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MONANEMA JOOPI N. SP. (NEMATODA, ONCHOCERCIDAE)  
FROM ACOMYS (ACOMYS) SPINOSISSIMUS PETERS, 1852 (MURIDAE)  

IN SOUTH AFRICA, WITH COMMENTS ON THE FILARIAL GENUS
JUNKER K.*, MEDGER K.**, LUTERMANN H.** & BAIN O.***†

Summary:

Monanema joopi n. sp. is described from blood drawn from the 
heart of the murid Acomys (Acomys) spinosissimus in South Africa. 
It is characterised by a non-bulbous cephalic extremity, shared with 
only one of its five congeners, and a cylindrical tail with caudal alae 
and a spicular ratio of 2.7 in the male. As is typical for the genus, 
microfilariae are skin-dwelling. They are 185 to 215 micrometres 
long and have no refractory granules beneath their sheath. A 
key to the species of Monanema is presented and an amended 
generic description, based on the six currently known species, is 
proposed. Species of Monanema are primarily lymphatic and the 
low intensity of infection with M. joopi n. sp. in blood from the 
heart, might suggest that not all adults settle in the heart cavities. 
One might also consider that other, more susceptible rodents serve 
as hosts for this parasite as well. To date, the geographic range of 
Monanema includes North America, Africa and Australia, each with 
representatives of a different lineage. Given the present hypotheses 
on the evolutionary origin and subsequent migrations of rodents, 
we expect the origin of Monanema to be in the Palearctic-Oriental 
region.

KEY WORDS: Monanema joopi n. sp., Onchocercidae, Monanema, 
parasitic nematodes, dermal microfilaria, Acomys, rodents, South Africa.

Résumé : MONANEMA JOOPI N. SP. (NEMATODA, ONCHOCERCIDAE), 
PARASITE D’ACOMYS (ACOMYS) SPINOSISSIMUS PETERS, 1852 (MURIDAE) 
EN AFRIQUE DU SUD, ET COMMENTAIRES SUR CE GENRE DE FILAIRE

Description de Monanema joopi n. sp., récolté dans le sang 
cardiaque d’Acomys (Acomys) spinosissimus en Afrique du Sud. 
L’espèce est caractérisée par une extrémité céphalique non 
bulbeuse, partagée avec un seul des cinq congénères, et chez le 
mâle, une queue cylindrique avec des ailes caudales et un rapport 
spiculaire de 2,7. Les microfilaires sont dermiques, ce qui est 
caractéristique du genre. Elles sont longues de 185-215 μm et n’ont 
pas de granules réfringents sous la gaine. Une clé des espèces de 
Monanema est présentée, ainsi qu’un amendement de la définition 
générique, basée sur les six espèces. Les espèces de Monanema 
sont fondamentalement lymphatiques et la faible infection par M. 
joopi n. sp. dans le sang cardiaque permet de suspecter d’autres 
localisations des adultes. Il se peut aussi que d‘autres rongeurs plus 
réceptifs soient parasités. Actuellement, la distribution géographique 
de Monanema comprend l’Amérique du Nord, l’Afrique et 
l’Australie, et chaque région a des représentants de différentes 
lignées. D’après les hypothèses actuelles sur l’origine et les 
migrations ultérieures des rongeurs, nous pensons que Monanema 
est originaire de la région palearctico-orientale.

MOTS-CLÉS : Monanema joopi n. sp., Onchocercidae, Monanema, 
nématode parasite, microfilaire dermique, Acomys, rongeur, Afrique du 
Sud.
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INTRODUCTION

During an on-going ecological study investi-
gating the ectoparasite and helminth assem-
blages of murids in South Africa, tiny filarial 

worms were collected from blood taken from the heart 
of the Spiny mouse Acomys (Acomys) spinosissimus 
(Peters, 1852). They represented a new species of 
Monanema Anteson, 1968 (Onchocercidae), a genus 
parasitic in rodents of which the microfilariae are not 
in the blood, but in the skin (Ko, 1972; Bianco & 
Muller, 1977; Bianco et al., 1983; Bain et al., 1985). 

In this paper, we give a morphological description of 
the new species and provide a synthetic analysis of 
the morphology and biology of all currently known 
species of Monanema. As a result, the definition of 
the genus was amended, and a hypothesis on its evo-
lution proposed.

MATERIALS AND METHODS

Acomys (A.) spinosissimus was recovered from 
Goro Game Reserve (22° 58’ S, 29° 25’ E) in 
the Limpopo Province in South Africa. Filarial 

worms were fixed in 70 % ethanol. For morpholo-
gical studies, worms were cleared in lactophenol and 
examined under a Wild compound light microscope 
equipped with a drawing tube. Caudal papillae are 
tentatively numbered following Chabaud & Petter 
(1961). Cross-sections were cut with a razor blade 
in order to study internal structures such as chords, 
muscles and oesophagus. Measurements were taken 
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from drawings and are given in micrometres unless 
otherwise specified. The width of the buccal capsule 
was taken as its external diameter, measured at the 
base. Microfilariae were dissected from the uteri close 
to the vagina and cleared in lactophenol for further 
study. As earlier studies on Monanema indicated 
that the ear lobes are a predilection site for its skin- 
dwelling microfilariae (Ko, 1972; Muller & Nelson, 
1975; El Bihari et al., 1977; Bianco et al., 1983; Bain et 
al., 1985; Wanji et al., 1990, 1994), ear snips were taken 
from the frozen carcasses of all infected animals and 
teased apart in lactophenol to check for microfilariae. 
Specimens have been deposited in the collection of the 
Muséum National d’Histoire Naturelle (MNHN), Paris, 
France (accession numbers 340 – 347 YU). Nomencla-
ture of small mammals follows Wilson & Reeder (2005).

Additional organs of some of the hosts that were 
infected with filariae could be examined at a later 
stage, using frozen carcasses. This was possible only 
in cases where these organs had not been dedicated 
to other studies. The frozen liver, lungs and wall of the 
caecum-colon of five, two and four animals, respecti-
vely, were examined, since adults had been reported 
from these sites in previous studies (Webster, 1967; 
Muller & Nelson, 1975; El Bihari et al., 1977; Bain et 
al., 1986; Wanji et al., 1990).

RESULTS

One to two filarial worms were present in 
blood drawn from the heart of ten of 139 A. 
(A.) spinosissimus. The liver, lungs and wall 

of the caecum-colon of five, two and four of these 
ten hosts, respectively, did not contain any filariae. 
Microfilariae were found in ear snips of two of the 
hosts harbouring adult worms.

MONANEMA JOOPI N. SP.  
JUNKER & BAIN (Figs 1, 2; Tables I-III)

Large parts of the specimens’ body were covered 
with patches of red blood cells. Slender worms, off-
white in colour. Body of both sexes tapering at ends 
but anterior extremity nearly cylindrical. Head not 
bulbous. Oesophagus not divided into muscular and 
glandular part, of nearly uniform diameter, posterior 
extremity slightly flattened at junction with intestine. 
Mouth opening tiny, round (Fig. 1B). Buccal capsule 
minute. Cuticle smooth.

Female (Fig. 1A-M; Tables I, III)  posterior part nar-
rower than anterior part. Cuticle slightly thickened 
laterally (Fig. 1C, D, E). Lateral chords thick; in lateral 
view, ventrally to the oesophagus, a peculiar cellular 
mass is observed (Fig. 1A), its origin is anterior to the 

nerve ring; in transverse section, this mass appears to 
be formed by the lateral chords which are directed 
ventrally (Fig. 1C), the left and right being joined in 
the median plane (Fig. 1D). One group of four head 
papillae observed, likely externolateral, arranged in 
dorsoventrally elongated rectangle; lateral amphids 
identified (Fig. 1B). Oesophagus with flattened lumen 
(not y-shaped; Fig. 1C, D), its posterior extremity at 
posterior level of vagina.

Vulva a longitudinal slit, at level of posterior half of 
oesophagus (Fig. 1A). Vagina: a short vagina vera, 
transverse, with flattened lumen; vagina uterina 
well-developed, directed posteriorly, with a chamber 
terminating in a sphincter, composed of epithelial cells 
(Fig. 1G). Ovijector: very thick, with a few loops, joi-
ning vagina near its mid-length. Opisthodelphic. Uteri 
running parallel. Tail: curved ventrally, especially tip; 
tip rounded and slightly bulbous, without appendages, 
often with irregular swellings, rarely lobulated (Fig. 
1I-L). Phasmids not seen.

Microfilariae (Fig. 1N-R; Table III): uterine microfi-
lariae folded once or twice, in loose-fitting sheath 
with obtuse ends; first fold usually in posterior half 
of body. No refractile granules in egg space between 
sheath and microfilaria. Body slender, posterior region 
tapering. Left cephalic hook, 2.5-3 long. No cephalic 
space, nuclei filling head anteriorly; nuclei terminating 
in single row at short distance from tip of tail. Ter-
minal nuclei at times difficult to distinguish from fine 
granular material filling tip of tail. In skin, ten of 13 
microfilariae were exsheathed. Dermal microfilariae 
(n = 4) were 190, 220, 225 and 228 long and 5, 5, 6 
and 5 wide. The sheath (n = 2) was 132 and 147 long, 
respectively and 15 wide.

Male (Fig. 2A-I; Table II): posterior curled into four 
tight coils. Tail elongate, slender and cylindrical in 
ventral view, tip bulbous, without appendages or 
projections. Narrow caudal alae present, slightly more 
pronounced on level of cloaca. Caudal papillae: four 
pairs of pre- and paracloacal papillae (right papillae 
atrophied in pairs 2 and 4); pair 5 near ventral line; 
pairs 6-10 asymmetric, roughly evenly spaced on tail 
(Fig. 2C, D). Area rugosa on coiled part of posterior 
region, composed of narrowly spaced transverse 
bands of longitudinal crests (Fig. 2E), terminating 
approximately on level of cloacal aperture (Fig. 2D), 
not extending to tail. Spicules unequal and dissimilar. 
Left spicule with well cuticularized handle, followed 
by membranous lamina, ending in short filamentous 
tip. Right spicule short and robust, well cuticularized, 
with broad pointed tip and recurved hook. Guberna-
culum absent.

Type host: Acomys (Acomys) spinosissimus Peters, 
1852 (Muridae).
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Fig. 1. – Monanema joopi n. sp., female.

A, anterior region, right lateral view; B, head, in front view; C-E, three cross sections posterior to nerve ring, anterior to vulva, at mid- 
body, respectively; F, anterior extremity, ventro-dorsal view; G, oesophageal-intestinal junction, vagina and anterior part of ovejector, left 
lateral view; H, tail, right lateral view; I & J, tails, left lateral view and ventral view, respectively; K & L, caudal extremities, right and left 
lateral views; M, ovejector and beginning of the two uteri, after dissection; N-R, microfilariae extracted from uteri; N, folded in sheath; 
O, exsheathed; P & Q, two anterior extremities with hook, dorso-ventral and left lateral view, respectively; R, last nuclei and granules at 
posterior extremity. Scales in μm: A, H, 100; B-F, I-L, 50; G, 150; M, 300; N-R 10.
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Type locality: Goro Game Reserve (22° 58’ S, 29° 25’ E), 
Limpopo Province, South Africa. Collection date: 
20.02.2008.

Site of infection: blood drawn from cardiac cavities.

Prevalence and intensity: prevalence was 7.2 %. Five 
hosts harboured a single worm, five hosts yielded two 
worms each.

Type material: 346 YU; holotype female. Deposited in 
the MNHN collection.

Additional material: Collected from January to August 
2008. All specimens deposited in the MNHN collection. 
340 YU; entire female. 342 YU; entire female. 343 
YU; two entire females, both burst posteriorly. 344 
YU; entire female, anterior fragment (used for apical 
view) and posterior fragment of female. 345YU; entire 
female. 347YU; two entire females. 341YU; entire 
male, broken into anterior and posterior part during 
preparation of drawing.

Fig. 2. – Monanema joopi n. sp., male.

A, anterior region, dorso-ventral view; B, posterior region, ventral view anterior to cloaca but alae in lateral view; C, tail, ventral view; 
D, papillae and area rugosa near cloacal aperture, ventral view; E, area rugosa, 150 μm anterior to cloacal aperture, ventral view; F, left 
spicule, left lateral view; G, right spicule, right lateral view; H, lateral chord at mid-body, lateral view; I, cuticle thickened laterally, ventro-
dorsal view (half the width of worm drawn). Scales in μm: A-C, H, I, 100; D-G, 50.
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MNHN host/specimen 
number

340 
YU/1

342 
YU/1

343 
YU/1

343 
YU/2

344 
YU/1

344 
YU/2

344 
YU/3

345 
YU/1

346 
YU/1

347 
YU/1

347 
YU/2

Body length (mm)

Maximum width

Buccal capsule length

Buccal capsule width

Oesophagus length

Apex to nerve ring

Apex to vulva

Length of vagina

Width of vagina

Tail length

Eggs

Microfilariae

Male gametes seen

24.5

155

-

-

405

150

320

-

-

150

aborted

few

none

26.5

130

-

-

430

-

270

-

-

160

aborted

few

none

-

140

-

-

335

128

245

125

50

-

normal

+++

none

22.6

165

1.7

5

 

155

315

-

-

150

normal

+++

+++

-

-

-

-

450

100

310

-

-

-

-

-

none

-

-

-

-

-

-

-

-

-

180

-

-

none

28.7

-

2

5

420

142

340

185

70

175

-

-

none

30.5

175

2

5

460

150

295

-

-

145

normal

+++

none

29.7

150

-

-

492

110

370

-

-

120

normal

+++

none

30.8

200

2

5.7

500

168

375

-

-

155

aborted

none

none

29.9

210

-

-

427

135

260

165

40

120

aborted

none

none

Holotype in bold characters. All measurements in micrometres, unless otherwise specified.

Table I. – Characteristics of female Monanema joopi n. sp. from Acomys (Acomys) spinosissimus Peters, 1852 in South Africa.

Monanema species

joopi n. sp. marmotae globulosa nilotica martini b australe b

Authority  
and reference

Host Family

Type host species 
 

Geographic origin

Site of infection 
 
 
 

No. of specimens 
examined

341 YU/1;  
this paper

Muridae

Acomys (Acomys) 
spinosissimus 

South Africa

heart 
 
 
 

1 

(Webster, 1967) 

Sciuridae

Marmota 
(Marmota) monax 

canadensis

Canada

connective tissue 
of gall bladder  
and bile ducts 

 

8 

(Muller & Nelson, 
1975)

Muridae

Lemniscomys 
striatus 

Kenya

pulmonary  
arteries 

 
 

12 

El Bihari, Hussein 
& Muller, 1977

Muridae

Arvicanthus  
niloticus 

Sudan

heart,  
pulmonary 

arteries 
 

6-9 

Bain, Bartlett  
& Petit, 1986

Muridae

Arvicanthus  
niloticus 

Mali

lymphatic vessels 
of caecum-colon 

wall 
 

2 

Spratt, 2008 

Muridae

Melomys  
cervinipes 

Australia

lung parenchyma 
and terminal 

alveoli; hepatic 
blood vessels  

and lymphatics

3 

Body length (mm)

Maximum width

Cephalic extremity

Oesophagus length

Apex to nerve ring

Left spicule (handle) 

Right spicule

Hook of right spicule 

Spicular ratio (l/r)

Tail length

Shape of tip of tail

Caudal alae 

Position of area rugosa 
relative to cloaca

-

75

not bulbous

332

92

190 (105) 

68

present

2.7

160

dilated

present 

anterior 

31-38

75-84

bulbous

432-584

approx. 60

411-599 (156-181) 

70-86

present

5.5-6.7 c

130-185

not dilated

absent 

anterior  
and posterior

10.4-13.0

33-39

bulbous

420-450

120-150

112-144 (-) 

44-50

absent

2.7

110-118

not dilated

absent 

- 

29-35

112-144

not bulbous

352-464

123-130

235-284 

70-80

present

3.6

160 a

not dilated

absent 

anterior  

13.1; 13.2

30; 20

bulbous

455; 480

120; 115

135 (65);  
130 (65)

52; 45

double hook

2.6; 2.9

130; 115

not dilated

present 

anterior  
and posterior

24.3; 20.1; -

49; 40; 44

bulbous

600; -; -

40; -; -

237 (97); 231 (94); 
238 (97)

49; 47; 52

present, keel-like

4.8; 4.9; 4.6

87; 84; 93

not dilated

present  
and particular

anterior 

a measured on drawing; b the first measurement given represents the holotype; c calculation based on range of spicules. All measurements 
in micrometres, unless otherwise specified.

Table II. – Morphological characteristics of the male of Monanema joopi n. sp. from Acomys (Acomys) spinosissimus Peters, 1852 in South 
Africa and its congeners.
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Etymology: the new species is named after Prof. Joop 
Boomker in recognition of his vast contribution to our 
knowledge of the helminth fauna of South African 
wildlife.

TAXONOMIC DISCUSSION

The filariae described herein possess the long tail as 
well as the unequal and dissimilar spicules typical 
for Onchocercinae. Based on adult characters and 
skin-dwelling microfilariae in a loose-fitting sheath, 
they were assigned to Monanema (Chabaud & Bain, 
1976; Anderson & Bain, 1976; Spratt, 2008). Presently, 
the genus comprises five species, described from the 
following type hosts. Monanema marmotae (Webster, 
1967) Anteson, 1968 (= Ackertia marmotae Webster, 
1967) was described from the sciurid Marmota (Mar-
mota) monax canadensis (Erxleben, 1777) [= Marmota 
monax canadensis (Erxleben, 1777)] in Canada and 
the remaining four from murid hosts. Monanema 
globulosa (Muller & Nelson, 1975) was reported from 

Lemniscomys striatus (Linnaeus, 1758) in Kenya, Mona-
nema nilotica El Bihari, Hussein & Muller, 1977 from 
Arvicanthis niloticus (Geoffroy, 1803) [= A. niloticus 
testicularis (Sundevall, 1843)] in Sudan, Monanema 
martini Bain, Bartlett & Petit, 1986 from A. niloticus 
in Mali, and Monanema australe Spratt 2008, from 
Melomys cervinipes (Gould, 1852) in Australia (Tables 
II, III; Webster, 1967; Muller & Nelson, 1975; El Bihari 
et al. 1977; Bain et al., 1986; Spratt, 2008). All these 
are distinct from the current specimens in a number 
of characters, listed below and in Tables II & III. In 
addition, the hypertrophy of the lateral chords, joining 
ventrally in the anterior region, as seen in the current 
specimens (Fig. 1C, D), has not been described for 
any of the above species.

Monanema marmotae: head bulbous; external labial 
and cephalic papillae arranged in two squares; females 
more than twice as long (67-92 mm vs 24.5-30.8 mm); 
male tail conical in ventral view, without caudal alae; 
area rugosa extending to tail; left spicule approxima-

Monanema species

joopi n. sp. marmotae globulosa nilotica martini c australe c

Authority  
and reference

This paper (Webster, 1967) (Muller & Nelson, 
1975)

El Bihari, Hussein 
& Muller, 1977

Bain, Bartlett  
& Petit, 1986

Spratt, 2008 

Female

Body length (mm)

Maximum width

Cephalic extremity

Buccal capsule length

Buccal capsule width

Oesophagus length

Apex to nerve ring

Apex to vulva

Tail length

Appendages on tip of tail

n = 8-10

24.5-30.8

130-210

not bulbous

1.7

5.7

335-500

100-168

245-375

120-180

no

n = 10

67-92

108-139

bulbous

3.2

8.8 a

404-760

135-152

336-544

-

no

n = 12

7.6 b-16

33-47

bulbous

6

9 a

380-470

94

130-330

130-140

yes

n = 15-23

30-41

160-224

not bulbous

3 

10 a

448-544

176-195

304-392

208-272

no

n = 2

20.5; 22.5

45; 40

bulbous

 2.5; 2.5 

5; 8

460; 560

110; 110

390; 370

85; 150

yes

n = 3

33.2; -; -

80; 74; 85

bulbous

2

4.4 a

-

-

290; -; -

120; -; -

no

Microfilaria

Site

Length

Maximum width

Length of oral hook

Cephalic space

Tail space

Length of sheath

Maximum width of sheath

Fit of sheath

Granules in sheath

n = 15

uterus

185-215

4-5

2.5-3

absent

-

58-95 (n = 4)

8-12 (n = 4)

loose

absent

-

abdominal fluid

117-142

3.2-5.3

-

3.8-5.5

ca. 12

108 a

20 a

loose

absent

-

skin of ears

135-150

5.6-7.5

3 a

5 a

3 a

130 a

15 a

loose

10-11

n = 50

skin of ears

203-235

5-7

2.5 a

3-4

7 a

167 a

16 a

loose

17-34

-

uterus; dermal e

235-263; 250-288 e

6; 6-8 e

3.3 g

-

10 g

160 e,f

12 e,f

-

11-26 f

n = 1 d

blood

125

4

2

4.4 a

-

120 a

15 a

loose

absent

a measured on drawing; b immature specimen; c the first measurement given represents the holotype; d from Uromys (Uromys) caudima-
culatus (Krefft, 1867); e the last set of measurements taken from Bain et al. (1985); f observed on live specimens; g a single specimen 
measured. Host details and geographic distribution listed in Table II. All measurements in micrometres, unless otherwise specified.

Table III. – Morphological characteristics of the females and microfilariae of Monanema joopi n. sp. from Acomys (Acomys) spinosissimus 
Peters, 1852 and its congeners.
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tely two to three times longer (411-599 vs 190), spicular 
ratio about twice as high (5.5-6.7 vs 2.7); microfilariae 
shorter (117-142 vs 185-215) (Webster, 1967).

Monanema australe: head bulbous; tip of female tail 
not bulbous; male tail twice shorter, conical in ventral 
view, with prominent paracloacal alae ornamented 
with small rugosities at base and with three pairs of 
adcloacal, pedunculate, laterally directed papillae; left 
spicule longer (231-238 vs 190), right spicule shorter 
(47-52 vs 68), resulting in higher spicular ratio (4.6-4.9 
vs 2.7); microfilariae shorter (125) (Spratt, 2008).

Monanema globulosa: head bulbous [we noted dis-
crepancies between the scale bar, illustration and text 
concerning Fig. 1 in Muller & Nelson (1975)]; females 
shorter (7.6-16 mm vs 24.5-30.8 mm), with two pairs 
of small appendages on tail; male tail conical in ven-
tral view, without caudal alae; caudal papillae more 
symmetrically arranged, with three regular pairs of 
precloacal papillae; left and right spicules shorter 
(112-144 and 44-50 vs 190 and 68, respectively), right 
spicule without hook; microfilariae shorter (135-150 
vs 185-215), 10-11 refractory granules beneath sheath 
(Muller & Nelson, 1975).

Monanema martini: head bulbous; females shorter 
(20.5-22.5 mm vs 24.5-30.8 mm), tip of tail with several 
conical projections; caudal papillae grossly symme-
trical; area rugosa extending to mid-tail; both left and 
right spicule shorter (135 and 130, and 52 and 45 vs 
190 and 68, respectively), right spicule with double 
hook; microfilariae larger (235-263 vs 185-215), 11-26 
refractory granules beneath sheath (Bain et al., 1986).

Monanema nilotica: external labial and cephalic 
papillae arranged in two squares; female tail longer 
(208-272 vs 120-180); male tail conical in ventral view, 
without caudal alae; all caudal papillae paired and 
symmetrically arranged; two precloacal pairs; spicular 
ratio higher (3.6 vs 2.7); microfilariae larger (203-235 
vs 185-215), 13-34 refractory granules beneath sheath 
(El Bihari et al., 1977).

IDENTIFICATION KEY TO THE SPECIES  
OF MONANEMA ANTESON, 1968

1-(4) Cephalic extremity not bulbous. 

2-(3) Male tail conical in ventral view, caudal alae 
absent. Spicular ratio 3.6. 17-34 refractory gra-
nules beneath sheath of microfilariae. Microfi-
lariae 203-235 long.

M. nilotica El Bihari, Hussein & Muller, 1977

3-(2) Male tail cylindrical in ventral view, caudal 
alae present. Spicular ratio 2.7. No refractory 
granules beneath sheath of microfilariae. Micro-
filariae 185-215 long.

M. joopi n. sp.

4-(1) Cephalic extremity bulbous.

5-(8) Female tail with appendages or projections. Spi-
cular ratio 2.6-2.9. Filamentous part of lamina of 
left spicule not longer than membranous part. 
Refractory granules beneath sheath of microfi-
lariae.

6-(7) Female tail with several conical projections. 
Male tail cylindrical, narrow caudal alae present. 
Right spicule with double hook. 11-26 refractory 
granules beneath sheath of microfilariae. Micro-
filariae 235-288 long.

M. martini Bain, Bartlett & Petit, 1986

7-(6) Female tail with two pairs of small appendages. 
Male tail conical, caudal alae absent. Right spi-
cule without hook. 10-11 refractory granules 
beneath sheath of microfilariae. Microfilariae 
135-150 long.

M. globulosa Muller & Nelson, 1975

8-(5) Female tail without appendages or projections. 
Spicular ratio ≥ 4.6.

 Filamentous part of lamina of left spicule longer 
than membranous part. No refractory granules 
beneath sheath of microfilariae.

9-(10) Male tail conical in ventral view, caudal alae 
absent. Area rugosa anterior and posterior to 
cloaca. Spicular ratio 5.5-6.7. Membranous part 
of lamina of left spicule reduced. Right spicule 
with simple hook. Microfilariae 117-142 long.

M. marmotae Webster, 1967

10-(9) Male tail conical in ventral view, paracloacal 
alae prominent with three pairs of laterally 
directed adcloacal pedunculate papillae. Area 
rugosa anterior to cloaca, but cuticular rugosi-
ties at base of paracloacal alae. Spicular ratio 
4.6-4.9. Right spicule with pair of keel-like 
structures. Microfilariae 125 long.

M. australe Spratt, 2008

DISCUSSION

Monanema was created by Anteson (1968, 
unpublished thesis; in Chabaud & Bain, 
1976) for the species then known as Ackertia 

marmotae Webster, 1967 because, contrary to Ackertia 
Vaz, 1934, its male has several pairs of postcloacal 
papillae. The genus Monanema was accepted by 
Anderson & Bain (1976), Chabaud & Bain (1976) and 
Bain et al. (1982). In the characters of Monanema 
listed by these authors, the undivided oesophagus and 
caudal papillae on the tail were consistent, but other 
characters (buccal capsule, spicular ratio, head shape) 
changed, to accommodate the increasing number of 
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species described. Taking into account the characteris-
tics of the six presently described species, we propose 
the following amended generic definition for Mona-
nema: buccal capsule small (1.7-6 long, 4.4-10 wide); 
oesophagus not divided into muscular and glandular 
part; vulva on level of posterior half of oesophagus; 
vagina large with chamber and sphincter; absence of 
caudal appendages on tip of male tail; 7-10 pairs of 
caudal papillae (Fig. 3), disposed anterior to cloaca 
and, grossly equidistant, along length of tail; first 
pair of postcloacal papillae close to midventral line; 
spicular ratio 2.7-6.7; microfilariae folded in loose-
fitting sheath with obtuse extremities; microfilariae 
skin-dwelling.

Fig. 3. – Schematic representation of the arrangement of the caudal 
papillae of Monanema species.

A, Monanema marmotae (reconstructed from lateral view illustrated 
in Webster, 1967); B, Monanema australe (redrawn after Spratt, 
2008); C, Monanema nilotica (redrawn after El Bihari et al., 1977); 
D, Monanema globulosa (redrawn after Muller & Nelson, 1975); E, 
Monanema martini (redrawn after Bain et al., 1986); F, Monanema 
joopi n. sp.

The life cycles of three of six species have been 
elucidated. The intermediate hosts are ixodid ticks 
for M. marmotae (Ko, 1972), M. globulosa (Bianco 
& Muller, 1983) and M. martini (Bain et al. 1985; 
Petit et al., 1988). It is thus expected that ixodids 
will also transmit M. joopi n. sp. and the remaining 
two species. Two ixodid ticks were collected from A. 
(A.) spinosissimus examined during the current study, 
Rhipicephalus simus Koch, 1844 and Rhipicephalus 
follis Dönitz, 1910. While they are likely vectors, their 
role in the life cycle of M. joopi n. sp. remains to be 
confirmed.

Sites of infection for the species of Monanema are 
diverse, including the lungs, heart cavities, lymphatics 
of liver and caecum-colon. For a given species, as 
for example M. martini, filariae can settle in different 
places, the lymphatics and, less commonly, in the 
pulmonary arteries (Wanji et al., 1990; Vuong et al., 
1991). In fact, it seems that species of Monanema 
are primarily lymphatic as suggested by the works of 
Wanji et al. (1990) who also demonstrated that lym-
phatic infective larvae and adults could be passively 
drawn back to cardio-pulmonary sites by the lymph 
flow when altered (Bain & Babayan, 2003). The low 
intensity of infection seen in M. joopi n. sp., the high 
number of aborted eggs in females and the fact that 
on no occasion males and females were recovered 
together, suggests that not all adults settle in the heart 
cavities. However, no adults were recovered from 
any of the other sites examined (liver, lungs, caecum-
colon). This also suggests that other, more permissive 
murids might contribute to the maintenance of M. joopi 
n. sp. in nature.

Monanema has few representatives but a wide geogra-
phic distribution (Tables II, III; Spratt, 2008). The host 
range of Monanema is restricted to rodents, with one 
species in a Nearctic sciurid and five species in murids, 
of which four in Africa and one in Australia. The 
trends of morphological evolution in the Dipetalonema 
line (Chabaud & Bain, 1976), indicate that a bulbous 
head, head papillae that are arranged in a dorsoven-
trally elongated rectangle [in M. martini as early as in 
the infective stage (Bain & Chabaud, 1986)], a high 
spicular ratio, pairs of caudal papillae that are asym-
metrically arranged and a reduced number of caudal 
papillae are evolved characters. We thus propose the 
following hypothesis for the relationships among the 
species of Monanema. The single parasite in a sciurid, 
M. marmotae, represents a line with a combination 
of primitive and derived characters (Webster, 1967). 
Among the species parasitic in murids, the four spe-
cies in Africa form another line, sharing the primitive 
character of a small spicular ratio (≤ 3.6), but diver-
sified with respect to other characters: in West and  
West-Central Africa, M. martini (Bain et al., 1985; 
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unpublished data); in South Africa, M. joopi n. sp.; in 
East Africa, M. nilotica (El Bihari et al., 1977); and M. 
globulosa from mountains in Kenya (1,500 meters of 
altitude). In Australia, M. australe represents a third 
evolutionary lineage (Spratt, 2008).

The Afrotropical region has the highest number of 
species but is unlikely the place of origin of Mona-
nema. Rodents most likely originated from Eurasia 
(Wilson & Reeder, 2005; Jansa et al., 2009). During the 
Miocene/Pliocene, murids dispersed into Africa via the 
Arabian Peninsula (Winkler, 1994) and into Australia, 
via South-East Asia and New Guinea (Godthelp, 2001). 
Marmots, on the other hand, first arose in North Ame-
rica and spread into Eurasia via the Bering land bridge 
(Steppan et al., 1999). The origin of Monanema is 
probably the Palaearctic-Oriental region. If a protocol 
for the detection of dermal microfilariae was included 
in helminth diversity studies, more species of Mona-
nema would likely be discovered. Particularly, the 
important finding by Spratt (2008) of a species in an 
Australian murid, Melomys Thomas, 1922, reveals that 
representatives of Monanema can be expected in the 
Indomalayan and Australasian region. To date, only 
the 12s rDNA sequence of M. martini is known (Ferri 
et al., 2011). In future, additional molecular studies 
might help to elucidate the phylogenetic relationships 
within this genus and to establish its taxonomic posi-
tion within the Filarioidea.

Filariae with dermal microfilariae are rarely detected. 
Even in animals as well-studied as dogs and rodents, 
several new species have been reported in the past 
ten years, for example Onchocerca lupi (Sréter & 
Szell, 2008) and Cercopithifilaria spp. (Otranto et al., 
2011). This is examplified in Monanema in which 
only six species have been described in over 40 years, 
although their current geographical and host distribu-
tion suggests a much higher diversity.

ACKNOWLEDGEMENTS

The authors thank Dr. Yasen Mutafchiev, Bulgarian 
Academy of Sciences, for editing Figs. 1 & 2. K. 

Junker was sponsored during a two-month’s visit 
as invited professor by the Muséum National d’His-
toire Naturelle, Paris, France. We are indebted to the 
management, particularly Mr. D. Dewsnap, and staff 
of the Goro Game Reserve for permission to collect 
animals in the reserve and their continuous support. 
K. Medger was supported by a doctoral grant from 
the NRF and H. Lutermann by a Research Fellowship 
from the University of Pretoria. We furthermore want 
to acknowledge the support of Prof. N.C. Bennett 
through his DST/NRF chair.

REFERENCES

ANDERSON R.C. & BAIN O. Keys to genera of the order Spiru-
rida. Part 3. Diplotriaenoidea, Aproctoidea and Filarioidea 
(1976), in: CIH keys to the nematode parasites of verte-
brates, No. 3, Archival volume. Anderson R.C., Chabaud 
A.G. & Willmott S. (Eds), CAB International, Oxfordshire, 
UK, 2009, 59-116. 

ANTESON R.K. Biological studies of Monanema marmotae 
Webster (1967) a filarioid parasite of the woodchuck 
Marmotae monax canadensis. Unpublished PhD thesis. 
University of Connecticut, 1968.

BAIN O. & BABAYAN S. The behaviour of filariae: morpholo-
gical and anatomomical signatures of their life style within 
the arthropod and vertebrate hosts. Filaria Journal, 2003, 
2, 1-13.

BAIN O., BAKER M. & CHABAUD A.G. Nouvelles données sur la 
lignée Dipetalonema (Filarioidea, Nematoda). Annales de 
Parasitologie Humaine et Comparée, 1982, 57, 593-620.

BAIN O., BARTLETT C. & PETIT G. Une filaire de muridés afri-
cains dans la paroi du colon, Monanema martini n. sp. 
Annales de Parasitologie Humaine et Comparée, 1986, 
61, 465-472.

BAIN O. & CHABAUD A.G. Atlas des larves infestantes de 
filaires. Tropical Medicine and Parasitology, 1986, 37, 
301-340.

BAIN O., PETIT G. & GUEYE A. Transmission expérimentale 
de Monanema nilotica El Bihari et Coll., 1977, filaire 
à microfilaires dermiques parasite de muridés africains. 
Annales de Parasitologie Humaine et Comparée, 1985, 60,  
83-89.

BIANCO A.E. & MULLER R.L. A hard tick as vector of a new 
rodent filaria. Transactions of the Royal Society of Tropical 
Medicine and Hygiene, 1977, 71, 383.

BIANCO A.E., MULLER R. & NELSON G.S. Biology of Monanema 
globulosa, a rodent filaria with skin-dwelling microfilariae. 
Journal of Helminthology, 1983, 57, 259-278.

CHABAUD A.G. & BAIN O. La lignée Dipetalonema. Nouvel 
essai de classification. Annales de Parasitologie Humaine 
et Comparée, 1976, 51, 365-397.

CHABAUD A.G. & PETTER A.J. Remarques sur l’évolution des 
papilles cloacales chez les nématodes phasmidiens papa-
sites de vertébrés. Parassitologia, 1961, 3, 51-70.

DE GRAAFF G. The Rodents of Southern Africa. Butterworth, 
Sigma Press, Pretoria, 1981.

EL BIHARI S., HUSSEIN H.S. & MULLER R. Monanema nilotica 
n. sp. (Nematoda: Onchocercidae) a cardiopulmonary 
parasite of the Nile rat in Sudan. Journal of Helminthology, 
1977, 51, 317-321.

FERRI E., BAIN O., BARBUTO M., MARTIN C., LO N., UNI S., LAND-
MANN F., BACCEI S.G., GUERRERO R., SOUZA-LIMA S., BANDI, 
C., WANJI S., DIAGNE M. & CASIRAGHI M. (2011) New insi-
ghts into the evolution of Wolbachia infections in filarial 
nematodes inferred from a large range of screened spe-
cies. PLoS ONE, 2011, 6 (6), e20843, doi:10.1371/journal.
pone.0020843.



JUNKER K., MEDGER K., LUTERMANN H. & BAIN O.

340 Original contribution
Parasite, 2012, 19, 331-340

GODTHELP H. The Australian rodent fauna, flotilla’s flotsam 
or just fleet footed?, in: Faunal and floral migrations and 
evolution in S.E. Asia-Australasia. Metcalfe I., Smith J.M.B., 
Morwood M. & Davidson I. (Eds), Balkema, Lisse, 2001, 
319-322.

JANSA S.A., GIARLA T.C. & LIM B.K. The phylogenetic posi-
tion of the rodent genus Typhlomys and the geographic 
origin of Muroidea. Journal of Mammalogy, 2009, 90, 
1083-1094.

KO R.C. The transmission of Ackertia marmotae Webster, 
1967 (Nematoda: Onchocercidae) of groundhogs (Mar-
mota monax) by Ixodes cookei. Canadian Journal of 
Zoology, 1972, 50, 437-450.

MULLER R.L. & NELSON G.S. Ackertia gobulosa sp. n. (Nema-
toda: Filarioidea) from rodents in Kenya. Journal of Para-
sitology, 1975, 61, 606-609.

OTRANTO D., BRIANTI E., DANTAS-TORRESA F., WEIGLA S., 
LATROFAA M.S., GAGLIO G., CAUQUIL L., GIANNETTO S. & 
BAIN O. Morphological and molecular data on the dermal 
microfilariae of a species of Cercopithifilaria from a dog 
in Sicily. Veterinary Parasitology, 2011, 182, 221-229, 
doi:10.1016/j.vetpar.2011.05.043.

PETIT G., BAIN O., CARRAT C. & DE MARVAL F. Développement 
de la filaire Monanema martini dans l’épiderme des 
tiques Ixodidae. Annales de Parasitologie Humaine et 
Comparée, 1988, 63, 54-63.

SPRATT D.M. Monanema australe n. sp. (Nematoda: Onchoce-
ridae) from the lungs and liver of native rodents in North 
Queensland. Transactions of the Royal Society of Southern 
Australia, 2008, 132, 1-6.

SRÉTER T. & SZÉLL Z. Onchocercosis: a newly recognized 
disease in dogs. Veterinary Parasitology, 2008, 151, 1-
13.

STEPPAN S.J., AKHVERDYAN M.R., LYAPUNOVA E.A., FRASER D.G., 
VORONTSOV N.N., HOFFMANN R.S. & BRAUN M.J. Molecular 
phylogeny of the marmots (Rodentia: Sciuridae): tests of 
evolutionary and biogeographic hypotheses. Systematic 
Biology, 1999, 48, 715-734.

VUONG P.N., WANJI S., SAKKA L., KLAGER S. & BAIN O. The 
murid filaria Monanema martini: a model for onchocer-
ciasis. Part I: Description of lesions. Annales de Parasito-
logie Humaine et Comparée, 1991, 66, 109-120.

WANJI S., CABARET J., GANTIER J.C., BONNAND N. & BAIN O. 
The fate of the filaria Monanema martini in two rodent 
hosts: recovery rate, migration, and localization. Annales 
de Parasitologie Humaine et Comparée, 1990, 65, 80-88.

WANJI S., GANTIER J.C., PETIT G., RAPP J. & BAIN O. Mona-
nema martini in its murid hosts: microfiladermia related 
to infective larvae and adult filariae. Journal of Tropical 
Parasitology, 1994, 45, 107-111.

WEBSTER W.A. Ackertia marmotae n. sp. (Filarioidea: Oncho-
cercinae) from the groundhog (Marmota monax). Cana-
dian Journal of Zoology, 1967, 45, 277-283.

WILSON D.E. & REEDER D.A. (Eds). Mammal species of the 
World. A taxonomic and geographic reference, 3rd edition. 
Johns Hopkins University Press, 2, 2005.

WINKLER A.J. The middle/upper miocene dispersal of major 
rodent groups between southern Asia and Africa, in: 

Rodent and lagomorph families of Asian origins and 
diversification. Tomida Y., Li C.K. & Setoguchi T. (Eds), 
National Science Museum Monographs, No. 8, Tokyo, 
1994, 173-184.

Received on May 5th, 2012
Accepted on June 16th, 2012


