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ABSTRACT

Two battery trials each comprising 6 treatments with 3 replicates of 10 birds / replicate were
carried out to evaluate the efficacy of two anticoccidial drugs (maduramycin and diclazuril)
against experimental infection with two local field isolates of E. fenella isolated from two
different governorates (Matrouh and El-Behera). Maduramycin and diclazuril were given in the
feed of the birds at concentration of 5 ppm and 1 ppm respectively starting from two days before
the infection to two weeks postinfection. Infection was performed with 25x10° sporulated
oocysts/bird/os for each isolate at two weeks of age. The performance of experimental birds was
observed over 14 days post infection (P.I}. According to the parameter used for judgement
(Global resistance Index) (GI), the efficacy of maduramycin was between limited (77.83% of
NNC) and good (85.05 % of NNC) for Matrouh and El-Behera isolates, respectively. While
diclazuril had good efficacy (81.51 % of NNC) in the control of infection with Matrouh isolate
and had very good efficacy (92.54 % of NNC) on El-Behera isolate.

INTRODUCTION

Coccidiosis remains one of the most
expensive and common disease of poultry
inspite of advances in chemotherapy,
management, nufrition, and genetics (1).

The wrost effects of cocccidial infection in
poultry are reduction of weight gain and an
adverse effect on feed conversion ratio (2) and
increased mortalities of 6-10% in broilers (3).
The annual economic losses for poultry
production due to coccidiosis are more than US
$ 3 billion (4).

Coccidiosis prevention in broilers is
primarily based on inclusion of anticoccidials in
the feed (5) and to a certain extent live
vaccines. The current expense for preventive
medication exceeds $§ 90 million in the United
States and more than $ 300 million world wide
.

However drug-resistance in coccidial
populations has been a constant threat to the
continued success of prophylactic
chemotherapy (6). Eimeria spp. acquired
resistance rapidly against almost all the
chemical compounds that have been introduced
(7,8). While, it develps slowly against
ionophores (9,16). Since polyether ionophores

constitute more than 80 %, they have been used
for more than 30 years but development of
resistance to them has become an increasing

- problem allover the world (11-13).

Although wide spread use of switching and
rotating of anticoccidials during a grow out or
between poultry grow out cycles hopes
reducing drug resistance, the erosion of
coccidial drug sensitivity has continued (14).
Most studies indicated that resistance is stable
even in the absence of drug selection pressure
(15-17).

Coccidiosis vaccines technology isn't always
effective and does nothing to control necrotic
enteritis (18). Furthermore, the performance of
vaccinated broilers was less than non-
vaccinated (medicated birds) considering final
live body weight and feed conversion ratio (19).
Beside, antigenic variability between the
Eimeria spp. present in the vaccine and those in
the field restricts the effectiveness of
commercial vaccines (19).

So continuous anticoccidial drugs testing is
important for selection of effective prevention
and control drugs. The present study was
designed to determine the sensitivity of two
local field isolates of E. tenella from two
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different governorates (Marrouh and El-
Behera) to nowdays available two commercial
anticoccidial  agents  maduramycin  and
diclazuril.

MATERIALS AND METHODS
Parasites

Two strains of E.renella were isolated from
clinical coccidiosis field cases, strain 1
(Matrouh) and strain 2 (El-behera) were
isolated from two different governorates
(Matrouh and El-Behera) and were propagated
from a single sporulated oocyst.

The two isolates were propagated in
chickens once before their use as an inoculum
(20).

Chickens and Experimental design

Two experiments (Exp.l and 2 ) were
conducted to assess the sensitivity of two
isolates of E. femella to maduramycin and
diclazuril, respectively.

Maduramycin (Jonophorous antcoccidial)
was tested in experiment 1 and Diclazuril
(synthetic anticoccidial) was tested in
experiment 2.

In each experiment, a total of 180, one day-
old unsexed broiler (Avian 48) chicks were
housed in batteries with continuous illumination
and kept free from coccidian infection.

At the age of 12 days (D-2), the birds were
individually weighed, wing tagged and assigned
into 6 treatments with 3 replicates of 10 birds
each by ranking method that approximately
equalized initial weights after culling of the
two weight extremes and distributed the
replicates into battery cages randomly (20}

At 14 days of age (D0), all experimental
chicks, except the non-infected controls, were
infected with 25x10° sporulated oocysts of L.
tenella / os (two treatments with Matrouh
isolate and two treatments with El-Behera
isolate) which were prepared in 1 ml of distilled
water using Insulin syringe (without the needle)
into the crop directly. The chicks were tested for
3 successive days by flotation method to prove
being coccidia-free before infection.

The treatments were as follow:;

T1. Non infected, non medicated control
(NNC)
T2 : Non infected, medicated ..

T3: Infected ( Matrouh ), Non medicated
control (INC)

T4 : Infected (Matrouh ), medicated
T5: Infected ( El-Behera ), Non medicated

control (INC)
T6 : Infected (El-Behera), medicated
Anticoccidial Drugs
The anticoccidials  (maduramycin  in

experiment 1 and diclazuril in experiment 2)
were blended into the basal diet at the
recommended levels to  give  final
concentrations of 5 ppm maduramycin and 1
ppm diclazuril and given to birds (medicated
groups) from D-2 to the end of the experiments
(D+14 Post infection)(P.L.).

Feed

The basal diet consisted of anticoccidial free
commercial-type starter diet ( from Zoocontrol
for Industralization and trade). Feed and water
were available ad libitum,

Parameters

Several criteria were used for evaluation of
the efficacy of each drug, these included:

¢ Body weight, weight gain, feed consumption
and feed conversion ratio were performed for
all chicks at D0, D+7 and D+14 P.L.

¢ The coccidial-induced mortality.

* Lesion scoring at 6™ day P.I(21)

e Daily oocyst output counts from D+5 to
D+14 (P.I) using McMaster technique (22)
and analysed statistically after natural log
transformation (23}

e Qocyst index: a semiquantitative scoring
system was used (24).

e Faecal score from D+5 to D+10 P.1.
calculated (25).

was
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Furthermore, all criteria were combined to
give a single criteria of efficacy Global
resistance Index (GI) (26} using parameters of
Weight gain %, Feed conversion (g / g), lesion
scores (21), a semiquantitative oocyst index
(24), and mortality % using the following
formula:

GI =% WG — [(Fg — Fane) x 10 - (Ol -
Olmne ) — [(Plg — PIne) x 2] — (% mortality / 2).

Where GI = the global index, Ol = Oocyst
Index, WG = weight gain, PI = gross-
pathological index, F = feed conversion, G =
treatment group, NNC = npon-infected/non-
medicated control and INC = infected/non-
medicated control.

The global index of each tested group was
given as a percentage of the global index for the
NNC.

The following five categories were used to
assess the efficacy of the tested anticoccidials:

Very good efficacy > 90%GInne
Good efficacy > 80% Glwne
Limited efficacy > 70% Glhunc
Partially resistant > 50% Glune
Resistant < 50%GlInne
Statistical analysis

Data were analyzed using the GLM

procedure of SAS® (27) . Student Newman
Kelus Test (27) was utilized to test mean
differences at P< 0.05.

RESULTS AND DISCUSSION
The results of wieght gain, feed
consumption, feed conversion ratio, daily

oocyst count (Logip), mortality rates, lesion
scores, oocyst index, faecal scores were all
calculated and presented in Tables (1-3) for
experiment 1 and Tables (4-6) for experiment 2.

Exp.1:Evaluation of . the
maduramycin

Table 1, revealed that infection with
Matrouh or El-Behera isolates reduced weight
gain (g/bird/day) of infected non medicated
group INC (T3) or (T5) significantly than non
infected, non medicated group NNC (T1) at
DO to D+14 P.I which were 43.7 and 50.27 for

efficacy of
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T3 and T3, respectively versus 57.4 for Tl.
However maduramycin improved significantly
weight gain of infected birds with (Matrouh
isolate) (T4) than that of INC (T3). While,
there was no improvement in weight gain of
infected group with (El-Behera isolate)
receiving maduramycin (T6) over INC (T5).

Infection with Matrouh isolate resulted in
decreased feed consumption at DO to D+14 P.I
either with or without anticoccidial drug (T4) or
(T3), respectively.

While feed consumption in chickens
infected with El-Behera isolate, either
medicated (T6) and non medicated (T5) groups
didn't change significantly when compared to
NNC (T1).

Feed conversion ratio differed significantly
between all tested groups at DO to D+14 P
except between medicated groups, infected with
Matrouh and that infected with El-Behera
isolate (T4) and (16), respectivly. Which
were:1.42, 1.45, 1.73, 1.62, 1.6 and 1.62 among
groups 1, 2, 3, 4, 5 and 6, respectively.

It was clear that the improvments in feed
conversion in medicated groups, infected with
Matrouh isolate were consistent with the
improvments in weight gain and control of
lesion scores and reduction of oocyst shedding.

The results indicated that maduramycin
didn't result in any improvments in feed
conversion ratic and weight gain of infected
groups with El-Behera isolate, and this may be
attributed to the light infection with El-Behera
isolate so it didn't affect weight gain and feed
consumption significantly when compared to
NNC and/or due to the reduced sensitivity of
El-Behera isolate to maduramycin. These
findings were supported by previous studies
(28,29) which reported that weight gain of
challenged and medicated group with
maduramycin were as lower as challenged non
medicated groups. The same was in our study
shown with El-Behera isolate.

Depression of weight gain and higher FCR
of infected birds with El-Behera isolate in the
presence of maduramycin than in infected,
unmedicated birds suggesting a tendency
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toward ionophore dependence as previously
reported in E. tenella with 1onophores (30) and
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in E. maxima with robenidine dependence (31).

Table 1. Body gain, feed consumption and feed conversion ratio.

Body gaing,Average Feeq Average totall FCR* / bird / |Average

. total |consumption g/ feed ) FCR/

Medication bird / day at ain e /| bird/ day at ee day at
Treatment . gain g Y consumption bird /
Number Infection [(maduram- bird / g / bird / day day at
ycin) DO to |D+7 to] day at | DO to {D+7 to atDOto | PO t0 [D+7to| oo
D+7 |D+14 | DOto | D+7 | D+14 D+7 | D+14

D14 D+14 D+14

T1 Non Non 453° 7520 | 57.4° | 65.99° [110.67| 81.53° 146° | 1.57 | 1.42°
+4.98|+2.46 | +1.87 | £13.81 | £3.06 £2.80 +0.01 | +£0.08 | £0.002

o N Yes 54.17%77.93*| 62.7° | 74.87* [123.33 90.03? 1.39° | 1.6° | 1459
on +2.89|+7.69| +4.9 | +3.84 | 929 +2 47 +0.01 | +0.04 | +0.09

- Yes Non 37.7°(54.83° 43.7° 165.97° | 108 74.7% 177 [ 1.98 | 1.73°
(Matrouh) +4.09|+3.55 | £3.15 | +11.16 | +6.08 4392 £0.1 {+0.16 | +0.05

T4 Yes v 37.4°(56.37°] 45.1° [{60.77% | 97.23 72.43¢ 1.64° { 1.74° | 1.62°
(Matrouh) ®  113.08]25.61| £2.84 | 2426 | +621 | 3.6 ]#0.03{ 20.1 | +0.05

B

TS ng,s Non BI040 50270 65 10933 793 | 12| 172¢| L6
Behera) +1.56 +306| £3.98 | £1.93 1 2. 89 +2.7 +0.09 } £0.12 | +0,13

T6 gf Ves |38:8°168.3%48.17° | 56.57° 1106.27| 77.67°¢ | 147° | 1.56° | 1.62°
Behe;a) +1.61|+5.41 | £4.01 | £7.84 [+15.11 +6.88 #0.26 | 0.1 | +0.08

*FCR: Feed Conversion Ratio.

Treatments within the same or no column with the same superscription letters were non significant (P < 0.05).

Table 2, indicated that maduramycin
decreased oocyst count significantly (Logjg) in
infected groups either with Mafrouh (T4) or
El-Behera isolates (T6) in comparison with
infected-non medicated groups, respectively.

Maduramycin was effective in lesion control
with Matrouh isolate (2.44 versus 2.78 for
medicated group and non medicated one,
respectively) , this results agreed with (32)
while was not effective with El-Behera isolate
in both groups (2.89).

Concerning mortality rates, both isolates
cither with or without maduramycin resulted in
3.3 % mortality. Previous investigation (33)
recorded 1.67 % mortality among infected,
medicated groups with maduramycin.

Although El-Behera isolate had less effect
on weight gain, it had higher lesion scores,
these result agreed with (34) who stated that
there is no correlation between lesion scores
and wieght gain.

It is clear that maduramycin reduced oocyst
index and faecal scores (Table 3) of the birds
infected with either Matrouh or El-Behera
isolates than the birds which didn't receive the
drug.

Regarding severity of coccidial infection
with both E. tenella isolates, Matrouh isolate
seemed to be more pathogenic than El-Behera
isolate according to the results of weight gain
and feed conversion ratio indecies.

The Gls of individual groups were given as a
percentage of corresponding GI of NNC, where
medicated groups with maduramycin that
infected with either Matrouh or El-Behera
isolates had Gls of 77.83 % and 81.51 % of
NNC, respectively which indicated that
maduramycin had limited efficacy against
Matrouh isolate and good efficacy against Eil-
Behera isolate. Weight gain % of infected
(Matrouh), mediacted group was lower than
that of infected (EI-Behera), medicated ones
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which support the idea that Matrouh isolate
was more pathogenic than El-Behera isolate.

Resistance has been reported previously for
maduramycin (26,30) and in this study, the
efficacy of maduramycin ranged between
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limited (77.83% of NNC) to good (81.51% of
NNC) and this may be due to intensive use of
maduramycin or due to cross resistance
between maduramycin and other ionophores

(35).

Table 2. Lesion scores, Qocyst index, Mortality % and Average oocyst count .

—_ . . Average
Treatment Infection Medlcatlon- Lesion (?ocyst Mm;tallty Oocyst count /
Number (maduramycin) | Scores index Yo
day (Log j0)

T1 Non Non 0 0 0 0
T2 Non Yes 0 0 0 0

Yes a a
T3 (Matrouh) Non 2.78°+£0.83 | ++++ 33 4.62°+0.59

Yes b b
T4 (Matrouh) Yes 2.44°+0,73 ++ 3.3 4.45°+£0.57

Yes a a
TS (El-Behera) Non 2.89°+0.78 | +4+++ 33 5.03°+0.24
T6 Yes Yes 2.89%£0.98 | +++ 3.3 4.62°+0.55

(El-Behera) ' ) : ' ‘

Treatments within the same column with the same superscription letters were not significant (P < 0.05).

Oocyst index (24)
0: no cocyst / field.
+3 : 21-50 oocysts / field.

+1 : 1-10 oocysts / field.
+4 1 51-100 oocysts / field.

+2 : 11-20 oocysts / field.
+5 : > 100 oocysts / field.

Table 3. Faccal Score from 5 to 10 day post infection.

Treatment . Medication | Fa€cal Score from 5% to 10" day post
Number Infection (maduramycin) infection

5|1 6 7 8 9 10
T1 Non Non 010 0 0 0 0
T2 Non Yes 00 0 0 0 0
T3 Yes (Matrouh) Non A + + +
T4 Yes (Matrouh) Yes ++ || + + +
T5 Yes (El-Behera) Non e e I + + +
T6 Yes (EI-Behera) Yes ] 4+ + + +

Treatments within the same column with the same superscription letters were not significant (P < 0.05).

Faecal Score: (25).

0: No bloody droppings in the faeces.

++: 10-20 blood droppings in the faeces.
++++: 30-40 blood droppings in the faeces.

+: 1-10 blood droppings in the faeces.
+++: 20-30 blood droppings in the faeces.
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Exp. 2:Evaluation of the efficacy of diclazuril

From Table 4, It was shown that the dose of
infection with Matrouh isolate(25x  10°
sporulated oocysts / bird) was low as weight
gain of NNC (T1) and infected (Matrouh), non
medicated birds (T3) didn't differ significantly
except at acute stage of infection (D0 to D+7
P.I)

According to {36) who indicated that when
sensitive  isolates were controlled by
medication, weight gain responses are expected
to be equivalent to NNC. Diclazuril was more
effective on Matrouh isolate and this appeared
from DO to D+7 while at other testing periods
there was no significant difference between the
two treatments due to the light infection dose
with Matrouh isolate and the battery reared
chickens.

The lack of a significant difference in the
weight gain of the infected groups with El-
Behera isolate, non medicated (T5) and
medicated groups (T6) and also with NNC was
possibly due to the light infection dose, so the
effect of diclazuril on Fl-Behera isolate was not
obvious with this parameter.

Feed conversion ratio of all tested groups
was significantly different except that of NNC
and infected (El-Behera ), non medicated group
that were 1.4, 1.41, 1.47, 1.45, 1.4 and 1.37

among groups 1, 2, 3, 4, 5, and 6, respectively .

It was evident that diclazuril had good effect
on both isolates. Also the light infection with
El-Behera isolate was clear with FCR of
infected (El-Behera), non medicated group in
comparison to NNC.

Oocyst counts (Logio) Table 5 were lower
significantly in medicated groups that infected
either with Matrouh (T4) or El-Behera isolates
(T6} than that of non medicated—infected ones
(T3) or (T5), respectively.

Mortality rates due to coccidiosis infection
were only recorded in the infected groups with
Matrouh  isolate  either medicated or
unmedicated (3.3 %) versus 0 % in negative
control group and group infected with El-
Behera isolate.
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No significant differences were observed
between lesion scores of all tested groups either
with or without treatment .

Although weight gain of infected birds with
El-Behera isolate was not depressed, this group
had lesion score of average 2.11 .There is no
correlation between lesion scores and wight
gain (34).

The results of oocyst counts were difficult to
correlate with results of the coccidiosis lesion
scores in both isclates which may be due to the
occurrence of crowding effect (37,38).

Oocyst index in birds infected with either
Matrouh or El-Behera isolates and treated with
diclazuril was lower than that of non medicated
birds

Also it was clear that diclazuril reduced fecal
scores of infected birds with Mafrouh isolate,
but didn't affect fecal scores with El-Behera
isolate Table (6).

It was observed that Matrouh isolate was
more pathogenic than El-Behera isolate through
parameters of mortality %, lesion scores, faecal
scores, oocyst index and oocyst count .

The GIs of individual groups were given as a
percentage of corresponding GI of NNC, where
medicated groups with diclazuril that infected
with either Matrouh or Ei-Behera isolates had
Gls of 84.54 % and 92.54 % of NNC,
respectively which indicated that diclazuril had
good efficacy against Matrouh isolate and very
good effiecacy against El-Behera isolate, in
spite of resistance which has been reported
previously for diclazuril (37,39). This may be
due to that the extent of drug usage and also
due to the mode of action of diclazuril breaks
down all intracellular developmental stages of
the asexual and sexual reproductive cycles of E.
tenella (40).

Under the circumstances of this study, from
Table 7, it could be concluded that
maduramycin showed varying degrees of
efficacy ranging from limited to good
indicating that it's use should be restricted while
diclazuril showed good to very good efficacy,
so it's use should be handled thoroughly to
keep it's efficacy in th field.
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Table 4. Body gain, feed consumption and feed conversion ratio.

14

Average Feed
= Body gain g/| total |consumption tﬁ:;rga FCR* / bird / A;él;gle
Treatment . = E bird / day at ga-ing/ g/ bird / day consumptio day at bird /
Number | 1nfection | = = ;“rd" at ng/bird/ day at
S 5 D0to [D+7to] Y 21 | D0 to [D+7 to| day at DO | DOto | D+7to | DO to
D+7 | D414 D+14 D+7 | D+14 | toD+14 | D+7 | D+id4 | D+14
- Non Nop |48:63%|94.33 [ 62.5 |80.57 [11943} 875 1.67° | 127° | 1.4°
+4.98 | £5.44 | £1.11 [ +3.00{+542] £1.00 | +0.24 | +£0.08 | +0.02
- Non Ves 46.4™ 18283 | 58.83 | 73.6 |111.57| 83.07 1.59° | 1.34° | 141°
+3.73 |£10.83| +3.53 | +4.98 |£19.07] *7.54 | +0.04 | +0.05 | +0.05
3 Yes Non 37.33°] 82.37 | 53.67 | 66.8 |104.53] 78.77 1.79* | 1.27° | 147
(Matrouh) +0.21 |+£12.47| +439 | +3.67 [+18.25] +6.12 | 20.10 | £0.07 | +0.04
T4 Yes Ves 402%™ [ 78.17 | 5337 | 70.6 |96.87 | 77.17 1.76" | 1.24° | 1.45°
(Matrouh) +755] 7.65 | £5.49 |£10.97]£13.75| +8.87 | +0.09 | +0.07 { +0.08
TS Yes Non 483" [89.67 | 62.53 | 7633 {127.13] 87.8 1.58° | 1.42° | 147
(El-Behera) +1.87 | £2.17 | £1.54 | £1.55|+£3.76 | =*3.51 £0.04 | £0.07 | +0.03
T6 Yes Ves 42.07"| 84.87 | 56.97 | 71.1 | 106.3 71.7 1.71° | 1250 | 137
(El-Behera) +7.63 | £4.08 | +7.32 |+£10.19[+10.81] +6.6 +0.26 | +0.07 | +0.09

*FCR: Feed Conversion ratio.
Treatments within the same or no column with the same superscription letters were non significant ( P < 0.05),

Table 5. Lesion scores, Oocyst index, Mortality % and Average oocyst count.

Treatment . Medication | Lesion | Oocyst | Mortality Average
Infection i i : ° oocyst count /
Number (diclazuril) | Scores index /e
day (Log 10)
T1 Non Non 0 0 0 0
T2 Non Yes 0 0 0 0
Yes 2.33
13 (Matrouh) Non 105 -+ 33 4.82+0.54
Yes 2.22
T (Matrouh) Yes +0.8 Tt 3.3 4.72+0.59
Yes 2.11
s (El-Behera) Non +1.05 t 0 4.8 £0.45
Yes 2.11
T6 (El-BeheraL Yes +0.78 ++ 0 4.63+0.55

Treatments within the same column with the same superscription letters show no significant (P < 0.05),
Oocyst index (24).

0: No oocyst/ field.

+3 : 21-50 oocysts / field.

+1 : 1-10 oocysts / field.
+4 : 51-100 oocysts / field.

+2 : 11-20 oocysts / field.
+5 ;> 100 oocysts / field.
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Table 6. Faecal Score from 5™ to 10™ day post infection.

Treatment Infecti Medication | Faecal score from 5™ to 10" day post infection
Number reeton | @diclazurin [ 3 6 7 8 9 10
T1 Non Non 0 0 0 0 0 0

T2 Non Yes 0 0 0 0 0 0

T3 Yes (Matrouh) Non it +++ + ++ ++ +

T4 Yes (Matrouh) Yes ++ ++ + ++ + +

T5 Yes (El-Behera) Non + ++ + ++ + +

T6 Yes (El-Behera) Yes + ++ + + + +

Treatments within the same or no column with the same superscription letters were non significant ( P < 0.05).

Faecal Score: (25}
+: 1-10 blood droppings in the faeces.
+++: 20-30 blood droppings in the fasces.

Table 7. Global Index (GIs) of the individual study groups

corresponding GI of the NNC

0: No blood droppings in the faeces.
++: 10-20 blood droppings in the faeces.
++++: 30-40 blood droppings in the faeces.

as a percentage of the

NNC: Non infected/Non medicated Control.
GI: Global Resistance Index.
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