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A NEW NEMATODE FROM THE RAT * 

SADAMU YOKOGAWA 

FORMOSA MEDICAL COLLEGE 

During the winter of 1920, while I was working at Johns Hopkins 
University, Dr. W. W. Cort assigned me for investigation the problem 
of the nematodes of rats and gave me some nematodes, which 
he had collected from a Norwegian rat, Epimys norvegicus, caught 
in Baltimore. These worms were found to be a new species of 

Heligmosomum, to which I give the name HeligmosomuL muzris nov. 

spec. Later I found this same species in twenty-four out of twenty- 
six rats examined, which were caught near Baltimore. Other nema- 
todes found were Strongyloides papillosus, Trichosomoides crassi- 
cauda, Hepaticola hepatica and Heterakis spumzosa, but the present 
paper describes only Heligmosonum nmuris, since the others have been 
described by other authors. 

Although Heligmosomum muris is a common parasite of rats here, 
nobody seems to have found it previously. My studies on the struc- 
ture of this species were made for the most part from living material, 
although specimens preserved in alcohol were used for comparison. 
The measurements of the body were made on fixed material, because 
the size of the living worms is changed by movement. Accordingly 
the sizes given in this paper are a little smaller than those of the 
living worms. 

Specimens of Heligmosomum muris preserved in alcohol are dark 
brown in color, filiform and coiled irregularly two to five times. 
These worms live in the upper part of the small intestine, especially 
near the duodenum of the rats. When still in position in the intestine, 
the worm appears as a little curved red string in the mucus or buried 
slightly in the mucous membrane. If, however, cool normal saline 
is poured on the intestine or the rat is not dissected soon after it has 
been killed, the worms will always be found more or less coiled. 
In the living worm, the body is red, filiform, and somewhat narrowed 
anteriorly. The head is small, 21 to 25M in diameter exclusive of the 
surrounding cuticular expansion, and 30 to 36M, in diameter including 
it (Fig. 1). The mouth is small and a small oral cavity (a) is present. 
In an optical section of this region in worms preserved in alcohol the 
sub-cuticular part of the circumoral area gives somewhat the appear- 
ance of two small teeth, one on each side. The esophagus is conoidi- 
form, a little sinous and 0.35 to 0.45 mm. long. The cuticula has 
transverse striations and prominent longitudinal markings in the form 

* This paper is a contribution from the Department of Medical Zoology 
of the School of Hygiene and Public Health of the Johns Hopkins University. 
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of ten ridges. It is relatively thick and inflated on the head and 
the anterior cervical region, making a cephalic area or expansion. 
The length of this area is 0.06 to 0.07 mm. The longitudinal cuticular 
ridges originate a little behind the cephalic area and run parallel clear 
to the posterior end. The transverse striations are not continuous 
around the cuticula but are found only on the longitudinal ridges. 
The excretory system is well developed and takes the form of two 
elongate sacs, which contain a large amount of highly refractile gran- 
ules. These sacs are situated on each side of the body and extend 
to about the middle of the body. The excretory sacs are connected 
with the excretory pore by a small canal. The excretory pore is situ- 
ated on the ventral surface, at a distance of 0.8 to 0.14 mm. in front 
of the base of the esophagus. The nerve ring is situated just in 
front of the excretory pore at a distance of 0.2 to 0.25 mm. from the 
anterior end of the esophagus. Cervical papillae are not present. 
The cells lining the intestine contain a large amount of melanin- 
like pigment. This is distributed throughout the entire length of 
the intestine. 

The male of Heligmtosoimuim muris (Fig. 2) is smaller than the 
female, being 3 to 4 mm. in length with a maximum thickness of 
0.085 to 0.1 mm. at the middle of the body. The bursa (Fig. 3) 
is large and a little enrolled, expanding toward the ventral side. It 
consists of two large lateral lobes and a small dorsal lobe. The 
lateral lobes are each supported by six rays and are asymmetrical, 
the right being larger than the left. In one worm measured, the right 
lobe was 0.218 mm. long and 0.164 mm. wide, and the left lobe 
was 0.164 mm. long and 0.146 mm. wide. The rays of the left lobe 
are more divergent than those of the right, and are different in form 
on the two lobes. The ventro-ventral, latero-ventral, externo-lateral 
and medio-lateral rays of the left lateral lobe are similar in form 
and have almost equal intervals between them. The left postero- 
lateral ray has a very different form, being shorter and wider than 
the others and diverges from the medio-lateral ray, curving posteriad. 
The postero-lateral ray of the right lobe is relatively small and 
diverges from the medio-lateral ray, curving a little posteriad. The 
medio-lateral and externo-lateral rays of the right lobe are digital 
and larger than the other rays. They run close together and parallel 
throughout most of their extent, but their tips diverge. The latero- 
ventral ray of the right lobe is long and straight and the right 
ventro-ventral ray is slender and quite divergent. Both externo-dorsal 

rays (ed) are thin and slender. They diverge from the root of the 
dorsal ray and run along the boundary line between the two lateral 
and the dorsal lobes, curving posteriad; consequently they sometimes 
appear to belong to the lateral lobe and sometimes to the dorsal. 
The dorsal lobe is very small and divided from the lateral lobes by 
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shallow indentations. The dorsal ray (d) is 45 to 54y long and 
terminates in four digitations. 

The body of the male terminates posteriorly in a thin cone which 
projects into the bursa along the anterior surface of the dorsal lobe. 
The two spicules are yellowish brown, about 0.56 mm. long and filiform. 
They are united at their distal ends and form a small arc. The 
two gubernacula are colorless and situated on the ventral and the 
dorsal sides of the distal end of the spicules. The ventral gubernac- 
ulum is longer than the dorsal. The former is 0.06 to 0.07 mm. 
long and the latter 0.04 to 0.05 mm. long. 

The anterior part of the testis (Fig. 2, c) is situated on the 
dorsal side near the beginning of the intestine and is loop-shaped. Its 
beginning is very difficult to see because it is covered with the large 
excretory sac. However, I could see it sometimes clearly in the living 
worms, and found that the distance of the anterior tip of the testis 
from the base of the esophagus varied somewhat in different worms. 
At the middle of the body, a narrow region (d) 0.02 to 0.03 mm. 
long follows the testis. The wall of this region is thick and consists 
of cuboidal cells, similar to the cells of the ejaculatory duct. It 
seems to be a vas deferens because it is joined immediately to the 
seminal vesicle (e) filled with spermatozoa. The seminal vesicle is 
0.1 to 0.13 mm. long and is followed by a narrow canal 0.09 to 0.12 
mm. long which is surrounded by high columnar cells (f). Each 
of these cells contains a round nucleus and many granules. The cells 
which are situated on the posterior half of this canal are darker than 
those of the anterior half. These cells probably correspond to the 
cement glands of other forms, and the darker coloring appears to be 
connected with the secretory activity of the cells. This part con- 
nects with a well developed ejaculatory duct. The wall of the ejacula- 
tory duct (g) consists of a layer of transparent cuboidal cells. At 
the level of the cement gland the reproductive tube crosses the intestine 
again. Consequently the anterior half of the intestine is located on 
the ventral side and its posterior half on the dorsal side of the repro- 
ductive tube. The distal end of the intestine joins the posterior end 
of the ejaculatory duct. 

The female (Fig. 4) of Heligmosomunm muris is larger than the 
male. It is 4 to 6 mm. long, with a maximum thickness of 0.09 to 
0.12 mm. in the middle of the body. In the contracted worm the 
posterior region of the body is withdrawn to such an extent that 
the cuticula forms a sac surrounding the anus and vulva. The 
posterior end of the body becomes reduced suddenly in size just 
behind the vulva, terminating in a short, thin tail. The anterior end 
of the ovary (h) bends and forms a small loop. This part is situated 
on the dorsal side of the anterior part of the intestine at a varying 
distance from the base of the esophagus. The blind free anterior 
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end of the ovary contains extremely small cells, the primordial germ 
cells. The main part of the reproductive organ is situated on the 
dorsal side of the body and the ovary is filled with developing oocytes, 
which generally arrange themselves in single file. The ovary connects 
with the receptaculum seminalis by a narrow tube near the posterior 
part of the body. The receptaculum seminalis (i) is situated at 
the beginning of the uterus without sharp demarcation. The uterus 
is situated in the posterior part of the body and is 0.45 to 0.60 mm. 
long, containing 13 to 27 eggs, and connects with the ovejector (j) 
of about 0.1 mm. in length. The ovejector is joined to the thick walled 
vagina, crossing the distal end of the intestine. The ovejector has 
a well developed wall which at the beginning of the ovejector is 
thickened forming a sphincter. The ovejector seems to be a little 
twisted and its distal end projects into the vagina. The vagina (k) 
is 0.14 to 0.16 mm. long and situated on the ventral side of the body. 
Its wall is lined by cuticula. There are strong irregular longitudinal 
folds on its internal surface and it extends into the distal end of the 
ovejector. The vagina runs in a diagonal direction in the posterior 
end of the body, and terminates in the vulva. This (1) is situated 
on the ventral surface just in front of the anus at a distance of 
0.1 to 0.13 mm. from the tip of the tail. The intestine is straight 
and runs along the ventral side of the body, terminating in the 
anus. It crosses the ovejector near the posterior end of the body. 
The anus (Xn) is situated at a distance of about 0.06 mm. from the 
tip of the tail. The eggs are ellipsoidal with a very thin shell. The 
average size is 58jt by 33i; a common minimum is 54.6 by 30.9/ and 
a frequent maximum 61.8 by 34.5,/. They are in the one to sixteen 
cell stages of development in the uterus and in the feces are in the 
four to sixteen cell stage, exceptionally, also in the morula stage. 

In the genus Heligmosomum, Raillet and Henry the following 
species have been placed: Heligmosomun costellatun (Dujardin), 
H. minutum (Dujardin), H. gracile (F. S. Leuckart), H. laeve (Dujar- 
din), H. braziliense Travassos, H. agoutii Neiva, da Cunha and 
Travassos, H. vexillatum Hall and H. cristatum Gedoelst. All of 
these are discussed by Hall (1916: 149-158) except H, agoutii Neiva, 
da Cunha and Travassos (1914) and H. cristatum Gedoelst (1917). 
Seurat (1915) gives a detailed description of H. laeve Dujardin, 
which is not fully covered in Hall's paper. Heligmosomnumn muris 
is most closely related to Heligmosomurn vexillaturn Hall, which 
was described from Thonmomys fossor from Colorado, and to Helig- 
rmosomumn brasiliense Travassos from the Norwegian rat from Rio 
de Janeiro, Brazil. A comparison of H. muris with the description 
of H. vexillatum and with a toto mount of this species which 
was kindly loaned me by Doctor Hall, showed that while these 
two species agree in general size and shape, they are strikingly 
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different in the length of the spicules, the size of the eggs, and the 
character of the bursae. A comparison of my species with H. brazil- 
iense is more difficult since this species is not figured and not described 
in detail, especially in regard to the character of the bursa. Differ- 
ences are apparent in the size of the eggs, the length of the esophagus, 
the structure of the bursa, and the position of the anus and vulva. 
The most striking differences are in the size and shape of the two 
species. In H. braziliense the male is from 2.6 to 2.8 mm. in length 
and 0.09 to 0.1 mm. in diameter at its widest part, giving the ratio 
of length to width of about 30: 1. The female is 3.5 mm. long and 
0.13 mm. in width with a ratio of length to width of about 27: 1. 
H. muris is longer and especially in the female much narrower for 
its length, as in this species the male has a length of 3 to 4 mm. 
and a width of 0.85 to 0.1 mm., making a ratio of length to width 
of about 33 to 44: 1, and the female has a length of 4 to 6 mm. 
and width of 0.09 to 0.12 mm., making a ratio of length to width 
of 44 to 50: 1. These differences seem to me to make it necessary 
to establish Heligmosomum muris as a distinct species. 

I wish to express here my deep indebtedness to Doctor W. W. Cort, under 
whose direction this work was carried on, and also to Doctor B. H. Ransom 
and Doctor M. C. Hall for their kindness in helping me with the preparaton 
of this paper. 
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EXPLANATION OF PLATE VI 

Fig. 1.-The anterior end of Heligmosomum muris, shown in optical section; 
a, mouth cavity. 

Fig. 2.-Male of Heligmosotmum muris from an experimental rat, 9 days 
after infection, latero-ventral view; a, excretory pore; b, excretory sac; c, 
anterior end of the testis; d, vas deferens; e, seminal vesicle; f, cement gland; 
g, ejaculatory duct. 

Fig. 3.-Bursa of male of Heligmosomun muris, dorsal view; d, dorsal ray; 
ed, externo-dorsal ray; pl, postero-lateral ray; ml, medio-lateral ray; el, externo- 
lateral ray; Iv, latero-ventral ray; vv, ventro-ventral ray 

EXPLANATION OF PLATE VII 

Fig. 4.-Female of Hueligmosomum muris from the wild rat. a, excretory 
pore; b, excretory sac; h, anterior end of ovary; i, seminal receptacle; j, 
ovejector; k, vagina; 1, vulva; im, anus. 
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