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Comparative Study of Four Species of Trichuris Roederer,
1761 (Nematoda, Trichurinae) by Scanning Electron
Microscopy
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A comparative morphological study of Trichuris travassosi, T. vulpis, T. discolor and T. suis was
performed using scanning electron microscopy. Cuticular inflation associated with the bacillary band,
vulva and male external genital appendages were analyzed. Qualitative and quantitative analyses of
these structures were made for each species; they are of taxonomic value.
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Whipworm identification is still difficult. Chan-
dier (1930) discussed the problem and presented
characters for a reliable determination of trichurids.
sSkrjabin ct al. (1970) reviewed the species and
pointed out that various characters arc used for the
description of the species.

Scanning clectron microscopy (SEM) has been
uscd by several groups to study whipworm exter-
nal structures such as the bacillary band, vulva
and malc genital apparatus |Sheffield (1963),
Jenkins (1969), Batte ct al. (1977). Wright (1978),
Tenora et al. (1992)] but onlv Barus et al,
(1977.1978). Zaman (1984), Pfaffenberger and
Best (1989), Lanfredi (1990) and Gomes et al.
(1992) demonstrate the taxonomic importance of
these structures. in the present study the SEM was
cmployed to analvze and compare the surface of
four species of Trichuris and the studied struc-
tures demonstrated (o be valuable for their identi-
fication.

MATERIALS AND METHODS

The four specics of whipworms 7richuris tra-
vassost Gomes. Lanfredi, Pinto & De Souza, 1992
[rom Orvzomys nigripes (Olfers, 1818). Trichuris
vulpis (Froelich, 1789) from Canis familiaris 1. .
1758, Trichuris discolor (Linstow, 1906) from half
blood cattle Bos taurus L. 1758 X Bos indicus L.,
1758 and Trichuris suis (Schrank, 1788) from Sus
scrofa L., 1758 were collected by necropsy of natu-
rally infected hosts, and fixed in AFA solution (2%
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acetic acid. 3% formaldeyde and 95% of 70% al-

‘cohol). Part of the samples was used for worm

identification by light microscopy according to
Skrjabin ct al. (1970) and Knight (1971). Speci-
mens were deposited at Instituto Oswaldo Cruz
Helminthological Collection (CHIOC). For SEM
studics. samples were dehydrated in an ethanol
serics (50° - 100° GL), critical point dried in CO,.
coatcd with gold and examined in a Jeol JISM25SI1
scanning electron microscopc operating at an ac-
celerating voltage of 13KV

For each character analyzed, at least five speci-
mens of each species were studied. All measure-
ments are in micrometers (um). In this work we
adopted the name spicular prepuce to designate
the cuticular structure with or without spines that
everts from the cloacal lining, previously referred
as spicular sheath. This designation actually re-
ports to the cuticle that involves the spicule. ac-
cording to Gomges ct al. (1992).

RESULTS

The tour species studied presented iypical char-
acters for the genus Trichuris. The body 1s divi-
ded 1nto two parts; an anterior long and thin por-
tion where the lateral bacillary band is located and
a posterior part containing reprodutive organs. Tt
1s formed by rows of bacillary glands that appear
at a vaniable distance from the anterior end, with
one bacillary gland per cuticular striation, increas-
ing 1n number posteriorly. Another cuticular struc-
turc, the cuticular inflations, arc present border-
ing cither side of the anterior bacillary band (Figs
1A-4D). The posterior part is thicker. At the tran-
sition region between the anterior and posterior
parts of the body, the bacillary band ends with
sparcc bacillary glands.
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Anterior part of bacillary band with bacillary glands and cuticular inflations. Fig. 1: Trichuris travassosi (500X). Fig. 2: 7" vulpis
(500X). Fig. 3. T discolor (300X). Fig. 4: T. suis (350X). A: first bacillary gland of the bacillary band (small arrow); B: first cuticular
inflation (arrow head), C: cuticular inflations (star) at the middle length of the bacillary band strip and the bacillary glands (asterisk); I>

last cuticular inflation (large arrow),

The vulva opens near the junction of the ante-
rior and posterior parts. At this point a small dila-
tation of the body is observed, and the cuticle be-
comes smooth, losing its peculiar striation (Figs
3-8). The anus 1s subterminal.

The male cloacal aperture is located at the pos-
terior end of the parasite. In some specimens the
spicule emerges from the spicular aperture and may
be covered in different extents by the cloacal pre-
puce (Figs 9A-12).
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[richuris travassosi Gomes, Lanfredi, Pinto &
D¢ Souza, 1992

Bacillary band - The bacillary band begins at
a distance of 70-98 from the anterior extremity of
the body, which at this point is 28-37 wide (Fig.
1A). The first cuticular inflations appear at the
point where the bacillary band has two bacillary
glands per cuticular striation. Its width is 10-13:
body width 40-47 (Fig.1B). Cuticular inflations
are present on beside and within region occupied
by bacillary band sides (Fig. 1C). They are 104-
120 1in number. At the last cuticular inflation the
bacillary band i1s 30-31 wide: there are 4-6 bacil-

lary glands and the body width is 51-53 (Fig. 1D).
The cuticular inflations look like round or elon-
gated bulbs, sometimes collapsed (Fig. 1C). They
are 6-31 long and 7-17 wide. Cuticular inflations
may be contiguous or up to 120 (Fig. 1C).

Vulva - The vulval opening is a transversal slit,
formed by cuticular projections resembling a lip.
[t 1s covered by a spineless wrinkled radiated
cuticule, resembling a crater. It is 31-39 long and
1'7-25 wide (Fig. 5). The studied specimens do not
present everted vagina.

Male genital apparatus - The cloacal aperture
presents conspicuous adcloacal papillae (Figs 9A-

{richuris travassosi - Fig, SA: crater like open vulva (1600X). Fig. 5B: transversal slit vulva with peripheral elevation and spineless
cuticle (1600X). T. vulprs - Fig, 6: spineless circular wrinkled cuticule (750X). T. discolor - Fig. 7: spiny vulva opening transversally
ellipsond (800X). 7. suis - Fig. 8A: spiny vulva opening oval (800X). Fig. 8B: vulva with everted vagina (800X).
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B). The cloacal prepuce, when everted, can be very
long, partially covering the spicule (Fig. 9A). It
measures 36-38 in diameter at the proximal end
and 34-47 at the distal end. The cloacal prepuce 1s
covered by sparsely distributed spines. At the proxi-
mal end (Fig. 13A) spines are thicker, becoming
thinner and sparser towards the posterior region
(Fig. 13A-D). In most specimens examined the
spicule was totally covered by the cloacal prepuce.

Trichuris vulpis (Froelich, 1789) Smith, 1908

Bacillary band - The bacillary band begins at
a distance of 79-85 from the antenior end body,
which at this point 15 26-32 wide (Fig. 2A) and
consists of a row of large bacillary glands that pro-
trude from the cuticle. The first cuticular inflation

10

is 11-12 wide and appear where the bacillary band
has three bacillary glands per cuticular stnatiation;
the body is 50-52 wide at this point (Fig. 2B).
Cuticular inflations are 26-31 in number; they are
7-21 wide and 7-26 long, and sparsely distributed
on each side of the anterior bacillary band (Figs
2B-2D). The last cuticular inflations occur where
the bacillary band has six to ¢ight bacillary glands
and its width is 30-31 and the body 1s 65-67 wide
(Fig. 2D). The cuticular inflations generally are
rounded tn shape and most of them were colapsed
(Figs 2A-D); they are 7 wide and 10-26 long. The
distance between the cuticular inflations range up
to 198,

Vulva - The vulval operung 1s a transversal
opening. Its anterior edge 1s semicircular and the

Trichuris travassosi - Fig. 9A: male posterior end with long spiny spicular prepuce (large arrow) (80X). Fig. 9B: cloacal papillae
(arrow head) (1600X). T- vulpis - Fig. 10: male posterior end without adcloacal papillae, showing the spicular prepuce (arrow head) and
the spicule (arrow) (60X). T. discolor. Fig - 11 A: spicular prepuce and spicule (180X). Fig. 11B: pair of adcloacal papillae and cloaca
(580X). Fig. 11C: lateral view of adcloacal papillae (830X). 7. suis - Fig. 12: male posterior end without adcloacal papillae, showing

spicular prepuce and the spicule (arrow) (100X).
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posterior edge shows a central elevation, covered
by a spineless cuticle circularly wrinkled. It is 60-
99 long and 46-50 wide (Fig. 6). The studied speci-
mens do not present everted vulva.

Male genital apparatus - Adcloacal papillae
absent (Fig. 10). When everted the spicular pre-
puce can be very long, with a diameter of 30-40 at
the proximal end and 52-64 at the distal end. At
the proximal part the cloaca, the spicular prepuce
1s covered by small triangular spines (Fig. 14A)
which become smaller (Fig. 14B), less frequent,
and even disappear (Fig. 14C) at the distal end

(F1g. 14D). The spicule is 20-38 wide at the proxi-
mal part and 14-23 at the distal end.

Trichuris discolor (Linstow, 1906) Ransom, 1911

Bacillary band - The bacillary band begins at
a distance of 110-150 from the anterior extremity
of the body, which at this place is 50-56 wide (Fig.
3A). The first cuticular inflation is 15-18 wide and
occurs where the bacillary band has three to four
bacillary glands per striation; the body width is
79-88 at thts point (Fig. 3B). The last cuticular
inflation appears where the bacillary band presents

Trichuris travassosi - Figs 13A-D: spicular prepuce spines from the proximal part to the distal end, showing shape, size and density
vanation (1580X). 7" vuipis - Figs 14A-D: spicular prepuce spines from the proximal part to the spineless distal end (star) and the
spicule (asterisk) (1330X). 7. discolor - Figs 15A-B: spicular prepuce spines (A=1900X), (B=2450X). T suis - Figs 16 A-B: spicular

prepuce spines {1600X).
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18-20 bacillary glands per striation; it is 67-76 wide
and the body width 1s 122-129 at this point (Fig.
3D). Cuticular inflations are round 131-137 in
number. Some of them are elongated (Fig. 3C);
they are 6-18 wide and 6-26 long. They are lo-
cated on both sides of the bacillary band (Figs 3B-
D). The largest distance between each other1s 122.
bulva - The vulval opening is transversally
ellipsoid, 80-83 long and 37-40 wide. The surface
of the cuticle presents a large number of spines
1.5-4.0 wide and 2.0-7.5 long. The cuticle around
the vulva is smooth, with very thin and small spines
located 1n the proximal portion (Fig. 7). The stud-
1ed specimens do not present ¢cverted vagina.
Male genital apparatus - The cloacal aperture
presents a pair of adcloacal papiliac casily seen
when the spicular prepuce is inside (Fig. 11B). The
spicular prepuce 1s sleeve-like, 57-92 in diameter
at the proximal end and 91-148 at the distal end.
It 1s totally and densely covered by thick spines
(Fig. 1TA) which arc uniform in shape and sizc
(Figs 15A-B). Most of our specimens did not
present spicular prepuce distended or fully dis-
tended. allowing observation of the cloacal aper-
ture and adcloacal papillae, but making impossible
the obscrvation of the prepuce in its total length.

fricauris suis (Schrank. 1788) Smith, 1908

Bacillary band - The bacillary band begins at
a distance of 77-80 from the extremity of the body
which at this point is 51-53 wide (Fig. 4A). The
first cuticular inflation occurs where the bacillary
band 1s 18-19 widc and has 4-5 bacillary glands
and the body 15 83-85 (Fig. 4B). At the last cuticu-
lar inflation the bacillary band presents 21-28 ba-
cillary glands, 1s 81-84 wide and the body is 115-
128 (Fig. 4C). The cuticular inflations arc 145-
151 1in number. Generally they are round, 14-21
wide and 14-30 long, and located on both sides of
the bacillary band (Figs 4B-D). The largest dis-
tance between cach other is 91.

Fulva - The vulval opening is oval, 58-63 long
and 34-35 wide. It 1s covered by a spiny cuticle.
The spines are 1.0-2.5 wide at the base and 4.0-
0.5 long (Fig. 8). The cuticle around the vulva is
smooth with evenly distributed spincs. During ovi-
position the vagina is everted and even in this situ-
ation spines are observed in the cuticle (Fig. 8B).

Male genital apparafus - Adcloacal papillac
absent (Fig. 12). The spicular prepuce is campanu-
late, with a diameter of 49-59 at the proximal end
and 79-114 at the distal end (Fig. 12). It is totally
and densely covered by uniformly pointed spines
(Fig. 16B). The spicule 1s 33-35 thick at the proxi-
mal part and 1s gencrally distended (Fig. 12).

DISCUSSION

The four species examined can be easily dif-
ferentiated by SEM observations of cuticular struc-
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tures initially proposed in the comparison with data
on the analyzed structurcs, according to other au-
thors (Table).

Trichuris travassosi and T. vulpis present simi-
lar dimensions at the anterior end but, can be eas-
1ly distinguished by the number and disposition of
cuticular inflations and number of bacillary glands
(Figs 2A-D, 4A-D). Simularly 7. discolor and T.
suis are larger than the preceding species but also
can be differentiated by the number, shape and dis-
position of cuticular inflations and bacillary glands
(Figs 1A-D, 3A-D). Wright (1975) described part
of the 7. myocastoris bacillary band using SEM
where crater-like cuticular inflations are sparsely
distributed on the bacillary band margins. His
analyscs of the number of inflations, bascd on light
microscope observations, may be inaccurate, be-
cause, depending on the worm position, some in-
flations may be overlooked. Based on SEM we
agree with him, that the anterior part of the nema-
tode must be straight and carcfully mounted on
the stub under stercoscopic microscope with the
bacillary band upside or it becomes impossible to
count the cuticular inflations. Zaman (1984) re-
ported 40 to 90 cuticular inflations in 7’ trichiura,
with diameters ranging from 10 to 20. distinguish-
ing 1t from closely related morphotype, 7. suis.

The vulva in 70 travassosi and 7. vulpis 1s
spineless, but 1n the former, the cuticle bears ra-
dially arranged wrinkles (Figs SA-B) while in the
latter tt bears concentric wrinkles (Fig. 6). In ad-
dition 1t 1s longer and wider than that of 7.
IFaNaISSOS| .

The vulva in T discolor and T suis 1s armed
with spines, but in the former, it 1s longer and the
spines are morc developed (Figs 7. 8A-B). Accord-
ing to Knight (1971). Knight and Uhazy (1973)
and Tenora ct al. (1992) the vagina in T discolor
does not cvert and there 1s no comment about
spines, but our specimens showed spines on its
margins, easily seen by SEM (Fig. 7).

Barus ct al. (1978) reported that, 77 skrjabini.
[ ovis and 1. lani present a characteristic vulval
appendage that projects above the body surface,
and in 1. globulosus as a small intcrnal hemisphe-
rical vulval appendage that protrudes with a cu-
ticular internal vulval aperture at tip. These char-
acters distinguish the above species from the four
species presented in this study. Zaman (1984) also
described the vulval aperture of 7. trichiura as be-
ing surrounded by an clevated. deeply indenied
rim-like structure. [t can be diffcrentiated from that
of 1" suis by its shape and size.

{richuris travassosi and T, discolor present
adcloacal papillae but can be distinguished by the
shape of the spicular prepuce (Figs 9A-B, 11A-C)
and the shape and disposition spines on the spicu-
lar prepuce (Figs 13A-D, 15A-B).
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TABLE

Structures of Trichuris species studied by SEM

Species Bacillary Vulva  Adcloacal Spicular Spicule Reference
band papillae prepuce
T travassosi X X X X X (;omes et al. 1992
1. vulpis X X X X X Present data
1. discolor X X X X X Present data
x? X X Tenora et al. 1992
T suis X X X X X Present data
X4 Barus et al. 1977
X< Batte ¢t al. 1977
T myocastoris X X4 Gomes et al. 1992
X¢ Wnright 1975
T elatoris X X Ptaffenberger &
Best 1989
1. dipodomis X X Ptaffenberger &
Best 1989
T lani X Barus et al. 1978
1" globulosus X Barus et al. 1978
X4 Barus et al. 1977
T, skrijabini X Barus et al. 1978
X4 Barus et al. 1977
T ovis X Barus et al. 1978
I cervicaprae X4 Barus ¢t al. 1977
1T muris X X X Wright 1978
T trichiura X¢ X X X Zaman 1984

9: detail of spicular prepuce spines
5. detail of posterior bacillary band
“: detail of anterior cuticular inflations

Trichuris vulpis and 7. suis did not present
adcloacal papillae but could also be distinguished
by the shape of the spicular prepuce (Figs 10, 12)
and the shape and disposition of the spicular pre-
puce spines (Figs 14A-D, 16A-B). Zaman (1984)
showed that the shape of the spicule, the spicular
prepuce and spings observed in 7. frichiura Clearly
differ from thosc found in 7. suis. Pfaffenberger
and Best (1989) comparing spicules and spicular
prepuces of 7 elatoris and T. dipodomis by SEM,
reported that “the presence of sacculations on the
shcath and an apparent groove along the curva-
ture of the spicule of 7° dipodomis may distinguish
it from 7. elatoris that shows pointed spines on
the spicular prepuce and no groove along the spi-
cule”. Wright (1978) showed the adcloacal papil-
lae, spicule and the spicular prepuce of 7) muris
densely covered by triangule shaped spines. Gomes
etal. (1992) described 7. fravassosi and compared
1ts spicular prepuce spines with those of 7.
myocastoris that are uniform in size, shape and
distnibuition. The four rodent parasite species can
be distinguished by the shape and disposition of
the spicular prepuce spines. Barus et al. (1977)
agreed that the surface structurc of 7 skrjabini, T.

suis, 1. cervicaprae and 1. globulosus 18 charac-
teristic for cach examined species. Although
Tenora ct al. (1992) showed the spicular prepuce
of T discolor fully distended and the distal por-
tion without spines as observed by us in 7. vulpis,
there are qualitative and quantitative differences
between both species (Figs 14A-D, 15A-B).

Undoubtedly, SEM morphological studies may
be regarded as very important to the differentia-
tion of Trichuris species and the significance of
e¢ach character will be better evaluated, when all
the described species have been analyzed by this
method.
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