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INTRODUCTION

Domestic animals commonly harbor different spectes of helminths
in their alimentary and respiratory tracts. The presence of these
internal parasites may be determined by finding the eggs or larvae in
the feces of the hosts, In some cases specific 1dentity may be easily
determined by the morphology ol the eggs or larvae. In other eases
the parasites present in the host are mueh more difficult to identify
beeause the eggs vr tarvae of closely related species are morphologically
gimilar,

Specific disgnosis of common helminthic infections of dogs by fecal
examination for eggs and larvue is relatively simple because the hook-
worms, tapeworms, whipworms, and ascarids—parasites ordinarily
harbored by these carnivores—produce eggs and larvac which can be
readily differentiated as to speciss, Cattle, sheep, and goats, however,
are often infested with different species of roundworms, many of them
producing cggs so similar in size and shape that a specific diagnosis on
the basis of eggs present has not usually been attempted. Diagnostic
methods. such as culturing eggs and developing larvae to the infective
stage, us has been done by Dikmans and Andrews (3)* and Andrews (/)
and killing an animal from a flock or herd and examining the internal
organs for worms, have aizo been suggested as a means of establishing
definite diagnosis,

Although both of these methods are of value, they have obvious
limitations. Tle first method depends for success on a knowledge of
the appeuarsance of the infective larvae and is. at best, time consuming,
"t Bupmitted for nublication Fabrusry 3, 1930

t Iinlie numbers in parentheses refer to Lileratore Twel oo,
12714538
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Furthermore, all species of helminths do not have freeliving larval
stages. The second method eannot be resorted te when material is
sent from the field. When only preserved fecal materinl is available.
a diagnosis as to helminth species present must he based on morphology
of the eggs. -

Ranson (6) gave the dimensions of eggs of nematodes parasitic in
the alimentary tract of ruminants reported to 1911, the year in which
his paper was written. However, he did not attempt to separate the
different genera of nematodes on the basis of the size and appearance
of their eges. Mannig (5). Clunies Ross and Gordon (), and Freehorn
and Stewart (4) gave measurements of eggs of nematodes parasitic in
domestic Tuminants but made no attempt to diferentinte these eggs on
morphological grounds.  Wood (7) emphasized the hmitation of size
alone as n basis of specific diagnosis,

Tn view of the foregoing facts 1t was considered advisuble to examine
this problem in detail in order ta determine whether the eggs of nema-
todes parasitic in ruminants present sufficiently constant marpholog-
ical and size differences to permit a reasonably aceurate diagnosis.

MATERIALS AND METHODS

Eggs were obtained from adult female worms of (1) sheep killed at
the abattoir of the Animal Thasbandry Division. Bureau of Anumal
Industry. Agricultural Researeh Center, Beltsville, Md.; (21 ruminants
Killed ot an abattair in Baltimore, Md.; and (3) ruminants kilied
in the laborrimy of the Zoological Division, Agricultural Researel:
Center. Zuzs of nematodes not commonly found in the eastern part
of the Trited States were obtained from preserved specimens.

Adult worms, free from Jetritus. were teased apart in physiologieal
suline to sbtain the egos. In order to prevent distortion, # few pieces
of broken cover glass were placed on the slide as a support n order Lo
prevent the cover glass from pressing on the egas in the preparation.
This precaution was found necessary because the apparent size and
shape of the egas change if the cover gluss s allowed Lo press on them.
This difficulty was also encountered in using the Stoll technique of egg
counting. Distortion of this type was nol noficed in sal{- or sugar-
flotation preparations, because enough material to keep the cover
glass from pressing on the cggs was raised with the eggs.  \s the water
evaporated Trom the preparations, it was replaced by distilled water,
The stage of development of eggs in the feces wus determined by
examining fresh feces from experimental anunals at Beltsville. These

oos were separated by emulsifving the feces In a saturated solution

of common sait or in a 40-percent sugsr solution. 1t was lound that
the ezgs floated better in the salt solution than i the sugar solution.
but they were more readily plasmolyzed by the tormer,

Tu most cases 100 eges of each species were measure¢. When (his
number was nat obtainable and when eggs were so morphologically
characteristic that they could not he confused with those of other
species, a smaller number were measured. Measuremerfs were taken
with an ocular micrometer, use bheine made of 0 4-mm. objective and
a 10 3 ocular. A 2-mm. oil-immersion lens was used for measuring the
thickness of the shells, the thickness being checked by comera Iucida
drawings.
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DIFFEREXTIATION OF EGGRS

DESCRIPTION OF THE EGGS

Eggs (fig. 1) in fresh feces consist of a shell lined with a semiper-
meable membrane. The term: “shell” is confined to the firm part that
i1s not affected by plasmolyzing agents. This shell and membrane may
. enclose ene or more ceolls or a fully developed vermiform embrvo.
The embrvo is suspended in a transparent gel (fig. 1. ¢), which i=
evirdent when the eggs are rolled about. The ceils never change their
position with relation to the shell. This zel becomes liguid when
treated with potassium hydroxide. Follawing treatment. the cells
roll slong the bottom within the eggsheli when the position of the
egg changes.  This wel staine lightly with Swdan 11, The quanty of
thrs material differs somewhat in eges of different species. depending
on the relative size of the emhryo. If the embrro almost fills the

ol

0

Fravae V. [gg sheowing the three favers of the shell a, b, and . the coe mem-
brane, «£. the gel surrounding the embryo, ¢ and the embryo, f

shell, as i egas of Couperie. this liquid 1s not evident at first. hur il the
embrye is wathdrawn from the shell, ax in egos of Nematodirus, the el
is noticenble. The semipermenble memhbrane i parily <oluble in
hoth ebloroform and artificial gaside juice. It was notieed that the
membrane beeame thinner after trestment with chloroform, artificial
enstrie juice, nleohol, or ether.

I the thin-walled eggs the eggshell consists of three layers. The
outermost laver tiig. 1, #) 1 all egas studied excepr those with mam-
millations is very thin and transparent, having a limiting membrane
which is seen with difficulty when » 4-mm. objective is used. This
layer is not dissolved when the eggs are placed in cold 10-percent or
saturated potessium hydroxide, in chloreform. er in nbsolute aleohol,
for 24 hours: neither Js this membrane dissolved when the eggs are




4 TECHNICAL BULLETIN 694, Y. S, DEP1l. 0¥ AGRICULTURE

placed in boiling 10-percent potassium hydroxide for 20 minutes.
This first layer is dissolved in saturated hydrochloric acid but is more
resistant than the third lnyer. The second layer (fig. 1, §) is dissolv.d
in cold 10-percent potassium hydroxide within 24 hours and in hot
10-percent potassium hydroxide within 20 minutes. It 1s not soluble |
in hydrochloric acid, alcohol, or ehloroform. The third layer (fig. 1, ¢)
is dissolved in concentrated hydrochloric aeid but not in potassium
hydroxide. Tt is the third layer that gives the shell most of its firm-
ness, the first and second lavers being soft and nonresistant to pressure
of the cover glass. When bydrochloric acid is used to dissolve the
third layer, the first and second layers spread out and the eggs become
rounded under pressure of the cover glass. If the egg is first treated
with hot potassinm hydroxide to dissolve the second layer, and is
then treated with saturated hydrochloric acid to dissolve the third
layer, the first layer spreads rapidly to about twice its original diameter
and then slowly dissolves. In thin-walled eggs the third layer is
yvellow, whereas the second layer is usually colorless. These two layers
have definite limiting membranes, eusily seen with a 4-mni. objective,
in contrast to the first laver, which is clearly visible in most. eggs only
with the aid of an oll-immersion lens.

These findings with reference to the structure of the shells of the
eggs studied confirm i part the conclusions of Zawadowsky and
coworkers (8. 8). They stated that the shells of the eggs of Cooperia
pectinala, Osteriagia  mentulata, Trichosirongylus colubriformis (T
instabilis), and T. arei (T. erfenuatus) consisted of three or perhaps
four membranes, namely, an outer membrane A, 2 medial membrane
B, and au inner membrane C+D. und that the shell of the egg of
Nematodirus spathiger consisted of four well-defined membranes.
In the studv of all the species reported in this bulletin, the inter-
pretation of the structure of the shells agrees with the interpretation
of Zawadowsky and coworkers for N spathiger, but differs from their
interpretation for Cooperia pectinata, Ostertagia mentulata, Tricho-
strongylus eolubriformis, and Trichostrongylus axel. A comparative
study of figure 1 and a fizure presented by Zawadowsky and cowork-
ers (8, p. 46) for the cgg of Trichostrongylus colubriformis shows
elearly this difference of mterpretation. The first layer m figure 1
does not appear to have been observed by Zawadowsky and coworkers
for 7. colubriformis. The second layer in figure 1 corresponds with
membrane A in the figure of Zawadowky and coworkers, the third
jayer with membrane B. and the fourth layer with membrane C+D.

MEASUREMENTS AND APPEARANCE OF EGGS OF VARIOUS GENERA

Measurements of eggs of nematodes from domestic ruminants in
the United States, thelr appearance in fresh feces, their form index,
and the measnrements of the shells wre given in table 1. A comparison
of the eggs on the busis of appearance Is shown 1o figure 2. The form
index used in the table is a means of recording the relative thickness
of the eggs. It is obtained by dividing the width of each egg by the
length and multiplying the result by 100. In eggs with a length
twice the width the form index is 50, in eggs with a length greater
than twice the width the form index is less than 50, and in eggs with
a length less than twice the width the form index is more than 30.
The rounder the egg, the nearer the form index approaches 100.




BIFFERENTIATION OF EGGS

Fravre 2. --Eggs of various gencera of nemstogies parasitie in domestie rumi-
nants in the Uniied States: fand 2, Gongplonema spp., frome the uteri of worms
preserved in aleohol; o, 4, 4, and 4, Couperia spp., from both fresh and pre-
served worms; 7, Skrjabinema sp., from the ulerus of zdult wort; 8, Strongy-
lotdes sp., from feces by salt fiotaliou: 8, {0, and [, Orsaphagostomum spp.,
froann uteri of hoth fresh and preserved female worms: {2 and 13, Bunostomum
spp., from freshly collected worius; 14 and /4, Ostertugie spp.. {except for ().
narshall) from fresh worms; f6, Neouscaris spe, feon a preserved worm; 17,
Trichuris sp., from & freshly oblained warm; 18 wid 18, Capifluriespr., from fresh
and preserved worms; 20, Syngarins sp,, from a preserved specimen: 27, Chabertiy
8p., from a fresh specimon: 22, Ostertugio marshalli, from the nterus of o preserved
speeimen; 23, 24, 25, and 2d, Trichostrongylis 5pp., [rom (resh and preservod
specimnens; 27 and 28, Haemonchus spp., from fresh and preserved specimens;
23, 30, 31, and 32, Nematodirus spp.. {rom fresh snd preserved specimens,
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It is evident from the dats in table 1 that the eges of Nemuatodirus
spp. and of Ostertagic marshalli, which are much Targer than other
strongvle eggs found in the feces of domestic ruminants, and the eggs
of Strongylmdes papilivsus, Skrjabinemae ovis, Gongylonema spp., and
Capilleria spp., which are much smaller than the others, may be
separated from the eges of other species on the basis of size alone,
The eggs of Nematodirus spp. and 0. marshalli resemble one another
in size, ns do also those of the other fowr geners mentioned. In order
to separate these eges from one nnother, criteria other than size must
be used. The cges of 0. marshalli may be separated from those of
Nematodirus spp. on the basis of shape and the stage of development
of the embryo In eggs present in [reshly passed feces. The eggs of
Strongylorde. and Gongylonema spp. may be separated from other eggs
resembling them in size by the fact that the former contain fully devel-
oped embrycs when passed in feces. The eggs of Gongylonema are
thick walled, possess opercula, and are easily distinguished froni thin-
walled nonoperculate Strongyloides eggs.  The eggs of Capillaria spp.
are easily distinguished from other sggs of the same size by the presence
of pluglile structures a2t each pole. They resemble the eggs of Tri-
chauris but are much smaller snd differ sufficiently in shape to be easily
distinguished from them. The eges of §. owig differ from others in 2
group of the same size by being Hattened on one side and rounded on
the other. Of the remaming genera, the eges of Syngamus laryngeus
resemble those of Skriabinema ovis by being flattened on one side,
but the former are larger and are provided with mammillations which
serve to distinguish them from the eggs of the latter species. The
eggs of Neoascaris ritulorum also have mammillations, but they
are larger, tounder, and have thicker shells than those of Syngamus
laryngeus.

The eggs of the other genera dealt with in this bulletin are similar to
one another in most respects, but they may be distinguished by differ-
ences in size, shape, color, thickness of shells, and stage of development.
The eggs of the various species ol Cooperia, Ostertagia (with the excep-
tion of 0. morshalll) and of Trichostrongylus have very thin shells and
can he separnted from one another by difference in shape and varia-
tions of color in the pigment of cells. The eggs of Bunostomum spp.
and Haemonchus spp. have slightly thicker shells than those of the
three gencra just mentioned. LEggs of Bunostomum spp. are larger,
have straighter sides, darker cell pigment. and are found in the feces
in a slightly earlier stage of development than those of Haemonchus
spp. The eges of Chabertia and Oesophagostomum spp. may be dis-
tinguished from all others as well as from each other by the thickness
of their shells and by the stage of development in fresh feces.

The following key will aul in recogmizing the eggs and larvae of
the various genera ol nemutodes occurring in the feces of domestic
ruminants in the United States.




DIFFERENTIATION OF EGGS

Key to eggs of nematodes occurring in domestic ruminanis in the nited States

. Eggs containing fully developed vermiform embryos... ... ... . 2
Egzgs not containing fully developed vermiform embryos . 3
. Eggs with thin walls, nonopecenlate. <o ... Strongyloides
Egps with thiek walls (8.6;%, with uperculum at each end____ . CGongylonema
- Eggs with pluglike strueture nf poles . . C e e L 4
Eng without pluglike structure ar poles. . | . . . 3
. Morce than 80s in length . . . . Trichuris
Less than 80z in length.
. More than 130g in length . Lo . e el
Less than 1304 in length o i, S 7
. Bhell greatly thickened at sides. S
Shell not thickened at sides . . . Nematodirus
. Shell with mammillations. . . . . .
Shell without manunillations . . . . . e e L g
. Eggs flattened on one sicde. . . - Syngamus
Eggs rounded . . e o Neonscaris
. Eggs less thau 604 loug, Batiened un one side .. ._ . Skrjablnema
Eggs mare than 80p loug, either not Aattened or Aattencd uh both sides 10
. Combined thickness of the second and third lavers of egasholl, less
than le_ . . . Lo il
Combined thickness of the second and third layers of eggshell, muore
than tu. . .. . .. . . 13
Eggs tapering toward vue of hoth snds. . _ . . Trichostrongylus
Eggs not tapering toward ends . . 12
. 3ides nearly paralle]. Couperia
Sides eurved. . (stertagia texcept O, marshall
. Combined thickness of second and third laxers of cggshell, 1.5p_ . 14
Combined thickness of sccond and third layers of eggshell, more than
1.3u__. el . L . L3
- Freshly passed egg with 24 celis or less: eells dark . Bunostamu m
Freshly passed exp with 24 eells or more: colls vellowish Haemonchys
Cownbined thickness of <oconed and third layvers of eggshell, 1.9y
Cresophagostonimm
Combined thickness s <ceond and third lavers of eggshell, 2.0 Chabertio

SUMMARY

The eggs of various species of nemntodes representing 13 ceners
parasitic in the alimentary tract of domestic ruminants were studied.
It was found that the eggs of these species imay be distinguished from
one another when fresh feces are examined. The eriteria for differen-
tiation are size, shape. charecteristics of shell, thickuess of shell.
pigment in cells. and stage of development. These characteristics
are presented m table form. and a key has been formulated which
will assist in the identification of the various tvpes. A discussion of
the morphology of the egg is also given.
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Janes T. Jiupiyve.

A G Braes,

Musnx 60 Wairs.

M. A Fmevmowss.

ARTHTR B. TrAaTruBR, Chief.
FreEp W. MorretL, Chief.
Juves T. Jarpive, Chief.
l.esLiE A. WaEBELER, Dircgior.
R. M. Evass, . dministralor.

Hexry G. Kywar, Chief,

H. B. TowLey, Chief.

O W. Krreusy, Chief.

Joax R. MorLer, { hief,

CanL B. Romsivs, President,

J. W. T. Deven, CFif.

(v E. Reep, Chief.

Lee A. Svaoxe, Chigf.

W, W. looxavoer idmindstrator.
L.eroy K. Smrea, Manager,

Mino R. PerRiNs, Presiden.
Warter G. CaMessLe, (hief,
Ferprvaxyo A, Sinenx, Chief.
LoTise Svaxiey, Chief,
Cramwsel R, Banverr, Librarign,

Mivo B, Pewwivs, fu (Charge,

E. O Arcarer, Chief.

Rosert B. Cuala, .isst ldwmin.
H. H. Bexverr, Chief.

Jozuea Berxganor, Chief.
Fraxeis W, REICHELDERFER, (Chief.

This bulletin Iv 2 conteitnttion from

HBuregn of Animal fadustey
Zanlagical Division.

Jonx R, Monveg, {hief,
Bexpaux Sruwants,
Zoologisi, (hief.

Principal
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.5 EOYERNMENT FRINTING DFFIEE - 1929

For sale by the Superintendent «f Doenmens, Wieshinuton, T3

Prica 5 panta
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