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Excavata

« conspicuous ventral feeding groove that is “excavated” from one side and through
which pass one or more recurrent flagella; the ventral groove has characteristic
ultrastructure and is supported by microtubules

« originally 2 flagellated state - many changes: multiplication of flagella, reduction or
disappearance of the ventral groove

« variety of free-living and symbiotic forms

 not a monophyletic group

« paraphyletic group with the ancestors of other living eukaryotes
« parasitic species in Metamonadas: Fornicataees, Parabasaliases, Preaxostylaeee
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Fornicata

together with Preaxostyla (oxymonads) and Parabasalia named as
metamonads = group of flagellate amitochondriate protozoa

unicellular heterotrophic flagellates
anaerobic / microaerophilic

mostly flagellated cells, usually with 4 kinetosomes per kinetid;
some are free-living, many endobiotic or parasitic

modified atypical, non-respiratory mitochondria, lacking the cristae and genome
(DNA) (e.g. hydrogenosomes or mitosomes)



Fornicata — atypical mitochondria

Hydrogenosome

» membrane-enclosed organelles of
some anaerobic ciliates,
trichomonads, fungi, and animals

* approximately 1 um in diameter,
under stress conditions up to 2 um

» are so called because they produce
molecular hydrogen

* bound by distinct double
membranes and one has an inner
membrane with some cristae-like
projections

* genes for hydrogenosomal
components in the nuclear genome




Fornicata — atypical mitochondria

Mitosomes

* detected only in anaerobic or
microaerophilic organisms that do
not have mitochondria
(microsporidia, Giardia intestinalis,
Entamoeba spp.)

e about 0,1 ym in diameter

* just like mitochondria surrounded by
a double membrane

* genes for mitosomal components are
contained in the nuclear genome




Electron micrographs of different mitochondrial manifestations

Electron micrographs of different mitochondrial manifestations. (A) Mitochondrion from chicken cerebellum. (B,C) Hydrogenosomes from (B)
the anaerobic fungus Neocallimastix patriciarum and (C) the cattle parasite Trtrichomonas foetus. (D-F) Mitosomes from (D) the intestinal
parasite Entamoeba histolytica, (E) the microsporidian Trachipleistophora hominis and (F) the diplomonad Giardia intestinalis. Scale bars:

(A-D) 100 nm and (E,F) 50 nm.
Mark van der Giezen, and Jorge Tovar EMBO Rep. 2005;6:525-530 EMBO
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Fornicata

* monophyletic taxon
« unicellular heterotrophic flagellates with one or two karyomastigonts per cell

 karyomastigont — first used by Janicki (1915) - conspicuous organellar system
observed in certain protozoans

 mastigont by definition is present in all ciliated or flagellated eukaryotes and
bears the basal body, cilium or flagellum (undulipodium) and in some cases the
parabasal body (Golgi complex supported by a parabasal fiber)

« karyomastigont (= mastigont associated with nucleus) bears 1-4 flagella

= Carpediemonas-like organisms (carpediemonads) - free-living
= Retortamonadida (retortamonads) - almost exclusively parasitic
= Diplomonadida (diplomonads) - parasitic



Fornicata
Carpediemonas-like organisms

* marine, free-living flagellates
* uninucleate (unikaryotic)

» anaerobic / microaerophilic flagellated cells with a broad ventral suspension =
the feeding groove

« almost always biflagellated
* Carpediemonas bialata and other ,Carpediemonas-like* organisms (= CLOs)




Fornicata

Carpediemonas-like organisms

a-b) Carpediemonas membranifera
c-d) Kipferlia bialata

e) Dysnectes brevis

f) Dysnectes sp.

g) Hicanonectes teleskopos

h) Ergobibamus cyprinoides

i-j) Carpediemonas-like organism
k-1) Aduncisulcus sp.

m-n) Aduncisulcus paluster




Fornicata

Retortamonadida
* uninucelate
* phagotrophic
* conspicuous apical cytostome associated with the posterior flagellum

« system of microtubules underlying the plasmatic membrane-microtubular
cytoskeleton/corset

* genera Retortamonas, Chilomastix, both with trophozoites in host intestinal tract
and piriform shaped cysts in environment

genus Retortamonas
« biflagellate, more than 20 described species

genus Chilomastix
« quadriflagellate, about 30 described species




genus Retortamonas

« biflagellate - 1 anterior + 1 recurrent (trailing) flagellum
extending through the cytostomal groove

* 4 kinetosomes
* intestinal commensals

Retortamonas intestinalis AL
» colon of man and monkeys 10 pm

R i
P Retortamonas caviae "
3 Xy * guinea-pigs
S
D #  Retortamonas blattae
W o = » cockroaches
i, A Retortamonas testudae

* tortoises



Life cycle of Retortamonas intestinalis
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Contamination of water, food, or
handsfomites with infective cysts.

Fpite 4

7 OS2
ovoid or pyriform cysts
measuring 4-7 x 3-5 um

A\ = Infective Stage
2\ = Diagnostic Stage

Cysts and trophozoites of R. intestinalis are shed in faeces. Infection occurs after the ingestion of cysts in faecal-
contaminated food/water, or on fomites. In the large (and possibly small) intestine it excysts and releases
trophozoites and then resides in colon as a commensal (not known to cause disease). The presence of
trophozoites and/or cysts in stool specimens can be an indicator of faecal contamination of a food or water
source, and thus does not rule-out other parasitic infections.



genus Chilomastix

« quadriflagellate - 3 anterior and 1
short recurrent (cytostomal)
flagellum entirely located in the
cytostomal pouch

* spiral groove crossing over the
middle half of the body

» the beating of anterior flagella
moves the cell, while the
undulation of the recurrent
flagellum propels food into the
cytopharynx

pear-shaped trophozoites  piriform /lemon-shaped
measuring 6-24 x 3-10 ym  cysts measuring 6-10 ym



Chilomastix mesnili
 human non-pathogenic flagellate, found also in non-human primates and pigs

ODPDx Chilomastix mesnili
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Trophozoites of Chilomastix mesnili




—colourless or pale green

—actively motile, jerky

-no nucleus seen, only
refractile granules

Morphology and life cycle of Chilomastix mesnili

Cysts from
‘ environment
Trophozoite 6 flagellae
/— -3 free anteriorly
S 1in mouth
' 2 surrounding mouth
Blepharoplast - =
' & % Encystation &
Single nucleus gy

—well-defined thin nuclear membrane
—minute central or eccentric karyosome

Cytostome

Spiral groove :

e Multiply by <%
binary fission
Anterior projection

Thick unstained
cell wall

Cytostome and remains of
locomotor apparatus
L7 15xTpm Single nucleus
—well-developed membrane

~central or lateral karyosome

Pathogenicity Commensal—apparently harmless



Chilomastix caulleryi
 amphibians and leeches

e )
R e



Chilomastix bandicooti
C. bettencourti

C. rosenbuchi §% C. equi
* rodents " * horses
C. wenrichi i C. gallinarum
* guinea pigs * birds
C. caprae , C. bursa
» goats, cattle ‘ ] e lizards
¥
C. cun/:culi D J*‘ C. motellae
* rabbits  marine fish




Fornicata

Diplomonadida

« most diplomonads are diplozoic (= 2 karyomastigonts), i.e. all cellular structures are
doubled and the cell is axially symmetric

Hexamitidae
* unizoic diplomonads: genus Enteromonas (enteromonads)

* diplozoic diplomonads: genera Trepomonas, Hexamita, Spironucleus

* tube-like cytostomes passing through the entire cell and opening posteriorly or pocket-
like grooves harbouring 3 flagella

* trophozoite x cyst
Giardiidae
« dorsoventrally flattened cell and the anterior part of the ventral surface is modified into
an adhesive disc

« lacking cytostomes (feeding by pinocytosis)

« recurrent flagella passing through the cytoplasm as naked axonemes
* genera Octomitus, Giardia

* trophozoite x cyst




Fornicata

Diplomonadida - Hexamitidae

genus Enteromonas
3 anterior flagella

« oval trophozoites, 4-10 ym
. . supranullear MT
 quadriflagellate - 3 anterior o, R KT
flagella + 1 recurrent T e

flagellum that adheres to the
body ending in a tail and
produces a rotational
movement

* no cytostome, only shallow
oral gutter

e cysts with 1, 2 or 4 nuclei,
binucleate forms being the
most common




Enteromonas hominis
 human non pathogenic flagellate,
* indicator of faecal contamination of a food and water source

Contamination of water, food, or
handsffomites with infective cysts.

PRE L U0

Cyst of E. hominis in a stool specimen
stained with trichrome

A\ = infective Stage A
A\ = Diagnostic Stage At



Enteromonas intestinalis
« appendix of rabbits

E. ratti
* rats

E. caviae
* guinea-pigs

E. suis
* pigs

E. lagostomj — SSEEE
* viscacha Lagostomus maximus

E. wenyoni
* big-eared opossum Didelphis aurita




Fornicata
Diplomonadida - Hexamitidae

genus Trepomonas
« all free-living, in ponds rich in decaying organic
matter and infusions
» oval to elliptical trophozoites, 7-15 um

» octaflagellate — 2 lateral flagella for rotational
movements + 2 lateral pocket-like grooves each
harbouring 3 flagella

2 cytostomes

Trepomonas agqilis
I. angulatus

I. rotans

I. simplex

1. steinii
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RESEARCH ARTICLE Open Access

On the reversibility of parasitism: @
adaptation to a free-living lifestyle via gene
acquisitions in the diplomonad Trepomonas

sp. PC1

Feifei Xu', Jon Jerlstiém-Hultquist™, Martir Koliska™*®, Alastair G, B. Simpson™, Andrew J, Roger™,
Staffan G, Svard' and Jan C. Andersson”

Abstract

Background: It is generaly thought that the evalutionary transition to parasitism is irreversisle because it is
associated with the loss of functions needad for a free-living lifestyle, Nevertheless, free-living taxa are sometimes
nested within parasite clades 'n phylagenetic trees, which could incicate that they are secondarily free-living.
Ferein, we lest this hypothesis by studying the genomic basis lor evolutonary Lransitions between lifestyles in
diplomonads, a group of anaercbic eukaryotes. Most described diplomoenads are intestinal parasites or commensals
of varicus animals, tut there are also free-lving ciplomonads found in oxygen-geor envircnments such as marine
and freshwater sediments. Al these nest well within groups of parasitic dislomorads in phylogenetic trees,
suggesting that they could be seconcarily frec-living,

Results: \We presert a ranscrptome study of Trepomenas sp. PC1, 2 diplemonad ‘solated from marine sediment.
Anglysis of the metzbolic genes revealed & number of proteins invelved in degradation of the bacteral membrane
and cell wall, as well as an extended set of enzymes invalves in carbohydrate degraciation and nucleoride
metabolism. Phylegenelic anelyses showec that most of the differences in metabolic capstity between lree-living
frepomonas and the parasitic diplomoenads are due to recent acquisitions of oacteral genes via gene transfer.
Interestingy, one of the acquired genes encodes a ritonucleotide reductase, which frees Trepomonas fram the
need to scavenge deoxyrivonucleosides. The trenscristomne included a gene enceding squalene-tetrahymanol
cyclase, This enzyme synthesizes the sterol substitute tetrahymanal In the absence of oxygen, patentially allowing
Trepamonas to thrive urder angercbic conditons as a free-living tacterivore, without degending on sterols from
other eukaryotes.

Conclusions: Cur findings are cansistent with the phylogenetic evidence that the last commen ancestor of
diplomonads was dependent on a nhost and that Trepomenas has adagted seconcarily to a free-lving lifestyle, W
believe that similar studies of other groups where free-living taxa zre nested within parasites could reveal more
examples of secondarily free fiving cu<anyotes
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Fornicata

Diplomonadida - Hexamitidae

genus Hexamita

» octaflagellate — 6 anterior + 2 posterior flagella
* 2 cytostomes

cytostomes




https://www.int-res.com/articles/dao/25/d025p229.pdf

Hexamita salmonis
» significant anorexia in infected salmonids

Parasite host relations: Hexamita salmonis
in rainbow trout Oncorhynchus mykiss

A. Uldal, K. Buchmann*

Department ol Veterinary Microbiclogy, Section of Fish Discases, Roval Veterinary and Agricultural University, 13 Bulowsve|,
DK-1870 Frederiksberg C, Denmark

ABSTRACT: The relationship betwaen host size and infec-
tion, the site selection in the host and the association between
health status and infection were studied in Hexamita sal-
monis [Moore, 1923) infected rainbow trout from commercial
trout farms. During a 1 yr survey it was shown that the flagel-
lates occur primarily in the smallest fry. The sile occupied by
the parasile is preferentially the pylonc region and the ante-
rior intestine but in heavily infected fish the parasites occur
throughout the entire length of the gut. Infected fish exhibited
significant anorexia and significant body weight reduction

KEY WORDS: Diplomonadida - Hexamita salmonis - Rainbow
trout - Oncerhynchus mykiss  Site selection - Body weight
reduction Hos! size
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Hexamita axostyles
H. giganti

H. globulus

H. guanqiaoensis

« fish

H. nelsoni
* oysters

H. cryptocerci

H. periplanetae
 cockroaches




Hexamita gigas

* hind-gut of horse-leech (Haemopis sanguisugae) o
Phases of cell division

PARASITOLOGY, VOL. 25. NO.2 PLATE Xvill

https://doi.org/10.1017/S0031182000019351
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Fornicata

Diplomonadida - Hexamitidae

genus Spironucleus

» octaflagellate — 6 anterior flagella arising back to
the anterior pole + 2 posterior flagella emerging
posteriorly - recurrent flagella toward the posterior
cytostomal apertures

2 slender cytostomes

» elongate kidney-shaped nuclei

* elliptical cyst



Spironucleus elegans
 amphibians and fish

S. salpae
« marine fish Box salpa

Spironucleus angquillae
S. barkhanus

S. torosa

S. vortens

S. salmonicida

S. mobilis
* fish

Spironucleus columbae
* pigeons

S. meleagridis
* birds

S. muris
* rodents




Spironucleus vortens

, . rn DISEASES OF AQUATIC ORGAMN : -
YWl 15 107202, 2001 I Aquiat T Fulilished Awyusl

https://www.int-res.com/abstracts/dao/v45/n3/p197-202/

Spironucleus vortens, a possible cause of
hole-in-the-head disease in cichlids

Gregory C. Paull*, R, A. Matthews

Department oi Biological Sciences, University of Plymouth, Flymoath, Bevon PLE 8204, United Kingdom

ABSTEACT: Hole-in-the-head disease 15 reCorded 10 11 discus Symphysodon disces Heckel, 1640
anel 1 anceliish Ploroohy v scalare Lichlonsiein, 1823 oblained Trom Tocal aguarists wilhin (hae
Soulhwest of the UK. Spironicions fs Povolon ol al. 1995, was isolated from the oy, liver,
splzeam Al hasel Tesions ol Qiseus showin 12 i ol Thee Azt el Mo Thie inlestines of ail
fish. The hexamitid was also recorded Irom the head lesions of the angellish. The identity of these
tlagellates was confirmed as 5 vortens on the Basis of topographical teatures seen with the aid of
SEML A modifled [z vitro culture methed was successfully developed for the detectlon, isolation and
long-term maintenance of 5. vertens. The flagelate was sub-cultured at 3 to & d intervals, new media
betng supplementad with tresh iver trom Creochiromls nlilodons |Linnaens, 1757) tree from nfection.
['he results are discussed in relation to 5 vorfens 45 the cau=ative agent for hole-in-the-head disease
follwing sys=lemic infeclion via (e diggestive Iracl
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Spironucleus meleagridis

https://doi.org/10.1637/7250-080204R

AVIAN DISEASES 48:138 143, 2004

Research Note—

Spironucleosis (Hexamitiasis, Hexamitosis) in the
Ring-Necked Pheasant (Phasianus colchicus):
Detection of Cysts and Description of
Spironucleus meleagridis in Stained Smears

A M. Wood® and H. V. Smith®

“Parhology Deparrment, Vererinary Labomarories Apency— | asswade,
Pendands Science Pack, Bush Loan, Penicutk. Midlathian,
EH26 0PZ, United Kingdom
"Scouish Parasice Diagnostic Labozatory, Stobhill Hospical. Glasgow,
G211 3UW, Univd Kingdoo:

Received ¢ May 2004; Accepred 16 Augusr 2004

SUMMARY. Trophuosoites and cysts of Speronuctens (Hexamisa) meleagridee were dewected in tse intestinal Huid and mucus of
phaasan: poules wich spitonucieosis thexamitiasis, hexamitosis) following saining wich Heidenbain iron ematoxylin (HIH) and
the Romanawsky-rype zain Hemacolordd, Their morphology was consistent wich thar of fagellares of the genus Spivanacions, and
brighr-fie’d marphalogic observarions were canfirmed by mansmission elecrron micrascopy. Cyses accurred mostly within inrestinal
mucus, which was firmly compressed berween microscope slides pror to szuning. The internal structures of cysts were similar
thos ol rophuzoites, allowing them to be conbidenty recognized. Honacolor provided diffrcacial wolor staning of trophozoites
and <wsts, allowing accurate identification of 5. maleagridic life cvcle stages, even in smeass in which there was heavy background
SEaining. While HIH often produced dearer and more derailed sAining of protarean strucrures, in the contexr of 3 dizgmmi:
luburatory its use was outweighed by the case of use, rpidity of revults, and differennal coler swining provided by Hemacolor, The
possible signilicunce of & rosistant cystic stage in the Lle gpde of 5. medeapridis is discussed.

Fig. 1. Teapl of 5w e bapriu present I ph wntescingd Buld smess Noce the candolarenl tocidoen of o {arroms)
aml vubular cpraphssynpesl Ganal fsrowhesd): dx = rad Bood cell, Hemaalos®@ srain. Bayre = 11 in,

Fig. 2. Severs] Sporannclon molaggrids wopiaeaites and mwo § molesouls st (aaaws) prssens i phewanc inisans flied smear. Noe che
“ersaner” of the vprapharpngsd Ganals i ane caphsasiae Grrowhied); e = rad oo cdl. Hemacakor® stain, Har = 10 o,

Fip. 4. Several Speranacow salaagelds tophoeaites and a single cvst fanow) in pheasaat intescinal e smear: the = cad hloed <l Hemscaloe®
srain. Bar = 11} jim,

Fig. 4. Cysts of Spimmnclons molaygndl pesent in phesant sl moecus smear, Nate cypst wich fows nucdei [Bade arraw). Traphoxoae
srcrires are visible inside same syss: for ceample, sptopharynpe! canals (whire arrow] and srarsveracly wound Fagells Garomwhead). The vnstainal
et wall are chearly visible againgt the blue-smined mucus. Some cpse appear slightly distocred. Hemacclor® sain, Bar = 10 im,

Fig. 5. Twa traphuenites arcl vee vt faenow? of Spimmoios nu&.gvm’l'v present in phessine intea inatl Bl snzzer. Note the glmll acparsivn of
the oo in une of the trophosices ane the eosulting “horasocdapod” nudcar complex erowhed;. Hemacaloe® sein. Bar— 10 jum,

Fiwg 6,7 T r‘ i ul’."r 1o U o 7 el in ||||=mml incestimal Mud smear. Nate the vasiation i siee asd lx:d’ Jupr_ F&r.c“l
aml sytopharynpeal cinals sain stmoogly, 1 is rot passhle o distingaish the owu nucki in these sraphomoies. Heidenhain iran hemaroaylin stain,
Bar=10 pm.
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Spironucleus meleagridis ?7?7?

Vet Pathol 2010 May ; 47(3): 488~494. doi:10.1177/0300985810306370<.

Systemic Spironucleosis In Two Immunodeficient Rhesus

Macaques (Macaca mulatta)

- Ll ’. . ' . X -‘
C Bailey , J Kramer , A Mejia, J MacKey, KG Mansfield, and AD Miller by <A 4 » a0 a
Harvard Medical School, Department of Pathology, New England Regional Primate Center, o RS Rl < }" v, N
Division of Comparative Fathology. Southborough, MA (CB, JK. AM, JM, KGM, ADM) Tin ) e itk ‘7 3R
- 25 A ' 2
Abstract | 4 ; 3
Sprronucleus spp. are parasites of fish and terrestrial vertebrares including mice and turkeys that '
rarely cause extraintestinal disease. Two rhesus macaques (Macaca mulatta) were experimentally N Asa g kit sooat sl e o ol st ool
inoculated with simian immunodeficiency virus mac251 (SIVmac251). Both progressed to simian {arrowheads). Twe cytopharyres, visible s nezsively siuning Lnes, trazsveese the cell
acquired immune deficiency syndrome (SAIDS) within one year of inoculation and, in addition to pusteciorly (arnows), Thae Nugelks o oot st Wrigh's yeam,

common oppertunistic infections including rhesus cytomegalovirus, rhesus lymphocryptovirus,
and rhesus adencvirus, developed systemic protozoal infections. In the first case, the protozea
were associated with colitis, multifocal abdominal abscessation, and lymphadenitis. In the second
case they one of 2 number of organisms associated with extensive pyogranulomatous pneumonia
and colitis. Ultrastructural, molecular, and phylogenetic analysis revealed the causative organism
to be a species of Spironucieus closely related to Spironucleus meleagridis of turkeys. This is the
first report of extraintestinal infection with Spironucleus sp. in higher mammals and further
expands the list of opportunistic infections found 1n immunocompromised rhesus macaques.

https://doi.org/10.1177/03009858103637

Fig. 4.
Lung; Animal No. 2. Extensive regions of lung are obliterated by an inflammatory infiltrate
of neutrophils and macrophages. HE.
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Fornicata

Diplomonadida - Giardiidae

genus Octomitus

e 12-17 ym, no adhesive disc
2 anterior nuclei

« octaflagellate — 6 antero-lateral flagella + 2 I ey Striated
posterior flagella which traverse the cell P
axially and are lined by microtubular fibres

axonemes
* no cytostomal opening at the emergence
of the trailing flagella

Octomitus intestinalis
* intestine of rodents

O. neglectus
 amphibians




Fornicata Diplomonadida - Giardiidae

genus Giardia

Basal bodies

Ventrolateral
flagella

Ventral disc

Median bodies

% —\
Anterolateral
" .~ flagella
a0

R £
3 . . Posterolateral
. flagella

Caudal

flagella
W e

» N . . " TRENDS in Parasiology

Giardia intestinalis, trichrome stained stool specimen hitps:/www.youtube.com/watch?v=2R7fTTsXQzY
https://www.youtube.com/watch?v=UbSUEQgYfx|



https://www.youtube.com/watch?v=2R7fTTsXQzY
https://www.youtube.com/watch?v=UbSUE0gYfxI

Giardia intestinalis

Central mitosomes b

a Basal
bodies

Peripheral
vesicles

Nucleolus

Nucleus

Peripheral Axonemes

mitosomes Disc
fragments

Cyst wall

trophozoites 10-20 x 7-10 ym cysts 11-14 x 7-10 ym



Giardia intestinais

s 2



https://www.youtube.com/watch?v=8X4bxITNPeg

Giardia intestinalis




Life cycle and infection of Giardia intestinalis




Discovery of Giardia

Correspondence between Anthoni van Leeuwenhoek and Robert Hooke,
a curator of experiments of the Royal Society in London
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Figure 1. The opening section of Leeurenthoek's lefler
describing the discovery of Giardia. 1hisis letter No 66
Sample addressed to Robert Hovke dated November 4 1681, in Book

Translator L1 in the Leenwenhoek archive of the Royal Society of

London. Iam grateful to Mr Harry Leechburch of Leiden for
bibliographical advice and to the President and Council of
the Royal Society for their assisting my access to the nngnm!
docurmenlalion,



Letter to Robert Hook (1681)

| weigh 160 pounds and have been of the same weight for some 30 years,
and ordinarily in the morning | have a well-formed stool; however, now and
then | have had a looseness at intervals of 2, 3, or 4 weeks when | went to
stool 2, 3, or 4 times a day. My excrement being so thin | was at diverse times
persuaded to examine it. | have generally seen in my excrement many
irregular particles of sundry sizes..

All lay in a clear transparent medium, wherein | have sometimes seen
animalcules moving very prettily; some of them a bit bigger, others a bit less
than a blood globule...their bodies were somewhat longer than broad, and
their belly, which was flat like, furnished with sundry little paws, wherewith
they made such a stir in the clear medium and among the globules...they
made a quick motion with their paws, yet for all that they made but slow
progress.



History of Giardia intestinalis

1859 Vilém Lambl, Praha - Cercomonas intestinalis in humans

1875 Daviane - Hexamita duodenalis

1882 Kunstler - Giardia agilis

1888 Blanchard - Lamblia intestinalis

1914 Alexeieff - Lamblia / Giardia

1952 Filice - Giardia duodenalis

Current synonyms: Giardia intestinalis, Giardia duodenalis, Giardia lamblia, Lamblia
intestinalis, Lamblia lamblia



Karyomastigont of Giardia intestinalis




Subcellular organisation of Giardia intestinalis

peripheral vacuoles
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Subcellular organisation of Giardia intestinalis

nuclei

ventral disk
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Morphology of Giardia spp.

10um

A: £ Agirs B L. AUTECTINALIY D: 6. kvkss £ £.ARYEAE
Species Hosts Morphological characteristics Trophozoite dimensions
Length Width
G. duodenalis  Wide range of domestic and wild Pear-shaped trophozoites with claw-shaped median bodies 12-15pm 68 pm
mammals, including humans
G. agilis Amphibians Long, narrow trophozoites with club-shaped median bodies 20-30 pm  4-5 pum
G. muris Rodents Rounded trophozoites with small round median bodies 9-12 pm 5-7 pm
. ardeae Birds Rounded trophozoites, with prominent notch in ventral disc and  ~70 um ~6.5 pm
rudimantary caudal flagellum. Median bodies round-oval to claw
shaped.
. psittaci Birds Pear-shaped trophozoites, with no ventro-lateral flange. ~14 um ~~G um
Claw-shaped median bodies.
G. microfi Rodents Trophozoites similar to G. duodenalis. Mature cysts contain fully 12-15pm 68 pm

differentiated trophozoites.



Giardiosis

Centers for Disease
Control and Prevention

Contamination of water, food, or
hands/fomites with infective cysts

Trophozoites are also
passed in stool but

they do not survive in
the environment.

A ‘\\'; .'_": ‘
A= Infective Stage A h’.

A= Diagnostic Stage A Cyst

https://www.youtube.com/watch?v=xjYqfjVZ-Vk

* known as beaver fever

* Giardia inhabits the digestive tract of a
wide variety of domestic and wild animal,
as well as humans

* one of the most common pathogenic
parasitic infections in humans worldwide

* in 2013, there were about 280 million
people worldwide with symptomatic
giardiasis

* incubation period 12-19 days — acute
phase symptoms: diarrhoea, greasy stool
without blood, weakness, convulsions,
vomiting, malabsorption

 most infected people are asymptomatic,
only about a third of infected people exhibit
symptoms

* zoonotic potential


https://www.youtube.com/watch?v=xjYgfjVZ-Vk
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ABSTRACT

Giardia duodenalis (syn. Giardia lamblic and Glardia intestinalis] is a common incestinal parasite of humans
and mammals worldwide, Assessing the zoonotic transmission of the infection requires molecular char-
acterization as there is considerable genetic variation within G. dusdenalis. To date eight major genetic
groups [assemblages) have been identified, two of which (A and B) are tound in both humans and ani-
mals, whereas the remaining six (C to H) are host-specific and do not infect humans. Sequence-based sur-
veys of single loci have identified @ number of genetic variants ( genotypes | within assemblages A and B in
animal species, some of which may have zoonotic potential. Multi-locus typing data, however, has shown
that in mosr cases, animals do nar share identical multi-locus types with humans, Furthermore, interpre-
tation of genatyping data is complicarad by the presence of multiple alleles that generate “double peaks™
in sequencing files from PCR products, and by the potential exchange of genetic material amang isolates,
which may account for the non-concordance in the assignment of isolates to specific assemblages. There-
fore, 2 berrer understanding of the ganerics of this parasite is raquired to allow the design of maore sen-
girive and variable subryping toals, thar in turn may help unravel the complex epidemiology of this
infection.
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Zoonotic potential of Giardia intestinalis

Table 2. Genotypic groupings (assemblages) of Giardia duodenalis and species”

Species (= assemblage) Host

G. duodenalis (= assemblage A) Humans and other primates, dogs, cats, livestock, rodents and other wild mammals
G. enterica (= assemblage B) Humans and other primates, dogs, some species of wild mammals
G. agilis Amphibians

G. muris Rodents

G. psittaci Birds

G. ardeae Birds

G. microti Rodents

G. canis (= assemblages C/D) Dogs, other canids

G. cati {= assemblage F) Cats

G. bovis (= assemblage E) Cattle and other hoofed livestock

G. simondi (= assemblage G) Rats

“Designation based on original taxonomic descriptions.

Dogcat
‘ cycle ?

Molecular Characterization

Frequency of Direct (Occasional

vanemission? waterbomne) Assemblages Some Species Commonly Infected

AT Humans and animals (cats, dogs, livestock, deer,
muskrats, beavers, voles, guinea pigs, ferrets)

waterborne

Frequency of

tr ?
Human ke Livestock A-II Humans (more common than A-I)
cycle Dtrecl or cyde A-III and A-1V |Exclusively animals

B Humans and animals (livestock, chinchillas,
beavers, marmosets, rodents)
Frequency of CandD Dogs, coyotes
transmission?
E Alpacas, cattle, goats, pigs, sheep
F Cats

https://doi.org/10.1016/}.pt.2008.11.006
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Zoonotic potential of Giardia intestinalis
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Zoonotic potential of Giardia intestinalis

Hnn-hurnn
primates

Pinnipeds
Ass. H

Ass. C+D+A

Giardia assemblages and transmission to humans. Most human infections are anthroponotic, and involve sub-
assemblages Al, All, Blll and BIV. Sub-assemblage Al has zoonotic potential, and involve livestock, wild ruminants, non-
human primates, cats and dogs. Occasional reports of transmission of assemblages C, E and F have been reported,

likely originating from the animals predominantly infected by these assemblages.
https://doi.org/10.1016/.meeqid.2017.12.001
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Diagnosis of giardiosis

microscopy

detection of coproantigens
examination of duodenal fluid
ENTEROtest
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Using SNAP* Test Kits'

Pet-side screening you don't have to second-guess
Blood/serum/plasma sample test procedure
-
<

I‘ﬁ‘w .

2%,

1. Dispense 3 drops of sample 2. Gent'y invert the samole 3. Pour the entire conterts

N - i
«

and 4 drops of conjugate nto tube 4-5 times to max. of the sample tube into
a disposable sampée tube. the sample well of a
SNAP® device,

Fecal sample test procedure

- Q

rd®.4

— Giardia Agq

I+
s

Giardia—Test dogs and cats that present
with diarrhea.

s

o=

actvation circlks

4. When color first appears in -~ 5, When the appropriate

the activation circle, press development time has passad,
firmly to activate. You will read the result.
hear a distinct *snap?

Blue dot=positive

h = AA | Any color development in
;. f!a . ' z the sample spot indicates a
d : positive result.
1. Swab sample and place swab 2. Sgueeze and release bulb 3. Squeeze bulb to dispense The SNAP® cPL™ Test and
tip into tube. Benc bulb to brezk 3 times to mix sample and 5 drops into the sample SNAP® IPL™ Test are the
seal and release conjugate, conjugate. well of a SNAP* device. exceptions because they
provide comparative results.
= @ Devzlopment tima in mirutes. | Store at reom temperature or in refrigerator, -4 Store in refrgerator,
'nterpretlng resu Its KEY ALL components MUST be at room temperature before running the test.

SNAP Giardia Test

https://www.youtube.com/watch?v=pscqOZerxhg

v" detects soluble Giardia antigens, no more slide-scanning for evasive cysts
v" no sample-prep time = easy to set up alongside faecal floats
v the first USDA-approved in-clinic rapid assay for the detection of Giardia-solution antigen


https://www.youtube.com/watch?v=pscgOZerxhg

Journal of Eukaryotic Microbiology 2019, 66, 4-119

Parabasalia

* monophyletic group

* parabasal apparatus = massively developed or even multiplied Golgi apparatus
associated with 2 or more transversely striated microfibrils extending from the
kinetosome = parabasal fibres

« generally with 4 flagella / kinetosomes, but frequently with additional flagella (one
to thousands)

« 1 kinetosome bears sigmoid fibres that connect to a pelta—axostyle complex

* reduction or loss of the flagellar apparatus in some taxa x multiplication of all or
of parts of the flagellar apparatus in several taxa

« closed mitosis with an external spindle, including a conspicuous microtubular
bundle

* hydrogenosomes instead of mitochondria
* no cytostome

* anaerobic organisms, commensals, mutualists and parasites of vertebrates and
invertebrates



Parabasalia
karyomastigont / parabasal apparatus

* basal bodies(1, 2 3, R) (kinetosomes)
* parabasal fibres (PF1, PF2)

* pelta-axostyle complex (PAX)

* pelta (P) sheet microtubules (helmet)

« axostyle (Ax) sheet microtubules that
runs down the centre of the cell and in
some cases projects past the end

* undulating membrane (UM)

« costa (C) microfibrillar structure to
support undulating membrane

 Golgi apparatus (G)
 nucleus (N)




Parabasalia

Cell organisation in Parabasala (Trichomonas): 1) anterior flagella, 2) kinetosomes,
3) parabasal body, 4) costa, 5) parabasal fibers, 6) undulating membrane, 7) posterior
flagellum, 8) hydrogenosomes, 9) axostyle, 10) nucleus, 11) pelta



Parabasalia
Karyomastigont — costa
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mechanical support to the undulating membrane

different striations (A-type x B-type)

A-type (Tritrichomonas) - attached to kinetosome 2

B-type (Trichomonas, Pentatrichomonas) - connected to kinetosome R (kinetosome of
the recurrent flagellum)



Parabasalia
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Critical Taxonomic Revision of Parabasalids
with Description of one New Genus and three
New Species

Ivan Cepicka™", Viadimir HampI®, and Jaroslav Kulda®

*Dapartment of Zoalagy, Faculty of Sciance, Charlas Univarsity in Prague, Vinicna 7. Pragus, 128 44,
Czech Republie

PDepartment of Parasitology, Faculty of Science, Charles Univarsity in Prague, Vinicna 7, Prague,
128 44, Czech Republic

Submitted Aagust 10, 2NH; Accented Movember 21, 200E
Maritaring Editor; G, Grabsam Glark

We propose a8 new classification of Parabasalia which is congruent with both ultrastructural and
molecular-phylogenetic studies. We identify six main parabasalid lineages and give them the rank of
class: Hypotrichomonadea, Trichomanadea, Tritrichomonadea, Cristamanadea, Trichonymphea, and
Spirotrichonymphea. Trichomonadea is characterized by a single mastigont and by the absence of
both a comb-like structure and an infrakinetosomal body. Most representatives also possess a
lamelliform undulating membrane. Trichomonadea s divided into twoe monophyletic orders,
Trichomonadida (family Trichomonadidae; with a B-type costa)] and Honigbergiellida (families
Honigbergiellidae, Hexamastigidae and Tricercomitidae; without a costa). The class Tritrichomona-
dea, with a single arder Tritrichomonadida, is ancestrally characterized by a single mastigont with four
flagella, and both 8 comb-like structure and an infrakinetosomal body. The morpholegically most
complex representatives (family Tritrichomonadidae) possess in addiion a rail-type undulating
mambrane, an A-type costa, and a suprakinetosomal body. These last three characters are absent in
families Monoccercomonadidae and Simplicimonadidae. The remaining tritrichomeonadids, Dienta-
moebidae, have undergone reduclive evolution. Cristamonads [Cristamonadea) are morphologically
derived from tritrichomonads. Because we are unable to determine merphologically homogenous
monophyletic lineages within cristamonads, we classify all cristamonads into a single family,
Lophomonadidae. Hypotrichomonadea, comprising the genera Trichomitus and Hypolrichomonas,
resambles Tritrichomonadaa by an A-typa costa, and by the prasence of a comb-like structure in the
mastigont. However, they do not possess an infrekinetosomal body, and are not specifically related to
Tritrichomonadea in molecular-phylogenctic analyses. Maoreaver, unlike Tritrichomonadea, Hypotri-
chomonadea possesses a lamelliform undulating membrane. The remaining parabasalids are of
complex morphology and belong to the classes Trichonymphea and Spirotrichonymphea. A new
parabasalid genus, Simplicimonas (Tritrichomonadea), and three new species, Tetratrichomonas
unduwla, Hexamastix coercens and Simplicimonas simills, are described.

& 2009 Elsevier GmbH. All Aights reserved.
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Parabasalia

Trichomonadea Cristamonadea
Hypotrichomonadea Spirotrichonymphea
Tritrichomonadea Trichonymphea

Parabasalids were traditionally divided in orders Trichomonadida and Hypermastigida:

,trichomonads* ~hypermastigids*“
e 10-40 ym e up to 500 uym
* up to 6 flagella » thousands flagella
* symbionts or parasites * exclusively in the hindgut of termites and
« urogenital tract, oral cavity, intestine wood-eating Cryptocercus cockroaches

of vertebrates




Parabasalia

Cepicka et al. 2010:
Critical taxonomic revision of
Parabasalids with description of one

new genus and three new species.
Protist 161, 400-433

https://doi.org/10.1016/j.protis.2009.11.005

TRICHOMONADEA

hu-ubn'ulidn

Trichomonadida

Tnchamonas group

Hpotrcham e

Costa -educed

TRITRICHOMONADEA

Dientamocbidae

Uhlicasta+ Beaomb
ok, Fagells recuoed

SPIROTRICHONYMPHEA

.  Holomastigotoididae

Cresta, spiralised axostyle,
madified UM, costa reduced

Comk, 4 flagelia lamelliform
ameliiform UM, UM, costa B
COsta A

4 flagella, 1B, comb, raliform UM, costa A

Multipie flagella retained
durning division, spiralised
rows of flagelia and
parabasal bodies, usually
modified axostyle,

| Stout Tritrichomonas-like axostyle |

Multiple flagetla |
retained during
division, bi- or
tetraradially
symmetric
rostrum
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Cepicka et al. 2010: Protist 161

Parabasalia
Honigbergiel.llda -
Trichomonadea
* 4-6 flagella with 1 axoneme supporting lamelliform
undulating membrane Honigbergillidae
» B-type costa, sometimes absent

« axostyle usually of “Trichomonas type”

Costa
lost

 Hexamastix, Pseudotrichomonas, Tricercomitus, ,T,;'c;';;'g;;a;g’u;
Trichomonas, Tetratrichomonas, Pentatrichomonas,
Cochlosoma

5 flagella
R T T e

https://doi.org/10.1016/j.protis.2009.11.005
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Trichomonas vaginalis

» causative agent of human trichomoniasis
 10-20 x2-14 um, typically pyriform

« pentaflagellate - 4 flagella from the anterior cell
portion + 1 flagellum backwards to the middle of the
organism, forming undulating membrane

* undulating membrane without free flagellum

« axostyle extending from the posterior aspect of the
cell

» V-shaped parabasal apparatus

* large genome (strain G3, 176,441,227 bp) with ~
60,000 protein coding genes organized into 6
chromosomes

» obligate parasite phagocytosing bacteria, vaginal
epithelial cells and erythrocytes and is itself ingested
by macrophages




Virulence factors in Trichomonas vaginalis

« cytoadherence
* level of iron intake
» defence against complement and leukocytes




Cytoadherence of Trichomonas vaginalis
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https://www.science.org/doi/10.1126/science.1132894
https://doi.org/10.1016/j.pt.2012.10.004

Human urogenital frichomoniasis

 humans are the only known host of T. vaginalis
« infection of the urogenital tract
« cosmopolitan, sexually transmitted diseases (STD)

* possible contaminant transmission and
transmission to newborns during childbirth

« estimated 248 million new cases per year in the

world
« treatment with metronidazole : ‘
» most infected people are asymptomatic

* sexual partners, even if asymptomatic, should also
be treated

« without treatment, can persist for months to years -
in women, and is thought to improve without microbial vaginal smear (MVS)
treatment in men




Trichomoniasis

Table 1: Cverview and characteristics of diagnostic assays for Trichomonas vagimalis*

https://lwww.youtube.com/watch?v=ze8jA2y1klQ
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Kissinger BMC Infectious Diseases (2015) 15:307

DOI 10.1186/512879-015-1055-0
BMC

Infectious Diseases

REVIEW Open Access

Trichomonas vaginalis: a review of @ e
epidemiologic, clinical and treatment issues

Patricia Kissinger

Abstract

Trichomonas vaginalis (TV) is likely the most common non-viral sexually transmitted infection (STI) in the world. It is
as an important source of reproductive morbidity, a facilitator of HIV transmission and acquisition, and thus it is an
important public health problem. Despite its importance in human reproductive health and HIV transmission, it is
not a reportable disease and surveillance is not generally done. This is problematic since most persons infected
with TV are asymptomatic. Metronidazole (MTZ) has been the treatment of choice for women for decades, and
single dose has been considered the first line of therapy. However, high rates of retest positive are found among TV
infected persons after single dose MTZ treatment. This has not been explained by drug resistance since in vitro
resistance is only 2-5 %. Treatment failure can range from 7-10 % and even higher among HIV+ women.
Treatment efficacy may be influenced by vaginal ecology. The origins of repeat positives need further explanation
and better treatment options are needed.

Keywords: Trichomonas vaginalis, Trichemoniasis, Epidemiology, Treatment

https://doi.org/10.1186/s12879-015-1055-0
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Trichomonas tenax

e 12-20 x 5-6 um
* long axostyle and tail

4 anterior flagella + 1 recurrent flagellum
raising an undulating membrane to 2/3 of
the cell

« oral cavity and bronchi of humans

* likely involved in the degradation of
periodontal tissue

» affecting more than 50 % of the population

» routine hygiene is generally not sufficient
to eliminate the parasite




Trichomonas gallinae

* 6-15x4-8 ym

« cosmopolitan parasite of pigeons and doves

* 4 anterior flagella and undulating membrane GO

« undulating membrane extending 2/3 of the cell \g, i
length

« lacking the free posterior flagellum

« commonly found in the mouth, throat, gastro-
intestinal tract and upper respiratory tract of
pigeons, doves, turkeys, chickens, canaries,
raptors (predatory birds) and a variety of

psittacine (parrot) birds including budgerigars,
cockatiels and Amazon parrots




Trichomonas gallinae

causative agent of bird trichomonosis /
trichomoniasis in young birds

vellow necrotic lesions in mouth and
oesophagus

known as ,canker” (doves, pigeons) and as
Lfrounce” (raptors)

fatal for young pigeons aged 1-3 weeks

adult bird as carriers - infection via
regurgitated crop content (,pigeon milk®)

infection via contamination of food and water
transmission to the raptors
avirulent strains x virulent strains

canker in pigeon



Trichomonas gallinae

* survives at least 5 days on some moist
grains and several hours in water

* extremely sensitive to desiccation (drying)
* no cysts or resistant stage

e caseous necrotic masses in the upper
digestive tract and occasionally in the
visceral organs

» diagnosis based on the history, clinical
signs, lesions and identification of the
organism microscopically and by culturing
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frounce in falcon



Trichomonas gallinae

« recent appearance of deadly infections in wild Passeriformes with T. gallinae
obtained greater attention

« trichomonosis in Europaen green finch (Carduelis chloris)
https://doi.org/10.1051/parasite/2019022

The bird was in poor nutritional condition and had a
The bird sat on the ground. It had ruffled moderately developed pectoral muscle. Thick yellowish
feathers and some mucus dropped out of exudate covered part of the oral cavity, the crop and the
its beak. upper oesophagus.
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Transmission of Trichomonas gallinae

Birds at tirdieedar
and birdbath

Billing/feeding courtzhip

Wild raptor catching ar eating an
infactad dove

Captive rapior being provided
irfeclad dove ar pagaon
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Trichomonas stableri n. sp., an agent of trichomonosis in Pacific Coast (I cusun
band-tailed pigeons (Patagioenas fasciata monilis) ™

Yvette A. Girard *, Krysta H. Rogers ® Richard Gerhold*, Kirkwood M. Land ¢, Scott C. Lenaghan®,
Leslie W. Woods ', Nathan Haberkern “, Melissa Hopper “, Jeff D. Cann ¥, Christine K. Johnson®

4 Wildlife Health Center, School of Veterinary Medicine, University of California, Davis, CA 95616, United States

" Wildlife Investigations Laboratory, California Department of Fish and Wildlife, Rancho Cordova, CA 95670, United States
“ Department of Biomedical and Diagnostic Sciences, University of Tennessee, Knaxville, TN 37996, Unired Stares
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€ Center Jor Renewable Carbon, University of Tennessee, Knoxville, TN 37996, United States

“California Animal Health and Food Safety Laboratory, University of California, Davis, CA 95616, United States
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ARTICLE INFO ABSTRACT
Articie history: Trichomonas gallinae is a ubiquitous flagellated protozoan parasite, and the most common etiologic agent
Recejved 8 October 2013 of epidemic trichomonosis in columbid and passerine species, In this study, free-ranging Pacific Coast

Revised 11 December 2013

band-tailed pigeons (Patagioenas fasciata monilis) in California (USA) were found to be infected with
Accepted 12 December 2013

trichomonad protozoa that were genetically and morphologically distinct from T. gallinae, In microscopic
analysis, protozoa were significantly smaller in length and width than 1. gallinae and were bimadal in
morphology. Phylogenetic analysis of the [TS1/5.85/ITS2. rpbl, and hydrogenosomal Fe-hydrogenase
regions revealed that the protozoan shares an ancestor with Trichomonas vaginalis, the sexually-transmit-
ted agent of trichomoniasis in humans. Clinical and pathologic features of infected birds were similar to

Kevwords:
Avian trichomonosis
Trichomonas gailinae

Columbidae infections with T. gallinae. Evidence presented here strongly support taxonomical distinction of this
Band-tailed pigeon parasite, which we hereby name Trichomonas stableri n. sp. This work contributes to a growing body of
Phylogeny evidence that 7. gallinae is not the sole etiologic agent of avian trichomaonosis, and that the incorporation
ITS1/5.85/1TS2 of molecular tools is critical in the investigation of infectious causes of mortality in birds.
Fel-,l;ydmgennse i 2013 The Authors. Published by Elsevier Ltd. All rights reserved.,
m

https://doi.org/10.1016/j.ijppaw.2013.12.002
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Tetrarichomonas canistomae
« oral cavity of dogs




Tetratrichomonas brixi

« oral cavity of cats and dogs
 morphologically identical with T. tenax

* new species description based on sequencing and
phylogenetic analysis of ITS1-5.8S-ITS2 region

» prevalence of T. brixi from the mouth of dogs and cats
were 30,6 % (34/111) and 6,6% (8/122)




Pentatrichomonas hominis

4 anterior flagella + 1 trailing flagellum
* long undulating membrane

no known cyst

infection via ingestion of trophozoites in faecal-contaminated food
or water, or on fomites

non-pathogenic commensal in colon of humans and various
mammals

human isolates are capable of infecting cats via oral inoculation
with trophozoites




Schematic view of (a) Trichomonas vaginalis, (b) T. tenax and (c¢) Pentatrichomonas hominis

AF - free flagella, AX - axostyle, CO - costa, HY - hydrogenosome, N - nucleus, PP - parabasal
body, PG - parabasal body + Golgi apparatus, RF - recurrent flagellum



QDPDX Nonpathogenic Flagellates

225) D 2

Cysts ingested Trophozoites ingested)|

Retortamont

H
Enteromonas intestinalis|
hominis \
Pentatrichomonas
hominis
TROPHOZOITES  CYSTS
Enteromonas
hominis Noninvasive
colonization
Retortamonas )
intestinalis Cysts and/or trophozoites
4 passed in feces.
Pentatrichomonas
hominis [No cyst stage) @ Infective stage

4 Diagnostic stage
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Trichomonas galiinae
Trichomanos stabler!
Tetratrichomonas sp.
Tetrotrichomonas gallingrum

Trichomonas vaginalis
Trichomonas tenax

Tritrichomonas foetus

Pentalrichomonas hominis

Dientamoeba fragilis

TRENDE i Parastotay

Fiqure 3. Speculative modsls of zoonocsas caused by trichomonads. Trichomonads are listed on the right and colored according to primary hosts assignad historically in the
literature, Unbroken fines represent known infections or transmission routes, and broken lines represent speeulative infections or transmission routes for which data are
Iscking. The relationehips ara represented as follows: (blue box) trichomonads identified in wi'd bird epecies (e.g., green finch [1£] and toucan [81]1 in partislly domesticstsd
species (rocc dove| and in fully domesticated species (chicken| cicculate within thase populatinns with variable host specificity [ 17 Thlue unhroken circle with arrow), Two of
the four evian trichomonads listed | Jeratnchomonas sp. and Tetratcichomonsas galiinarum) heve baen identified in humen lungs 247, end Trichomonas gslinae and
Trichomonas stablari are also included owing to their close relationship to Tnchomanas tenax and Trickomonas vaginaiis [5,49], |1Red box) T, vaginalis snd T. tonax are the
o species considered human-specilic, with known human-to-human infections (unbroken red circle). The close genetic relationship ol the human and avian trichomonads
(Figure 2) sugqgssts either independent zoonotic acquisitions from avian scurces Ibrokan blue arrow; or transfer of the parasimes from humans to birds through
environmental contamination Ibroken red arrowl. (Green box) Tritrichomaonas foetus has been isalated from a variety of pets and farm animals, with the same strain known
to infect cattle snd pigs (unbroken graen errowl [2£], but diffarent genctypes infacting cettle and cats [22,31]; the onigine of dog infactions remain unclzar [32]. Thus, there
are at least two T, foetus genntypes capable of colonizing an extensive range of hosts, including humans (47 lbroken green ciccle and arrow]. The lack of precise
apidemiclogicsl dets is incicatad by 'Y, [Purple box) Pentatrichomonas hominis has been isolsted from & varisty of pets and farm animals [22], but little is known about its
infection route and aepidemicleqy: the same strain could be circulating betwesn all identified hosts throken pumple circlal, (Orange box) Disntamacha fragilis has besn
salated from larm arimals {pigs) and non-human primetes (gorillas), with the seme strain known to infect pigs and humans [21] lunbreken orange arrow|. Recent evidence
suggests that housshold pets co not play a role in transmission [52]; howsvear, the origins remain unclear and multipls strains could be circulating in animal hosts (broksn
orange circle and arrowl. Additionally, given recent prevalence and transmission data f seems unlikely that transmission rom non-human hoests represents s signilicant
proportion of infections. Contaminatad surfacas and water [53], uncooked meat, or cirect contact with pets and farm animale could lead to animal-to-humen transmissions
of trichnmonads. Inftial infectinng were presumahly through the cigestive tract (via oral ingestion] with further progression to the lengs for some (varions) spoecies or the
uragenitsl tract | . vaginslis.


https://doi.org/10.1016/j.pt.2014.05.005

Cochlosoma anatis

» associated with enteritis in ducklings, turkeys and finches




Cochlosoma anatis

https://doi.org/10.1099/ijs.0.63754-0

International Journa! of Systematic and Evoiutionary Microbiology (2006), 56, 305-312 DOI 10.10938/ijs.0.63754-0

Affiliation of Cochlosoma to trichomonads
confirmed by phylogenetic analysis of the small-
subunit rRNA gene and a new family concept of
the order Trichomonadida

Vladimir Hampl,' Martin Vrlik,' lvan Cepicka,' Zdenék Pecka,’
Jaroslav Kulda' and Jan Tachezy'

Lepartment of Parasitology, Faculty of Scence, Charles University, Vinicna 7, 128 44, Prague,
Czech Republic

“Instiiute of Parasitology AVCR, Branisovska 31, 370 05 Ceské Budgjovice, Czech Republic

The protozoan genus Coechlosoma includes parasitic intestinal flagellates of birds and mammals of
uncartain taxonomic classification. The presence of an adhesive disc. superficially similar to that
of Giardia, led to a proposal that Cochlosoma should be classified as diplomonads. Careful
morphological and ultrastructural observations, however, revealed conspicuous homologies to
trichomaonads. We addressed the question of classification and phylogenetic affiliation of

Cochlosoma using the methods of molecular phylogenetics. Analyses based on the 16S rRNA
gene sequence of the spacies Cochlosoma anatis very robustly placed Cochiosoma in the
clade of the parabasalid subfamilies Trichomonadinae, Trichomitopsiinae and
Pentatrichomonoidinae of the order Trichomonadida (bootstraps =94 %). The data did not provide
robust support for any particular position of Cochiosoma within this clade because the
sequence suffered from mutational saturation and produced a long branch. The most probable
sister taxon of Cochlosoma is the genus Pentatrichomaonas, because their relationship was
supported specifically by the slowest-mutating, least-saturated positions as determined using the
method slow~-fast. Classification of the order Trichomonadida was revised to accommodate
knowledge aboul its phylogeny — the family Cochlosomalidae and subfamilies Trichomitopsiinae
and Pentatrichomonoidinae were abandoned, Trichomonadidae was amended and new families
Tritrichomonadidae (formerly a subfamily) and Trichomitidae were proposed.
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Parabasalia

Cepitka et al. 2010: Protist 161

Hypotrichomonadea “‘,(,'785'}\'5?8'

* 4 flagella with 1 axoneme supporting a lamelliform
undulating membrane

« comb-like structure present, but no infrakinetosomal
body, biramous parabasal body

» A-type costa

» axostyle of “Trichomonas type” Trichomitus | Hypotrichomonas
« symbionts in intestines of lizards, tortoises, kangaroos,

pigs and cockroaches Comb, 4 flagella

. ] : p lamelliform UM,
Hypotrichomonas, Trichomitus SRR

https://doi.org/10.1016/j.protis.2009.11.005
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Parabasalia

Hypotrichomonadea

Trichomitus batrachorum
« commensal in intestine of frogs

Hypotrichomonas blattarum

« commensal in hindgut of blaberid
cockroaches

http://dx.doi.org/10.1016/j.ejop.2015.02.003
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Parabasalia

Tritrichomonadea

* uninucleate or binucleate; 0-5 (4 ancestrally)
flagella; ancestrally with comb-like structure

* undulating membrane typically of a rail type (if
present)

* A-type costa
« suprakinetosomal and infrakinetosomal body

* axostyle of “Tritrichomonas type” or* Trichomonas
type"

» Histomonas, Dientamoeba, Monocercomonas,
Tritrichomonas

Cepicka et al. 2010: Protist 161
TRITRICHOMONADEA

Dientamoebidae

UM+costa+IB+comb
lost, flagella reduced

Monocercomonadidae § 1

UM reduced

https://doi.org/10.1016/j.protis.2009.11.005
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Histomonas meleagridis

» wide range of birds including chickens, turkeys,
quail and pheasants

* blackhead disease, infectious enterohepatitis,
or histomoniasis

* in two forms: amoeboid (8-15 um) in tissues x
flagellated (spherical, up to 30 um) in lumen or
free in the contents of caecum

* both forms are shed in faeces and survive in the
external environment for only a few hours

« transmitted in the eggs of nematode Heterakis
gallinarum (caecal parasite, eggs of which are
transmitted by earthworms)

A Cecal worm eggs * 2 @ :
| Binary fission in {o}
::gmdbvy ‘ = @

heterakid egg
containing histomonad

Histomonas



Complex life cycle of Histomonas meleagridis

. " Mechanical vectors
ﬁ\ —of of heterakid eggs \
‘ ‘\ Parasitize the cecae |

Turlfe-)f; consume H. . and degrade
meleagridis-infected materials

intestinal tissue
/ﬂ ’
Carrier \ / Disease
cycle cycle \

%f Horizontal transmission
% of histomonads via
cloacal contact
; Hi n h
Heter. akrs\ istomonads shed

in excreta

Histomonads
migrate to liver
via hepatic
portal vein

gallinarum
consume
histomonads

<

Focal necrosis and
hepatic failure

https://doi.org/10.3389/fvets.2022.880738
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Blackhead disease

* symptoms within 7-12 days after infection - depression, reduced appetite, poor growth, increased
thirst, sulphur-yellow diarrhoea, listlessness, drooping wings

 symptoms highly fatal to turkey, less pathogenic in chickens; young birds most susceptible
(particularly those 3-12 weeks old) - mortality up to 70 %

»N_ ) . i .
P emy.__ -  TDysbiosis & e@ Histomonads parasitize &
4 cecal necrosis oo & degrade the cecal tissue
T Intestinal
(2.2 s e . permeability
L - n..n- c.A s e @, o'e® & bacterial
—‘ - T4 entry
A ®e Inflammation

Translocation of bacteria and histomonads to liver via
hepatic portal blood

https://doi.org/10.3389/fvets.2022.880738

* synergistic interaction with other enteropathogens (such as coccidia, Clostridium perfingens)


https://doi.org/10.3389/fvets.2022.880738

Disease Transmission and Process

Blackhead disease

| Histomoniasis Biosecurity
Vectors (disease carriers) (Blackhead) + Dirt floors and litter with cecal

) worms and eggs are a RISK
« Ingesfion of cecal worm eggs, larvae or Do not pile or spread litter nearby
adults

Ingestion of eariwomms containing £0gs Do no re-use contaminated litter
infected with histomonads . Do not place birds on unireated

dirt floors

. Possibly by transmission from Organism )
' N i —} = « Ensure adequate cleaning and
beetlesffies mechanically carrying the ingested - i i
histomonads disinfection procedures are in place

Change clothing and footwear

between sheds

Do not move equipment between sheds
o

« Rodents, equipment and other fomites
such as clothes, footwear, efc.
Flood water may act as a trigger for

earthworm activity Organism
- J reaches ceca

Cecal wall
thickening
and damage

Cecal worms
(Heterakis gallinarum)

« Eggs passed in feces

Cecal cores
develop

Organism -
enters blood Facnlrtate_d D‘f_
concurrent infection
stream and with bacteria/coccidia
reaches liver

Liver may
present with
necrotic
lesions

CLINICAL SIGNS
AND DEATH




Typical lesions resulting from
Histomonas meleagridis infection

(A,B) caseous cheese-like caecal core
(C,D) focal necrosis resulting in target-like
liver lesions







Diagnosis of blackhead disease

v" clinical symptoms e Az
v’ pathological findings b '
v' trophozoites of H. meleadridis in tissues (edges of

pathological lesions) - -

v" cultivation AP,
v histopathology — PAS (Periodic Acid Schiff) ey 2
reaction ‘ ) .

: .l’ﬁ
il @g

)
.
* i
X
A i) = |

Histological section stained with H&E of liver
showing H. meleagridis (black arrows) and
necrotic liver cells (white arrows).




Control of blackhead disease

Control focused on Histomonas meleagridis

v"good management of the farm and sanitation are the only effective strategies
to control the spread of infection

v" ban of effective therapeutic and prophylactic medication in the EU (5-
nitroimidazols: ronidazole, dimetronidazole, metronidazole, rodidazole)

v" plant substances as an alternative treatment

Control focused on Heterakis gallinarum
v" anthelmintic treatment
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Histomonas meleagridis—New insights into an old pathogen (!)Cmm
Michael Hess ", Dieter Liebhart, Ivana Bilic, Petra Ganas

Department for Farm Animals and Veterinary Public Health, Clinic for Poultry and Fish Medicine,
University of Veterinary Medicine Vienna, Veterindrplatz 1, A-1210 Vienna, Austria

ARTICLE INFO ABSTRACT

The protozoan flagellate Histomonas meleagridis is the etiological agent of histomonosis,
first described in 1893. It is a fastidious disease in turkeys, with pathological lesions in
the caeca and liver, sometimes with high mortality. In chickens the disease is less fatal

Keywaorts:
Histomonas meleagridis
Molecular repertoire

Histomonosis and lesions are often confined to the caeca. The disease was well controlled by applying
Diagnostics nitroimidazoles and nitrofurans for therapy or prophylaxis. Since their introduction into
Treatment and prophylaxis the market in the middle of the previous century, research nearly ceased as outbreaks of

histomonosis occurred only very rarely. With the ban of these drugs in the last two decades
in North America, the European Union and elsewhere, in combination with the changes
in animal husbandry, the disease re-emerged. Consequently, research programs were set
up in various places focusing on different features of the parasite and the disease. For the
first time studies were performed to elucidate the molecular repertoire of the parasite. In
addition, research has been started to investigate the parasite's interaction with its host.
New diagnostic methods and tools were developed and tested with samples obtained from
field outbreaks or experimental infections. Some of these studies aimed to clarify the intro-
duction of the protozoan parasite into a flock and the transmission between birds. Finally,
a strong focus was placed on research concentrated on the development of new treatment
. . and prophylactic strategies, urgently needed to combat the disease. This review aims to
https://doi.org/10.1016/].vetpar.2014.12.018  summarize recent research activities and place them into context with older literature.
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Dientamoeba fragilis

» pleomorphic trophozoite (4—20 um), typically binucleate

 parabasal apparatus and hydrogenosomes

« permanently lost flagella and kinetosomes

* pseudopodia in fresh material

Figure 2. Light micrograph of non-flagellated trophozoite forms
of Dientamoeba fragilis cultured in a Modified Boeck and Drbohlav’s
medium. Micrograph was taken under bright field microscopy. Rice

starch granules can be observed as large refractile bodies within the

cytoplasm. Bar represents 10 pm.
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Dientamoeba fragilis
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A-C) trophozoites, D-F) precysts, G-l) cysts stained with a modified iron haematoxyline
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Dientamoeba fragilis

Precyst
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ODPDX Dientamoeba fragilis

e Hypothetical _
transmission via I — ‘
@5 Enterobius eggs. B Possible involvement
. of pre-cyst and cyst stages
|4

L\ Direct fecal-oral @

transmission

Trophozoites in
lumen of colon

@\ Infective stage Ty A 8]
5 Diagnostic stage G Trophozoites in feces ﬁ

The complete life cycle of D. fragilis has not yet been elucidated. Assumptions have been made on the basis of clinical
observations and the biology of related species (H. meleagridis in particular). Trophozoites that multiply via binary fission in
the large intestine lumen are shed in the stool. Only the trophozoites of D. fragilis have been detected so far. Although
rare putative forms of cysts and precysts have been described in human clinical specimens; it is not yet known whether
and under what conditions transmission to humans occurs through their ingestion, in contrast to other faecal-oral
transmission routes. Transmission via helminth eggs (e.g. Enterobius vermicularis) has been postulated.




Putative life cycle of Dientamoeba fragilis

Pleomorphic trophozoites of D. fragilis. (A) Binucleate
trophozoite (modified iron hematoxylin staining); (B)
live trophozoite displaying motility (phase-contrast
microscopy).

https://doi.org/10.1128/CMR.00076-15

FIG 7 Life cycle of 1. fragilis showing current hypotheses on transmission. [, fragilis is ingested from the external environment by a host species in one or more
possible forms {1). The preferred transmissible form is yet to be determined. Humans are thought to be the preferred host of D. fragilis, although gorillas, pigs,
and rodents are also considered natural hosts (23, Once ingested, D, fragilis travels 1o the large inlestine, where it multiplies by binary lission (3). D. fragilis
trophozoites (A), precysts (B}, and cysts (C) are passed into the environment in the feces (4), where they contaminate food and/or water sources. . fragilis
parasites are then ingested by a new host, completing the cycle. While D. fragilis trophozoites are infectious to laboratory mice, they are noninfectious to larger
mammals. The infectivily of precysts and purified cysts is vet Lo be demonstrated. It has been suggested thal 1. fragilis may be transmitled in the ova ol the human
pinworm, Enterobius vermicularis (5}, Recent reports have confirmed the presence of D. fragilis DNA within E. versuicularis ova, although it is unknown whether
vidble and/for transmissible 173, fragilis is present in these ova.
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Transmission of Dientamoeba fragilis:

pinworm or cysts?

C. Graham Clark’, Dennis Roser?, and C. Rune Stensvold?

! Faculty of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT,

UK

? Department of Microbiology and Infection Control, Statens Serum Institut, Copenhagen, Denmark

Recently, conflicting evidence has been published on the
mode of transmission of the trichomonad Dientamoeba
fragilis. Detection of D. fragilis DNA inside Enterobius
vermicularis eggs agrees with the prediction of Dobell in
1940 that the eggs of a nematode act as a vector for

Box 2. Outstanding questions

transmission. However, the identification of a cyst stage
of D. fragilis in the stool of rodents infected with a
human isolate has also been reported, and this implies
a life cycle similar to those of most other intestinal
protistan parasites. Herein we discuss the recent data,

identify gaps in the experimental evidence, and propose
a method for determining which view of the life cycle of
this organism is correct.

https://doi.org/10.1016/j.pt.2014.01.005

Is D. fragilis transmitted by cysts, by nematode eggs, and/or by
other means?

Do multiple modes of transmission exist, and if so what
circumstances determine which mode is used?

If D. fragilis produces cysts, why have these never been reported
in humans?

Can D. fragilis cultures be obtained from D. fragilis DNA-contain-
ing Enterobius eggs or cysts from rodents?

Can experimental D. fragilis infections be produced from surface-
sterilized eggs or cysts?


https://doi.org/10.1016/j.pt.2014.01.005

Clinical presentation and diagnosis of dientamoebiasis

« pathogenicity and clinical importance of D. fragilis continue to be investigated, including
whether particular genotypes, subtypes, or strains are associated with symptomatic
infection in humans

« reported both the asymptomatic and symptomatic infection (e.g., with various
nonspecific gastrointestinal symptoms such as intermittent diarrhoea, abdominal pain,
nausea, anorexia, malaise, fatigue, poor weight gain and unexplained eosinophilia

« symptoms often reported to be like colitis, appendicitis or irritable bowel syndrome

Diagnosis
 microscopic detection in faecal smears (Heidenhain‘s iron haematoxylin, trichrome,
other permanent stains)

» trophozoites not usually detectable by stool concentration methods, can easily be
overlooked or misidentified due to their pale-staining nuclei that sometimes resemble
those of Endolimax nana or Entamoeba hartmanni

* cultivation on egg serum media (Dobell-Laidlaw)
« PCR, antigen detection...

More details in the review: https://doi.ora/10.1128/JCM.00400-16
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genus Monocercomonas
* uninucleate, quadriflagellate
« undulating membrane and costa absent
« axostyle of Trichomonas type

* non-pathogenic

Monocercomonas colubrorum
« widely distributed in cloaca of snakes and lizards 'i

M. ruminantium
* rumen - beef cattle, sheep J

M. cuniculi
 caecum of rabbits

BOAS; D — R183. Bars = 10um.
https://doi.org/10.1016/}.protis.2007.02.003
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genus Tritrichomonas
« quadriflagellate — 3 anterior flagella + well developed undulating
membrane with a long free flagellum

* rod-shaped parabasal apparatus
* nutrition by pinocytosis

Tnitrichomonas muris
* nonpathogen in cecum, colon, and small intestine of rodents

10 pm




Tritrichomonas foetus
« spindle shaped (10-25 um) cells
resembling miniature tadpoles

» traditionally identified as a cause
of reproductive disease in cattle

« currently important cause of
diarrheal in cats

; r

PF
104m

Infacted bull

Venereal transmizssion -
Farasite transmission
during mating

the parasite iz
located in the
preputial mucosa

| .. In the female,
i | the parasite is
i i located in the
i 08 canvix




Tritrichomonas foetus

Diagram and TEM of Tritrichomonas foetus. Hydrogenosomes (H) are preferentially located along the
axostyle (Ax) and costa (C). AF- anterior flagella, BB - basal bodies, ER- endoplasmic reticulum, F - parabasal
filament, G - Golgi, GL - glycogen granules, L - lysosomes, N - nucleus, Nu - nucleolus, P - pelta, R - recurrent
flagellum, UM - undulating membrane, V - vacuoles



Bovine trichomoniasis

sexual transmission

bulls = asymptomatic carriers, parasite
multiplication in foreskin

in cows causing endometritis, abortion
and permanent infertility

pyometritis = death of the foetus in utero

artificial insemination in breeding cattle
to eliminate organism from the cattle
population




Bovine trichomoniasis

* reportable disease with no available treatment

* bulls = primary carriers = most diagnostic sampling strategies focus on testing
bulls and affected bulls and cows must be culled

« sample collection methods: preputial scraping, flushing, and sponge sampling

Preputial scraping for T. foetus
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Fig. 1. A comprehensive approach to control
and eradicato boveng tnchomoniasis.
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Diagnosis of Tritrichomonas foetus-infected bulls,
an ultimate approach to eradicate bovine
trichomoniasis in US cattle?

Chaoqun Yao

Department of Veterinary Sciences, Wyoming State Veterinary Laberatory, University of Wyeming,
Laramie, WY 82070, USA

Bovine trichomoniasis is a sexually transmitted protozoan disease with a worldwide distribution. It
has been endemic in the USA for more than 80 years. Mississippi and all the states west of the
Mississippi River, except lowa and Minnesota, have rules/regulations to reduce the spread of the
disease. The core of these regulations consists of testing bulls and prohibiting importation of non-
Tritrichomonas foetus-free bulls. Factors such as sampling methods and intervals, shipping
medium and temperature, and testing techniques are reviewed for their effect on diagnostic
accuracy. Finally, a comprehensive approach for controlling and eventually eradicating the disease
is presented.

https://doi.org/10.1099/jmm.0.047365-0
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Cattle Pathogen Tritrichomonas foetus (Riedmiiller, 1928) and
Pig Commensal Tritrichomonas suis (Gruby & Delafond, 1843)
Belong to the Same Species

JAN TACHEZY, RUTH TACHEZY,"' VLADIMIR HAMPL," MIROSLAVA SEDINOVA,* STEPANKA VANACOVA," MARTIN
VRLIK,; MARC VAN RANST. JAROSLAV FLEGR’ and JAROSLAV KULDA®
*Department of Parasitology. Faculty of Science, Charles University, Vinicna 7, Prague 12844, Crech Republic, and
v Department of Microbiology and Immunology, Rega Institute for Medical Research, University of Leuven,
Kapuctinenvoer 33, 3000 Leuven, Belgium
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Cat trichomoniasis
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Tritrichomonas foetus infection, a cause of chronic
diarrhea in the domestic cat

Chaoqun Yao'™" and Liza § Kgster™

Abstract

litrichomonas foelus is @ very inlriguing trichomonad protozoan with respect te its varied chaice of residence in the
different host species, It is an ')"|IanF' parasite of the reproductive and the gastrointestinal tract of bovine and feline
nost respectively, leading to trichomaonosis. Bavine trichomonosis is a sexually transmitted disease whereas feline
trichemonosis is a disease with a purported fecal-oral route of spread. Further, the trichomaonad is a commensal in
the nasal passages, stormach, cecum and colon of swine host, Advances have been exgonential in understanding the
trichemonad biology and specifically feline trichomaonesis since late 1990z and early 2000s when [ foetus was soundly
determined to be a causative agent of chronic diarrhea in the comestic cat. It is a challenging task, even for a skilled
‘nvastigator not te mention the busy clinical veterinarian, to keep up with the wvast volume of information. Here we
comprehensively reviewed the trichamenad biology, dinical manifestations, oathogenesis, hast immunity, world map of
distributicn, risk factors, diagnosis and treatment, Risk factors asseciated with T foetus-positive status in the domestic cat
nclude young age, purebred, history of diarrhea, co-infections with other enteral pathogens. In addition, malecular
simifarity of bovine and feline iselates of 1. foetus in DNA sequence was concisely discussed. The data presented serve as an
information scurce for veterinarians, and investigators who are interested in biolegy of T. foetus and feline trichomonosis.
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Parabasalia

Cepicka et al. 2010: Protist 161
CRISTAMONADEA

Lophomonadidae

Cristamonadea

* uninucleate to multinucleate
» two to thousands of flagella/cilia per mastigont

* kinetosomes, except for ‘privileged kinetosomes’, often
discarded during cell division in highly flagellated/ciliated
taxa

« axostyle ancestrally of “Tritrichomonas type”

« secondarily thin or reduced in some; multiple axostyles in
multinuclear forms

* parabasal body single or multiple, ellipsoid or rod-shaped,
often spiralled or ramified

* symbionts inhabiting the hindgut of the lower termites [ resto, spratsea sty

modified UM, costa reduced

» Coronympha, Deltotrichonympha, Devescovina, https://doi.orq/10.1016/] protis.2009.11.005
Foaina, Joenia, Mixotricha, Calonympha
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Parabasalia

Cristamonadea

Calonympha grassii
» termite Cryptotermes brevis

Fig. 637. Calonympha grassii. Totalansicht. Vergr. 1800. (Nach Jaxicxr)



Parabasalia

Cepicka et al. 2010: Protist 161
TRICHONYMPHEA

Teranymphidae Hoplonymphidae

Trichonymphea

* bilaterally or tetraradially symmetrical, with anterior
rostrum divided into 2 hemirostra

» each hemirostrum bears 1-2 areas with hundreds to
thousands of flagella/cilia

» flagella/cilia usually retained during cell division; one
hemirostrum goes to each daughter cell; numerous
parabasal fibres

 numerous thin axostyles do not protrude outside the cell

* symbionts in hindguts of lower termites and the wood-
' Multiple flagella
feeding cockroach retainad durtig

division, bi- or

tetraradially

 Barbulanympha, Hoplonympha, Staurojoenia, symmetric

rostrum

Trlchonympha https://doi.org/10.1016/j.protis.2009.11.005
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Parabasalia

Trichonymphea

Trichonympha spp.

Staurojoenina mulleri



Parabasalia

Cepicka et al. 2010: Protist 161

Spirotrichonymphea SPIROTRICHONYMPHEA

* kinetosomes in counter clockwise spiral rows

» flagella/cilia retained during cell division with the
ciliary rows dividing between daughter cells

» axostyle single of “Tritrichomonas type”, or multiple
in thin bands, or reduced

* symbionts in hindguts of lower termites

* Holomastigotes, Holomastigotoides, Microjoenia,
Spirotrichonympha https://doi.org/10.1016/jprotis.2009.11.005
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Parabasalia Spirotrichonymphea

A) protargol-stained juvenile i

Microjoenia sp. from Reticulitermes
lucifugus
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B) protargol-stained adult Microjoenia
sp. from R. lucifugus B

<0

C) protargol-stained Spironympha sp.
from Reticulitermes flaviceps

D) living Spirotrichonympha
flagellata from Reticulitermes
hesperus, DIC £

E) protargol-stained juvenile
Holomastigotes elongatum from
Reticulitermes lucifugus

F) protargol-stained adult H.
elongatum from R. lucifugus

G) living Holomastigotoides sp. from Holomastigotes Holomasigotes. [ _-"-; Hm;sms
Coptotermes testaceus, DIC Scale bars = 10 ym for A-C, E and F; 20 ym for D, and 50 um for G



Journal of Eukaryotic Microbiology 2019, 66, 4-119

Preaxostyla

Oxymonadida

« single kinetid (occasionally multiple kinetids)
consisting of 2 pairs of ciliated kinetosomes distantly

« separated by preaxostyle (microtubular root R2, with ,
paracrystalline lamina), from which arises a | T
microtubular axostyle

» axostyle is contractile or motile in some taxa,
microtubular pelta usually present

* many taxa attach to host using an anterior holdfast
» closed mitosis with internal spindle
* lacking Golgi and mitochondria

* intestinal endosymbionts, mostly in lower termites
and Cryptocercus cockroaches



Preaxostyla

Oxymonadida

preaxostyl

pelta

axostyl
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Preaxostyla

Oxymonadida

Polymastix melolonthae

* 4 free anterior flagella + 1 recurrent
» slender axostyle and a row of microtubules or
pelta covering the anterior end e
« larvae of beetles T T

Oxymonas spp.

* 40-165 um
* 4 flagella, anterior rostellum for fixation
* gut of termites

®
—

Pyrsonympha spp.

» spirally twisted and contractile body, 20-150 ym

* 4 or 8 flagella wrapped around the cell body and
having a posterior trailing portion

« symbionts of gut of termites



Preaxostyla |
Monocercomonoides sp.

Oxymonadida * intestine of reptiles and intestine of beetles

A B (& D

. N
3 O —’N >
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From marginated tortoise (Testudo marginata) (Vlasakova 2014, Master thesis)



Preaxostyla

Trimastigida

* sister group to oxymonads

genus Trimastix
* heterotrophic free-living flagellates with 4 flagella

» broad ventral feeding groove, in which beats the posteriorly directed flagellum
(with 2 broad vanes)

« small dense organelles bounded by two membranes in place of mitochondria

Light microscopy (DIC) images of Trimastix pyriformis (A,B) and Trimastix marina (C,D). © Vladimir Hampl






Lectures

= Apicomplexa | (SAR): BPP 2022 |V

* Apicomplexa Il (SAR): BPP 2022 V

Amoebae (Excavata, Amoebozoa): BPP 2022 VI
Ciliophora, Opalinata (SAR): BPP 2022 VI

Pneumocystis (Opisthokonta, Fungi): BPP 2022 VIII
Microsporidia (Opisthokonta, Fungi): BPP 2022 X
Myxozoa (Opisthokonta, Animalia): BPP 2022 X
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