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ABSTRACT

The taxonomy of Strongyloides has been critically assessed,
firstly from the viewpoint of nomenclature, and subsequently from
the aspect of morphology with emphasis placed on the practical

problems of differentiating species.

On the higher taxon level, the classification of the genus was
discussed and placement in the Rhabdiasoidea favoured, although it
was acknowledged that this was a compromise based on lack of
knowledge of the Rhabdiasidae. The argument was presented that the
valid name of the genus 1s Strongiloides, not Strongyloides, but
that adoption of the former name would lead to instability without
benefit. One hundred and three names used for species were located
in the literature. Fifty three were considered wvalid, 18 invalid
and 32 unavailable. Of this latter group, 22 were lapsi calamorum, S
were nomina.nuda, two had unacceptable spelling, and three lacked a
differential diagnosis. The only species names which were
considered invalid and are in common use were S.ransomi and

S.planiceps, junior synonyms of S.suis and S.cati respectively.

The genus was defined by description of the eighteen life cycle
stages. This was based on Little (1966a,b) and some additions and
corrections made to his basically sound definition of Strongyloildes.
The proposal was made that the parasitic female lacks cephalic
papillae. Some changes in the limits of dimensions of the parasitic
female were made, and it was emphasized that the maximum width
relative to length, the distance of the wvulva from the mouth
relative to 1length, and the intramucosal location of the parasite
are significant generic characters. The existence of perivulval
nerve endings in the parasitic female was noted. The definition of
the free living adults was essentially unchanged £from that of
Little, with +the exception that the midventral preanal papilla of
the free living male differs from the six paired caudal papillae.
The existence of a papilla on the midpoint of the anterior cloacal

lip was confirmed.

Artifactual changes in all adult stages were described. The



most common were degeneration due to death of worms or their host
and those caused by the immune response of +the host. The
significance of artifactual changes in the taxonomy of Strongyloides
was addressed, with particular reference to unusual features

described in the literature for wvarious species of Strongyloides.

The criteria used to differentiate species in the genus were
critically assessed. Those of most use were the stomal shape in the
en face view and the ovary type of the parasitic famale, the
distribution of caudal papillae in the free living male and features
of gubernaculum and spicules, the post wvulval constriction and
posterior rotation of the wvulva in the free-living female, and the
stage of +the parasite found in freshly voided faeces. Minor
criteria were the shape of the tail in the parasitic female, the
higher taxon classification of the host, and the occurrence of

autoinfective larvae.

Practical problems arising in the identification of unknown
specimens were discussed. A significant problem not solved by this
thesis is that 41 of the 53 valid species have not been adequately
described. Consequently, an unusual approach to identification of
unknown specimens was developed. This involved the use of a
comprehensive host-Strongyloides 1list to demarcate a series of
selection groups comprised of different species. The unknown
specimen 1is compared with the first selection group, and points of
similarity noted. Comparison then proceeds through the selection
groups whose base broadens progressively. In this way, poorly
described species are not omitted from the differential diagnosis.
An attempt was made to apply these principles to the Strongyloides
sp infecting man in Papua Nuigini. Available information indicated

it was most consistent with S.fuelleborni.

The nett effect of this +thesis is a nomenclatural spring
cleaning of the species in the genus, a precise definition of the
genus with a Cclearer demarcation of generic characters,
clarification of the significance of artifacts on the morphology
useful for taxonomy, delimitation of those characters of wuse in
differentiating species, and proposal of a practical scheme for

identifying unknown specimens.

ii
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KEY TO ABBREVIATIONS USED IN FIGURES AND TABLES.

A = anus.

BAP = anterior anal papilla

AD1 = anterior adanal papilla

AD2 = posterior adanal papilla

ARO = anterior reflection of ovary

ARO-O = distance between anterior reflection of ovary and posterior
end of oesophogus

ART = anterior reproductive tract

AU = anterior uterus

B = oesophageal bulb

BC = buccal capsule

Cc1i = anterior part of oesophogeal corpus
cz = posterior part of oesophogeal corpus
D = deirid, cervical papilla

DLP = dorsolateral perivulval papilla

E = eggs

EP = excretory pore

G = gubernaculum

GP = genital primordium
I = intestine

Is = oesophogeal isthmus

= junction of testis and wvas

L = length

Lp = lateral papilla

M-V = distance between anterior end of female and vulva
NR = nerve ring

(o] = posterior end of oesophogus

OES = oesophogus

OM = ovum

ov = ovary

ovd = oviduct
P = phasmid
PO = preanal organ

PRO = posterior reflection of ovary
PRO-A = distance between posterior reflection of ovary and anus

PRT = posterior reproductive tract



PU
PVP

SDPo
SVP
SVPoO

Te

posterior uterus

perivulval papillae

spicule

subdorsal postanal papilla
subventral preanal papilla
subventral postanal papilla
testis

tail

vulva

uterus.
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GENERAL INTRODUCTION

The differentiation of species in the genus Sirongyloides has
been a problem since discovery of the type species, S.stercoralls,
in 1876. Members of the genus in many cases show an alternation of
parasitic and free 1living generations with markedly different
morphologies (Fig.I). A controversy occurred initially over whethex
the free-living stages of S.stercoralils and the parasitic form found
shortly after represented one species or two. This was resolved by
the early 1880's, The problem was then to find criteria by which
separate species of Strongyloides could be distinguished. This has
proved a difficult task.

Many of the difficulties are 1related to the size of the
nematodes., Both the parasitib and free—-living stages are small.
Owing to their small size Strongyloides are fragile, are difficult
to find, post-mortem autolysis is rapid, and they are physically
difficult to manipulate. The oil immersion lens is <required for
examination of many features. Their small size also means that
differences in the shape of various body parts, or in the positions
of papillae, are often expressed in distances less than 10um. The
difference between a stoma that is oval in en fFface view and one that
is dumb-bell shaped may be a medial deviation of 1u of the lateral
margins. Consequently, uncertainty can arise in the mind of the
observer over whether the differences seen are real, artifactual or
even imagined.

A second set of problems is related +to the biology of the
genus. The parasitic generation consists of females only. There is
no parasitic male, a stage which in nematode taxonomy usually forms
the cornerstone of species diagnosis. This lack is compensated for
by the existence of free-living males and females, although culture
of faeces is necessary to obtain them, and they do not always occur,
let alone develop. The parasitic female is parthenogenetic
(Zaffagnini, 1973; Triantaphyllou and Moncol, 1977). Dioecious
reproduction gives a species genetic polymorphism while the

variation possible in a species reproducing parthenogenetically is
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much less. In the latter situation females faithfully reproduce

themselves with progeny showing 1little change from the parent

generation. Parthenogenesis may account for the remarkable
uniformity of morphology in the genus. Differences between species
of Strongytoides are rarely determined by the presence or absence of
a character but wusually are expressed in terms of degree.
Uniformity 1is so great that superficially many species of
Strongyloides look the same, adding to the taxonomic problems.

The taxonomy of Strongyloides is not in its infancy. Useful
criteria have been established (Little, 1966a). They enable
reasonably closely related species to be differentiated, but in
practice have been rarely applied by parasitologists. A majoxr
problem is that so few species in the genus have been examined using
the newer taxonomic criteria. Only 11 species have been fully
described. One of the aims of this study, therefore, is to
critically examine as many described species as possible to provide
a basis with which comparisons can be made.

Perusal of the literature reveals that several processes are
liable to cause artifactual changes in the morphology of
Strongyloides. These will be examined.

Morphology was chosen as the main tazxonomic tool to be used in
this study. Several reasons prompted this. Firstly, Little (1966a)
had shown species could be differentiated using criteria visible
under the 1light microscope. Light microscopy is a technique which
is universally available and relatively easily applied. For a
technique to be wuseful in the practical sense it must have the
latter characteristics. Biological studies such as host ranges of
particular species of Strongyloides (Fleming et al, 1979; Melvin
and Chandler, 1950) and ability of free—living stages of different
strains to cross (Augustine, 1940) were cumbersome and added little
to the understanding of the taxonomy of the genus. Two species
examined immunologically showed many shared antigens (Gréve and
Blair, 1981), and although the species could be easily separated
morphologically, differentiation by immunological techniques would
not have been possible. Protein electrophoresis has not been used
for Strongyloides, but minimum amounts of material for a full
examination would require large numbers of worms owing to their
small size. The technique could be of possible use in theoretical

studies only.



Morphological criteria allow limited numbers of specimens whose
identity is unknown to be compared with published descriptions and
deposited specimens. Once species have been fully described, the
next step is to use more sophisticated techniques to test the taxons

delimited by the morphological criteria. We are not yet at this

stage.

The aims of this study are:

(1) To examine the classification of the genus and the wvalidity of
the generic name (Chapter 1l).

(2) To redefine the genus (Chapter 2).

(3) To list names of Strongyloides found in the 1literature and to
critically examine these from the nomenclatural viewpoint
(Chapter 3).

(4) To describe techniques which c¢an be used in examining
Strongyloides (Chapter 4).

(5) To describe the morphology of artifactual changes (Chapter 5).

(6) To critically examine the criteria used to differentiate between
species (Chapter 6).

(7) To illustrate how these criteria can be applied in a particular

case (Chapter 7).



CHAPTER 1

CLASSIFICATION OF STRONGYLOIDES.

1.1 HIGHER TAXON LEVEL.

The classification of Strongyloides shown in Table 1:1 was

proposed by Little (1966a).

TABLE 1:1. Classification of Strongyloides and related genera.

Class: Nematoda

Order: Rhabdita
Superfamily: Rhabdiasoidea Railliet, 1916

Family: Strongyloididae Chitwood and McIntosh, 1934
Genus: Strongyloildes Parastrongyloildes Leilpernema
Grassi, 1879 Morgan, 1928 Singh, 1976

The relationship of Strongyoides to certain free—-living
rhabditoids was recognised when the type species, S.stercoralis ,

was discovered (Bavay, 1876). The superfamily Rhabditoidea was



subsequently proposed to accommodate this group. Strongyloides was
not placed in a separate family until Chitwood and McIntosh (1932)

proposed the family Strongyloididae. Prior to this Travassos

(1930a) had placed Strongyloides in the family Rhabdiasidae and had
proposed a new subfamily, the Strongyloidinae for Strongyloides and
Parastrongyloides. Travassos had followed Railliet (1916) in
dividing the Rhabditoidea into the Rhabdiasidea and the
Rhabditoidea. Chitwoocd and McIntosh (1934), Chitwood and Chitwood
(1950) and Anderson and Bain (1982) placed the Strongyloididae in
the superfamily Rhabditoidea and ignored the Rhabdiasoidea.

Little (1966a) in a redefinition, of the genus Strongyloides
considered the Strongyloididae and the Rhabdiasidae to be
sufficiently different to warrant their placement in the superfamily
Rhabdiasoidea. Hyman (1951) had separated Rhabdiasoidea and
Rhabditoidea, but had raised both to the rank of order. Yamaguti
(1961) created a new order, Rhabdiasidea, for the rhabdiasoids. The
most recent review of the higher taxon classification (Anderson and
Bain, 1982) ignores ©Little's classification and uses that of
Chitwood and McIntosh (1934), placing Strongyloididae in the
Rhabditoidea. None of these workers, however, gave precise reasons
why the;r particular classification should be adopted.

If Little's classification is accepted; the families remaining
in the superfamily Rhabditoidea are Rhabditidae and Cephalobidae,
free-living saprophagous forms rarely associated with vertebrates,
Cylindrocorporidae, including free-living and saprophagous species
and three species of Longibucca Chitwood, 1933 found in the
gastrointestinal tract of a snake and two species of bat, and the
Angiostomatidae, parasites of salamanders and terrestrial gastropods
{Anderson and Bain, 1982). The Rhabdiasoidea contains only two
families, Strongyloididae and Rhabdiasidae, all members of which are
parasites of terrestrial vertebrates. These families may not be
Closely related. Ballantyne (1971) in an wunpublished comparative
study of the Rhabdiasidae and the Strongyloididae with some data on
free-living rhabditoids found that the families Rhabdiasidae and
Strongyloididae did not appear to be very closely related although
they both had the same number of head papillae and exhibited
alternation of parasitic and free-living generations. He concluded
that the classification into two families in the Rhabdiasocidea was
the most appropriate pending further study since it drew attention
to the occurrance of free-living and parasitic generations and was
convenient.

The limited number of chromosomal studies on Strongyloides have



shown that compared with the other members of the Rhabditida, a
reduction in chromosal number has occurred (Triantaphyllou, 1983).

S.ratti has n = 3 (Bolla and Roberts, 1968); while S.ransomi and

S.papillosus has n = 2, where an X chromosome appears to have fused
with an autosome (Triantaphyllou and Moncol, 1977). Most
free—-living rhabditoids have a haploid chromosome number of six, as
do members of Rhabdias, the type genus of the Rhabdiasoidea.
Strongyloides represents an advanced state of karyotypic evolution
among the Rhabditida (Triantaphyllou, 1983). Strongyloididae,
therefore, does not rest comfortably with the Rhabdiasidae in the
Rhabdiasoidea. The Rhabdiasoidea contain no exclusively free—living
members, the parasitic form is found only in the gut or 1lungs of
terrestrial vertebrates and they exhibit alternation of generations.
Such a classification is a compromise based on superficial data, but
more accurately reflects relationships between the families than
placement of all in the Rhabditoidea. The preliminary evidence
cited suggests that the Strongyloididae are at least sufficiently
different to warrant placement in their own superfamily, but more
comprehensive comparative studies are required, particularly of the
other members of the Rhabdiasoidea, before such a change is

justified.

1.2 GENERIC LEVEL.

Strongyloididée contains three genera, Strongyloides,
Parastrongyloides and Leipernema. The free-living generation in all
are small rhabditoid nematodes, while the parasitic generation is a
small, slender stage. The genera can be distinguished using the
parasitic stage (Little, 19663; anderson and Bain, 1982).
Strongyloldes possesses only a parasitic female with a shallow
buccal capsule (Little, 1966a), Parastrongyloldes is dioecious with
a globular buccal capsule (Morgan, 1928), and Leilpernema lacks a
parasitic male and the anterior ends of the oesophagus of the
parasitic female protrudes through the stoma (Singh, 1976) (see
Fig.1:1).
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Fig.l:1. Lateral view of heads of parasitic females from the
Strongyloididae. A. Strongyloides stercoralls ex small intestine
of dog; B. Parastrongyloides sp.nov. ex small intestine of
echidna, Tachyglossus aculeatus; C. Lelpernema leiperi ex small
intestine of pangolin, Manus pentadactylus (from Singh, 1976 p270
Fig.2).

1.3 NAME OF THE GENUS.

Strongyloldes papillosus (Wedl, 1856) is the oldest species in
the genus although originally placed in Trichosoma. The second
oldest is the type species, S.stercoralis (Bavay, 1876), described
originally as Anguillula stercoralils from the free-living generation
in human faeces (Bavay, 1876). Initially the occurrence of both
free-living and parasitic generations was not realised and in 1877
the parasitic female was found and described as Anguillula
intestinalls (Bavay, 1877a). Suspicion that these were two forms of
the same parasite soon arose (Bavay, 1877b). Conclusive proof was
not provided until five years later (Grassi, 1882). A.intestinalls
is, therefore, the Jjunior synonym of A.stercoralis, Since the

correct identity of S.papillosus was not recognised until 1911 when




Ransom placed it in Strongyloides, S.stercoralils was established as
the type species.

The generic name was unstable until the early 1900's. Various
names used for Dboth the genus and the type species are listed in

Table 1:2,

TABLE 1:2. Names used for Strongyloides and S.stercoralils.

GENUS
vValid name: Stronglloides Grassi, 1879
Rejected names: Trichosoma Wedl, 1856

Rhabditis Bavay, 1876
Angutllula Bavay, 1876

Leptodera Cobbold, 1879
Pseudorhabdilitis Perroncito, 1881
Rhabdonema Leuckart, 1882

Strongyloides Anon, 1879

TYPE SPECIES
vValid name:
Strongtloides stercoralils (Bavay, 1876) Grassi, 1879
Rejected names:
Angutllula stercoralis Bavay, 1876
Rhabditls stercoralis Bavay, 1876
Angutllula intestinalils Bavay, 1877
Leptodera stercoralils (Bavay, 1876) Cobbold, 1879
Leptodera intestinalis (Bavay, 1877) Cobbold, 1879
Strongiloides intestinalils (Bavay, 1877) Grassi, 1879
Pseudorhabditis stercoralis (Bavay, 1876) Pexroncito, 1881
Rhabdonema strongyloides Leuckart, 1882
Rhabdonema intestinale (Bavay, 1877) Blanchard, 1885
Rhabditis intestinalls Oerley, 1886
Strongyloildes intestinalis (Bavay, 1876) anon, 1879
Strongyloildes stercoralls (Bavay, 1876) Stiles & Hassall, 1902



Hall (1916) and Yorke and Maplestone (1926) listed Stercoralils
Tanaka, 1910 as a generic synonym. They failed to provide a
reference and I have been unable to locate a paper by Tanaka in that
year.

When Bavay (1876) placed his species in the pre—-existing genus
Anguillula, he also included Rhabditis as a generic synonym.
Cobbold (1879) placed the parasite in Leptodera, another synonym of
Rhabditis; Perroncito (1881) proposed the new generic name of
Pseudo-rhabditis and Leuckart (1882) proposed Rhabdonema. The name
currently used for the genus is Strongyloldes and is attributed to
Grassi (Thayer, 1502). Grassi (1879a), however, writing in Italian
in Recondiconti Dell Instituto Lombardo, Di Scienze e Lettere,
Milano : 2 ; =xii (p233) used Strongtloildes. Italian has no "y".

It 1is apparent from the text that Grassi was making a
comparison with ~Nematodirus filicollis; a synonym at the time was

Strongylus fFfilicollils Molin, 1861

"Da questi studj e da altri comparativi,
specialmente collo Strongilo Filicolle della pecora col
quale il nostro verme ha molta somiglianza, io sono venuto
nella opinione che 1la cosidetta anguillula intestinale
debba considerarsi come un dgenere molto affine allo
strongilo, da denominarsi Strongilloides; ma sovra questo
punto tornero in una prossima lettura in cui, se gli
indizj di recenti sperimenti non mi ingannano, riferiro
intera la storia dello sviluppo del-1l'anguillula
intestinale.”

(see also Fig.l1l:2)
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- Fig.l:2. English translation of Grassi's Italian
( 1879a p233).

"From these studies and from other comparisons,
especially with Strongilo fFfilicolle in sheep with which
our worm has much in common, I am led to believe that the
50 called intestinal anguillula is to be considered as a
genus with close affinity to the strongyles, to be called
Strongiloides; but I shall come back to this point in a
future reading in which, 1f the 1indications of zrecent
experiments do not decieve me, I shall relate the entire
history of the development of the intestinal anguillula.”

The generic name Strongylus was proposed by Muller in 1780 and was

spelt with a "y". One could argue, therefore, that had "y" been
available to Grassi, he would have used the spelling
"Strongyloides", not "Stronglloildes". Strongiloides, however,

satisfies all provisions of Articles 10 to 20 of the International
Code of Zoological Nomenclature, 1985. Emendation is possible only

under Article 32 "Original Spelling"” and only under c(ii):

"(ii) there is in the original publication itself, without
recourse to any external source of information, clear
evidence of an inadvertent error, such as a lapsus calami
or a copyist's or printer's error (incorrect
transliteration or latinisation and use of an
inappropriate connecting vowel are not to be considered
inadvertent errors );"

To assess whether Grassi's use of Strongiloides was inadvertent
Grassi's subsequent publications were viewed (Grassi, 1879b;
1882a&b; 1883a,b,&c; 1885; Grassi and Parona, 1879; Grassi and
Calandruccio, 1884’ o Grassi and Segre, 1887). Grassi did not
use Strongiloides again. Strongyloides, however, was used in the
same year in an abstracting journal (Medicina Contemparanea, Milano
3: 495-497). The anonomous author reviewed Grassi's 1879 paper and
used the name Strongyloides intestinalis. Strongyloides is
therefore a lapsus calami by this reviewer and consequently

unavailable. The next author to use Strongyloides appears to be

11



Leuckart (1882), but the same ruling will apply to his and all
subsequent uses. Grassi wused Anguillula or Rhabdonema in all
subsequent publications. Examination of Grassi's publications for
the use of "y" revealed use for "Bavay" (Grassi 1882; Grassi and
Calandruccio, 1884 p492) and for "Rhabdonema strongyloides" (Grassi,
1883b pZ61; Grassi and Calandruccio, 1884 pp492,494). Grassi
therefore had the option of using "y" had he so desired. The use of
"i" in Strongiloides was not inadvertent ; it was a result of the
limitations of the language wused and Grassi's choice to use a
strictly latinised form. The correct name of the genus is therefore
Strongitoides Grassi, 1879.

Hall (1916 p6) 1listed Strongiloides as a synonym of
Strongyloides, Dbut indicated the latter name was the valid name for
the taﬁon. He gave as authorities Strongilloides Grassi, 1879a and
Strongyloides Grassi, 1879b, and used Strongyloides as the valid
name without comment. This was an erxrror, since Strongiloides has
priority. No other author has listed Strongiloides.

hdoption of Strongiloides as the valid name of the genus,
although correct, would disrupt nomenclatural stability as a whole.
Mindful of the accusation of "taxonomic nit-picker", I decided to
consult the International Commission on Zoological Nomenclature. My
attention was drawn to Opinion 66 of 1915, by which Strongyloides
was placed on the Official list (Fig.l:a)} Although this act does
not give the name precedence over any other (Article 78), it clearly
indicates that at that time Strongyloides was considered to be the
most appropriate name for the genus. The same opinion holds +true
today. A change of name would be disruptive without benefit.

Strongyloides should be retained.

12



INTERNATIONAL COMMISSION ON ZOOLOGICAL NOMENCLATURE 13

¢/e BRITISH MUSEUM (NATURAL HISTORY)

In replying lo this letler, please quote ‘
the following reference number : E CROMWELL ROAD,
LLONDON, SW7 58D

ZN (G) 34 TEL. 01-589 8323, Ext. 387

Dr. Richard Speare 3 February 1986
Graduate School of Tropical Medicine,

James Cook University,

Townsville 4 4811,

Australia.

5

Dear Dr. Spearse,
Thank you for your letter of January 22.

The name Strongyloides was placed on the OUfficial List by
Opinion 66 of 1915, Under the Code (Article 78) this act does
not of itself give the name precedence over any other, but it
does clearly indicate that at that time specialists carefully
considered it, and concluded it to be the appropriate name, as
I believe has always been true.

I see that Grassi in 1879 used both Strongiloides and
Strongyloides; presumably it is implicit in your letter that the
former was earlier, and has priority. Nevertheless, the fact
that the latter spelling has been on the Official List for over
70 years should not be ignored except for very good reasons, and
I feel that to pursue the proposed case would probably be a
rather unrewarding use of time.

le do of course very much appreciate your interest. If you
do wish to present cases to the Commission we can send you a
copy of the guide-lines to authors, and any recent number of the
Bulletin of Zoological Nomenclature will provide models.

Yours sincerely,

_AF.PT % Tubbs

FIG.1:3. Letter from the International Commission on Zoological
Nomenclature re validity of generic name.



1.4 SUMMARY.

The classification of the genus has been discussed and that
proposed by Little (1966a) considered to be the most suitable
compromise, with the comment that further comparative work may show
relationships between the Strongyloididae and the Rhabdiasidae to be
not as ciose as implied by inclusion in the same superfamily.

The most controversial point to emerge from the historical
review, however, is that the generic name as it now stands is in all
probability incorrect. "Strongiloides" 1is the correct spelling.
Adoption of this name would have the effect of changing all valid
names in the genus. This would not serve stability of nomenclature
in the genus. Opinion 66 of 1915 of the International Commission on
Zoological Nomenclature placed Strongyloides on the Official list of

Names. This opinion should be followed today.
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CHAPTER 2

DEFINITION OF THE GENUS

2.1 INTRODUCTION.

"define" :
1. to explain the nature or essential qualities of;

2. to determine or fix the boundaries or extent of.

(Random House Dictionary of the English Language)

These two meanings are highly germaine to taxonomy kaﬁﬁ the
definition of taxa. They encompass both wvital aspects of'a "good"
definition; firstly, the description of those essential qualities
which make the taxon what it is, and secondly, the setting of limits
to enable a particular taxon to be recognised as distinct from

others. On the generic level, the definition should include only



those traits found in all members of the ~genus. It should not
include those characters used to separate particular species within
the genus.

Members of Strongyloides show a uniformity of morphology which
simplifies Athe description of the generic characters and the fixing
of generic bouﬁdaries. At first, the genus was poorly defined, and
some species were included which did not belong (viz., S.bovis and
S.viviparus). The first formal generic definition appears to be
that of Brumpt (1913). This was expanded by Yorke and Maplestone
(1926) and modified by Yamaguti (1961). Little (1966a) redefined
the genus by giving comprehensive descriptions of 12 of the 18 life
cycle stages. Emphasis was placed on the parasitic female, the
free-living adults, and the infective larva, with descriptions of
the first, second, third and fourth stage larvae of the indirect
cycle, first and second stage larvae of the direct cycle and eggs
both of the parasitic and free—living generations.

Prior to this redefinition, a number of characteristics had not
been regarded as generic features, and had been used to separate
species in the genus. TLittle's redefinition had great wvalue in
stating that certain features were generic. The most important of
these was that the free-living males of all species had a solitary
mid-line papilla and six pairs of caudal papillae, and that within
certain limits these papillae were found in predictable locations.

-Other important points were that the spicules and gubernaculum of
all males had a similar general morphology, the parasitic female had
no lips and a constant number of cephalic papillae, and that the
free-living females and larval stages varied 1little in morphology
between species. Little's descriptions were comprehensive, precise
and clearly stated.

The definition of Strongytoides that follows is based on Little
(1966a). It is intended to serve both as a definition of the genus
and as an introduction to important aspects of its morphology. In
this thesis Little's definition has been modified in two ways;
firstly, generic features omitted by Little have been included, and
secondly, errors have been corrected. If Little's description has
been considered to be complete and correct, it has been reproduced

unchanged and no comment made.
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The specimens upon which the study is based are 1listed in
Appendix I, and the techniques used are given in Chapter 4. The
specific names used are those deemed to Dbe wvalid in Chapter 3.
Invalid synonyms used by the authors cited are given in parenthesis

after the valid name.

Table 2:1 contains dimensions for +the parasitic females of
those species of Strongyloides ruled to be valid in Chapter 3.
These dimensions are taken solely from the literature, either from
the original description or, if +this was inadequate, the most
complete set of data available was used.

Unavailable values are shown as "—", and calculated values as
nE, Many of the earlier authors failed to give means and gave
ranges only. In this case, "mean" was estimated as the mid-point of
the range; i.e., minimum + maximum =+ 2 = "mean". Some authors
(Schwartz and Alicata, 1930; Basir, 1950) listed the dimensions of
a series of individual worms; consequently, means and standard
deviations could be accurately calculated. These values are marked
with "e". Proportions, e.g., oesophageal length / body length, were
calculated by dividing means. These are marked with =", Where
measurements of a series of worms were given, the proportions were
calculated for each individual worm, and mean and standard deviation

calculated for the series. This is indicated by "e".
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TABLE 2:1. Dimensions of parasitic females of valid speqies of Strongyloides : from literature.

ID
NO
1

~

O -

10

11

12

13

14

15

16

17

18

19

20

21

U
22

23

24

SPECIES
S.agoﬁitt
S.akbart
S.amphiblophilus
S.ardeae
S.avium
S.bufonis
S.carintii
S.cati
S.cebus
S.chapint
S.cruzi
S.cubaensis
S.darevskytil
S.dasypodis
S.elephantis
S.erschowl
S.eryxl
S.fells
S.fuelleborni
S.gulas
S.herodlase
S.lutrae
S.martis

S.minimum .,

LENGTH

5170£724.2

(3940-6450)
1408.5%

(1273-1544)
1850

(30-32)
1890

(1500-2100)
2200

1650%
(1500-1800)
1500%
(1300-1700)
2800
(2370-3330)
4070
(2800~5000)
4583.31870.2%
(3800-5520)
2425%
(1630-3220)
2300%
(2200-2400)
1500%
(1400-1600)
2010
(1600-2300)
3090%310%
(2680-3670)
6500
(5500-7500)
3180%
(2670-3690)
2760%
(2600-2920)
3470
(2900-4200)
2170
(1800-2400)
2585%
(2370-2800)
1860
(1600-2500)
2961%
(2856-3066)
1452.5%
(1125-1780)

MAX.
WIDTH
4416.3
(30-59)
32.5
(31~34)
3lx
(510-525)
35
(30-40)
42.5%
(40-45)
30x
(23-37)
40

40.2%

59

(50-80)

27.8%1.2%

(26-28)
65%

(40-90)
48

34.5%
(33-36)
36
(30-40)
35.643.5%
(29-39)
87.5%

40

42%
(39-45)
51
(43-55)
34
(30-40)
34%
(32-36)
29
(25-37)
a9x
(43-53)
38.5%
(37-40)

OESOPHAGUS

1210£135.9
(975-~1450)
650

517.5

650
(480-780)
700

440%
(370-510)

600*
(500-700)

707*

930
{740-1300)

578.5%
(525-632)
550
(540-560)
530%
(460-600)
780
(630-870)
750
(680-830)
1052.5%
(937~1168)
975%
(880-1070)
690%

800
(710-980)
850
(710-1000)
595*
(530-660)
750
(650-870)
727x
(682-772)
531«
(512-550)

M-V

3420%
(2665-4150)*
887, 4%

1230

(58-64)
1280

(920~1500)
1400

1100*
(1000-1200)
1825,6%

2540
(1800-2900)

1542 .5%
(1295-1790)

1350*
(1300-1400)

1360
(1000-1600)
2255.7*

2140%
(1750-2530)
1857.5%

2210

(1700-2700)
1510

(1200-1700)

1250
(1100-1400)

TAIL

91%9.9
{75-109)
31

61

35
(30-50)
55

65%*
(60-70)
60

37.9*%

71
(60-95)

77.5
(72-81)
73%
(70-76)
51.5%
(48-55)
41
(33-52)
49.6£2,5%
(46-54)

76.5%
(63~90)
70.4%
(63-104)
56
(45-70)
77
(60-95)
50.5%
(48-53)
40
(30-62)
61*
(57-65)
50

WIDTH
/L %
Q.85%
2,.31%
1.68%
1.85%*
1.93*
1.82*

2.67%

1.44*

2.30%
1.79%*
1.15%*
1.35%*
1.26%
1l.52x
1.47*
1.57*
1.32%
1.56*
1.62%

2.65%

OES
/L %
23.4%

(20-25)

42.1
28*
34.4%
31.88"
33.3
407

25.2%®

22,9%

17.9%
23.9%
35.3%*
38.8%
24.3%*
16.2%*
33.3«x
25
23.1%*
39.2%
23
40,33~*
24.6%

36.6%

M~V TAIL
/L % /L %
66.2% 1.76%
(64-68)* (1.7-1.3)*
63.0 2.0
66.5 3.3«
67.7% 1.85%
63.6% 2.5%
- 3.9%
75 4.0%
65.2 1.35%
62.4% 1.74%
1925
63.6% 3.2%
66.6% 3.17%
- 3.43%
67.7% 2.04%
7321.7%* 1,61$0.16%
66.7% 2.41%
67.3% 2.55%
(66.6-68)
63.7% 1.61%
69.6% 3.55%
- 2.05%
67.2% 2.15%
- 2.06x
- 3.44%

REFERENCE
Griffiths, 1940
Mirza &
Narayan, 1935
Perez
Vigueras, 1942
Little,1966b
Cram, 1929
Rao & Singh,
1968
Pereira, 1935
Rogers, 1939
Little,1966a
Sandground,
Rodrigues, 1968
Perez
Vigueras, 1942
Shapilo, 1976
Little,1966b
Greve, 1969
Popova, 1928
Mirza &
Narayan, 1935
Chandler,1925b
(2.3-2.8)
Little,1966a
Little,1966b
Boyd, 1966
Little, 1966b

Petrov, 1940

Travassos, 1930
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Ip
NO

25

26

27

28

29
30

31

32

33
34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

SPECIES

S.mustelorum
S.myopotami
S.nasua
S.ophtdae

S.oswaldl
S.papillosus

S.paveonis
S.peretrat

S.pstrovi
S.physaltl

S.procyonis
S.putortii
S.quiscall
S.ratti
S.rattl v.
ondatrae
S.robustus
S.rostombekowil
S.serpentis
S.gigmodontis
S.splralls
S.stercoralls
S.stercoralls v.
vulpi
S.8uls
S.thylacls

S.tumefaclieng

S.turkmenica

LENGTH

3300

4120
(3100-5200)
2240%
(2080-2400)
3150%
(2700-3600)
3000
5312¢371e
(4780-5850)
3410
(2730~4190)
1740%
(1560-1920)

1650
(1400-2100)
2590
(1800-2900)
2200%
(2090-2310)
1825%*
(1630-2020)
2370
(2100~3100)
4000

6100
(4500-6800)
2740

3170
(2400-3700)
4300*
(3900-4700)
1566.2%167,5
(1200-2025)
2420
(2100-2700)
2200

3942.2%443.1@

(3330-4490)
3040

(2250-3820)
5000

1905%*
(1740-2070)

MAX.
WIDTE

60

37
(30-42)
S0*
(48-52)

40

60
57.58
(50~65)
50.4 °
(43-60)
44
(40-48)

38

(33-45)
31

(28-37)
3B.5%

(33-24)
43%

(42-44)
24

(30-38)
33

67.5%
(60-75)
60

40
(30-50)
31

31.842.0

(28-37)
37

(30-40)
32.5

61%2.8e

(54-62)
40

(30-50)
109

39%
(33~45)

OESOPHAGUS

900

1090
(80-1300)
8BO*

1090%
(1050-1130)
480
839283
(720-950)
805
(725-915)
470%
(400-540)

550
(470-670)
700
(640-760)
169.5%
(166-173)
520%
(500-540)
740
(730-760)
1000

1140
(860-1260)
1000

1280

(890-1500)
885%

(870-300)

601.2455.6

(391-740)
570

(480-670)
575

783%91. 46
(605-883)
875%
(780-970)
875%
(750-1000)
467.5%
(381-554)

M-V

1900

2850
(2200-3600)

1608 %
(1472-1744)

2101*

1800
32332630
(2860~-3540)
- 2090
(1685-2495)
1160.6%

1150
(1000-1400)
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3400
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(50-64)
41
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53
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54

( 40-70)
10

70.9%9.58@
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110*
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45 .5*

(42-49)

WIDTE
JL %

1.82*%
0.90%
2.23%
1.27%

2.0%
1.08%

1.48%

2.53«

1.75%*
2.36%*
1.43%
0.82%*
0.61%*
2.19%*
1.26%
0.72%*

(19-22)
2,03%*

1.8t

1.48%
1.55%
1.32%

2.18%

2.05%

TAIL
/L%

1.38%

2.7%

REFERENCE

Cameron &
Parnell, 1933

Little,1966a

Darling, 1911

Pereixra,1929

Travassos, 1930

15.8+0.6860.9%2.4¢ 1.22120.136¢ Basir, 195C

(58-67)0 (1.1-1.4)e

(61-74)0 (1.4~2.2)e
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26.5* 69.2*
39,3 71.8%
33.3 66.7
16% 60*
(15-17)e
23.6% 61.1
(59-65)
27.0% 66.7%
33.3% 69.7%
26.9% 66.0%
7.7* 61.7%
28.5% 62,2%
31.2% 67.5%
25% 62.5%
18.3* 61,0%
(17.7-19.0)
36.5% 66,2%
40.3% 68.8%
20.5%* 63.5%*
(63-64)
38,3% 71.9%*
23.8 69%
26.1% 68.2%
19.20 64.20
(18-24)e
28.8* 65.1
17 .5% 68.0
24.5% 56.2%

1.83®

Sakamoto &

Yamashito, 1970

3.90*

3.39%
2.05%
1.86%
2.3%
2.32%
1.44%
1.22+

(65-57)
5.1%
1941
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1,23
3.a8%
2.23%
1.82%*
1.81e
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Little,1966b
Little, 1966
Morosov,1939
Barus, 1968
Little, 1966
Chandler, 1941
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Little,1966a&b
Mirza &
Narayan, 1935
Schwartz &
Alicata,1930
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Price &
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Kurtieva,1953
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ID SPECIES
NO

51 S.venezuelensis

52 S5.vulpils
53 S.westerl

LENGTH MAX. OESOPHAGUS M-V TAIL
WIDTH
2590 kl:] 680 1740 44

(2000-3200) (33~41) (650-780) (1400-2200) (38-58)

8500% 875* 1350* 5669.5% 125%
(8000-9000) (80-95)- (1200~1500) (120-130)

WIDTH
/L %

1.47%

1.03~*

OES
/L %

26.3%

15.5*

/L %

67.2%

66.7

1 These values were

Correct values.have
* = calculated from
e = calculated from

- = means not available in literature and insufficient data in literature to enable calculation.

inadvertently transposed in Little (1966b; Table V).

been substituted.

original values as explained in text;

full series of original measurements as explained in text.

TAIL
/L %

1.7%

1.47*

REFERENCE

Little,1966a

Ihle, 1917

0¢



FIG.2:1. Parasitic female

cat. Scale line, for whole worm = 100um; for transverse
sections = 10um.

: Strongyloides felis from duodenum of
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2.2 DEFINITION.

STRONGYLOIDES Grassi, 1879.

2.2.1 Parasitic Female (Fig.2:1).

2.2.1.1 Description. -

Slender nematode, from 1.5mm to 10mm in length by 27 to 95um in
maximum width, average for genus 3013 by 44.8um; width less than 4%
of length. Cylindrical, slightly attenuated at anterior end,
abruptly tapered at tail. Body wall thin, cuticle finely striated.
Tail short, cone shaped. Head with circumoral elevation, 1lips

absent, Stoma shallow, bilaterally symmetrical. No cephalic

papillae, amphids at lateral margin of head (Fig.2:2).

FIG.2:2. En face view FIG.2:3. Vulva of parasitic

of parasitic female of female of Strongyloides westeri
Strongyloides westeri from small intestine of foal.
from small intestine of SEM.

foal. Arrows mark amphids.
SEM.



Single, dome shaped cervical
papilla, bilaterally at level of
excretory pore. Nerve ring
crosses oesophagus in anterior
25%. Oesophagus cylindrical,
portion anterior to nerve ring
primarily muscular; portion
posterior chiefly composed of a
dorsal and two subventral glands
each with a large nucleus near
base of oesophagus; dorsal
nucleus anterior to subventral
nuclei which lie close together.
Subventral glands drain into lumen
of oesophagus at junction of
glandular and muscular portions;
dorsal gland empties into lumen
near stoma. Intestine composed of
40 cells arranged in two rows
(dorsal and ventral), each with a
single nucleus; rectum short.
Excretory system composed of
a single renette cell and lateral
canals extending anteriorly and
posteriorly in lateral choxrds.
Excretory duct opens ventrally
just posterior to nerve ring.
Lateral chords larger than dorsal
and ventral (Fig.2:1 A—C).
Musculature meromyarian and
platymyarian with one or two
muscle cells per sector.
Reproductive system didelphic
with opposed, equal uteri and
reflexed ovaries; no seminal
receptacles. Vulva two—thirds
body 1length from anterior end,
transverse slit (Fig.2:3), with a

prominent cell forming anterior
and posterior margins. Vagina

very short, oviducts short with
cellular walls (Fig.2:4), distal

ends of ovaries 1lie near vwvulva.

23

FIG.2:4. Oviduct region of
parasitic female of
Strongyloides sp from
stomach of spectacled hare
wallaby, Lagorchestes
conspicillatus. Scale line
= 10um.



24

FIG.2:5. Perivulval papillae or nerve
endings (arrows) lateral to vulva of
parasitic female of Strongyloides suis
from small intestine of pig. Scale line
= 20um.

FIG.2:6. Perivulval papillae
(solid arrows) and cuticular
modification (open arrow)
lateral to vulva of parasitic
female of Strongyloides
westeri from small intestine
of foal.

Paired nerve endings bilateral to

vulva (Fig.2:5). Cuticle dorsal
to these modified where vulval
cells insert into hypodermis
(Fig.2:6). Phasmids bilaterally
on tail, offset (Pig.2:7).

Parasitic in the mucosa of the

gastrointestinal tract of

vertebrates. FIG.2:7. Phasmids,of parasitic female

Strongyloides sp from stomach of rufous
rat kangaroo, Aepyprymnus rufescens.
Dorso-lateral view. Scale line = 1Oum.



2.2,1.2 Additions to Little‘'s definition. -

Cervical Papillae.

All parasitic females have a small, dome shaped papilla
bilaterally at the level of the nerve ring. Nerve fibres can be
seen passing from the ring through the cuticle to each papilla.

These papillae were noted by Arizono et al (1976) in S.cati

(syn.S.pltantceps) and by Sakamoto et al (1981l) in S.pavonis. Both
groups used SEM. The papillae are difficult to see using light
microscopy, appear more prominent in some species (e.g., S.suis),

but with care can be found in all. Little omitted this structure in

his generic definition.

Position of wulva.

Many authors in the descriptions of their particular species
have noted that the wvulva divides the body in the proportions of
2:1. Little (1966a) included this in his definition of the genus.
It is a point, however, which deserves greater emphasis. Fig.2:8
shows the plot of distance from mouth to wvulva (M-V) against body
length for valid species of Strongyloides. The regression
coefficient is 0.991 and R squared is 0,981 indicating a wvery high
degree of fit to the regression line. M-V/length is, therefore, a
significant generic feature.

S.bovis has a M-V/length of 79% (calculated from Vryberg (1908,
Plate 1, Fig 1) and the value for S.viviparus is 50% (Yorke and
Maplestone, 1926). On the basis of other criteria, these two
species were transfered from Strongyloides. Any species considered
for placement in Strongyloides, and having a M-V/length not falling
on the regression line, must be critically reassessed as to its true

generic identity.

Perivulval Papillae.

The parasitic female has several cuticular structures lateral
to the vulva. There is a pair of small papillae found bilatérally‘
Nerve fibres can be seen passing through the cuticle to each. The
papillae appear as very small nerve endings just projecting above
the cuticular surface (Fig.2:6) and are refractile under 1light

microscopy.
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The members of each pair are in the same longitudinal 1line
usually where the wventral border of the lateral chord meets the
ventro—lateral muscle bundle (Fig.2:5). They are always within
about 1looum of the position of the wulva. These papillae have not
been noted previously, but in suitable specimens can be seen in all
species.

A larger dome shaped papillae is seen in some species in the
dorso—lateral position, usually Dbilaterally. This is refractile
under light microscopy., and nerve fibres can be seen to pass through
the cuticle to it. It does not occur in all species of
Strongyloildes, however, so it is not a generic character.

The cuticle at about the mid-lateral point at the level of the
vulva 1is modified in some way in all species. This is the area
where the cells forming the anterior and posterior l1lips of the wulva
terminate and appear to be attached into the hypodermis. The nature
of the cuticle at this point varies with the species, but ranges
from a depression to a dome. Nerve fibres are not apparent and so
the structure seems to be solely cuticular and not sensory. These
cuticular structures were described by Arizono et al (1976) and
Sakamoto et al (1981) for S.catl (syn. S.planiceps) and S.pavonis
respectively. The presence of a cuticular modification is a generic
feature, while its nature is specific.

The paired perivulval papillae and the cuticular modification
lateral to the wvulva were not included by Little (1966a) in his

redefinition.

Phasmids.

All parasitic females have a phasmid situated bilaterally at
about the middle of the tail. These are pocket-like with a nerve
fibre passing obligquely in a posterior direction +through the
cuticle. In some species they are difficult to make out by light
microscopy, while in others they are very prominent in wventral or
dorsal views (Fig.2:7). The phasmids are not found equidistant from
the tail tip; they are always offset by about 1-2um. McLaren
(1976) suggested phasmids may function with amphids +to detect
differences in the intensity of a stimulus, thus helping to maintain
the worm in a favourable environment. The fact that the phasmids of
Strongyloides are offset may allow directional 1localisation of a

stimulus.

27



28

FIG.2:9. Parasitic female of FIG.2:10. Mucosal tunnel containing
Strongyloides felis in a mucosal eggs and parasitic female (arrow) in
tunnel in duodenum of cat. H & E stomach of agile wallaby, Macropus

X 400. agilis. H & E X 125.

Location of Parasite.

The parasitic female is a tissue parasite, 1living within the
epithelium of the mucosa of the gastrointestinal tract (Fig.2:9) and
forming tunnels in which eggs are laid (Fig.2:10). This has been
noted in the literature for some species (Cram, 1929; Reesal, 1951;
Worley and Barrett, 1964; Wertheim, 1970; Rego, 1972) but has not
been stated to be a general trait of the genus. All the species
examined by histological and dissection studies (see Appendix 1I)
live for the most part in mucosal tunnels. No species have been
found to occur outside the mucosa in the absence of a pathological

response from the host.

Body Proportions.

The parasitic female is a slender , cylindrical nematode, much
longer than wide, width 0.6% to 2.68% of length (Table 2:1). A
serpentine body form, where width is less than 4% of total length,
is associated in nematodes with mobility (Geraert, 1979), and in
adult nematodes indicates a need to move 1in seeking nourishment.
Confirmation of the mobility of the parasitic female is provided by

biological data.



The hypothesis that the parasitic female is constantly mobile
was examined morphologically by using 1its tunneling behaviour.
Infected mucosa was freed and examined intact in mucosal squashes by
light microscopy. The eggs were arranged in a linear fashion,
indicating the worm had moved forward as egg laying occurred
(Fig.2:11). Wertheim (1970) made a similar observation for S.ratti.
The progressive development of the embryos from one end of the 1line
to the other confirmed +this mobility, indicating that the more

developed eggs were laid earlier, eggs being deposited in a temporal

as well as a spacial sedquence. The linear arrangement of eggs in

the mucosa was seen during dissection for all species.

FIG.2:11. Mucosal squash from small intestine of foal infected
with Strongyloides westeri. The eggs are laid in a linear
sequence as the worm moves through the mucosa. Scale line
= 100um.

The parasitic female is mobile. Its general body shape is an
expression of this. The Dbody shape of the parasitic female is,
therefore, a character of vital biological importance, and is an
essential generic feature. A width/length ratio greater than 4% is
atypical. Specimens or taxa considered for placement in
Strongyloides, but with a width/length ratio greater than 4%, must

be critically assessed as to their correct identities.
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2.2.1.3 Points of Disagreement. -

Dimensions.

The upper limit of total body length has been increased from
the six mm given by Little (1966a) to 10mm, as the average lengths
of three species, S.erschowil, S.robustus and S.westeri exceeded the

former upper limit (Table 2:1).

Similarly, the upper limit of maximum body width has also Dbeen
raised from 75um to 95um, since S.erschowil, S.tumefaciens and
S.westerl were wider. S.tumefacliens was reported to have a maximum
body width of 109um (Price and Dikmans, 1941). This was larger than
it should have been since the specimens were squashed (see
Chapter 5.3.1.1). The true diameter of 77um has been substituted in
Table 2:1. The largest species, S.westeri, sets the upper limits
with maximum length of 10mm and width of 95um.

The body dimensions, however, are only minor taxonomic criteria
and specimens which fall outside these ranges should not be excluded
on the basis of this character alone. The limits should be adjusted

if other criteria are met.

Cephalic Papillae.

The number of cephalic papillae in the parasitic female has
been a controversial point. Only 14 of the 51 original descriptions
consulted gave the number of cephalic papillae. Little (1966b) was
the author of seven of these. The literature contains comments on
the number of cephalic papillae in 22 species, eight species having
a more complete description subsequent to the original description
(Table 2:2). The number of cephalic papillae ranged from four to
eight, although in an wunpublished dissertation Ballantyne (1971)
stated the parasitic female had 10 cephalic papillae.

Little in his definition of the genus settled for four
Papillae, in subventral and subdorsal positions. Subsequently: some
authors followed this convention (Rao and Singh, 1968) others
proposed their species had six cephalic papillae (Sakamoto and
Yamashita, 1970; Grabda—-Kazubska, 1978), while others failed +to
state a number (Greve, 1969). None commented on Little's generic
definition. The only point of agreement in the literature is that
the cephalic papillae are very small and difficult to enumerate with

confidence.
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TABLE 2:2. Number of cephalic papillae reported for parasitic

females.

(If original and subsequent descriptions lacked no.of papillae,
species has been omitted from list. If original description
lacked number but it was given in subsequent descriptions,

the deficit in original description has been indicated by NS).

SPECIES

S.agoutii
S.ardeae
S.catl

S.cebus

S.dasypodis
S.erschowi
S.eryxi

S.fuellebornt

S.gulae
S.lutrae
S.martis
S.myopotamil

S.paplllosus
S.pavonis
S.physall
S.procyonis
S.ratti
S.serpentis

S.spiralis
S.stercoralls

S.venezuelensis

No.of
PAPILLAE

6
4
NS
(see text)
6
4
4
8
NS
4
NS
4
4
4
6
NS
4
NS
4
6
(see text)
4
4
NS
4

S

REFERENCE

Griffiths, 1940
Little, 1966b

Rogers, 1939

Arjizono et al, 1976
Darling, 1911

Little, 1966a

Little, 1966b

Popova, 1938

Mirza & Narayan, 1935
Singh, 1954

von Linstow, 1905
Little, 1966a

Little, 1966b

Little, 19661

Petxov, 1940

Artigas & Pacheco, 1933
Little, 19661

Wedl, 1856

Basir, 1950

Sakamoto & Yamashita, 1970
Sakamoto et al, 1981
Little, 1966b

Little, 1966b
Sandground, 1925
Little, 1966a

Little, 1966b
Grabda—Kazubska, 1978
Bavay, 1876
Desportes, 1945
Little, 1966a

Brumpt, 1949

Little, 1966a
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SEM studies prdvided an opportunity to resolve this point.
Cephalic papillae, however, were not detected in expected locations.
Arizono et al (1976) found papillae-like projections in S.cati (syn.
S.planiceps) 1in lateral and ventral positions, while S.pavonis was
reported to have papilliform projectioﬁs in lateral, ventral and
dorsal positions on the circumoral elevation (Sakamoto et al, 1981).
Unfortunately, the latter authors did not illustrate this. HNone of
these workers, committed themselves to stating whether cephalic
papillae did or did not occur. 1In Figs 1,2 (p471) of Arizono et al
(1976), no typical papilla can be seen, the papillae-like structures
possibly being solely cuticular. In my SEM studies on S.westeri and
Strongyloides sp. from the agile wallaby, Macropus agilis, no
cephalic papillae were detected, and I have not been able to see
papillae by light microscopy in en face views of any of the species
studied.

I therefore disagree with Little"s proposal that the parasitic
female has four cephalic papillae. I consider that the parasitic
female has no cephalic papillae, and that this is a generic

character.

2.2.2 Free—-living Female (Fig 2:12).
2.2.2.1 Description., -

Body small, up to 1.5 mm long by 85um wide, spindle-shaped.
Body wall thin, cuticle with fine transverse striations. Lateral
chords broad, flat. Head with two lateral cephalic lobes projecting
beyond mouth, each bearing a small inconspicuous papilla in
subdorsal, lateral, and subventral positions. Lateral papillae
difficult to distinguish from slightly more posterior amphids from
lateral view but distinct in en face and dorsal views. Mouth
dorsoventrally elongated; stoma subglobular, laterally compressed,
with thickened posterior wall. Collar-like, apparently cuticular
structure, best seen 1in stained or glycerin mounts surrounding

anterior part of stoma.
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FIG.2:12. Free-living Female : Strongyloides felis from
faecal culture of cat, 5 days at 230¢c. scale line
100um.



Oesophagus rhabditoid (Fig.2:13);
a short, anterior, muscular portion,
set off from corpus by slight
constriction; muscles of corpus and
bulb coarser than those of isthmus. 1In
anterior portion of corpus, radii of
esophageal lumen terminate distally in
incomplete tubelike structures with
thickened cuticular walls. These

"tubes" (referred to by some authors as

"spears") arch distally and decrease in

caliber as they extend posteriorly.

FIG.2:13. Oesophagus of free-living female
Strongyloides felis from faecal culture from
cat. Scale line = 20um.

Isthmus about one-half as long as corpus. Bulb with well-developed
valvular apparatus. Short gastroesophageal sphincter present.
Nucleus of dorsal oesophageal gland in anterior part of bulb, those
of two subventral oesophageal glands at its base.

Intestine composed of 22 intestinal cells in two rows (dorsal
and ventral), each with a single nucleus. Rectum short, compressed
dorsoventrally. Anus subterminal, with small liplike swelling along
posterior edge of transverse opening. Phasmids lateral, near middle
of gradually tapering, finely pointed tail.

Nerve ring at posterior end of oesophageal isthmus. Excretory
system composed of single renette cell located short distance behind
oesophageal bulb, a duct extending anteriorly to pore just posterior
-te nerve ring. Deirids very inconspicuous, on lateral surfaces near
level of excretory pore.

Reproductive system didelphic with opposed, equal uteri and
reflexed ovaries; anterior branch on right side of intestine,
posterior branch on left. Vulva near middle of body; vagina very
short, oviduct enters subterminally, with end of uterus , serving as

seminal receptacle (Fig.2:34).
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: Strongyloides felis

from 5 day faecal culture from cat. Scale line =

FIG.2:14. Free-living male
100um.



2.2.3 Free—-living Male (Fig.2:14).

2.2.3.1 Description. -

Slightly smaller than female, up to 1.2mm in length by 55um
wide, with shorter, broader tail ventrally curved when fixed. Body
wall, cuticle, head, oesophagus, intestine, and excretory system as
described for female.

Reproductive system single, straight. Testis blunt at anterior
end, not reflexed, begins shortly behind oesophagus, extends to near
middle of Dbody. Seminal vesicle and vas deferens composing
remainder of system not well differentiated. Cloaca short.
Spicules equal, short, blade-like with 1laterally bent, Xxnob-1like
anterior ends. Each spicule with two supporting ribs extending from

base to near tip. Posterior part of spicule ventrally curved; thin

membrane extending along curved portion of wventral edge gives
spicule bow-like appearance. Gubernaculum laterally compressed with
short wing-like structures extending laterally from posterior half
of dorsal edge giving posterior end T-shaped appearance in
cross—section with stem lying between spicules.

Caudal papillae (Fig.2:15) are one unpaired nerve ending on
midpoint of anterior cloacal 1lip, six papillae bilaterally (one
subventral preanal, two subventral adanal (anterior and posterior),
one subventral postanal, one subdorsal postanal), and a dome shaped

Projection in midventral preanal position (preanal organ).
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FIG.2:15. Caudal papillae, spicules and gubernaculum of free-living

male and technique for quantifying positions and measuring
dimensions. Key : 1 = preanal organ (PO); 2 = subventral preanal
papilla (SVP); 3 = anterior adanal papilla (ADl); 4 = posterior
adanal papilla (AD2); 5 = lateral papilla (LP); 6 = subventral
postanal papilla (SVPo); 7 = subdorsal postanal (SDPo); a =
distance from PO to cloaca; b = distance from SVP to transverse
plane through PO; c = distance from ADl to transverse plane
through cloaca; d = distance from AD2 to transverse plane through
cloaca; e = distance from LP to transverse plane through cloaca;
f = distance from SVPo to cloaca; g = distance from SDPo to
transverse plane through SVPo; h = spicule length; i = length of
gubernaculum; j = width of gubernaculum.
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2.2.3.2 Additions to Little's Definition. -

Testicular Shape.

A feature which allows the free-living male of Strongyloides to
be easily distinguished from those of free-living rhabditoids is the

simple xrounded anterior end of the testis of Strongyloides

(Fig.2:16a).
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FIG.2:16 Anterior ends of testicles : A. free-living male of
Strongyloides westeri from faecal culture from foal at 230¢
for 5 days; B. free-living male of unidentified rhabditoid

from faecal culture from foal. Scale line = 20um.

Most rhabditoids encountered as contaminants in faecal cultures have
a more tapered end which is reflexed (Fig.2:16B). On superficial
examination this frequently appears similar toc the =rounded end of

the testis in Strongyloides, but that of Strongyloides is never

reflexed.



Papilla on Anterior Cloacal Lip.

Free-living males of all species examined had a single papilla
on the midpoint of the anterior 1lip of the cloaca. 1Its degree of
development varied with particular species. In many species, e.q.,
S.stercoralis, the papilla was not readily apparent, but could be
detected in the lateral view as a small nerve ending projecting
beyond the level of the cloacal 1lip. Other species, e.gqg.,
S.westeri, had a well developed papilla which appeared as a nexve
ending in the centre of a small dome of cuticle (Fig.2:17). The
only author to describe this papilla previously was Sandosham (1952)
in a description of S.stercoralis. It was omitted by Little, but
since it occurs in all species, it should be included in the
definition of Strongyloides. The name anterior anal papilla is

suggested for this papilla.

FIG.2:17. Free-living male of Strongyloides westeri showing anterior

anal papilla, preanal organ and spicules. Scale line = 10um.
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2.2.3.3 Disagreements with Little's Definition. -

Spicule Tip.

The spicules of most species terminate in a sharp point. The
nature of the tip 1s, however, not constant throughout the genus and
is a specific character (Fig.6:7, Table 6:2)). It is not a generic
feature, and therefore "sharply pointed"” has been omitted from the

definition.

Preanal Organ.

The structure TLittle named +the midventral preanal papilla
differs from the other 13 caudal papillae. The 12 paired papillae
appear as small, domed cuticular projections with a refractile,
centrally placed nerve ending, slightly elevated above the surface
of the dome. The nerve fibre can usually be traced a short distance
through the cuticle and into the hypodermis. The midventral preanal
structure is larger, and the deeper layers of +the cuticle and
adjacent hypodermis are modified (Fig.2:17). A nerve ending or
nerve fibres passing through the cuticle could not be discerned in
any specimen. This structure may not be a papilla, but may be
solely a cuticular modification. Since +the point has not been
definitely resolved, however, the structure has been retained in the
definition as a caudal papilla. To avoid confusion with the papilla
on the cloacal lip the terminology used by Little has been replaced
by the term "preanal organ® used by Cram (1936 p297 f£ig.3). This is
more appropriate since it recognises that the structure is different

from the typical bilateral caudal papilla.

2.2.4 Eggs (Fig.2:18 & 2:19).
2.2.4.1 Description. -

Eggs of parasitic and free-living females superficially
identical in appearance though slightly wvariable in size,
ellipsoidal with slightly flattened poles and extremely thin walls.
Medium sized, 40-85um in length with dimension of width about half
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that of length. The eggs of the free-living female possess

vitelline membrane, while the eggs of the parasitic female do not.

FIG.2:18. Eggs of Strongyloides : A. from parasitic female ex
Strongyloides sp from large intestine of green tree frog,
Litoria caerulea; B. from free-living female of same species.
Scale line 1Oum.

FIG.2:19. Eggs of parasitic female of Strongyloides westeri on
the surface of the duodenal mucosa of foal. SEM.

a
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2.2.4.2 Comment. -

Stage of Development.

Little (1966a) included information on the stage of development
of the eggs at the time of laying for both adult female stages. He
stated the parasitic female 1laid eggs in the stage of early
cleavage. The eggs of S.akbari and S.felis have been reported to
hatch in utero (Chandler, 1925b; Mirza and Narayan, 1935).

This phenomenon was not seen in any specimen examined, eggs
usually containing a morula when laid. Many specimens of S.fells
were examined, although none of S.akbari were available. Owing to
the probability of some species proving exceptions, this point has

been omitted from the definition.

Little (1966a) stated (p73) that the eggs of the free~living
female were "usually in early cleavage when laid but may develop to
larvae in utero". This is correct, younger females laying eggs in
early cleavage, while hatching occurs inside the occasional effete
female (Mackerras, 1959). This information, however, adds nothing
to the definition since both options (oviparity or viviparity) are

given. It has been omitted.

Vitelline Membrane.

The eggs of the parasitic female of S.ratti lack a wvitelline
membrane, while those of the free—living female posses one (Chitwood
and Graham, 1940). Since the absence of a vitelline membrane is a
consequence of parthenogensis (Chitwood and Graham, 1940), it is
reasonable to predict that this situation would held for all species

in the genus.

Size.
The upper limit of 70u has been increased to 85y to accomodate

the eggs of the parasitic female of S.felis.
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2.2.5 First Stage Larva (Fig.2:20).

Body up to 400um long by 20um wide. Oesophagus of newly
hatched 1larva nearly one—third body length, structurely similar to
that of free-living adult. Head with two cephalic 1lobes separated
by transversely elongated, oval mouth. Although not evident at
first, four cephalic papillae, a right and 1left subdorsal and a
right and left lateral amphids appear later in this stage.

Cephalic lobes, apparently formed by inflations of cuticle,
increase in size as la;va pProgresses towards first molt. Stoma
about 8um long, cylindrical; posterior wall slightly thicker than
anterior. Nerve ring in newly hatched larva at anterior end; at
time of first molt near posterior end of isthmus.

Excretory system like that of free-living adult. Intestine
patent, composed of 22 uninucleated cells in two rows (dorsal and
ventral). Rectum short, anus about 60um from tip of tail. Genital
primordium prominent, with five to nine nuclei, lying along ventral
side near middle of intestine.

Although length of larva nearly doubles before first moult,
depending upon culture conditions, oesophageal length increases very
little. No morphological differences could be detected between
first-stage larvae developing from eggs of parasitic and free-living

females.

2.2.6 Second Stage Larva.
Just after the first moult second stage larvae are similar, but
the morphology of larva at the second moult differs depending upon

whether development is towards the direct or the indirect life cycle

(Fig.I). -

2.2.6.1 Second stage Rhabditoid Larva (Fig.2:21). -

Body about 400um long by 23um wide Morphology similar to L1,
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FIG.2:20. First stage larva of FIG.2:21. Second stage larva of
Strongyloides felis from faeces Strongyloides felis from faeces
of cat immediately after voiding. of cat 6hr after voiding, 230¢c.

Scale line = 50um.
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but organs more easily discerned. Buccal capsule still cylindrical,
cuticle inflated anteriorly (Fig.2:22). Genital primordium
increased in size but still oval in outline. In male cellular mass

forms dorsal to rectum, thickening body; female lacks this mass and

is thinner here (Fig.2:23).

FIG.2:22. Anterior end of second stage larva of Strongyloides felis,
lateral view. Note parallel sides to buccal capsule and inflated

cuticle anteriorly, as well as typical anterior segment of
oesophageal corpus. Scale line 10um.

FIG.6:23. Tails of late second stage rhabditoid larvae of

Strongyloides felis : A. male with primordium of sexual
apparatus dorsal to rectum; B. female. Scale line = 1l0unm.



2.2.6.2 Second Stage Filariform Larva. (Fig.2:24). -

Size at second ecdysis 1larger than for indirect; same as
infective larva. In early second stage, morphology is similar to
rhabditoid second stage. Later oesophagus elongates from30% to40%
body 1length, posterior part is less muscular and more glandular;
divisions less distinct; oesophageal gland nuclei become more
prominent; nuclei dividing in all intestinal cells except first and
last pair, increasing the number from 22 to 40. Genital primordium
does not increase in size. Notched +tail of filariform larva
forms within the old cuticle of second stage, but cuticle has not
separated from body to form a sheath (Fig.2:25). Some of these
larvae have an elongated oesophagus, largely cylindrical, but with a
terminal bulb. End of second stage is marked by moulting or by

separation of cuticle to form a sheath.

2.2.6.3 Comment. -

Little emphasised that the morphology of the L2 depended on the
route of development. He did not, however, describe the stages in
such a way that they could be confidently identified. Separate
descriptions for indirect and direct developing L2 have been given

and additional morphological features included.

2.2.7 Third stage Filariform Larva (Fig.2:26)

Larva slender, about 400-700um long by about 12-20um wide;
oesophagus filariform as in parasitic female with length,agaut 40%
that of body; tail notched. Cuticle finely striated; lateral alae
double, about 4um apart (Fig.2:27). Head bearing two inconspicuous
lateral cephalic lobes, each with small subdorsal and subventral
papilla and lateral amphid. Mouth small, pore-like; stoma shallow,
laterally compressed. Excretory system similar to that of

free-living adult. Deirids Dbetween lateral alae near level of
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FIG.2:24. Filariform second
stage larvae of Strongyloides
sp from spectacled hare
wallaby; faecal culture at
250C for 48hrs : A. with
rhabditoid oesophagus; B. with

filariform oesophagus and sheath.

Scale line = 50um.
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FIG.2:25. Tail of
filariform second
stage prior to sheath
formation.
Strongyloides sp from
48hr faecal culture at
250Cc from spectacled
hare wallaby. Scale
line = 1lO0um.
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FIG.2:26. Infective third stage larva of
Strongyloides felis. Scale line = S50um.
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excretory pore. Pbasmids between lateral alae near middle of tail.
Double lateral alae, extending to end of tail form tetafurcated tip;
however, tail usually slightly twisted and may have trifurcated
appearance (Fig.2:28). Intestinal cells 22, arranged in two rows
(dorsal and ventral), the first and last pairs uninucleate, the

remain ing are binucleate, making altogether 40 nuclei.

FIG.2:27. Transverse section of infective third stage larva in dermis
of agile wallaby, Macropus agilis. Double lateral alae demarcated
by arrows. Experimental percutaneous infection with Strongyloides
sp. H & E X 1250.

FIG.2:28. Tail of infective third stage larva of Strongyloides felis.
Note truncated and notched tip.
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2:29. Third stage rhabditoid larva of Strongyloides felis.

FIG.

20um.

Scale line

female.

B.

’

A. male
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FIG.2:30. Head of third stage rhabditoid
larva of Strongyloides felis, lateral view.
Note cone shaped buccal capsule. Scale line
= 10um.

2.2.8 Third Stage Rhabditoid Larvae (Fig.2:29).

Body about 450um by 22um wide. Morphological differences from
L2 involve head and reproductive system. Walls of buccal capsule
deviate anteriorly, giving a cone shaped buccal capsule in lateral
view (Fig.2:30). Genital primordium elongated in both sexes.

Cellular mass dorsal to rectum in male more distinct than in L2.

2.2.9 Fourth Stage Rhabditoid Larvae (Fig 2:31).

2.2.9.1 Description —

Morphology of head similar to adult, with two lateral lips. 1In
female, the anterior and posterior ends of genital primordium are
reflexed, wvulval slit has formed under cuticle, and cells forming
uterus have Dbecome vacuolated to form a lumen. In male, spicules
have formed and become progressively sclerotised, genital primordium
has elongated anteriorly and posteriorly, meeting posteriorly with a
coxd of cells growing from the rectum. At time of moult morphology

is that of adult.

2.2.9.2 Comment. -~

The fourth stage rhabditoid larva was not described by Little

(1966a) in his redefinition.
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FIG.2:31A. Fourth stage rhabditoid larva of
Strongyloides felis : male. Spicules and
gubernaculum are poorly sclerotised and
Caudal papillae are absent. Scale line = 1O0um

for spicules and gubernaculum and 50um for
worm.



FIG.2:31B. Fourth stage
rhabditoid larva of
Strongyloides felis :
female. Note vacuolated
uterine cells without
vulva. Scale line = 50um.
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2.2.10 Fourth Stage Parasitic Female (Fig 2:32).
2.2.10.1 Description -

Slender, size ranging from that of filariform 1larva to adult
female. Oesophagus cylindrical, tail not notched. Reproductive
system ranges from mass Jjust larger than genital primordium of
filariform larva to reflexed ovaries and uterus of adult. In those
species in which the parasitic female has spiral ovaries the ovaries
remain directly recurrent in L4. Vulva forms as transverse slit but

has overlying layer of cuticle.

2,2,10.2 Comment. -

This stage was not included in Little's definition.
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FIG.2:32. Fourth stage parasitic female of
Strongyloides felis from small intestine of
cat. Note vacuolated uterine cells without
patent vulva and small ovaries. Scale line
= 50um.
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2.3 GENERIC BOUNDARIES.

Strongyloididae contains three genera, Strongylotdes
Grassi, 1879, Parastrongyloides Morgan, 1928 and Leilpernema
Singh, 1976. They can be distinguished using a number of criteria

(Table 2:3). Some points warrant comment.

TABLE 2:3. Criteria used to distinguish between members of the
Strongyloididae.

CRITERIA STRONGYLOIDES PARASTRONGYLOIDES LEIPERNEMA

PARASITIC FEMALE

Buccal capsule shallow globular conical

Buccal teeth occas.present absent . 3 pairs
(1 pair)

Cephalic absent absent present

annulation

Seminal absent present ?absent

receptacle

PARASITIC MALE
absent present absent

FREE-LIVING ADULTS

Relative body e >a =7
lengths
Buccal teeth absent absent 3 pairs

PREE~LIVING MALE

No. caudal 13 ?variable 24

papillae (1 single, (12 pairs)
6 pairs)

Preanal organ Present present Zabsent

2.3.1 Buccal Capsule.

Although Singh (1976) did not describe the shape of the buccal
capsule of Leipernema, his Fig.2 (p270) shows it to be cone shaped,
narrower anteriorly. This is unlike the buccal capsule of
Strongyloides which 1is very shallow, and that of Parastrongyloides

which is globular in longitudinal section (Fig.l:1).
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2.3.2 Buccal Teeth.

Singh (1976) reported three pairs of teeth in the buccal cavity
of Leilpernema in all adult stages. Although not stated, they were
located in submedian and lateral positions (Singh, 1976: Figs 1&2,
pP270). Buccal teeth have not been reported for the other two
genera, but +the parasitic females of several species of
Strongyloitdes have projections arising from the anterior ends of the

oesophagus. These occur in dorsal and ventral positions (Fig.6:1).

2.3.3 Seminal Receptacle.

Moxgan (1928) described a seminal receptacle in
Parastrongyloides winchesi. This was at the distal end of the uteri
and ended as a blind sac with the oviduct entering subterminally.
It wusually contained sperm. The oviduct in Parastrongyloides is a
narrow, thick walled and sometimes coiled duct (Morgan, 1928) and at
its point of entry into the uterus is expanded’ éo form a
sphincter—like apparatus within the uterine wall (Fig.2:33). This
is situated ventro—medially about 30um from the distal end of the
uterus. The free-living female also has a similar arrangement, with
the oviduct entering the uterus subterminally on its ventro—medial
side. The oviduct of the free—living female is abruptly narrowed
just distal to the point of entry into the uterus and then expanded
in the uterine wall into a bulb—like structure with a central lumen
and several peripheral nuclei (Fig.2:34). This morphology is seen
also in unfertilised female L5's and in L4's, although the length of
the blind end of the uterus is reduced (30 vs 10oum). The owviducts
of Strongyloides in the parasitic female pass directly into the
terminal point of the uteri (Fig.2:4) and lack any obvious
sphincter. The free-living female Strongyloides has a morphology
similar to that of the free-living female of Parastrongyloides
(Fig.2:34). sSingh (1976) did not comment on the presence of a
seminal receptacle in Leipernema, but in the absence of a parasitic

male, the seminal receptacle is presumably lacking.
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FIG.2:33. Distal uteri of parasitic females of
Strongyloides and Parastrongyloides : A.
Parastrongyloides sp from small intestine of
echidna; B. Strongyloides sp from stomach of
spectacled hare wallaby. Lateral views.
Scale line = 1lOum.
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FIG.2:34. Distal ends of uteri of free-living females of

.

Parastrongyloides sp from echidna A. virgin fifth
stage; B. inseminated free-living female; and C.

Strongyloides felis inseminated free-living adult
female. Scale line = 1Oum.



2.3.4 Caudal Papillae.

The number and positions of caudal papillae in the free—living
male of Strongyloides is constant for the genus. Different numbers
of caudal papillae have been reported for species of
Parastrongyloides. This genus, however, has not been reviewed, and
the apparent variation in number of caudal papillae in the genus may
be a result of observer error. This was the situation existing for
Strongyzbides prior to Little's review and redefinition (Little,
1966a&b). The free—-living males of both Strongyloides and
Parastrongyloides have the preanal oxgan. Singh (1976) did not

comment on this feature in Leipernema.

2.3.5 Clarity of Generic Boundaries.

The limits of the genus Strongyloides have been precisely
defined. Thus, any newly discovered nematodes which do not fall
within these boundaries can be assigned to different genera. As the
genus has become more clearly defined, there has been less confusion
about which species should be included. With the passage of the
years the morphology of those species originally considered for
inclusion in Strongyloides and subsequently placed elsewhere has
approached closer to that of Strongytoides. In other words, the new
genera proposed show a greater degree of relationship to

Strongyloides than those proposed in former times. Probstmayria

vivipara (syn. S.viviparus) and Cooperia punctata (syn. S.bovis)
were 1included when the geheric boundaries were still unclear (1905
and 1907, respectively). Morgan's (1928) proposal that only those
species with no parasitic male be included in Strongyloides was a
major benchmark. He also highlighted the importance of thep shape
and depth of the buccal capsule in separating Strongyloides from
other genera. Little (1966a) also stressed this point. Boyd (1966)
inadvertently trangressed this generic boundary by listing as a

feature of her S.herodiae (syn. S.ardeae) the occurrence of a deep
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buccal capsule (Fig.5:9). This is dealt with in Chapter 5.2.1.3 and

was an artifact due to degeneration of the specimens. Singh's



justification of Leipernema to accommodate his L.leiperi rested on
the occurrence of buccal teeth in both the parasitic female and the
free-living adults. The shape of the buccal capsule in the
parasitic female also differed from that found in Strongyloides.
Little's review and redefinition established the geheric
boundaries of Strongyloides with great precision. Parastrongyloides
now contains five species, but has not been reviewed. Consegquently,
in some areas, e.g. free-living stages, the generic boundaries are
not clear, and when a host is infected with both Strongyloides and
Parastrongyloides assignment to the correct genera is difficult
(Mackerras, 1959). Leipernema contains only the single species

L.leiperi from the pangolin, Manus pentadactylus. The free—-living

stages possess buccal teeth (Singh, 1976 p269 figs.9,10,11).

2.4 SUMMARY.

This chapter has dealt with the definition of the genus.
Little's definition has been shown to be essentially correct. It
has been modified in some respects. Larval stages have been more
precisely defined, and minor additions and corrections made to his
descriptions of other stages. The major theoretical modification
has been to propose that +the parasitic female 1lacks cephalic
papillae. In the practical sense this is of no importance, since
although ©Little's definition stated the parasitic female had four
cephalic papillae, most authors had found them to be so small as to
be indistinguishable. In no species had the number of cephalic

papillae been of taxonomic weight.

The generic boundaries have been defined so precisely that
closely zrelated genera can now Dbe confidently separated from

Strongyloides.
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CHAPTER 3

STATUS OF NAMES USED FOR SPECIES OF STRONGYLOIDES.

3.1 LIST OF PUBLISHED NAMES

A list of published names used for species of Strongyloides is given
in Table 3:1. The authority proposing or first using the name is
included as well as the scientific and common names of the type
host, or if the name proposed for the parasite has no taxonomic
status, the host name given is that associated with the use of the
name. Names not used previously in the literature but considered by
me to be the valid name of a taxon are also included. Unpﬁblished
names refering to new taxa are not listed. Where the scientific
name of the host has been subsequently amended, the currently
accepted scientific name is given followed by the binomial wused by

the parasitologist in parenthesis.
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There have been several attempts to publish comprehensive lists
of species of Strongyloides (wvon Linstow, 1905; Stiles and Hassall,
1920; Hung and Hoeppli, 1923; Sandground, 1925; Travassos,
1930a; Tomita, 1939; Griffiths, 1940; Yamaguti, 1961; Tanaka,
1966). The last list which included all names in the literature was
by Sandground (1925) when 12 species had been named. Table 3#1 is
the first complete list since 1925.

The original description or paper containing first use of a

particular name was viewed and evaluated for conformity with the

International Code of Zoological Nomenclature, 1985. Names were
initially assigned to one of two categories, "available™ and
"unavailable®.

3.2 UNAVAILABLE NAMES

An unavailable name is one whose original use does not comply
with Articles 10 to 20 of the Code, or which has been introduced
into the liferature through an inadvertent error, a lapsus calami.
Mayr (1971) suggests such names should not be listed, even in
synonymy, in case such a listing constitutes an "indication" wundex
Articles 12 and 13, and therefore makes the name valid. This is the
extreme view, but certainly care 1is required in their use in
publications (see Chap.3.1, S.martis and S.mustelorum). The status
of such names can be clarified only by 1listing and critical

evaluation. Unavailable names are listed in Table 3:2.
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TABLE 3:1. List of Published Names for Strongyloldes.

SPECIES

S.agouti
S.agoutli
S.akbari
S.amphibiophitius
S.ardeae
S.ardeae
S.avium
S.bovis
S.bufonis
S.bufonis
S.bufonts
S.canis
S.carint
S.carinii
S.catl
S.cati

S.cebl
S5.cebus
S.chapinil

S.chitwoodl
S.cruzi
S.cubaensis
S.cubuensis
S.,cubanenstis
S.darevskyl
S.elephantis
S.erschowt
S.erycils
S.eryxt
S.felils
S.fuellborni
S.fuellebornt

AUTHORS

Enigk, 1950
Griffiths, 1940
Mirza & Narayan, 1935
Perez Vigueras, 1942
Little, 1966

Boyd, 1966

Cram, 1929

Vryijburg, 1307

Rao & Singh, 1954
Anon, 1962

Rao & Singh, 1968
Brumpt, 1922
Pereira, 1935
Pereira, 1935
Brumpt, 1927

Rogers, 1939

Travassos, 1930
Darling, 1911
Sandground, 1925

Srivastava, 1971
Rodrigues, 1968
Perez Vigueras, 1942
Perez Vigueras, 1942
Barus, 1968

Shapilo, 1976

QGreve, 1969

Popova, 1938

Baylis, 1923

Mirza & Narayan, 1935
Chandler, 1925
Knight et al

von Linstow, 1905

HOST
SCIENTIFIC NAME

not given

Dasyprocta agouti

Crocidura coerula

Bufo peltocephalus

Butorides virescens virescens
Ardea herodius herodius
Gallus gallus

not given

Bufo melanosticus

Bufo valiceps

Bufo melanosiictus

Canis familiaris
Leptodactylus gracilis
Leptodactylus gracitis

Fells catus

Fells catus

Felis planiceps

Cebus capucinus

(Cebus hypoleucus)

Cebus capuctinus

(Cebus hypoleucus)
Hydrochoerus hydrochaeris
(Hydrochoerus hydrochoera)
not given

Hemidactylus maboula
Butorides virescens maculatus
Butorides virescens maculatus
not given

Lacerta saxlcola

Elephas indicus

Nyctereutes procyonoides usuriensis

Eryx Jaculus

Eryx Johnii

Fells catus

Homo sapiens

Pan troglodytes
Papioc cyanocephalus

COMMON NAME

not given

golden rumped agouti

musk rat

toad

eastern green heron

great blue heron

domestic fowl

domestic ox

toad

Weigman's toad

toad

domestic dog

frog

frog

domestic cat

domestic cat

rusty tiger cat

white —-throated
capucin monkey

white—throated
capucin monkey

capybara

poultry

skink

Cuban green heron
Cuban green heron
not given

skink

Indian elephant
raccoon dog

sand boa

John's sand boa
domestic cat
man

chimpanzee

yellow baboon
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SPECIES

S.fuleborni

S.fullborntiti
S.fultebornt
5.fulleborni

S.fullebornii
S.gulae
S.herodlae
S.hominils
S.lntestinalls
S.longus

S.longus bovis
S.longus ovis
S.ltongus suils
S.lutrae
S.martils

S.martils

S.minimum
S.mirzatl

S.mustelarum
S.mustelorum
S.mustelorum
S.musterolum
S.myopotami

S.nasua

AUTHORS

Panaitescu & Potorac, 1981

Held & Whitney, 1978
Brumpt, 1949
von Linstow, 1905

Shulman, 1980

Little, 1966

Boyd, 1966

Reisingexr, 1915

(Bavay, 1876) Gragsi, 1879

(Grassi & Segre, 1887)
Rovelli, 1888

de Gasgpari, 1912

Reisingex, 1915

Reisinger, 1915

Little, 1966

Petrov, 1940

Little, 1966

Travassos, 1930
Singh, 1954

Yamaguti, 1961

Cameron & Parnell, 1933
Little, 1966

Fukase et al, 1985
Artigas & Pacheco, 1933

Darling, 1911

HOST

SCIENTIFIC NAME

Cercopithecus pygerethus
Macaca irus

(Macaca fascicularis)
Macaca mulatta

not given

Pan troglodytes

(Anthropopithecus trogtodytes)

Papio cyanocephalus
{Cyanocephalus babuin)

not given

Natrix cyclopyon cyclopyon
Ardea herodius herodlus
Homo sapilens

Homo saplens

Ovis artles

Bos taurus

Ovis aries

Sus scrofa

Lutra canadensis
Martes zilbellilna
Mustela ermina
(Arctogale ermina)
Martes zibellina
Mustela ermina
(Arctogale srmina)
Dafilta bahamensis
Zamensis mucosus
(Ptyas mucosus)
Mustela serinacea
Mustela ermina
Mustela ermina
Mustelidae
Myocastor coypus
(Myopotamus colpus)
Nasua narica panamensis
(Nasua nasica panamensis)

COMMON NAME

vervet monkey
cymologus monkey

rhesus monkey
non-human primates

chimpanzee
yellow baboon

??

green water snake
great blue heron
man

man

domestic sheep

domestic ox
domestic sheep
domestic pig
common otter
gable

stoat

sable
stoat

duck
rat snake

not given
stoat
stoat

coipu rat

coatimundi
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SPECIES

S.nutriae
S.ophildae
S.oswaldetl
S.oswaldt

S.oswaldol

S.ovocinctus
S.pallosus
S.papllosus
S.papillosus
S.paplllousus
S.pappillosus
S.pavonis
S.pereiral
S.petrovi
S.physaltl
S.planiceps

S.procyontis
S.putoril

S.qutscall
S.ramsomil
S.ransomt
S.rasomi
S.ratti

S.rattl v,ondatrae

S.robustus
S.rostombekovi
S.rostombekouwl
S.serpentis
S.slgmodontis
S.simlae
S.splraltis

AUTHORS

Enigk, 1933
Pereira, 1929
Boyd, 1966
Travassos, 1930

Travassos, 1930

Ransom, 1911

Smits and Jacobi, 1965
Lim and Lee, 1977

{Wedl, 1856) Ransom, 1911
Miyamoto, 1929

Tomita, 1939

Sakamoto and Yamashita, 1970
Travassos, 1932

Ryjova and Dubov, 1955
Little, 1966

Rogers, 1943

Little, 1966
Morosov, 1939

Barus, 1969

Pukase et al, 1985
Schwartz and Alicata, 1930
Travassos, 1930
Sandground, 1925
Chandlexr, 1941

Chandler, 1942

Yamaguti, 1961
Gamzemlidse, 1941

Little, 1966

'Melvin and Chandler, 1950
Hung and Hdeppli, 1923
Grabda—-Kazubska, 1978

HOST
SCIENTIFIC NAME

Myocastor coypus
Drymobius bilfossatus
Gallus gallus

Gallus gallus
(Gallus domesticus)
Gallus gallus
(Gallus domesticus)
Antilocapra americana
Okapta Johnstoni

not given

Ovis arties

not given

Sus scrofa

Pavo muticus

Elostla rustica

Bufo vallceps

Fells catus

Fells planiceps

Procyon lotor

Mustela putorius
(Putorius putorius)
Quiscalus niger caribaeus
not given

Sus scrofa

Sus scrofa

Rattus norvegicus

ondatra zibethicus -
Scirius niger rufiventer
not given

Erinaceus europea

Natrix cyclopyon cyclopyon
Sigmodon hispildus

not given

Rana ssculenta

Rana lessont

COMMON NAME
coypu rat
snake

domestic fowl
domestic fowl

domestic fowl

prong horned antelope
okapi

deer

domestic sheep

not given

domestic pig

green peafowl

Wiegman's toad
domestic cat
rusty tiger cat
yYaccoon

polecat

bird

domestic pig
domestic pig
brown rat
musk rat

fox squirrel
hedgehog
hedgehog
green water snake
cotton rat
"makaken"
edible frog
edible frog
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SPECIES

S.stercolarils
S.stercoralls
S.gtercoralls
v.eryxi
S.stercoralls
v.felis
S.stercoralls
v.vulpi
S.suls
S.thylacls

S.tumefaciens
S.turkmenica
S.turkmenicus
S.venezuelensis
S.vesterl
S.vitull
S.viviparus

S.vulpis
S.westerl

AUTHORS

Ito et al, 1962
(Bavay, 1876) Grassi, 1879
Mirza and Narayan, 1935

Chandler, 1925
Mirza and Narayan, 1935

von Linstow, 1905
Mackerras, 1959

Price and Dikmans, 1941
Kurtieva, 1953
Barus et al, 1978
Brumpt, 1934
Chilimoniuk, 1958
Brumpt, 1921
(Probstmayx, 1B65)

von Linstow, 1905
Petrov, 1940
Ihle, 1917

HOST
SCIENTIFIC NAME

Canis familiaris
Homo sapilens
Eryx Jjohnii

Fells catus
Vulpes alopexr

Sus scrofa

Isoodon macrouris
(Thylacis obesulus)
Fells catus
Himantopus candidus
Larus canus

Rattus norvegicus

Bos taurus
Equus caballus

Vulpes vulpes
Equus caballus

COMMON NAME

dog

man

John's sand boa
domestic cat

artic fox

domestic pig
short nosed bandicoot

domestic cat

stilt
common gull
brown rat
horse

domestic ox
domesgstic horse

red fox
domesgtic horse
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TABLE 3:2. Unavailable names.

NAME

S.agoutt
S.bufonis
S.bufonis
S.carintl
S.catl
S.cebl
S.chitwoodl
S.cubliensis
S.cubanensis
S.fuellbornl
S. fileborni
S.fullbornit
S.fullebornt
S.f#lleborni
S.fRllebornii
S.hominis
S.martis
S.mustelarum
S.mustelorum
S.musterolum
S.oswaldel
S.pallosus
S.papilosus

S.papillousus

AUTHOR

Enigk, 1950

Rac & Singh, 1952

Anon, 1962

Pereira, 1935
Brumpt, 1927
Travassos,

Srivastava,

Perez Vigueras,

Barus, 1968

Knight et al,

Panaitescu & Potorac,

Held & Whitney,

Brumpt,
von Linstow,

Shulman, 1980
Reisinger,
1940

Petrov,

Yamaguti,

Cameron & Parnell,

Fukase et al,

Boyd, 1966

Smits & Jacobi,

Lim & lee,

Miyamoto,

1949

1961

1929

1930

1971

184z

13879

1981

1978

1305

1915

1933

1985

1965

1577

STATUS

lapsus calamil

no differential diagnosis
nomen nudum

lapsus calami

nomen nudum

Lapsus calami

nomen nudum

unacceptable spelling
lapsus calami

Lapsus calami

lapsus calami

lapsus calami

lapsus calami
unacceptable spelling
lapsus calamil

nomen nudum

no differential diagnosis
lapsus calami

no differential diagnosis
Lapsus calamil

lapsus calami

lapsus calami

lLapsus calami

lapsus calamti

68

REFERENCE

this thesis
this thesis
({ see text
this thesis
Rogers, 1943
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis

this thesis



NAME
S.pappillosus
S.ramsomi
S.rasomi
S.rostombekovl
S.stercolarils
S.turkmenicus
S.vestert

S.vituil

AUTHOR

Tomita, 1939
Fukase et al, 1985
Travassos, 1930
Yamaguti, 1961

Itoc et al , 1962
Barus et al
Chilimoniuk, 1958

Brumpt, 1921

STATUS
Lapsus
Lapsus
lLapsus
lLapsus
lapsus
lapsus

lapsus

calamt

calamil

calamt

calamil

calami

calami

calami

nomen nudum

69

REFERENCE

this thesis
this thesis
this thesis
this thesis
this thesis
this thesis
this thesis

Sandground, 1925



3.2.1 Comment on Unavailable Names.

S.agouti.
This name was used (pl32) in a review Dby Enigk (1950), and
again by Tanaka (1966 p593). It is obvious that they meant to refer

to S.agoutii. It is a lapsus calami.

S.bufonis.

Little (1961) used this name in his PhD diséertation for a
species from Wiegmann's toad, Bufo valiceps. The name had been used
previously by Rao and Singh (1954) for a species from Bufo
melanosticus, a toad from 1India. (In the 1954 abstract the host
specific name was spelt "melanosticus™; but the 1968 paper gave it
as ‘"melanostictus”™, with an additional "t-". I was unable to
determine which was correct.) Little discovered this prior to
publication of his species and instead used the name S.physalil. The
dissertation did not constitute a wvalid publication, but an
abstract, including a list of new species names without
descriptions, was published in Helminthological Abstracts (wvol 31,
1962, no.2953), four years before publication of the descriptions
(Little, 1966b). This action introduced S.bufonis into the
literature with Little as author. The U.S.D.A. Index—Catalogue of
Medical and Veterinary Zoology Suppl. 17, Part 4, 1969 (p202-204)
gave the names of all seven new species named by Little in his
dissertation, including S.bufonis, the status of nomina nuda. The
other names were subsequently published (Little, 1966b), but this
use of S5.bufonis remains a nomen nudum. This sequence of events
serves to illustrate the problems caused by abstraction of proposed
species names from dissertations prior to their publication in full.

-Tge name S.bufonis as proposed by Rao and Singh (1954) was not
accompanied by any attempt to differentiate the species from gthers.
It was originally published as an abstract, listing the host and
several measurements and proportions. Article 13a(i) states that a

name published after 1930 must be

"accompanied by a description or definition that states in
words characters that are purported to differentiate the

taxon, ™
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Clearly, Rao and Singh (1954) had failed to do this and the

name was unavailable. Had Little chosen to use S.bufonis instead of
S.physali in his 1966 paper, S.bufonis Little would have been
available and‘/ﬁalid. Little (1966b) suggested that S.bufonis Rao
and Singh was not "valid" on the grounds of an inadequate
description. This opinion 1is open to debate, but under Article
13a(i) there can be no doubt that S.bufonis as used by Rao and Singh
(1954) 1is not an available name. In response to Little's criticsm
Rao and Singh (1968) subsequently described the species more fully
and provided a brief differential diagnosis. The correct citation

for the species is S.bufonis Rao and Singh, 1968.

S.carint.

This name was used once (p20) in the original paper by Pereira
(1935). The author intended the parasite to be known as S.carinii,
named after A.Carini, and the name S.carinii, was used on four
occasions in the same paper (pp 19,20 and 21). S.carinil was
obviously an inadvertent error and is therefore unavailable under

Article 32c(ii).

S.catt.

Brumpt (1927) originally used the name in a footnote on page
662, "au Bengale, le chat presente, dans 20 pour 100 des cas sur 250
examines, un Strongyloldes identifie au stercoralis par A.Chandler
(1925) et considere comme une espece particuliere, S.cati, par
d’auteurs.” These other authors could not be found by Rogers (1943)
or myself.’ Brumpt was apparently refering to S.stercoralis v.felis
described by Chandler (1925a&b) from cats in Calcutta, not
"Bengale". S.stercoralls v.fells was an available name, so if
Brumpt's S.cati was available it was first published as a Jjunior
synonym. S.cati as used by Brumpt, however, was unaccompanied by a
description, and lacking an indication, under Article 12, the name
is a nomen nudum. Unaware of this prior use Rogers (1939) used the
name to describe a species originatihg from the rusty tiger cat,
Fells planiceps, and maintained experimentally in the domestic cat.
Since Brumpt's use was invalid, his S.cati had no taxonomic
standing, and S.catl Rogers, 1939 was not in homonymy. The latter
was the only available name. Rogers (1943), however, discovered the

former wuse of S.cati by Brumpt, suggested that this was a nomen
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nudum, but then proposed an alternative name for his species,

S.planiceps Rogers, 1939. This latter name has become universally

accepted. BAn original name can be changed only if the error is

inadvertent. S.catl Rogers, 1939 was valid. Consequently, his

proposal to rename the species does not conform to the Code.

S.planiceps Rogers, 1939 is therefore a junior synonym of S.cati
Rogers, 1939,

S.catti has been used by several authors, mainly of veterinary
reviews or textbooks (Soulsby, 1968; Prescott, 1972; 1977; Mason,
1980; Wilkinson, 1984), but only Soulsby (1968) listed S.cati and
S.ptaniceps as synonyms. The other authors failed to make clear to
which taxon they were referring in their use of S.cati. Wilkinson
(1984 p466) clumsily indicated S.cat? to be a junior synonym of
S.stercoralls, when he %isted them as "S.stercoralis, (cati)". He
failed +to give taxonomic references for this synonymy. This use is

an error and of no taxonomic standing.

S.cebtl.
Travassos (1930b pl76) used this name in error for S.cebus. It

is a lapsus calamil.

S.chitwoodl.

This name was proposed as a comb.nov. by Srivastava (1971). No
details were given, Dbut reference was made to the author's
dissertation. Unfortunately, a copy could not be viewed. This use

is a nomen nudum and unavailable.

S.cubtensis.

Article 32c¢c(vi) of the 1985 Code forbad the use of diacritic
marks. Under Article 32d4(i)2 the correct spelling is S.cubaensis.
Little (1966b) and Boyd (1966) used the correct form without

comment.

S.cubanenstis.
Barus (1969) used this name twice (ppl32,133). It is a lapsus

catami for S.cubaensis.
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S.erycls.

Baylis (1923 p35) introduced this name when he reported on the
Strongyloides collecfed by Looss. Looss had labelled specimens
collected from a sand boa as Rhabdonema erycis. Rhabdonema 1is a
synonym of Strongyloides. The name had not been published prior to
Ba?lis's use. Baylis provided no description, so the name is a

nomen nudum and unavailable.

S.fuelleborni.

This name was proposed by von Linstow (1905) for a species from
the chimpanzee and a baboon. Article 32c(i) of the 1964 Code was a
new provision and forbade the use of the umlaut, and replacement by
the original vowel followed by "e". This provision is maintained in
the 1985 Code. The correct spelling is S.fuelleborni. Many authors
have persisted in using the unavailable form (Jaros et al, 1966;
Little, 1966a; Gretillat et al, 1967; Beg, 1968; Wong and Conrad,
1968; Hansen et al, 1969, 1975; Pampiglione and Riccardi,
1971,1972; Healy and Myers, 1973; Myers and Kuntz, 1973; Arambulo
et al, 1974; Goldsmid, 1974; Xagei and Hasegawa, 1974; Arizono,
1976a&b; Hira and Patel, 1977; Schultze, 1977; Hira, 1978; Prosl
and Tamer, 1979; Karr et al, 1980; Rutherford, 1981; Horii et al,
1982; Usui and Horii, 1982; Fukase et al, 1985). Others have
omitted the umlaut and used S.fulleborni (Brumpt, 1949; Lefrou and
Michard, 1957; Guilloud et al, 1965; Gorkhali and Basir, 1968;

Wong and Conrad, 1968; Rego, 1972; Kelly et al, 1976; Remfrey,

1978; Bshford et al, 1979; Vince et al, 1979; 1982; Eberhard,
1981). This latter spelling is also invalid as under section
32d4(i)2, "U" becomes "ue". S.fulleborni does not have the status

of a junior synonym since the uses were inadvertent errors.
S.fuellborni, S.filleborni, S.fullbornii{ and S.fFfilllebornii are

lapsa calamorum.

S.hominis.

This name was used by Reisinger (1915); no authority was given

and no details provided. The only other similar name found was
Rhabdonema hominis, used by Lutz (1885 p387). Rhabdonema is a
synonym of Strongyloides. In both cases the implication was that

the name referred to the Strongyloides of man. The name as used is

a nomen nudum since a definition or description was not given.
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S.martis.

Petrov (1940a) proposed the name S.martis for specimens
collected from the intestines of Martes zibellina and Mustela
ermina. The description (pp221-222) was of the parasitic female
only, and 1lacked key taxonomic features. &An illustration of the
whole worm (p221, unnumbered fig.) suggested that the ovaries were
directly recurrent, and that the tail was narrowly tapered. The

text contained no reference to ovary type, but stated that the tail

was conical and bluntly rounded. Some measurements were given.
There was no attempt to give a differential diagnosis; no other
species of Strongyloldes was mentioned in the paper. A name

proposed after 1930 must be accompanied by a differential diagnosis
(Article 13a(i)). Petrov (1940) made no attempt to do so. S.martis
Petrov is therefore unavailable.

S.martis Little, 1966 is an available name, since Little (1966b
P87) , 1in discussing Petrov's description, gave an indication and a

differential diagnosis in his proposal for S.lutrae.

S.mustelarum.

Yamaguti (1961) used this name in his 1list in error for
S.mustelcrum Cameron and Parnell, 1933, a species from the stoat,
Mustela ermina. Yamaguti (1961) also erred in giving the host as

Mustela erinacea. The name is a lapsus calami.

S.mustelorum.

This name was proposed by Cameron and Parnell (1933) to
accommodate two parasitic females found in the small intestine of a
stoat, Mustela ermina. A brief description, some dimensions, and an
illustration of +the whole worm was given (ppl43,144 fig.8). No
attempt to differentiate the taxon was made. Justification for the
new species was (pl44):

"We consider it advisable to have two names for a sinéie

species rather than have two species with the same name."
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Arguments can be presénted for and against this principle, but
the point 1is that Cameron and Parnell provided no means whereby
their specimen could be distinguished from another. Apparently they
did not deposit it. Since S.mustelorum was proposed after 1930 and
no differential diagnosis was given, under Article 13a(i) of the
Code, the name is unavailable.

Little used the name S.mustelorum in his discussion on S, lutras
(1966a p85,87). He gave the dimensions published by Cameron and
Parnell (1933), and attempted to give a differential diagnosis.

S.mustelorum Little is therefore an available name.

S.musterolum.
In a comprehensive paper on Strongyloides from Mustela sibirica
Fukase et al (1985) used the name "musterolum™ 1in error for

"mustelorum”" (p630). It is a lapsus calami.

S.oswaldetl.

Boyd (1966) used this name for a species from "Gallus in
Brazil", and gave as authority Freitas and Almeida (1936). These
latter authors 4id not propose or use this name. Boyd apparently
meant to refer to S.oswaldi Travassos, 1930. S.oswaldei is a lapsus

calami.

S.pallosus.

This name was used by Smits and Jacobi (1965) (pl46, Table 3)
in a paper on the parasites of okapi, Okapia Jjohnsoni. It is
obvious the authors meant to record the presence of S.papiliosus, a

species found commonly in ruminants. S.pallosus is a lapsus calami.

S.papilosus.
Lim and Lee (1977) gave this name for specimens found in
captive deer (species not stated). It 1is a lapsus calamil for

S.papillosus.

S.papillousus.

This name was used by Miyamoto (1929) when comparing the shape
of the +tail of S.suis from Formosan pigs. He meant to use
S.papillosus group sensu Chandler (1925b). This wuse 1is a lapsus

calami.
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S.pappillosus.

“ In a comprehensive paper on the Strongyloides of pigs on
Formosa, Tomita (1939) assigned the species found to S.papillosus.
He used this consistently throughout, but erred in the abstract
(pl624) in wusing “pappillosus"”. This wuse 1is a lapsus calami.

Tomita was probably dealing with S.suis, not S.papillosus.

S.ramsomi.
Fukase et al (1985) used this name in a general discussion on
Strongyloides of Canidae, Felidae and Mustelidae. They obviuosly

intended to use the name S.ransomi. S.ramsomi is a lapsus calami.

S.rasomi.
Travassos (1930b) used this name (pl76) 1in discussing the

species from pigs "named by Schwartz". It is a lapsus calami for

S.ransomt.

5.rostombekovi.
This name was used by Yamaguti (1961) in error for
S.rostombekowl Gamzemlidse, 1941 from the hedgehog. It is a lapsus

calami.

S.stercolartis. ’

The first to use the name S.stercolaris was Ito et al (1962;
pp55,57,58,60 Tables 2 and 6) for specimens from a dog in Bangkok.
Presumably, they meant +to wuse the specific name "stercoralis".
Hayama and Nigi (1963) also consistently used the name S.stercolartis
(pPpPl04,106, Tables 3 and 4) for a species from gibbons and
chimpanzees. It is obvious from the text that they ﬁeant to refer
to the parasite of primates, S.stercoralis. Hayama and Nigi (1963)

did not refer to the earlier use. S.stercolaris is a lapsus calami.

S.turkmenicus.
This is a lapsus calami for S.turkmenica Kurtiewva, 1953. It

was used without comment by Barus et al (1978 pp46,47).
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S.vesterti.
This name was used by Chilimoniuk (1958 pl69), presumably in

error for S.westeri. It is a lapsus calami.

S.vituli.
Brumpt (1921) used this name for a parasite of calves 1in
France. No morphological details were given and it is therefore a

nomen nudum (Sandground, 1925).

3.3 INVALID NAMES.

Validity is a term that refers to the rights of names in
relation to homonyms and synonyms (Mayr, 1971). At any particular
time only one name can be the valid name of a taxon. Synonyms are
different names for the same thing. The synonym which was published
the earliest is the senior synonym and is the only wvalid name for
the taxon. The synonyms published subsequently are junior synonyms
and invalid. 2 name becomes a senior synonym at the time when a
second name for the same taxon 1is made available. Names first
published as synonyms may Dbe available, that is fulfil the
provisions of the Code, but will not be valid. A homonym is the
same name for different taxa. The earliest name 1is the senior
homonym and is valid ; the other names are the junior homonyms and
are invalid. A primary homonym is a name originally published as a
junior homonym. It must be renamed. Provisions governing the
replacement of rejected primary homonyms are given in Article 60 of
the Code, and give the author of the rejected name an opportunity to
Propose an alternative valid name.

Arguments about wvalidity depend on whether the species in
question are actually the same and priority. The date of
publication is the important date when deciding on priority.” The
date of publication is the date on which the publication was mailed
to subscribers, placed on sale, or, where the edition is distributed
free of charge, mailed to institutions and individuals to whom such
free copies are normally distrubited (Mayr, 1971). This date is not
necessarily the date printed on the cover of the journal or book.
The revelent provisions are dealt with in Articles 21 -24. Invalid

names are listed in Table 3:3.



TABLE 3:3. Invalid names.

INVALID NAME

S.ardeae Boyd, 1966
S.bovils Vrijburg, 1907
S.canis Brumpt, 1922

S.intestinalls (Bavay,1876) Grassi, 1879

S.longus (Grassi&Segre,1B87) Rovelli,188B

5.longus bovis de Gaspari, 1912
S.longus ovis Reisinger, 1915
S.longus suis Reisinger,1915
S.mirzai Singh, 1954

S.nutriae Enigk, 1933

S.oswaldoi Travassos, 1930
S.ovocinctus Ransom, 1911
S.planiceps Rogers,1943

S.ransomi Schwartz&Alicata, 1930
S.simiae Hung&Bbeppli, 1923
S.stercoralis v.eryri Mirza&Narayan, 1935
S.stercoralils ;;felts Chandler, 1925

S.viviparus von Linstow,fBOS

STATUS

junior homonym
not Strongyloides
nomen dubium
junior synonym
junior synonfm‘
junior synonym
junior synonym
junior synonym
junior synonym
junior synonym
junior synonym
junior synonym
junior synonym
junior synonym
nomen dubium
elevation in rank
elevation in rank

not Strongyloides

VALID NAME

S.herodiae Boyd, 1966

Cooperia punctata Ransom,1911

S.stercoralis (Bavay, 1876 ) Grassi,187%
S.papillosus (Wedl,1856) Ransom,1911
S.paplllosus (Wedl, 1856) Ransom, 1911
S.papillosus (Wedl,1856) Ransom, 1911
S.suis vonlLinstow, 1905

S.eryxi Mirza&Narayan, 1935

S.myopotami Artigas&Pacheco, 1933
S.oswaldi Travassos,1930

S.papillosus (Wedl,1856) Ransom,1911
S.cati Rogefs,1939

S.suis VonLinstow, 1905

S.eryri Mirza&Narayan, 1935
S.fells Chandler, 1925
Probstmayria vivipara (Probstwayr,1865)

(Probstmayr, 1865) Ransom, 1907

REFERENCE

Boyd(1967)
Ransom(1911)
this thesis
Stiles&Hassall(1902)
Ransom( 1911)
this thesis

this thesis

this thesis

this thesis

this thesis

this thesis
Sandground(1925)

this thesis

this thesis

this thesis
Rodrigues, 1968
Goodey(1926)

Ransom( 1907b)
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3.3.1 Comment on Invalid Names.

S.ardeae Boyd, 1966,

Boyd published a description of S.ardeae from the eastern green
heron, Butorides virescens virescens, in the Journal of
Parasitology, 52, part 3, p503, June, 1966. Little in February of
the same year published his description of S.ardeae from the yellow
crowned night heron, Nyctanassa violacea in Journal of Parasitology,
52, part 1, p85. S.ardeae Little had priority and S.ardeae Boyd was
therefore a primary homonym. Boyd (1967) considered her species was

distinct from S.ardeae Little and renamed it S.herodiae Boyd, 1966.

S.bovis Vryjburg, 1907.

The original description of S.bovis (Vrxyjburg, 1907) consisted
of fairly comprehensive descriptions and illustrations of male and
female trichostrongyloid nematodes. Ransom (1911) commented that
S.bovis "is very clearly not a Strongyloides. His description and
figures indicate that he was dealing with Cooperia punctata, in part

at least.”.

S.canis Brumpt, 1922.

Fulleborn (1914) was the first to report Strongyloides in
dogs. He proposed that the parasite in Chinese dogs was a
bioclogical variety of S.stercoralis. Brumpt (1922) considered that
this variety should be given specific status, and proposed the name
S.canis. His grounds for so doing were based solely on biological
criteria

(i) Differences in geographic ranges of the +two species in
their respective hosts. S.canis was found mainly in dogs in the
"Orient"”, presumably China and Japan, and had a very low preyalence
elsewhere. S.stercoralis 1in man was cosmopolitan, and occurred at
high prevalences in areas where dogs were rarely affected.

(ii) Difficulty in infecting dogs with S.stercoralis. In
general this point still holds; S.stercoralis can infect dogs, but
the patency, intensity, and longevity of the infection wvaries with
the strain used and the age of the dog (Galliard, 1951; Dawkins and
Grove, 1982;). Puppies are more susceptible (Horie et al, 1974;7).

Faust (1933) and Augustine (1940) produced persistent experimental
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infections in dogs using natural canine strains. Both, however,
failed to give any morphological details of their strains.

(iii) Differences in the +type of development in culture.
Fi1lleborn (1914) found only indirect development with the canine

strain, while Brumpt (1922) obtained mixed development with
S.stercoralls. This point is of no significance, as with most
species the type of development varies with factors other than the
specific identity of the worm.

The status of S.canis has been uncertain since its proposal.
It is an available name, since an indication, the "work™ of the
animal, was given (Article 16a(wviii). The validity of S.canis is
the point to be considered. The major weakness of Brumpt's
argument, and of those supporting the validity of S.canis
(Rugustine, 1940), is that, apart from its "works", the parasite has
not been well described. The key feature known is that larvae are
found in faeces. Brumpt‘'s argument rests mainly on biological
criteria, and he and Augustine seem to adopt the approach that any
Strongyloides found in a dog is S.canis by virtue of it being found
as a natural infection in a dog. This 1is 1incorrect. S.cati
(syn.S.planiceps) is a natural parasite of dogs in Japan (Arizono et
al, 1976; Horie et al, 1980). Infection of dogs over three months
of age - with a species passing eggs in faeces is prevelant in Fiji
(Munro and Munro, 1978). S.cati may be the parasite involved, but a
more complete examination is required. 2An unidentified parasite,
morphologically similar to S.stercoralils was described by Lucker
(1942) from natural infections in seven dogs in USA. This was not
S.catl since larvae were passed 'in faeces. S.stercoralis has been
reported as natural infections 1in dogs (Ware and Ware, 1923;
Whitney, 1936; Ito et al, 1962; Enyenihi, 1972; Georgi and
Sprinkle, 1974; Ohder and Hurni, 1978; Horie et al, 1980), but
none of the reports have given sufficient major criteria by which
the identification can be evaluated. A group of dogs examinea by me
in Townsville, north Queensland, had larvae in faeces, and
free-living adults consistent with S.felis were cultured. Naturally
infected dogs in USA have had either eggs (Chandler, 1939) or larvae
(Augustine and Davey, 1939; Augustine, 1940; Lucker, 1942) in
faeces. Patent experimental infections of dogs have been reported
for S.fuelleborni (Sandground, 1925) and S.suis (Kotlan and Vadja,
1934).
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Consequently, to assume that the dog is naturally infected by
only one species is incorrect. The clarification of the status of

S.canls, even by means of a comprehensive investigation, is probably

impossible since there are too few clues to indicate its morphology.

The name, S.cantis, is therefore a nomen dubium.

S.intestinalis (Bavay, 1876) Grassi, 1879.

Grassi (1879b) proposed this name for the species now known as
S.stercoralils. The taxonomic *history has been discussed under
Section 1:2. The generic name Strongiloides was not widely
accepted, even Grassi failed to use it after 1879, and the specific
epithets stercoralis and intestinalls were used interchangeably
often 1in the same publication (Golgi and Monti, 1884; TLutz, 1855;
Grassi and Segre, 1887). Strict adherence to the generic case for
the specific name was not followed, "stercorale" and "intestinale"®
also being used interchangeably (Grassi and Segre, 1887). The
specific name “"stercoralis™ had priority over "intestinalis", and
priority had been established in principle by Linneaus. Linneaus
and his followers, however, were inveterate name changexs ; often
for quite minor reasons (Mayr, 1971). The principle of priority had
been formalised in the Strickland Code (Strickland, 1842) backed by
the British Association for the Advancement of Science, but was not
adopted on an international scale until 1905. This may explain why
one binomial had not been adopted to the exclusion of the other. By
the late 1890's — early 1900's Anguillula intestinalis seemed to be
the favourite in Europe ; but in American literature Strongyloides
intestinalis was prefered (Strong 190la&b; Thayer, 1902; Ginsburg,
1920). Stiles and Hassall (1902) discussed the naming of this
species and proposed Strongyloldes stercoralis as the correct
binomial. They deemed their effort to be worthy of taxonomic
recognition, S.stercoralls to Dbe followed by (Bavay, 1876) Stiles
and Hassall, 1902. Stiles and Hassall merely played the role of
adjudicator, however, and had not contributed taxonomically. The
credit should have been given to Grassi, the author who proposed the
change in the generic name from Anguillula to Strongiloides. The
correct name is Strongiloides stercoralls (Bavay, 1876) Grassi, 1879
and Sirongiloides intestinalis is a Jjunior synonym. If however
Strongiloildes is suppressed, the correct citation of authors should
be Strongyloides stercoralls (Bavay, 1876) Anon, 1879. Mivyamoto

(1929) may have been the last to use Strongyloides intestinalis.
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S. nutriae Enigk, 1933.

Enigk (1933) described a species from a South American rodent,
the nutria or coypu rat, Myocastor coypus, and proposed the name
S.nutriae in Zeitschrift fur Parasitenkunde 6, distributed on 18th
December, 1933, Earlier in the same year Artigas and Pacheco had
described the same species in Comptes Rendus de la Societe de
Biologe, Sao Paulo 112, issued on 3rd February. The latter species
was named S.myopotami and has priority. Consequently, S.nutriae is
a junior synonym. Enigk's (1933) new name was provisional since
he considered the specimens he described may have belonged to
S.chapini Sandground, 1925 whose type host was another South.
American rodent, the capabaya, Hydrochoerus hydrochaeris. The
original description of S.chapini was incomplete and the specimens so
degenerate (Sandground, 1925) that comparison is not possible without

further collecting.



S.longus (Grassi and Segre, 1887) Rovelli, 1888.

The name Rhabdonema longus, was used by Grassi and Segre (1887)
for a species from sheep. The original description was incomplete
but Ransom (1911) proposed that S.longus was a junior synonym of
Trichosoma papililosum, a . species which he transfered to
Strongyloides thereby changing the name to S.papiliosus. This was

generally accepted; the last use of S.longus was in 1927 by Haupt.
Rovelli (1888) was cited by Ransom (1911) as an author of S5.longus ,

presumably responsible for change of name from Rhabdonema to

Strongyloides. Unfortunately Rovelli's paper could not be located.

S.longus bovis de Gaspari, 1912.

Using the name S.longus bovis de Gaspari (1912) published a
description of specimens collected from Bos taurus in Turin. The
description is consistent with S.papitiosus (Wedl, 1856), which has

priority. S.longus bovis is a junior synonym.

S.longus ovils Reisinger, 1915.

In a paper dealing with the species of Strongyloides found in
pigs Reisinger (1915) gave the parasites in their respective hosts
subspecific status, naming that from sheep S.longus ovis and from
pigs, S.longus suils. This convention has not been followed for
sheep, as the species found in sheep readily infects goats (Turner,
1959; Bezubik, 1963), rabbits (Ransom, 1907a), and the springbok,
Antidorcas marsupialils, an African antelope (M®nnig 1931). It is
unlikely that the sheep strain is specific and the subspecific name

should be considered a junior synonym of S.papftllosus.

S.longus suis Relisinger, 1915.

See S.suls. Junior synonym of S.suils.

S.mirzal Singh, 1954.

See S.stercoralils var.eryxl below. Junior synonym of S.eryztil.
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S.oswaldol Travassos, 1930.

S.oswaldi was used in the original description of a species
from the domestic fowl (Travassos, 1930a). In the same year
Travassos (1930b) used the name S.oswaldoi and continued to use this
latter form (Travassos, 1932) without commenting on the change.
Subsequent parasitologists (Cram, 1936; Freitas and Almeida, 1936;
Griffiths, 1940; Yamaguti, 1961; Little, 1966b; Barus, 1968) used
S.oswaldoi. Tanaka (1966) appears to have been the only worker to
use S.oswaldi. The species was obviously named after the Institute
of Oswaldo Cruz, where the type specimens were f£first deposited in
1917 (Travassos 1930a), and "oswaldoi™ is the correctly latinised
form. The change of the former name is a justified emendation under
Article 32a(ii) if S.oswaldi was a lapsus calami or inadvertent
error, either on the part of the author oxr printer. It is not
justified if +the error is one of transliteration on the author's
part. If Travassos (1930a) had meant to use S.oswaldi in his
initial publication, had (subsequently realised his incorrect
latinisation and then c¢hanged it, the errxor would be one of
transliteration and +therefore change of name would be unjustified
under Article 32b. If on the other
hand, Travassos had used S.oswaldoe? 1in the wmanuscript, but the
printer had erred and used S.oswaldi, a lapsus calami would have
occurred. S.oswaldi was used only once in the original publication.
S.oswaldoi was not wused. No comment was made in the subsequent
paper (Travassos, 1930b) when S.oswaldoi was first wused, but
S.oswaldl was listed as a synonym (pl77). Travassos by this action
acknowledged the taxonomic status of S.oswaldi. Although S.oswaldi

is not the correctly 1latinised form as the author intended,

S.oswaldi is an available name. It is the senior synonym and
S.oswaldol the Junior. The wvalid name of the taxon is therxefore
S.oswaldi.

S.ovocinctus Ransom, 1911.

Specimens from the prong—-horned antelope, Antilocapra
americana, were morphologically consistent with S.papillosus, but
appeared to have an unusual method of egg 1laying. Eggs were
deposited beneath a cuticle which was shed by the worm (Ransom,
1911). ©On this basis and several minor morphological differxrences

Ransom (1911) proposed a new species, S.ovocinctus, but commented
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that the specimens may belong to S.papillosus. Sandground (1925)
considered that Ransom's specimens were S.papillosus, and that

S.ovocinctus was a junior synonym. This wview has not been disputed.

S.planiceps Rogers, 1939.
The history of this name has been discussed undexr S.cati in

Section 1:5. It is a junior synonym of S.cati Rogers, 1939.

S.ransoml Schwartz and Alicata, 1930.

This name was proposed for a species found in the small
intestine of the domestic pig. S.suis had been used in the
literature for Strongyloides from pigs, but the authors proposed
that their species differed in several characteristics. This is
discussed in full below under S.suis. S.ransomi is a junior synonym

of S.sutis.

S.simiae Hung and Hoeppli, 1923.

Specimens from a monkey, "makaken" (English "macaque"), were
described as a new species, S.simiae (Hung and Hoeppli, 1923). They
were morphologically similar to S.fuelleborni and S.cebus,
previously described from non-human primates, but the parasitic
females of +these 1latter species had not been described with

cuticular striations, while striations could be seen in S.simiae.

Hung and HOeppli (1923) used this as the major criterion to Jjustify

their proposal for a new species. All Strongyloides have transverse
striations and consequently it is not a useful feature for

differentiation. Sandground (1925), Goodey (1926) and Premvati
(1959) considered the species to be a junior synonym of
S.fuelleborni . Premvati (1959) also synonymised S.cebus and
S.fuelleborni. Little's (1966a) more definitive study showed
S.fuelleborni and S.cebuslto_bg distinct species. He suggested that
only two spiral ovary species occurred in non-human ‘pfimates,
S.cebus in New World species and S.fuelleborni in 014 World
pPrimates. He considered S.simiae was a junior synonym, but did not
nominate a senior synonym. In view of the lack of details on the
identity of the type host, the incompleteness of the original
description and the lack of type specimens, the more accurate view

is to regard S.simiae as a nomen dubium.
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S.stercoralis var.eryzi Mirza and Narayan, 1935,

Singh (1954) proposed S.mirzali for a species from the
rat—snake, Ptyas mucosus from India. Mirza and Narayan (1935) had
described specimens from Eryxr Jjohnii, a boa from 1India, and had
named the species S.stercoralls var.eryzxi. Singh (1954), who
previously had published as Narayan in Mirza énd Narayan (1935)
(Singh, 1954), stated S.stercoralis var. eryri was a synonym of
S.mirzai. The morphological details given in both descriptions were
consistent ; the synonymy was justified. The occurrance of eggs in
freshly voided faeces and spiral ovaries 1in the parasitic female
indicated that the parasite was not S.stercoralis, which has
directly recurrent ovaries and larvae in faeces (Little, 1966a).
The initial proposal was in error. A name proposed as a variety
prior to 1961 has the rank of a subspecies under Article 45g(ii) and
is of taxonomic significance. The name "eryxi" was available for

this particular species, although the specific identification was

wrong. "eryzxi" is the senior synonym and "mirzai" the junior. The
valid name for the species 1is therefore S.eryxti. S.mirzai 1is
invalid. S.stercoralis v.eryxi was first raised to specific status

by Rodrigues (1968 p32).

S.stercoralis var.felis Chandler, 1925.

This variety was raised to specific rank by Goodey (1926). As
discussed under S.stercoralis var.eryxi Article 45g(ii) gives a name
proposed as a variety before 1961 subspecific rank. Goodey's action
was consistent with the provisions of the Code.

S.suils von Linstow, 1905.

Both the awvailability and the validity of this name have caused
controversy. It was originally used as a synonym for S.longus by
von Linstow (1905), who gave Lutz as the author, but failed to give
a date. The existence of Strongyloides in pigs was evidentiy well
known prior to von linstow's (1905) paper (Grassi, 1885;7). Lutz
had published on Strongyloides in pigs, but did not use the specific
name "suis" in 1885 nor 1886. Travassos (1930a) listed S.suts
(Lutz, 1894) von Linstow, 1905 as authors for S.suis, but stated the
original use was a nomen nudum. An 1894 publication by Lutz could

not be located. Von Linstow's description of S.longus and
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consequently S.suls consisted of a list of six hosts, the 1locality
"Europa", and the clause "ist 6émm lang.". There were no
illustrations. Under Article 12c mention of host or locality is not
an indication, but the comment on length may have constituted an
indication prior to 1931. Article lle of the 1985 Code deals with

publication in synonymy:

"A name first published as a junior synonym is not thereby

made available unless prior to 1961 it has been treated as
an available name and either adopted as the name of a

taxon or treated as a senior homonym; such a name dates

from its first publication as a synonym "

S.suils had been treated as an available name prior to 1961 and
had Dbeen used to designate a taxon. It "was described as a
subspecies by Reisinger (1915); defined as a species without
reference to von Linstow's use by Marotel (1920), and used by

several workers (Ransom, 1907a; Ransom 1911; Stiles and Hassall,

1920; Chandler, 1925b; Sandground, 1925; Miyamoto, 1929;
Travassos, 1930b; Schwartz and Alicata, 1930; Kotlan and Vajda,
1934; Stefanski, 1947; Brumpt, 1949; Tarczynski, 1956). The

major problem concerning availability was authorship of the name.
Lutz appears not to have used it (Stiles and Hassall, 1920;
Sandground, 1925; Schwartz and Alicata, 1930; Stefanski, 1947;
Tarczynski, 1956). The original use had been assigned to von
Linstow by several authors (Stiles and Hassall, 1920; Sandground,
1925; Schwartz and Alicata, 1930; Travassos, 1930b; Kotlan and
vajda 1934; sStefanski, 19547; Brumpt, 1949; Tarczynski, 1956).
All provisions of &Article 114 namely, publication prior to 1961,
treatment as an available name with original date and authorship,
and adoption as the name of a taxon are fulfilled. S.suils von
Linstow, 1905 is therefore an available name. -

Since S.suis is available, the problem of wvalidity \must be
considered. Debate +till +the 1930's concerned its synonymy with
S.papillosus. Several workers considered S.suis a Jjunior synonym
(von Linstow, 1505; Sandground, 1925; Travassos, 1530b).
Reissinger (1915) regarded it as a subspecies of S.papillosus
(syn.5.longus). Schwartz and Alicata (1930) stated that the species

in pigs was distinct from S.papillosus. The criteria used to
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separate them was a blunter tail in S.papillosus and an inability of
the Strongyloides from pigs to infect rabbits. Patent experimental
infections of rabbits by Strongyloides from pigs were subsequently
obtained (Kotlan and Vvajda, 1934; Lucker, 1934; Oshio, 195%6),
making this an invalid criteria for differentiation of S.papillosus
and the Strongyloides of pigs. Cytological studies by
Triantaphyllou and Moncol (1977) showed the two species to be very
closely related and that cross—mating of free-living stages were
fertile. An attempt to infect a pig with S.papillosus was
unsuccessful (Lucker, 1934), although this same pig was also
refractory to infection with Strongytoides obtained from pigs, and
consequently a negative .result was of little significance.
Morphologically, cytologically and biologically the two species are
closely related, but insufficient data are awvailable to designate
them as synonyms.

The other aspect of nomenclatural significance is +to decide
which name, S.suis or S.ransomi, is valid. Schwartz and Alicata
(1930) divided the Strongyloldes of pigs 1into +two species; that
found most commonly in North American pigs which they named
S.ransomi and a species with a 1longer, narrower tail which they
designated» S.suls. These authors suggested S.suils was the species
found in European swine, although they had seen specimens of S.suls
in American pigs. Brumpt (1949) had considered them synonymous, and
had designated S.suils as the senior synonym, and S.ransomi as the
junior. Kotlan and Vvajda (1934) and Tarczynski (1956) considered
the separation proposed by Shwartz and Alicata to be unjustified,
The tail morphology in the Strongyloides of pigs was shown to vary
to such an extent that in a population both types could be found.
As this was the criteria on which speciation relied, these authoré
considered S.suis and S.ransomi to be synonymous. This opinion has
been generally accepted, S.suis being last used in the literature by
Tarczynski (1956) and S.ransomi being universally used as the name
for the species in pigs. The reason for favouring S.ransomi was
doubt concerning the availability of S.suis (Tarczynski, 1956).
Since S.suis is available and it had priority, the species of
Strongyloides in pigs should be known as S.suils with S.ransomi as

its junior synonym.
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S.viviparus (Probstmayr, 1865) von Linstow, 1905.

Only parasitic females of this species were originally
discovered by Probstmayr {(1865) in the caecum of the horse. Males
are rare but were subsequently found by Jerke (1902).

Probstmayria (1865) proposed the name Oryuris vivipara, but
von Linstow (1305) listed the parasite as S.viviparus. Ransom
(1307b) recognised that it did not belong to Strongyloideé and

proposed a new genus Probstmayria to accommodate it.

3.4 Descriptions not Sighted.

The original descriptions of S.petrovi and S.vulpis could not
be obtained. Consequently their status was not able to be assessed.
Since this was no fault of the authors, but a deficiency on my part,
the names by default have Dbeen provisionally classed as wvalid.
These +two species were included with other valid species in

Table 2:1, but no values given.

3.5 Summary.

The aim of Chapter 3 was to establish a basis for a
comprehengive review of the species in the genus. This has been
achieved by listing all names in the 1literature and eliminatiﬁg
those which are wunavailable or need little further consideration
since they are invalid. One hundred and three names were located
and subdivided as shown in Fig.3:1.

The effects of most changes suggested in this review will De
minor, since they concern species of little practical importance.
The opinion that S.planiceps and particularly S.ransomi are . junior
synonyms and therefore invalid will cause some disruption, and
perhaps controversy, particularly in the case of S.suils

(syn.5.ransomi).
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TOTAL

no differential

103
AVAILABLE UNAVAILABLE
71 32
VALID INVALID lapsus nomen unacceptable
53 18 calami nudum spelling diagnosis
22 5 2 2

junior junior transfered elevation nomen
synonym homonym in status dubium

11 1 2 2 2

FIG.3:1. Subdivision of published names for Strongyloides.
(number in each category is shown)
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3.5 FURTHER AIMS OF THIS THESIS.

The task of clarifying the status of species in Strongyloides
has now been made easiexr by the removal of unavailable names and
invalid species. These rejected names will not be examined further
unless the specimens upon which the species was based serve to
illustrate a point which holds true for the genus as a whole. The
next step in this generic spring-cleaning is +to identify and
describe those processes which distort or change the morphology of
Strongyloides, and which, if not recognised, can lead to errors in

description or identification of species.
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CHAPTER 4

TECHNIQUES AND EXPERIMENTS.

4.1 INTRODUCTION.

The first section of this chapter contains details of
techniques used to collect, f£fix, preserve and study the various
stages of Strongyloides. The second section contains details of

experimental procedures and particular experiments.

4.2 TECHNIQUES.

4.2.1 Collection of Strongyloides.

4.2.1,1 Parasitic Female. -

Since the parasitic female is a tissue parasite, it is normally not
found in the 1lumen of +the gut. In rare circumstances, however,
usually due to a pathological host response, worms may be recovered
from the gut contents (Speare et al, 1982). Usually they have to be

extracted from the mucosa.
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Equipment needed:

1. dissecting microscope with transmitted light
2. microscope slides

3. glass petri dish

4. dissecting needles or jeweller's forceps

5. pasteur pipette and bulb

6. fine wire hook or single hair

7. 0.9% saline solution

8. collecting bottle

Technique:

1. Section of gut to be examined is opened longitudinally,
placed flat, serosa down on a firm supporting surface.

2. Narrow end of microscope slide is used to scrape the mucosa
off the muscularis.

3. Scraped mucosa placed in petri dish.

4. Moisten with saline and place a lake of saline on working
edge.

5. Using dissecting microscope and transmitted 1light, tease
mucosa apart.

6. Pick up worms by pipette, hair or hook.

7. Transfer to saline in bottle.
Juvenile stages in the gut were also obtained using his technique.
Collection of parasitic females after anthelminic treatment was made
by microscopic dissection of the fixed contents of the large

intestine using transmitted light.

4.2.1.2 Other Parasitic Stages. -

Third—-stage larvae were collected from skin by active migration

from skin fragments. Equipment needed:

1. test tube
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2. 0.9% saline

3. scalpel blade

Technique:
1. Cut skin into small pieces about 1-2mm diameter.
2. Place in saline at room temperature.
3. Remove after 12 hours.
4. Centrifuge at 1500rpm for 5 min.
5. Remove fluid from top, 1ea§ing 0.5¢c in tube.
6. Examine under microscope.

7. Place larvae in saline prior to fixation.

Collection of larvae from lung was carried out using a Baermann
technique similar to that described above but using .9% saline as
the medium, cutting the lungs finely, floating the fragments on the

surface of the saline and examining the sediment at 6 and 24 hours.

4.2.1.3 Free-living Stages -

Bll free-living stages as well as larvae 1in faeces can be
collected by the Baermann technique. The technique used has been
described by Speare and Tinsley (1986) and is 1illustrated in Fig
4:1. This technique relies on larvae moving through the faecal
mass, passing into water and settling out.

Equipment needed:

1. funnel with flexible tube on the stem
2. clamp to close tube

3. wire shelf to fit into the funnel.

4. fine guaze or tissue paper

5. water at room temperature or greater than 25° but less than 38°.
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DIAGNOSIS

OF

STRONGYLOIDES

Baermann technique for the collection of larvae and

Diagram illustrates its use in the diagnosis of
(from Speare and

FIG.4:1.

adults.
Strongyloides felis infection in cats

Tinsley, 1986).



Technique:
1. Half-fill funnel with water.
2. Place wire shelf in funnel.
3. Place guaze or paper tissue on shelf.
4, Place matter containing worms on top.
5. BAdd sufficient water to cover the faeces.
6. Collect worms after 6hrs by running 5ml into a test tube,
7. Centrifuge at 1500r.p.m.
8. Discard top 4.5ml.

9. Collect worms from bottommost 0.5ml.

4.2.2 Fixation

All specimens when alive were fixed by the addition of hot
fixative to parasites in a small amount of ligquid, 0.9% saline for
parasitic stages and water for free-living stages. The temperature
of the fixative ranged £from 60-100°C, and the wolume added was
always greater than the volume of ligquid in which the parasites were
contained. Specimens were stored in 10% buffered neutral formalin

or 70% ethanol with 5% glycerol

4.2.3 EXAMINATION.
4.2.3,1 General. -

Most microscopic examinations were performed using water as a
supporting medium. Contents of collecting bottles were placed into
a cavity block, individual specimens transfered by a hair oxr pipette

to water on a slide, and a coverslip applied. Sufficient water was
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used to prevent the specimen becoming flattened by pressure of the
coverslip. If +this was not possible, e.g. in some larger
free-living females, fragments of glass coverslips were placed on
the slide with the worms and a coverslip applied, the fragments
supporting the weight of the coverslip. In most specimens, clearing

was not required as the body was transparent.

4.2.3.2 Transfering into Glycerol. -

Glycerol was a good clearing medium and processing through
glycerol was a necessary preliminary step prior to examination of
the apical view. Specimens transfered directly from fixative into
glycerol cellapse badly. Wrinkling can also be a problem in some
specimens transfered from formalin into alcohol. To maintain their
shape, worms were transfered firstly from formalin into alcohol,
then into glycerol. The following procedure was used for specimens

fixed in 10% formalin:.

1. Place specimens in distilled water in a cavity block.

2., Place block above a 70% achohol solution in an enclosed
container for 3 days.

3. Add 70% Ethanol with 5% glycerol drop by drop +to cavity
block, taking 24 hours to double the original volume.

4. Place cavity block under inverted petri dish which is not
airtight or 1is 1in a dessicator and leave for 4 days ox
until only glycerol remains.

A more rapid technique involved:

1. Placing specimens in distilled water.

2. Adding 70% alcohol drop by drop over 12 hours until the
volume was twice the original.

3. Adding glycerol drop by drop over 24hrs until the volume
was increased by about 25%.

4. Dehydrating and dealcoholising at 32°C, this step taking
24hr.
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Specimens in glycerol tended to become friable and care was

needed in handling.

4.2.3.3 En face Preparation. -

Apical views were made using a modification of the method of

Anderson

(1958). Only specimens 1in dglycerol could be wused.

Equipment needed:

1. glycerol

2. eye—surgeons scalpel or 22G disposable needle

3. cutting slide (glass or perspex)

4. microscope slide

5. coverslip

6. plasticine

7. dglycerine jelly

8. single hair

9. dissecting microscope with transmitted light

10. spirit burner and means of lighting
11. compound microscope
° 12. jeweller's forceps
Technique:

1. Place worm in glycerol on cutting s}ide _on plate of
dissecting microscope, with head protruding peninsula like
from edge of lake of glycerol.

2. Using eye-surgeon's scalpel or edge of bevel of needle, cut
off anterior 10um.

3. By means of the hair move the severed head back into the
glycerol.

4. Place small amount of glycerine Jjelly on centre of

coverslip and warm over spirit burner until the jelly
liquifies.
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10.

11.

12.

Pick up the head on the hair and transfer it to the 1liquid
jelly.

Push the head down into the jelly, so that the mouth is
against the coverslip. It is now at the bottom of the
drop.

When the jelly is tacky, invert +the coverslip using the
forceps.

Place the inverted coverslip on two walls of plasticine
about 1Imm high 1lying transversely across the microscope
slide at a distance of one coverslip diameter apart.

Press the coverslip down until the glycerine Jjelly makes
contact with the slide.

While the Jjelly is still malleable, orient the head wusing
the compound microscope so that the mount is not viewed
obliguely. This is done by gently moving the coverslip on
its plasticine supports, allowing the tension from the
adherence of the bottom of the jelly to the slide to change
the orientation of the severed head at the top of the
jelly.

If jelly has set, heat it very slightly, enough to enable
deformation but not enought to cause it to become poorly
viscous and allow the head to fall away from the coverslip.
If the head drops down into the jelly, steps 6-10 have to
be repeated.

Examine undexr oil immersion.

4.2.4 Depigmentation technique.

A technique adapted by L.Owens for removal of pigmentation from

crustacea and nematodes was used in an attempt to remove brown-black

pigmentation from specimens.

Materials.
1. 0.25% potassium permanganate
2. 1% oxalic acid
3. cavity block
4, pipettes
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Technique:

1. Fill a cavity block with each solution.

2. Place specimens in potassium permangate in cavity block for
20mins.

3. Remove and place in oxalic acid for lmin.

4, Place in water and examine.

5. Repeat steps 2—-4.

Specimens may break up with repeated +treatments (Owens pexrs
comm, 1986), so careful observation is needed. Only one repeat was

used on specimens and no deleterious effects noted.

4.2.5 Measurement.

All measurements except those made wusing oil immersion were
carried out using a calibrated eyepiece graticule. Measurements of
various features on male tail were made from camera lucida drawings
(see Fig.2:15),as was calculation for the free-living female of the

angle of the vulva with the longitudinal axis (see Fig.6:15).

4.2.6 Drawings.

A drawing tube was used to make the initial outlines which were

then completed free-hand by reference back to the specimen.

4.2.7 Photography.

Leitz and Zeiss photomicroscopes with Pan-X film were used for

photomicroscopy.



4.2.8 Election Microscopy.

Specimens embedded partly in gut were prepared for SEM by
stepwise dehydration in gréded series of ethanol increasing in
concentration to absolute, critical point drying and coating with
gold-paladium. They were examined wusing an ETEC BAutoscan and
backscatter mode. Worms not in tissue were placed in a small bag
made of plankton netting for critical point drying and treated

similarly.

4.2.9 Histology.

Tissue for histology was fixed in either 10% BNF or Bouin's
fixative, processed routinely by paraffin embedding, sectioned at

6um and stained with haematoxylin and eosin (Culling, 1974).

4.,2.10 Culture.

Free-living stages wére cultured using vérious techniques,
depending on the particular species of host involved. Species from
poikilotherms e.g. snakes and frogs, grew best by placing faeces in
the centre of a petri dish and adding sufficient water to form a
small lake of fluid around the faecal mass. All stages could be
collected by pipetting them wup from the £fluid. The faeces of
herbivores were cultured by breaking up faecal pellets or faecal
mass and placing them in containers in a slightly moist atmosphere.
The faeces of omnivores and carnivores had to be mixed with an inert
media e.qg. sawdust or wvermiculite, to allow aeration. These were

then placed in a humid atmosphere. The culture technique for
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5.fells described by Speare and Tinsley (1986) was used for cats,
dogs, and humans. Unless otherwise stated culturing was performed

at room temperature, 22-26°C.

4.2.11 Experimental Infections.

4.2.11.1 Percutaneous Penetration.

Strongyloides 1infective larvae
can burrow through intact skin. Percutaneous penetration was
carried out by placing infective larvae onto a moist pad of tissue
paper in a shallow petri dish. The pad was held in contact with the
area of penetration, wusually for 15min. Remaining larvae were

recovered by Baermannisation.

4.2.11.2 Subcutaneous Infection.

Infective larvae were injected
subcutaneously wusually in distilled water in a volume not greater
than 1ml, using a 1ml syringe and 19G needle. The numbers of larvae
were calculated either by counting individually or by dilution and

counting of larvae in an aligquot.

4,2,12 Statistical Analyses.

Means, standard deviations, coefficients of variation and
proportions were calculated using a pocket calculator, Casio fx-510.
Other statistical analyses were performed using a main “frame
computer, DEC system-10, Digital Egquipment Corporation, using

programmes from SPSS Batch System, SPSS Inc.
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4.3 SPECIFIC EXPERIMENTS

4.3.1 Post Mortem Degeneration.

Aim:

To study the morphological effects of the death of the

host on the parasitic female.

Materials:

1. Host - 5 albino rats, 2 months old
2. Parasite - S.ratti
3. Infecting dose -~ 200

4. Route — Subcutaneous innoculation

Technique:

1. All rats killed by percussion to head on day 8.
2. Carcases held in 25°C ambient temperature.

3. One rat autopsied at each of following +times, oOhr, 2hr,
6hr, 20hr, 25hr.

4. Parasites collected from first quarter of small intestine
within 15min of rat being opened.

5. Fixed in 10% BNF at 90°C.

6. Examined by light micropscopy.



4.3.2 Host Immunity.

4;3.2.1 Experimental infection. -
Aims:
1. To determine the effects of immunity on the morphology of
the parasitic female.
2. To determine the effects of immunity on the distribution
of the parasitic female.
Materials:
1. Host - 5 albino rats, about 4 months of age
2. Parasite - S.ratti
3. Infecting Dose - 500

4, Route - Subcutaneous innoculation

Technique:
1. Daily output of eggs and larvae in faeces measured.
2. One rat killed by percussion at day 7 and 30.

3. Small intestine divided into quarters and parasites
collected from each.

4. Parasites examined by light microscopy.

4.3.2.2 Natural infection. -
Aims:
1. To determine the effect of immunity in a natural infection
on the morphology of the parasitic female.
2. To examine the distribution of specific antibody on the
parasite and in the gut of the host.
Materials:

1. Host - foal (Equus caballus), 10 months of age, which died
from paralytic ileus secondary to strongyloidiasis.

2. Parasite - S.westeri.

3. Reagents — Anti-equine IgG, Iga.
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Technique:

1.

Foal was euthanised in extremis, duodenum opened and fixed
within 10min of death in 10% BNF.

Parasitic females obtained by dissection from the fixed gut
and examined.

FPixed mucosal surface examined by SEM.
Histological sections prepared for routine examination.
Sections for immunoglobulin assessment stained by

immunoperoxidase technique (Sinclair and Bourne, 1984)
using modifications of Parsons (1984).

4,3.3 Fixation Experiments.

4.3.3.1 Type of Fixative. -
Aims:
1. To determine the effect of different fixatives on
morph ology of the parasitic female.
2. To determine the effect of different fixatives on
dimensions of the parasitic female.
3. To determine the effect of different fixatives on the
infectiwve larvae.
Materials:

1. Parasite and Host: 1. Strongyloides sp. ex stomach of

spectacled hare wallaby, Lagorchestes conspicillatus.

2. S.felis ex small intestine of cat .

3. Sirongyloides infective larvae ex faecal
culture of spectacled hare wallaby.

2. Fixatives: 10% buffered neutral formalin, 70% ethanol and
Bles's fixative, following Gray, 1973. -

Technique:

1. Parasitic females collected from mucosa by dissection;
infective larvae from culture by Baermannisation.
Experiment 1.

2. 10 parasitic females from wallaby measured and examined

while unfixed.
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3. 5 placed in each of 2 collection Dbottles with normal
saline.

4. 70% alcohol and Bles's fixative at 80°C added to one bottle
each.

5. Specimens re-examined and measured after 48 hours.
Experiment 2.

6. Parasitic females placed in normal saline in 3 collection
bottles.

7. 70% alcohol, 10% BNFormalin and Bles's at 80°C added to
separate bottles.

8. Specimens examined after 48 hours.
ExXperiment 3.
9. Infective larvae placed in water in 3 collection bottles.

10. 70% alcohol, 10% BNFormalin and Bles's at 80°C added to
separate bottles.

11. Larvae examined and measured after 48 hours.

4,3.3.2 Temperature of Fixation. -
Aim: To determine the effect of temperature of fixation on

the configuration of the parasitic female.

Materials:
1. Parasite and host: S.ratti ex small intestine of
laboratory rat.

2. Fixative - 10% Buffered neutral formalin.

Technique:

1. Route of infection - subcutaneous injection of 5000
infective larve into laboratory rat.

2. Rat killed by cerebral percussion.

3. Worms dissected from mucosa of anterior quarter of small
intestine.

4. 60 worms divided into 3 groups of 20.



One group per collecting bottle.
Each bottle containing 0.5ml normal saline.

10% buffered neutral formalin at desired temperature added
to each bottle to give final temperature of 50°C, 75°C and
20°C.

Fixed worms assessed for configuration using the following
criteria.

Criteria: loose turn = diameter across circle formed by
body 1is greater than 2 body widths; tight turn = diameter
less than 2 body widths; usable = specimen has no
tight turns, or not more than two loose turns.

4,3.4 Effect of Host.

4.3.5

Change in Morphology with Change in Host Species.

Aim: To determine the effect of species of host on the

morphology of the parasitic female.

Materials:

1.

2.

Hosts: sheep, Ovis aries, goat, Capra hircus, pig, Sus
scrofa, rabbit, Oryctolagus cuniculus,

Parasite: S.papillosus.

Technique:

1.

2.

Route of infection: subcutaneous.
Infecting doses: 1000 - 10,000.

Parasitic females collected from natural infections in
small intestine of goats.

Infective larvae from faecal culture of goat faeces used to
infect lamb, 9months o0ld, pigs x 4, 10 weeks old, two
rabbits (6mo and 2yr), two guinea pigs (approx.lyr old).
No evidence of previous infection of any host with
Strongyloides was found by repeated examination of and
culture of faeces prior to infection.

Parasitic females collected from small intestines and
examined.
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4.3.6 Effect of Temperature on Morphology of Free-Living Stages.

Aim: To determine the effect of temperature on the morphology
and dimensions of the free-—-living male, female and infective

larvae.

Materials:

1. Parasite —- S.felis.

Technique:

1. PFaeces collected within one hour of defaecation from cats
experimentally infected with S.felis.

2. Paecal mass divided into three and equal amounts cultured
at 15°, 23° and 32°C,

3. Collection of free-living stages made daily from aliquots
of faeces.

4. PFree-living stages fixed and examined.
5. Comparison made between stages at similar physiological

stages rather than on a chronological basis
since rate of development is temperature dependent.



CHAPTER 5

ARTIFACTS

5.1 INTRODUCTION.

An artifact demands a natural state. Before defining the
artifact the natural state must be defined. This is the "ideal"®
Strongyloides (Fig.5:1).

Fig.5:1. Criteria of the "ideal™ Strongyloides.
1. same body shape as in life,
2. same morpholegy as in life,
3. same dimensions as in life,
4., all important features can be seen,
5. Dbody is straight,
6. morphology is not obscured by extraneous material.
'Artifacts are therefore changes 'in morpholegy which if not

recognised for what they are may lead to the specimen in question

being misidentified. All specimens are of necessity not natural.
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The worms have to be killed to be examined, and once dead, decay has
to be prevented. The "ideal"” Strongyloides 1is, therefore, an
artificial creation, but one whose morphology we come to accept as a
baseline. Artifacts are changes induced in this baseline by foxces
other than the specific identity of the particular worm.

Mackerras (1959) and Little (1961) noted that the parasitic
female degenerated rapidly after death of the host, but both failed
to describe the changes seen. The morphological changes caused by
the immune response of +the host have been described for S.ratti
(Mogbel and MclLaren, 1980; Mogbel et al, 1980). This latter
artifact is the only one which has been described as such.

Artifacts were studied in both the parasitic and free-living
adults, with greater emphasis being placed on the parasitic female.
Experimental infections in various hosts were used to study the
artifacts in the parasitic female caused by the following: death of
host, host immunity, anthelmintic therapy, fixatives. Details of
experiments were given in Chapter 4. Worms collected from natural
infections were also used and correlations made on a semi—quantative
basis. Deposited specimens were examined and evaluated to determine
the significance of artifacts in causing aberrant findings which had
been described in the literature.

In this chapter the changes seen in particular organs are
described under the organ, and a differential diagnosis of causes
given. Summaries of changes due to particular artifactual processes
are then presented. Emphasis 1is placed on those changes of
significance to the taxonomy of Strongyloides and other changes are

mentioned only.
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5.2 PARASITIC FEMALE

5.2.1 Cuticle.

5.2.1.1 Wrinkling. -

Appearance.

The parasitic female is a cylinder with smooth parallel walls
(FPig.2:1). Transverse striations occur at a periodicity which
varies with the region of the worm (Fig.5:2), but ranges between 0.5
um to 3.5um. These striations do not distrupt the smooth contour of
the "ideal" Strongyloides.

Wrinkling is detected as a deviation of the contour from this
smooth outline. It gives the outline an irregular form, the sides
in any one region losing their parallel disposition. It is often

associated with shrinkage.
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FIG.5:2. Variation of the periodicity of the transverse
striations in the parasitic female. Periodicity
varies between and within worms, according to region
of the worm. Graph shows variation in periodicity for
three paratypes of Strongyloides elephantis.



Causes.

Fixation.

Ten percent formalin causes less wrinkling than 70% alcohol or
Bles's fixative (Table 5:1). Parasitic females in good condition
fixed in 10% BNF have minimal wrinkling and maintain their
cylindrical body shape. 70% alcohol can sometimes caused a marked
distortion of specimens. Griffiths (1940), working with S.agoutit,
found 5% formol-saline to be the most satisfactory fixative, with

70% alcohol containing 5% glycerol better than 70% alcochol alone.

Immunity.
Parasitic females affected by the immune response of +the host

are often wrinkled (see Chap.5.3.3) (and Mogbel and McLaren, 1980).

Autolysis.

The cuticle becomes wrinkled during autolysis.
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TABLE 5:1A.,Relative changes in dimensions of parasitic females
from rufous rat kangaroo, Aepyprymnus rufescens.
Measurements were made individually before and after
fixation. (Chap.4.3.3.1 Experiment 1)

PIXATIVE LENGTH MAX.WIDTH OES TAIL OES/L M~V/1

(%) (%) (%) (%) (%) (%)
Bles's -7.8%¥0.4 =-6.4*7.8 -10.7*3.3 -15.5f13.2 =-1.0f1.0 =0.4:0,
70% alcohol =-14.9:2.8 -8.6%3.9 -17.2:3.6 =-12.4%11.2 -0.8t1.3 +0.3:1,

TABLE 5:1B. Effect of fixation on the dimensions of infective larvae of
Strongyloides sp from spectacled hare wallaby, Lagorchestes
conspicallatus. (Chap.4.3.3.1 Experiment 3)

PARAMETER HEAT KILLED 10% FORMALIN BLES' FIXATIVE 70% ALCOHOL
' UNFIXED

n 10 10 10 10
length (um) 531.2t15.2 491.3127.2 468.6t25.6 459.6:19.9
change - -7.5% -11.8% -13.5%

ces (um) 237.3t9.6 214.4:7.5 201.4%*14.0 204.4:12.8
change - -9.6% -15.1% -13.9%

tail (um) 62.2%1.8 58.5t2.8 57.9t4.1 57.3%3.0

change - -6.0% -7.0% »=7.9%
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FIG.5:3. Early split with FIG.5:4. Larger split in
clear fluid in cuticle of cuticle of Strongyloides
Strongyloides ratti 6hr ratti 6hr after death of
after death of host host (Chap.4.3.1).

(Chap.4.3.1).

5.2.1.2 Splitting. -

Appearance.,

The cuticle of Strongloides has three layers, cortex, matrix
and fibre layers (Colley, 1970). Splitting refers to a deviation of
the outer and the inner boundaries of the cuticle with formation of
a space between them. The space can be transparent ( Fig.5:3&:4) or
contain granular material (Fig.5:5). The site of the split on the
ultrastructural level was not investigated. Splitting is a focal

change and can occur at any region of the parasitic female.

Causes

Autolysis

After a host dies, its Strongyloides are doomed. Oone of the

signs of autolysis 1is cuticular splitting. Initially only small
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areas of cuticle are involved and the space formed between the
separated layers is clear (Fig.5:4). With increasing time after the

death of the host, the area of cuticle showing splitting increases,
more foci appear and the contents of the split become granular

(Fig.5:5a). Granularity varies from fine to dense, irregular
aggregations. Fragmentation of the outer cuticular layer may occur

at a later stage (Fig.5:5b).

’“(NN“. ‘
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FIG.5:5A. Cuticular splitting FIG.5:5B. Cuticular splitting
with granular contents in with granular contents and
paratypes of Strongyloides dense aggregations in paratypes
ovocinctus. of Strongyloides ovocinctus.

Contiguity of pseudocoelome
is disrupted at one point,
and ovary is herniating.



FIG.5:6. "Inflated cuticle" in
Strongyloides turkmenica was
splitting of cuticle due to
autolysis (from Barus, 1979
Fig.1l3c).

Barus (1979) in a redescription of the parasitic female of
S.turkmenica noted that the cuticle was inflated in some regions.
He illustrated this in Fig.1l3c p 47. He was without doubt
describing cuticular splitting and not a specific feature of the
parasite (Fig.5:6).

Cuticular splitting is a common artifactural change encountered
in the parasitic female. It is not confined solely to
Strongyloides. A similar change, but to a lesser extent was noted
in the trichostrongyloid nematodes included in the bottle ( USNMHC
14647) containing the paratypes of S.ovocinctus (see Chap.5.5.4).
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5.2.1.3 Anterior Prolopse.

Appearance.

In specimensg showing other signs of degeneration (Table 5:2),
the cuticle of the head and neck occasionly prolapses anteriorly to
form a cylindrical tube having at its base oxr posterior end the
buccal cavity of the worm (Fig 5:7). This sleeve is formed from
thin, wrinkled cuticle and contains clear fluid or slightly granular
material in its walls. It is a slipping forward of the cuticle of
the head and neck, passing lateral to the cuticle of the circumoral
elevation which remains anchored at the stomal edge. This artifact
is seen nicely in the paratypes of S.herodliae and S.ovocinctus.
Ransom (1911) ignored it in his specimens, but ded (1966;1967)
listed ™a deep buccal capsule” as a distinguishing feature in
S.herodiae. The paratypes of S.herodiae (USNMHC 60530) show marked
anterior prolapse (Fig.5:8). Boyd obviously failed to recognise it
as an artifact. As discussed 1in Chapter 2.3.1 the feature as
described by Boyd (1966) transgressed a generic boundary. If it had
been real, either S.herodiae could not have been accomodated in
Strongyltoldes or the generic definition was in error in stating
Strongyloldes had a shallow buccal capsule. Anterior prolapse of
cuticle is seen commonly in degenerate specimens of S.papillosus,

S.westerl and Strongyloides sp. from macropods.

Cause — Autolysis.

5.2.1.4 Loss of Transverse Striations.

Appearance.

All parasitic females have transverse striations (Fig. 2:3).
The periodicity varies with the region of the worm (Fig.5:2) and the
ease of detection under light microscopy varies with the species:
e.g., striations are frequently difficult to see in S.stercoralis
and S.rattl, but are easily seen in S.suils. Transverse striatiocns

can, however, become almost impossible to detect with light
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FIG.5:7A. Anterior prolapse of cuticle of head
of paratype of Strongyloides ovocinctus.

FIG.5:7B. Greater degree of anterior prolapse :
paratype of Strongyloides ovocinctus.
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FIG.5:8. Head of Strongyloides herodiae. A. from
Boyd, 1967 showing "deep buccal capsule”;

B. paratype showing anterior prolapse of
cuticle. Scale line = 1lOum.



microscopy owing to autolytic changes. In specimens so affected,
striations are best looked for posterior to the posterior reflection
of the ovary as this seems to be the area where they are least
affected.

Cause.
Some species have striations which are much less distinct than
in others. Degenerative changes occurring after death of the host

are the major cause of loss of transverse striations.

5.2.1.5 "Cuticular Moulting". -

Appearance.

Ransom (1911) in S.ovocinctus described a phenomenon in which
adult worms apparently experienced successive moults. The eggs
passing out of the vulva lodged beneath an outer cuticular layer
(plo8 figs 135-136)(Fig.5:9). This was a combination of cuticular
splitting and sheath formation (see Chap.5.5.4). Ransom failed to
recognise that two artifacts were present and thought that each was

part of the same process.

FIG.5:9. Original
illustrations for
Strongyloides
ovocinctus from
Ransom (1911 Figqg.
134-136) showing

F16. )3 —Strongyloida
orecinctus. Parasitio
adult. *Valva, X 1%

of cuticle.

(Original ) F16, 135~ Strangylohdes orocinctus,
Iortion of tody of parasitie wult
in region of fewed B

o

i, 19 —Strongploides orocinctyr.
Posterior end of body of pare
sitic adult, viewed from left slde,
an., anuy, o, outer cutimlar
layer: ¢, eggs Jodged beneath
the outer loosenad cuticle: inf,
Intestine, X 300, (Original)
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5.2.2 Reproductive Tract.

5.2.2.1 Degeneration. —

Appearance.

The type of ovary is a feature of major taxonomic importance in
the parasitic female (Little, 1966a). Ovaries are classified into
two classes; directly recurrent or spiral. Degeneration is marked
by several changes in the reproductive tract (Table 5:2), but the
only ones of taxonomic significance are those affecting the
determination of the type of ovary. In severely degenerated worms,
the ovaries are vacuolated, their outlines are indistinct, and the
pseudocoelomic cavity contains debrxi. Occasional specimens are so

affected that ovary type is difficult to determine with confidence.

Cause - Autolysis.

TABLE 5:2. Morphological changes of autolysis in parasitic
female.

CUTICLE

Splitting and fragmentation
Wrinkling

Anterior prolapse

Loss of transverse striations

GUT
Granularity of oesophagus becomes coarse
Oesophageal nuclei disappear

REPRODUCTIVE TRACT

Vacuolation of ovary, particularly proximally
Outline of ovary less distinct

Oviduct cells not discernable

Uteri contain granular debri

PSEUDOCOELOME
Refractile granules increase in number and size

EXTRANEQUS MATERIAL
Sheath size and number increase
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5.2.2.2 Misinterpretations of the Ovary Type. -

It is important to understand +the geometery of a spiraled
ovary. The literature fails to describe this, and from many of the
illustrations provided the parasitologist also has not understood it
(see singh, 1954, fig.l; Rao and Singh, 1968, fig.4; Lichenfelds,

1975 pl4 fig.2 ; Grabda-Kazubska, 1976, £ig.l1). The geometery of
spiraled ovaries are amazingly uniform throughout the genus. The
ovary does not spiral around the gut, it spirals with the gut; the
intestine does not form a central axis, but participates completely
in the spiraling process (Fig.6:4). Both distal and proximal arms
of the ovary maintain the same relationship with each other and the
gut. They do not cross over, out of position as it were, but form a
unit of three, spiraling in a uniform manner. This point 1is
important as it enables one to follow the individual units, e.qg.
distal ovary, and so determine the degree of spiraling for that
particular unit.

The other key point is that the spiral is always in the same
direction in all species of Strongyloides, and that is,
anticlockwise from the anterior end. This direction 1is followed
also 1in the posterior ovary. If these facts are heeded, it is not
difficult to decide whether a species has or does not have spiral
ovaries. Partial spirals can be identified from the tendency of the
two ovarian arms and the gut to spiral as a unit.

In some specimens with directly recurrent ovaries the distal
ovary 1is occasionally sinuous, and adopts a wandering course beside
the gut (Fig.5:10). An inexperienced observer may mistake this for
a spiraled ovary. Several early drawings show sinuous ovaries, and
one cannot be sure of the ovary type (see Travassos, 1930b; Cameron
and Parnell, 1933; Pereira, 1935; Perez Vigueras, 1942; Rao and
Singh, 1968). These exrors can be avoided if the generic geometery

of the spiral is known.



FIG.5:10. Appearance of sinuous path in distal ovary
of Strongyloides sp from large intestine of green
tree frog, Litoria caerulea. Dorsal view.

Arrows mark level of vulva.

5.2.2.3 Failure of Ovaries to Spiral. -

The ovary spirals only in mature parasitic females. Prior to
this, in the larval stages and the young adult stage, all females
have directly recurrent ovaries. Egg production frequently begins
before spiraling has been completed, and sometimes before it has
commenced. Worms collected at this stage will, therefore, have
directly recurrent ovaries. S.cati Rogers, 1939 has spiral ovaries
(Rogers, 1939). Specimens (L d'V) obtained from a cat
experimentally infected by Erhardt and Denecke (1939) using Rogers'
strain had directly recurrent ovaries. These worms had been
collected on day seven of the infection. They were mature but

spiraling of ovaries had not commenced.
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5.3 CHANGES IN DIMENSIONS.

5.3.1 Too Large.
5.3.1.1 Squashing. —

Specimens can be deformed by pressure of the coverslip. Their
cylindrical cross—section then becomes a flattened ellipse, with the
apparent diameter of +the specimen approaching the theoretical
maximum of half the circumference. &an excellent example of this
deformity is provided by the paratypes of S.tumefaciens. The width
of 109um given by Price and Dikmans (1941) is the greatest for the
genus and far beyond the average of 44.3um (Fig.5:11). The
paratypes (USNHC nos. 28190, 28191, 28192) are specimens which were
recoveréd from fixed tissues and permanently mounted on slides. 2all
specimens are Dbadly flattened. Nine fragments were examined and
body widths measured. Widths were 120.9um at the wvulva (n=1) and
79.9%t6.7 (75.0-87.6)um at the base of the oesophagus (n= 3). This
is not the true diameter, but in a flattened state more closely
represents half the circumference. Since the parasitic female is
circular in cross-—-section, body width can be calculated from "2
radius = circumference/w"; therefore, "body width = 2 radius = 1/2
circumference/m X 2". calculated diameter for S.tumefaciens 1is,
therefore, 77pum at the wvulva and 50.9um at the 1level of the
posterior end of the oesophagus. Dubey and Pande (1964) reported
S.tumefaciens from adenomas in the large intestine of the Indian
wild cat (Fells chaus). Their specimens had length of 5.5mm and a
diameter of 80um, agreeing well with +the calculated value for
maximum body width.

The main visual clue to severe squashing in a specimen_ is a
lack of optical depth, but only major degrees of sgquashing can be

- detected by visual means.

The plot of width against 1length for wvalid species of
Strongyloldes (Fig.5:11) indicated that +the published values for
S.tumefaciens fell well outside the general trend for the genus. A
new regression programme confirmed this by identifying S5.tumefaciens
as the species with the worst fit to the regression equation

(Table 5:3). Substitution of the correct value for width gives a



slightly changed equation and places S.tumefaciens closer +to the

regression line (Fig.5:11).
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TABLE 5:3. Species with worst—fit for the regression of width on

length.

ID SPECIES ZRESID

49 S.tumefaclens 3.92638
10 S.chapint -2.35138
11 S.cruzi 1.91501
43 S.sigmodontis -1.89102
39 S.ratti v. ondatrae -1.55660
1 S.agoutil -1.36038
16 S.erschowt 1.33648
41 S.rostombekowl 1.33242
26  S.myopotami -1.30728
29 S.oswaldil 1.18094

5.3.2 Too Small.

A ZResidual of <2.0 is regarded as falling within two standazxd
deviations of the regression line. S.tumefaciens had a ZResidual
greater than two, while the next worst fit was for S.chapini, but in
a negative direction (Table 5:3). S.chapini is atypically narrow,
and is the species with the smallest width (Fig.5:11; Table 2:1).
Two cotypes‘ (USNMHC nos.24959) were examined and both had maximum
diameters of 34.2um. Sandground (1925) gave maximum width as
27.3um. The value I obtained is closer to the generic average, but
I am reluctant to substitute it since squashing of specimens may be
responsible for this apparent increase in width.

Perusal of Table 5:3 reveals that the other species with
negative ZResiduals are S.stgmodontlis from the cotton rat,
S.rattl v ondatrae from the musk rat, S.agoutii from the agouti and
S.myopotami £from the coypu rat. S.chapini was described from the
capybara. All are parasites of BAmerican rodents. Specimens of
S.myopotami (BMNH 1977.4661-4760) have been examined, and the width
of 37um agreed with those given by Little (1966a). These species
may form a group, and S.chapini may not be So atypical as appeared

on initial assessment.
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Causes.

Processes which cause reduction in dimensions are fixation and
immune damage (Mogbel and Denham, 1977; Modgbel and McLaren, 1980;
Mogbel et al, 1980).

5.3.2.1 Shrinkage. —

Appearance.

Whereas wrinkling is a disruption of the smooth contour of the
worm, shrinkage is a reduction in worm volume. Wrinkling can be one
of its manifestations, but all wrinkled worms are not recessarily
shrunken. A reliable morphological sign of shrinkage is collapse of
the outer shell of the worm inwards, with moulding of the body wall
onto the internal organs. Collapse is best seen in areas where the
body wall is unsupported, e.g., the regions posterior to the base of
the oesophagus, and anterior to the anterior reflection of ovary and
in the tail. Moulding is seen best near the reflections of the
ovaries where the body wall outlines the separate parts of the
reproductive tract (Fig.5:12&13LIn +transverse section a shrunken
worm 1is diminished in size and has lost its circular shape
(Fig.5:17). Shrinkage can also be detected by measurement and
statistical analysis (see Tables 5:1, 5:4, 5:5).

Causes.

Fixation.
70% alcohol causes considerable shrinkage, while 10% BN

formalin causes less (Table 5:1).



FIG.5:12, Tail of parasitic female of Strongyloides sp
from stomach of agile wallaby. Collapse of body wall
onto posterior reflection of ovary can be seen. Bles'
fixative. SEM.

FIG.5:13. Parasitic female of Strongyloides sp from
stomach of agile wallaby. Body wall outlines the
ovaries. Collapse due to Bles' fixative. SEM.



Immunity.

Shrinkage was a major feature in S.ratt? during rejection by
lab rats (Mogbel and Denham, 1977; Mogbel and McLaren, 1980;
Mogbel et al, 1980). An experimental infection of 1lab rats with
S.ratti (see Chap.4.3.2.1) was used to confirm this effect. Larval
output per worm per hour decreased from 30.9 on day 6 to 0.48 on day
30, worms became smaller, eggs per worm decreased (Table 5:4), and
worms were found more posteriorly in the small intestine (Fig.5:14).
These effects are typical of the response of S.ratti to host
immunity (Mogbel and Denham, 1977). Wrinkling of cuticle was
observed, but morphological changes of shrinkage are subtle.
Comparative measurement and transverse section are means by which

shrinkage can be detected.
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TABLE 5:4. Changes in dimensions and proportions of S.ratti due to
immune response of host.
(Experiment in Chap.4.3.2.1; non—-immune = day 9 p.i.;

irmune = day 29 p.i.)

PARAMETER

n

length (um)
change

width (um)
change

ces (um)
change
oes/length (%)
change

tail (um)
change
tail/length (%)
change

M-V

change
M-V/length (%)
change
eggs/worm
change

TABLE 5:5. Dimensions of S.westeri from foals: A.

NON—-IMMUNE

10
2817.9%189.8

44.0%1.5

773.8%56.8

26.1%2.7

48.615.7

1.73%0.19

1788.9%149.0

63.4%1.7

8.7%3.5

rejected by immune response.

PARAMETER

Length (u)
Max.width (p)
Oes.length (u)
M-V ()
Tail (u)
Oes/length (%)
M-V/length (%)
Tail/length (%)
Eggs/worm

Ant .uterus
length(u)
Post.uterus
length(u)

FOAL A

9506.0£1069.7
81.3x7.9
1263.7+81.9
5841.11670.4
129.0+16.3
13.40x1.29
61.45%]1.56
1.37+%0.18
59.4%14.7
1288.6+224.9

1163.9+148.4

IMMUNE
(from

ant 1/4 s.int)

8
1933.6%114.5
—31.4%
34.6%1.1
—-21.4%
801.0£27.6
+3.5%
41.613.0
+59.4%
45.3%3.5
-6.8%
2.35%0.18
+35.8%
1291.5%96.4
—-27.8%
66.7t1.6
+5.2%
0.4*0.7
-95.4%

FOAL B

6567.411081.1
73.4%4.6
1158.1+86.1
4221.5%636.0
114.5%14.0
17.93+x2.14
64.39%1.36
1.75%0.25
26.8%9.7
644.21123.4

785.3%219.3

( from

post 1/4 s.int)

10

2164.5%59.9

—-23.2%
36.9%1.0
-16.1%
788.0%4]1.2
+1.8%
36.4%2.5
+39.5%
45.913.4
-5.6%
2.72+1.83
+57.2%

1509.9%40.8

-15.6%
69.8%2.1

+10.1%
3.3%22.4

—62.1%

normal; B.

REDUCTION
(%)
30.9

9.7
8.4
27.7
11.3
+33.8
+4.8
+27.7
54.9
50.0

32.5
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The effects on the parasite of host immunity in natural
infections have not been described. A foal, aged two months,
naturally infected with S.westeri, was found to have died from a
paralytic ileus secondary to a rejection phenomenon. Heavy
lymphocyte and plasma cell infiltration into the lamina propria of
the duodenum was present, with focal haemorrhage and oedema, and
marked villous atrophy (Fig.5:15). Examination of fixed gut under
the dissecting microscope and by SEM confirmed the villous atrophy,
showed the degree to vary from totally atrophic in one area to
moderately atrophic in another even on the microscopic level, and

revealed that many of the parasites were only partially embedded in

the mucosa (Fig.5:16).

FIG.5:15. Duodenum of foal
naturally infected with
Strongyloides westeri,
showing marked wvillous
atrophy, oedema and focal
haemorrhage with mononuclear
infiltrate. H & E X 160.

FIG.5:16. Duodenum of foal
naturally infected with
Strongyloides westeri.
Villous atrophy is marked,
parasites are only partly
embedded in mucosa. SEM.




IgG was deposited onto the cuticle of the parasites and onto
the brush borders of their intestines (Fig.5:17). 1IgA was also
present in plasma cells and on the mucosal border of epithelial
cells, but was not visible on or in the worms themselves. The

majority of plasma cells in the lamina Propria stained for IgG. IgM

was not examined.

FIG.5:17. Parasitic female of Strongyloides westeri in
small intestine of foal. The body is collapsed and
lining of parasite gut stains positiYe for IgG.
IgG Immunoperoxidase with haematoxylin X 320.

132




The parasitic females were wrinkled and shrunken and were
smaller than specimens obtained from hosts not showing an immune
response (Table 5:5), Several specimens were found which showed
signs of autolysis, notably cuticular splitting, anterior prolapse
and degeneration of the reproductive tract. Since the specimens had
been fixed within 10min of death, too rapidly for host post mortem
effects to cause autolysis, it is probable the worms had died in
situ, and then undergone degenerative changes.

The host had ewvidently mounted both a cell-mediated and an
humoral immunological response against the parasite. As shown by
the effects on the parasites, and their displacement from their
normal location in the mucosal layer, this attack was successful.
The immune response, however, had extensively damaged the small
intestine and led to the demise of the host.

S.westeri 1s normlly acquired at a young age by the
transmammary route (Lyons et al, 1973) and is usually rejected by 24
weeks of age (Russell, 1948). S.westeri 1s rarely pathogenic
(Drudge, 1972), but can occasionally cause disease and death.
Surprisingly, there are no reports on the pathology of natural
mortality in the horse, although the pathology associated with
S.westeri in donkeys has been described (Pandey and Rai, 1960). The
effects of the immune response of the host on the parasitic female

are summarised in Table 5:6.

TABLE 5:6. Effects of host immunity on the morphology of
the parasitic female.

CUTICLE
Wrinkling

GUT
Luminal bordexr of intestine thicker and more
refractile

REPRODUCTIVE TRACT
Numbers of eggs in uteri decrease

BODY
Shrinkage

EXTRANEOUS MATERIAL
Precipitates on mouth
Precipitates on cuticle
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5.4 SHAPE.
5.4.1 Conformation.

The easiest specimen to examine 1is one that is straight.
Calculation of dimensions is more difficult in coiled specimens, and
occasionally some important morphological details may be obscured at
cross—over points. The shape adopted by the live parasitic female
after removal from the mucosa and placement in saline is dependent
on the species of Strongyloides. S.rattt, for example, an
inhabitant of the small intestine of the rat tends +to coil, while
Strongyloides sp. from the stomach of macropods rarely does so.
The former lives in the base of the crypts, twisting around villi in
mucosal tunnels, while the latter 1lives in the flatter, mucosal
layer of the macropod stomach (Winter, 1958; Speare et al, 19582,
1983). The physical nature of the microenvironment in which
different species live may influence their coiling tendencies in

vitro.

The temperature of the fixative influences the straightness of
worms fixed when alive. Those species with little tendency to coil,
can be fixed with good result in formalin at a temperature of s0°C.
S.rattl, however, needs a much higher temperature. Table 5:7 and
Fig.5:18 show the effect of temperature of the fixative on the
degree of coiling in S.rattil.

In a situation where no other specimens were available,
"unusable"” specimens of S.ratti could be utilized. The tendency to
coil 1is much less than that shown by trichostrongyles, but

nonetheless, the ideal is a specimen which is straight.
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TABLE 5:7, Effect of temperature of fixative on the shape of

S.rattil. (for definition of terms see Chap.4.3.3).
CRITERION TEMPERATURE
60°C 75°C 30°C

No. of turns per worm

% of loose turns

% of tight turns

% of worms usable

2.29%1.04 1.36%1.21 1.1%0,91

10.9 20.0 72.7
89.1 80.0 27.3
8.0 36. 4 70.0

FIG.5:18. Effect of temperature of fixative on the
conformation of the parasitic female of Strongyloides
ratti (Experiment Chap.4.3.3)
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5.5 EXTRANEOUS MATERIAL.

5.5.1 Bacteria.

Appearance.

Bacteria have been seen only on the cuticle. They appear as
small refractile bodies, wusually rod-shaped but occasionally
coccoid, frequently clustered. Colley (1970) wusing TEM noted
bacteria in the 1lumen of the intestine of the parasitic female of
S.myopotami. The taxonomic significance of the bacteria is two
fold. Firstly, 1if present in 1large numbers they can obcure
cuticular details; eg., perivulval papillae and secondly, they can

be confused with papillae.

5.5.2 Immune Precipitates.

Appearance.

Mogbel and McLaren (1980) described deposition of IgG on the
cuticle of S.ratti during rejection by the host. The immunoglobulin
appears as an amorphous, refractile mass in the buccal capsule,
projecting anteriorly when present in large amounts (see Mogbel and
McLaren, 1980; Fig.3). If extensive this material can obscure the
stomal shape in the en face view (Fig.5:19). 1In lesser amounts the
outline of the stoma appears blurred with the light microscope,
while on SEM aggregates of amorphous material can be seen in and
around the mouth and on the cuticle (Fig.2:2). Immunoglobulin on
the cuticle is rarely seen by light microscopy, but can be detected
by fluorescein labelled anti-globulin (Mogbel and McLaren, 1980) or
peroxidase tagged anti—-globulin (Fig.5:17).

The antibody class involved in the immune response of the foal
described under 5:3.2.2 was IgG, while IgA appeared not to
participate. 1IgG,,; was reported as the antibody with greatest
affinity for the cuticle of the infective larvae of S.ratti (Murrell

and Graham, 1982). The morphological effects on the parasitic
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female of host immune response are given in Table 5:6.

FIG.5:19. Amorphous material (probably immunoglobulin)
obscuring the stomal shape of Strongyloides sp from
large intestine of green tree frog. Specimens from
this naturally infected frog were smaller with fewer
eggs per worm. A. Dorso-ventral view; B. en face
view. Scale line = 1l0um.

FIG.5:20. Material on head of parasitic female of
Strongyloides ratti from small intestine of rat
experimentally infected for 29 days. This is
typical of immune precipitates.



5.5.3 Pigment.

Appearance.

When alive the parasitic female is colourless and transparent,
and the internal organs are clearly visible. The taxonomic "ideal™
retains these qualities. Most specimens are colourless,
particularly 1if fixed while still alive. Only the occasional
specimen is opaque or has morphological details obscured by pigment.
The most common pigment encountered is tan in colour, and uniformly
distributed through the body of the worm. Its taxonomic
significance, apart from being an artifact per se, is that the
internal organs, particularly the reproductive tract are difficult
to see clearly. The paratypes of S.robustus (USNMHC 44911) are such
a dark brown in colour, that the details of the buccal capsule are

obscured.

Causes.

Anthelmintic Therapy.

A cat naturally infected with S.felis was treated with
thiabendazole at 25mg/kg and killed six hours later. No worms were
recovered from the small intestine, but dead parasitic females were
found 1in the contents of the large intestine. These were uniformly
tan in colour. The pigment was possibly bile absorbed by the worms
killed by the anthelmintic.

Other causes have not been identified.

5.5.4 Sheaths.

Ransom (1911) introduced the concept of cuticular shedding
based on specimens from the small intestine of a prong horned
antelope, Antilocapra americana, which died at Washington in 1892,
He proposed that this species had an unusual method of egg laying in

which eggs were deposited under a cuticular sheath (Fig.5:9).
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Ransom thought this sheath was formed by successive moults of the
cuticle, and eggs and sheath were shed by the worm to enable the
eggs to gain the lumen of the bowel. This phenomenon was not
reported in the literature, although Brumpt (1910) had noted the
occurrance of strings of eggs in the faeces of sheep. Ransom had
not seen it previously in any other specimens of Strongyloides. He
considered that the formation of cuticular sheaths indicated the
specimens belonged to a new taxon, for which he proposed +the name
S.ovocinctus. Ransom (1911), however, had fears that this
phenomenon may have been artifactual. Without its cuticular sheath
and enclosed eggs, S.ovocinctus varied in only minor details from
S.papillosus. Sandground (1925) considered S.ovocinctus to be a
junior synonym of S.papillosus. Ransom's cuticular sheath was
dismissed.

Sheaths encircling fixed specimens of Strongyloides are
commonplace. They appear to be of two types. The most obvious
consists of host mucosal epithelial cells. Cell outlines can be
seen together with nuclei. This sheath often extends at least half
the body diameter on either side of the encircled worms and can have

several layers of epithelial cells (Fig.5:21). It rarely extends

FIG.5:21. Cellular sheath
around parasitic female of
Strongyloides ratti from
small intestine of rat

6hr after death of host.

the complete length of the worm, usually enclosing less than 25% of
body length, and is frequently divided into several separate
sections. This sheath is related to the trait of the parasitic
female of threading its way through the mucosal cell layer. When
the epithelial layer sloughs, cells adjacent to the worm, forming

part of the wall of the tunnel, persist as an encircling sleeve.



The other sheath is more subtle. It is closely applied to the
worm and 1is thus inside the cellular sheath. It lacks obvious
features and appears as a fine membrane. Although it is difficult
to see by light microscopy, it can be seen in transverse sections of
tunnels as a fine eosinophilic membrane lying between the parasitic
female and the tunnel wall. In whole specimens it either can be
seen as a fine, featureless membrane close to the cuticle, or gives
the impression of a veil obscuring the cuticular features. Where
parasitic females emerge from the mucosal layer, SEM shows this fine

membrane to be present (Fig.5:21). The sheath lacks striations and

FIG.5:21. Fine inner sheath around parasitic female
A.Strongyloides westeri at point of emergence from
mucosa of small intestine of foal; B. Strongyloides
sp. at point of emergence from mucosa of stomach of
agile wallaby. Delicate inner membrane is closely
applied to worm while thicker outer membrane is
separated from it. SEM.

looks more like a host product than that of the parasite. It does
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not appear to be derived from the cuticle. A study by Dawkins et al,

(1983) showed S.ratti to lie between intestinal cells. The fine
inner membrane, therefore, may be formed from the lateral walls of
adjacent mucosal cells, and the outer cellular membrane from the
remainder of the in contact epithelial cells together with variable

numbers of cells adjacent to these. This theory assumes that the



cells forming the tunnel may rupture their walls at right angles to
the wall lining the tunnel, thereby allowing the inner and outer

sheaths to separate. The fact that fine sheaths occur more commonly

than cellular sheaths is consistent with the theory.

FIG.5:22. Advanced cuticular splitting with fragmentation
plus sheath formation. Paratype of Strongyloides
ovocinctus.

The specimens of S.ovocinctus (USNHC nos. 14647) examined were
all enclosed in sheaths as Ransom (1911) had described. The
specimens also showed advanced autolysis, with swelling, splitting
and separation of the outer cuticular layers from the inner layers.(Fig-S:ZZ
Ransom (1911) failed to appreciate that two processes were ocurring
in his specimens. He noted the sheaths surrounding the worms and
the splitting of the cuticle and assumed they were related, the
latter giving xrise to the former. The sheaths, however, were
derived from the mucosal cell layer while the cuticular splitting
was due to autolysis. Sheath formation is not, therefore, a feature
of specific weight. It 1is a function of the biology of the

parasitic female, and of ante and postmortem factors.



Causes.

Sheaths are formed when, at the time of collection, parts of
the mucosal tunnel remain encircling the parasitic female. Sheaths
are seen on worms collected alive by dissection from the mucosa of
recemtly dead hosts; but the frequency and extent of sheath
formation 1is 1increased as the mucosa undergoes post-mortem
sloughing. Sheaths can also be formed by mucosal sloughing
occurring prior to
death. Mucosal exfoliation was
a feature of the response of the
foal discussed in 5.3.3. The
parasitic females of S.westeri
were only partly embedded in the
mucosa, and many had typical
sheaths (Fig.5:23), complete
with enclosed eggs. The small
intestine from this foal had
been fixed within 10 min of the
animal being killed, so the
effect was an ante-mortem one.
Extensive sheaths on a
particular specimen should alert

one to be aware of autolytic or

immune changes in the parasite.

FIG.2:23. Cellular sheath with entrapped eggs encircling
parasitic female of Strongyloides westeri. The
parasite was only partly embedded in mucosa of small
intestine and host was mounting a marked immune response.
SEM.



5.6 FREE-LIVING ADULTS.

5.6.1 Death.

Death of free—living stages 1s not uncommon. In all stages,
including larvae, it can be recognised in fixed specimens by loss of
definition of organs, granularity of the cuticle and other organs,
wrinkling, and fragmentation of the specimen. Cuticular splitting
as occurs in the parasitic female is not seen. Bacterial numbers on
the surface are increased. It is of 1ittle importance
taxonomically, since the specimens are readily recognised as
degenerate. Its main significance is that in such specimens some of
the finer features, e.g., caudal papillae, are hard to identify. 1In
the male, spicules and gubernaculum remain unchanged even in badly
degenerate specimens.

Lesser degrees of degenerative changes can be seen in the

free-living stages Jjust prior to their death in culture.

5.6.2 Bacterial Aattack.

Bacteria can often be seen adhering to the surface of all
stages, Dboth parasitic and free—living, but are more common on the
latter. They appear as refractile rods or cocci on the cuticularxr
surface. In most free-living adults they can be seen in small
numbers, scattered over the surface of the worm. Occasionally, they
occur in dense colonies on the cuticle. These can obscure details
of internal organs, and in the male make identification of . caudal
papillae almost impossible. Bacteria present in smaller numbers can
be confused with caudal papillae. Caudal papillae can be
distinguished by the minute dome of cuticle which surrounds the
refractile nerve ending, and in addition the fine nerve fibre can be

seen passing through the cuticle and hypodermis to the papillae.
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5.6.3 Temperature of Culture.

Premvati (1958) obtained faeces from rhesus monkeys, Macaca
mulatta, naturally infected with S.fuelleborni, cultured them at
temperatures ranging from 15°C to 37°C, and noted changes in the
morphology of the free-living adults. She particularly examined the
morphology of the oesophagus and the post-—vulval reduction in body
diameter. The latter feature was a character of specific weight for
S.fuelleborni. At 25°C morphology was  typical, while at
temperatures above and below 25°C, the maximum body width, the
degree of post-vulval.narrowing, and the number of eggs in utero
decreased, while oesophageal length increased. The lips of the
vulva were more salient at 25°C. The length of the infective larva
was greatest at 25°C, The free-living male was not examined.

Premvati concluded (p628):

"An examination of these free—living females
developing at different temperatures would 1lead an
observer to consider them as belonging to different

species.™

The major effect of Premvati's study was to cast doubt on the
validity of post-vulval narrowing as an important criterion in the
free-living female. This feature has been described 1in three
species, S5.fuelleborni, S.cebus (Little, 1966a) and S.felils (Goodey,
1926; Speare and Tinsley, 1986). Several other species have a
slight xreduction 1in body diameter, but not the typical waist-like
appearance of S.fuelleborni. Little (1966a) in his redescriptions
of S.fuelleborni and S.cebus did not investigate the problem. It
became less important after Little's study since he showed that the
free-living males were of greater use éhén the females for
distinguishing between the species. Thus, the question waé avoided.
Little (1966a) did, however, note variability in the degree of
post—-vulval narrowing in S.fuelleborni and S.cebus.

Experiments were performed (see Chapter 4.3.6) to investigate
the effect of temperature on the morphology of the free—-living
stages; 1in particular, to determine 1if free-living females of
species with a post—-vulval narrowing could be modified, and to

determine whether temperature had any effect on the free-living
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male. As a source of S.fuelleborni was not available, Premvati's
experiments could not be repeated. S.felis was used since it has a
similar post-vulval narrowing and rotation of the vulva posteriorly.

Free-living females cultured at 22°C and 32°C had a
characteristic post—vulval constriction (Fig.5:24), Dbut this was
less marked at 22°C. The proportions of the four regions of the
oesophagus were the same (Table 5:8). The free-living males showed
no significant change 1in morphology. Free—1iving adults were
uncommon at 32°C and very reluctant to grow at 15°C, as the direct
cycle predominated at the former temperature and death of larvae
occurred at the latter temperature. A single fertile free-living
female obtained after culture at 15°C showed a characteristic
post-vulval narrowing and wvulval rotation, but unfortunately was

lost prior to drawing and measuring.

A

FIG.2:24. Vulval region of free-living female of Strongyloides
felis : A. Temperature of culture 229 for 5 days; B.
Temperature of culture 320¢ for 3 days. Scale line = 20um.



Premvati's findings with S.fuelleborni had by extrapolation to
other species cast doubt on the value of the post-vulval
constriction in all free-living females. The finding that
temperature at which free-living adults are cultured does not
necessarily affect morphology suggests that the morphology may for
some species be independent of external influences. This will allow
descriptions of species to be made with more confidence, rather than

having the uncertainty that the anatomy seen may be a product of the

temperature at which the worms were grown.

TABLE 5:8A. Dimensions of Strongyloides fells free-living females
cultured at 22°C and 32°C.

FEATURE 22°C 32°C
length 1338.0%£57.0 1187.9158.6
(1275-1430) (1094-1251)
max.width 83.0x5.4 72.3%5.6
(75.0-93.8) (66.7-83.4)
width post
to vulva 68.0%£3.6 54.6%14.,2
(62.5-75.0) (50.0-62.5)
% reduction 17.5%2.3 24.,52.9
(13.9-20.0) (18.8-29.4)
oes 160.7x4.0 178.0%6.0
(156.4-168.9) (168.9-189.7)
oes/length % 12.0%0.5 15.0%0.6
(11.1-12.6) (14.0-15.8)
tail 100.7%x3.9 109.0%6.5
(93.8-106.3