they still consider to have the potential for future use in
case of need.

In other countries, elephant dung is reported to be
used in Nigeria against epilepsy, to heal wounds, for
swelling or bone problems, in the case of cancer, fever,
dysentery, pile, haemorrhage, and headache [18], in Tan-
zania against children’s convulsions [46], in Zimbabwe to
ease labour and delivery for women [47, 48], in Ethiopia
against headache [49], in Angola for rheumatism [50]
and in India for skin infections and to ease teething [51].
See Additional file 1: URs of animals excreta for all these
UR. Regarding the use of animal faeces for indications
similar to those for which Thongmyxay’s mahouts use
EF and EBC we noted in the same inventory 12 UR for
dermatological problems (cf. Additional file 1): the use
of faeces from different bovids in India (Bos indicus and
Bos bubalus) [52-55], in Pakistan (Bos primigenius indi-
cus) [56], in Laos (black cow sp. not specified) [31] and
in South Africa (Bos Taurus); for other animals, dove fae-
ces (Columba livia, C. palomas, C. oenas) in Spain [41],
in India faeces of crow (Corvus splendens) [57]; in Paki-
stan, the faeces of Nightingale (Luscinia megarhynchos)
are used[58] and in Sudan the faeces of one humped
camel (Camelus dromedarius)[59]; in Brazil the faeces
of hens (Gallus domesticus) are used in ethnoveterinary
care [60]. For these dermatological uses, the mode of
administration when specified consists of a topical appli-
cation. For gastrointestinal disorders, 19 uses of faeces
are reported: 10 in India: camel faeces (Camelus drom-
edarius) [53, 55, 57], dhole faeces (Canis alpinus) [61],
donkey faeces (Equus asinus) in ethnoveterinary use [62],
house sparrow faeces (Passer domesticus) [39, 63, 64],
Porcupine (Hystrix indica) [64] and human faeces —to
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induce vomiting- [36]; two in Nigeria: African elephant
(Loxodonta cyclotis) and Palm civet (Nandinia binotata),
two in Sudan: Crested porcupine (Hystrix cristata) and
Hedgehog (Hemiechinus aethiopicus) faeces [59]; two in
Spain: dog faeces (Canis lupus familiaris) [65]; one in
South Africa cow (Bos taurus) faeces[66]; one in Portu-
gal: house mouse faeces (Mus musculus) [67], one in the
Philippines: goat faeces [68]. With the exceptions of one
use of dromedary faeces where these are burned and
their ashes applied to the belly and the use of house spar-
row faeces which are applied to the anus of constipated
babies, in the other uses a maceration or decoction of the
faeces is prepared and administered internally through
the oral route except for one UR where a maceration
of Palm civet (Nandinia binotata) faeces is used as an
enema for babies’ stomach pains [18]. Against fever, two
uses are reported in Nigeria: in one UR African elephant
(Loxodonta cyclotis) faeces are mixed with Gin and drunk
[18], and in the other one, cow faeces (Bos taurus) are
used but the mode of use is not specified [66]. Against
diabetes, one use of cow faeces (Bos taurus) is reported
in Nigeria and one use of grasshoppers (sp. not specified)
faeces in Sudan [59].

Justifications given by mahouts for the use of elephant
excreta

Elephant Urine

The seven mahouts who mentioned therapeutic uses of
elephant urine did not give an explanation of their poten-
tial therapeutic efficacy. It should be noted that these
mahouts reported uses that they had heard of but did not
personally practice.

Elephant Faeces and EBC

Explicitreasons Out of the 25 respondents who reported
therapeutic uses of EF or EBC, seven put forward some
explanations to account for the therapeutic efficacy of
these matters. They are all related to the elephant’s diet
and the care it takes in selecting what it consumes, and
were given for both the direct use of EF (3 r.) and EBC (4
r.): three mahouts told us that these substances are good
for humans because elephants eat a lot of good plants; four
others pointed out that among these plants are medicinal
plants, which are sometimes difficult to find (1 r). One
mahout emphasizes the diversity in the elephant’s diet
by stating that it is preferable to use wild elephant faeces
because they have a more diverse diet than their domestic
counterparts. This assertion should also be linked to the
fact thatin Laos food from the forest is especially prized for
its special virtues [50]. One of the mahouts made the link
between these elements, saying that the elephant knows
how to cure itself and how to choose the right plants for
this purpose, and that this is why the elephant dung beetle
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brood chambers made with their faeces are used. This also
shows clearly that what is sought in the EBC is primarily
the material contained in the elephant faeces within it and
not the beetle brood chamber itself, that is why we have
addressed the uses of EF and EBC together in the previ-
ous section. Thus, although two respondents told us that
elephant dung beetle larvae, or the insect when it emerges
from the pupal stage and is still tender as well as the larvae
of another dung beetle called chu chi kwan—buftalo dung
beetle (sp. not identified)—which makes its nest with buf-
falo dung—are a delicacy, no mahout mentioned any use
of buffalo dung beetle nests. When asked why EBC is used
rather than EF, respondents generally had no explanation,
saying that this had always been the practice in the family.
One person, however, explained that EBC are preferred
to EF because the insect fragments the faeces into small
pieces, which makes the preparation more efficient. This
remark may be linked to that of another mahout who says
that he prefers to use the faeces of young elephants to
the one of adults because they chew their food carefully.
These assertions makes good sense if one conceives these
operations as facilitating the availability of curative plant
substances that their faeces may contain.

Implicit elements Awareness that elephants cure them-
selves with plants is widely shared among mahouts.
Twenty-six mahouts reported practices of preferen-
tial consumption of plant items by females during their
breeding period, or by their elephants when they are sick,
behaviours that they interpret as a form of self-medication
[20]. In addition, mahouts inspect their elephant’s faeces,
which provides information about the animals health
(ibid), so it is a matter they are familiar with and they
know the texture and high content of partially digested
plant debris. When asked if elephant calves consume
anything other than their mother’s milk, 36 mahouts told
us that their mother’s dung is the first solid element they
consume. Four mahouts point out that since elephant
calves cannot yet grasp plants well and have no teeth,
their mother’s faeces are a food that is easier for them to
access and assimilate. The same allocoprophagic behav-
iour has been documented in foals and young zebras [69—
71], elephant calves (Elephas maximus) [72, 73], and some
hatchlings [74], all of which consume the faeces of their
mothers or close relatives. Elephant calf allocoprophagy is
also generally well known to keepers of domesticated ele-
phants in Asia, as shown in this recommendation for the
care of orphaned elephants at weaning time given in the
“Elephant Care Manual for Mahouts and Camp Manag-
ers” [72]: “you must find dung from a mature elephant and
that dung must be fresh and from a fit, healthy elephant
[...and] offer a lump about the size of a fist to the calf every
day for a month or two”.
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Various hypotheses have been put forward to explain
these behaviours in juvenile animals from different spe-
cies and their possible or proven benefits. These hypoth-
eses involve semiochemical interactions with the mother,
nutritional supplementation and, finally, maturation of
their digestive microbiota by the addition of intraspecific
microbial material, the latter hypothesis being the most
widely shared [69, 71, 73-75]. An interesting interpreta-
tion of this elephant calves behaviour was given to us in
a study conducted in southern Thailand in 2014 [76], by
two brothers who had an elephant that they left to for-
age in the forest. They noticed that when females have a
young elephant, they shift their diet towards an increased
consumption of supposedly medicinal plants, from which
according to them the calf benefits when it consumes its
mother’s dung. This remark is thus in line with the jus-
tifications for the therapeutic efficacy of EF given by the
mahouts interviewed in Thongmyxay.

Thus, although a minority of mahouts (28% of those
who reported therapeutic uses of elephant faeces) put
forward explanations for the therapeutic efficacy of ele-
phant faeces, the elements on which these justifications
are based (elephants eat many different plants including
medicinal plants -phuet pen ya-’ that are found in their
faeces or in EBC) are nevertheless known and shared by
most of them. These elements, associated with the fact
that they observe elephant calves consuming their moth-
er’s faeces, and that in Thongmyxay village elephants still
feed into the forest where they eat wild plants invested in
Laos with specific virtues, may all contribute to a positive
perception of this matter and to an implicitly recognized
value of their therapeutic use.*

We have seen in Sect. 1 that the therapeutic justifica-
tions put forward by the users or prescribers of ani-
mal materials reported in zootherapy studies fall in the
domain of the symbolic. In Laos the elephant is invested
with an eminent symbolic dimension which is certainly
no different to the perception that mahouts have of this
animal in Thongmyxay and to the value associated with
its products. But the explicit justifications provided by
mahouts regarding the efficacy of the therapeutic use
of elephant faeces contrast sharply with this type of jus-
tification of a symbolic or analogous nature. Instead of
being based on an identified “signature” or symbolic vir-
tue attributed to the elephant which would act in sym-
pathy on the cured ailments, they emphasise the virtues
of the various plant substances with potentially curative

* It is worth noting that the same argument for the effectiveness of this mate-
rial is reported by a journalist regarding the therapeutic use of elephant faeces
in Namibia: " Elephants are herbivores, and their dung is said to have medici-
nal properties because of the combination of herbs, seeds and plant matter
they consume."[77].
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properties contained in the elephant faeces (or in the ele-
phant dung beetle brood chambers made from them).

Therapeutic potential of urines

Cow excreta (bos indicus) represent a significant part of
the materials used in Ayurvedic medicine and the prop-
erties of cow urine have been particularly studied in
India. Cow urine is rich in fatty acids and phenolic acids
and has a high antioxidant potential [78—80]. The anti-
microbial activity of cow urine has been tested in vitro on
strains of pathogenic bacteria [80-83]. In vivo, immuno-
stimulant properties have been demonstrated in rats [84,
85]; one study showed that external application of cow
urine hastened the healing process on wounded rats [86].
A study has shown anti-diabetic activity of cow urine in
rats with diabetes induced by streptozotocin injections: it
significantly increases their glycogen levels and reduces
their blood glucose levels [87]. In humans, a clinical assay
of a cow urine extract given orally has shown to signifi-
cantly relieve patients suffering from haemorrhoids [88].

In the Middle East camel excreta are traditionally used
to treat various ailments and the urine of this animal has
also been the subject of numerous pharmacological stud-
ies [89].° Anti-microbial properties of camel urine have
been demonstrated in vitro showing antifungal activ-
ity on Candida albicans and Aspergillus nige and anti-
bacterial activity against multi-drug resistant pathogenic
bacteria [90, 91]. Alyahya et al. [92] showed in vitro anti-
coagulant activity of camel urine, which significantly
inhibits human platelet aggregation responses. In vitro
studies have highlighted the potential of camel urine to
inhibit the growth of tumours by limiting tumour angio-
genesis and by their cytotoxicity against various human
cancer cell lines. Anti-tumour and anti-metastatic activ-
ity of this urine has been shown in vivo in mice [93-96].
The composition of urine varies from one mammal spe-
cies to another, but also according to the physiologi-
cal state of the individual and their diet [97]. Thus, Wu
et al. showed in vitro the anti-tumour activity conferred
on mouse urine when collected after sustained physical
effort [98].

Human urine, which is used in various traditional phar-
macopoeias (see Sect. 2.2), has been the subject of several
studies highlighting its therapeutic properties: in local
application on wounds inflicted on previously anaesthe-
tised animals, the healing properties of this urine have
been shown in vivo on rats [99], and Khan & al. showed
its emollient and healing effect on skin abrasions in

5 These studies do not specify which camelid species is involved (Came-
lus dromaderius or bactrianus), but according to the information given by
Alkhamese it is most probably Camelus dromedarius, widely domesticated in
North Africa and the Middle East.
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rabbits [100]. Consumption of one’s own urine (auto- or
self-urine therapy) is considered in Hindu tradition to be
particularly beneficial to health and thus likely to increase
the longevity of its followers [101, 102]. It has been popu-
larised outside India through the publication of a book
de dedicated to this practice and regularly re-edited since
1944 [103]. Auto-urine therapy was the subject of several
clinical studies in the first half of the last century, deal-
ing with endocrine problems and various inflammatory
or auto-immune diseases [104]. Cases of regression of
tumours following diversion of the patient’s urinary tract
to the intestine have led to the hypothesis of an anti-
tumour activity of the patient’s own urine [101]. Eldor
suggested that the many tumour antigens present in the
urine of a cancer patient are transmitted to the intestinal
lymphatic system, which may produce specific antibodies
that allow the body to destroy its own tumour cells [104].
Finally, human urine is currently being investigated as a
potential non-invasive source of human stem cells for tis-
sue culture and regenerative therapies [105].

In our study two mahouts used elephant urine and one
mahout used human urine in veterinary preparations to
treat skin problems in elephants (abrasions and rashes),
another mahout reported the use of elephant urine in
case of serous otitis and four others reported that peo-
ple with diabetes have asked them for elephant urine to
improve their condition. No studies have yet been car-
ried out on the properties of elephant urine, but the use
of this urine in Xayabury province is consistent with the
above-mentioned studies highlighting the anti-infectious,
emollient and healing potential of various mammalian
urine, as well as the anti-diabetic potential of cow urine.

Therapeutic potential of faeces

Substances present in the faeces

The therapeutic properties of the faeces of some animal
species have been studied in Korea and China. The use
of silkworm faeces (Bombyx mori) to strengthen internal
organs, protect against diplegia, and treat diabetes [106]
is recorded in the Dongui Bogam, a treatise on tradi-
tional Korean medicine dating from the fifteenth century.
Hwang et al. [107] similarly mention that they have been
used in China for palsy, blood circulation problems, fever,
unhealthy eyes, headache, itching, and arthritis. The anti-
allergic potential of these faeces and its modus operandi
has been studied by Jung et al. [106]. Their fibrinolytic
properties were highlighted and studied (Ahn et al. 2002)
as well as their cytotoxicity on colon cancer cells [107,
108]. The “Wu-Ling-Zhi, a preparation derived from fae-
ces of the complex-toothed flying squirrel (Trogopterus
xanthipes) is used in Chinese traditional medicine to
treat stabbing pain in the chest and hypochondrium, as
well as dysmenorrhea, amenorrhea, swelling and aching

Page 11 0f 18

due to traumatic injury, postpartum blood stasis, and
snake bites [109]. Extracts of this faeces have been shown
to inhibit gastric acid secretion and to have a protective
effect on gastric mucosa in vivo on rats [110]. Many com-
pounds (terpenoids, flavonoids, lignans, sterols, esters
and bile acids) known for their wide spectrum of phar-
macological activities such as anti-inflammatory, anti-
cerebral ischemia, anti-gastric ulcer, and anti-thrombin
effects have been isolated from the faeces of this animal
[109]. Calcined wild boar (Su scrofa) faeces is a prepara-
tion of traditional Tibetan medicine used to treat stom-
ach and gallbladder diseases, such as dyspepsia, anorexia,
jaundice, gallstones and nausea (ibid). The same publi-
cation reports various Chinese pharmacological studies
that have highlighted the presence of bile acids in this
material, its high Ca, K, Mg, and Fe content, and have
shown that this matter prevents mucosal damage caused
by experimental colitis in rats, and significantly reduces
the damage of colonic mucosa congestion, hyperplasia
and ulcer.

In a zootherapy study carried out in Sudan, the author
raises a hypothesis to account for the effectiveness of
camel faeces (Camelus dromedarius) traditionally used
to relieve arthritis, saying that “this property may be
attributed to the active constituents present in herbs on
which the camels feed’, but without giving further indi-
cations on the plants composing the diet of this animal
in the area considered, and their potential or possible
therapeutic uses [111]. This hypothesis is in line with the
opinions expressed by the mahouts we have interviewed,
who attribute the therapeutic value of EF and EBC to the
fact that elephants consume a large number of species,
including medicinal plants found in their dung. We pro-
vide the following facts in support of this assertion:

o With regard to the diversity of elephant diets, the
inventories of plants consumed by Elephas maximus
carried out in Asia [112-117] and the one we con-
ducted with mahouts in Xayabury province, which
includes 114 species collected, constituting 112 eth-
nospecies (cf. Additional file 2: Plants species con-
sumed by elephants) attest to the wide range of spe-
cies making up the diet of elephants in Asia.

+ On the presence of medicinal plants in the ele-
phants’ diet, we interviewed four traditional heal-
ers (one female and three males) in Thongmyxay
district. None of them used animal materials for
healing, nor were they aware of the local use of ele-
phant excreta, but we presented them with the list
of plants composing the diet of elephants which
we inventoried with the mahouts and asked them
which of these they used (see Additional file 2).
Out of the 112 ethnospecies presented, 72 are used
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by these healers to treat various problems affecting
humans, and two to heal buffaloes. These 74 spe-
cies thus represent 66% of species of the elephant
diet known to the mahouts of Thongmyxay. These
results and the origin of their knowledge will be
analysed in more detail in a dedicated study, but
what we will note here is that, as pointed out by
some mahouts, the elephant’s diet in Thong-
myxay does indeed include a significant number
of medicinal plants used locally. Similarly, a recent
study carried out in northern Thailand analysing
species overlap (based on data combining field-
work survey and other published dataset) between
Karen ethnoveterinary plant use for elephants,
Karen medicinal plant use and Asian elephant diet,
indicates that 84% of the species with ethnoveteri-
nary uses among Karen are known to be consumed
by Elephas maximus in Asia [118].

The low performance of the digestive process in
elephants, which are post-gastric herbivores, leaves a
substantial mass of non-processed plant residues in
their faeces (according to Sukumar [119], only 40-50%
of the forage consumed by Elephas maximus is actually
digested), giving them there very fibrous texture.

It is thus likely that a significant proportion of sec-
ondary plant metabolites are found intact in their fae-
ces. It is also possible that some metabolites of plant
items consumed by elephants, which are neutral to
human physiology or cannot be assimilated, become
bioactive during the transformation that takes place
through the elephants’ digestive process (the so-
called prodrugs). It would therefore be interesting to
carry out a metabolomic study on the faeces of ele-
phants feeding in their natural environment, in order
to highlight the possible presence of metabolites with
recognized pharmacological activity in the samples
collected, and to assess the therapeutic potential of
these faeces from this point of view. Particular atten-
tion could be paid to metabolites likely to account for
the therapeutic effects attributed to these faeces in the
main indications for which they are used (Table 2).
Such investigations could be performed on samples
taken at different times of the year marking variations
in the elephant’s diet.

Regarding the use of EBC, although mahouts do not
seem to attribute different properties to them than to
EF (apart from the fact that this elephant material has
been fragmented by the elephant dung beetle), it is
possible that the faeces of the larvae that feed on the
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chamber and accumulate in it also contribute to the
therapeutic potential of this material.

Potential of the microbiota present in the faeces

The therapeutic use of microbial material from healthy
individuals is gaining new momentum with recent
research on the human microbiota. It is practised in
the form of faecal matter transplantation (FMT), which
Brandt [120] defines as “the infusion of a faecal suspen-
sion from a healthy individual into the GI tract of another
person to cure a specific disease” Zhang links this prac-
tice to a similar form of therapy attested as early as the
turn of the fourth century AD in the Zhou Hou Bei Ji
Fang, a treatise on traditional Chinese medicine that
mentions the use of a suspension of human faeces by oral
intake [7]. It appears to have been subsequently used in
China to treat disorders defined in the emic terms of the
Chinese medical tradition, disorders that cover febrile
disease, typhoid fever and diarrhoea, poisoning, abscess,
food stagnation, and was still recently used in China by
some elder-generation physicians for refractory diseases
[121]. A practice similar to FMT is also found in Europe
in the veterinary care of ruminants, in the form of a
transfer of the contents of the digestive tract of a healthy
individual taken during its bolus regurgitation to an ani-
mal that has lost its digestive capacity. This practice was
reported in the seventeenth century by the Italian anato-
mist Fabricius Aquapendente: “I have heard of animals
which lose the capacity to ruminate, which, when one
puts into their mouths a portion of the materials from
the mouth of another ruminant which that animal has
already chewed, they immediately start chewing and
recover their former health” (Quoted from Borody [122],
his translation). This practice is similarly attested in the
eighteenth century in Sweden [123]. A similar technique,
used under the name ‘transfaunation’ was employed to
study the hindgut fauna of termites and was published
in 1927 [124]. The term transfaunation has since been
retained to refer to today’s common veterinary practice
of treating ruminants with severe disorders due to distur-
bance of the rumen microbiota, by inoculating them with
rumen material from healthy congeners [123] but also
in the word compound ’fecal transfaunation’ as a syn-
omnym of FMT. FMT is also practised on horses via the
naso-gastric or rectal route for the treatment of certain
infectious diarrhoea [125, 126], and has been reported
to have been used on an Asian elephant female follow-
ing an intestinal obstruction [127]. In modern human
medicine, FMT was revived by Eiseman in the 1950s
[128] to treat pseudomembranous colitis due to infesta-
tions of the colon with pathogenic bacteria favoured by
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antibiotic therapy. It was subsequently extended to the
digestive decolonisation of multi-resistant bacteria [129],
particularly in immune-compromised subjects at greater
risk (HIV infection, chemotherapy, immunosuppres-
sive treatment) to restore a disturbed microbiota [130,
131]. With the recent development of knowledge on the
involvement of the intestinal microbiota in many physi-
ological processes, research on the applications of FMT
has extended to multiple indications. Among these are
functional disorders and chronic inflammatory bowel
diseases [132, 133], certain forms of autism, epilepsy and
Parkinson’s disease—which could be linked to the dif-
fusion of neuro-metabolites produced by the digestive
microbiota [134, 135], obesity, chronic fatigue syndrome,
multiple sclerosis, myoclonus dystonia, insulin resistance
and the metabolic syndrome [120]. This brief overview
of the wide range of applications of FMT thus echoes the
multiple indications of animal or human faeces adminis-
tered orally, found in the URs in Additional file 1:URs of
animals excreta (34 records).

The uses of elephant faeces recorded with the mahouts
fall mainly into two groups of indications: gastro-intes-
tinal disorders on the one hand and dermatological
problems on the other. With regard to gastro-intestinal
disorders, we can consider in the light of the studies we
have just mentioned, the hypothesis of a curative action
of these faeces by rebalancing the user’s microbiota via
a supply of bacterial material from the elephant’s micro-
biota. In these uses, the oral route used by mahouts is
comparable to that reported by Fabricius Aquapendente
in ruminants, or to the naso-gastric route used in hos-
pitals on patients suffering from severe diarrhoea who
would not hold a suspension administered by enema, or
on patients who have already been intubated [136, 137].°
While an aqueous maceration of EF or EBC is used in
three of the URs reported by mahouts or their families, in
nine others a decoction is used, raising in the latter case
the question of whether the ingested bacterial material
can retain a curative potential. However, as the faeces or
EBC used are usually dried beforehand, these materials
may contain sporulated bacteria that are resistant to this
method of preparation, as is the case for other dried ani-
mal matter [138]. For indications concerning skin prob-
lems such as fungus and certain inflammations, these
conditions can also be caused by a disturbance of the
skin microbiota. But in these applications the hypothesis
of a possible rebalancing of a disturbed microbiota by
an external supply of microbial material is less plausible
because of the aerobic nature of the cutaneous micro-
biota whereas the material applied here comes from the

¢ In Brumbaugh’s study faecal material is also administered orally in the form
of capsules, but it is not specified whether their shell is gastro-resistant.
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internal anaerobic microbiota of the elephant. For EF’s
internal use in the case of these dermatological indica-
tions, on the other hand, this hypothesis could account
for a curative effect on metabolic disorders that result in
skin rashes.

Zoonotic risks

The use of animal materials, and in particular body fluids,
raises the question of the risks of zoonotic transmission
of pathogens, a risk that has become particularly acute in
the current context of increasing zoonotic pandemics.

(a) Urine: This fluid resulting from the filtration of blood
by the kidneys is normally free of pathogens, but cases of
contamination of goat and cow urine have nevertheless
been reported [139] and urine can also carry germs in the
case of urinary tract infections. The therapeutic use of
urine therefore requires caution and discernment. A case
of vision loss is reported as a result of a man’s self-applica-
tion of his own urine to treat an inflammation of the eyes,
but it is not specified whether this loss is due to an infec-
tion following this treatment or to the action of deleteri-
ous compounds in the urine used. [140].

(b) Faeces: The microbial flora of animal faeces is far
from being free of potential human pathogens [141-
143], and thus their handling and application especially
on wounds (6 UR in Additional file 1: URs of animals
excreta) or as a haemostatic in case of bleedings (8 UR)
presents a non-negligible risk of infection; in addition
some topical applications may also be associated with
incisions [18]. In one UR (cf. Additional file 1) faeces
of the palm civet (Nandinia binotata) mixed with water
are used as an enema for a baby suffering from stom-
ach pain [18]. Regarding intakes through oral route, 36
UR of faeces uses in the literature consulted (cf. Addi-
tional file 1) and 15 UR we recorded from mahouts
can be considered to fall within the therapeutic field
of FMT, since they consist (except in one case) of an
oral transfer of faecal material from one individual to
another, but with the clear difference that these trans-
fers are in this case interspecific (35 animal-to-human
UR and one donkey-to-dromedary UR listed in Addi-
tional file 1). These therapeutic uses of animal faeces
potentially involve risks of zoonotic transmission of
pathogens. In Thongmyxay district, where we found a
relatively large and homogenous corpus of EF uses, it
would therefore be appropriate to carry out research
comparing the intestinal microbiota of wild and village
elephants, of mahouts who are in contact with the lat-
ter, and of people from the same region who have or
have not used this type of treatment. This would allow
to highlight possible exchanges of microbial and para-
sitic material between men and village elephants and to
estimate the potential risks of pathogen transmission
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between elephants and humans,” and also between
village elephants and their wild counterparts: village
elephants from Thongmyxay are indeed periodically
released in the surrounding forested area which shel-
ters the second largest population of wild elephants in
Laos, and village elephant cows sometimes mate with
wild bulls [27], whereas transmissions through faecal
material are potentially favoured by the allocopropha-
gous behaviours of the calves. Such a study could also
provide elements to evaluate the therapeutic poten-
tial of EF medicinal uses from the point of view of the
transfer to humans of the residual microbiotic material
still contained in the EF used.

The Covid 19 pandemic we are currently experiencing
may be of zoonotic origin, perhaps involving contact with
animal faeces. The closest genetic relative of the corona-
virus involved was found in bat species [147]. The flesh
or faeces of diverse bat species are used in traditional
therapeutic applications in Laos, China and north-east-
ern India [31, 52, 109, 148], and bat guano is also used
as a fertilizer in Southeast Asia [149, 150]. Even in the
case of an emerging pathology, traditional medicines do
not seem any more deprived than modern biomedicine
to react to a new problem, such as seen with the exam-
ples given by William [151] where the scope of exist-
ing resources is extended to new indications. Thus the
Reuters news agency and the Namibian press reported
in August 2020 an extension of the indications for the
use of elephant faeces, traditionally used according to
these sources for nose bleeds, headaches, toothaches,
and other types of pain, to treat people affected by the
COVID 19 pandemic [77, 152]. Despite a public denial
of this rumour regarding the effectiveness of elephant
faeces against this infection by the country’s Minister of
Health (without any argumentation, however, reported
by sources citing this denial), the market for this material
was then booming [77]. A medicinal products salesman
interviewed by a journalist reported that elephant dung is
then used in saunas, claiming a decongestant effect which
helps with breathing, coughing and runny nose, and
can provide relief in case of colds and flus (ibid). If this
hypothesis is after all consistent with the mode of admin-
istration evoked, however, this practice is not exempt of
potential risks of contamination as shown by a severe
case of pulmonary anthrax reported in Pennsylvania,

7 In human to elephant transmission, the possibility of 'reverse zoonosis’ has
been discussed in relation to the presence of the human tuberculosis germ
Mycobacterium tuberculosis detected in wild and captive elephants in Asia
and in captive elephants in the USA and France [144-146]; for elephant to
human, in the context of the therapeutic use of EF in Xayabury province, ele-
phant dung of a rather solid and fibrous texture is collected and handled fresh
even if theoretically used dried.
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following the inhalation of Bacillus anthracis spores dur-
ing contact with dried animal skins [138].

Conclusion

The uses of elephant faeces and urine that we have docu-
mented in the province of Sayaboury in Laos are part of a
widely spread tradition over time and space of therapeu-
tic uses of animal or human excreta, both in the scholarly
medical traditions and in oral medical traditions from
very diverse cultures and geographical origins. These still
widespread uses, which involve the handling of animal
faeces, their ingestion or application to different parts of
the body, and sometimes lead to their sale in medicinal
markets, represent potential sources of pathogen trans-
mission from animals to humans. In the context of the
globalisation of trade that currently prevails and which
favours the emergence of zoonoses, it becomes crucial to
further document the zootherapy practices in use in the
world and to know the species mobilized in these prac-
tices. This will allow to assess the potential zoonotic risks
inherent to these uses, and help to quickly grasp the pos-
sible sources of contamination that may be at the origin
of an epidemic when it breaks out.

In the One Health concept perspective, the therapeu-
tic uses of faeces reported worldwide, as well as the allo-
coprophagic behaviours of juvenile domestic animals,
must be considered from the point of view of a compro-
mise to be found between the infectious risk inherent in
these uses or behaviours and the potential benefits that
they may provide for heath or, in the field of animal hus-
bandry, for the development of healthy individuals [75].

The therapeutic indications for which elephant urine is
used in Xayaboury province are consistent with the prop-
erties and curative potential of the urine of other species
highlighted in the biological and biochemical studies per-
formed on these fluids.

With regard to the uses of EF that we have recorded,
the justifications provided by mahouts for their therapeu-
tic efficacy contrast with the justifications of zoothera-
peutic practices generally reported in studies devoted to
this field, since they are not based on a “signature” recog-
nised in the elephant which would act in sympathy with
the treated ailments, but on the intrinsic virtues of the
various plant substances contained in its faeces. These
justifications are supported by the great diversity of spe-
cies making up the elephants’ diet, which argues for the
interest of carrying out a metabolomic analysis of fae-
ces of elephants feeding in their natural environment in
order to assess their therapeutic potential.

An interesting feature in these zootherapeutic uses of
EF highlighted by the therapeutic justification of mahouts
for their use, is that here it is not so much the raw mate-
rial that is considered but rather the animal contribution
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to its processing through the elephant ability acknowl-
edged by mahouts to select valued plants from the wild,
making its faeces a kind of "medicinal cocktail".

Abbreviations

EBC: Elephant dung beetle brood chamber; ECC: Elephant conservation
center; EF: Elephant faeces; NNPA: Namphuy national protected area; UR: Use
report.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513002-021-00484-7.

Additional file 1. URs of animal excreta in zootherapic studies.

Additional file 2. Inventory of plants consumed by elephants.

Acknowledgements

The authors thank all people interviewed in Thongmyxay district and the staff
working at ECC for their valuable cooperation. We are also grateful to: Olivier
Montreuil, entomologist at UMR 7179, Muséum national d'Histoire Naturelle-
Paris, who identified specimens of elephant dung beetles from pictures taken
on fieldwork; Prathapan Divakaran Associate Editor of the journal “Entomon”
who kindly provided proofs of publications of the journal to which we were
lacking access; David Wharton for his English proof reading and correction of
the manuscript, and the transcription of Lao names in the roman alphabet.

Authors’ contributions

JMD major contribution, design of the work, acquisition and interpretation of
data and paper writing. KP field survey, acquisition of data, field contacts. ED
supervision of field surveys, paper revision. SP contribution in field collection,
acquisition of data. VL vouchers treatment and identification, contribution in
field collection. HC interpretation of data. SD contribution in bibliographical
research. SK outline of the paper and revisions. All authors read and approved
the final manuscript.

Funding
This work was supported by Ekhagastiftelsen Foundation, Grant No. 2016-82
(Sweden) and the Fondation Ensemble, Grant No. MP/EAM/2018/09 (France).

Availability of data and materials
All data generated or analysed during this study are included in this published
article and its supplementary information files].

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the National Ethics Committee for Health
Research (NECHR) under the supervision of the Ministry of Health of the Lao
PDR (0894NIOPH/NECHR). The project complies with the ABS prior inform
consent and mutually agreed term in the light of Nagoya Protocol (N°008/
SABS). https://absch.cbd.int/database/ABSCH-IRCC-LA-249801

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Museumn National d'Histoire Naturelle-UMR 7206, Paris, France. “Department
of Pharmaceutical Sciences, Faculty of Pharmacy, University of Health Sci-
ences, Vientiane, Lao PDR. *Department of Botany, Faculty of Natural Sciences,
National University of Laos, Vientiane, Lao PDR. “Elephant Conservation Center,
Nam Tien Reservoir, Xayabury District, Lao PDR. >UMR 152 Pharmadev, IRD,

Page 150f 18

UPS, 35 chemin des maraichers, Université Paul Sabatier, 31062 Toulouse,
France. °Food and Drug Department, Ministry of Health, Vientiane, Lao PDR.

Received: 3 August 2021 Accepted: 5 October 2021
Published online: 28 October 2021

References

1. Rozin P, Markwith M, Ross B. The sympathetic magical law of similarity,
nominal realism and neglect of negatives in response to negative
labels. Psychol Sci. 1990;1(6):383-4.

2. Curtis V. Why disgust matters. Philos Trans R Soc B.
2011,366(1583):3478-90.

3. Sarabian C, Ngoubangoye B, MacIntosh AJJ. Avoidance of biological
contaminants through sight, smell and touch in chimpanzees. R Soc
Open Sci. 2017;4(11):170968.

4. Bryan CP.The papyrus ebers. Bles; 1930.

5. Van Loom, Gabriel, éditeur. Charaka Samhita; Handbook on Ayurveda
Volume 1. 2002. 678 p.

6. Jain NK, Gupta VB, Garg R, Silawat N. Efficacy of cow urine therapy
on various cancer patients in Mandsaur District, India - A survey. Int J
Green Pharmacy (IJGP). 2010;4(1).

7. ZhangF, Luo W, ShiY, Fan Z, Ji G. Should we standardize the
1,700-year-old fecal microbiota transplantation? Am J Gastroenterol.
2012;107(11):1755.

8. Yang S.The divine farmer’s materia medica: a translation of the Shen
Nong Ben Cao Jing. Portland: Blue Poppy Enterprises Inc; 1998.

9. Men-Tsee-Khang. The Root Tantra and The Explanatory Tantra from
the Secret Quintessential Instructions on the Eight Branches of the
Ambrosia Essence Tantra by Yuthok Yonten Gonpo. Dharamsala: Men-
Tsee-Khang Publications; 2008

10. Czaja O. Some preliminary remarks on human and animal materia
medica in Tibetan medicine. Medicine. 2019;49:271-308.

1. Littré Emile. Oeuvres complétes d'Hippocrate : traduction nouvelle avec
le texte grec en regard, collationné sur les manuscrits et toutes les édi-
tions, accompagnée d'une introduction de commentaires médicaux,
de variantes et de notes philologiques, suivie d'une table générale des
matiéres. Tome 7/par E. Littré. 1839.

12. Beck. De materia medica. Hildesheim, Allemagne: Olms-Weidmann;
2017. xxviii+608.

13. Preuss J, Rosner F. Biblical and Talmudic medicine. Northvale, N.J: J.
Aronson; 1993

14.  Paullini FC. Heilsame Dreck-Apotheke: wie nemlich mit Koth und Urin
die meisten Krankheiten und Schéden glucklich geheilet worden.
Verlag des Herausgebers; 1847

15. Vallejo JR, Mena AJA, Gonzélez JA. Human urine-based therapeutics in
spain from the early 20th century to the present: a historical literature
overview and a present-day case study. 2017;37.

16. Alves RR, Alves HN. The faunal drugstore: animal-based remedies
used in traditional medicines in Latin America. J Ethnobiol Ethnomed.
2011;7(1)9.

17. Pemberton RW. Insects and other arthropods used as drugs in Korean
traditional medicine. J Ethnopharmacol. 1999;65(3):207-16.

18. Friant S, Bonwitt J, Ayambem WA, Ifebueme NM, Alobi AO, Otukpa OM,
et al. Zootherapy as a potential pathway for zoonotic spillover: a mixed-
methods study of the use of animal products in medicinal and cultural
practices in Nigeria. In Review; 2021

19.  Meyer-Rochow VB. Therapeutic arthropods and other, largely terrestrial,
folk-medicinally important invertebrates: a comparative survey and
review. J Ethnobiol Ethnomed. 2017;13(1):9.

20. Dubost J-M, Lamxay V, Krief S, Falshaw M, Manithip C, Deharo E. From
plant selection by elephants to human and veterinary pharmacopeia of
mahouts in Laos. J Ethnopharmacol. 2019;244:112157.

21. VoTT. Les origines du Laos. Sudestasie; 1993.

22. Zago M. Rites et cérémonies en milieu bouddhiste lao. Roma: Universita
Gregoriana; 1972.

23.  Phanthavong B, Santiapillai C. Conservation of elephants in Laos. [IUCN/
SSC Asian Elephant Specialist Group Newsletter. 1992,8:25-33.


https://doi.org/10.1186/s13002-021-00484-7
https://doi.org/10.1186/s13002-021-00484-7
https://absch.cbd.int/database/ABSCH-IRCC-LA-249801

Dubost et al. J Ethnobiology Ethnomedicine

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2021) 17:62

Khounboline K. Current status of Asian elephants in Lao PDR. Gajah.
2011;35:62-6.

Suter IC. The conservation of captive Asian elephants in the Lao
People’s Democratic Republic [Ph.D. Thesis]. [Australial: University of
Queensland; 2014.

Lair RC. Gone astray. The care and management of the Asian
elephant in domesticity [Internet]. RAP Publication (FAO); 1997 [cité
11 mai 2016]. Disponible sur: http://agris.fao.org/agris-search/search.
do?recordID=XF1998079729

Maurer G, Rashford BS, Chanthavong V, Mulot B, Gimenez O.
Wild-captive interactions and economics drive dynamics of Asian
elephants in Laos. Sci. Rep. 2017;7(1).

Maurer G. Conservation de I'éléphant d'Asie (Elephas maximus) par
I'étude des interactions entre humains et populations sauvages et
semi-captives d'éléphants: une approche intégrée des dimensions
démographiques, génétiques, économiques et socioculturelles [Ph.D.
Thesis]. [Université de Montpellier]: Université de Montpellier; 2018.
Maurer G, Gimenez O, Mulot B, Lescureux N. From spirits’ control to
market forces: Questioning the resilience of the current human-wild-
captive elephant social-ecological system in Laos. SocArXiv; 2020
Juin.

Lassausaie J, Bret A, Bouapao X, Chanthavong V, Castonguay-Vanier J,
Quet F, et al. Tuberculosis in Laos, who is at risk: the mahouts or their
elephants? Epidemiol Infect. 2015;143(05):922-31.

Baird IG. Lao PDR: an overview of traditional medicines derived from
wild animals and plants. TRAFFIC Southeast Asia. 1995;

Sajem Betlu AL. Indigenous knowledge of zootherapeutic use among
the Biate tribe of Dima Hasao District, Assam, Northeastern India. J
Ethnobiol Ethnomed. 2013;9(1):56.

Dhakal P, Chettri B, Lepcha S, Acharya BK. Rich yet undocumented
ethnozoological practices of socio-culturally diverse indigenous
communities of Sikkim Himalaya, India. J Ethnopharmacol.
2020;249:112386.

Akindele SO, Akinnifesi F, Dawson-Andoh B, Fuwape JA, Stimm B,
Adedire MO. Use of wild animals as alternative therapy in support zone
villages around some Nigeria National Parks. For For Prod J. 2010;5:7-18.
Chinlampianga M, Singh RK, Shukla AC. Ethnozoological diversity of
Northeast India: empirical learning with traditional knowledge holders
of Mizoram and Arunachal Pradesh. 2013;

Jamir NS, Lal P. Ethnozoological practices among Naga tribes. IJTK.
2005;4(1):5.

Kakati LN, Doulo V. Indigenous knowledge system of zoothera-

peutic use by Chakhesang tribe of Nagaland, India. J Human Ecol.
2002;13(6):419-23.

Lalramnghinglova H. Ethnobiology in Mizoram state: folklore medico-
zoology. Bull Indian Inst History Med (Hyderabad). 1999;29(2):123-48.
Mahawar MM, Jaroli D. Animals and their products utilized as medicines
by the inhabitants surrounding the Ranthambhore National Park, India.
J Ethnobiol Ethnomed. 2006;2(1):46.

Muwel A, Kher A, Shivani K. Plants, animals and their products utilized
as traditional medicines in Bhilala tribe of district Dhar of Mad-
hyapradesh India-a preliminary survey. Lifesci Leaflets. 2016;79:65-81.
Quave CL, Lohani U, Verde A, Fajardo J, Rivera D, Obodn C, et al. A com-
parative assessment of zootherapeutic remedies from selected areas in
Albania, Italy, Spain and Nepal. J Ethnobiol. 2010;30(1):92-125.

Joseph KJ. The life cycle, ecological role and biology of immature stages
of Heliocopris dominus Bates (Coleoptera: Scarabaeidae: Coprinae).
Entomon-Trivandrum. 2003;28(3):247-52.

Joseph KJ. Biology and breeding behaviour of the elephant dung
beetle, Heliocopris dominus Bates (Coprinae: Scarabaeidae). Entomon-
Trivandrum. 1998;23:325-30.

Alves RRN, de Neta S, de Trovdao BM, de Barbosa L, Barros AT, Dias TLP.
Traditional uses of medicinal animals in the semi-arid region of north-
eastern Brazil. J Ethnobiol Ethnomed. 2012;8(1):41.

Goh TG, Huijbregts J, Ning H, Campos-Arceiz A.Beetles recorded

to visit elephant dung in Temenggor forest, Malaysia. J Wildl Parks.
2014;29:45-48.

Comoro C, Nsimba SED, Warsame M, Tomson G. Local understanding,
perceptions and reported practices of mothers/guardians and health
workers on childhood malaria in a Tanzanian district—implications for
malaria control. Acta Trop. 2003;87(3):305-13.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 16 of 18

Mawoza T, Nhachi C, Magwali T. Prevalence of traditional medicine use
during pregnancy, at labour and for postpartum care in a rural area in
Zimbabwe. Clin Mother Child Health. 2019;16(2):321.

Panganai T, Shumba P. The African Pitocin—a midwife’s dilemma: the
perception of women on the use of herbs in pregnancy and labour in
Zimbabwe, Gweru. Pan Afr Med J. 2016;25:9.

Yirga G, Teferi M, Gebreslassea Y. Ethnozoological study of traditional
medicinal animals used by the people of Kafta-Humera District, North-
ern Ethiopia. Int J Med Med Sci. 2011;3(10):316-20.

Braga-Pereira F, Santoro FR, Santos CV-D, Alves RRN. First record of
Angola’s medicinal animals: a case study on the use of mammals

in local medicine in Quigama National Park. Indian J Tradit Knowl.
2017;16(4):5.

Dixit AK, Kadavul K, Rajalakshmi S, Shekhawat MS. Ethno-medico-
biological studies of South India. JTK 2010;9(1)

Verma AK, Prasad SB, Rongpi T, Arjun J. Traditional healing with animals
(zootherapy) by the major ethnic group of Karbi Anglong district of
Assam, India. Int J Pharm Pharm Sci. 2014;6(8):593-600.

Gupta L, Silori CS, Mistry N, Dixit AM. Use of Animals and Animal prod-
ucts in traditional health care systems in District Kachchh, Gujarat. 2003;
Borah MP, Prasad SB. Ethnozoological remedial uses by the indigenous
inhabitants in adjoining areas of Pobitora wildlife sanctuary, Assam,
India. Int J Pharm Pharm Sci. 2016;8(4):90-6.

Misar SD, Subhas M, Khinchi PJ, Mohitkar SP. Ethnozoological studies
among adjoining areas of pandharkawda taluka of yavatmal district,
Maharashtra, India. Int J Res Biosci Agric Technol. 20164

Khan FM, Chaudhry H, Mustafa YS, Ahmad W, Farhan HM. Ethno-vet-
erinary zoo-therapies and occult practices in greater Cholistan desert
(Pakistan). Sci Int (Lahore). 2011;23:241-3.

Jaroli D, Mahawar MM, Vyas N. An ethnozoological study in the adjoin-
ing areas of Mount Abu wildlife sanctuary, India. J Ethnobiol Ethnomed.
2010,6(1):6.

Shoukat A, Khan MF, Shah GM, Tabassam S, Sajid M, Siddique H, et al.
Indigenous knowledge of zootherapeutic use among the people of
Hazara division Khyber-Pakhtunkhwa, Pakistan. JTK. 2020;19(3)

Adam SA, Aldow BM, Mahmoud ZN, Saad AA, Mahmoud S, Mahmoud
NZ, et al. Studies on Ethnozoology in Sudan: 1. Zootherapeutic Prac-
tices. 2020;

Barboza RR, de Souto W, da Mourdo J. The use of zootherapeutics in
folk veterinary medicine in the district of Cubati, Paraiba State, Brazil. J
Ethnobiol Ethnomed. 2007;3(1):32.

Bagde N, Jain S. An ethnozoological studies and medicinal values

of vertebrate origin in the adjoining areas of Pench National Park

of Chhindwara District of Madhya Pradesh. India Ind Int J Life Sci.
2013;1:278-83.

Volpato G, Lamin Saleh SM, Di Nardo A. Ethnoveterinary of Sahrawi pas-
toralists of Western Sahara: camel diseases and remedies. J Ethnobiol
Ethnomed. 2015;11(1):54.

Raja L, Matheswaran P, Anbalagan M, SureshkumarV, Ganesan D, Gani
SB. Ethnozoological study of animal-based products practices among
the tribal inhabitants in Kolli Hills Namakkal District, Tamil Nadu, India.
World J Pharm Pharm Sci. 2018:7(12):785-97.

Negi CS, Palyal VS. Traditional uses of animal and animal products in
medicine and rituals by the Shoka Tribes of District Pithoragarh, Utta-
ranchal, India. Stud Ethno-Med. 2007;1(1):47-54.

Vallejo JR, Santos-Fita D, Gonzélez JA. The therapeutic use of the dog
in Spain: a review from a historical and cross-cultural perspective

of a change in the human-dog relationship. J Ethnobiol Ethnomed.
2017;13(1):47.

Oyedeji-Amusa MO, Ojuromi OT, Ashafa AO. Ethnoveterinary survey

of tradomedical importance of Bos taurus L urine, bile and dung in
Nigeria and South Africa. Trop J Pharm Res. 2016;15(8):1807-13.
Cerfaco LMP. A review of fauna used in zootherapeutic remedies in
portugal: historical origins, current uses, and implications for conserva-
tion. In: Alves RRN, Rosa IL, editors. Animals in traditional folk medicine:
implications for conservation. Berlin: Springer; 2013. p. 317-45.

Estrada ZJ, Panolino J, De Mesa TK, Abordo FC, Labao R. An ethnozoo-
logical study of the medicinal animals used by the Tagbanua Tribe

in Sitio Tablay, Cabigaan, Aborlan, Palawan. In: Science, technology
and innovation for sustainable development proceedings of the 2nd
Palawan research symposium 2015. 2015;123.


http://agris.fao.org/agris-search/search.do?recordID=XF1998079729
http://agris.fao.org/agris-search/search.do?recordID=XF1998079729

Dubost et al. J Ethnobiology Ethnomedicine

69.
70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.
84.

85.

86.

87.

88.

89.

90.

92.

93.

(2021) 17:62

Crowell-Davis SL, Houpt KA. Coprophagy by foals: effect of age and
possible functions. Equine Vet J. 1985;17(1):17-9.

Francis-Smith K, Wood-Gush DG. Coprophagia as seen in thoroughbred
foals. Equine Vet J. 1977,9(3):155-7.

Earing E, Durig C, Gellin L, Lawrence M, Flythe D. Bacterial colonization
of the equine gut; comparison of mare and foal pairs by PCR-DGGE.
AIDS Patient Care STDs. 2012;02(02):79-86.

Phuangkum P, Lair RC, Angkawanith T. Elephant care manual for
mahouts and camp managers. Bangkok: FAO Regional Office for Asia
and the Pacific; 2005.

Sarma KK. Management and health care of orphaned and rescued
elephant calves. Intas Polivet. 2009;10(2):415-20.

Kobayashi A, Tsuchida S, Ueda A, Yamada T, Murata K, Nakamura H,

et al. Role of coprophagy in the cecal microbiome development

of an herbivorous bird Japanese rock ptarmigan. J Vet Med Sci.
2019;81(9):1389-99.

Aviles-Rosa EO, Rakhshandeh A, McGlone JJ. Preliminary study: depriv-
ing piglets of maternal feces for the first seven days post-partum
changes piglet physiology and performance before and after weaning.
Animals. 2019;9(5):268.

Dubost Jean-marc. Medicinal knowledge input from animal observa-
tion: the case of Asian elephant feeding observations linked to specific
medicinal uses in Chumphon province - Thailand. In Université Paris
Ouest Nanterre la Défense; 2015 [cité 16 mai 2016]. Disponible sur:
https://www.nomadit.co.uk/conference/euraseaa5/43404

Shikongo, Ariana T. Elephant dung ain't sh*t [Internet]. The Namibian.
2020 [cité 4 sept 2020]. Disponible sur: https://www.namibian.com.na/
index.php?page=read&id=93795

Singh UP, Maurya S, Singh A, Nath G, Singh M. Antimicrobial efficacy,
disease inhibition and phenolic acid-inducing potential of chloroform
fraction of cow urine. Arch Phytopathol Plant Protect. 2012;
Krishnamurthi KK, Dutta D, Sidavanesan SD, Chakrabarti T. Protective
effect of distillate and redistillate of cow’s urine in human polymorpho-
nuclear leukocytes challenged with established genotoxic chemicals.
BES. 2004;17(3):247-56.

Jarald E, Edwin S, Tiwari V, Garg R, Toppo E. Antioxidant and antimicro-
bial activities of cow urine. Global J Pharmacol. 2008;2(2):20-2.

Ahuja A, Kumar P, Verma A, Tanwar RS. Antimicrobial activities of cow
urine against various bacterial strains. Int J Recent Adv Pharm Res.
2012;2(2):84-7.

Upadhyay RK, Dwivedi P, Ahmad S. Antimicrobial activity of photo-
activated cow urine against certain pathogenic bacterial strains. Afr J
Biotechnol 2010,9(4).

Randhawa GK, Sharma R. Chemotherapeutic potential of cow urine: a
review. J Intercult Ethnopharmacol. 2015;4(2):180-6.

Chauhan RS, Singh BP, Singhal LK. Immunomodulation with Kamdhenu
Arkin mice. J Immunol Immunopathol. 2001;3(1):74-7.

Chauhan RS, Singh DD, Singh DD, Kumar R. Effect of cow urine on
interleukin-1 and 2-Indian journals. J Immunol Immunopathol.
2004;6(supp1):38-9.

Sanganal J, JayakumarK J, Gm J, Tikare V, R P. Effect of cow urine on
wound healing property in Wister Albino Rats. Vet World. 2011;317.
Gururaja, MP, Joshi AB, Joshi H, Sathyanarayana D, Subrahmanyam EVS,
Chandrashekhar KS. Antidiabetic potential of cow urine in streptozo-
tocin-induced diabetic rats. SEHIE G 24. 2010;6(1):8-13.

Talokar OW, Belge AR, Belge RS. Clinical evaluation of cow-urine extract
special reference to Arsha (Hemmorrhoids). Int J Pharm Sci Invent.
2013;2(3).

Alkhamees OA, Alsanad SM. A review of the therapeutic characteristics
of camel urine. Afr J Tradit Compl Altern Med. 2017;14(6):120-6.
Al-Bashan MM. In vitro assessment of the antimicrobial activity and bio-
chemical properties of camel’s urine against some human pathogenic
microbes. Middle East J Sci Res. 2011;7:947-58.

Mostafa MS, Dwedar RA. Antimicrobial activity of camel’s urine and

its effect on multidrug resistant clinical bacterial and fungal isolates. J
Pharm Res Int. 2016;14:1-6.

Alyahya AM, Gader AGMA, Alhaider AA. Characterization of inhibitory
activity of camel urine on human platelet function. J Taibah Univ Med
Sci. 2016;11(1):26-31.

Alhaider AA, El Gendy MAM, Korashy HM, El-Kadi AOS. Camel urine
inhibits the cytochrome P450 1al gene expression through an

94.

95.

96.

97.

98.

99.

100.

102.

103.

104.

105.

106.

107.

108.

1.

112.

114,

115.

Page 17 of 18

AhR-dependent mechanism in Hepa 1c1c7 cell line. J Ethnopharma-
col. 2011;133(1):184-90.

Alhaider AA, Gader AGMA, Almeshal N, Saraswati S. Camel urine
inhibits inflammatory angiogenesis in murine sponge implant angio-
genesis model. Biomed Aging Pathol. 2014;4(1):9-16.

Al-Yousef N, Gaafar A, Al-Otaibi B, Al-Jammaz |, Al-Hussein K,
Aboussekhra A. Camel urine components display anti-cancer proper-
ties in vitro. J Ethnopharmacol. 2012;143(3):819-25.

Romli F, Abu N, Khorshid FA, Syed Najmuddin SUF, Keong VS,
Mohamad NE, et al. The growth inhibitory potential and antimeta-
static effect of camel urine on breast cancer cells in vitro and in vivo.
Integr Cancer Ther. 2017;16(4):540-55.

Kamalu TN, Okpe GC, Williams A. Mineral contents of extracellular
fluids in camel and cattle in the North East Sahel region of Nigeria.
Niger Vet J. 2003;24(1):13-20.

Wu D, Fan, Liu S, Woollam MD, Sun X, Murao E, et al. Loading-
induced antitumor capability of murine and human urine. FASEB J.
2020;34(6):7578-92.

Ramesh HA, Azmathulla M, Baidya M, Asad M. Wound healing activity
of human urine in rats. Res J Pharm Biol Chem Sci 2010;1(3).

Khan IA, Aziz A, Munawar SH, Manzoor Z, Raza MA. Dermatological
evaluation of counter irritant potential of Human urine in rabbits. J
Pak Med Assoc 2015;65(9).

Vaidya ADB. Urine therapy in Ayurveda: ancient insights to

modern discoveries for cancer regression. J Ayurveda Integr Med.
2018;9(3):221-4.

Mills MH, Faunce TA. Melatonin supplementation from early morning
auto-urine drinking. Med Hypotheses. 1991;36(3):195-9.

Armstrong JW. The water of life: a treatise on urine therapy. London:
Random House; 1944.

Eldor J. Urotherapy for patients with cancer. Med Hypotheses.
1997,48(4):309-15.

Kloskowski T, Nowacki M, Pokrywczyriska M, Drewa T. Urine—a
waste or the future of regenerative medicine? Med Hypotheses.
2015;84(4):344-9.

Jung SY, See H-J, Kwon D-A, Choi D-W, Lee S-Y, Shon D-H, et al.
Silkworm dropping extract regulates food allergy symptoms via inhi-
bition of Th2-related responses in an ovalbumin-induced food allergy
model. J Sci Food Agric déc. 2019;99(15):7008-15.

Hwang J-H, Kim J-Y, Cha M-R, Park H-R. Effect of methanolic extract
from silkworm droppings on proliferation and caspase activity in
HT-29 human colon cancer cells. J Med Food. 2007;10(3):467-72.
Ahn M-Y, Ryu K-S, Kim I, Kim J-W, Lee H-S, Lee Y-K, et al. Pheophytin
content and fibrinolytic activity of silkworm feces in the different
larval stages of silkworms. Int J Ind Entomol. 2002;5(2):195-9.

Du H, Kuang T, Qiu S, Xu T, Gang Huan C-L, Fan G, et al. Fecal
medicines used in traditional medical system of China: a systematic
review of their names, original species, traditional uses, and modern
investigations. Chin Med déc. 2019;14(1):31.

Wang X-W, Cheng Z-A, Li Q-M, Liu W-Z. Effect of faeces trogoptero-
rum extract B1 on the experimental gastric ulcer and gastric secre-
tion in rats. World J Gastroenterol. 1997;3(2):71.

El-Kamali HH. Folk medicinal use of some animal products in Central
Sudan. J Ethnopharmacol sept. 2000;72(1-2):279-82.

Campos-Arceiz A, Lin TZ, Htun W, Takatsuki S, Leimgruber P. Working
with mahouts to explore the diet of work elephants in Myanmar
(Burma). Ecol Res. 2008;23(6):1057-64.

Chen J, Deng X, Zhang L, Bai Z. Diet composition and foraging ecol-
ogy of Asian elephants in Shangyong, Xishuangbanna, China. Acta
Ecol Sin. 2006;26(2):309-16.

English M, Gillespie G, Ancrenaz M, Ismail S, Goossens B, Nathan S,

et al. Plant selection and avoidance by the Bornean elephant (Elephas
maximus borneensis) in tropical forest: does plant recovery rate after
herbivory influence food choices? J Trop Ecol. 2014,30(04):371-9.
Himmelsbach W, Tagle MAG, Fuldner K, Hoefle HH, Htun W. Food
plants of captive elephants in the Okkan Reserved Forest, Myanmar
(Burma). Southeast Asia Ecotropica. 2006;12:15-26.

Joshi R, Singh R. Feeding behaviour of wild Asian elephants (Elephas
maximus) in the Rajaji national park. J Am Sci. 2008;4:34-48.


https://www.nomadit.co.uk/conference/euraseaa15/#3404
https://www.namibian.com.na/index.php?page=read&id=93795
https://www.namibian.com.na/index.php?page=read&id=93795

Dubost et al. J Ethnobiology Ethnomedicine

17.

118.

119.

120.

122.

126.

127.

128.

129.

130.

131.

132.

133.

135.

(2021) 17:62

Santra AK, Pan S, Samanta AK, Das S, Halder S. Nutritional status of for-
age plants and their use by wild elephants in South West Bengal, India.
Trop Ecol. 2008;49(2):251.

Greene AM, Panyadee P, Inta A, Huffman MA. Asian elephant self-
medication as a source of ethnoveterinary knowledge among Karen
mahouts in northern Thailand. J Ethnopharmacol. 2020;259:112823.
Sukumar R. A brief review of the status, distribution and biology of wild
Asian elephants Elephas maximus. Int Zoo Yearbook. 2006;40(1):1-8.
Brandt LJ, Aroniadis OC. An overview of fecal microbiota transplanta-
tion: techniques, indications, and outcomes. Gastrointest Endosc.
2013;78(2):240-9.

Zhang F, Cui B, He X, Nie Y, Wu K, Fan D, et al. Microbiota transplanta-
tion: concept, methodology and strategy for its modernization. Protein
Cell. 2018,9(5):462-73.

Borody TJ, Warren EF, Leis SM, Surace R, Ashman O, Siarakas S. Bacterio-
therapy using fecal flora: toying with human motions. J Clin Gastroen-
terol. 2004,38(6):475-83.

DePeters EJ, George LW. Rumen transfaunation. Immunol Lett.
2014;162(2, Part A):69-76.

Light SF, Sanford MF. Are the protozoan faunae of termites specific?
Proc Soc Exp Biol Med. 1927;25(2):95-6.

Feary DJ, Hassel DM. Enteritis and colitis in horses. Vet Clin N Am Equine
Practice. 2006,22(2):437-79.

Mullen KR, Yasuda K, Divers TJ, Weese JS. Equine faecal microbiota trans-
plant: current knowledge, proposed guidelines and future directions.
Equine Vet Educ. 2018;30(3):151-60.

Greene W, Mikota S, Pitcairn J, Ryer M. Clinical management of a com-
plete gastrointestinal obstruction and ileus in a geriatric female Asian
elephant (Elephas maximus). J Zoo Biol. 2019;2(1):01-4.

Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct
in the treatment of pseudomembranous enterocolitis. Surgery.
1958;44(5):854-9.

Lagier J-C, Raoult D. Greffe de microbiote fécal et infections - Mise au
point, perspectives. Med Sci (Paris). 2016;32(11):991-7.

Kelly CR, Khoruts A, Staley C, Sadowsky MJ, Abd M, Alani M, et al. Effect
of fecal microbiota transplantation on recurrence in multiply recurrent
clostridium difficile infection: a randomized trial. Ann Intern Med.
2016;165(9):609-16.

Wardill HR, Secombe KR, Bryant RV, Hazenberg MD, Costello SP. Adjunc-
tive fecal microbiota transplantation in supportive oncology: emerging
indications and considerations in immunocompromised patients.
EBioMedicine. 2019;44:730-40.

Singh R, Nieuwdorp M, ten Berge IJM, Bemelman FJ, Geerlings SE.

The potential beneficial role of faecal microbiota transplantation in
diseases other than Clostridium difficile infection. Clin Microbiol Infect.
2014,20(11):1119-25.

Suskind DL, Brittnacher MJ, Wahbeh G, Shaffer ML, Hayden HS, Qin X,
et al. Fecal microbial transplant effect on clinical outcomes and fecal
microbiome in active Crohn's disease. Inflam Bowel Dis. 2015;21(3):556.
He Z, Cui B-T, Zhang T, Li P, Long C-Y, Ji G-Z, et al. Fecal microbiota trans-
plantation cured epilepsy in a case with Crohn's disease: The first report.
World J Gastroenterol. 2017;23(19):3565-8.

Javelot H, Michel B. laxe «<microbiote-intestin-cerveau» : vers de nou-
velles approches thérapeutiques en psychiatrie ? Médecine Thérapeu-
tique. 2018;24(3):176-82.

Rubin TA, Gessert CE, Aas J, Bakken JS. Fecal microbiome transplanta-
tion for recurrent Clostridium difficile infection: report on a case series.
Anaerobe. 2013;19:22-6.

137.

138.

139.

142.

143.

144,

145.

146.

147.

149.

151.

Page 18 of 18

Brumbaugh DE, De Zoeten EF, Pyo-Twist A, Fidanza S, Hughes S, Dolan
SA, et al. An intragastric fecal microbiota transplantation program for
treatment of recurrent clostridium difficile in children is efficacious,
safe, and inexpensive. J Pediatr. 2018;194:123-127 e1.

Centers for Disease Control and Prevention. Inhalation anthrax associ-
ated with dried animal hides—Pennsylvania and New York City, 2006.
MMWR Morb Mortal Wkly Rep. 2006;55(10):280-2.

Sharma S, Vijayachari P, Sugunan AP, Sehgal SC. Leptospiral carrier state
and seroprevalence among animal population—a cross-sectional
sample survey in Andaman and Nicobar Islands. Epidemiol Infect.
2003;131(2):985-9.

Olufunmilayo FC. Bilateral irreversible blindness following urine therapy
to the eyes. Pak J Ophthalmol. 2018;34(2).

Henry R, Galbraith P, Coutts S, Prosser T, Boyce J, McCarthy DT. What's
the risk? Identifying potential human pathogens within grey-headed
flying foxes faeces. PLoS ONE. 2018;13(1):¢0191301.

GorhamTJ, Lee J. Pathogen loading from Canada geese faeces in
freshwater: potential risks to human health through recreational water
exposure. Zoonoses Public Health. 2016;63(3):177-90.

Duffy G. Verocytoxigenic Escherichia coli in animal faeces, manures and
slurries. J Appl Microbiol. 2003;94(s1):94-103.

Ong BL, Ngeow YF, Razak MFA, Yakubu Y, Zakaria Z, Mutalib AR, et al.
Tuberculosis in captive Asian elephants (Elephas maximus) in Peninsular
Malaysia. Epidemiol Infect. 2013;141(7):1481-7.

Zachariah A, Pandiyan J, Madhavilatha GK, Mundayoor S, Chandramo-
han B, Sajesh PK, et al. Mycobacterium tuberculosis in Wild Asian
Elephants, Southern India. Emerg Infect Dis mars. 2017;23(3):504-6.
Lainé N. Elephant tuberculosis as a reverse zoonosis: Postcolonial
scenes of compassion, conservation, and public health in Laos and
France. Med Anthropol Theory Open-Access J Anthropol Health Iliness
Med. 2018;5(3):157.

Wassenaar TM, Zou Y. 2019_nCoV/SARS-CoV-2: rapid classification of
betacoronaviruses and identification of Traditional Chinese Medicine
as potential origin of zoonotic coronaviruses. Lett Appl Microbiol.
2020;70(5):342-8.

Das KS, Choudhury S, Nonglait KC. Zootherapy among the ethnic
groups of North eastern region of India—a critical review. J Crit Rev.
2017:4(2):1-9.

Roder W, Schiirmann S, Chittanavanh P, Sipaseuth K, Fernandez M. Soil
fertility management for organic rice production in the Lao PDR. Renew
Agric Food Syst. 2006;21(4):253-60.

Wacharapluesadee S, Sintunawa C, Kaewpom T, Khongnomnan K,
Olival KJ, Epstein JH, et al. Group C betacoronavirus in bat guano ferti-
lizer, Thailand. Emerg Infect Dis. 2013;19(8):1349-52.

Williams VL, Whiting MJ. A picture of health? Animal use and the
Faraday traditional medicine market, South Africa. J Ethnopharmacol.
2016;179:265-73.

Reuters. Namibia warns about elephant dung cure for coronavirus as
cases rise. Reuters [Internet]. 18 ao(it 2020 [cité 4 sept 2020]; Disponible
sur: https://www.reuters.com/article/us-health-coronavirus-namibia-
idUSKCN25E1GN

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.reuters.com/article/us-health-coronavirus-namibia-idUSKCN25E1GN
https://www.reuters.com/article/us-health-coronavirus-namibia-idUSKCN25E1GN

	Zootherapeutic uses of animals excreta: the case of elephant dung and urine use in Sayaboury province, Laos
	Abstract 
	Background: 
	Methodology: 
	Results: 
	Discussion: 
	Conclusion: 

	Background
	Zootherapy and uses of animal excreta
	Environmental issues
	Elephants in Laos and uses of elephant excreta

	Material and methods
	Study site
	Data collection

	Results and discussion
	Uses of elephant urine
	Uses of elephant faeces (EF) and elephant dung beetle brood chambers (EBC)
	The elephant dung beetle
	Therapeutic uses of EF or EBC

	Justifications given by mahouts for the use of elephant excreta
	Elephant Urine
	Elephant Faeces and EBC
	Explicit reasons 
	Implicit elements 


	Therapeutic potential of urines
	Therapeutic potential of faeces
	Substances present in the faeces
	Potential of the microbiota present in the faeces

	Zoonotic risks

	Conclusion
	Acknowledgements
	References


