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Abstract

A Random Amplified Polymorphlc DNA-Sequence Charscterized Amplificd Regions (RAPMD-SCAR) maker
based Multiplex-Polymerase Chain Resction (PCR) was evaluted g5 4 patential method of differentinting
species of Eimeria socysts m chickens, Ooeysts of chicken coceids were obigined from different iprographical
areas of } continents (Alrica, Norfh Americs and Furope) and penomic DNA was oxtricted. FOR was
performed wiing pairs of RAPD-SCAR bassd primess (hut apecifically amplify penomic DNA from six speches
of Eimerin foond in chickens (B maxtna, £ tenella, £ acervalien, £ witls, K. accatrie and E. brumerti) ina
gingle reaction tube, Resulls showed that the method is wseful i differentiating species of coccidia ohtained
from Migera, the United Kingdom, United States of America and Cansda Samgics coalaining more than one
species of Limerin were successfully detected by the methel despite low numbers of nocysts in some of the
samples (fess than 100D pocysts per ml of isalase). The method demonstrates the simminncous detection of the &
Himerin gpecies affecting chickens in 0 sinple-tibe mmiltiplex PCR. either g6 ingle or mived infections; and
offers & umiversal tool for the epidemiological study of coccidiosis in paultry,

Introduction E. mitis, E praccox and E. necatric, These
obligate parasites affect the intestinal mucoss
i ciuse lesions of variabie extent and severity
(MeDougald & Reid, 1947),

Cocerdiosis 15 caused by intracellular parasitic
protozod of the penus Eimeria with infections
frequently presented as simultaneous infections
of multiple species (Barta, 2001}, In chickens,
seven Eineriy species are described and each
displays umigue pathogenicity, They include: £
acenvuling, £, bruneni, E. maxima, E, tenella.

Coccidiosis in Niperin remuins a limiting health
problem in inlensive poultry hshandry, Halle
et al; (1998F Majaro, (1980: 1981) and Etuk &
aly {2004} reporied moderate to high prevalenes
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{36-41%) of the disease m poultry. Coccidiosis
i particularly tmportant in the  tropical
environment  (Sexfert, 1996); ond control
measures are #ill predominantly based on the
use of gnticoccidial drugs i feeds (Fermandes et
iy 20033, The mcreasmp sesistance o mony
anticoccidiala is Tikely to limit their long term
use n controd siratepy in future (Chapman,
199%9). Besides, cost of control has been
degenbed ns  the bazis for its  economic
importance (Majuro, 1980, 1981). Methods of
differentinting  among Einerin species  have
mostly been bused on hiologicel features of
size, colour and shape of oocysts, predilection
gites and matere of their endogenous stages.
Howewer, the relinble identification of Eimeria
to specics level osing this method is frequently
not possible (Barta, 2001). Qocysta of Elmenia
vary m =ize with E. maxvimg hemg the karpgest
(20x30p) and E mitis the smallest {14=164)
bt many species overlap significantly m their
dimenstong. This wide mnge of oocysts stoes
and their ddentical shapes usuelly make
difficult to morphologically distinguish among
pocystd of vanous Efmeria specics using the
compound microscope (Allen & Fetterer, 2002).
Besides, different species vary in their
pathogemcity, drug  ressstance, and  other
hiological parameters (Fermandez et al, 2003)
and the precise discrimination of different
species  gndlor  strams i importanl 1
epizoatiological and population bickogy studied.
Another important application of speciation is
the quality contral of pamsites used to prepare
live voceines (Fernondex ef al: 2003).

Molecular metheds wsed for Eimeriid Coceidin
identification  included  soenzvme  annlysis,
DMA  hybridization ond  randome-amplified
polymorphic (RAPD-PCR). Previous studies by
Johnston and Fermando (1995; 1997) described
extensively, the use of electrophoretic profiles
of ten isoenzymes for Eimeria specistion and

detection of differences among Eimeria species.
RAPD-PCR has been used for both species and
girmin differentiation (Fermmndez e af; 2003),
Although, results were promising. iBoeTEymEe
methods required large mumbers of oocysts,
{ususlly requiring in vive amplification of any
gample), vielded limited mumber of variahie
ermrymes, low levels of polymorphism and is
considered  too cumbersome  and  tme-
consuming. RAPD-PCR  was  difficult o
standardize and pdopt universally and il could
not deal with mixed semples. Shirley, (1594)
had earlier proposed the use of DNA hybridiza-
tion for species and strang discrimination but
for it's complexity, i1's use was also fmpaired
across  different  laborstories  {Procumier &
ol 1993, Shifey 1994 Johnston & Fernanda
1995 1997; Fermandex « al; 2003). Thus,
molecular techniques using PCR of DNA
extracted from the parasile s the current
method recommendsd for spectes differentia-
tions {Allen and Fetterer, 2002).

The use of multiplex PCR (Chambertsin o af]
1988} enables the simultancous amplification of
more thati one locus in the same reactom by
using more than ome  pair of primers.
Researchers have found (he application of
multiplex PCR useful in molecolor characters
and targets and nomany areas of DNA testing
which meluded detection of pathogens  amd
penotyping  applications where  simultaneous
amalyiis af multiple murkers ts required (Crisan,
1994: Mutirangum er af; 1993), Fernandex of al;
{200%) reported the use of a novel sets of SCAR
Makers  ssolated  from  RAPD  frogments
incorporated tnto & cost effective  smple
multiplex  PCR  that allowed simultaneous
diffesentiption of all seven species of Efmerin
affecting chicken and propose its effective
universpl uszge where strains from different
distinct geographical regions were tested. The
test allows n 7-fold increase of the through-put



(Farmundez e al; 2003} as compared o tests
unlizing one- step PCR of individual spevies of
the parasite; thus offéring 0 pofential imiversal
toul for the epidemiological siudy of coccidiosis
in politry,

This study was therefore, simed at evalusting
the usefulnesz of muliplex PCR of the small
subunit rENA of Eimeria species of chicken in
Migeria developed from SCAR Makers for the
first me and in simulizneoes discrimination of
species from two other different peographical
sources of North America imd Europe.

Materials and Methods
Roireey of Chigpsts

Cseysts tsolntes were obMained either s field
faecal samples or mucosal serapings from
caccal  kesion  submitted  te the  Malionn)
Veterinary  Fesenrch  Instifute's Clendreal
Dmpnostic Labanitones, (07 and  ihe
Parasttology  Division, (", Likewise,  other
samples. were obtamed from poultry  firms
lecated in Guelph, Ontario and Florida, US (G),
while Howghton (H) smain of £ tenells
ariginslly denved from e feld case of caecal
coccidiosis in 1949, and obtained az pure lines.

Faruite Purification

amiall samples of the faceal motenals were
htmogenized in o blender and filtered through o
0,15 mum resh sweve into o beaker. Filirate was
pelieted by centrifugation at 800g for 2 min,
The supernatunt was discarded and pellets were
re-sugpended in distilled water. Too collec
oocysts  directly  from (he  cueca, mucnosal
serapings were made from the caecal lesion and
washed into a beaker, or entire pieces of the
caecn were grodmnd in a blender with 2,5% (wiv)
potassium dichromate solution lo relense the
unsporulated pocysts. The tissue suspension
was fillered through 0,15 mm mesh sieve and

filtrates were pelleted by cemnifugotion ot
H0rpm for 2 minutes. Oocysts were finally
recovered from pellets by adding satursted
sodium chlonde (aqueous) 1o pellets, shaken
vigorously; the mixture was then centrifuged ot
400g for 10-15min. The oooyits were
recavered by decanting the upper portion of the
supermatant, dilubmg at Teast 10-fold with
distilled water and agam centrifuged. The
pelleted oocysts were washed, four times by
miixing the pellet in waler, centrifuging o pellet
the oocysts, decenting the supernatant and
reperting fo remove the sall solution, The sali-
free oocysts were then stored in 2.5% potassicm
dighromate solution o 4°C (Mac Dougald ef af;
LSBT,

DA Extraerion

One ml of washed oocysl dsolate was
centrifuged. wt 10000 for 2 mimates. The
supernatant waz dizonrded and the pellet was
covered with 1004l PBS to which sierile glass
beads (250um diameler) from Bicspes Products
Ine (Bartlesville, OK, USA) were sdded up o
the 250ul mark on the graduated 1.5mi miceo
ceninfiume  twbe  (Fisher Scientific  1SA).
Sparocysts and sporozoites were released from
oocystd by vortexing for 4 mmuotes in the
presence of glass beads. After vorening, DNA
extraction was camied ol using DMAzol
(GIBCO BRL Life Technologies, USA) 1 ml
of DNAzol reagent was sdded to the 250 ul
glass head'oocyst hysate moxture. The exisaction
was allowed to proceed af room temperature for
i min with mixing by inversion every
Irmimitez. After extraction, the fobes were
centrifuged w 11,00z for 15min st 4°C 1o
pellet the ghss beads snd non-solubilized
oocyst materiol. The supematant was coflecied
mto new 1.5ml microfuge fwhes and DMA was
precipitaled adding 50041 of 100% {obsolute)
ethanol {warmed to room temperature) followed
by ceninfugation ar 11.000g for Smin at 4°C
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Pelleted DIMA was washed with 5000 af
iwe=cold 7% ethanol and allowed to stond at
room femperature mveried on filier paper with
the tube open o permat the nleohol to evaporote.
The dried pellel was dissofved o 501 of
molecutar  biology  grade  water by gentle
heating at 40°C. Solubilized TINA wag stored n
£°C for immediate wse and -20°C for longer
term storape. DMNA quality and quantity was
estrmated  visualty  under UV alluminntion

fellowing electrophoresis on.a 2% agarose gel
angd staaned with ethudium bromade,

Multiples PCR and Tdentification af the PCR
Prevduigts

Multiplex PCR resction omplification  was
performesd m 255] total volumes end included
12.5ul of premix, 10.5p] Nuclease Free Water,
and 2ul Templote TNAL Typeeally the premix
congigted of the following: 100 oM JNTP,
50mM MgCI2, 10x MgCly Bufler, SU of
Invitrogen DNA  Tag Polymerase; primer
concentritons 10uM {or cach primer pair of
Ac=01= F, Ac-01-E( bp 8117 Br-01-F, Br-01-R
(bp 626); To-01-F Todl-B {(bp549); Midl-F,
Mt-01-R (bpd60), Pr01-F, Prof-R (bplsd);
Bla-Ll1-F, Mx-01-R (by272) and Ne-01-F, Me-
D1-Ribp200} were w=ed Cyeling  conditions
consisted of an mitial denaturetion at 96 "'C for
fimin and 0cycles of 1 min at 94°C and Zmin
#t 55 9C, with & final extensson step at 72 C far
Smun, Amplificaben reactions were performed
with g FTC | 148 100-240 W) MJ Mimi Gradient
Thermal Cycler (BIO RAD California, USA).
Amplicons  produced  were  analysed by
separntion on 2% agarcse gel stained with
glhfium bromide snd visualized under 1TV

light.
Results and Dscussion

The specificity and sen=itivity of these SCAR
miarkers primiers have been determined easlier

by Femandez o aff {2003} and confirmed in
this study {Figure 33, This report confirma the
effectiveness on Eiprerin species fram different
geographicel arigins: the 7 primer paire used
congistently presemied n species-spenific patiern
of smplified DNA  fragmenls using  the
optimized multiplex PCR conditions previously
reported by Femendez er af; (20033, A tow) of
6 Elmerla species, K geervuling bp ELL; E
Biurmetti, hp GI6; £ remello bp339; E wilis, bp
bl E miaxisg, bp 272 and £ pecuteix bpZ200,
were identified by multiplex PCR m various
field samples (Figures | oond 2. Most field
samples revealed multiple: species of Eimeria
demonstrating  that it i3 possible o detest
multiple infections simultoneously n a smgle-
ke Tenchion,

This swdy confinms  the possibility  of
differentinting coccldin  cocysts in 4 sample
CONIMNIng  One  Or  more Specics s
simulioncous detection of wp w7 Eimerin
species affecting chickens using a smple-tube
SCAR- based multiplex PCR; and confirming
it ment with respect o coonomy  of
eonsumaliles and labomr

The development of Segquence-Charmclerised
Amplified Regions (SCAR) Makers, fisl
deseribed by Parin and Michelmore (1993)
derived from random  amplified polymorphic
DMA-poivmerase choin reaction (RAPD-PCR)
in which specific fingerprinis were menerated
and re-amplified  under siictly  controlled
conditions by pairs of specific primers; worked
cifectively in detecting and discriminating all
Eimeria species of chicken. Fesnomdes of ol
(2003) identified RAPD-SCAR markers unique
10 each Eimgrip species infecting chickens pnd
from these generated an economical multiplex
PCR that aliowed simultaneous differentiation
of nll seven Elmeria species affecting chicken
These muthors slso reporled 8 effective
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Figure 13 Aparoie el clectropharesia of multiplex PCR prodocts asing SCAR
Mdarkers from varioos fecal !:ﬂl‘ﬂr‘ll\.'h altaimed from Migera (L P nample) fiel
Houghion (H samplel; (M) DNA size marker (base poirs [bpj, seale ta left), (D
E fenella $39%Wp, (D2 E renetle 339 bp, (D) £ aderviding K11 bp, I fenedla
536 by, £ moitie 460 T, D4y K aeermaling 811 bp (weak); £ o el 539 b (L)
E, aeervaiine §11 bp, E toupile 339 bp, B mitix 460 bp (weak ) (D) £ arervuling
Bi ) bp (weakl; B fenelle 339 bp, [T T} Bepnirve, (T8} Megative Template Conbral,
(H9} Houghion Sirain £ denedle 539 bp (pastive constrmil

Figure 2: Agarose pel electropharesis of nultiplex POR. products using SCAR
tarkers: From varios fecal samples obtained from Guelph (G samples), Sigesia
([ samples) (M) DMA sezc prker (hass pairs [hp, scale to ledi), (103) E tenelly
310 by, £ teervufing B11 by, (Do) £ brumctit 626 bp, £ tenelle 539 by (G1) £
acervding 11 bp; (G4) E femcila $39bp, E aecairic 200 by, (G3) E foweile
539 bp, £ murtom 271 bp, £ aecateis 200 by {H%) Houghton Smoin E. feacli
b 539 {positive comrol)
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Figure 3: Agarose gel electrophoresis of multiplex PCR products using SCAR
Markers; (M) DNA size marker (base pairs [bp], scale to right) with 6 individual
Eimerin species of chickens (Lanes | - 6) or 5 Eimeria species in a single sample
(Lane 7). Lanes: (M) DNA size marker (base pairs [bp], scale to lefi); 1) £
acervuling 811 bp; 2) £ bruneisi 626 bp; 3) E. fenella 539 bp; 4) £ mitis 460 bp;
5) £ maxima 271 bp; 6) E. necatrix 200 bp; 7) mixture of 5 Eimeria species; 8)

negative control,

application for species discrimination from two
different continents. Similarly, SCAR markers
have been used in molecular diagnosis of
Cryptosporidivm parvam (Morgan et al; 1996)
and Trypanosoma cruzi differentiation (Brisse
et al; 2000),

The SCAR-based multiplex PCR in this study,
was able to differentiate Eimerfa species from
all regions from which samples were obtained.
We tested samples from 3 different continents
(Africa, Europe and North America) and
suggest that SCAR-based multiplex PCR. offers
a potential  universal tool for  the
epidemiological study of coccidiosis in poultry.
Our trials confirmed and agreed with the
vhservations of Fernandez e af; (2003) that
SCAR-based multiplex PCR was not apparently
affected by internal variations within species
and may be applicable worldwide. However,
SCAR-based multiplex PCR may be limited in

terms of differentiating among strains of
Limeria species. We observed some sequence
differences within multiplex PCR-generated
amplification products from distinet strams of
the same FEimeria species [data not shown].
Sequence identity between sequences submitted
by Fernandez et al; (2003) ranged from 98.9 to
100% depending on the Kimeria species
examined.

Therefore more work needs to be done to
determine if sequences obtained from multiplex
PCR-generated amplification products could be
used for strain differentiation. Any seguence
variability within species-specific PCR products
could be extremely useful in the quality control
of live waccine formulations. However,
sequence  variation within  amplicons may
confound attempts to apply real time PCR
technology to this multiplex PCR method if this
sequence variation affected the melting
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temperature of the resulting PCR amplicons,
Other methods of detection and discrimination
of multiple Eimeria. species using the internal
transcribed spacer | (ITS1) region of nuclear
rhosomal DNA (fDMA) have been describied
(Schmitzler e af 1998; Jenkins ot of, 2006).
RAPD-PCR  (Procumier of af 1993 und
isoenaymes analysis (Shirfley, 1975; Johnston &
Fernando, 1997) have also been demonstrated
to be effective in characterizing Fimeria species
but are not useful for identificution of mixed
Eimeria species in a sample, Isoenzyme
analysis requires large smounts of pamsise
material of both the test and reference strains of
the parasiies.

The sdded advantage of being uble to detect
very low numbers of cocysts in a sample was
demonstrated by Femandez e of (2003) and
confirmed m owr study. Using  titrated
concentrations of  oocvets,  simulmncos
detection was passible for semples containing
a3 few ns 2-8 sporulated oocysts for most of the
species.  Samples  contuming  about 100
sporulated vocysts could be rebably amplified
using the multiplex PCR method (Fig. 3), In our
test, we used DNA ‘samples of E venells
obtnined as pure line and mixed isolates. from
the field with no marked difference in quality of
bands obsained. (Fig, 2) Fernandez et af; (2003)
bad  earlier subjected the reliability and
tobustness of the assay to varymg DNA
Goncenirations, different meels of
thermocyclers  and  different  sources of
polymerase: enzymes and concluded that the
pEsay may  be  performed in different
laborntories mml produce comparable resulls
Thas study confirms the multiplex PCR to be
simple and reproducible worldwide being able
to detect Eimeria oocysts from different TEginng
of the world. We therefore conclude that the
method  could  complement  morphological
speciation  of Eimeris  species  nfecting

chickens.  especially in regions where large
scile studies sre required with  minimal
resources, With the encouraging resulis
obtgined in this swdy, we recommend
development of similar multiplex PCR methods
for detecting eocoidiosis i other intensively
reared birds such as urkeys (Obaso & Negbagu
2000).  The multiplex PCB method could be
useful for quality control in live oocyst vaccine
production, monitoring of mfection in poultry
establishments and perhaps a8 2 means of
determining the success of prophylactic sndior
therapeutic use of anticoccidial drgs.

To the best of our knowledge, this report is the
firit on the wse of SCAR Murkers in the
multiplex -PCR dingnostic assay of Eimeria
apecies in chicken 1o include samples from
Migeria,
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