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ATYPICALHYPERPACHYMORPHTRYPANOSOMA(NANNOMONAS)CONGOLENSEFOREST-TYPE
INADOGRETURNINGFROMSENEGAL

DESQUESNESM.*,RAVELS.**,DESCHAMPSJ.-Y.***,POLACKB.****&ROUXF.*****

Summary:

Trypanosomacongolenseforest-typewasidentifiedbyPCRin
France,inadogreturningfromSenegal.Thispaperdescribesthe
morphologicalfeaturesoftheparasiteonGiemsa-stainedsmears.
Slenderformsand“latentbodies”represent30.4%and20.4%,
respectively.Somerosetteshavebeenobserved(0.8%).The
predominantform(48.4%)isstumpy,closeto“montgomeryi-
form”,butitisunusuallybroad,withawidth/lengthratio(WLr)
of0.40-0.55,whilethatof“montgomeryi-forms”iscloseto0.3.
Tothebestofourknowledge,thisisthefirstdescriptionofsucha
formofT.(Nannomonas).Alsounusual,theshapeofthecytoplasm
appearstobetightenedbyan“S-”or“C-”shapedflagellum.We
proposenamingthispeculiarmorphotype“hyperpachymorph”,and
addingitsdescriptiontothatofT.congolenseforest-type.ThusT.
(Nannomonas)formswouldinclude:sphaeromorphor“latentbody-
form”(globular),hyperleptomorph(rodhaini-form,verylongand
slender,withafreeflagellum);leptomorph(simiae-form,slender,
withafreeflagellum);isomorph(congolense-form,short,generally
withoutafreeflagellum);pachymorph(montgomeryi-form,short
andstout;0.25<WLr<0.34,withoutafreeflagellum),and
hyperpachymorph(“hyper-montgomeryi-form”,shortandvery
stout;0.35<WLr<0.7,withoutafreeflagellum).

KEYWORDS:Trypanosoma(Nannomonas)congolenseforest-type,dog,
montgomeryi-form,hyperpachymorph,PCR,Giemsa-smear.

Résumé:FORMESATYPIQUES“HYPERPACHYMORPHES”DETRYPANOSOMA
(NANNOMONAS)CONGOLENSETYPEFORÊTCHEZUNCHIENDERETOURDUSÉNÉGAL

TrypanosomacongolensetypeforêtaétéidentifiéparPCRenFrance,
chezunchienderetourduSénégal.Cettepublicationdécritlesdivers
aspectsmorphologiquesduparasitesurdesfrottissanguinscolorés
auGiemsa.Lesformesfines(slender)etlescorpslatentsreprésentent
respectivement30,4%et20,4%desparasites.Quelquesrosettes
ontétéobservées(0,8%).Lemorphotypeprédominant(48,4%)
esttrapu(stumpy),prochesdesformes“montgomeryi”,maisd’une
largeurinhabituelle,avecunrapportlargeur/longueur(rl/L)de
0,40-0,55,alorsqueceluidesformesmontgomeryiprécédemment
décritesestdel’ordrede0,3.Ànotreconnaissance,ceciestla
premièredescriptiondetelsmorphotypesdeT.(Nannomonas).La
formeducytoplasmequisemble“tendu”parunflagelleenforme
de“S”oude“C”estégalementsurprenante.Nousproposonsde
nommercemorphotype“hyperpachymorphe”,etdel’ajouterà
ladescriptiondeT.congolensetypeforêt.Ainsi,lesous-genreT.
(Nannomonas)présenteraitsixmorphotypes(duplusfinauplus
large):hyperleptomorphe(formerodhaini,trèslongetminceavec
flagellelibre);leptomorphe(formesimiae,minceavecflagellelibre),
isomorphe(formecongolense,courtgénéralement,sansflagellelibre),
pachymorphe(formemontgomeryi,courtetlarge(0,25<rl/L<0,34),
sansflagellelibre),hyperpachymorphe(forme“hyper-montgomeryi”,
courtettrèstrapu(0,35<rl/L<0,7),aucytoplasmeclairetsans
flagellelibre)etsphaeromorpheou“corpslatent”(globulaire).

MOTS-CLÉS:Trypanosoma(Nannomonas)congolensetypeforêt,chien,
formemontgomeryi,hyperpachymorphe,PCR,frottisGiemsa.
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INTRODUCTION

Identificationoftrypanosomesinmammalshaslongbeenbasedonthemorphologyandmorphometry
of theparasite inGiemsa-stainedpreparations in

the host and vector, in conjunction with host and
vectorranges,includingxenodiagnosis(Hoare,1972).
Molecularbiologybroughtaboutsignificantimprove-
mentsinspeciesidentification,withthedevelopment
of DNA probes and PCR assays (Dickin & Gibson,
1989;Moser et al., 1989;Masiga et al., 1992). Com-
binedwith parasitological and epidemiological data,
molecularcharacteristicsrevealedbyPCRorsequen-
cing,mayleadtoaccurateidentification,andevento
theconstructionofphylogenetictrees.Thesevarious
toolsmaybeusedforthedefinitionofspecies,parti-
cularlyproblematicinthecaseofprotozoanparasites
that do not include differentiated gametes in their
cycle, such as trypanosomeswhich often proliferate
more by asexual than sexual reproduction (Gibson,
2007).PCR,themostconvenientmoleculartechnique
fortrypanosomedetectionandidentification,canpoint
to various taxonomic levels (Desquesnes & Dávila,
2002).Inthesub-genusT.(Nannomonas),five-sixtaxa
havebeendescribed(Gibson,2007).
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In the present paper, subsequent to the molecular
confirmation of an infection with a single taxon of
Trypanosoma congolense forest-type (Masiga et al.,
1992)inadogreturningfromastayinSenegal(mole-
cular identificationandclinicalhistoryarepresented
elsewhere),wedescribetheparasitemorphology,with
a special emphasis on a peculiar form observed on
Giemsa-stainedbloodsmears,neverbeforedescribed.
Weproposeaddingthisnovel formtothedescribed
forms of the taxon T. (Nannomonas) congolense
forest-type.

MATERIALANDMETHODS

During a stay in Senegal, Cap Skirring, Casa-
mança,whichbeganonNovember6th,2010,
a five-year-old male Shih Tzu dog became

lethargic, weak in the hindquarters and inappetant,
although afebrile, on November 29th, 23 days after
hisarrival.ByDecember4th,hisconditionhaddete-
riorated and he began to vocalize. For this reason,
hisownerdecidedtoflybacktoFranceontheeve-
ning of December fourth. The animal presented on
December5thattheEmergencyandCriticalCareUnit
oftheAlfortSchoolofVeterinaryMedicine;sofarthe
doghadnotreceivedanytreatment.Themainclinical
signswerelethargy,dyspnoeaandpalemucousmem-
branes.BloodwascollectedonEDTAforexamination.
Bloodsmearspreparedstraightafterbloodcollection
and observedmicroscopically revealed the presence
of parasites identified as Trypanosoma. The dog
receivedanintra-muscular(IM)injectionofpentami-
dine(Pentacarinat®)4mg/kgonDecember7thand8th.
Afterhereceivedpentamidine,thedogshowedsome
improvement,beforebecominghypoglycaemic(blood
glucose: 0.66 g/L; normal from 0.75 to 1.2g/L) and
hypotensive (systolic pressure= 80mmHg; normal
from 110 to 169mmHg) onDecember 9th, it died,
fourdaysafteradmission.

Bloodcollectedonadmissionwassent to theWorld
AnimalHealthOrganisation (WAHO) reference labo-
ratoryforAfricantrypanosomesforparasiteidentifica-
tionbymicroscopicandmolecularanalysis.DNAwas
extractedusing5%chelex100chelatingresin(Walsh
etal.,1991)andPCRconductedin50μlPCRmixture
as previously described, with several taxon-specific
primersetsfor:T.(Trypanozoon),T.vivax,T.simiae,
T.congolensesavannah-type,T.congolenseforest-type,
T.congolenseKilifi-type,T.simiaeTsavo-type,T.god-
freyi,andPan-trypanosomeprimers(TRYP1)(Masiga
etal., 1992;Majiwa etal., 1993;Masiga etal., 1996;
Desquesnesetal.,2002).

PCRresultswereunequivocal,andidentifiedthespe-
ciesandtypeasT.congolenseforest-type,asdescribed

elsewhere.Alltheothertaxa-specificPCRswerenega-
tive,andthePan-trypanosomeprimers(Desquesneset
al.,2002)producedonlyonevisibleproduct,of the
specific size forT.congolense forest-type (776bp). It
wasconcludedthatthiswasamono-specificinfection
duetoT.congolenseforest-type.

Blood smears were prepared, fixed with methanol,
stained with Giemsa and washed under tap water.
Oncedry,thesmearswereobservedunderamicros-
cope, in oil immersion, and photographed with a
CanonPowerShot580®(8.0megapixels;28mmwide
anglelens).Relativepercentagesofthevariousforms
observedwereestablishedbycountingandgrouping
parasitesonfourdifferentbloodsmears,foratotalof
500 parasites. Parasite measurements (magnification
×1,000) were processed directly with a micrometer
incorporatedintheocularofthemicroscope.

For30specimensofeachmorphotype,thefollowing
measurementsweretaken:distancefromcentreofthe
nucleustotheposteriorextremity(NP),distancefrom
the centre of the nucleus to the anterior extremity
(NA), lengthof the free flagellum(F),distance from
theposteriorextremitytothecentreofthekinetoplast
(PK),distancefromthecentreofthekinetoplasttothe
centreofthenucleus(NK),diameterofthekinetoplast
(K),widthoftheparasiteatitswidestpointmeasured
onanaxisperpendicular to thebody(W), lengthof
thenucleusontheaxiskinetoplast-nucleus(LN),and
widthofthenucleusontheaxisperpendiculartothe
kinetoplast-nucleusaxis(WN).Forallmeasurements,
means (m), standard deviations (S), standard errors
(SE= S/√n) and 95% confidence intervals (CI=
1.96×SE)werecalculated.

ThelengthofthebodywasdefinedasL=NP+NA.

The Total Length of the parasite was calculated as
TL=NP+NA+F.

Thewidth/lengthratiowascalculatedasWLr=W/L.

Standardindexeswerecalculated,suchasthenuclear
index:NI=NP/NA,andthekinetoplasticindex:KI=
NP/NK.

Lightdensityofthecytoplasm,andcolorationaspects
ofthechromatininthenucleuswerealsorecorded.

Basedontheirmorphologicalfeatures,parasiteswere
roughly classified into threemain groups, andwere
countedandclassifiedintooneofthethreegroupson
threedifferent slides.The averagewas calculated to
establish themean frequencyofeach form.Rosettes
occasionally observed were considered as a fourth
form. In this paper, to avoid confusion,we use the
word“type”onlyforgeneticallycharacterisedparasites
of theT. (Nannomonas) subgenus, andwe use the
word“form”forthevariousmorphologicalfeaturesof
theparasites.Comparisonsweremadewith thedes-
criptionandpicturesavailableintheliterature.



ATYPICALHYPERPACHYMORPHT.CONGOLENSEFORESTINDOG

241Originalcontribution
Parasite,2012,19,239-247

RESULTS

The trypanosomes observed onGiemsa-stained
smearsweresmallinsize(alwaysunder15μm
inlength,andmostoftenunder12μm)witha

small-ormedium-sizedkinetoplast(0.6-1μm).Inthis
manuscript, all the figures represent Giemsa-stained
bloodsmearsfromadoginfectedwithTrypanosoma
congolenseforest-type;thisinformationisnotrepeated
inthetitlesandlegendsofthefigures.Theparasites
exhibitedroughlyfourdifferentformsillustratedand
characterisedinFigs1-10andTableI(attheexception
ofrosettes):stumpyforms(designedbyaletter“a”in
thefigures),slenderforms(b),globularforms(c),and
rosettes(d),asdescribedhereafter.

1–Stumpy forms (frequency:48.4%) (Figs1-3): the
mean length of the body is 9.67±0.5μm, with a
widthof4.07±0.2andupto5.1μm,whichreflects
very stumpyparasites,without a free flagellum (Fig.
2).Thecytoplasmisverylightincolour,thenucleus
is generally circular or oval, and in the latter case
seemstobeperpendiculartothebody(meanlength
1.81μm;meanwidth2.0μm)(Fig.3),withperipheral
clumpsofchromatin,orthepresenceof2-4marginal
concentrations of chromatin and light colour in the
centreofthenucleus.Thekinetoplastissmall(0.72±
0.1μm), marginal or sub-lateral and sub-terminal
(PK= 1.22±0.1μm) as far as may be estimated,
since the posterior extremity is sometimes so large

thatitappearstoberound,andthusthepositionof
the kinetoplast is difficult to locate. ThemeanKI is
1.21±0.04.Only thenucleus, the flagellumand the
kinetoplast are stained; the cytoplasm seems to be
empty. There are no convolutions to the flagellum;
itsshapeismostoften(87%)likean“S”whichmay
cross thenucleusor touchitsborder(Figs2,3); the
restof the time(13%), it is“C”shaped,but inboth
casesthebodyoftheparasiteseemstobetightened
by the flagellum. Thus, the “undulating” membrane
cannotreallybedistinguishedfromthebody,which
usually looks like a leaf delimited by the flagellum.
Thepositionofthenucleusisgenerallycentral(NI=
1.03±0.1).This form is similar to themontgomeryi-
formrarelydescribed in thepast (Gillain,1937),but
itisnotidentical,duetotheabsenceofconvolutions
in the “undulating membrane” and a greater width;
the mean width/length ratio (WLr) was 0.43±0.03
(minimum0.32;maximum0.70), always>0.30, and
reachingashighas0.55ormoreinsomecases.

2–Slender forms (frequency 30.4%) (Figs 1, 4, 5):
meanbodylength(without thefreeflagellum,when
present)isalmostidenticaltothatofthestumpyform,
at9.44±0.8μm,althoughitisvariable,rangingfrom
6to12.6μm.Theanteriorextremitytapersgradually,
whichmay give the incorrect impression of a short
free flagellum (Fig. 5), however, in 53.6% of the
specimens, a real free flagellum is present (Fig. 6).
Including the free flagellum, the total length (TL)of
theparasiteis11.09±0.8μm.Theparasiteisusually

Morphotype Hyperpachymorph Isomorph Sphaeromorph

Category*

Name

hyper-stumpyform

hyper-montgomeryi-form

slenderform

congolense-form

globularform

sphaerocyte

Percentageobserved

NP

NA

NI=NP/NA

F(frequency%)size

L=NA+NP

TotallengthTL=NA+NP+F

PK

K(diameter)

KN

KI=NP/KN

W

LN

wN

Cytolight/dark(%)

WLr(min-max)

Undulatingmembrane

48.4%

4.83±0.3

4.83±0.4

1.03±0.1

absent

9.67±0.5

9.67±0.5

1.22±0.1

0.72±0.1

4.03±0.3

 1.21±0.04

4.07±0.2

1.81±0.1

 2.0±0.1

light

0.43±0.03(0.32-0.70)

S-shaped87%;C-shaped13%

30.4%

 4.72±0.3

 5.07±0.4

 0.95±0.1

(53.3%)2.44±0.3

 9.49±0.8

11.09±0.8

 1.02±0.1

  0.65±0.05

 3.75±0.4

 1.31±0.1

 1.97±0.1

 2.32±0.1

 1.25±0.1

mediumordark

0.21±0.01(0.17-0.25)

undulating100%

20.4%

na

na

na

(26.6%)1.86±0.3

4.35±0.3

na

1.09±0.1

0.72±0.1

 2.25±1.19

na

4.16±0.4

1.52±0.1

2.28±0.2

lightcolour:70%;darkcolour:30%

na

no

Foracronyms,seethetext;lengthsinμm;the4thmorphotype“rosette”(0.8%)isnotpresentedhere(datanotapplicable–na).

TableI.–Sizes,frequencies,indexesandothercharacteristicsofthethreemainmorphotypesofT.(Nannomonas)congolenseforest-type
observedonGiemsastainedbloodsmears.
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Fig.1.–ThreemainformsofTrypanosomacongolense forest-type
in a dog: slender forms or T. (Nannomonas) isomorph (congo-
lense-form)(withoutfreeflagellum(b1),withfreeflagellum(b2)),
stumpyformorT.(Nannomonas)hyperpachymorph(C-shape:a2)
and sphaeroblast-formorT. (Nannomonas) sphaeromorph (mon-
tgomeryi-type:c1).PhotobyMarcDesquesnes.

Fig.2.–TypicalT.(Nannomonas)hyperpachymorphwithC-shaped
(a2)andS-shapedtightflagellum(a1; threespecimens).Photoby
BrunoPolack.

Fig.3.–Typical T. (Nannomonas) hyperpachymorph (a) (five
specimens)andthetwotypesofsphaeroblasts(T.(Nannomonas)
sphaeromorph)(c).PhotobyBrunoPolack.
Montgomeryi-type sphaeroblast is light in colour and large (c1);
congolense-typesphaeroblastisdenselycolouredandsmall,witha
visiblefreeflagellum(c2).

Fig.4.–T.(Nannomonas)isomorph(b1&b2),sphaeromorph(c1
&c2)andhyperpachymorph(a1&a3),thecentralone(a3)being
indivision(twokinetoplastsandflagellavisible).PhotobyBruno
Polack.

Fig.6.–T. (Nannomonas) isomorph (congolense-forms) without
(b1)orwith(b2)afreeflagellum,andT.(Nannomonas)hyperpa-
chymorph(a).PhotobyMarcDesquesnes.
Theupperhyperpachymorphhas aC-shaped flagellum (a2), and
appearstobealmostflat,likealeaf.

Fig.5.–Typical T. (Nannomonas) isomorph (congolense-forms)
withoutafreeflagellum.PhotobyMarcDesquesnes.
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Fig.8.–One T. (Nannomonas) isomorph (congolense-form) (b1)
and several forms intermediary between hyperpachymorph and
sphaeromorph(ac1).PhotobyMarcDesquesnes.
Intermediaryformssuggestan“S” foldingof theparasiteonitself
likeacollapsibletent

Fig.7.–Typical T. (Nannomonas) hyperpachymorph (a1) and
sphaeromorph (“amastigote”-form) (c1). Photo by Marc Des-
quesnes.

Fig.9.–T.(Nannomonas)isomorph(b),severalformsintermediary
between isomorph and sphaeromorph (bc2), and some T. (Nan-
nomonas)sphaeromorph(congolense-type)(c2).Fig.9Aphotoby
MarcDesquesnes;Fig.9BbyBrunoPolack.

Fig. 10.–Free forms andRosette ofT. (Nannomonas) isomorph.
PhotobySophieRavel.
Severalcongolense-forms:thinanddarkwithafreeflagellum(upper
left),mediumwidthandcolour,withalargeundulatingmembrane
(centreleft),broadandlightincolour(upperright).

Fig.11.–T. (Nannomonas) isomorph typical (b1), in abnormal
division (b3), and intermediary forms (bc2) toward the congo-
lense-sphaeromorph with a free flagellum (c2). Photo by Marc
Desquesnes.

A

B
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narrow,withameanwidthof1.97±0.1μm,although
it can attain 2.4μm in some specimens; theWLr is
0.21±0.01(minimum0.17;maximum0.27,always<
0.30).The cytoplasm and the nucleus are deeply
stained andmost oftenhomogeneous in colour; the
nucleus is almost central (NI= 0.95±0.1), with the
longaxisparalleltothebody(meanlength2.32μm;
meanwidth1.25μm),howeverinsomeinstancesits
bordersarenotclearlyvisibleduetothedensecolora-
tionofthecytoplasm(Fig.1).Thekinetoplastissmall
(0.65±0.05μm), clearly sub-terminal (PK= 1.02±
0.1μm,KI=1.31±0.1)andmarginalorsub-marginal,
as classically described for T. congolense. The fla-
gellum isconvoluted,and theundulatingmembrane
ismostoftenconspicuousbutweaklydeveloped(Fig.
6).Theseformsareclosetothecongolense-form(iso-
morph)previouslydescribed(Gillain,1937).

3–Globular forms(frequency:20.4%) (Figs1,3,7-
9):roughlyspherical,withameandiameterof4.35±
0.3μm,oroval.Theyhaveasmallkinetoplast(0.72±
0.1μm) situated more than 1.09±0.1μm from the
extremity (subterminal). 30% of them are densely
stained,haveanirregularshapeandadiscerniblefla-
gellum,mostofthetimepartlyfree,givingthemthe
aspectofsphaeromastigotes(Fig.9);itmaybespecu-
latedthattheseformsderivefromthedensely-stained
slender congolense-formparasites. 70% of them are
lightincolourandhavenofreeflagellum(Fig.1);it
maybe speculated that these formsderive from the
lightlystainedstumpyparasites;thenucleusiscircular
in 40% of the cases, while in 60% of the cases it
is oval and perpendicular to the kinetoplast-nucleus
axis(meanlength1.52±0.1μm;meanwidth2.28±
0.2μm)(Fig.7).Theselightlystainedformsmayhave
adiscernibleflagellum,butitisneverreallyfree(Fig.
8).Alltheseformsmaybecalled“sphaeromastigote-
like”.Someparasiteshavenovisibleflagellum,giving

Fig.12.–TwinT. (Nannomonas) hyperpachymorph andone iso-
morph.PhotobySophieRavel.

the lookof amastigotes (Fig. 7), although it appears
thattheflagellumisinfactpresentattheperipheryof
thesecircularcells(Fig.1).Theseformsarecloseto
the“latent-bodyforms”(orsphaeromorph)previously
described(Gillain,1937).

4–Rosettes(frequency:0.8%)(Figs10-12): insome
cases parasites do not separate properly during cell
division; rosettes have been observed (Fig. 10), as
well as abnormal forms (Fig. 11) and twinparasites
(Fig.12).Only twin trypanosomeswereobserved in
stumpy-formparasites,whiletwinsandrosetteswere
observed in the densely-stained slender congolense-
forms.

Intermediary forms, situated between the typical
stumpy form and the typical sphaeromastigote have
beenobserved,andseriallyclassifiedinanattemptto
describe the transformation from hyperpachymorph
to sphaeromorph (Figs 13, 14). Two different deve-
lopmentalpathsmaybehypothesised,dependingon
thetransformationoftheflagellumshape:inonecase
(Fig.13), the initial “S”shapeseems tountwist (Fig.
13,snapshots1-12)andproceedtowarda“C”shape
(Fig.13,snapshot13-15),toendinacircleora“key
holder”, since the flagellum is longer than the peri-
meterofthesphaeroblast(Fig.13,snapshots19-28);in
theothercase(Fig.14),the“S”shapeseemstotwist
more(Fig.14,snapshots1-6)andtofoldonitselflike
acollapsibletent,makingashortspiralflatteningon
itself(Fig.14,snapshots7-15),endinginasphereor
adisk(Fig.14,snapshots16-18).

DISCUSSION

COMPARISONTOTHEMORPHOTYPESREPORTED
INT.(NANNOMONAS)

Beforemoleculartoolsappear,T.(Nannomonas)
wasthoughttocontaintwospecies:T.simiae
and T. congolense, presenting five morpho-

logical forms in various proportions (Gillain 1937):
congolense-form, simiae-form, rodhaini-form,mont-
gomeryi-form, and sphaerocyte-form (latent bodies,
so-called“amastigote”or“sphaeromastigote”forms).

Inthisstudy,themorphologicalfeaturesofthepara-
siteareundoubtedlythoseofthesub-genusT.(Nan-
nomonas), more specifically the congolense-forms
whichhavebeenobservedinaprevioussimilarcase
ofadogreturningfromSenegal(Dorsoetal.,2010).
However,theverystumpyformofhalfoftheparasites
isnotexpectedfromT.(Nannomonas)inamamma-
lianhost.Evenintheirstumpyforms,theWLroftheT.
congolense,T.simiaeorT.suisdescribedsofarwere
always < 0.4.Moreover, their flagellum and undula-
tingmembranepresentedseveral“convolutions”(see



ATYPICALHYPERPACHYMORPHT.CONGOLENSEFORESTINDOG

245Originalcontribution
Parasite,2012,19,239-247

Mulligan1970,p57,andPeel&Chardome1954,Figs
IandV-VIII),whethertheonedescribedhereisofa
regular“S”shape(Fig.2,upperparasiteontheright)
or,occasionally,“C”shapedwithoutundulations(Fig.
2,upperparasiteontheleft).

Apeculiar very large formofT. (Nannomonas) has
been described by several workers in the past as
Trypanosoma montgomeryi. Such forms were men-
tioned and discussed by several groups of workers
(Laveran&Mesnil,1912;Mulligan,1970;Hoare,1972;
Toureetal., 1976); theyall agree toconsidermont-
gomeryi-forms as an atypical form which may be
observedinpigs,cattleanddogsinT.congolense,T.
simiaeorT.suisinfections;however,inmostcasesthis
peculiarformoccursinlowpercentages,oftenbelow
2.5%.Thiswasobviouslynotthecasehere,sincethe
rateofthisformwasveryhigh(>48%).

EXCEPTIONALMORPHOTYPE

InthedescriptionsandillustrationsofGSBSexhibiting
predominantmontgomeryi-formparasitesthereareno
parasitesofextremewidth,asweobservedinthisdog.
Themontgomeryi-formsdescribedbyMontgomeryand

KinghorninaRhodesiancattleare11-19μmlongand
3.00-3.75μmwide,withaWLr<0.34;thosedescribed
byTourehadaWLr<0.32;thosereportedbyHoare
and Mulligan were respectively < 0.29 and< 0.36,
while those reported by Peel and Chardome were
between0.26and0.37(Laveran&Mesnil,1912;Peel
&Chardome,1954;Mulligan,1970;Hoare,1972;Toure
etal., 1976). ThewidestT. (Nannomonas) thatwas
reportedintheliteratureisadrawingofmontgomeryi-
formdescribedasaT.suis(Wenyon,1926)quotedby
Peel&Chardome(1954)withaWLrof0.42.Despite
thecontroversyofitsattributiontoT.(Nannomonas)
versus Picnomonas, this is the only specimen that
could “compete”with thehighWLr recorded inour
observations. However, membrane convolutions are
visibleintheseparasites(seePeel&Chardome1954,
Fig.VI),whilethisisnotthecaseinourobservations,
sincetheflagellumalwaysseemstobetightandtigh-
teningthecytoplasmicmembrane(Fig.2).

In thepresentcase,weobservearound50%of the
hyperpachymorphwithahighrate(>30%)presenting
aWLr>0.49,andashighas0.55ormore,tothepoint
wheretheshapedoesnotallowestablishingthisratio

Fig.13.–Tentative serial “C-
shape” transformation of the
T. (Nannomonas) hyperpachy-
morphintosphaeromorph(unfol-
ding and “C-folding” model).
Photo by Marc Desquesnes.
In this series, the “S-shape” of
the flagellum seems to unfold
from the posterior end of the
kinetoplast toward the anterior
end(slides1-12),toattaina“C”
shape(snapshots13-17)inwhich
the cytoplasm is leaf-shaped
(snapshot 16-17), before refol-
ding again like a spring while
theanteriorendseemstoenfold
theposterior (snapshots 18-20)
to look likeababy fish (snap-
shots 21-24) before finishing
like an egg (snapshots 25-28).

Fig.14.–Tentative serial “S-
shape” transformation of the
T. (Nannomonas) hyperpachy-
morph to the sphaeromorph
(“tentfolding”model).Photoby
MarcDesquesnes.
In this series, the “S” shape of
the flagellum seems to foldon
itselflikeaspring(snapshots1-
6),sotheanteriorandposterior
endsmoveclosertoeachother
likeacollapsibletent(snapshots
7-12).Thecytoplasmendsupin
asphere(snapshots13-18).
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duetothesphericalaspectofthebody.Moreover,the
flagellumandundulatingmembranehavenoconvo-
lutions,buthavean“S”or“C“shapewhichseemsto
berigid,tighteningthecytoplasmicmembrane(Fig.2).
Thisisthefirstreportinwhichthepredominantform
of theparasitehas ameanWLrof 0.43;we suggest
naming it T. (Nannomonas) hyperpachymorph, as
furtherjustified.

MEANINGOFTHISFORM?

Inthepast,whenmontgomeryi-formswereobserved,
it has alwaysbeen at low rates, at the exceptionof
caseobservedbyMontgomery,KinghornandGillain
(quotedbyGillain,1937),inadeadpiginfectedwith
T. simiae; in this case onlymontgomeryi-form and
latent bodies were observed. Such forms seem to
appearontwooccasions,eitherinpre-agonicperiod
orrecentpost-mortem(thuswhentheinfectionisfatal
tothehost),or,whenthehostcontrolstheinfection
andkillstheparasites(Gillain,1937);bothcasesbeing
initial phases of parasite destruction. This was not
the casehere; theanimalwasobviouslynot inpre-
agonicperiod since it survived fourdaysmore, and
theparasitesaswellwerenotdying,sincetheyended
by killing the host. In contrast, in our observation,
eventheverystumpyformsarenotintheprocessof
beingdestroyed,sincewecanobserveseveralspeci-
mensmultiplying(Fig.4).Nevertheless,theseauthors
suggest thatmontgomeryi-forms are an intermediate
forminthedevelopmentofthelatentbody.Ourserial
observationsalsosuggestsuchtransformation.Inthe
presentstudy,thedeathofthedogwasnotimminent
(itdied fourdays later), andaveryhighproportion
ofT.(Nannomonas)hyperpachymorphwereobserved
(nearly50%), togetherwith30%slender formsand
20%latentbodies.Latentbodiesseemtobeof two
types: somederived from congolense-form (irregular
sphaerocyte shape, densely stained with a free fla-
gellum)(Figs9,11)whilemostseemtoderivefrom
theT.(Nannomonas)hyperpachymorph(circular,light
incolour,withoutafreeflagellum)(Figs3,7).

Whenexaminingformsintermediarybetweenhyper-
pachymorphandlight-densitysphaerocytes, itseems
that thecytoplasm is tightenedby the flagellumand
isdevelopingfromthehelicoidalshapeoftheformer
towardsacircularshapeinthelatterthroughoneof
two different paths: unfolding into a “C” shape and
refoldingintoa“key-holder”shape,orfoldinglikea
collapsibletent.Attheendofthisprocessthesphae-
rocytesobtainedarecircularinshape,delimitedbythe
flagellum(Fig.1).Intheseriesofpicturestentatively
assembledinFigures13and14,transformationfrom
hyperpachymorph to sphaeromorph, even though
the flagellum is no longer visible in the latter stage
(becauseitisattheperipheryofthesphaeromorph),

it hasnotbeeneliminated. If thishypothesis is cor-
rect,theterm“amastigote”wouldnotbeappropriate
fortheseforms,sincetheystillhaveaflagellum.The
absenceofparasiteisolationputanendtothepossi-
bilityofconfirmingthehypothesessuggestedbythese
observations.

Such apparently “amastigote-forms” and “sphaero-
mastigote-forms”observedherehavebeenpreviously
described both in T. (Nannomonas) and T. (Trypa-
nozoon) parasites (Erdmann, 1915; Gillain, 1937);
as previously stated, they are sometime considered
deleteriousshapes(apparentlynotthecasehere),or
latentforms,so-called“latentbodies”.Directtransfor-
mationintoroundbodieshasevenbeenobservedby
someauthorsunderthemicroscope,withinaperiod
of30minutes(Fantham,1911).Thefactremainsthat
whether or not the “latent body” is a dead endhas
alwaysbeencontroversial(Gillain,1937;Gallaisetal.,
1953).Inourobservations,theevolutionfromhyper-
pachymorphtosphaeromorphdoesnotappeartobe
deleterious,since it is regularlysphericalandsimilar
inseveralpicturesobserved(Figs13,14),whilethatof
congolense-formstosphaerocytesappearstobedele-
terious,sinceitisirregularlysphericalandappearsto
beaccidental,withhazardousmorphologicalchanges
(Figs 3, 4, 9).However, interpretationof pictures in
that way would also, by definition, remain questio-
nable,sotheauthorsareunabletoreachaconclusion
onthispoint.

CONCLUSION

To the best of our knowledge, in the present
report of amonospecificT. congolense forest-
type infection in adog, ahigh rate (48%)of

stumpy-form parasite is broader than any other T.
(Nannomonas) yet described (including montgo-
meryi).Weproposeadding thisatypical form to the
morphotypesadmittedforT.congolensesensuslato.

As suggested byToure (1976), to complete his pro-
posalandavoidreferencetospeciesnames,parasitic
stages or author’s names, the following vocabulary
couldbeadoptedtodescribethetrypanosomesofthe
subgenusT.(Nannomonas):
-T.(Nannomonas)hyperleptomorph:very longand
slender,withafreeflagellum(exrodhaini-form)(not
observedinthisstudy);
- T. (Nannomonas) leptomorph: long and slender,
withafreeflagellum(exsimiae-form)(notobserved
inthisstudy);
- T. (Nannomonas) isomorph: slender, generally
withoutafreeflagellum(excongolense-form)(observed
as “slender forms”with orwithout free flagellum in
thisstudy);
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- T. (Nannomonas) pachymorph: stumpy, short and
stout, 0.25 < WLr < 0.34; without a free flagellum
(occasionallydescribedwithafreeflagelluminT.suis)
(exmontgomeryi-form)(incidentallyobservedinthis
studybutnotmentioned);
-T.(Nannomonas)hyperpachymorph:veryshortand
verystout,0.35<WLr<0.7,withoutafreeflagellum,
cytoplasm light in colour (hyper-montgomeryi-form),
tightenedbyaprominent“S”(/”C”)shapedflagellum,
withoutconvolutionoftheundulatingmembrane(des-
cribedas“stumpyforms”inthisstudy);
-T.(Nannomonas)sphaeromorph:sphaeromastigotes,
WLr > 0.8, previously described as “latent bodies”
or “amastigotes” (observed as globular forms in this
study).

On top of this list, rosettes of variousmorphotypes
mightbeobserved,likeinothersub-genera.
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