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Abstract: Problem statement: Different methods of experimental infection of beoichickens with
Eimeria species have been described in the literatureséllmethods had not been compared and
contrasted so as to contribute to the selectioth@fmost appropriate model of coccidiosis in broile
chickens. Identifying such a model was important dpeed up the screening of potential
coccidiostatics. Approach: In five different experiments with broiler chickenwe used different
methods of infection witlEimeria species. In this paper the different methods dwedrésults have
been evaluatedresults: Administration through gavage into the crop oftiekely low doses of either
Eimeria tenella alone, or in combination witlEimeria acervulina and Eimeria maxima, did not
influence body-weight gain and feed intake, but ididuce intestinal lesions and faecal shedding of
oocysts. The administration of an identically highmber of sporulated oocysts in the form of a
mixture of the threeEimeria species, either through a single dose by gavaghrough the litter,
produced similar lowering effects on body-weighingar feed intake, similar degrees of severity of
intestinal lesions and similar rates of faecal avsheddingConclusion: Depending on the variables
considered of interest, the present data may itelittee most appropriate model. The model using
infection with oocysts through the litter may opdily mimic the field situation in combination with
controlled conditions and allowing experimentakibglity and a high number of experimental units
within the research facility.
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INTRODUCTION treatment of the disease. In order to study thieafy
of alternatives, a poultry model of coccidiosis is

Coccidiosis is an infectious disease caused by theeeded. In the course of our studies on alternative
protozoan parasite of the gerkisneria (Tyzzeret al.,  approaches to counteract coccidiosis in broiler
1932). The disease is almost universal in poultrychickens, we have used different models of infectio
production ancE. acervulina, E. brunetti, E. maxima,  four different experiments. In this study, we comgpa
E. mitis, E. necatrix, E. praecox and E. tenella are  and contrast the various methods that we have used
considered as the pathogenic species (Dalloul anf(Elmusharaf et al., 2006, 2007a; 2007b). It is
Lillehoj, 2006). Infection with coccidiosis followthe  anticipated that the data presented here may boieri
ingestion of viable oocysts, which are contaminanits to the selection of the most appropriate infecticodel
food, dust and water. After the oocysts are swadlbw of coccidiosis in broiler chickens.
the sporozoites are liberated and a life cyclehanhost
tissues begins, leading to the faecal excretionesfly MATERIALSAND METHODS
formed oocysts. Coccidiosis remains one of the most
expensive and common diseases in poultry productioAnimals, diet and experimental designs. One-day-old
(Dalloul and Lillehoj, 2006). broiler chicks (Ross 308) were purchased from alloc

Given the importance of coccidiosis in poultry hatchery. On arrival (day 1) they were wing-banded,
production, consumer concern and the expected ban aveighed and randomly allocated to the treatmertte. T
the use of coccidiostatics, there is great inteieshe  birds were housed in wire-suspended cages equipped
development of alternatives in the prevention andwith plastic sides. The cages had either their iver
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as such (Experiment 1 and 2) or covered with glasti basal diet. On day 8, one group of birds was iratedl
and clean wood shavings as bedding (Experiment 3-5ith 5000 sporulated oocysts BEf tenella. The oocysts
Ambient temperature was gradually decreased fronwere administered as described for Experiment & Th
32°C on day 1-20°C at the end of the experiments¢ontrol group was given water through gavage. On da
During the entire experimenta| periods there Was].4, all birds were killed by cervical dislocation.
continuous lighting. The basal diet used did nattam
growth promoters or coccidiostatics. The compositio Experiment 3: The control and infected group consisted
was as follows (g kg diet): wheat (+ xylanase), 250; of 8 replicates of 8 birds each. Each replicate heased
corn, 321; soyabean meal (46.7% crude protein); 225n a separate cage and all birds were fed the @l
peas, 50; sunflower meal (32% crude protein), 400n day 1, one group was challenged with a mixtdre o
potato protein, 15; fish meal (72% crude proteRf;  Eimeria containing 900 sporulated oocysts @&
soyabean oil, 40; premix (Research Diet Servicefk W acervulina (Weybridge strain), 570 sporulated oocysts of
bij Duurstede, The Netherlands), 5; limestone, 16E. maxima (Weybridge strain) and 170 sporulated
monocalcium phosphate, 7; phytase (Natuphos 5000Gpocysts oE. tenella (Houghton strain). The oocysts were
0.1; salt, 1.7; sodium bicarbonate, 1.7; L-lysin€lH laboratory strains and the dose and strains sipdilat
0.8; D,L-methionine, 1.7. The diets were fadllibitum  commercially available live vaccines (Williams, 200
as from arrival of the birds until the end of the The sporulated oocysts were administered with laflL
experiments. Tap water was freely available. tap water directly into the crop via a scaled 1 sytinge.
Table 1 gives a brief overview of the five The non-infected birds were given 1 mL of oocysefr
experiments that were carried out. Between thevater into the crop. On day 14, one bird per cage p
experiments, there are differences in the cocdslios treatment was killed by cervical dislocation anedigor

infection as to time poinEimeria species and dose and |esion scoring. On day 19, all remaining birds wefled
route of oocyst administration. Below the experitaén py cervical dislocation.

designs are described in more detail.

Experiment 1: The control and infected group Experiment 4: The control and the infected group
consisted of 5 replicates of 5 birds each. Eaclicagp  consisted of 10 replicates, each replicate commyisi
was housed in a separate cage and all birds wenhde birds. Each replicate was housed in a separate aratje
basal diet. On day 12, one group was inoculateti witall birds were given the basal diet. On day 15, the
3500 sporulated oocysts of tite tenella (Houghton  chickens of one group were individually challenged
strain) laboratory strain. The oocysts were obthinewith a mixture of Eimeria containing 1.7810"
from the Animal Health Service Ltd., Poultry Health sporulated oocysts d&. acervulina (Weybridge strain),
Centre (Deventer, The Netherlands). The oocyst® wery 25x1 o sporulated oocysts & maxima (Weybridge
administered with 1 mL of tap water via an oral @& gyainy and 7.861G° sporulated oocysts OE. tenella
dlr?ctly IPtc;hthe %rop. The gontrol grc;uE W?S gt'venrgHoughton strain). The sporulated oocysts were
water only through gavage. '.are was taken fo pleve laboratory strains and administered with 1 mL g ta
cross contamination throughout the experiment.hét t . . : .

water via a scaled 1 mL syringe directly into thmepc

gE?haﬁ?zetgebyec):apr?/ir(lzrglegiglcgg:gi/on21)’ the birds Ve he negative groups were also given 1 mL wateravia
' scaled 1 mL syringe directly into the crop, butheitt

Experiment 2: The control and infected group 0ocysts. On days 21 and 28, two birds per treatment
consisted of 5 replicates of 3 birds each. Eachicatp ~ were killed by cervical dislocation and on day 8& t
was housed in a separate cage and all birds wethée remaining birds were killed.

Table 1: Overview of the five experiments

Eimeria species (dose of

Experiment Day of infection Route of infection splated oocysts/bird) Measurements
1 12 Gavage into crop E. tenella (3500) Growth performance lesion scores
2 8 Gavage into crop E. tenella (5000) Growth performance, lesion scores, OPG
3 1 Gavage into crop E. acervulina (900) Growth performance, lesion scores, OPG
E. maxima (570)
E. tenella (170)
4 15 Gavage into crop E. acervulina (17600) Growth performance, lesion scores, OPG

E. maxima (12500)
E. tenella (7500)
5 15 Through litter E. acervulina (17600) Growth performance, lesion scores, OPG
E. maxima (12500)
E. tenella (7500)

10PG: Number of oocysts per gram fresh excreta.
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Experiment 5. The control and infected group coccidial lesions was scored while the investigator
consisted of 8 replicates of 8 birds each. Eaclicage  was blinded to treatment modality. In all experitsgen
was housed in a separate cage and all birds weea gi the 0-4 scoring system described by Johnson and Rei
the basal diet. On day 15, a simulation of a natura(1970) was used. The lesions caused by the three
coccidial infection within the broilers’ test faityl was  species ofEimeria were monitored separately when
created. The infected replicates were placed in newpplicable.

litter seeded with sporulated oocysts. Individust®

would pick up the oocysts from the litter in diffet ~ Statistical analysis: To identify statistically significant
amounts and at different times, thus mimicking atreatment effects, the technical data for eachabéei
natural, progressive infection. The uninfectedwere subjected to the independent-samples t-Test
replicates were placed in clean litter. Sporulatedprocedure to compare the infected and uninfected
oocysts ofE. acervulina (Weybridge strain)E. maxima ~ means using SPSS (SPSS Inc, Chicago, USA). Prior to
(Weybridge strain) ancE. tenella (Houghton strain) statistical testing, the oocyst values were
laboratory strains were used. A fixed amount ofheac logarithmically transformed [log(X+1)] to create a
species in a mixture (1.¥60"E. acerwulina, 1.25<10* normal distribution and lesion scores were tramsémt

E. maxima and 7.%10° E. tendla per bird) were mixed using multinomial transformation. The level of
into wood shavings and spread evenly across thke badtatistical significance was pre-set at p<0.05.

half of the cage. On days 21 and 28, two birds per

treatment were killed by cervical dislocation amdday RESULTS

35 the remaining birds were killed.
Growth performance: Body weight gain in all 5

Sampling and measur ements: experiments is illustrated in Table 2. In Experitnén
Technical performance: In Experiment 1 and 2, body and 2, there was no significant difference in weigkin
weights were recorded on the day of infectiod a between control and infected birds. Likewise, in
at 6 days Post Infection (Pl). In Experiment 3-6dyp  Experiment 3 the birds infected by gavage on day 1
weights were measured on the day of the irdecti showed unaffected weight gain. The birds infectgd b
6 days Pl and then weekly until the end of eactgavage on day 15 with the threé&meria species
experiment. For the various time intervals, feedkas (Experiment 4) displayed a significant decrease in
were determined and expressed as g bildy®. Feed Weight gain during the period of two weeks PI. In
Conversion Ratios (FCR) were calculated as feekint Experiment 5, the infection with the thregimeria
per cage divided by weight gain of birds in theecag species had induced a significant decrease in Wweigh
gain, which was no longer apparent in the perioti4sf
Oocyst Counting: The number of Oocysts Per Gram of 21 days PI.
excreta (OPG) in Experiment 2 was determined in In Experiment 1-3, feed intake and feed conversion
excretal samples collected on days 5-7 Pl. Ifatios were similar for control and infected birds.
Experiment 3 OPG was determined for days 5, 729, 1 experiment 4, feed intake during days 1-6 Pl was
14 and 19 PI. In Experiment 4 and 5, OPG wassignificantly lowered by the infection, but was
determined for days 6, 13 and 21 PI. A modifiedunaffected thereafter. In Experiment 5, a signiftba
McMaster Counting chamber technique of Hodgsorlower feed intake in the infected birds also was
(1970) was used. A 10% (w/v) excreta suspensica in recorded for days 1-6 days PIl. The feed conversion
salt solution (151 g NaCl mixed into 1 L of waterjs  ratio for the infected birds was significantly hegh
prepared. After shaking thoroughly, 1 mL of the during days 1-6 and 7-14 Pl in experiment 4, but in
suspension was mixed with 9 mL of a salt solutionExperiment 5 such an effect was not seen.
(311 g of NaCl mixed into 1 L of water). Then, the
suspension was put into the McMaster chamber using Lesion scores: In Experiment 1-3 the control birds

micropipette and the number of oocysts was countewere found to be free of lesions throughout the
(Peek and Landman, 2003). experiment. However, in Experiment 4 and 5 cross

contamination had occurred (from day 13 Pl and @lay

Lesion scoring: Lesion scoring in Experiment 1 and 2 PI, respectively) which was indicated by lesionreso
was performed on day 6 PI, whereas in Experiment & the controls that were in general one unit lovem
and 4 it was done for days 14 and 19 Pl and daysd6 those seen in their infected counterparts. Theotesi
13 PI, respectively. In Experiment 5, lesion scgnivas ~ SCOres for the infected birds in all experiments ar
performed for days 6, 13 and 21 PI. The severity oPresented in Table 3.
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Table 2: Post-Infection (PI) technical performaircéhe five experiments

Body weight gain (g da3) Feed intake (g daybird™) FCR
Days PI Control Infected p-value Control Infected -vglue Control Infected p-value
Experiment 1
1-6 54+1.2 52+1.5 0.530 71+1.2 68+2.8 0.70 1.33+0.02 1.32+0.03 0.720
Experiment 2
1-6 41+1.5 39+2.5 0.460 45+0.9 41+1.7 0.11 1.29+0.23 1.27+0.06 0.750
Experiment 3
1-7 12+0.9 14+0.4 0.160 15+1.2 17+0.6 0.38 1.26%0.0 1.20+0.02 0.290
8-14 34+1.1 35+0.9 0.570 51+2.9 51+1.5 0.91 1.4830. 1.46%0.06 0.850
15-19 53+2.5 53+1.8 0.980 79+£3.5 76+5.0 0.65 1.5130 1.45+0.08 0.560
Experiment 4
1-6 59+1.5 48+1.6 <0.001 106+1.5 93+2.1 0.34 1°60.33 1.94+0.05 <0.001
7-13 77+1.4 69+1.4 0.001 1233.6 12P+3.2 <0.001 1.680.04 1.76+0.05 0.020
14-21 86+2.3 77+5.6 0.170 149+7.5 158+5.4 0.36 200D4 1.84+0.06 0.300
Experiment 5
1-6 50+1.2 4%+1.9 0.030 8%1.3 7%+1.9 <0.001 1.71+0.02 1.69+0.05 0.790
7-13 6%5+2.5 56+2.5 0.020 113+1.8 106+4.2 0.14 1.77+0.06 1.91+0.04 0.060
14-21 61+3.9 65+2.4 0.360 139+4.5 142+5.4 0.68 20364 2.20+0.08 0.330

3B Mean values for each variable within the same bearing different superscript letters reflect gnificant difference between control and
infected animals (p<0.05)

Table 3: Lesion scores and their location for tifedted birds in the five experiments
Eimeria species

Days PI Location of lesions n E. acerwulina E. maxima E. tenella
Experiment 1

6 Caecum 25 - - 1.1+0.21
Experiment 2

6 Caecum 15 - - 1.7+0.27
Experiment 3

14 Duodenum, jejunum, caecum 8 “0.648 0 0

19 Duodenum, jejunum, caecum 24 0.540.1 0.7+0.14 4+M13
Experiment 4

6 Duodenum, jejunum, caecum 20 2.0+0.15 2.3+0.15 2.7+0.13
13 Duodenum, jejunum, caecum 20 1.74£0.15 1.6+0.15 1.1+0.18
Experiment 5

6 Duodenum, jejunum, caecum 16 2.4+0.13 2.3+0.17 .5+0113
13 Duodenum, jejunum, caecum 16 1.74£0.15 1.6+0.15 .3+0115
21 Duodenum, jejunum, caecum 16 1.8+0.17 2.1+0.15 1.4+0.15

Mean * SE; n: Number of birds dissected

In Experiment 1 and 2 the caecal lesions score$able 4: Number of Oocysts Per Gram excreta (OB@jessed as
were similar. For Experiment 3-5, the mean scoces f logi(X+1) for the infected birds in the five experiment
the lesions in duodenum, jejunum and caecum arg, N %?(?r'z:zfgég)ram
given. The small dose o_f oocysts used in Experirgent Experiment 2
resulted on day 14 Pl in an average duodenal lesiog7 5 4.80+0.28
score of 0.6 folE. acervulina and absence of lesions Experiment 3
due toE. maxima andE. tenella. On day 19 PI, lesions ° g 55440 10
scores below 1 were seen for all three species qof 8 0.20+0.05
Eimeria. After infection with identical amounts of the 12 8 5.10+0.78

8
8
8

2.70+0.44

three Eimeria species in Experiment 4 and 5, but14 1.01+0.36
administered through gavage or litter, respectively16 g-ggféig
similar lesion scores were observed in the infecte U

. xperiment 4

birds. The scores all had values well above 1. 6 10 5.70+0.35
13 10 4.02+0.34

Oocysts in excreta: OPG was not determined in 21 10 2.24+0.52

Experiment 1. In Experiment 2, the OPG was measuregxperiment 5

: 6 8 4.03+0.12
in an excreta sample pooled for days 5-7 PI. In;, 8 45840 20
Experiment 3-5, oocyst shedding was followed duringy1 8 3.82+0.22
the time intervals indicated in Table 4. Mean + SE; n: Number of replicates
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The OPG pattern in Experiment 3 showed In addition to growth performance and lesion
alternating peaks and dips. In Experiment 4 anlgebet scores, oocyst shedding also is a good index of the
were high OPG values on days 6 and 13 PI, follolwed success of infection with théimeria. In Experiment 3
a fall on day 21 PI. it was attempted to enhance immunity of the birgs b

the combination of an initial parasitic stage pdad by
DISCUSSION an initial low coccidiosis infection dose and sufsent
boosting the immunity by multiple re-infections it

In all 5 experiments, there was a successfubocysts shed in the litter as does a non-attenuated
infection with Eimeria species as indicated by the vaccine (Chapman, 2000; Williams, 2002). Indeed, th
intestinal lesions and the shedding of the oocysts. pattern of oocyst excretion was as expected, mainly
Experiment 1-3 the infection had no influence onbecause the initial infection dose was low and nwore
growth performance. The lack of effect of infection less equal to the dose of a non-attenuated vaccine.
growth performance may relate to the relatively lowWilliams (2002) reported that in vaccinated birtise
numbers of sporulated oocysts used. This observatiooocyst stage dEimeria that follow excystation initiates
corroborates earlier work (Conway al., 1993). The the vaccinal infection, hence stimulating immuratyd
higher numbers of oocysts used in Experiment 45nd that during subsequent recycling of infection this
did indeed lower weight gain and feed intake PI. Inimmunity is maintained. The phenomenon establishes
Experiment 4, feed conversion was clearly incredsed ‘trickle’ infections that have been shown to be wer
the infection. The impact of higher infection doses effective in stimulating protective immunity (Joyne
weight gain and feed intake has also been repdnyed and Norton, 1973; 1976). Such infection model can b
others (Barwicket al., 1970; Conwayet al., 1993; used to study the induction of the immunity by
Johnson and Reid, 1970). In Experiment 4 and 5 theecycling of the infection in the presence of arrag
reduction in the weight gain during days 1-6 Pl ®ds with coccidiostatic activity. The prophylactic efts of
and 13%, respectively and the decrease in fee#tanta such agents are obviously assisted by the chicken
was 12% for both experiments. The similar effect ofimmune responses to coccidial challenges by oocyst
infection on feed intake in Experiment 4 and 5 mayaccumulation in the litter (Chapman, 1999; Willigms
indicate that the route of the infection had noitaldal  2002). Moreover, this model can be used to screed f
impact. Coccidiosis is an infectious disease thay m additives that have the potential to enhance the
reduce body-weight gain in broilers as a resulth@& immunity of the host againstEimeria infection
combination of reduced feed intake and reducedElmusharaktal., 2007).
digestibility and absorption of macronutrients In Experiment 4 and 5, oocyst shedding on day
(Adamset al., 1996). 21 Pl was lower than on days 6 and 13 PI, the

The absence of the intestinal lesions doe difference being greater in Experiment 4. The tdgke
E. maxima and E. tenella on day 14 Pl in of the Eimeria mixture administered by gavage caused
Experiment 3 may be explained by the low dose used high OPG value on day 6 PI followed by a steady
and their low oocyst productive potential (Brackattd reduction days 13 and 21 PI. This pattern may be
Bliznick, 1952). The lesion scores faracervulinaand  explained by a crowding effect resulting from the
E. maxima in Experiment 4 and 5 were similar. This boosting of the initial effect of the challenge ddsy
again indicates that the administration of equaledaof the secondary and the third infection produced by
E. acervulina andE. maxima through either gavage or recycling of the oocysts shed in the litter (Bratland
litter had no differential effect. However, in Bliznick, 1952; Tyzzeret al., 1932; Williams, 2001,
Experiment 5 the lesion scores duettdenella on day  2002). The pattern of oocyst shedding should bertak
6 Pl were much lower than those seen in Experiment into account when interpreting the results of obcys
on the same day PI. This difference may relateh&o t production in the testing of anticoccidial agents
slow progress of the infection in Experiment 5 in(Williams, 2001). The oocysts shedding pattern seen
which the oocysts were administered through thdn Experiment 5 resembles that in field situations
litter. The severity of the symptoms adi®y (Chapman, 2000). The infection through the litter o
E. tenella infection depends on the rate of theday 15 of the experiment resulted in a higher amekel
infection and the susceptibility of the birds. Whtwe  oocyst shedding on days 13 and 21 PI respectihely t
chickens gradually pick up the oocysts, they maythat on day 6 PI. This observation is consisteti Wie
become resistant before clinical effects appear asutcome of an epidemiological survey showing that t
opposed to administration of a massive dose byocysts in the litter or droppings of broiler clacls are
gavage (Dalloul and Lillehoj, 2006). usually most numerous at 4 weeks of age and géyeral
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