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Abstract

The life-cycle of Brachylaima cribbi n. sp. was established in the laboratory. Asymmetrical brachylaimid eggs,
measuring 26-32 µm (29.1µm) long and 16 -17.5 µm (16.6µm) wide, were recovered from human faeces and fed
to the helicid land snail Theba pisana as the first intermediate host. Sporocysts and cercariae were recovered from
the T. pisana eight weeks after infection. The cercariae were used to infect the helicid land snails Cernuella virgata
and Helix aspersa as second intermediate hosts. Metacercariae were recovered from the kidneys of these snails
and used to infect mice. Adults of Brachylaima cribbi n. sp. were recovered from the small intestine of the mice.
The differential features of B. cribbi n. sp. are the specificity for helicid snails as first and second intermediate
hosts; characteristic ventral sucker and body cercarial chaetotaxy; and a long slender adult worm with equal size
suckers in the first quarter of the worm, the ventral sucker occupying 41 % of the body width, the uterus extending
anterior to the ventral sucker and the vitelline follicles falling short of the posterior margin of the ventral sucker.
No other known Brachylaima species exhibits all of these features. B. cribbi n. sp. is the first brachylaimid known
to have infected humans and is probably of European origin, as the intermediate host snails were all introduced
into Australia from Europe.

Introduction

Species of Brachylaima Dujardin, 1843 (Digenea:
Brachylaimidae) are trematodes of mammals and birds
and have land snails as the first and second intermedi-
ate hosts (Yamaguti, 1971; Yamaguti, 1975). There
had been no reported human infections until those de-
scribed in two children (Butcher et al., 1996) and an
adult (Butcher et al., 1998) from South Australia. The
description of these infections was based on the find-
ing of eggs which were characteristic of brachylaimids
in the patients’ faeces, the recovery after anthelmintic
therapy of a partly decomposed worm that was typi-
cal of a Brachylaima sp. and the finding of larvae of
Brachylaima sp. in local helicid land snails that have
been introduced from Europe. Nevertheless, insuffi-
cient material was available to definitively determine
the species of brachylaimid.

In South Australia, other than the human infec-
tions, a species of Brachylaima has been reported from
the house mouse Mus domesticus Linnaeus (Angel &
Mutze, 1987; Cribb, 1990), the native greater stick-
nest rat Leporillus conditor Sturt (Cribb, 1990) and
domestic free-range chickens (Cribb & O’ Callaghan,
1992). Cribb & O’ Callaghan (1992) could find no
differences between the specimens from these reports
and considered them to be all the same species. Cribb
(1990) described the life-cycle of this Brachylaima
sp. in naturally infected Mus domesticus and Lep-
orillus conditor and in experimentally infected Rat-
tus fuscipes Waterhouse (Australian bush rat). Intro-
duced European helicid land snails Cernuella virgata
da Costa, Cochlicella barbara Ferussac and Theba
pisana Müller are both first and second intermediate
hosts (Cribb, 1990; Cribb & O’ Callaghan, 1992).
Butcher et al. (1996, 1998) determined that these same
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snails were involved in the human infections as one of
the children infected ate these snails.

The family Brachylaimidae is large with many
poorly described species dating back to the early 19th
Century. Brachylaima is particularly confusing with
considerable variation in the spelling of the taxon
in the literature, poorly or incompletely described
life-cycles and a number of morphologically similar
species (Mas Coma & Montoliu, 1986; Cribb, 1992;
Ubelaker & Dailey, 1966). It is essential to study the
complete life-cycle, describing all stages and hosts
before describing a new species in order to prevent
the proliferation of confusing taxonomic data. These
problems presented considerable difficulties in identi-
fication of the species implicated in human infections.
A life-cycle was therefore established in the laboratory
using eggs recovered from the faeces of an infected
human. Host selection was based on the life-cycle de-
tails described by Cribb (1990) for Brachylaima sp.
in South Australia. We now report the morphological
features of the key stages of the worm which warrants
the description of a new species, Brachylaima cribbi
n. sp.

Materials and methods

Life-cycle
Eggs were recovered from the faeces of a 78 year
old woman and placed on filter paper in a large plas-
tic petri dish. Helicid land snails, Theba pisana, that
were free of Brachylaima sporocyst infection were al-
lowed to feed on the human faeces. Cercariae began
to emerge 8 weeks after exposure. Laboratory-reared
helicid snails, Cernuella virgata and Helix aspersa
Müller, were exposed to these cercariae suspended in
a thin film of water in a petri dish for 4-5 hours. After
8 weeks metacercariae were removed from the kid-
ney of the snails and given to C57BL/6J black Mus
musculus by intra-oesophageal inoculation. Develop-
ing and adult worms were removed from the intestinal
tract of the mice at weekly intervals. Eggs were re-
covered from mouse faeces for morphological study
and continuation of the life-cycle. Further details of
the establishment of the life-cycle in the laboratory are
detailed elsewhere (in preparation).

Light microscopy
Eggs, sporocysts, cercariae, metacercariae and adult
worms were examined alive using the vital stains
neutral red or methylene blue, or were fixed under

cover-glass pressure with Bouin’s fluid and stained
with borax-carmine or Mayer’s haematoxylin stains,
as described by Pritchard & Kruse (1982). Argen-
tophilic papillae of the cercaria were stained with 5%
silver nitrate for 5 minutes then washed in distilled
water and mounted in Puri’s chloral-gum medium
(Upton, 1993). Cercarial chaetotaxy was determined
microscopically and figures prepared with the aid of
a camera lucida. Argentophilic papillae nomenclature
followed that described by Bayssade-Dufour (1974)
and Mas-Coma & Montoliu (1986) for brachylaimid
cercariae. All measurements are in micrometres (µm)
using the system of measurement proposed for brachy-
laimids by Mas-Coma et al. (1984) and are given
as a range and mean in parentheses. Line drawings
of life-cycle stages were prepared with the aid of a
camera lucida. Representative specimens of all life-
cycle stages have been deposited in the Australian
Helminthological Collection (AHC), South Australian
Museum, Adelaide, South Australia.

Brachylaima cribbi n. sp.

Type-material: Holotype ex Mus musculus C57BL/6J
mice 4 weeks post-infection (wpi), experimental life-
cycle derived from eggs from human faeces, Adelaide,
South Australia, March 2000, coll. A.R. Butcher,
AHC 28351. Paratypes: same host and location, 7
specimens from 1-6 wpi, AHC 28352-8. Metacer-
cariae ex Helix aspersa (Helicidae) experimental life-
cycle, AHC 28359 & 28360. Cercariae and sporocyst
ex Theba pisana (Helicidae) experimental life-cycle
AHC 28361-3.

Description

Adult worm (Figures 1-7)
Gravid adults were recovered from the small intestine
of C57BL/6J Mus musculus (mice). Live specimens
were able to extend to a length of 10-13 mm or con-
tract to as small as 2 mm. Worms of varying ages
from 1-7 wpi were compared to evaluate allometry
(Table 1). Juvenile adults 1-3 wpi were found to have
a lower width to length ratio, the forebody occupied
a greater proportion of the total body length and the
mid-body (posterior margin of the ventral sucker to
the margin of the anterior testis) was less than in
older worms. Worms of greater than 3 wpi were con-
sidered to be mature adults and showed consistent
morphological measurements.
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Table 1. Measurements (in micrometres) of Brachylaima cribbi n. sp. adult worms ex Mus musculus C57BL/6J
mice.

Age as weeks post infection 1 2 3 4-7 4-7

Number measured 10 10 10 30

Mean Mean Mean Mean Range

Body

Length 2,619 4,135 4,561 5,004 (3,800-6,010)

Width 485 629 603 678 (520-790)

Length/width 5.5 6.6 7.6 7.4 (5.4-9.8)

Oral sucker (OS)

Length 198 234 244 259 (230-290)

Width 218 248 257 279 (250-380)

Ventral sucker (VS)

Length 200 241 255 277 (240-320)

Width 187 230 240 267 (230-300)

Body width at VS 466 611 589 673 (520-790)

VS width parallel to lateral margins 119 238 248 271 (240-320)

Width as % of body width at VS 42% 39 42% 41% (32-54)

Ratio area VS to OS 0.87 0.96 0.98 1.03 (0.66-1.17)

Pharynx

Length 111 137 148 157 (140-180)

Width 124 156 154 169 (150-220)

Forebody 558 737 795 831 (620-1,150)

Forebody as a % of body length 21% 18% 18% 17% (13-20)

Inter-sucker distance 320 472 528 537 (300-810)

Inter-sucker distance as % of body length 12.0 11.4 11.5 10.7 (6.1-14.0)

Midbody

Posterior margin of VS to anterior testis 999 1,921 2,129 2,559 (1,760-3,235)

Above as % of body length 38% 46% 47% 51% (43-59)

Inter-testis distance 157 221 197 245 (120-440)

Above as a % of body length 5.9% 5.3% 4.4% 4.9% (2.6-7.3)

Posterior testis to posterior end of body 186 235 325 323 (200-680)

Above as a % of body length 7.1% 5.6% 7.1% 6.5% (3.8-14.7)

Uterus +/− from anterior margin of VS 111 268 194 230 (10-420)

Above as a % of body length 4.1% 6.5% 4.3% 4.6% (0.2-8.2)

Ovary

Length 162 207 195 217 (150-260)

Width 191 272 232 261 (170-320)

Vitelline follicles

Left 1,114 1,833 1,835 2,438 (1,650-3,650)

Right 1,024 1,887 2,054 2,466 (1,670-3,590)

Most anterior extent +/− from post. margin of VS 8 −15 −79 −67 (−280-150)

Testes

Anterior testis length 283 429 421 419 (280-495)

Anterior testis width 236 369 343 353 (240-450)

Posterior testis length 274 450 413 417 (250-530)

Posterior testis width 251 350 322 323 (200-420)

Ratio area of ovary to testes 2.2 2.8 3.1 2.5 (1.8-3.6)

Genital pore +/− from ant. margin of anterior testis −39 −58 −39 −25 (−130-45)

Genital pore from posterior end of body 805 1173 1243 1351 (710-2100)

Above as % of body length 31% 28% 28% 27% (15-41)
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The general features of the adult worm satisfy
the characteristics of the Brachylaimidae and Brachy-
laima (sensu stricto) (see Ubelaker & Dailey, 1966;
Yamaguti, 1971). Species specific features are as fol-
lows. Body elongate, with dense covering of fine
tegumental spines on forebody but diminishing to-
wards posterior; spines are absent distal to posterior
testis. Oral and ventral suckers of equal size, located
in first quarter of body. Ventral sucker located medially
on ventral surface, occupies 41% (32-54 %) of body
width. Pre-pharynx short; pharynx muscular, well de-
veloped. Caeca extend along lateral margins almost to
posterior extremity of body, filled with blood. Mid-
body occupies 51% of total body length and filled
primarily with uterus which extends anterior to ventral
sucker, often reaching intestinal bifurcation.

Gonads in posterior quarter of body. Testes tan-
dem, 2.5 times larger than ovary. Genital pore usually
posterior to anterior margin of anterior testis, opens
onto ventral surface. Cirrus un-armed, can be pro-
truded or seen coiled within prominent cirrus-pouch.
Pars prostatica short, muscular, surrounded by gland-
cells, arises from external seminal vesicle. Seminal
vesicle connects with vasa efferentia, which extend
anteriorly from each testis (Figures 5-7). Ovary entire,
generally oval, positioned between testes. Oviduct
joins with duct arising from seminal receptacle before
converging with vitelline duct, which arise from com-
mon vitelline reservoir, prior to forming oötype which
is surrounded by Mehlis’ gland (Figure 7). Laurer’s
canal extends anteriorly from large seminal recepta-
cle, opens onto dorsal surface at mid-level of ovary
(Figures 5,7); pore best seen in lateral mounts or live
specimens. Uterus extends anteriorly, filled with eggs
which become tanned as they traverse coils, terminates
at muscular metraterm before opening at genital pore.
Fully-developed eggs rarely seen in metraterm, unless
live specimens viewed. Vitelline follicles on lateral
margins of mid-body and extend from level of anterior
testis to just posterior to margin of ventral sucker.

Two bifurcated excretory ducts open into excretory
vesicle at margin of posterior extremities of caeca. Ex-
cretory pore located at posterior end of worm.

Eggs (Figure 8)
Eggs present in human faeces showed characteris-
tic brachylaimid egg morphology, measuring 26-32
(29.1) × 16-17.5 (16.6) (n=50), with smooth shell,
inconspicuous operculum and abopercular knob or
thickening. Eggs are typically asymmetrical, being
ovoid with one side slightly flattened and generally

Table 2. Measurements (in micrometres) of 50 cercariae of Brachy-
laima cribbi n. sp. ex Theba pisana.

Mean Range

Body

Length 284 (244-328)

Width 82 (64-108)

Oral sucker

Length 57 (48-64)

Width 50 (36-58)

Ventral sucker

Length 48 (40-54)

Width 51 (44-59)

Ratio area ventral sucker to oral sucker 0.87 (0.68-1.17)

Pharynx

Length 27 (22-32)

Width 27 (22-34)

Forebody 125 (98-158)

% of body length 44% (37-49)

Caecal length 93 (64-110)

% of body length 33% (23-38)

Tail length 21 (12-35)

Genital bundle

Length 26 (22-36)

Width 21 (12-30)

contain well-developed miracidium (Figure 8). Eggs
recovered subsequently from faeces of experimentally
infected mice were identical. Maturation time of eggs
within adult worm is unknown.

Sporocyst (Figure 9)
A highly branched sporocyst was seen in the digestive
gland of infected snails (Theba pisana). The sporocyst
is a tangled network of branched tubules invading the
connective tissue of the digestive gland of the snail. It
is seen macroscopically as a white ball of tissue which
is not easy to separate from the brown digestive gland
and measures 3-12 mm in length, depending on the
size of the snail host. The branches are filled with
developing and mature cercariae and have a terminal
birth pore (Figure 9). The cercariae do not form large
clusters in the sporocyst branches, even terminally, but
tend to occur in pairs or small groups. Cercariae re-
leased from the sporocyst appear in the slime trail of
the snail.

Cercaria (Figures 10-13)
The cercarial morphology is similar to that of other
brachylaimids (Yamaguti, 1975). They have an elon-



215

Figures 1-7. Brachylaima cribbi n. sp. ex Mus musculus C57BL/6J inbred mice 1. Holotype, Australian Helminthological Collection (AHC)
28351, 4 weeks post-infection (wpi) showing oral sucker (os), anterior uterine loop (u), ventral sucker (vs), vitelline follicles (v), cirrus-pouch
(cp), genital pore (gp), ovary (o), testis (t), posterior caeca (c) and excretory ducts (ed). 2-4. Paratypes ex Mus musculus C57BL/6J inbred mice.
2. AHC 28356 1 wpi, 3. AHC 28355 2 wpi. 4. AHC 28354 3 wpi. 5-7. Genital structures. 5. Lateral view with extended cirrus (ci) releasing
sperm (s), external seminal vesicle (esv), bulbous seminal receptacle (sr) and Laurer’s canal (lc) opening to the dorsal surface. 6. Ventral view
of terminal genital features with large cirrus-pouch (cp) and retracted cirrus (ci), genital pore (gp) below the anterior margin ofthe testis (t) and
muscular metraterm (m) (AHC 28357). 7. Ventral view of female reproductive organs with Laurer’s canal (lc), seminal receptacle duct (srd),
vitelline duct (vd) and vitelline reservoir (vr), oviduct (od), Mehlis’ gland (mg) and ascending uterus (au). Scale-bars: 1-4, 1 mm; 5-7, 500 µm.
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Figures 8-13. Brachylaima cribbi n. sp. 8. Line drawing of an asymmetrical egg ex faeces of Mus musculus showing a developed miracidium
(m), operculum (o) and abopercular knob (a). 9. A small portion of a branching sporocyst ex Theba pisana with terminal birth pore (b) and
cercariae (c) within the tubules. 10. Cercaria ex Theba pisana showing oral sucker (os), ventral sucker (vs), pharynx (p) caecum (c), genital
bundle (gb) and excretory vesicle (ev). 11-13. Mean cercarial chaetotaxy as seen (11) ventrally, (12) dorsally and (13) laterally. Each cercaria
is divided into cephalic papillae (C & H), ventral sucker papillae (S), body papillae (A, M & P) and caudal papillae (U). Scale-bars: 8, 10 µm;
9, 1 mm; 10-13, 100 µm.
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gate spinose body, short simple tail, oral sucker
slightly larger than ventral sucker, distinct bulbous
pharynx, caeca extending just past the posterior mar-
gin of ventral sucker, and well defined posterior gen-
ital bundle (primordium) (Table 2, Figure 10). The
mean chaetotaxy is shown in Figures 11-13 with the
following distribution:
Cephalic papillae: Inner oral sucker CI region = 4
CIV + 1 CID pairs with the 1 CID pair found deep
within the posterior rim of the mouth. CII region =
11 CII pairs distributed evenly around the mouth. CIII
region = 4 CIIIV + 14 CIIIL + 1CIIID. The 19 pairs of
papillae are arranged in a group of 4 on the posterior
lateral margin of the oral sucker, with a group of 6
extending evenly along the lateral margin of the oral
sucker to the anterior end, 8 papillae on the latero-
dorsal body margin and one pair on the dorsal surface
at mid-oral sucker level. There are approximately 15H
papillae arranged in a cluster on the anterior margin of
the body.
Ventral sucker papillae: S1 region = 6 SI papillae
arranged evenly around the inner margin of the ventral
sucker. SII region = 12, 13 or 14 SII, most commonly
14 papillae distributed around the ventral sucker ex-
cept for the central anterior region.
Body papillae: 2 A1L + 1 AIIL + 3 ML + 1 PIL + 1
PIIL + 1 or 2 PIIIV + 2 PIIIL + 1 PIIID pairs. The body
papillae are the most consistent region with the only
variable being in the PIII region for which occasional
cercariae have an extra pair of ventral papillae.
Caudal papillae: 0 U. Generally no caudal papillae are
seen, but in the occasional cercaria the PIIID can fall
into this region.

Metacercaria (Figures 14-16)
Metacercariae were only found in the kidneys of Cer-
nuella virgata and Helix aspersa. They were leaf-
shaped, generally long and broad but able to extend
and contract extensively (Table 3, Figures 14-16). The
tegument has a fine covering of spines at the anterior
end, but they diminish towards the posterior extremi-
ties. The oral and ventral suckers situated towards the
anterior end of the larva are of approximately equal
size. The alimentary tract consists of a large bulbous
pharynx and caeca extending almost to the posterior
margins. The genital region is located at the posterior
end of the larva and is well developed with testes,
ovary and genital pore visible. The uterus is visible
and extends anterior to the oral sucker.

Figures 14-16. Metacercariae of Brachylaima cribbi n. sp. ex. Helix
aspersa, 40 wpi. 14. Fully extended (Australian Helminthological
Collection 28359), (15) relaxed and (16) contracted. Abbreviations:
o, ovary; t, testis; u, uterus; gp, genital pore. Scale-bar: 500 µm.

Discussion

The genus Brachylaima has had many synonyms with
no less than four different spellings being used in
the literature (Yamaguti, 1971; Kamiya & Machida,
1977). Many of the species have been poorly de-
scribed, with incomplete life-cycles and insufficient
detail for accurate comparison. This problem is com-
pounded by the morphological similarity of many of
the adult worms. In general terms the Brachylaima
adults fall into two categories - those which are long
and slender, such as B. ruminae Mas-Coma & Mon-
toliu, 1986 and B. delecta Cribb, 1992, and those
which are broad and more rounded, such as B. ishi-
gakiense Kamiya & Machida, 1977 and B. simoni
Feliu, 1986 (see Kamiya & Machida, 1977; Feliu
et al., 1986; Mas-Coma & Montoliu, 1986; Cribb,
1992). B. cribbi n. sp. is a long and slender worm and
exhibits a morphology which is very similar to many
Brachylaima spp. found in various mammals and
birds. In order to differentiate these species, it is essen-
tial to have morphological measurements of all life-
cycle stages, life-cycle information, host-specificity
and geographical distribution. The establishment of
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Table 3. Measurements (in micrometres) of 50 metacercariae
of Brachylaima cribbi n. sp. ex Helix aspersa 27-43 weeks
post-infection.

Mean Range

Body
Length 1,152 (625-1,912)
Width 410 (183-608)
Length/width 2.9 (1.6-4.9)

Oral sucker
Length 174 (113-223)
Width 163 (108-203)

Ventral sucker
Length 137 (100-180)
Width 153 (103-198)
Ratio area ventral to oral sucker 0.75 (0.60-1.02)

Pharynx
Length 81 (54-113)
Width 97 (60-140)

Forebody 430 (245-725)
Forebody as a % of body length 37% (28-43)
Inter-sucker distance 244 (80-488)
Inter-sucker distance as a % of body length 20 (10-28)

Midbody
Posterior margin of ventral sucker to anterior testis 273 (98-530)
Above as % of body length 23% (12-36)

Posterior testis to posterior end of body 153 (85-410)
Above as a % of body length 13% (8-23)

Testes
Anterior testis length 51 (30-80)
Anterior testis width 66 (45-105)
Posterior testis length 52 (30-88)
Posterior testis width 72 (40-133)

the life-cycle of this species has allowed us to exam-
ine various life-history stages and compare them with
known species.

Brachylaima cribbi n. sp. can be considered to be a
parasite of mammals, as our worms infect humans and
mice. Birds cannot be excluded as hosts, since Cribb &
O’Callaghan (1992) reported a morphologically iden-
tical Brachylaima sp. from domestic chickens. The
same Brachylaima sp. was found in mice by Angel
& Mutze (1987) and in mice, the greater stick-nest
rat Leporillus conditor and experimentally in Rattus
fuscipes by Cribb (1990). At that time no species
name was assigned to the worm as it did not correlate
with any known Australian brachylaimid and the inter-
mediate hosts were introduced European helicid land
snails. As there are no native helicid snails in Aus-
tralia, it is probable that this brachylaimid was intro-
duced to Australia from Europe. Therefore, all species
of Brachylaima from Europe which can infect birds
as well as mammals need to be compared with the
present isolate. B. erinacei Blanchard, 1847, B. suis

Balozet, 1936 and B. mesostoma (Rudolphi, 1803)
Baer, 1933 are the only Brachylaima spp. satisfying
this criterion. To limit our comparison to these species
would be too restrictive, so we compare firstly Brachy-
laima spp. which infect birds and mammals, secondly
those infecting rodents and finally those recorded in
Australia.

Brachylaima erinacei and B. pellucidum (Werby,
1928) Joyeux, 1934 are the only Brachylaima spp.
described from both birds and mammals in the wild
(Werby, 1928; Yamaguti, 1971). B. mesostoma is
reported to infect birds naturally and rabbits were
infected experimentally, whereas B. suis infects mam-
mals naturally and pigeons were infected experimen-
tally (Dollfus, 1935; Yamaguti, 1971). B. erinacei
differs from B. cribbi n. sp. in its specificity for the
first intermediate host, as it infects species of He-
lix (Helicidae), Arion Ferussac (Arionidae) and Suc-
cinea Draparnaud (Succineidae). Also, it has smaller
metacercariae which have a larger oral sucker than
ventral sucker, and the adult worm has vitelline fol-
licles which reach to the mid-level of the ventral
sucker (Dollfus, 1935; Yamaguti, 1975). In con-
trast, in B. cribbi n. sp. the vitelline follicles reach
no further anterior than the posterior margin of the
ventral sucker. B. pellucidum from North America
differs from B. cribbi n. sp. in its first intermediate
host specificity, with cercariae found in the mol-
luscs Haplotrema Ancey (Haplotrematidae), Agroli-
max Rafinesque (Limacidae), Triodopsis Rafinesque
(Polygridae), Vespericola Pilsbry (Polygridae), Mon-
adenia Pilsbry (Bradybaenidae) and Allogona Pilsbry
(Polygridae). Furthermore, the eggs of B. pellucidum
are smaller than those of B. cribbi n. sp. and its adult
worm is shorter, the oral sucker is smaller than the
ventral sucker and the vitelline follicles reach to the
mid-level of the ventral sucker (Werby, 1928; Dollfus,
1935; Yamaguti, 1971). A summary of five descrip-
tions of B. mesostoma from both mammals and birds
show that this species differs from B. cribbi n. sp.
in having different sized eggs (25 × 18.5 µm) and
vitelline follicles that reach to the level of the ven-
tral sucker (Kruidenier & Gallicchio, 1954). Dollfus
(1935) also reviewed a number of reports of B. mesos-
toma which described a worm with vitelline follicles
which reach or pass the level of the ventral sucker. B.
suis differs from B. cribbi n. sp. in that Rumina decol-
lata Linnaeus (Subulinidae) acts as first intermediate
host snail, the oral sucker is larger than the ventral
sucker and the vitelline follicles reach to the mid-level
of the ventral sucker (Balozet, 1937). At this stage, our
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knowledge of the involvement of birds in the natural
life-cycle of B. cribbi n. sp. is limited and needs to be
further clarified.

When Brachylaima spp. which infect rodents are
considered, it is apparent that there are a number
with morphological features very similar to those of
B. cribbi n. sp. There are at least 22 Brachylaima
spp. that are not indigenous in Australia which com-
monly infect rodents. Of these B. chiapense Ubelaker
& Dailey, 1966, B. fulvus Dujardin, 1843, B. microti
Kruidenier & Gallicchio, 1959, B. oesophagei Shaldy-
bin, 1954, B. tokudai (Yamaguti, 1954) Ubelaker &
Dailey, 1966 and B. thompsoni (Sinitzin, 1931) Ube-
laker & Dailey, 1966 differ from B. cribbi n. sp. in
having an anterior uterine loop which does not extend
past the ventral sucker (Ubelaker & Dailey, 1966). B.
aequans (Looss, 1899) Skrjabin, 1948, B. bravoae
Caballero-Deloya, 1970, B. eburneensis Baer, 1971,
B. ishigakiense Kamiya, 1977, B. migrans Dujardin,
1845 (= B. advena Dujardin, 1843), B. ratti Baugh,
1962, B. rauschi McIntosh, 1950, B. recurva (Du-
jardin, 1845) Joyeux et Foley, 1930, B. suis and B.
virginianum Dickerson, 1930 all have unequal sized
ventral and oral suckers, whereas B. cribbi n. sp. has
suckers of equal size (Joyeux & Foley, 1930; Dollfus,
1935; Balozet, 1937; Kruidenier & Gallicchio, 1959;
Baugh, 1962; Caballero-Deloya, 1970; Baer, 1971;
Yamaguti, 1971; Kamiya & Machida, 1977).

Brachylaima apoplania Wheeler, 1989, B. apodemi
Nadtochii, 1970, B. erinacei, B. peromysci Reynolds,
1938 and B. rhomboideus (Sinitzin, 1931) Ubelaker &
Dailey, 1966 all have vitelline follicles which extend
to the mid-level or anterior to the ventral sucker, or
extend posterior to the posterior testis (Dollfus, 1935;
Reynolds, 1938; Ubelaker & Dailey, 1966; Nadtochii,
1970; Wheeler et al., 1989), whereas in B. cribbi n.
sp. the vitelline follicles extend from the anterior testis
and fail to reach the posterior margin of the ventral
sucker.

The only remaining species is B. ruminae. This is
the best studied of the European species and there is
excellent morphological detail of all life-cycle stages
to assist with species comparison (Mas-Coma & Mon-
toliu, 1986). Although the two worms are very similar,
B. ruminae is smaller and has a shorter mid-body. This
alone is insufficient to differentiate the species. When
the cercarial chaetotaxy is compared, however, there
are significant differences. The major differences are
around the ventral sucker; B. ruminae has three levels
(SI, SII and SIII), whereas B. cribbi n. sp. has two
levels (SI and SII). On the anterior body of B. rumi-

nae there are papillae at the AI, AII and AIII, level
compared with B. cribbi n. sp. which has papillae at
the AI, and AII but none at AIII level. There is also a
difference in the specificity for the first intermediate
host snail, as B. ruminae infects Rumina decollata and
will not infect Theba pisana (Mas-Coma & Montoliu,
1986) in contrast to B. cribbi n. sp. which infects the
latter snail.

It is unlikely that B. cribbi n. sp. is an indige-
nous Australian brachylaimid that has adapted to the
introduced European helicid snails. None of the cur-
rently described Australian Brachylaima spp. have
morphological features similar to those of B. cribbi
n. sp., except for B. pulchellum (Johnston, 1917)
Dollfus, 1935 and the two reports of Brachylaima
sp. by Cribb (1990, 1992). These three Brachylaima
are the only described species in Australia where the
uterus extends anterior to the ventral sucker. B. pul-
chellum is not known to infect mammals and has been
described only from the Wonga pigeon Leucosarcia
melanoleuca Latham in New South Wales. B. pul-
chellum also differs from B. cribbi n. sp. by lacking
tegumental spines, having the forebody occupy more
of the total body length (27%) than B. cribbi n. sp.
(17%), a mid-body occupying 30 % of the body length
compared with 51% for B. cribbi n. sp. and the gen-
ital pore being anterior to the anterior testis (Cribb,
1992). The Brachylaima sp. recorded by Cribb (1992)
from the bandicoot Isoodon macrourus Gould in North
Western Australia differs from B. cribbi n. sp. by hav-
ing a smaller ventral sucker than oral sucker, fewer
tegumental spines except around the oral sucker, larger
eggs (32 × 18 µm), a forebody occupying a greater
overall length (24%) than B. cribbi n. sp. (17%) and
the mid-body being 41% of the body length compared
to 51% for B. cribbi n. sp.

The Brachylaima sp. described by Cribb (1990)
cannot be differentiated from B. cribbi n. sp. and we
consider it to be the same worm. The life-cycle stages
and hosts reported by Cribb (1990) correlate with find-
ings in our laboratory. Measurements by Cribb (1990)
of gravid adult worms from mice and native rats that
had been infected naturally or experimentally were
shorter and narrower than our measurements, although
the overall appearance was the same. This proba-
bly reflects differences in specimen preservation and
processing. We have followed methods used by Mas-
Coma and Montoliu (1986), where life-cycle stages
were fixed under cover-glass pressure in Bouin’s fluid,
whereas Cribb (1990) used nearly boiling 5% for-
malin and no cover-glass pressure. Our selection of
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this technique was based on the methods commonly
used in Europe to help facilitate accurate comparison
among European brachylaimids. The only other dis-
crepancy between B. cribbi n. sp. and Brachylaima
sp. of Cribb (1990) is that the eggs of B. cribbi n.
sp. are larger (29.1 × 16.6µm) than Brachylaima
sp. (25.5 × 15µm) of Cribb (1990). Our measure-
ments represent eggs recovered from faeces (human
or mice) and are mature with developed miracidia
present. Cribb (1990) did not discuss the egg mor-
phology, or whether the eggs were dissected from
preserved gravid worms or recovered from animal fae-
ces. The differences in egg size could be related to
the maturity and preservation techniques and requires
further investigation.

We think it likely that B. cribbi n. sp. was in-
troduced to Australia with helicid snails as early
as the 1800s with the first European settlements in
South Australia or during large scale immigration after
World War II from Europe and Mediterranean coun-
tries. This trematode has become a dominant parasite
in these introduced helicid snails and in the animal
populations which feed on these snails. Of the snails
present in South Australia, Cernuella virgata, Theba
pisana and Cochlicella barbara have been reported as
first intermediate hosts. They harbour sporocysts and
release cercariae that are morphologically identical to
B. cribbi n. sp. (Cribb, 1990; Cribb & O’Callaghan,
1992; Butcher et al., 1996). These same species plus
Helix aspersa are suitable second intermediate hosts.
Further studies are required to determine the com-
plete range of host specificities of intermediate and
definitive hosts.

This is the first Brachylaima described as infecting
humans and is likely to have originated in Europe. The
main diagnostic features of this species are: the speci-
ficity for helicid snails as first and second intermediate
hosts; a potentially broad range of vertebrate defini-
tive hosts; characteristic cercarial chaetotaxy; and a
long slender adult worm with equal size suckers, the
ventral sucker occupying approximately 41% of the
body width, the uterus extending anterior to the ventral
sucker and the vitelline follicles falling short of the
posterior margin of the ventral sucker.

Etymology
It gives us great pleasure to name this species for
Dr Thomas H. Cribb, who has made a considerable
contribution to the understanding of trematodes in
general and brachylaimids in particular. His work on

Brachylaima in South Australia was instrumental in
permitting the diagnosis of human infections.
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