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Abstract: In the present study, we critically revised the recently proposed classification of the subfamily Leishmaniinae Maslov et 
Lukeš in Jirků et al., 2012. Agreeing with erection of the genus Zelonia Shaw, Camargo et Teixeira in Espinosa et al., 2017 and the 
subgenus Mundinia Shaw, Camargo et Teixeira in Espinosa et al., 2017 within the genus Leishmania Ross, 1908, we argue that other 
changes are not well justified. We propose to: (i) raise Paraleishmania Cupolillo, Medina-Acosta, Noyes, Momen et Grimaldi, 2000 to 
generic rank; (ii) create a new genus Borovskyia gen. n. to accommodate the former Leptomonas barvae Maslov et Lukeš, 2010 as its 
type and only species; (iii) leave the subfamily Leishmaniinae as originally defined, but establish two infrafamilies within it: Leishma-
niatae infrafam. n. and Crithidiatae infrafam. n. 
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The family Trypanosomatidae Doflein, 1901 unites uni-
flagellate parasitic protists of the class Kinetoplastea Ho-
nigberg, 1963. This group is intensively studied because of 
their peculiar molecular and biochemical features (Stuart 
and Panigrahi 2002, Martinez-Calvillo et al. 2010, Opper-
does et al. 2016, Záhonová et al. 2016). In addition, some 
trypanosomatids are of medical or economic importance as 
they cause diseases of humans, domestic animals and cul-
tured plants (Lumsden and Evans 1976). These flagellates 
are traditionally divided into monoxenous (with one host in 
the life cycle) and dixenous (shuttling between two hosts) 
species. These are non-taxonomical groups, since dixeny 
has independently evolved at least three times during evo-
lution of trypanosomatids, giving rise to the genera Tryp-
anosoma Gruby, 1843, Leishmania Ross, 1908 and Phy-
tomonas Donovan, 1909 (reviewed in Lukeš et al. 2014). 

For a long time, classification of trypanosomatids was 
based on (i) host specificity, (ii) life cycle and (iii) mor-
phology (Baker 1963, Wallace 1966, Vickerman 1976). 
Use of molecular methods revealed the artificial nature of 
the old system and caused its substantial revision with ex-
pansion in the number of supra-specific taxa. Moreover, 
the molecular phylogenetic approach allowed uniting gen-
era into higher level taxa, i.e. subfamilies (d’Avila-Levy et 
al. 2015, Votýpka et al. 2015). The first delineated subfami-
ly was Leishmaniinae Maslov et Lukeš in Jirků et al., 2012, 

which combined the dixenous genus Leishmania with the 
monoxenous genera Leptomonas Kent, 1880 and Crithidia 
Léger, 1902 (see Jirků et al. 2012). The Leishmaniinae is 
a  species-rich group that explored a wide range of hosts 
including dipterans, heteropterans, hymenopterans and 
vertebrates (Maslov et al. 2013). 

Recently, a revision of the taxonomy and the nomencla-
ture of the subfamily Leishmaniinae with a focus on the 
genera Leishmania and Endotrypanum Mesnil et Brimont, 
1908 has been put forward (Espinosa et al. 2017). The au-
thors made the following major taxonomic changes: (i) 
erection of the new subgenus Mundinia Shaw, Camargo 
et Teixeira in Espinosa et al., 2017 within the genus Leish-
mania to include L. enriettii Muniz et Medina, 1948 and 
L. martiniquensis Desbois, Pratlong, Quist et Dedet, 2014; 
(ii) establishing of the new genus Porcisia Shaw, Camar-
go et Teixeira in Espinosa et al., 2017 comprising former 
Leishmania hertigi Herrer, 1971 and L.  deanei Lainson 
et Shaw, 1977; (iii) transfer of Leishmania colombiensis 
Kreutzer, Corredor, Grimaldi, Grogl, Rowton, Young, Mo-
rales, McMahon-Pratt, Guzman et Tesh, 1991, L. equato-
riensis Grimaldi, Kreutzer, Hashiguchi, Gomez, Mimory et 
Tesh, 1992 and L. herreri Zeledon, Ponce et Murillo, 1979 
to the genus Endotrypanum; (iv) erection of the genus Ze-
lonia Shaw, Camargo et Teixeira in Espinosa et al., 2017 to 
accommodate former Leptomonas costaricensis Yurchen-
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ko, Lukeš, Jirků, Zeledon et Maslov, 2006; (v) restriction 
of the subfamily Leishmaniinae to the clade encompassing 
the genera Leishmania, Porcisia, Endotrypanum, Zelonia 
and Novymonas Kostygov et Yurchenko, 2016. Modifica-
tions of the entangled taxonomy of these parasites were 
long overdue. However, in our view, the proposed scheme 
is not ideal. We fully recognise the rationale of establishing 
the taxa Zelonia and Mundinia. However, we do not con-
sider other changes to be well justified. Our argumentation 
is explained in detail below. 

LEISHMANIINAE
In the latest revision the subfamily Leishmaniinae was 

contracted to dixenous Leishmania-related species along 
with Zelonia and Novymonas (see Espinosa et al. 2017). 
The main argument for such an act was high support of 
this group on phylogenetic trees. However, the subfami-
ly Leishmaniinae sensu Maslov et Lukeš, 2012 is also 
a strongly supported clade (Maslov et al. 2010, Jirků et al. 
2012, Kostygov et al. 2014, Schwarz et al. 2015). As a mat-
ter of fact, a clade with high support corresponds to a nat-
ural taxon but has no relation to a particular rank. In our 
opinion, the proposed change is not warranted and results 
in confusion with two alternatively defined taxa bearing 
the same name – Leishmaniinae sensu Maslov et Lukeš, 
2012 and Leishmaniinae sensu Shaw, Camargo et Teixeira, 
2017. In addition, the expelled genera Crithidia, Lepto-
monas and Lotmaria Evans et Schwarz, 2014 become an 
orphan group. Of note, this group contains a number of 
model species which have been widely used as proxies for 
the monoxenous ancestors of Leishmania, the relation to 
which is lost upon the redefinition of the Leishmaniinae 
(see Maslov et al. 2013, Kraeva et al. 2015, Flegontov et 
al. 2016, Opperdoes et al. 2016). 

The subfamily Leishmaniinae sensu Maslov et Lukeš, 
2012 represents one of the highest-level clades within the 
family Trypanosomatidae and, thus, corresponds to the sub-
family rank. The revised Leishmaniinae sensu Shaw, Ca-
margo et Teixeira, 2017 is a subdivision of the subdivision, 
and therefore should be regarded as a taxon of a lower rank.

To solve this issue, we propose the following: (i) leave 
the subfamily Leishmaniinae as originally defined; (ii) 
create two subordinate taxa in the rank of infrafamilies. 
The first infrafamily, Leishmaniatae, is a substitution for 
Leishmaniinae sensu Shaw, Camargo et Teixeira 2017; the 
second one, Crithidiatae, unites the genera Crithidia, Lep-
tomonas and Lotmaria (Fig. 1). The rank ‘infrafamily’ is 
non-canonical and therefore no tradition exists for the for-
mation of its ending. We selected -atae because it is harmo-
nious and distinct enough from terminations of other ranks. 

The only unresolved issue with such a system would be 
the nomenclature of Leptomonas barvae Maslov et Lukeš, 
2010. It was assigned to the genus Leptomonas based on 
morphology and monoxenous life cycle. Nevertheless, it 
is phylogenetically distant from other Leptomonas spp. 
and has no close relatives in any other described genera 
(Maslov et al. 2010, Espinosa et al. 2017). Instead, it falls 
within the infrafamily Leishmaniatae and is sister to all oth-
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Fig. 1. Schematic phylogenetic tree of the subfamily Leishmanii-
nae summarised from previously published works. The uncertain 
status of the genus Endotrypanum is symbolised by the quotation 
marks. 

er members of this group (Votýpka et al. 2012, Kostygov 
et al. 2014). We propose to erect a new genus, Borovskyia, 
to accommodate this species (Fig. 1). Several recently an-
alysed environmental isolates from the Neotropics (Koz-
minsky et al. 2015) apparently belong to this genus as well 
(see Taxonomical section for details). The name honours 
Petr Borovsky (1863–1932), a Russian surgeon and bac-
teriologist, who first correctly characterised the causative 
agent of Oriental sore (cutaneous leishmaniasis) and as-
cribed it to Protozoa in 1898 (Borovsky 1898). This hap-
pened a few years earlier than William Boog Leishman, 
Charles Donovan and Ronald Ross did the same for Leish-
mania donovani (Laveran et Mesnil, 1903) and visceral 
leishmaniasis. Borovsky’s priority was not internationally 
recognised until much later, because his observation was 
published in the low-circulation Russian Military-Medical 
Journal (Hoare 1938). 

ENDOTRYPANUM
The genus Endotrypanum was originally described 

to accommodate a novel trypanosomatid, E. schaudinni 
Mesnil et Brimont, 1908, residing in erythrocytes of two-
toed sloth Choloepus didactylus (Linnaeus) (Mesnil and 
Brimont 1908). The second species in this genus, E. mon-
terogeii Shaw, 1969, was described over 60 years later from 
Choloepus sp. (Shaw 1969). The main diagnostic trait for 
the genus Endotrypanum was its ability to infect erythro-
cytes of sloths (Mesnil and Brimont 1908, Darling 1914). 
Parasites were thought to be transmitted by phlebotomine 
sand flies (Shaw 1964, Christensen and Herrer 1976). 

Subsequently, several laboratory strains were isolated 
from sloths or from the supposed insect vectors. Some 
of them were assigned to E. schaudinni and E. monter-
ogeii, while others were described as Leishmania spp. 
(summarised in Espinosa et al. 2017). Importantly, all these 
flagellates differ from the parasites originally described un-
der the name Endotrypanum in several key aspects. Firstly 
and most significantly, these strains were never shown to 
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infect erythrocytes in experimental infections. Secondly, 
they are morphologically distinct from the forms observed 
in sloth’s blood (Shaw 1964, Franco and Grimaldi 1999). 

The issue of these strains’ identity was debated before 
(Cupolillo et al. 2000), but has not been satisfactorily re-
solved to date. We recognise that all the laboratory cultures 
currently assigned to Endotrypanum constitute a natural 
taxon. However, we cast doubt that it should be called En-
dotrypanum. We believe that transferring L. colombiensis, 
L. equatoriensis and L. herreri to the genus Endotrypanum 
without confirming their relationship to the intra-erythro-
cytic parasites was incorrect. This trait cannot be ignored. 
For the moment, it is the only link between the taxonomic 
name Endotrypanum and a particular group of trypanoso-
matids. 

We prefer to leave the composition of this genus in the 
state proposed by Espinosa et al. (2017) and provisionally 
include all five species, since there is no direct evidence in 
favour or against such classification. For the reasons ex-
plained above, we also propose to refer Endotrypanum as 
a nomen dubium until its taxonomical status is clarified. 

PARALEISHMANIA
The taxon names Euleishmania Cupolillo, Medi-

na-Acosta, Noyes, Momen et Grimaldi, 2000 and Para-
leishmania Cupolillo, Medina-Acosta, Noyes, Momen et 
Grimaldi, 2000 were proposed to designate two clades 
(sections) within the Leishmania/Endotrypanum group 
(Cupolillo et al. 2000). These names have been considered 
informal and disregarded in the recent classification (Es-
pinosa et al. 2017). Nevertheless, in accordance with the 
International Code of Zoological Nomenclature (ICZN) 
article 10.4 ‘Availability of names for divisions of genera’, 
both names are available and should be considered as sub-
generic, i.e. names of genus-group taxa. As judged by the 
ICZN article 43.1 ‘Statement of the principle of coordina-
tion applied to genus-group names’, the names Euleishma-
nia and Paraleishmania were simultaneously established 
for all genus-group ranks (supergenus, genus, subgenus, 
etc.), while being used only for one of them. It means that 
these two names may compete with other names proposed 
for the genus-group taxa. 

Since in the original publication proposing the names 
Euleishmania and Paraleishmania (see Cupolillo et al. 
2000) type species were not designated, according to the 
ICZN article 69.1 ‘Type species by subsequent designa-
tion’ the first author who subsequently designates one of 
the originally included species validly designates the type 
species of the nominal genus-group taxon, and no later 
designation is valid. As the first authors dealing with this 
problem, we fix here Leishmania donovani as the type spe-
cies for Euleishmania. Given that Euleishmania contains 
the same type species as Leishmania, it falls into the syn-
onymy with the latter regardless of the rank (genus, sub-
genus etc.). Consequently, the name Euleishmania is not 
valid and should not be used. 

Concerning Paraleishmania, by the right of the first re-
visers, we fix L. hertigi as the type species. Since Porcisia 
has the same type species, and this name was proposed lat-

er, according to the ICZN article 23.1 ‘Statement of the 
principle of priority’ it should be considered an objective 
junior synonym of Paraleishmania and therefore invalid. 
The fact that the names were proposed for taxa of different 
ranks and with different composition is not essential, since 
according to the ICZN articles 42.3 ‘Application of ge-
nus-group names’, 43.1 ‘Statement of the principle of co-
ordination applied to genus-group names’, and 44 ‘Genus 
group: nominotypical taxa’, all taxa within a genus group 
having the same type species must bear the same name. 
Then, in our system the name Paraleishmania is a substi-
tute for the generic name Porcisia. The taxon Paraleishma-
nia as defined by Cupolliloet al. (2000) may be regarded as 
a supergenus. 

TAXONOMICAL SUMMARY 
Taxonomical changes are underlined; included species 

are not listed for Crithidia, Leishmania, Leptomonas and 
Lotmaria.

Class Kinetoplastea Honigberg, 1963
Subclass Metakinetoplastina Vickerman, 2004
Order Trypanosomatida Kent, 1880
Family Trypanosomatidae Doflein, 1901 
Subfamily Leishmaniinae Maslov et Lukeš in Jirků et al., 
2012

Infrafamily Leishmaniatae Maslov et Lukeš in Jirků et al., 
2012 infrafam. n.

ZooBank number for infrafamily:  
urn:lsid:zoobank.org:act:5BCFBF2E-280C-44C5-8C93-E02AAEA0A86B

Remarks. The authorship of the nominotypical infrafa-
mily is given is accordance with ICZN article 37 ‘Family 
group: nominotypical taxa’.

Genus Leishmania Ross, 1908, syn. Euleishmania 

T y p e  s p e c i e s :  Leishmania donovani (Laveran et Mesnil, 
1903).

Genus Paraleishmania Cupolillo, Medina-Acosta, Noyes, 
Momen et Grimaldi, 2000

T y p e  s p e c i e s :  Paraleishmania hertigi (Herrer, 1971), syns. 
Leishmania hertigi, Porcisia hertigi.

A d d i t i o n a l  s p e c i e s :  P. deanei (Lainson et Shaw, 1977).

Genus Endotrypanum Mesnil et Brimont, 1908, nomen 
dubium

T y p e  s p e c i e s :  Endotrypanum schaudinni Mesnil et Bri-
mont, 1908.

A d d i t i o n a l  s p e c i e s :  E. monterogeii Shaw, 1969, E. co-
lombiensis (Kreutzer, Corredor, Grimaldi, Grogl, Rowton, 
Young, Morales, McMahon-Pratt, Guzman et Tesh, 1991), 
E.  equatoriensis (Grimaldi, Kreutzer, Hashiguchi, Gomez, 
Mimory et Tesh, 1992) and E. herreri (Zeledon, Ponce et Mu-
rillo, 1979).

Remarks. Affiliation of the type species E. schaudinni 
with the subfamily Leishmaniinae is questionable.
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Genus Zelonia Shaw, Camargo et Teixeira in Espinosa et 
al., 2017

T y p e  s p e c i e s :  Zelonia costaricensis (Yurchenko, Lukeš, 
Jirků, Zeledon et Maslov, 2006).

A d d i t i o n a l  s p e c i e s :  Z. australiensis Barratt, Kaufer et 
Ellis, 2017.

Genus Novymonas Kostygov et Yurchenko, 2015

T y p e  a n d  o n l y  s p e c i e s :  Novymonas esmeraldas Votýp-
ka, Kostygov, Maslov et Lukeš, 2015.

Genus Borovskyia gen. n. 

ZooBank number for genus:  
urn:lsid:zoobank.org:act:4CC529D2-FD9F-4F83-BA01-6924F16853E

T y p e  a n d  o n l y  s p e c i e s :  Borovskyia barvae comb. n. 
(Maslov et Lukeš, 2010), syn. Leptomonas barvae.

Remarks. Based on the sequences of SL RNA (KP717771, 
KP717772, KP717882, KP717883, KP717885, KP717893, 
and KR056278), the environmental samples of Typing 

Units 94, 102, 143, 144 and 160 also belong to the genus 
Borovskyia.

Infrafamily Crithidiatae infrafam. n.

ZooBank number for infrafamily:  
urn:lsid:zoobank.org:act:BA61A592-5C28-48A8-861F-0031F7D890EF

Genus Crithidia Léger, 1902

T y p e  s p e c i e s :  Crithidia fasciculata Léger, 1902.

Genus Leptomonas Kent, 1880

T y p e  s p e c i e s :  Leptomonas buetschlii Kent, 1880.

Genus Lotmaria Evans et Schwarz, 2014

T y p e  s p e c i e s :  Lotmaria passim Schwarz, 2014.
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