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Introduction [5,6]. Hemorrhaging from leeches in the urethra, or even in the
bladder, also poses a particular problem in that clot formation is
Most people realize that they are being parasitized by a leeckhhibited by urine flow [7]. Underlying conditions, such as
upon finding the worm attached to their skin. Disturbingly, leechescoagulation disorders or secondary bacterial infections can cause a
occasionally enter human orifices—a condition known as mucosapatient's condition to escalate from relatively minor to life-
orifical, vesical, or internal hirudiniasis depending on thethreatening very quickly [2,8,7].
localization of the leech (Fig. 1). Whereas most bloodfeeding Reported cases of human orificial hirudiniasis are most
leeches feed as ecto-parasites for short periods of time, those th@ginmon in rural areas of the Middle East, Africa, and Asia,
feed on mucous membranes have been known to stay in an orifiggowever cases have been recorded from almost all continents [2].
for days or weeks on end [1,2]. Cases of hirudiniasis aré®omestic and wild mammals in these regions, especially livestock,
underreported because patients suffering from orificial hirudiniasiare at the greatest risk for orificial hirudiniasis in relation to the
may only resort to medical attention if they are personallyamount of time such animals spend at leech-inhabited watering
unsuccessful in extracting the leech [3]. Whereas invasive leechisles [1]. Some species are more likely to afflict humans, such as
are usually found in the nasopharyngeal region, there are manpinobdella ferBlanchard, 1896; literally translated to “terrible
cases of leeches infesting various body orifices such as the eyemcious leech”), or specieslLimnatis, Praobdediad Myxobdella
urethra, vagina, or rectum [4]. Depending on the exact site of the[9].
bite in the nasopharyngeal region, symptoms may include Leech systematics has been transformed with the addition of
hemorrhaging, hemoptysis, dysphonia, coughing, a ticklingcomparative sequence data and most of the groups historically
sensation, dyspnea or, in extreme cases, severe anemia and deabognized by taxonomists have been redefined or eliminated

). PL0S ONE | www.plosone.org 1 April 2010 | Volume 5 | Issue 4 | e10057



Origins of Leech Infestations

Figure 3. Comparative internal and external anatomy of 7yrannobdella rex. (A) Whole body ventral view illustrating annulation, relative size
of the caudal sucker and relative position of gonopores. (B) Eyespot arrangement illustrated dorsally. (C) Male and female median reproductive
anatomy.

doi:10.1371/journal.pone.0010057.g003

among the generdraobdella, Myxobdella, Dinobdella, Lamdatis,lip, and by the simple minute reproductive structures. Also, species
Limnobdell®intobdella chiapasébaisallero, 1957) similarly has of Limnatislike Limnobdellhave two equal pairs of crop ceca per
few (six) teeth per jaw, albeit for each of three jaysannobdella somite, wherea$. rexhas a single pair per mid-body somite.
rexn.sp. unique in possessing only one jaw with eight large teeth Species oMyxobdelland Praobdelire morphologically similar
(e.g.,, five times the height of those in the gerisnatis to T. rexin possessing a velar mouth, a reduced number of teeth,
Members of the genusimnobdelkave two pairs of equal crop and micromorphic reproductive structures. Unlikiyxobdelkand
ceca in each gastric somite and an extended female reproductieraobdellaach possessing two rows of teeth (i.e. distichodont) and
structure. In comparison]. rexhas one pair of crop ceca per three jaws;T. rexonly possesses a single row (i.e. monostichodont)
somite except in the first two chambers of the crop, which haveand one jaw. Myxobdellspecies are distributed throughout
two unequal crop ceca per somite. Overall, the relatively simpleSoutheast Asia and Africa, wherdmobdeltpecies are restricted
structure of the reproductive system Tn rexresembles that of to Africa. Besides differences in jaw armature, the gbhuobdella
Limnobdellapecies, but with considerable differences in sizeis characterized by imperfect annulation and annulation furrows of
Tyrannobdella igrasily distinguished from members of the genusinequal depth. In contrast. rexdemonstrates 15 complete five-
Limnatiby the possession of smooth jaws without salivary papillagnnulate mid-body somites with only the three most posterior
having a velar mouth without a longitudinal furrow in the upper somites having partially subdivided annuli. Species in the genus
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Myxobdellaave gonopores separated by five or five and a halWorld genusLimnatiformed a monophyletic clade sister to the
annuli, whereasT. rexhas gonopores separated by #/41/2 Mexican genusimnobdellas = 94; pp = 1.00). The clad€B. fex+
annuli. Species in the gen#saobdellack the velar mouth and P. chiapasepsiad D. ferox M. annandaleilso form their own
have at least seven annuli between gonopores. clade sister toL{mnatispp.+ Limnobdel&pp.).

Phylogenetic analyses Discussion

The combined dataset included a total of 5256 molecular = .
characters (18S rDNA: 2041 characters, 28S rDNA: 2189 Hirudinoid leeches that show a preference for mammalian
characters, 12S mt rDNA: 367 characters, COI: 657 characters)Mucosal surfaces all appear to have descended from a common
Parsimony recovered a single tree with 2725 steps and the tw@ncestor millions of years ago. Among these, the new species
runs of the Bayesian analysis had a harmonic mean of lo yrannobdella iexhe first from South America and one with a
likelihood values that averaged to—19830.23. Phylogenetic analp@rticularly unpleasant habit of infesting humans [12]. Another
ses recovered identical topologies regardless of method (Fig. 4)New World orifice-invading leech known from southern Mexico,

A clade of hirudinoid leeches (including the geneiranobdella P chiapasensisd sister taxon td. rex has only been found to
Limnatis DinobdellaMyxobdellaPintobdellaand Tyrannobdglla Parasitize the nasal passages of tapirs [i8jnobdelspecies from
distinguished by their propensity for feeding on mammaliancentral and northern Mexico are known to be pests of livestock
mucous membranes, was recovered as monophyletic with strorg4l- The consistency with which pain was reported by its victims
support (bs=100; pp=1.00). Sister to this was a strictly Newnay relate to the relatively enormous tedthrexhas on its jaw.
World clade (bs=80; pp=1.00) comprising both the families Most of the documented cases of leech infestation are in tropical
Semiscolescida&¢miscolexPatagoniobdetimd Macrobdellidae —regions. Such cases are closely related to unsafe drinking water
(Macrobdelta Philobdelta Oxyptychughe new Peruvian species, habits and people swimming in natural sources. It is in these
T. rexwas sister to the Mexica®. chiapaser(bis=82; pp=1.00). Situations that these worms enter the rectum, vagina or upper
Dinobdella ferard Myxobdella annand@les, 1917 were most airway and attach to the mucosa [15]. A recent study revealed that

closely related (bs=100; pp=1.00). Representatives of the Olthe nose is the most common site of infestation (71%), followed by
the hypopharynx (14%) [16]. Less often, leech infestations affect

Haemopis sanguisuga the lower airways causing haemoptysis, haematemesis, severe

Hirudo medicinalis anaemia, airway obstruction or death [17]. While little is known of
Haemadipsa sylvestris the symbiotic fauna for praobdellids, speciesAefomonase
" s’?ﬁgj;’;’f;’;;’izisf’afe”’a known to inhabit the gastric ceca of various hirudinoid leeches
80 Oxypiychus brasilionsis [18,19]. Insofar as praob(_jelllds have been reported to remain
Philobdelia floridana attached for prolonged periods [1], there may also be a serious risk
o _Ephi/obde//a gracilis of bacterial infection to the extent that prophylactic antibiotic
ss— Macrobdella ditetra treatments is indicated in all cases of orificial hirudiniasis.
07— Macrobdella decora Several species of leech are known to invade human orifices, most
notably various Old World species in the gendvlyxobdella,
I Tyrannobdella rex Praobdelland Dinobdell&/ntil now, the family Praobdellidasgnsu
Sawyer, 1986) included only those three genera, two representatives

—— Pintobdella chiapasensis of which were monophyletic in our analysééyxobdella annandalei

o andDinobdella ferd%e found strong support for monophyly of that
. pair in a broader clade that also includes specied.iofhatis
- Myxobdella annandalei Limnobdell. rexandP. chiapasenhiis clade is defined not only by
our molecular evidence, but also by three morphological and
L Dinobdella ferox behavioral synapomorphies: reduced number of teeth—less than 12

in Myxobdella, Dinobdella, Praobdella, TyrammoliRiatiebdelland
less than 40 ihimnatignd Limnobdellthe caudal sucker is wider

— Limnobdella mexicana 1 than the posterior of the body; and a preference for feeding
e primarily on mammalian mucous membranes. The enlarged caudal
— [ imnobdella mexicana 2 sucker seen throughout this family may well be an adaptation that

mediates attachment to moist mucous membranes [2]. Only once
has a praobdellid been reported feeding opportunistically on

50 changes Limnatis c.f. nilotica amphibians when mammals were not available [20].
— SEMISCOLESCIDAE The systematics of the fan_nly Praobdellidsen&Bawyer, 1986)
— MACROBDELLIDAE Limnatis paluda 2 has been plagued by ill-defined groups and by substandard type
== PRAOBDELLIDAE specimens being the sole representatives for some species [1,2].
e ) The characteristics of the oral sucker, the color pattern, and the
Limnatis paluda 1 location of the gonopores seem to hold the most phylogenetic

information among species, but organizing these species within
Figure 4. Single most parsimonious tree based on combined genera has been confused. The Terrible Ferocious Leech,
18S rDNA, 28s rDNA, 12s rDNA, and COI datasets. The family  Dinobdella ferdar example, was initially described as a species
Praobdellidae formed a well-supported monophyletic group of leeches 4t \whitmanjaa genus of non-bloodfeeding leeches more closely
that exhibits a predilection for mammalian mucosa. All groups received related to Hirudo[10]. Several morphological similarities have
100 percent bootstrap support and posterior probabilities of 1.00 : P g
except as noted on the tree. Branches are drawn proportional to been noted [21] betweerPraobdella radidiore, 1958 and
amount of change. Myxobdella africataore, 1939, whilePraobdella guine&taisch-
doi:10.1371/journal.pone.0010057.g004 ard, 1896, Praobdella buettidanchard, 1896, andPraobdella
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