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Abstract

Objectives Hematophagous terrestrial leeches are common in rainforest habitats and widely regarded as pests. Despite lim-
ited research, circumstantial evidence raises the possibility that, beyond being an annoyance, terrestrial leeches could poten-
tially transmit diseases.

Methods We explored this possibility using multiple approaches. First, we reviewed published literature to synthesize knowl-
edge related to disease transmission by leeches. Second, we collected terrestrial leeches (genus Haemadipsa) from human-
occupied rainforests in Peninsular Malaysia and applied metagenomic methods for virus discovery to their anterior segments.
Finally, we conducted interviews to probe local knowledge and behavior related to leeches, testing whether cultures may
encode information that recognizes and helps to prevent vector-borne disease transmission.

Results Results indicate that terrestrial leeches are potential disease vectors, particularly via mechanical vector-borne trans-
mission stimulated by human removal techniques. Supporting this, we identified four novel viruses within leeches, three of
which are distantly related to medically important animal and human viruses which could potentially be transmitted among
animal species, including humans. However, ethno-etiological evidence suggests that local Indigenous cultures do not rec-
ognize land leeches as disease vectors or promote behaviors likely to reduce transmission, suggesting knowledge may not
encompass difficult-to-observe vectors.

Conclusion We conclude that disease transmission by terrestrial leeches is plausible and merits experimental study.
Accession numbers: PX094876, PX118495, PX118496, PX118497, PX118498, PX118499

Keywords Haemadipsidae, Orang Asli, Peninsular Malaysia, traditional ecological knowledge, virus

ing country one had to possess not only the usual snake-sense, but
also leech-sense.” -JLS Coulter?

Leeches are segmented worms (phylum: Annelida, class: Clitel-
lata) with a global distribution spanning aquatic and terrestrial

Introduction

On the East Indies Station, one is made to realize that this land leech
can be not only an annoyance, but even a positive danger... The

Royal Naval Camp, Diyatalawa, Ceylon... lies in typical leech coun-
try... Within a few hours of our arrival, casualties began to report.
One rating dozed for ten minutes on the ground, and returned in a
state of panic with numerous black bodies hanging from his neck;
another woke one morning to find himself bleeding severely from
the groin and scrotum. Firing parties on the open range were the
chiefvictims, being attacked while marching to and from their desti-
nation, and finding it almost impossible to lie down and shoot owing
to the attacks of leeches. In fact, when walking about the surround-
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habitats. Many leech species are hematophagous, feeding serially
on blood extracted from parasitized hosts using either proboscis-
like mouthparts to pierce the skin or semicircular rows of teeth ar-
ranged on muscular ridges to make an incision.? Blood-sucking
leeches identify hosts using a range of stimuli including vibra-
tions, movement, carbon dioxide, and heat,® and, once attached,
use chemical anticoagulants (especially the peptide hirudin)
from unicellular salivary glands to encourage continued blood
flow.
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Although Coulter’s passage indicates serious disquiet about
the highly visible effects of terrestrial (land) leeches, he was
likely unconcerned about the potential of leeches to transmit dis-
ease to humans. Whereas disease transmission has long been of
interest concerning aquatic leeches,* especially Hirudo medici-
nalis and other leeches with a long history of use in medicine,’
only recently have scientists begun to examine the potential for
terrestrial leeches to serve as important mammalian disease vec-
tors. There are several potential reasons for this discrepancy.

First, publications dating back to the mid-twentieth century
have long suggested that terrestrial leeches do not transmit
pathogens to human hosts.”” For example, in summarizing
the military significance of terrestrial leeches, Wilson and Eisen-
berg!®:2 noted that, ... unlike the other invertebrates mentioned,
leeches are not known to transmit infectious agents to man.” Sec-
ond, most terrestrial leeches, especially those within the fam-
ily Haemadipsidae, occur mainly in the tropical and subtropical
rainforests of Australia, Indo-Pacific islands, and South/Southeast
Asia,* world regions that are home to a large number of neglected
vector-borne diseases. Third, even in endemic countries, urban
human populations rarely encounter terrestrial leeches due to
their primary occurrence in humid rainforest. Leeches are highly
susceptible to desiccation in the dry open habitats that are char-
acteristic of well-populated built environments.?

Claims that leeches do not transmit pathogens remain
widespread today on the internet (e.g. Fig. 1) and among na-
ture guides operating in leech-infested areas (T. Kraft, personal
observations). Indeed, some authors have even suggested that
beliefs about the inability of terrestrial leeches to transmit disease
may account for the paucity of research on these species.'?:18
However, despite little direct study of terrestrial leeches, their
potential role as disease vectors is heightened when considering
that the relevant physiology is similar to that of aquatic leeches.
For example, Shope* conducted an experimental study designed
to determine how long viruses could persist in the digestive tracts
of aquatic leeches (Hirudo medicinalis), permitting transmission
events. He tested this proposition by feeding leeches on pigs and
rabbits infected with hog cholera virus and myxoma virus, and
found that leeches retained living viruses for periods of up to 87
and 154 days after infective blood meals, respectively. Impor-
tantly, in three cases, Shope also documented direct transmission
events of hog cholera virus to susceptible swine hosts in the
process of normal feeding up to 34 days after infective blood
meals. Because experiments failed to reveal the viral presence
in leech tissues outside of gut contents, Shope concluded that
leeches must have introduced infectious blood via regurgitation
into lesions made during feeding.

Later studies confirmed these findings. Using microscopy, Ne-
hili et al.13 observed that bacteriophages and bacteria persisted
for up to 6 months in the guts of experimentally infected medi-
cal leeches (Hirudo medicinalis) and that protozoan parasites con-
tinued to survive and reproduce for up to 5-6 weeks in the gut.
Other studies have similarly found that a variety of mammalian
viruses survived and remained infectious within leeches for long
periods at different temperatures,'* even when ingested viral con-
centrations were low.*® Although pathogen entry into the salivary
glands (which would allow for direct transmission) was not ob-
served,® thus supporting Shope’s inference,* other studies have
shown that, in at least some cases, aquatic leeches are responsible
forthe regular transmission of hemogregarine parasites of fish and

1: DON'T PANIC. Leeches don’t \\ P

transmit diseases and aren’t 2: IF you find one leech, check for
poisonous. In fact, it's more harmful  others. They release an anesthetic
to remove them the wrong way than  so their bites are painless; where
simply let them do their business. there’s one, there’s likely more.

Don't worry about blood
loss; their small bodies

can’t take enough blood
to be harmful.

The head
of the leech
is the narrow,
sucking end.

- .
4: OTHERWISE, use a flat-edged tool

3: IF you can stomach it, wait for the  like a credit card or your fingernail
leech to finish its meal and detach
naturally, which takes about 20
minutes.

to carefully press the leech’s narrow
head to the side until it detaches
from your skin.

6: TREAT as needed. Leeches inject
the wound with an anticoagulant.
Wash and bandage the areaq,

and be prepared to change them

is detached, it will try to re-attach to  regularly for up to a couple days. If

your skin. it bleeds beyond that, see a doctor.

© Artof Manliness and Ted Slampyak. All Rights Reserved.

Figure 1 Example of a popular portrayal of leech removal and the general
belief that leeches do not transmit disease. Figure from online website:
https://www.artofmanliness.com/skills/outdoor-survival/how-to-remo
ve-a-leech/.

reptiles and blood parasites such as Trypanoplasma.*® Evidence
of HIV I, HIV Il, and hepatitis B in free-living aquatic leeches from
Cameroon®3 further suggests that it is common for aquatic leeches
to naturally harbor human pathogens.

Less research is available on terrestrial leeches. Nevertheless,
the potential role of these species as disease vectors has at-
tracted increasing attention, including from the US military fol-
lowing observations of the physical consequences (blood loss and
secondary infections resulting from bites) and psychological ef-
fects that leeches have had on combat troops serving in tropi-
cal regions.aﬁ10 (Note that multiple authors have commented on
the fear elicited by land leeches, particularly due to beliefs about
potential invasion of the penile urethra,!® with some troops pur-
portedly resorting to wearing condoms for protection while sleep-
ing.® Unsurprisingly, such paranoia regarding leeches leads to no-
table decreases in combat efficiency.®) To the best of our knowl-
edge, direct transmission of disease from land leeches to humans
or other species has never been observed. However, supporting
lines of evidence are accumulating. For example, a land leech
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Figure 2 Images of a land leech of the genus Haemadipsa from Peninsular Malaysia. A: dorsal, B: ventral, C: mouthparts, D: sucker. Images were captured
using a KY-F75U digital camera (JVC, Yokohama, Japan) attached to a Z16 APO dissecting microscope (Leica Microsystems, Wetzlar, Germany) affixed
with gooseneck illuminators (Ace 1, Schott Corporation, San Diego, CA, and Intralux 5000-1, Volpi Group, Schlieren, Switzerland) and assembled from 15
stacked layers with a patch size of 16 using Auto Montage Pro software v5.01.005 (Synoptics LTD, Cambridge, UK) at 1.0x magnification (A, B) or 3.2x
magnification (C, D). White conglomerates are artifacts (crystallized salts from RNAlater preservation buffer). Scale bars = 1 mm.

(Haemadipsida spp.) bite was implicated in a 2008 case study of
rickettsial infection in Laos,!” similar to a case of rikettsiosis re-
ported in Chile following a bite from a different terrestrial leech
species.’® Likewise, Kang et al.*® used molecular techniques to
establish the presence of Bartonella bacteria in hematophagous
land leeches from Korea (Haemadipsa rjukjuana) that were con-
firmed to have fed on a variety of species, including humans,
mice, weasels, and birds. Finally, a recent study using terres-
trial leech-derived “iDNA” in Malaysian Borneo used metagenomic
techniques to confirm that land leeches harbor a wide diversity
of viruses, making these species a potentially important tool for
zoonotic disease surveillance.?’ Because land leeches feed serially
on a range of species in tropical rainforests including birds, mam-
mals (including bats), reptiles, and amphibians,?!:?2 cross-species
transmission is plausible, especially for humans, due to the use
of removal techniques that incite regurgitation of past blood
meals.”

Human behavior plays an additional role in determining the
likelihood that vector-borne pathogens are transmitted. Poten-
tially protective behaviors include knowledge of and avoidance of
vector-infested areas, the use of technological or pharmacologi-
cal deterrents, and culturally prescribed actions that reduce the
probability of transmission (e.g. mandating isolation of sick indi-
viduals, food taboos). It is therefore possible that local cultures
have developed traditional ecological knowledge that can be both
highly functional and potentially indicative of novel disease vec-
tors. In the case of terrestrial leeches, we hypothesized that local
peoples may exhibit culturally prescribed practices or knowledge
that favor removal techniques which decrease the likelihood of
disease transmission. This conceptual framework brings together

“ethno-etiology,” which investigates culturally grounded theories
of the causes of illness?>?* and virology. Specifically, we exam-
inethe understandings, beliefs, practices, and behaviors of human
populations that have had long-term exposure to and interaction
with land leeches and whether belief systems in these populations
align with data from molecular virology.

To explore the potential of terrestrial leeches as disease vec-
tors, this study poses two questions. First, do land leeches har-
bor viruses relevant to zoonotic disease transmission? We focus
on viruses because they are the type of pathogen most likely to
emerge and cause epidemics or pandemics,? although our ap-
proach could easily be adopted for other pathogen types (e.g. bac-
teria or eukaryotic parasites). To be viable viral vectors, leeches
would need to (i) reliably harbor known mammalian viruses; (ii)
maintain those viruses for long enough to facilitate host-to-host
contact; and (iii) be capable of transmitting those viruses be-
tween hosts. Second, using an ethno-etiological approach, we
ask whether local human populations maintain traditional knowl-
edge, practices, and beliefs that indicate awareness of terrestrial
leeches as a potential source of disease transmission.

Materials and methods

Sample collection

A small sample of leeches (n=7; Fig. 2) were collected in two
forested locations in Peninsular Malaysia that are both subject
to human traffic, including tourists as well as local Indigenous
populations (Fig. 3). Researchers found leeches by walking on es-
tablished trails, pausing intermittently to look for signs of move-
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Figure 3 Map of leech collection sites.

ment. Once spotted, leeches were immobilized using forceps ster-
ilized with 70% ethanol and placed into RNAlater solution (Qia-
gen, Hilden, Germany) in a sterile tube. Care was taken to prevent
leeches touching any human materials that could introduce con-
tamination.

Processing and analysis

Leeches were processed using methods previously described for
virus identification in hematophagous arthropods.m’29 Leeches
were first surface-sterilized using dilute bleach followed by three
rinses with nuclease-free water to remove external contami-
nants.?® The posterior two-thirds of each leech was then removed
using a sterile razor blade and the anterior third was processed
further, to favor detection of viruses associated with leech mouth-
parts and other anatomic features associated with hematophagy.
The anterior third of each leech was then homogenized in Power-
Bead tubes with 2.38 mm metal beads (Qiagen, Hilden, Germany)
containing Hank’s balanced salt solution (HBSS) using five 30-s
cycles in an orbital homogenizer (Minibeadbeater, BioSpec Prod-
ucts, Bartlesville, OK, USA).

For genetic identification, DNA was extracted from 50 pl
of leech homogenate using DNeasy Blood & Tissue Kit (Qia-
gen). A segment of the cytochrome oxidase subunit 1 (cox1)
gene was then amplified by PCR with barcoding primers
LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3') and HC02198
(5’-TAAACTTCAGGGTGACCAAAAAATCA-3')3! and the HotStarTaq
system (Qiagen). Amplicons were visualized under ultraviolet
light after electrophoresis on 1% agarose gels stained with ethid-

Leech collection sites

Pahang

*
2-7
Tembeling River
1
Kuala
Tahan
Kelantan
Terengganu
f Peninsular
Malaysia
Pahang River

ium bromide, then Sanger sequenced on ABI 3730xl sequencers
(Thermo Fisher Scientific, Waltham, MA, USA) at a commercial
facility (Functional Biosciences, Madison, WI, USA).

For virus characterization, 250 pl of leech homogenate was
centrifuged and gently digested with nucleases to reduce non-
encapsidated genetic material.”” Total nucleic acids were then
extracted and libraries were prepared using the Nextera XT DNA
kit (Illumina, San Diego, CA, USA), and libraries were sequenced
on a MiSeq instrument (V3 chemistry, 600 cycle paired-end; Illu-
mina) as previously described.?” - 2°, Resulting sequences were
trimmed to a quality (Phred) score of >Q30 and length >50 using
CLC Genomics Workbench (Qiagen), and reads of known contami-
nants, ribosomal sequences, and the Helobdella robusta reference
genome (GenBank GCF_000326865.2) were subtracted in silico.
Sequences remaining after contaminant and host removal were
then subjected to de novo assembly using metaSPAdes v.3.15.5,32
and resulting contigs >400 nt were compared with the NCBI non-
redundant (nr) protein database using 6-frame translation, im-
plemented with DIAMOND.3 Putative viral hits were then verified
manually by using ORF finder®* and blastn and blastp.>® For fur-
ther verification and examination of non-viral sequences, all raw
reads and contigs were queried against the NCBI nr database us-
ing blastx.3® VirusSeeker®” was used to examine all assigned and
unassigned reads, and unassigned reads were examined manu-
ally. Finally, reads from each sample were mapped to each virus
contig, and a metagenomic measure of virus read density (log10
virus reads per million per kilobase of target, which correlates with
quantitative real-time PCR data®®) was calculated. Leeches with a
value >1 were classified as positive for a virus.
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Indigenous knowledge of terrestrial
leeches

The second question of our study is whether the Indigenous pop-
ulations of Malaysia, having lived alongside terrestrial leeches for
thousands of years, have developed cultural practices or beliefs
that would recognize terrestrial leeches as a potential disease
reservoir and potentially help prevent disease spread. The Orang
Asli, meaning “original people” in the Malay language, are descen-
dants of the first inhabitants of Peninsular Malaysia and consist
of 19 distinct ethnolinguistic groups.>® The Orang Asli speak ei-
ther Austroasiatic or Austronesian languages and have tradition-
ally practiced varied lifeways that include hunting and gathering,
small-scale shifting horticulture, and trade of jungle products. De-
spite ongoing development and market integration in the mod-
ern Malaysian context, many Orang Asli today continue to occupy
peripheral areas that stimulate regular interaction with terrestrial
leeches among all members of society. For more detail on the
ethnohistory and lifestyles of the Orang Asli, we refer readers to
Carey® and Endicott.>®

Given prior evidence suggesting a higher likelihood of transmis-
sion due to regurgitation during the terrestrial leech removal pro-
cess, a primary focus of our research was on techniques for remov-
ing a leech once attached to the skin. Specifically, we conducted
semi-structured interviews with an opportunistic sample of Orang
Asliindividuals (including both men and women) from two groups
that regularly interact with leeches and have a long history of oc-
cupation of prime leech habitats: Batek (hunter-gatherers inhabit-
ing interior regions of lowland rainforest) and Temiar (small-scale
horticulturalists living in hilly and mountainous areas). Interviews
were conducted in a one-on-one setting in either the Batek lan-
guage or Bahasa Malaysia, and notes were recorded at the time of
interview. Our semi-structured interviews included the following
general questions:

* Describe/demonstrate the “right” or “acceptable” way to re-
move a leech that has not yet drawn blood.

* Describe/demonstrate the “right” or “acceptable” way to re-
move a leech that is already full with blood.

* Are there any taboos regarding behavior towards leeches?

* [sitacceptable toremove anengorged leech by burning it with
fire? If not, why?

* |s it acceptable to remove an engorged leech by putting salt
on it? If not, why?

® Can the bite of a leech spread disease or give you illness? If
yes, what types of disease/illness?

In addition, we also analyzed ethnographic texts and queried
Orang Asli ethnographers about their observations and under-
standing of Indigenous techniques regarding leech removal and
related cultural taboos. Because leeches are a common feature of
Peninsular Malaysian rainforests, it is common for ethnographies
of the Orang Asli to include references to leeches and nearly all
ethnographers have direct experience in observing interactions
between Orang Asli and leeches.

Permissions and approvals

All protocols were approved by the Malaysian Ministry of Eco-
nomic Affairs and Department of Wildlife and National Parks
Peninsular Malaysia (UPE 40/200/19/3577).

Results

Viral identification

DNA barcoding was successful for three leeches, with cox1 se-
quences being 99.7% identical to Haemadipsa interrupta in one
case and 97.25% and 97.44% identical to H. trimaculosa in the
other two cases (GenBank accessions PX057207-PX057209). These
results were consistent with the examination of sequence reads
generated using metagenomics, which identified H. interrupta, al-
though this same analysis also identified sequences matching H.
robusta (likely due to high representation of H. robusta in GenBank
databases).

Analysis of metagenomic data (Sequence Read Archive ac-
cession PRINA1301424; BioSample accessions SAMN50444817-
SAMNS50444823) for viruses identified six viruses (GenBank acces-
sions PX094876 and PX118495-PX118499), five of which are novel,
as evidenced by <48% amino acid sequence identity to known
viruses (Table 1). For convenience, the five novel viruses were
named using the common identifier “Malhaem” to indicate their
origin in Malaysia in leeches of the genus Haemadipsa. Three of
the viruses identified belong to genera known to infect mam-
mals, including humans. Human mastadenovirus C (Adenoviridae:
Mastadenovirus) was present in five of seven leeches, a virus re-
lated to mink coronavirus (Coronaviridae: Alphacoronavirus) was
present in one leech, and a virus related to tilapia rhabdovirus 2
(Rhabdoviridae: Scophrhavirus) was present in one leech (Table
1). The remaining three viruses (Malhaem viruses 3, 4, and 5) are
related to viruses that infect non-mammalian hosts, including fish,
mosquitoes, and snails (Table 1). Contigs were generally short, so
their taxonomic placement should be considered preliminary.

Indigenous perspectives on land leeches
and disease

Multiple Batek individuals provided consistent answers during
semi-structured interviews. Specifically, no individuals believed
that leeches carry or transmit human diseases. Itching at the site
of leech bites was cited as the main harmful result. Regarding re-
moval, it was said that proper removal techniques include using a
small stick to flick a leech off, although many methods can be used
if a leech is well attached, including both burning with fire or the
application of salt. No individuals explicitly said that it was not ac-
ceptable to use fire or salt when asked directly. Removal methods
were said to be used without regard to the engorgement status of
a leech (pre- vs post-blood meal). Similarly, several Temiar infor-
mants stated that the normal method for removal is to use the fire
from a rolled tobacco cigarette to burn leeches.

There are two discernible leech taboos among Batek that we
confirmed through interviews. The first is that it is considered
taboo (“lawac”) to consume, laugh at, or generally show emo-
tions towards a leech. The second was described as prohibiting
the burning of leeches in cooking fires (despite the general use
of fire being acceptable). Both of these beliefs have been previ-
ously well documented,*': 637-1,%>* and extend to other Orang
Asli populations. ™™ : 22 For the Jahai, for example, leech removal
is similarly performed with minimal attention-drawing behavior
and laughing at leeches is tabooed (Jahai: hmin; N. Berenhult,
personal communication). Leeches also appear to be viewed by
most Orang Asli as generally unclean; considering food taboos,
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Bolton*": 791 wrote that “Small lizards and leeches are considered
to be unclean by the deep jungle Orang Asli. If a leech accidently
drops into a cooking pot, all the contents of the pot are regarded
as contaminated and are rejected.”

The ethnographers we surveyed reported observations in
agreement with the Indigenous accounts above. For example, a
researcher working with Jahai hunter-gatherers in the state of
Perak reported having never observed the use of fire or salt in
the removal of leeches. Instead, Jahai are said to use a machete
or other blade to scrape an attached leech off the skin, some-
times chopping it up afterwards (J. Weinstock, personal commu-
nication). Likewise, one of the authors (TSK) has observed Batek
foragers deftly using a “scrape, roll, and flick” motion that over-
comes the propensity for a leech to resist removal. Consistent
with reports from the Batek themselves, two ethnographers (L.
Tuck-Po and K. Endicott, personal communication) reported the
common use of fire, including from cigarettes, lighters, or embers
from a fire. One ethnographer of the Temiar (G. Benjamin, per-
sonal communication) said the use of a lighted cigarette to burn
attached leeches was the most common method of removal. In-
terestingly, the Temiar apparently consider it obligatory to burn a
leech once it has been carried into a house on a person or their
clothing, as opposed to being removed and thrown into the open
again.*®

Overall, Indigenous Malaysians appear to use a variety of meth-
odsforland leech removal, including fire, with little concern. There
are no reported accounts of cultural avoidance or prohibitions
against burning leeches. As described by Robarchek,*°: 297 “Cer-
tainly none of my Semai acquaintances ever voiced any such fear
[of leeches]. I would suggest that those who cope with the leech on
a daily basis are all too familiar with its habits to hold such a view.
Everyone knows that the leech bites, drinks its fill, and falls off.”
Nonetheless, the consistency of beliefs prohibiting certain behav-
iors around leeches and their perception as unclean does indicate
a special recognition with the potential to alter human-leech in-
teractions, albeit one that does not extend to particular removal
methodologies.

Discussion

To assess the potential for terrestrial leeches to be viable vectors
of zoonoses, we synthesize existing evidence to revisit the ques-
tions posed above: Do land leeches (i) harbor mammalian viruses,
bacteria, protozoa, or other known pathogens; (i) retain living
pathogens for long enough to facilitate host-to-host transmission;
and (iii) have a mechanism by which pathogens could consistently
transmit between hosts?

Do terrestrial leeches harbor mammalian
viruses and other pathogens?

Despite limitations in generalizability due to the small sample
size of leeches analyzed, our results show that land leeches har-
bor viruses that could be of medical concern. Of the six viruses
identified in Malaysian land leeches in this study, five are novel,
and three are members of genera known to infect mammals, in-
cluding humans. Our findings are consistent with a larger-scale
study using metagenomic techniques to investigate mammalian
viruses in two species of land leeches (Haemadipsa picta and

Haemadipsa zeylanica) from Malaysian Borneo??; this study found
viruses similar to those reported here, including a coronavirus re-
lated to MALHV-1 (GenBank QVQ29916.1), rhabdoviruses, and par-
voviruses. We note that Alfano et al.?° also conducted blood meal
analysis of leeches to infer the mammalian hosts of each virus.
Their results revealed that leeches had fed on diverse mammalian
taxa native to Deramakot Forest Reserve, which is a protected area
of high biodiversity, but they did not identify any human hosts.
Our focus on areas frequented by humans, and results showing
that many leeches were infected with human mastadenovirus C,
support the conclusions of Alfano et al.?° that viruses in leeches
reflect the local community of mammals. Our results also suggest
that leeches can harbor nucleic acids of viruses known to infect
humans.

It remains unclear whether the viruses we identified are infect-
ing and replicating in leeches or were merely acquired through
hematophagy or from the environment. The coverage of contigs
observed was generally low, whereas high coverage would be ex-
pected if viruses were actively replicating in invertebrates.> Five
of the six viruses identified were present above threshold con-
centration in only one leech. However, human mastadenovirus
C was present in five of seven leeches. The reason for this high
prevalence is unclear. It could indicate acquisition of the virus
from infected humans or the environment (adenoviruses are non-
enveloped with double-stranded DNA genomes and are thus envi-
ronmentally stable®!). Alternatively, given that some leeches were
collected in the same general area, it could reflect feeding on the
same host. However, we cannot discount the possibility of con-
tamination explaining this finding.

Can pathogens survive in terrestrial
leeches long enough to reliably facilitate
transmission?

Experimental evidence demonstrates that terrestrial leeches are
capable of retaining blood meals for up to 8-10 months, with spec-
imens in the lab surviving on only one blood meal per year.>
Additionally, terrestrial leeches feed on an extraordinary diver-
sity of wildlife?!, will feed prior to the complete digestion of pre-
vious blood meals,’ and it has been experimentally confirmed
that viruses readily survive and maintain infectiousness for mul-
tiple months after feeding events in the leech gut.**> Perhaps as
a result, this study and others? find that leeches are a reliable
source of viral diversity surveillance. We therefore consider this
criterion to be plausible. However, we caution that the detection of
pathogens using methods based on the presence of nucleic acids
does not guarantee that those pathogens are viable.

Are there mechanisms by which leeches
can reliably transmit pathogens between
hosts?

Experimental studies in aquatic leeches have confirmed that di-
rect transmission is possible from leeches to mammalian hosts fol-
lowing an infective blood meal.* It currently remains unclear, how-
ever, whether the viruses identified in terrestrial leeches here orin
other studies could be directly transmitted to humans. Although
we processed the anterior third of each leech to favor detection
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of viruses that might be transmitted through mouthparts and re-
lated structures involved in the injection of hirudin or other secre-
tions, additional studies are required to investigate whether these
viruses are infectious and whether they are shed into salivary se-
cretions.>

Regardless of the potential for land leeches to transmit
pathogens that are replicating within the host via the salivary
gland (biological vector-borne transmission), mechanical vector-
borne transmission due to blood regurgitation during feeding and
subsequent host blood mixing is likely. If disturbed during a feed-
ing event, leeches are known to regurgitate blood contents in
and around the area of incisions.*® This outcome may be particu-
larly likely for humans, who actively remove leeches using variable
methods. Notable removal methods documented in the literature
include (i) salt or saline solution; (ii) flame/heat; (iii) the applica-
tion of tobacco or other chemicals; (iv) grabbing, squeezing, and
pulling; (v) scraping a fingernail under the sucker while applying
countertraction; and (vi) several others (reviewed in>*).

We hypothesize that the method of removal plays a role in de-
termining the likelihood of mechanical transmission via regurgita-
tion. Most of the above methods can elicit blood regurgitation of
digestive material.1>>* The use of a scraping motion at the sucker
or potentially the application of a mild saline solution, however,
are thought to minimize this possibility.!> Some of the most com-
monly promoted methods of removal are therefore prone to facil-
itating a potentially infectious transmission event (Interestingly,
early writers were aware of some of these nuances, as demon-
strated by this quote from Coulter': “We are always told that on
no account should a biting leech be pulled off the skin, the rea-
son being given that its head will stay behind. I have not found this
to be so in my own experience. | have found that a leech if pulled
away can be removed in its entirety, but it is a painful process and
afarlarger punctureis leftin the skin with more troublesome after-
haemorrhage. Alighted match or cigarette held to the body causes
aleechto releaseits hold; far better is the application of salt or salt
solution which causes it, | strongly suspect, to vomit and conse-
quently fall away.”).

Ethno-etiology of land leeches

Given the role of human behavior in facilitating disease transmis-
sion from land leeches, we sought to determine Indigenous con-
ceptions of leeches as disease vectors and whether local cultures
had developed counter-mechanisms that could minimize trans-
mission risk. For this study, we interviewed Orang Asli living in ru-
ral rainforest areas that elicit high exposure to leeches, as well as
ethnographers who have lived with and studied these cultures for
decades.

Many Orang Asli cultures and other indigenous peoples of
Southeast Asia have strong cultural beliefs related to land leeches
as part of the so-called “thunder complex.”>*° These belief sys-
tems identify leeches as potentially dangerous animals, such that
many human behaviors towards them are subject to taboos gov-
erned by supernatural punishment from a powerful thunder god.
As noted above, in the well-described case of the Batek, prohibited
behaviors include laughing at, showing expression or emotion to-
wards, or eating terrestrial leeches.*!

We hypothesized that strong cultural beliefs related to leeches
might translate to carefully prescribed behaviors related to their
removal, with favored techniques being those that are a priori ex-

pected to reduce the likelihood of a disease transmission event.
We found no evidence to support this idea. Instead, we find re-
peated evidence for a general nonchalance towards methods of
leech removal, including those, such as burning, which are highly
likely to encourage blood regurgitation during feeding. If terres-
trial leeches are an important reservoir of zoonotic disease, we
conclude that we have little evidence of Orang Asli cultures com-
batting this potential.

A broader question is whether human cultures more generally
recognize disease vectors as such and encourage protective be-
haviors. The answer may be no. For example, a careful study of
the Cuiva people of Colombia investigating the mosquito vector
revealed that, despite a habitat where mosquitos are likely a ma-
jor transmitter of diseases that result in illness and mortality, they
are not recognized as a transmitter of disease.>® This finding mir-
rors work conducted among non-Indigenous populations showing
that spatial proximity to disease-affected areas does not neces-
sarily increase perceptions of infectious disease risk.>” More gen-
erally, some have argued that culturally encoded patterns of hu-
man behavior often promote the spread of infectious disease,>®
whereas others have identified key ways in which human cultural
behaviors stymie outbreaks.>®-%° Taken together, we conclude that
it is currently unknown whether human cultures generally con-
tain elements promoting resilience to infectious disease, espe-
cially vector-borne diseases.

However, several possibilities remain regarding the potential
for local knowledge and practices to be protective. First, it is pos-
sible that future experimental evidence will definitively rule out
leech-borne transmission of infectious disease, thereby aligning
with diverse removal behaviors and a general lack of concern
among Orang Asli. This finding would be especially interesting be-
cause it would demonstrate the accumulated information embed-
ded in longstanding ethno-etiological systems. Second, Orang Asli
beliefs characterizing leeches as dangerous or unclean may them-
selves elicit behaviors unrelated to removal that discourage in-
teraction with leeches and therefore provide protective benefits.
Some anthropologists have argued that beliefs about purity and
uncleanliness relate to symbolic systems of order, classification,
and social boundary-making, with unclean or taboo objects typi-
cally violating or crossing normal boundaries.®! In addition to be-
ing meaningful social tools that manage danger and restore or-
der, such purity beliefs may help motivate the rapid detection and
removal of leeches before full attachment by amplifying the nor-
mal human disgust response. Future research might fruitfully ex-
plore this possibility by deeper investigation of Orang Asli under-
standings about what leeches do (e.g. taking blood serially from
multiple hosts), beliefs regarding zoonotic disease transmission
more generally, and whether individuals respond behaviorally
to the presence of leeches (e.g. by altering movement patterns
in the rainforest based on their expected activity after a rainfall
event).

More broadly, a detailed ethno-etiological approach could com-
plement “One Health” initiatives that explicitly recognize interde-
pendencies between the health of people, animals, and the envi-
ronment. Specifically, recognition and documentation of the cul-
tural factors that structure human responses to infectious disease
holds promise for helping to explain epidemiological patterns be-
yond simplistic attribution to factors such as poverty or deforesta-
tion.%2:83 For example, an ethnohistorical study of mpox epidemics
in the Central African Republic showed that local populations had
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limited understanding of the mpox disease, but informants readily
identified localized economic and historical changes that have in-
creasingly brought humans into contact with zoonotic reservoirs
(i.e. rodents), likely driving increased transmission over time.%
Likewise, Giles-Vernick et al.®* found that local explanations of
illness illuminated the causes of disease risk from Buruli ulcer in
Cameroon via consideration not only of ecological change and
market reorientation, but also the breakdown of mutual support
networks. These examples help explain how Orang Asli percep-
tions of leeches, even in the absence of direct cultural prescrip-
tions on factors such as removal techniques, have the potential to
bolster future biomedical studies of novel vectors.

Conclusions

A broad analysis of existing information, coupled with new evi-
dence presented here, suggests that land leeches satisfy all the
necessary conditions to be a vector of zoonotic disease transmis-
sion. Namely, in agreement with previous evidence, we identi-
fied several new viruses of potential human pathogenicity within
the anterior third body segment of land leeches in Peninsular
Malaysia, and a growing body of research indicates that terres-
trial leeches are both capable of harboring infectious pathogens
for long periods of time and interacting with subsequent hosts
in a manner that could facilitate transmission events. Despite
this potential, however, an ethno-etiological approach consid-
ering Indigenous knowledge of and behavior towards terres-
trial leeches did not reveal evidence of evolved cultural prac-
tices that would provide protection against transmission. Elu-
cidating how human populations with long-term cultural expo-
sure view and act towards disease vectors is a major question
for novel research at the interface of anthropology and public
health.
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