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AUSTIlACT: Lumbricus lerres/ris, Alloloboplloro collginosa. and Eisen;o /ocada are \'ectors in tJle trans­
mission of Heterakis gllilinarum nnd Histomonas to chickens and turkeys. The infective stage for 
Heterak is was found to be tJ1C second-stage ( fi rst post-hatching stage) larvae. Eurthwomls from in­
fected premises thut were maintained 2 to 3 days in cach of tJlTOO or morc chunges of clean soil or 7 
doys on moist filter paper transmitted as many cecal worms and produced as many Hislomoruu Infec­
tions as did wonns of the same species and source fLod directly from the contnminated soil. Tho wonns' 
castings produced no infections. Subjecting earthworms to either 1% formalin or 1.5% nitric aeid pre­
vented the transmission of Heterakis and H istomonas. lIeterakis eggs were never found in d issected 
earthwonns or in washings of parts of earihwomls. Living larvae emerged from the tissues into tJ1C 
coelomic cavities of d issected worms, and into the medium in which intact wonllS were immersed. 

As early as 1907, Curtice reported fatal 
blackhead in turkeys produced by feeding 
earthworms from u poultry yard. He noted 
that turkeys fed earthworms from soil not 
traversed by poultry did not acquire the dis­
ense. He, of course, knew nothing of the role 
of the ceca] worm, Heterakis gallina rum 
(Shrank, 1788) Madsen, 1949, in the trans­
miss ion of blackhead . Curt ice concluded, "The 
earthwonns in this instance were p robnbly 
carriers of infected soil and were not neces­
sarily a se<.'Ond host of the parasite." Ackert 
(1917) infected chickens with Heterakis (prob­
ably H. gallinarum ) by feeding them earth­
worms, but if Hist omonas infections OCCUlTed , 

they did not come to his attention. He sug­
gested that the heterakid eggs "might be car­
ried on the slimy surfAce of the earthworm or 
in its engulfed food," but he did not rule out 
the possibility of other means of transmiss ion . 
Madsen (1962) reported that some chickens 
acqui red Heterakis and some developed black­
hend ofte r having been fed earthwomls from 
pheasant yards. H e commented as follows: 
" Before being fed to the chicks, the worms 
we re th oroughly washed und allowed to empty 
their intes tines as much as possible. Never· 
the less a certain amount of contents must have 
remained, as the g roup contracted infections 
w ith I/cterakia ga ll;,wrum and blackhead ." 

Heceivcd for publication 14 March 1966. 
• Portions of this study were presented at the 

38th Annual Meeting of the American Society 
of Pnrnsitologists, November 1963. An obstruct 
of thot presentation has been published ( Lullu 
ct nl., 1963) . 
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In our laboratories. the earth worm had been 
under suspicion for years as playing a part in 
the transmission of blockhead (Lund, 1960 ) . 
The senior author 1ater observed that turkeys 
g iven earthwonns sometimes developed clin i­
cal blackhead 24 to 48 hr sooner than <,(JUld be 
expected as a result of feeding them em­
bryonated Heterakis eggs. This prompted a 
more thorough investigation of the rote the 
earthworm actually plays in the transmission 
of the paras ites. 

MATERtAlS AND METHODS 

All earthworms used for the initial studies here 
reported were collected from (l yard that had been 
lISed for several years exclUSively for rearing ring­
necked pheasants. PIIl13iarllls colchicus L. 1758. 
Lumbricus lerrestr ja L. 1758 and Allotc /Jo"llOra 
ClII1g1nosa Rosa were used for three mnjor experi ­
ments. Also, miscel1 nneous other studies were 
conducted using these two SI>ecies and Eiscnlll 
/ocllda Savigny, coUI..'Ctoo ut times from sources 
other tJlan the pheasant ynrd. 

The birds used in the three major stud ies were 
5-week-old Small Beltsville \Vhite turkey poults 
that had been reared and mnintained in wire­
floored batteries or cages under conditions thut 
precluded the possibility of accidental infections 
with the parasites being studied. Chickens used 
for the miscellaneous tests were New lI alllpshircs 
of similar age, reared and maintained in " similar 
manner. 

For the fi rst test, approximntcly 200 1\110/01)0-
1)1101'(1. col ig inos(l of compuruble :;ize were di vided 
into three groups. one of which was returned to 
the same soil from the pheasant yard in which nil 
wonns had been brought to tJle laboratory. Worms 
of the sec.'Ond brrouP were rinsed in tap water and 
trnnsferred to clean soil that' had been thoroughly 
nir dried and res tored to normal moisture content 
by sprinkl ing with water; thcse worms were trans-
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ferred through three chnnges of this clean soil at 
in tervnls of approximately 2 days, the enUre proc­
ess lasting 7 days. Worms of the third group were 
Illuintainocl for 1 week between layers of moist 
fill er paper, and given n few flakes of rolled oats 
each dny to prevent shrinkage and to induce 
evacuation of the in testinal contents. 

T he worllJS surviving in each group after 7 doys 
were wnshed in three chnnges of tap water and 
fed to poults. EacJ) of 20 poults rcceived three 
Allolobophora from the soil of the pheasant yord. 
Several worms fujled to survive the three changes 
in clean soil , and therefore 13 poults received only 
two earthworms ench. Fifteen poults each re­
ceived two earthworms froUi the fi lter paper. The 
cllstings vo ided by these worms were suspended 
in physiological saline nnd given orally to 21 
poults. 

Two tests were subsequently run in which n 
single Lumbriclls terrestris was given to eaell 
poult. [n both tests, the procedures were similur 
to those described above except tlmt, in tile first, 
some of the worms were immersed 41 hr in a I ra 
formalin solution und washed 30 hr in top water 
before they were feel 10 the poults, In the second 
test some of the worms were immersed 21.5 hr 
in 1.5% nitric ueid solution und then wushed 5 
hr in tap water before being fed to the poult's. 
These solutions are 110t hnmlful to Heterakis eggs 
but kill hatched larvae. 

AU birds on the above tests were observed twice 
doily, und microscopic examinntions of their cecal 
d roppings were made at appropriate intervals to 
detcct the presence of J-I is(o",ollos. Birds that 
died were necropsied as soon 115 practicable and 
their ceca and livers wore examined for H isto­
m OlillS. All Heterakis were colJecled . Most of the 
birds that survived were killed 14 to 23 days nfter 
the earthworms hud been fed, but a few Wf'rp not 
killed until the 30th to the 40th day to permit the 
cecal worms to mature and produce fertile eggs. 

M iscellnneous other tests and observations were 
mude to ascertain whether J-Ieteraki:, and H lsto­
mOIl(LS (.'Quld be estab lished in chickens by feeding 
them earthworms frolll the phensunt yard , find to 
determine tho infective l'1I\ge of Hetertlkls in the 
earthworms. Because of the varied nature of these 
tests, information regarding them is presented 
briefly with their results . 

RESULTS 

The results of the three major tests arc pre­
sented in Tables I, 11, and )fl . Table I shows 
that 55% of the 20 poults that each received 
three Allolobophora which hnd been kept in 
the soil from the pheasant ya rd were found to 
h ave Histomonas. In comparison, 46% of the 
poults that had each received two Allolobl>-
1lhom, w hich had been transferred through three 
changes of clean soil during a 7-day period 
were found to have liist.omollas, und 47% of 
the birds that each received two Allolobol'llOra 
kept 7 days on moist filter paper had the 
pro tozoon. There were no conspicuous diI­
fere llC..:es among the numbers of I-/eterakls re­
covered from the birds of the three groups, 
either before appreciable loss of worms had 
b een sustained as a result of histulTloll iasis 
( prior to the 16th day of infection ) or subse­
quently. The castings alone lnmsmilted nei ther 
parasite . 

The results of the fi]'s t test employing 
Lumbricus lerrest'ris are shown in Table 11. 
Six poults that each received one worm of this 
species collected in November developed 
blackhead and four (66.6%) of them died, even 
though the worms h ad been transferred 
thro ugh three changes of clean soil at intervals 
of 2 to 3 days and were thoroughly washed 
before being fed to the birds. Despite the 
ext ensive ceca] involvement present, 499 
Heterakis were recovered from the six pOl.1lts, 
an average of 83 per bird . EarthwonTIs col­
lected from the some source the following 
spring and merely washed before being fed 
were less than one-half as effective (37.5'1'0) 
in producing infections w ith J-/istomonas and 
mortality therefrom as were the former. More­
over, the birds yielded on ly about one-seventh 

T A ULE 1. Re.'l l/Its tOlierl VOt/tlg tll'rkeys were feel Allolobophorn cnliginosa from 1JlietlSafit. yord soil. 

Per celli Ony of denlh 
I tel1l No. worl1l~ II Is /auto,wl Per cenl 

per h itt l in f f'(!tiOTl mortality 
HnJltlc 

20 turkey. (cd veotors kept 
in soil frOIll phCilllllnt yurd1 3 55 35 15- 22 

13 turkeys ft.'<i veclors pnsscll Ihro .. gll 
three chun gcs uf denn soill " 46 23 12- 17 

15 turku),s ( :d vcctors kepi 7 d nys 
01\ moist fill er jlnpcrl., 2 47 33 12- 20 

I All worm' were washed In three c h Rl1 gt!.'l of '11jJ \Yllh: ~ l 'llInedintcly prior 10 feedings. 
' Castings from these wanns were fed 10 2 1 poullJl nnd the results were ncgntlve. 

Avcrnkl! 

17 

15 

15 

Ave-uge no. 
Ct..'C/l1 \YOnllS 

To 10 All 
lin),s hlrds 

104 17 

163 41 

107 27 
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TAllLE TI. Re8utls wlie" young turkeys were cach fed olle LumbriclIs terrestris procured al. different 
season& from plwasml/. liard soil. 

Per cenl 
Item IILJ,omOlWls 

fnfCt.1:10n 

o hlrkeys fed v("Ctor after thrct' chunges of 
dC11II soil nnd three wudu ... III lup water (fu..l l ) 100 

8 turkcys fed vector washed three limes 
in hl l) waler (s"ring) 37.5 

8 hlrklJYs fed "ector immersed 41 hr in 1% 
for111alln am} 30 hr in !-I liO (spring ) 0 

as many heternkids as did poults that were 
fed worms coUccted the previous fall. Birds 
fed Lwnbricus collected in the spring, treated 
41 hr with 1% formalin and then washed 30 
hr in tap water, acquired neither Histomonas 
nor Heterakis. 

Table I II presents the results of II si.m.iJ a.r 
study employing Lumbricus, some of which 
were plncecl in a 1.5% nitric acid solution. 
Again it may be seen that earthworms trans­
rerred through clean soil, this time 11 to 12 
days, transmitted both Heterakis and Histo­
mOlUlS as readily as clid the worms taken di­
rectly from the contam inated soil Worms 
treated 21.5 hr with nitric acid solution and 
subsequently washed five hr in tap water trnns­
mitted neither pnrasite. 

The vurious otller studies conducted simul­
taneously with those already described gave 
the following results: 

Ailoiobopiooro and LlImbricus from the 
pheasant yard and Eisen;a foetida from a 
poultry yard transmitted both Heterakis unci 
Histomoll(UJ when fed to 5-week-old chickens. 
I n each instance transmission occurred regard­
less of whether or not the worms lIsed were 
transferred through changes of clean soil. 
Treatment of worms with either 10/0 fomutlin 
or dilute n.itric acid prevented transmission, 
just ns it did with the worms fed to poults. 

Per celli 
Avcrnge Avcrage 
dRy of 110. Ct.'cul 

mortulity death wonn. 

66.1 15.3 83.2 

25 17 12.4 

0. 0 

Ln general. the chickens yielded fewer Heterakis 
at necropsy than did the turkeys fed similar 
worms from the same source. 

Several Lumbricus and a few AlloloboJ1hora 
were dissected and various organs and groups 
of segments were washed thoroughly or soaked 
in physiological saline for periods up to 48 
hr. In no instance were H el erakis eggs de­
tected on microscopic examination of the 
washings, but nematode InTYae, usually of 
severnl kinds, were invariably present. Fre· 
quently, some of these were second·stage 
larv"e (first post-hatching stage) of Hel,erokis, 
Very few larvae were detected in the coelomic 
cavities of freshly opened worms, but they 
sometimes appeared there in great numbers 
when the opened worms were kept for 30 min 
or more in sa1ine. Usually the larvae were most 
abundant in the intestinal region, but a few 
were found nearer the anterior end of the 
worms. 

Earthworms collected from soil not known 
to have been traversed by poultry were also 
found to harbor nematode larvae, but usually 
neitl,er lIeterokis nor Hisl.omontls infections 
developed in either chickens or turkeys fed 
such worms. Worms from soil several feet 
outside of poultry yards often transmitted both 
parasites, as occasionally djd earthwonns col· 
lected from areas visited by game birds. 

T ..... ,ILE Ill . Results when young turkeys were OlIC" led one Lumbricus terrcslris from ,,!,casOt,t yard 
soil. 

Per CCllt 
l 'er ccn l 

Avernge Average 
Itcm lI~tomOI1lI~ dnyof no. 

Infection mortnlllY denth IIctcrakl..t 

30 turkeys rcd vector directly 
Crom soil or phellSant yard 26.1 10 17 7 

22 turkeys rcd "ector kept 
11 10 12 days in clt.'nn 50il 27.3 13.6 15 15 

40 turkeys fed vector immened 21.5 hr 
in 1.5% HNO. nnd 15 hr In "-to 0 0 0 
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DISCUSSION 

From the above results it is apparent that 
earthworms of at least three genera can trans· 
mit lIeterakis and 1Iistomonas to turkeys and 
chickens by serving us true vectors for the 
cecnl worm, \OVhile these studies do not pre· 
elude the possibility of these annelids carryillg 
embryonated eggs of Heterakis, it is evident 
that the retention of unhatched eggs is only 
of secondary importance, otherwise sllch eggs 
would have been found in the washings of the 
earthworms or of their parts. Moreover, such 
eggs would have resisted the nction of the 1% 
formalin solution und the 1.5% nitric acid 
solution (Tyzzer nnd Fabyan, 1922; Lund 
and Burtner, 1958). unless they had been 
made permeable to these reagents by some 
action of the earthwonns. Tn thnt event, they 
should still have been detectable in the wash­
ings. Apparently few if any embryonated eggs 
or larvae remained viable in the cnstings. 

Inasmuch as earthworms collected in 0-

vember transmitted far more Heterakis than 
those of the same species cullt:cted frolll the 
same source in early spring, it appears that 
there was a substantial reduction in viable 
larvae during the period of hibernation of the 
earthworm. But it is also apparent that this 
loss wns not complete. Also One must infer 
that during a summer's feeding an earthwonn 
aC(lllires a c:..'Onsidernble accumulation of larvae. 

Obviously, the earthworm plays an impor­
tant role in the transmission of both Heterakis 
and Histomonas in several important ways, It 
provides a mode for the acquisition of Heterakis 
and also serves as a concentrating mechanism, 
Because the earthwonn is capable of migrnt· 
ing both laternlly and vertically in the soil, it 
provides a means for the sprend of infective 
stages, and for the preservation of these stages 
during periods of inclement wenther, such as 
cold and drought. To some extent the earth· 
\Vonn also shields the heterakid larvae from 

the rnvages of fungal activity and from preda­
tion by other invertebrates in the soil. 

With the recognition of the role ph,yed by 
earthworms as vectors of Heterakis we are 
now in a position to reevaluate much of the 
data accumulated during a period when the 
survival of the H eterokis egg seemed to pro­
vide the best explanation for many of the 
phenomena reported in the past. Not the least 
among these has been the question of why so 
many of the heternkids are in the same stuge 
of development when recovered from naturolly 
infected birds, and why so frequently the age 
of the worms indicated their acquisition within 
24 to 48 hr after a rain, Earthworm trans· 
mission n1so provides a logical bi.lsis for the 
use of deep stone yards as a means of eliminat­
ing blackhead in turkey noeks. It seems also 
to explain why this disease is sometimes more 
prevalent in the fall than in the spring. 
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