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SUMMARY. A method previously described by Jeffe rs and Be,'rtley, involving calculation of a growth and survival ratio and
optima.l anticoccidial activiry index, was used to investigate the sensitiviry of23 field isolates of Eimeria obrained from turkey flocks
to the ionophorous antibiotic monensin, Isolares were obrained from litter and inrestinal samples fiom several major turkey-
growing regions of the United States, and in most cases contained ar least ovo species of Eimeza. A mlxrure of strains thar had been
maintained in thc laboratory for many years in the absence of exposure to anticoccidial drugs was found ro be sensitive to
monensin. Six of the ficld isolates were judged sensitive, seven partially resistant, and ten resistant to the drug, judged by the Jeffers
and Bendey criteria. This is the first report of the acquisition of resistance to monensin in isolares ol Eimeria from turkey flock in
the United States.

RESUMEN. Nota de Inuestigaciin-Scnsibilidad a la lr'fonensina de aislados de campo de Eimeria en el pavo.
Para investigar la sensibilidad a Ia monensina dc 23 aislados de campo de Eimeria obrenidos de lotes de pavos, se us6 un m6todo

descrito previamente por Jcllers y Bentley que involucra el cilculo de la proporci6n de crecimiento y sobrevivencia y el indice de
actividad anticoccidiana 6ptima. Los aislados fueron obtenidos de la cama y de muesrras de intestinos a parrir de varias rcgiones
inrportantes de crianza de pavos en los Fstados Unidos y en la ma1'oria de los casos conrenian al menos dos especies de Eimeria. Se
encontr6 que una mezcla de cepas que habian sido n.rantenidas en el laboratorio por muchos a6os en auscncia de exposici6n a drogas
anticoccidianas, fue scnsiblc a ll monensina. Scis de los aislados de campo fueron considcrados sensibles, siete parcialmcnte
resistentes y l0 resistentes a la droga, de acuerdo con el criterio de Jeffers y Bentley. Esre es el primer reporte de la adquisici6n de
resistencia a la moncnsina en aislados de Eimeria de lotes de pavos en los Estados Unidos.
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Abbrcviations: GSR: growth and survival ratio; OM = oprimum anticoccidial activiry

Control o[ coccidiosis in turkeys is achieved principally by the
inclusion o[ anticoccidial drugs in the fecd. In the chicken, this has
resulted in the widespread development of drug-resistant strains of
Eimcria (4) bur there have been vcry few reporrs of the development
of drug resistance in the rurkey. One of the most widely used drugs
for the control of coccidiosis in turkeys is monensin, an ionophorous
antibiotic that has been shown to be effectivc againsr Eineria
adenoeides, Eimeria meleagrimitis, tnd Eimeria gallopauonis (7,15),
and which is included in the feed at conccnrrarions ranging from
59.5 to 99.2 ppm (2). In 1980, Jeffers and Benrley reported that 7 of
l6 isolates of E. adenoeidts and E. meleagrimitis obtained from turkey
flock in Canada where monensin had previously been used rvere
resistant to the drug, but that all 22 isolates obrained fron.r rhe
United States were sensitive (10). There appear ro have been no
recent published reports of the sensitiviy of Eineria species ro
monensin in the turkey, and only a few studies for orher
anticoccidial drugs (12,17). In this study rhe effect of moncnsin
upon field isolates oF Eineria obtained from several major turkey-
producing regions in the United Stares was investigared.

MATERIAI^S AND METHODS

Animals arrd husbandry. Female turkey poults (Nicholas breed) were
obtained from a local hatchery, rransferred to an isolation building, and
reared in brooder cages ar a stocking densiry of 257 cmr/poult unril
9 days o[ age. Husbandry and management follou'ed guidelines for rhe

care and use o[ agriculturd animals in agricuftural research (l) and
experiments were approved by rhe Universiry of Arkansas animal care and
use committee. At 9 days o[ age poulrs were transferred ro a rest faciliry
and randomly allocated to clean grower cages (five poula/cage). Poults
were fed a corn/soybean meal diet formulated according ro starter feed
requirements lor turkey poults. The experimental rations comprised feed
in rvhich moncnsin (Coban 60@; Elanco Animal Heakh, Indianapolis,
IN) was incorporated at a concenrrarion of 99.2 ppm, or unmedicared
fccd. Analysis of random feed samples indicated that monensin rves
present within acceptable limis of the inrended concenrradon.

Parasites. Turkey production personnel were requested to collect
surlace litter samples (approximarely I pound in weigh$ from turkey
farms at different geographical locarions when poults were benveen 3 and
6 wk of age. Samples were colleced from random locations wi*rin a house
and labcled with the name of the farm and date of collection. They were
received over a period of approximately 9 mo and were given a unique
identification based upon rhe seven stares from which they originated.
Two isolates from Nonh Carolina were obtained from intestines of young
pouls that had been killed because of suspected enreric infecrion; any
oocysts presenr were harvested from rheir ceca. Oocysts of Eimeria were
isolated from samples following laboratory procedures described for the
recovery of oocysts from feces or ceca (20). A commercial vaccine
containing a mixture of species (Coccivac-T@, stated to contain oocysts of
Eimeria dispersa, E. adenoeidcs, E. gallopauonis, and E. melzagrimiti) was
also propagated in turkey poulrs. Oocysrs in this mixture (referred to as
isolate Ll) had been propagared for many years in a commercial
laborarory (Schering Plough, Animal Health Corp., Millsboro, DE) in the
absence ofexposure to anticoccidial drugs.

Propagation. The possible presence of mulriple species, of varying
parhogeniciry, in field isolates of Eimeria complicates rhe inrerpretation
of results and therefore it rvas considered desirable to limit rhe species
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present by excluding E. meleagridis and E gallopauonis. Eimeria
rneleagridit was excluded by propagating oocysts in iurkeys thet had
been rendered solidly immune to this species. The validiry of this
procedure depends upon the absence of cross-immuniry demonstrated
berween E. meleagridis and other species thar infecr the turkey, such as .E.
adenoeides (18). Immuniry ro E. neleagridis was first induced by
inocular ing poul ts reared in str ic t  isolat ion at7,  l4,  and 2l  days ofage
wirh 2 x l0t ,  I  x  l0 ' ,  and 0.1 x 10i  oocysrs,  respect ively,  ofa pr i .
line of this species that was derived from a single oocyst (14). The
absence of oocysts in the feces following challenge is widely used as
a stringent measure of immuniry rc Eimeria species. Feces o[these poults
were, therefore, examined daily following the third inoculum, 

"nj "ft..three successive zero counts, the absence of oorysts indicated thar the
birds were inrmune to E. meleagridis. Poults rvere rhen transferrcd to
clean cages and used to prop.g.,. the isolates. This procedure was
carried out for the isolates tested in Experiments 2 and 3 but rvas not
possible lor isolates used in Expcrirncnts 4 and 5.

I'he prepatent p ertod of E. gallopauonis (tine after inoculation of oorysrs
to the production ofncw oocysts in thc feces) is reported to be 144 hr (9).
This species was therefore eliminated from all isolates, and fronr Coccivac-'I€,_by 

infecting two poults with each culture and collccrrng any oocysrs
produced in their leces from i20 to lj6 hr after inocularion.

Evduation of resistance. In an inirial experiment, the cornmercial
mixture (Ll)was tested ro investigate the methodologv to be employed
and whether strains rhat had not bccn exposed ro monensin *ould b"
sensitive to the drug. Four subsctlucnt cxperinrenrs (Experiments 2-5)
were then conducted in which lour ro seven field isolates wcre examined.
For each experiment, all isolates had been propagated within the
previous month and were therefore o[ similar aqe.

_ 
The procedure used to evaluate monensin sen"sitiviry was based upon

that described by Jellers and Bcntley ( l{)). 
-t'wo 

replicetcs of five 9-da.v-
old poults were weighed, allocated ro cages, and given either nredic_atcd
or unmedicated [eed. Two days latcr thcy were infectcd with a nra;rinrum
of 100,000 oocysrs of each isolate. An additional rwo rcplicirres werc nor
medicated and uninfecred, respectivcly (conrrols). Poults in cach cage
were rveip;hed again 6 days after inlection end thc gain in *.cight
calculated. Any mortaliry was recorded. These rwo paramerers were
expressed in a growth and survival ratio (GSR) defined as the caqe
weight at trial termination (day 6) plus thc rveight of any dee.l bird-s,
divided by drc cagc weighr when placcd on the drug (day 2). The
percentage of optimum anticoccidial activiry (o/o OAA) for each
treatnre nt w:rs rhen calculated to determinc moncnsin clficacy as
follows: o/o OAA: (average GSR of infected medicated group - averaBe
GSR of infected unmedicated group) / (average GSR of uninlected
controls - ayeragc GSR of infccted unmcdicated group) X 100. 

'fhe

criterion used by Jefitrs and Bentley ro denotc moncnsin rcsisrance,
namely that rhe o/o OAA be <50o/o, was used in this study (10). In
addition, an isolate was deemed panially resistant if thc o/o OAA was
5lo/o-74o/o, and sensitive if the 0/o OAA was >75%.

Analysis. GSR values lor medicated and rrnmedicared infecred poulrs
for cach experiment were analyzed by one-rvay analysis ofvariance using
the PROC ANO\/A procedure of SAS sofrware (19). lr{eans rvere
separated and compared using Duncan's mulriple-range resr.

RESULTS

Response of turkey isolates to monensin. The average GSR of
medicated inlected and unmedicated infected poults, and the oztr

OAA derived from these values, is presenred in Table l. Vithin each
experinrent, significant differences in GSR of medicated poults wx
observed indicating variation anrong isolarcs in the response ro
monensin. Using the criterion of 0z6 OAA, the laborarory mixrure
was judged sensitive to monensin. Six field isolates rvere judged
sensitive, seven partially resisrant, and 10 resistant ro rhe drug.
Significant diflerences were observed in the GSR of unmedicated
poulrs indicating that the isolates varied in parhogeniciry.

DISCUSSION

There have been many investigations of the drug sensitiviry of field
isolates of Eimeria in the chicken, in which a variery of different
methods and criteria have been utilized to evaluate resistance (4,5), but
there have been few recent studies conducted in the turkey. In the
experiments reponed here the methodology used byJefibrs and Bentlq,
was employed in order to facilitate comparison with their earlier work
(10). Jeffers and Bendey utilized rwo replicares of five poula/trearmenr,
and measured weighr gain and mortaliry of infected and uninfected
birds over an 8-dai'period beginning 2 days prior to inocularion. These
criteria were expressed in a GSR from which they calculated dre o/o OM
for each isolate examined. This indcx was used to determine the
sensitiviry of 38 field isolates of Eineia from turkey flocks to monensin.
They infecred birds with doses ranging from 0.4 Xl05 to 3.5 x l0:
oocysts, but in *ris srudy an atrempt was maclc to standardize the dose
given to poults, rvhich in mosr cases was I X 105 oocysts/bird.

Jeffers and Bentley utilized mixed infections oF E. melzagrimitis and,
E. adenoeides, and identified these spccies by microscopy and gross
exanrination of intestines (10). Eimoia melzagrimitis develops
principally in the small intestine and E. adznoeidzs mainly in thc ceca
(16), but ic should be nored tlat other specics develop in these locations
thar caruror rmdily be distinguished based upon morphological criteria
such as size of the oocyst (8). In fic prescnt study, E. mehagridis was
excludcd in sonre experiments by propagation of cultures in poults
solidly immune to r}rar species. Eimeria gallopauonis was excluded by
collecting oocyss prior to 144 hr, thc prepatent pcriod reported for this
specics of Eimeia (9). Mediurn-sized, ellipsoidal oocl,ss of similar
dimensions to L. adenoeidzs (26 x 17 prn), and smaller ovoid-shaped
oocysts of similar size to those of E mekagrimitis (19 X 16 pnr), were
olrserved in verying proportions in mosr isolares ('l'able l).

Considerable variation in the pathogeniciry of field isolates rvas
noted in the unmedicated poults despire the exclusion of E
meleagridis and E. gallopauonis from the cultures. 

'l'his 
could be

a reflection of thc presence of other species, different proportions of
the species presenr, or strain variation in the pathogeniciry of
individual species present in thc cultures.

Jeflcrs and Bentley investigated the efficacy of rnonensin against
isoletes obtained from rurkey flocks from May 1976 ro Novembcr
1978, shortlv afier rhe drug was introduced for the control of
coccidiosis (10). They compared isolates from flocks in Canada
(Ontario and Quebec) thrt had a previous history of monensin usage
r+,ith isolares from flocks in rhe United States (Minnerot" 

".rdVirginia), where thc drug had not previously been employed. They
lound that rvhereas scven of 16 Canadian isolates were resistant to
monensin, all 22 isolates from the United Statcs were sensitive. In
this study, it was nor p<.rssible ro compare isolares from flocks with
and without prior exposure to monensin ber:use rhis drug has been
very widely used in rhe field. Therefore a mixrure of species that had
been maintained in the laboratory for man;,ycars (Coccivac-T@) was
employed in an initial experiment to determine the efficacy of
monensin against coccidia that had not been exposed to the drug.
The results indicate that this mixrure was sensirive to monensin. It
seems, therefore, reasonable to conclude that the loss in sensitiviry of
rhose isolares judged rcsistanr, or parrially resisranr, was rhe ..,uit of
exposure to monensin in the field.

Experiments involving rhe intentional selection of resistance to
monensin in E. adtnoeides have not been reported, but resistance was
induced in E. meLeagrimiai following four jene.adons of selection in
medicated turkeys ( I I ). It was concluded that the latter species possesses
*re abiliry to readily develop resisrance to the polyerher anribioric
anticoccidials under appropriate conditions ofdrug exposure. It should
bc nored rhar in chickens, resisrance has been induced ro monensin in
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Table l. The effecr of monensin upon rhe CSR and % OAA of a laboratory mixture and field isolates of turkey coccidia.

GSRC
o/o OocystsB

Medium
Oocyst

dose/poult
Infected

medicated
Infected

unmedicated o7o gtr 4o
Resistance
caregory

L1

A I

A4
A'
n|)

R
S
S

PR
PR
PR

S
PR
PR
s
R
PR

67

5
l o
44

1 0
5
0

33

95
84
56
90
95

100

50
I 5
20
32
43
35

R
D

R
PR

t 1
J /

35
o /
44
0

64

84
95
53
93

49
o.)
65
))
56

100
36

r 6
5

47
7

1 X 1 0 5

1 x 1 0 5
l x l 0 5
1 X 1 0 5
l x l O t
l x 1 0 '
l x l 0 5

t x l 0 '
l x l 0 5

8.2 x 104
l x l 0 '
1 X 1 0 5
l x l 0 5

1 X . l 0 5
1 x 1 0 5
1 x 1 0 5
1 x 1 0 5

8.4  X 104
l x l 0 5
l x i 0 5

1 X 1 0 5
7 . 6  X  r c 4
8 . 5  x  t 0 4
1 x 1 0 5

Experiment 1
) 145

Experiment 2
1 .546 '
l .ggg"b
2.194^
l .g60b '
r . 8 1 9 " '
1 .g4go '

Experiment 3
r.728^
1.465^b
1.272"
1 .64 fb
1.2756
1.829^

Experiment 4
t.942"
1 .398 ' ^
1.405b'
1.357'
1.47g6'
1 . 1 4 t '
t .7v^b

L,xperiment 1
1.839"
1,.739^
r .877^
1.804"

1.72r

1.2304
1.603b
|.484',
1.303d
1.227d
1.7 44

1.367^
I .01 3b'
0.732'
| 320^b
0.895'
1.500"

r .475^
1.250"
t .276"
l .0gib '
I .1 34n'
1.037'
t.560^

1 .561 '
r .737^
1.648"
1.408'

c)4.3

1 1  I

93.1
79.0

51.3
5c) I

97.3
()2.- l

53.7
76.8
45.7
72.3

92.6
17.5
47.3
30.0
82.3
1  1 .0
37.5

48.9
0 . i

4 / .>
54.8

C 1
V I
v2
P I
M I
K I

M2
M3
M4
M5
K2
K3
V3

N I
N2
v4
V5

t0
85
80
68
5 7
o )

S
R
K

R
s
R
R

^Ll : l"bo.atory mainrained mixrure; isolates preceded with capital letters A, C, K, M, N, P, and V wcre from Arkansas, California, Kansas,

Missouri, North Carolina, Pcnnsylvania, and Virginia, respectivcly.
BP.....rr"g" 

of small oocysts (approximately l9 X 16 pm in size), and percentage o[medium-sized oocysts (approximately 26 x 17 pm) in cach

isolate.
t'Growth 

and survival ratio (GSR) : cage wcighr at termination/cage weight at initiation. l)ara are cxpresscd a.s the average of rwo replicates/

rrcxrmenr. For each cxpcrimenr, values in a column followed by diffcrent lowercase superscripts are significantly different (P 5 0.01).
Dolo 

O/ir{ is the perce nrage of optimum anticoccidial acrivity. o/o OAA : (GSR of infecred medicated birds - GSR of infected unmedicatcd birds)/
(GSR of uninfected unmedicated birds - GSR o[ infected unmedicated birds) x 100.

EAn i.olat" was characterized as sensitive ro moncnsin (S) when the o/o OAA was 275o/o, partially resistant (PR) when % OAA was 11o/o-74s/o,

and resistant (R) when o/o OAA wes <507o.

the laboratory (l) and that there have been many repors of resistance in
isolates of .Elzeria fron rhe ficld (c.g. 6,13).

Monensin is one of the most widely used anticoccidial agents
includcd in the feed ofturkeys for the control ofcoccidiosis and thtts

exposure to this drug has been widespread. Presently, in the United
States approximately 70o/o of meat-rype turkeys are reared with

monensin in at least one of their feeds (unpubl. obs.). The finding

that the majoriry of field isolates have acquired resistance or partial

resistance to this drug might therefore be anticipated. Of the 23

isolates examined, the majoriry were iudged resistant or partially

resistant to monensin. Resistance was identified in isolates liom

Arkansas, Kansas, Missouri, North Carolina, and Virginia. This is

the first report of acquired resistance to monensin in coccidia from
turkey flocls in the United Stares.
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