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INTRODUCTION 

Domestic animttls commonly harbor difi'erellt species of helminths 
in their filiment~ry find respiratory tracts. The presence of these 
internal parasites may be determined byfillding the eggs or larvae in 
the feces of the hosts. In some cases specific identity may be easily 
determined by the morphology of the eggs or larvae. In other cases 
the parasites present in the host are much more difficult to identify 
because the eggs or larviLe of cjosely l'plated species are morphologically 
similar. 

Specific diagnosis oj commOIl helmiuthiC' infections of dogs by fecal 
examination for eggs find larvae is relatively simple because the hook­
worms, tfipeworms, whipworms, and ascarids-parasites ordinarily 
harbored by these cl1rnivol'f's-produce eggs and larvae which can be 
readily differentiated as to species. Oattle, sheep, and goats, however, 
are often infested with different species of roundworms, many of them 
producing eggs so similar in size and shape that fi specific diagnosis on 
the basis of eggs present has not usually been Ilttempted. Diagnostie 
methods, sueh as eulturing eggs [md developing larvae to the infectivp 
stage, as has been done by Dikmnns uml Andrews (3)2 and Andrews (J) 
and killing an aninlal from a flock or herd and examining the internil,l 
organs for Vlorms, have also been suggest.ed as a means of establishing 
definite diagnosis. 

Although both of these methodi'l I1re of value, they have obvious 
limitations. The first method depends for success on a, knowledgt:' of 
the appeamnce-of the infective Ifl/'vne Il.nd is, at best, time consuming. 

1SubmItted for publicatIon J!'obrunry 3, )930. 
, Itnli(' numbers in pnT('nthcs~, refer to !..tft·r:ltllrc· ('ill·d. p IU. 
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Furthermore, all species of helminths do not have fll~e-living larval 
stages. The second methocl C·lInnot be resorted to when mnterinl is 
sent from the field. When only preserved fecalmaterini is Il\"ailable. 
n dia,gnosis as to helminth species present must be based on morphology 
of the eggs.

Rnnsolll (6) gave the dimensions of eggs of nematodes plll'llRit.ic in 
t.he aliment.nry tract. of ruminants reportea t.o ]1111, the year in which 
his pnper was written. However. he did not attempt to Reparnte t.he 
different genem of nematodes 011 the bnsis of the siz(' and appcnTnllC(, 
of their eggs. Monnig (iiI, Clunies Ross nnd Gordon (2), and FJ'pehorn 
and Stewart (4,) gave measurements of eggs of nemn t,odes parasitic in 
domestic l'uminnuts but mndp no nttempt. to difre)'('Jlj'inl,e thes(' l'ggH on 
morphological groullCls. \1ood (7') emphnsized t.h(' limita tioll of size 
nlonp as a basis of sppf'ific dingnosis. 

In \..Jew of 01(' foregoing fncts it ,,"as considered advisahlc t,o eXilmilw 
this problem in detail in 01'(1('1' to drt('rmin(' \\"hethc!' thc cggs of nCll1:1­
todes pal'nsitic in rlllnilllmts prescnt :mfficicntt:v COl1stllnt" 'morpholog­
ical and size differel1ces to permit n rensonn hly nCCll1'atc diagnosis. . 

MATERIALS AND METHODS 

Eggs were obtnined from ndult female worms of (1) shc~jJ killed Ht· 
the a bn ttoir of tll(' "\ nimnl llusbnnllr, Diyision, Buren II of Animnl 
Industry, Agrieultlll'nl H.r5carch ('elite!:, BE>ltsyille. ~rd.; (21 ruminants 
killed fit fl}l abattoir in Bnltimorp, ~:ld.; nnd (i\) ruminnnts killrd 
in the In,bol'I''uul: of t.he Zoologicnl Didsion, AgricultU1'tll Resenrch 
Center. £~gs of nemnhHh's not cOJlllllonly fOlllld jn t,ll(' ensj,Pl'll pnrt 
of the UJ,ited Stut.es wet'e obtnillcd from pn'sP!TPd specimclls. 

Adult 'l'or111S, fre(' from .lptritus. \n'J'c tt'HS(,([ apl1l't i'l physiological 
5u1i11e to )btai:n the eggs. In order to pn'Yt'nt uist,ortion, n few picces 
of broken cover ginss ,\"Nt' pIn('C'eI OJl th(' slidc as II support in 01'c\P!' to 
preyent tLe COVf'l' glass from pJ'rsslllg' on 1'IH' ('ggs in till' prp(}aTflti(JIl. 
This precaution was fOUJld 11('C('s"n r,\' b('c:l usc thC' apP:ll'('nt siz(' ll!lel 

slwpe, of thE' eg;gs changC' if tbp ('oV(,l' gins,", is allowpd to prcss on tllPlll. 
This difficulty wns also enenuntpl'Pcl in llsing t])(' Stoll trchnique of egg 
<,oullting. Distortion of this typC' was not noticed in snlt- or sllgnr­
flotation prepnrntions, beenus(' cnough mntE'rinl to keep thC' ('over 
glass from prcssing on tllE' eggs wns mised \\.j th the eggs. .\.3 tlw wn tel' 
evaporated from the prep:lmtions, it WfiS !'eplne('cI by cli~tilled wnter. 
The stngc of tlevelopment of eggs in the feccs Wl1:; determined b)" 
examining fresh feees from expel'imentul nnimnls nt Be1t~Yille. rfhesp 
eggs were separntecl b)Y elllulsifyillg tbe feeE's in a. snt1l1'i1ted solution 
of common ,;nit or in n 40-percent Hugur solution. 1 t was found thnj 
the Pggs flonted better in thC' snIt ,;olution than in tlw sugor solution, 
but they were more reo,dily plnslllolyzed by the former. 

In most cases 100 eggs of e:1ch species were measured. 'When tbis 
number was not obtainable and ,,"ben eggs were so mOl'phologicnlly 
characteri::;tic that they ('ouJd not be confused with those of other 
species, a smaller numl~er wpre measured. ).!.ensureme~ts were taken 
with an ocular micl'ometer, use bein~ rnnde of n 4-mm. objective and 
a 10 X ocnlar. A 2-mm. oil-immersion ]pn" was USE'(l for mensnring the 
thickness of the shells, thr t,hickness being checked by camera lucicla 
drn.wings. 

http:plll'llRit.ic


3 DIFFERENTIATION OF EGG~ 

DESCRIPTION OF THE EGGS 

Eggs (fig. 1) in fresh feces consist of a shell lined with a semiper­
meable membrone. The term "shell" is confined to the firm part that 
is not affected by plnsmolyzing agents. This shell and membrane m:\y 

. enclose one or more cells lH' H. fully de\elopecl vermiform embryo. 
The embryo is suspended in a transparent gel (fig. 1. e), which if' 
evident when the eggs are rolled about. The cells never change their 
position with relation to the shell. This gel becomes liquid when 
trea ted with potassium hydroxide. Follmdng treatment. the cells 
roll along the bottom \\ithin the eggshell -when the position of the 
egg chnnges. This ~<:>l stnins lightly with Sudan III. The qUHIUy of 
this mntel'inl difi'PJ's SOIlH'\rhllt in e~gs of difl'(,J'('nt spC'C·ies. ([('pending 
on the l'elatlY(, sizE' (If th(' embryo. If th(' eI111n-:--o nlmost fills thE' 

FJG1:RE I Egg ~h"\\ il1l; the t hrel' tli~ ers .. / t he shell _a, b, and c (h\" ..gg Illem­
brane, d; th!' gel surrounding th(' embryo, eo' and the embryo. f. 

:-;bell, 115 ill Pgg::; of ('()()pe6a, this liquid is not e,ident nt first. hilt if the 
l'mbryo is \\it]Hlrnwn from the shell, as ill eggs of ~Ynnatodirlls. 11](, g('] 
is llo'ti('cublp, The semippl'tllenble membl'nne is pnrtly ".oillble· ill 
both ch1oJ'ofo!'1Il and artificial ~nstl'i(' juice. It WllS noticpd tiuH l,he 
membnme lwclune thimlP/, nft('l' treatllll'llt with chloroform, 11rti1icin1 
.f,;n5tric j uicp. n1cohol, or rt l1('r. 

111 the thill-walled egg;; thp eggshell c()llsists of three layers. The 
outermost layer (fig. 1, (/) in nl] eggs studied except tho"e with milrn­
;nillations is Ye1':- thin and transpnl'Pllt, hayiug u limiting membrane 
which is seen with difIicult)- when 11. 4-11l1l1. objecti,-e is used, This 
layer is not dissoh'ed whl']) the eggs are pla.ced ill cold IO-percent or 
sa.turated potuflsiulll hydroxid(', in chloroform, or in absolllte alcohol, 
for 24 houri'; Il('ithpr is thii' IllPlui)J'lllH' (iis;:;ojYE'd when the eggs are 
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placed in boiling 10-percent potassium hyd.roxide for 20 minutes. 
This first layer is dissolved in saturated hydrochloric acid but is more 
resistant than the third layer. The second layer (fig. 1, b) is dissolvvd 
in cold lO-peJ'cent potassium hydroxide "ithin 24 hours and in hot 
10-percent potassium hydroxide within 20 Ininutes. It is not soluble 
in hydrochloric acid, alcohol, or chloroform. The third layer (fig. 1, c) . 
is dissolved in concentrated hydrochloric acid but not in potassium 
hydroxide. It is the third layer' that gives the shell most of its firm­
ness, the first and second layers being soft and nonresistant to pressure 
of the cover glass. When h~'drochloric 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 potassium hydroxide to dissolve the second layer, and is 
then treated with snturn,ted hydrochloric acid to dissolve the third 
layer, the first la~Ter spreads l'i1pl(ll~' to n bout twice its original diameter 
and then slowly dissolves. III thin-walled eggs the third layer is 
yellow, whereas the second layer is usually colorless. These two layers 
have definite limiting membraues, ensily seen with a 4-mm. objective, 
in contmst to the first layer, which is clearl~" visible in most. eggs only 
with the aid of an oil-immersion lens. 

These findings with reierem'f' to the structure of the shells of the 
eggs studied confirm in part the conclusions of Zawadowsky and 
coworkers (8,.9). The~' stnted thn,t the shells of the eggs of Oooperia 
pectillata, Ostertagia melli1daia. 'l'1'ichostrongylus colubriformis ('1'. 
insta,bi1is), ilnd T. ll:rei ('1'. e,rttnUahls) consisted of three or perhaps 
four membranes, namely, an outer membrane A, a medial membrane 
B, and n,n inner membranE' C+D, and tlmt the shell of the egg of 
l\hmatodirl1.8 spath igff' consisted of four well-defined membranes. 
In the stnd~T of all the species reported in this bulletin, the inter­
pretntion of the structure of the shells agrees with the interpretation 
of Znwndowsky and eoworkPl's for N. 8pathign', but differs from their 
interpretl1tioJl for ('oojJf'/,?'a peciinateL, Ostertagia 1nt'llt1daia, Tl"icho­
8tr01lrtyl1lg ('o/ubl'lform is, and Tric/iosiro1l{lyl11.8 axe1:. A cOl1lpamtivf' 
study of figme 1 I1ml !l figure presented by Zuwadowsky lind cowork­
ers (8, p . .16) for the egg of Tl'ichosirongylu,s coll1brijol'mi,8 shows 
dearly this differencE' of intprpretntion. The first layer in figure 1 
does not appenr to have been ohsmTcd by Zawadows1..--y and eoworkers 
for T. CO!?l.briform'is. The second layer in figure 1 corresponds with 
membrnne A in the figme of Znwndowky lind coworkers. the third 
layer with membl'llne B, and the fourth layer with membrane C+D. 

MEASUREMENTS AND APPEARANCE OF EGGS OF VARIOUS GENERA 

11easurements of eggs of nematodes from domestic. ruminants in 
the United States, their appeal'anC'e in fresh feces, their form index, 
amI the measnrements of the shells al'C gi ven in table] . A comparison 
of the eggs on the basis of appenl'H.11C'P is shown in figure 2. The form 
index used in the tnbl(l is a means of' recording the relative thickness 
of the eggs. It is obtained by cliyiding the width of each egg by th(l 
length and multiplying the result by 100. In eggs with a length 
twice the wioth tlw form index is 50, ill eggs with a length greater 
thaD twice the width the form index is less thn,n 50, and in eggs with 
a length less than tW]C(l th(l width the forr~l index is more than 50. 
The rounder the egg. the nearer the form index approaches 100. 
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FIGURg 2.-- Eggs of various geJlera of lIelllU.t,!)(h·~ pamsitic ill dOlJlestic rtuni­
nants in the ('nited Siates: 1 filld t, OOllgylolil/l/ll sJlJl., frolll the uteri of worms 
preserved ill al(,ohol; d, ,j, 5, ILwl I), Cooperia spp., from both fresh and pre­
served worIllS; " 8krjabi·nclIIlI sp., froUl the uterus of adult worm; 8, Strongy­
loides sp., from feces b.I' ,;alt flotatiolJ; 9, 10, and 11, Oesophagostomum spp" 
from uteri of both fresh alld preserved female wor1l1s; lz and IS, Blinostom1lm. 
spp., from freshly collected worlllS; 14 and 1;;, Ostl'l'/(lgia spp.. (except for O. 
marshalli) from fresh worms; 16, ~\'coa8C(/,ri~ "p., frolll a preserved worm; 11, 
1'richwris sp., from n. freshl" obtained \Yorll!; 18 awl 1.9, Ca,pillariasPI>., from fresh 
mId preserved worms; 20, /;Yl1{fa)/I1I.~ sp., frollllL pre;Jcrved specimen; 21, Chabm.thl 
sp., from It fresh specimen: 2:2, (}sllJl'taf/ia /IIars/wili, from the uterus of a preserved 
specimen; 23, 24, 26, alld 20, Tricito8trunf/lIlu8 SP]!., fr0111 fresh lLnd preserved 
specimens; 27 and 28, lJaemanchU8 spp., from fresh nlld preserved specimens; 
29, 3D, $1, and 3t, Nematodirus spp., from fresh and preserved specimens. 
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It is evident from the data in table 1 that the eggs of Nematodirus 
spp. and of Ostertagia marshalli, which are much larger than other 
strongyle eggs found in the feces of domestic rmninants, and the eggs 
of Strongyloides papillosus, Sf,;rjabinema oms, Gongylonema spp., nnd 
(Japillaria spp., which are much smaller than the others, may be 
sepu,mted from the eggs of other species on the basis of size alone. 
The eggs of Nematodirus spp. and O. mal'shalli resemble one another 
in size, as do also those of the other four genera mentioned. In order 
to separate these eggs hom one another, criteria other than size must 
be used. The eggs of O. mal'shalli 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 freshly passed feces. The eggs of 
Strongyloide, and Gongylonema spp. may be separated from other eggs 
resembling them in size by the fact that the former contain fully devel­
oped embryos 'when passed in feces. The eggs of Gongylonema are 
thick walled, possess opercula, and are easily distinguished from thin­
walled nonoperculate Strongyloides eggs. The eggs of Capillaria spp. 
are easily distinguished from other eggs of the snme size by the presence 
of pluglike structures nt eacb pole. They resemble the eggs of Tri­
churis but are much smuller I),nd differ sufficiently in shape to be easily 
distinguished from them. The eggs of S. om:s differ from others in a 
group of the same size by beillg flattened on one side and rounded on 
the other. Of the remaining genera, the eggs of Syngamus larynge1ls 
resemble those of Skt:iabinema Ol>iS by being flattened on one side, 
but the former are larger nncl are provided with mammillations which 
sen-e to distinguish them from the eggs of the latter species. The 
eggs of Neoascaris rit1tior'um also have mammilhtions, but they 
are larger, rounder, and have thiCKer shells than those of Syngamus 
laryngc'/1s. 

The eggs of the other genera dealt with in this b~llletin are similar to 
one :tnother in most respects, but they may be distinguished by differ­
ences in size, shape, color, thiclmess of shells, and stage of development. 
The eggs of the various species of Cooperia, Ostertagia (with the excep­
tion of O. marshalli) and of Trichostrongyl1ls have \~ery thin shells and 
can be sepn,rated from one another by difference in shape and ,-aria­
tions of coloI' in the pigment of cells. The eggs of B1l'nostomum spp. 
and HaemoTlchu8 spp. have slightly thicker shells than those of the 
three genera just mentioned. Eggs of Bunosto'm?lln spp. are larger, 
have straighter sides, darker cell pigment. !l,nd are found in the feces 
in a slightly earlier stage of denlopment than those of Haemonchus 
spp. The eggs of Chabertia and Oesophagostomu'm spp. may be dis­
tinguished from a,ll others n.s well i~S from en,ell other by the thickness 
of their shells n.nd by the stagr of den,jopment in fr·esh feces. 

The following key will !lid in ree,Jgnizing the eggs ft11d larvae of 
the various genera of nellmtocies OCClllTilW ill the feces of domestic 
ruminants iIi the Cnited Stutes. 



DIFFERENTIATION OF EGGS 9 
Key to eggs oj nematodes oCClLrring in domestic rllminants in the United States 

l. 	Eggs containing fully de\'eloped vermiform embryos_.. . . . 2 
Eggs not containing fully developed ye,'miform embryos. _ . 3 

2. 	 Eggs with thin walls, nonoperculate. . .... Strongyloides 
Eggs \',ith thick walls 1,3.6... ', with OP('r('UIIlIll at each end.. __ . Gongylonema

3. 	 Eggs with pluglike structure at poles. . 4 
Eggs \\ithout plt,glike structUrt' at poleH . . ii 

·L 	 Morc thall 60.<1 in length. Trichuris 
Less than ()O'" in length. Capillaria

5. 	More than 130", in length 6 
LC'ss than 130", in length 7 

6. 	 Shell greatly thi('kened at sides. Oslertagia lIlar,~halli 
Shell 1I0t thickened at sides ?v-ematodirus 

7. 	 Shell \\ith mammillations.. 8 
Shell without lllanlluillatiOllS. . ... 9 

8. 	 Egg;; flattened on one "ide. Syngamus 
Eggs rounded. - .. . . Xeoascaris 

9. 	 Eggs less than (iO", long, flattened on une side Skrjabinema 
Eggs more than 60", long, either not flattened or flattened 011 both sides 10

10, Combined thicknesf' of the second and third layers of eggshell, Ie""than 1",__ 
11Combined thickness of the second and third layers of eggshell, ll10re 

than IJL_. . . 	 13 
11 	 Eggs tapering toward oue or both pI!(I~ _ . _.. Trichostrongylus

Eggs not tapering to\\'ard end:,; 	 12 
12. Sides nearly parall('1 	 Cooperia 

13. 	
Sides curyed. . {J,~tertngla {cxcept O. Jl/.ar,~halli'
Combined thicklle$~ of ~ec(Jlld and third layers of eggshell, ],;3",_. 14 
Combined thic-knf'ss of ~ec-ond and third la~'ers of cg!!;shell, more thall

1.5",. _ _ . __ . . . .. 
1514. FreRhly passed egg with 24 cell~ or less: cells dark. . B!l1!O,~to/l!lIl1/FreshIy passed egg with 24 cellR or more: cells yellowish Haemonchus

I" COlJlbinf'd thi('kI\P~" or .;('('onrl !wd third b.\'er<; of eggshpll, 	LU", 
Orsaplulgosioltllllll

Comhinf'd thicklle,,~ "I' ";('Pond and third laYl'r~ of f'ggshell, 2.D ('hnbulia 

SUMMARY 

The eggs of various species of uemo todes representing 15 generfl 
pamsitic in the alimen tllry trnct of domestic ,'umillllll tR were studied. 
It WilS found that the eggs of these .species may be di.stinguished from 
one another when fresh feces are examilled. The criteriH for differen­
tiation are size, shape. chllructeristics of shell, thickness of shell. 
pigment ill cells. ilnd stage ')1' deyelopment. These characteristics 
are preRen ted iII tn hIe forlll, lWei u key has been fOl'll1ulHted which 
"ill tlssist ill thl' idptltiticll.tion of till' nlriou;; types. c\ diRcussioll of 
the morphology of til(' egg iR also g-iven. 
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