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Abstract: The development of resistance of the GS strain of Eimeria tenella to the anticoccidial drugs halofugenone and
diclazuril has been studied. Resistance to halofugenone and diclazuril developed readily in experiments where a large number
of coccidia were exposed to the drugs, either by increasing the number of oocysts in the inoculum or by increasing the num-
ber of birds in the group. When 100 hirds were given 2 x 10° cocysts commenced fram an initial concentration of 0.6 x 10~ ¢
halofugenone or 0.125 x 10 diclazuril, resistance to halofugenone and diclazuril appeared afier 6 and 5 passages respec-
tively. The passaged lines did not recover their sensitivity to these 2 chemicals after 5 further passages in absence of the use
of drug, suggesting that the resistance developed was stable. 7 anticoccidial drugs, salinomycin, monensin, maduramyein,

lasalocid, zoalene, nicarbazin and clopidol were effective against halofugenone- and diclazuril-resistant line of £. tenella,
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suggesting that halofugenone and diclaruril did not exhibit cross-resistance with the above-mentioned compounds.
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Since Cuckler'!! first reported in 1955 that drug-resis-

tant strain of coccidia could be conducted in experi-

mental condition, the drug-resistance of Eimeria to fu-

rancillinum, sulfaquinoxaline, glycarbylamide, Nicar-

bazin, 2-chero-4-nitrobenzamide,  decoquinate,
halofugenone, robenidien and amprolium has been suc-
cessfully developed in the laboratory. Meanwhile, it is
a problem of considerable importance that drug-resistant
strains of coccidia occurred widely in the fields!? .
However, mechanism of drug-resistance development of
coccidia was amphibolous. The commonly accepted hy-
pothesis about the development of drug-resistant strains
of Eimeria is that populations of coccidia become resis-
tant to anticoccidial compounds through the selection of
spontaneous resistant mutants which are present, albeit
in very small numbers, even in populations which have
never been exposed to the drug. The drug serves only

to select pre-existing mutants'?!

. Study on this must
induce experimentally resistance of coccidia to a certain
anticoceidial drug. The drug-resistance of coccidia can
be obtained by a traditional protocol in which oocysts of
coccidia were passaged in chickens with progressively
increasing level of anticoccidial in laboratory. In those
expirements, the number of medicated chickens used
per group was often less than ten, and sporulated

oocysts of . tenella used as passage did not exceed 1
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x10°.

However, that method is time-consuming in de-
veloping a drug-resistant line of coccidia and the results
do not correlate with the rate at which resistance to a
particular drug develops in the field®!. In the field,
especially at the high temperature and in the high hu-
mility environment in Guangdong Province of South
China, a large crowd of fowls were often infected with
high number of sporulated virulent cocysts in short
time, and high level concentration of anticoccidial

commpounds was used as common additive in feed. As

a result, the problem of drug-resistant coccidia in
chickens is very severe.

This paper presents a method by which large num-
bers (100) of birds were medicated with the same lev-
el of drug and inoculated with a high number of sporu-
lated oocysts of Eimeria tenella to accelerate the devel-

opment of drug-resistant strains.,

1 Materials and methods
1.1 Chickens

AA broilers were obtained from a commercial
hatchery, reared coccidia free, and fed with ad libi-
tum. At 2 ~ 3 weeks of age, the birds were weighed
and allocated to cages (10 birds/cage with randomisa~

B H: 2000-01-25; 1EHEA: FTRK (1963-), B, BHRE.



78 iR PR (B RBEERRD)

40 %

tion and birds in the cages of approximately equal
weights) used as determining initial concentration of
drugs. Subsequently, 100 two-week-old chicks per
group were used for each passage.
1.2 Coccidial strain

Eimeria tenella, GS strain, chosen for study,
descended {from a single sporulated oocyst of a field iso-
late derived from Gansu province in Northwest China
and was not known to be resistant to diclazurial,
halofugenone, clopidol, salinomycin, madulamycin
and monencin.
1.3 Isolation and purification of oocysts

The routine passage and purification of oocysts
were performed by the procedures of Wagenback,
Challey, and Bumns™! .
1.4  Determination of initial concentration of

drugs

Eight groups of birds (10 birds/group) medicated
respectively with 0.07 x 1076, 0.125x 1075, 0.25 x
107%, 0.50 % 10~ ° of diclazurial and 0.2 x 107,0.6
x107%,1.0x107%,1.5x 10~%of halofugenone were
inoculated with 5 x 10* sporulated oocysts of E.
tenella (GS) per bird. Seven days later the surviving

birds were killed, the cecum removed, and lesion

scores and the number of oocysts per one gram of feces
were recorded.
1.5 Procedure of the selection of resistance

The parasites were passaged in medicated hirds
using the method as previously described® . Each
group consisted of 100 birds and each hird was given a
dose of 2 x 10° oocysts for each passage. The experi-
mental protocol for the development of resistance is giv-
en in Table 1. Resulis of the preliminary experiment
indicated that large numbers of sporulated oocysts could
be recovered from birds given 0.6 x 107% of
halofugenone and 0.125 x 10 of diclazuril. Selection
was therefore commenced at this concentration.
1.6 Evaluation of resistance

After 6 passages in medicated birds given 2 x 108
sporulated oocysts of E . tenella(GS) with halofugenone
and 5 passages with diclazuril, the sensitivity of pas-
saged and parental lines of . tenella to halofugenone
and diclazuril at their recommended doses were evaluat-
ed. Inoculated and ininoculated unimedicated controls
were included in the experiment. The effects of the
drugs were assessed by POAA (percent of optimum an-
ticoccidial activity), RIS (reduction of lesion scores)

and ROP (relative oocyst production) ®.

Tab.1 Experimental protocol for the development of resistance to halofugenone and diclazuril in E. tenella"’

Mass fraction of drug/10~6

Pass:
alilage halofugenone diclazaril
o.
0.6 2 : 5 0.125 ] 0.5 1.5
1 61.50°/43.20"/47.5° 72.5/82.3/47.8
2 33.3/24.1/125.0 43.5/-23.0/111.9
3 42.5/31.2/58.1 40.5/13.2/91.5
4 43.5/51.5/98.5
51.5/39.6/111.7
5 -3.5/31.1/125.5
-98.5/-6.9/192.7
6 -24.0/26.1/202.4

1) a POAA; b RLS; ¢ ROP, referred from Kong F. yle!
1.7 Stability of resistance or relaxed selection

Lines that had been passaged in birds given the
highest level of diclazuril and halofugenone were pas-
saged 5 more times in groups of 10 non-medicated
chickens, each given 1 x 10° oocysts. The effect of the

drugs upon these lines was evaluated.

2 Results

2.1 The development of resistance to halofuge-
none and diclazuril
E. tenella(GS) rapidly became resistant to
halofugenone (6 passages) and diclarudil (5 pas-

sages). With halofugenone, the passages commencing

with a drug concentration of 0.6 x 10~ ° raised it to 2 x
1075 only through 3 passages. Tt took 2 passages to
raise the drug level to 5x 107, and 1 further passage
to stabilize the drug-resistance. Resistance to 5 x 107°
of halofugenone, therefore, took totally 6 passages with
groups of 100 birds, each given 2 x 10° oocysts. E-
quivalent selection in the presence of diclazuril only re-
quired 5 passages for inducting resistant line of E.
tenella (GS) to a high level of 1.5x 107%, The con-
centrations of these 2 anticoccidial agents with which
the resistance of E. tenella(GS) was induced in the
experiment were above the commercially recommended

levels. The results demonstrated that resistance of E.
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tenella could readily appear to a high level of either

halofugenone or diclazuril. Results are shown in

Tab.1.

2.2 Effect of halofugenone and diclaruril upon
chickens inoculated with drug-passage lines
of E. tenella

Neither halofugenone nor diclazuril at its commer-
cially recommended dose was effective, judged by com-

prehensive index including POAA, RLS and ROP a-

gainst each corresponding resistant line. Their parental

line, however, was highly susceptive to halofugenone
and diclaruril at the recommended dose for commercial

use. Results are presented in Table 2.

Tab.2 Effect of diclarurial and halofugenone upon
chickens inoculated with 5 x 10* sporulated oocysts
of drug-passaged lines of E. tenella and E. tenella(GS)

1% 107 diclarurial 3 x 10~ halofugenone

Evaluative
Passaged E. tenella Passaged E. tenella
parameter . .
lines (GS) lines (GS)
POAA -24.0 98.7 13.2 95.2
RIS 16.1 94.7 44 .4 86.2
ROP 69.1 6.2 87.8 10.0

2.3 Relaxed selection

Results of relaxation of selectioh pressure are pre-
sented in Table 3. Neither halofugenone nor diclaruril
was ineffective against each corresponding drug-resis-
tant line through relaxed selection when judged by
POAA, RIS and ROP. This result demonstrated that
halofugenone- and diclaruril-resistance of E. tenella
was stable. Halofugenone, however, was effective a-
gainst diclazuril-resistant line and vice versa, indicat-
ing that there was no cross resistance between these two
anticoccidial agents.

Tab.3 Effects of diclarurial and halofugenone upon
chickens inoculated with 5 x 10* sporulated oocysts of
drug-passaged lines added 5 more times in absence of drug

Relaxed drug-resistant lines

w

Drug 10-6 diclarurial halofugenone
(1.5x1079%) (7x10°9)
diclarurial 1 -31.5/32.4"/81.1° 87.2/56.3/11.7

halofugenone 3 5.2/18.4/22.3
a POAA; b RIS; ¢ ROP, referred from KONG F., Y6l
2.4 Response of the halofugenone and diclazuril
resistant lines of E. tenella to other anticoc-
cidial drugs

The response of the halofugenone or diclaruril-line

101.7/78.2/2.3

to the following anticoccidial drugs were investigated;
Salinomycin (60), Moanensin (120), Maduramycin

(5), Lasalocid (90), Zoalene (125), Nicarbazin
(125) and Clopidol (250). Groups of 10 birds were
inoculated with 5 x 10* sporulated oocysts of 2 resistant
lines of E. tenella(GS). All these drugs effectively
controlled the infection of birds given halofugenone-
and diclazuril-resistant line when judged by POAA,
RIS, ROP, indicating that the above anticoccidial
drugs showed no cross-resistance with halofugenone and
diclaruril, The resulis are shown in Table 4,

Tab.4 Responce of the halofugenone and diclaruzial
resistant lines of E. tenella (GS) to other anticoccidial drugs

Drug Fuiﬁ halofugenone diclazurial

152.26°/93.74%/6.65° 111.66/77.15/12.94
112.55/65.02/34.55 74.18/47.23/20.18
235.09/87.67/12.54 154.10/62.63/11.23
111.31/55.00/74.59  65.05/33.52/7.09
89.33/97.08/67.50  23.55/58.32/13.17
321.01/76.55/33.25 88.77/92.66/10.01
63.66/33.55/12.11  55.11/77.56/24.14

Salinomycin 60
Monensin 120
Maduramycin =~ 5
. Lasalocid 90
Zoalene 125
Nicarbazin 125
Clopidol 250

a POAA;b RLS; ¢ ROP, referred from Kong F. Yo
3 Discussion

Resistance to diclazuril and halofugenone devel-
oped rapidly after passages in large number of chickens
given a high number of E. tenella (GS) oocysts. But
Chapman!® inducted a partial resistant line to di-
clazuril after 10 passages of Houghton strains of E.
tenelle and E. acervulina and to halohugenone after 8
passages.

The number of experimental birds in each group
used by Chapman was ten and the dose of inoculated
coccidia was 1 x 10°.

Weppelmam have shown that resistance to glycar-
bylamide and amquinolate can be selected, by using 1
x 108 of oocysts in inoculum and 90 chickens in pas-
sage, to the commercially recommended level of drug
after only 3 passages, but were unsuccessful in devel-
oping resistance to monensin and McLoughlin
Chute!8! found that resistance to buquinolate, deco-
quinate and methyl benzoquate had already developed
by the 6th and 4th passage respectively, whereas resis-
tance to clopidol was not consistently present until the

[8]

17th passage'®’. In an earlier study McLoughlin Gar-

diner'®]

showed that reduction in sensitivity to amproli-
um was not apparent until 15 passages in the presence
of drug. Our results indicated that by using large num-
bers of oocysts and chickens, the resistance of E.

tenella to chemical compounds could be rapidly induct-
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ed. ported that drugs with different mode of action shows no

Resistant lines to diclazuril and halofugenone did
not recover their drug-susceptibility after passaging fur-
ther more in ahsence of drugs. Resistance to some an-
ticoccidial drugs, especially chemical compounds, once
developed, may render their complelely ineflective,
and.its susceptibility is difficult 1o recover even in ab-
sence of those dmgsm. This result was somewhat dif-

(10} yho reported that mon-

ferent from that of Chapman
encin-resistant line was able to restore ils sensitivily by
passaging 5 more times in nommuedicaied chickens. Our
results are identical with that of Weppelman, suggest-
ing that chemical compound-resistant lines reproduced
as fast as their sensitive-lines, but resistant lines 1o
polyether antibiotic anticoceidial drugs reproduced more
slowly than their sensitive lines.

Resistance to halofugenone and diclazuril rose
rapidly as a high dose of sporulated oocysts was serally
passaged with increasing concentration of drugs in large
number of chickens (over 100 birds) given a high
number of organisms. Chapman[m presented a similar
report in which resistance to robenidine developed more
readily in experiment using larger numbers of birds with
higher numbers of cocysts in the inocuberm, suggesting
that the speed of development of drug-resistant Eimeria
strain is in correlation with the numbers of animals used
In passages and oocysts in the nocubern.

Diclazuril and halofugenone did nat show cross-re-
sistance to 9 anticoccidial drugs used in the experi-
ment. This result was in agreement with that of Chap-
5]

man*>’, in whose article diclazuril was effective against

lines of E. tenella resistant to amprolium, arprinoid,
dinitolmide, halofuginone,

clopidol, methylbenzo-

quate, monensin and robenlidine and the results sup-

existence of cross-resistance.
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