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EIMERIA VACCINE FOR TURKEYS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority under 35 U.S.C. § 119(e) of provisional application
U.S. Serial No. 61/114,208 filed November 13, 2008.

FIELD OF THE INVENTION

The present invention relates to a vaccine for turkeys that provides protection from
coccidiosis. Methods of making and using the vaccine alone or in combinations
with other protective agents are also provided. In addition, the present invention
provides PCR primer sets that are useful in identifying pathogenic species of
turkey Eimeria.

BACKGROUND

Coccidiosis is an enteric disease of animals that afflicts domestic poultry and
livestock worldwide. Businesses that rely on animal production often face
significant costs because of coccidiosis, including financial losses due to the
diseased livestock, as well as the expenses for the prophylactic treatments
intended to reduce and/or prevent the disease. Such costs are especially relevant
to the commercial and intensive animal industries, such as the poultry industry,

where intensive housing of birds favors the spread of coccidiosis.

Members of the obligate intracellular sporozoa subclass, Coccidia, are the
etiological cause of coccidiosis. One genus of Coccidia, Eimeria, has a significant
impact on animal production. As is true for closely related genera Isospora,
Cyclospora (Cystoisospora), and Cryptosporidium, Eimeria requires only a single
host to complete its life cycle. Under natural conditions, this life cycle begins with
the ingestion of sporulated oocysts from the environment.

CA 2743262 2018-10-02
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Eimeria are single-celled parasites with a complex, monoxenous life cycle, that
exhibit a high degree of both host-species and tissue specificity. Eimeria species
include those that are found in chickens: E. tenella, E. acervulina, E. maxima, E.
necatrix, E. mitis, E. praecox, E. mivati, E. hagani and E. brunetti; and those found
in turkeys: E. meleagrimitis 1 (heretofore known simply as E. meleagrimitis), E.
adenoeides, E. gallopavonis, E. dispersa, E. meleagridis, E. innocua, and

E. subrotunda.

In the field of avian coccidiosis, the amount of research on turkey coccidia is
dwarfed by the amount performed on chickens. Indeed, worldwide whereas there
are only two commercially available turkey coccidia vaccines (Coccivac-T®, first
used in 1960’s and Immucox®, first used in the 1980’s), there are approximately a
dozen chicken coccidia vaccines. Therefore, there remains a particularly strong
need for additional and improved vaccines that can provide protection for turkeys

against avian coccidiosis.

Numerous Eimeria species can infect a single host via the oral route, nasal route
and/or by entry of the infectious particles into the lacrimal duct. Once ingested, the
parasites penetrate the intestinal mucosal cells and undergo asexual and sexual
stages of the life cycle. The resulting intestinal damage can ultimately lead to
impaired growth (stunting), decreased feed utilization, loss of pigmentation, and
increased mortality. In addition, the damage to the intestinal lining can predispose
turkeys to other infectious agents.

The stages of the life cycle of Eimeria are essentially the same for all species of
Eimeria, although each species has a preferred site in the intestine for
development and the time required to complete the life cycle varies from species to
species. Infection begins with ingestion by a host of sporulated Eimeria oocysts.
The ingested oocysts then release sporocysts in the intestine of the host. The
sporocysts release sporozoites that enter intestinal epithelial cells and then
transform into trophozoites. The trophozoites, in turn, undergo a process known
as merogony to form first generation schizonts. Due to the relatively large
schizonts, such as in the case of E. necatrix or E. tenella, or the abundance of the
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schizonts, such as E. mivati, or the large gamonts as in the case of E. maxima,
these are the stages that cause the principal pathogenic effect of the infection, i.e.,

the tissue damage to the host.

Mature first generation schizonts produce numerous merozoites which are
released and invade new epithelial cells, then grow and form the next-generation
of schizonts. These asexual phases continue for a variable number of generations
prior to the beginning of the sexual phase. The sexual phase starts when the
schizonts develop into gamonts; micro-gamonts and macrogamonts. The
microgamonts subsequently develop into microgametes that fertilize the
macrogamonts to produce unsporulated oocyst progeny. The unsporulated
oocysts are then released into the intestinal lumen and excreted with the host
feces. The completion of the endogenous life cycle, heralded by emergence of
unsporulated oocysts in the host feces, is known as patency.

Sporulation of the oocysts occurs outside of the host, when the environmental
conditions are favorable. The inevitable ingestion by a host of the sporulated
oocysts begins the next cycle of infection. The time from host ingestion of the
sporulated oocysts to emergence of the unsporulated oocysts in the feces is
termed the prepatent period. The prepatent period differs among the various
Eimeria species.

Poultry that are repeatedly exposed to Eimeria infections can acquire immunity to
coccidiosis. In fact, depending on the immunogenicity of each Eimeria species,
daily infection of turkeys with small numbers of sporulated oocysts can result in the
birds acquiring full immunity after as little as two repeated infections.
Consequently, current protocols employing live Eimeria vaccines are based on the
principle of acquired immunity, i.e., repeated infections with a small number of
infective oocysts.

Vaccination generally is performed in the hatchery on the day of the bird’s hatch by
administering the live Eimeria vaccine via a spray application (directly onto the
birds). Ingestion of the sporulated oocysts during normal preening of the feathers
then results in an oral inoculation of the vaccine. Alternatively or in conjunction,
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vaccines can be applied at a later date in the feed and/or drinking water. The
infective oocysts complete their life cycle inside the intestinal tract of the bird, as
described above, culminating with the release of a new generation of unsporulated
oocysts in 5 — 11 days, depending on the species of the Eimeria. The
unsporulated oocysts excreted with the feces then become infective, i.e., sporulate
outside of the host, and re-infect the birds through host ingestion. Following two or
three such cycles, the birds become immunized against the species of coccidia
that they previously were exposed to. This immunity is characterized by protection
against the disease or infectious agents as determined by: (i) a decrease and/or
absence of parasites observed microscopically in the intestine, (ii) a reduction of
the shedding of the oocysts, (iii) a reduction of the intestinal lesions, (iv) a
reduction of the clinical disease, (v) a reduction or prevention of weight lost, and/or
(vi) a reduction in the impairment of the efficiency of feed utilization. The acquired
immunity wanes over time in the absence of subsequent exposure to infective
oocysts.

Wild-type Eimeria are generally isolated from outbreaks of clinical disease in
poultry flocks and may be propagated for use as pathogenic challenge strains.
Typical non-attenuated vaccines are composed of infective oocysts from mildly to
moderately pathogenic strains of the different Eimeria species that have been
maintained by laboratory passage. These non-attenuated Eimeria are capable of
causing coccidiosis when ingested in very high numbers. Vaccine makers and
users have to be careful to ensure that the vaccination provides just enough
infective oocysts to elicit immunity, but not disease in the naive host. After the
initial dose, the vaccination process relies solely on re-infection through the host's
ingestion of sporulated oocysts from the litter.

The pathogenicity, pathology, and clinical signs for coccidiosis in the turkeys may
be characteristic for each Eimeria species. The Eimeria generally isolated from
commercial turkey farms are E. adenoeides, E. meleagrimitis 1, E. dispersa, and
E. gallopavonis; the four coccidia that heretofore, were considered to be the only
pathogenic turkey Eimeria species. E. adenoeides and E. gallopavonis parasitize
primarily the ceca and rectum, and in most cases the lower portion of the ileum. In
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contrast, E. dispersa and E. meleagrimitis 1 parasitize the small intestine with the
parasitism mainly residing in the upper and mid-small intestine. Patho-
physiological changes such as increased water loss via the feces, increased
mucus production and/or blood loss due vascular damage, resuit in impaired
performance such as reduced growth rate, feed utilization and even mortality.

Recent outbreaks of coccidiosis in commercial turkey flocks demonstrate that
existing control methods cannot alone impede Eimeria infections. Indeed, in view
of the lack of good control from pharmaceuticals and or vaccines to counteract
such Eimeria infections, there remains a longfelt need for new and/or improved
vaccines that can better protect turkeys from this costly enteric disease.

The citation of any reference herein should not be construed as an admission that
such reference is available as "prior art" to the instant application.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides new immunogenic compositions that
comprise one or more Eimeria species that can help protect turkeys from
coccidiosis. In one aspect of the present invention a vaccine is provided that
comprises E. meleagrimitis 2 (also referred to as E. edgari) and E. meleagrimitis 1.
In a particular embodiment of this type, the vaccine further comprises one or more
additional Eimeria species selected from the group consisting of E. adenoeides, E.
gallopavonis, E. dispersa, E. innocua, and E. subrotunda. In one particular
embodiment the additional Eimeria species is E. adenoeides. In another
embodiment the additional Eimeria species is E. gallopavonis. In yet another
embodiment the additional Eimeria species is E. dispersa. In still another
embodiment the additional Eimeria species is E. innocua. In yet another
embodiment the additional Eimeria species is E. subrotunda.

Vaccines are also provided that comprise any and all combinations of such
Eimeria species. In addition, vaccines are provided that comprise two or more
strains of two or more of such individual species. In one embodiment of this type,
the vaccine comprises pairs of strains of multiple Eimeria species in which multiple
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pairs of strains of single Eimeria species possess asynchronous prepatent periods.
In a particular embodiment of this type, all of the pairs of strains of single Eimeria

species in the vaccine possess asynchronous prepatent periods.

In another aspect of the invention, methods of immunizing a turkey against
coccidiosis are provided. In one such embodiment the method of immunizing a
turkey against coccidiosis comprises administering to the turkey a vaccine against
E. meleagrimitis 2 comprising an immunologically effective amount E.
meleagrimitis 2. In another embodiment, the method further comprises
administering to the turkey one or more additional vaccines against a species of
Eimeria other than E. meleagrimitis 2. In a particular embodiment of this type,
each additional vaccine comprises an immunologically effective amount of one or
more Eimeria species selected from the group consisting of E. meleagrimitis 1, E.
adenoeides, E. gallopavonis, E. dispersa, E. meleagridis, E. innocua, and E.
subrotunda. The administration of the vaccine against E. meleagrimitis 2 and the
administration of one or more additional vaccines against a species of Eimeria
other than E. meleagrimitis 2 can be performed in any order, including
simultaneously in a combined multivalent administration.

Thus, the present invention provides methods that comprise administering to a turkey
an immunologically effective amount of one or more of the turkey Eimeria species in a
vaccine of the present invention. In a particular embodiment, such a vaccine is
administered by spray application to the turkey. In another embodiment, the vaccine
is administered in the drinking water of the turkey. In yet another embodiment, the
vaccine is administered in the turkey feed. In still another embodiment the vaccine is
both administered in the turkey feed and the drinking water. In yet another
embodiment the vaccine is administered by spray application to the turkey, in the
turkey feed, and/or in the drinking water

In addition, any of the vaccines of the present invention that comprise strains of
Eimeria can also include one or more species and/or strains of an Isospora, a
Cyclospora (Cystoisospora), and/or a Cryptosporidium. In a particular
embodiment of this type, the strain(s) of the species of Isospora, a Cyclospora
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(Cystoisospora), and/or a Cryptosporidium may also possess an asynchronous
prepatent period.

The present invention further provides methods of identifying an Eimeria isolate as
an E. meleagrimitis 2. One such embodiment comprises comparing the nucleotide
sequence of the ITS-1 region of the genome of the Eimeria isolate with the
nucleotide sequence of the ITS-1 region within SEQ ID NO: 44. The Eimeria
isolate is identified as an E. meleagrimitis 2 when the entire nucleotide sequence
of the ITS-1 region of the genome of the Eimeria isolate exhibits greater then 87%
homology with the entire nucleotide sequence of the ITS-1 region within SEQ ID
NO: 44. In a particular embodiment of this method, the Eimeria isolate is identified
as an E. meleagrimitis 2 when the entire nucleotide sequence of the ITS-1 region
of the genome of the Eimeria isolate exhibits greater than 95% homology with the
entire nucleotide sequence of the ITS-1 region within SEQ ID NO: 44. In another
embodiment of this method, the Eimeria isolate is identified as an E. meleagrimitis
2 when the entire nucleotide sequence of the ITS-1 region of the genome of the
Eimeria isolate exhibits 100% identity with the entire nucleotide sequence of the
ITS-1 region within SEQ ID NO: 44.

In particular embodiments the entire nucleotide sequence of the ITS-1 region of
SEQ ID NO: 44 contains between 394 and 409 nucleotides. In other such
embodiments, the entire nucleotide sequence of the ITS-1 region of SEQ ID

NO: 44 contains between 400 and 409 nucleotides. In yet other embodiments, the
entire nucleotide sequence of the ITS-1 region of SEQ ID NO: 44 contains
between 395 and 400 nucleotides. In still other embodiments, the entire
nucleotide sequence of the ITS-1 region of SEQ ID NO: 44 contains between 394
and 398 nucleotides. In yet other embodiments, the entire nucleotide sequence of
the ITS-1 region of SEQ ID NO: 44 contains between 405 and 409 nucleotides. In
still other embodiments, the entire nucleotide sequence of the ITS-1 region of SEQ
ID NO: 44 contains 409 nucleotides.

In related embodiments the methods comprise comparing the nucleic acid
sequence of the ITS-1 region of the genome of an Eimeria isolate with those
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specifically identified herein. In one such embodiment, the method comprises
comparing the nucleic acid sequence of the ITS-1 region of the genome of an
Eimeria isolate with the nucleic acid sequence of the ITS-1 region within a
nucleotide sequence of SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID
NO: 34, and/or SEQ ID NO: 43. The Eimeria isolate is identified as an E.
meleagrimitis 2 when the entire nucleic acid sequence of the ITS-1 region of the
genome of the Eimeria isolate exhibits greater then 87% homology with the entire
nucleic acid sequence of the ITS-1 region within the nucleotide sequence or
sequences that it is being compared to. In another such embodiment, the Eimeria
isolate is identified as an E. meleagrimitis 2 when the entire nucleic acid sequence
of the ITS-1 region of the genome of the Eimeria isolate exhibits greater then 95%
homology with the entire nucleic acid sequence of the ITS-1 region that is within
the nucleotide sequence or sequences that it is being compared to. In yet another
embodiment of this method, the Eimeria isolate is identified as an E. meleagrimitis
2 when the entire nucleotide sequence of the ITS-1 region of the genome of the
Eimeria isolate exhibits 100% identity with the entire nucleotide sequence of the
ITS-1 region within the nucleotide sequence that it is being compared to.
Nucleotide sequence alignments can be performed with Clustal W methodology as
described below.

The present invention also provides nucleic acids that comprise respectively, the
nucleotide sequence of SEQ ID NO: 13, or SEQ ID NO: 14, or SEQ ID NO: 15, or
SEQ D NO: 16, or SEQ ID NO: 17, or SEQ ID NO: 18, or SEQ ID NO: 19, or SEQ
ID NO: 20, or SEQ ID NO: 21, or SEQ ID NO: 22, or SEQ ID NO: 23, or SEQ ID
NO: 24, or SEQ ID NO: 25, or SEQ ID NO: 26, or SEQ ID NO: 27, or SEQ ID NO:
28, or SEQ ID NO: 29, or SEQ ID NO: 30, or SEQ ID NO: 31, or SEQ ID NO: 32,
or SEQ ID NO: 33, or SEQ ID NO: 34, or SEQ ID NO: 35, or SEQ ID NO: 36, or
SEQ ID NO: 37, or SEQ ID NO: 38, or SEQ ID NO: 39, or SEQ ID NO: 40, or SEQ
ID NO: 41, or SEQ ID NO: 42, or SEQ ID NO: 43, or SEQID NO: 44. Ina
particular embodiment such a nucleic acid comprises no more than 800 basepairs.
In another embodiment such a nucleic acid comprises no more than 600
basepairs. In still another embodiment such a nucleic acid comprises no more
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than 500 basepairs. In a related embodiment, the nucleic acid can further
comprise a heterologous nucleotide sequence.

The present invention further provides nucleic acids that comprise respectively, the
nucleotide sequence of SEQ ID NO: 51, or SEQ ID NO: 52, or SEQ ID NO: 53, or
SEQ ID NO: 54, or SEQ ID NO: 55, or SEQ ID NO: 56, or SEQ ID NO: 57, or SEQ
ID NO: 58, or SEQ ID NO: 59, or SEQ ID NO: 60, or SEQ ID NO: 61, or SEQ ID
NO: 62, or SEQ ID NO: 63, or SEQ ID NO: 64, or SEQ ID NO: 65, or SEQ ID NO:
66, or SEQ ID NO: 67, or SEQ ID NO: 68, or SEQ ID NO: 69, or SEQ ID NO: 70,
or SEQ ID NO: 71, or SEQ ID NO: 72, or SEQ ID NO: 73, or SEQ ID NO: 74, or
SEQ ID NO: 75, or SEQ ID NO: 76, or SEQ ID NO: 77, or SEQ ID NO: 78, or SEQ
ID NO: 79, or SEQ ID NO: 80, or SEQ ID NO: 81. In a particular embodiment such
a nucleic acid comprises no more than 800 basepairs. In another embodiment
such a nucleic acid comprises no more than 600 basepairs. In still another
embodiment such a nucleic acid comprises no more than 500 basepairs. In a
related embodiment, the nucleic acid can further comprise a heterologous

nucleotide sequence.

The present invention also provides a nucleic acid that comprises the nucleotide
sequence of SEQ ID NO: 3. In another embodiment, the nucleic acid comprises
the nucleotide sequence of SEQ ID NO: 4. In still another embodiment, the nucleic
acid comprises the nucleotide sequence of SEQ ID NO: 5. In yet another
embodiment, the nucleic acid comprises the nucleotide sequence of SEQ ID NO:
6. In still another embodiment, the nucleic acid comprises the nucleotide
sequence of SEQ ID NO: 7. In yet another embodiment, the nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 8. In still another embodiment,
the nucleic acid comprises the nucleotide sequence of SEQ ID NO: 9. In yet
another embodiment, the nucleic acid comprises the nucleotide sequence of SEQ
ID NO: 10. In still another embodiment, the nucleic acid comprises the nucleotide
sequence of SEQ ID NO: 11. In yet another embodiment, the nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 12. In still another
embodiment, the nucleic acid comprises the nucleotide sequence of SEQ ID

NO: 45. In yet another embodiment, the nucleic acid comprises the nucleotide
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sequence of SEQ ID NQO: 46. In still another embodiment, the nucleic acid
comprises the nucleotide sequence of SEQ ID NO: 47. Inyet another
embodiment, the nucleic acid comprises the nucleotide sequence of SEQ ID
NO: 48. In still another embodiment, the nucleic acid comprises the nucleotide
sequence of SEQ ID NO: 49. In yet another embodiment, the nucleic acid

comprises the nucleotide sequence of SEQ ID NO: 50.

Such nucleic acids can be used inter alia, as hybridization probes, or alternatively,
as primers in polymerase chain reaction (PCR) ampilifications to produce PCR
products that correspond to portions and/or all of the ITS-1 regions of the
respective genomes of the pathogenic turkey Eimeria species E. adenoeides, E.
meleagrimitis 1, E. dispersa, E. gallopavonis and E. meleagridis 2, also known
herein as E. edgari. In a particular embodiment, one or more of the
aforementioned nucleic acids comprise 50 nucleotides or fewer. In still another
embodiment, one or more of the aforementioned nucleic acids comprise 30
nucleotides or fewer. In still another embodiment, one or more of the
aforementioned nucleic acids comprise only the number of nucleotides explicitly
included in the sequence identified by the sequence identification number.

Any of the nucleic acids of the present invention can also include a heterologous
nucleotide sequence. In addition, the present invention further provides nucleic
acids that consist of the nucleotide sequences that are complementary to any of
the nucleic acids provided herein.

The present invention further provides PCR primer pairs for amplifying an ITS-1
region of the genome of a species of turkey Eimeria. In one such embodiment the
PCR primer pair comprises a first primer comprising a nucleotide sequence of
SEQ ID NO: 3 and a second primer comprising a nucleotide sequence of SEQ ID
NO: 4. In another embodiment the PCR primer pair comprises a first primer
comprising a nucleotide sequence of SEQ ID NO: 5 and a second primer
comprising a nucleotide sequence of SEQ ID NO: 6. In yet another embodiment
the PCR primer pair comprises a first primer comprising a nucleotide sequence of
SEQ ID NO: 7 and a second primer comprising a nucleotide sequence of SEQ ID
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NO: 8. In still another embodiment the PCR primer pair comprises a first primer
comprising a nucleotide sequence of SEQ ID NO: 9 and a second primer
comprising a nucleotide sequence of SEQ ID NO: 10. In yet another embodiment
the PCR primer pair comprises a first primer comprising a nucleotide sequence of
SEQ ID NO: 11 and a second primer comprising a nucleotide sequence of SEQ ID
NO: 12. . In still another embodiment the PCR primer pair comprises a first primer
comprising a nucleotide sequence of SEQ ID NO: 45 and a second primer
comprising a nucleotide sequence of SEQ ID NO: 46. In yet another embodiment
the PCR primer pair comprises a first primer comprising a nucleotide sequence of
SEQ ID NO: 47 and a second primer comprising a nucleotide sequence of SEQ ID
NO: 48. In still another embodiment the PCR primer pair comprises a first primer
comprising a nucleotide sequence of SEQ ID NO: 49 and a second primer
comprising a nucleotide sequence of SEQ ID NO: 50.

The present invention additionally provides PCR amplification kits that comprise
one, two or more PCR primer pairs of the present invention. Such kits can include
any such combinations/permutations. Thus alternative kits of the present invention
can comprise one, two, three, four, five, or more such PCR primer pairs.

For example, in one such kit, the respective nucleotide sequences of the first and
second primer of one pair comprise SEQ ID NO: 11 and SEQ ID NO: 12. In
another kit, the respective nucleotide sequences of the first and second primer of
one pair comprise SEQ ID NO: 3 and SEQ ID NO: 4, and the respective nucleotide
sequences of the first and second primer of another pair comprise SEQ ID NO: 11
and SEQ ID NO: 12. In yet another kit, the respective nucleotide sequences of the
first and second primer of one pair comprise SEQ ID NO: 5 and SEQ ID NO: 6,
and the respective nucleotide sequences of the first and second primer of another
pair comprise SEQ ID NO: 11 and SEQ ID NO: 12.

In still another such kit, the respective nucleotide sequences of the first and
second primer of one pair comprise SEQ ID NO: 5 and SEQ ID NO: 6, the
respective nucleotide sequences of the first and second primer of another pair
comprise SEQ ID NO: 9 and SEQ ID NO: 10, and the respective nucleotide
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sequences of the first and second primer of yet an additional pair comprise SEQ ID
NO: 11 and SEQ ID NO: 12.

In a particular embodiment, the kit comprises PCR primer pairs that respectively
have primer pairs comprising the nucleotide sequence of SEQ ID NO: 3 and SEQ
ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 8,
SEQ ID NO: 9 and SEQ ID NO: 10, and SEQ ID NO: 11 and SEQ ID NO: 12.
Alternatively, in certain kits, SEQ ID NO: 45 and SEQ ID NO: 46 can be substituted
for SEQ ID NO: 7 and SEQ ID NO: 8; and/or SEQ ID NO: 47 and SEQ ID NO: 48
substituted for SEQ ID NO. 5 and SEQ ID NO: 6; and/or SEQ ID NO. 49 and SEQ
ID NO: 50 substituted for SEQ ID NO. 9 and SEQ ID NO: 10.

In still another embodiment, a kit of the present invention comprises PCR primer
pairs that respectively have primer pairs comprising the nucleotide sequence of
SEQ ID NO: 3 and SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, SEQ ID

NO: 45 and SEQ ID NO: 46, SEQ ID NO: 47 and SEQ ID NO: 48, and SEQ ID NO:
49 and SEQ ID NO: 50.

The present invention further provides methods of employing one or more pairs of
PCR primers to identify one or more pathogenic species of turkey Eimeria in a
biological sample. One such method can be used to identify E. meleagrimitis 2 in
a biological sample. A particular embodiment of this method comprises accessing
nucleic acids contained by a biological sample and amplifying them by PCR in the
presence of a PCR primer pair specific for E. meleagrimitis 2 under conditions that
will produce a PCR product when nucleic acids from E. meleagrimitis 2 are
contained by the biological sample. The production of the PCR product is
monitored, and when the PCR product is detected, E. meleagrimitis 2 is identified
as being in the biological sample. In a particular embodiment of this type, the
respective nucleotide sequences of the first and second primer of the PCR primer
pair employed comprises SEQ ID NO: 11 and SEQ ID NO: 12, respectively. In yet
another embodiment, the PCR product(s) produced are sequenced and when they
are found to have greater than 87% homology with the corresponding nucleotide
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sequence contained within SEQ ID NOs: 31, 32, 33, 34, 43, and/or 44, E.

meleagrimitis 2 is identified as being present in the sample.

In still another embodiment, the PCR product(s) produced are sequenced and
when they are found to have greater than 95% homology with the corresponding
nucleotide sequence contained within SEQ ID NOs: 31, 32, 33, 34, 43, and/or 44,
E. meleagrimitis 2 is identified as being present in the sample. In yet another
embodiment, the PCR product(s) produced are sequenced and when they are
found to have 100% identity with the corresponding nucleotide sequence
contained within SEQ ID NOs: 31, 32, 33, 34, 43, and/or 44, E. meleagrimitis 2 is
identified as being present in the sample.

In another embodiment, a method of identifying pathogenic turkey Eimeria present
in a biological sample comprises accessing nucleic acids contained by the
biological sample and amplifying the accessed nucleic acids by PCR in the
presence of a complete set of primers for the now five known pathogenic turkey
Eimeria species under conditions that will produce the corresponding PCR
product(s) when the corresponding nucleic acids from the pathogenic turkey
Eimeria are contained by the biological sample. The PCR product(s) are
monitored, and when any of the PCR product(s) are detected during the
monitoring, pathogenic turkey Eimeria are identified as being in the biological
sample.

In a related embodiment, a method of identifying the species of pathogenic turkey
Eimeria present in a biological sample comprises accessing nucleic acids
contained by a biological sample and amplifying the accessed nucleic acids by
PCR in the presence of a complete set of primers for the pathogenic turkey
Eimeria species under conditions that will produce the corresponding PCR
product(s) when the corresponding nucleic acids from the pathogenic turkey
Eimeria are contained by the biological sample. The PCR product(s) are detected
and the species of the pathogenic turkey Eimeria associated with each PCR
product detected are determined. The determination can thus identify each species
of pathogenic turkey Eimeria present in the biological sample.
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In particular embodiments, the nucleotide sequence(s) of the PCR product(s)
produced are determined. When such a nucleotide sequence has greater than
87% homology with the corresponding nucleotide sequence contained within SEQ
ID NOs: 31, 32, 33, 34, 43, and/or 44, E. meleagrimitis 2 is identified as being
present in the sample. Similarly, when the nucleotide sequence of a PCR product
produced has greater than 90% homology with the corresponding nucleotide
sequence contained within SEQ ID NOs: 24, 25, 26, 27, 28, 29, and/or 30, E.
meleagrimits 1 is identified as being present in the sample. When the nucleotide
sequence of a PCR product produced has greater than 90% homology with the
corresponding nucleotide sequence contained within SEQ ID NOs: 18, 19, 20,
and/or 21, E. adenoeides is identified as being present in the sample. When the
nucleotide sequence of a PCR product produced has greater than 90% homology
with the corresponding nucleotide sequence contained within SEQ ID NOs: 13, 14,
15, 16, 17, 36, 39, 40, and/or 41, E. gallopavonis is identified as being present in
the sample. Finally, when the nucleotide sequence of a PCR product produced
has greater than 90% homology with the corresponding nucleotide sequence
contained within SEQ ID NOs: 22, 23, and/or 42, E. dispersa is identified as being
present in the sample. In related embodiments, the percent homology required
can be set to greater than 95%, and even to 100 % identity for selected species
when desired.

In one particular embodiment the PCR primer pair specific for E. meleagrimitis 2
comprises the nucleotide sequences of SEQ ID NO: 11 and SEQ ID NO: 12,
respectively; the PCR primer pair specific for E. meleagrimitis 1 comprises the
nucleotide sequences of SEQ ID NO: 3 and SEQ ID NO: 4, respectively; the PCR
primer pair specific for E. adenoeides comprises the nucleotide sequences of SEQ
ID NO: 5 and SEQ ID NO: 6 respectively; the PCR primer pair specific for E.
gallopavonis comprises the nucleotide sequences of SEQ ID NO: 7 and SEQ ID
NO: 8, respectively; and the PCR primer pair specific for E. dispersa comprises the
nucleotide sequences of SEQ ID NO: 9 and SEQ ID NO: 10, respectively.
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In another related embodiment, a method of identifying the species of pathogenic
turkey Eimeria present in a biological sample comprises isolating one or more
turkey Eimeria isolates from the biological sample and ascertaining one or more
properties of the pathogenic turkey Eimeria isolated. These properties include, but
are not limited to the pathology, the pathogenicity, the cross-immunity, and/or the
morphometrics of the turkey Eimeria isolate(s). In a particular embodiment of this
type, the method further includes employing one or more genetic analyses (e.g.,
PCR) in conjunction with ascertaining one or more properties of the pathogenic
turkey Eimeria. When more than one method of identifying the species of
pathagenic turkey Eimeria present in a biological sample is performed, such
methods can be run in any order, including simultaneously, if feasible.

These and other aspects of the present invention will be better appreciated by
reference to the Detailed Description, Figures, and Examples.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows typical gross lesions seen with E. meleagrimitis 1 or E.
meleagrimitis 2 in the duodenum.

Figure 2 shows typical gross lesions seen with E. meleagrimitis 1 or E.
meleagrimitis 2 in the jejunum. The feces of iwnfected animals are watery, mucoid
and bloody. The parasites invade the epithelial cells from the duodenum to the
rectum and occasionally found in the ceca.

Figure 3A shows the location of ITS-1 PCR primers. Figure 3B shows the location
of Internal Species Specific Primers.

Figure 4 shows a phylogenetic tree constructed pursuant to the present invention.

DETAILED DESCRIPTION OF THE INVENTION
In one aspect, the present invention provides a newly identified pathogenic species

of Eimeria, which has been named E. meleagrimitis 2 (or alternatively, E. edgari).
As further provided herein, E. meleagrimitis 2 has been sufficiently characterized:
to allow its unequivocal identification. In a related aspect, the present invention

RECTIFIED SHEET (RULE 91) ISA/EP
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provides new vaccines that protect against this newly identified pathogenic species
of Eimeria. In still another aspect, the present invention provides kits that can be
used to readily identify and distinguish the now five known pathogenic species of
turkey Eimeria.

E. meleagrimitis 2 was isolated from outbreaks of clinical coccidiosis in commercial
turkey operations from several states throughout the US, and from wild turkeys
living in the Delmarva region. E. meleagrimitis 2 (Eme2) affects the same region
of the intestine as E. meleagrimitis 1, however Eme2 can be differentiated by
morphology of oocysts, conferred immunity (cross-protection studies), and by DNA

sequence.

Heretofore, there have been no vaccines that provided protection against both
E. meleagrimitis 2 and E. meleagrimitis 1. Therefore, in one key aspect, the
present invention provides vaccines that protect against both E. meleagrimitis 2
and E. meleagrimitis 1. In one such embodiment, the vaccine comprises both E.
meleagrimitis 2 and E. meleagrimitis 1. In a related aspect, methods of
administering the vaccines of the present invention are provided.

In addition, the present invention provides sequence analysis of the Internal
Transcribed Spacer region one (ITS-1) located between the 18S and 5.8S
ribosomal RNA genes in the Eimeria genome, for each of the pathogenic Eimeria
species: E. meleagrimitis 1, E. adenoeides, E. gallopavonis, E. dispersa, and E.
meleagrimitis 2. Therefore, in yet another key aspect, the present invention
provides nucleic acids comprising nucleotide sequences that uniquely identity
these five pathogenic Eimeria species.

The present invention further provides diagnostic kits and related methods that
employ polymerase chain reaction (PCR) primer sets capable of identifying each of
these five pathogenic Eimeria species. In a particular embodiment, such primers
and/or primer sets and/or unique nucleotide sequences provided herein, can be
used to distinguish E. meleagrimits, E. adenoeides, E. gallopavonis, E. dispersa,
and/or E. meleagrimitis 2 from each other.
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The use of singular terms for convenience in description is in no way intended to
be so limiting. Thus, for example, reference to a composition comprising "a
quantity " includes reference to one or more of such quantities. In addition,
reference to an "oocyst" includes reference to a plurality of such oocysts, unless

otherwise indicated.

All nucleic acid sequences provided herein, unless indicated to the contrary, are
written 5’ to 3.

As used herein the following terms shall have the definitions set out below:

The term "turkey", as used herein, and unless otherwise indicated, includes all of
the members of the genus meleagris, including the species gallopavo and ocellata.
Almost all domestic turkeys belong to the species gallopavo.

The term “biological sample” as used herein is any sample obtained from an
animal, e.g., turkey, or from the animal’s surroundings (e.g., litter, and/or
geographical area where animals reside and/or range) that contains and/or is
suspected to contain Eimeria, and/or nucleic acids from and/or derived from
Eimeria. Examples of biological samples include, but are not limited to: fecal

samples, litter samples, and gastrointestinal samples.

As used herein the term “accessing nucleic acids” contained by a biological
sample means ensuring that the nucleic acids of the biological sample are
available to serve as a template during PCR. In the simplest case, accessing the
nucleic acids entails placing a biological sample into the PCR reaction vessel.
However, this term can also include one or more manipulations of a biological
sample, e.g., cell fracturing/lysis, purification steps, etc., that aid in making the
nucleic acids contained by the biological sample available to serve as a template
during PCR.
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The term "Eimeria", as used herein, unless otherwise indicated, means one or
more species of the genus Eimeria that infect domesticated birds. Eimeria species
include those that are found in chickens, and include, e.qg., E. tenella, E.
acervulina, E. maxima, E. necatrix, E. mitis, E. praecox, E. mivati, E. hagani and E.
brunetti, and also those that are found in turkeys, including E. meleagrimitis 1, E.
adenoeides, E. gallopavonis, E. dispersa, E. meleagridis, E. innocua, and E.
subrotunda. As used herein, a “turkey Eimeria’ refers to Eimeria that infect
turkeys. The term "Eimeria" also includes all strains of the foregoing species of
Eimeria, including, but not limited to, precocious strains, and attenuated strains,
which also includes strains that have been irradiated, or otherwise treated, so that
they fail to complete development. The term Eimeria further includes any newly-
discovered strains or species of Eimeria that infect domesticated birds as defined
above, such as E. meleagrimitis 2 as disclosed herein.

As used herein the term “E. MAD” signifies a mixture of E. meleagrimitis 1, E.
adenoeides, and E. dispersa.

As used herein, an “attenuated” strain of a species of a Coccidia genus (such as
an “attenuated Eimeria”) is a strain that has been selected for its reduced
pathogenicity in the host. Such attenuation can be achieved by a number of
means including serial passage (such as serial embryo passage), chemical

mutagenesis, or by irradiation methods.

As used herein, a “precocious” strain of a species of a Coccidia genus (such as a
“precocious Eimeria”) is a strain that has a shortened prepatent period relative to
the non-attenuated strain of the same species. A precocious strain can also be an

attenuated strain.

As used herein, a “wild-type” strain of a species of a Coccidia genus (such as a
“wild-type Eimeria”) is a field isolate which has not been altered by attenuating
passage or any other treatment including selection by: single oocyst isolation,

immune tolerance, or other segregative process.
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As used herein, a “non-attenuated” strain of a species of a Coccidia genus (such
as “non-attenuated Eimeria”) is a strain that neither has a shortened prepatent
period nor reduced pathogenicity in the host relative to the wild-type strain of the
same species, but has been maintained in the laboratory for an extended time.

As used herein, a “strain” of a species of a Coccidia genus (e.g., a species of
Eimeria) is a subpopulation of the species of the Coccidia genus that can be
differentiated from the general population of that species by one or more of the
following features: morphometrics, pathogenicity, immunogenicity, prepatent
period, and/or a population resulting from expansion of a single oocyst.

As stated above, the time from host ingestion of the sporulated oocysts to
emergence of the unsporulated oocysts in the feces is termed the prepatent
period. The term “asynchronous prepatent period” refers to prepatent periods of

two or more species of a Coccidia genus and/or two or more strains of a species of
a Coccidia genus that differ by 10% or greater. In a particular embodiment, two or
more species of a Coccidia genus and/or two or more strains of a single species of

20
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a Coccidia genus have asynchronous prepatent periods that differ by 20% or
greater. In still another embodiment, two or more species of a Coccidia genus
and/or two or more strains of a single species of a Coccidia genus have
asynchronous prepatent periods that differ by 25% or greater.

In reference to asynchronous prepatent periods for precocious and/or attenuated
strains with non-attenuated strains that differ by a percentage (%) of time, the
percentage is based on the non-attenuated strain’s prepatent time period. Thus,
when a non-attenuated strain of a Coccidia genus has a prepatent period of 120
hours and a precocious strain of the same species of the Coccidia genus has a
prepatent period of 108 hours, the two strains have asynchronous prepatent
periods that differ by 10%.

As used herein, a “homologous material” is a composition and/or aliquot of:
organisms that have uniform biological properties, and/or are derived from
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organisms of the same species, and/or show a degree of similarity of properties
that indicates a common origin.

As used herein, a “heterologous material” is a composition and/or aliquot of:
organisms that have different biological properties, and/or are derived from
organisms of different species, and/or show a degree of dissimilarity of properties
that indicates different origins.

The terms "oocysts", "merozoites" and “sporozoites”, as used herein, and unless
otherwise indicated, mean turkey Eimeria oocysts, merozoites, and sporozoites

that can be either killed, attenuated, or non-attenuated.

The term “sporocyst” refers to the capsule that encloses the sporozoites in the
oocyst.

The term “encysted” means the oocyst stage of the protozoan parasite.

As used herein, the terms "immunize" and "vaccinate" are synonymous and are
used interchangeably. The term "effective immunizing dose", as used herein,
unless otherwise indicated, means the number of sporozoans at any stage in their
life-cycle including mixtures of one or more, or even all stages of their life-cycles,
e.g., sporozoites, oocysts and/or merozoites, or, when mixed, e.g., the number of
sporozoites, oocysts and merozoites, sufficient to elicit an immune reaction in
animals so vaccinated, e.g., elicit a rise in corresponding antibody titers and/or an
activation of cell-mediated immunity. Preferably, the immune reaction that is
elicited provides protective immunity that limits or reduces clinical disease signs,
weight loss, morbidity, decreased feed utilization, and/or mortality in the vaccinated
animals (e.g., avians) when challenged with a virulent dose of the sporozoa (e.g.,
Eimeria or Cryptosporidia).

The term “solid immunity” is used interchangeably herein with the term “full
immunity” and the term “hyper-immunity”, and denotes a degree of immunity
bestowed on a group of vaccinated animals (e.g., a flock of vaccinated birds) that
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provides protection against an homologous challenge such that the vaccinated
animals are statistically similar to non-challenged controls (and/or statistically
dissimilar to non-vaccinated challenged controls) in health and performance as
measured by e.g., feed conversion, weight gain, and/or lesions (gross or

rnicroscopic) of coccidiosis.

The terms “adjuvant” and "immune stimulant" are used interchangeably herein,
and are defined as one or more substances that cause stimuiation of the immune
system. Adjuvants are agents that nonspecifically increase an immune response
to a particular antigen, thus reducing the quantity of antigen necessary in any
given vaccine, and/or the frequency of injection necessary in order to generate an
adequate immune response to the antigen of interest. In this context, an adjuvant
is used to enhance an immune response to one or more vaccine antigens/isolates.
An adjuvant may be administered to the target animal before, in combination with,
or after the administration of the vaccine.

As used herein a "heterologous nucleotide sequence" is a nucleotide sequence
that is added to a nucleotide sequence of the present invention by recombinant
methods to form a nucleic acid that is not naturally formed in nature. Such nucleic
acids can encode fusion (e.g., chimeric) nucleic acids. In a particular embodiment
the heterologous nucleotide sequence can function as a means of detecting a
nucleotide sequence of the present invention. In another embodiment such a
heterologous nucleotide sequence can function to facilitate the use of the nucleic
acid in a PCR reaction.

As used herein the term "approximately" is used interchangeably with the term
"about" and signifies that a value is within fifty percent of the indicated value i.e., a
composition containing "approximately" 100 oocysts contains from 50 to 150
oocysts.

The term “statistically similar” as used herein denotes that a statistical comparison
of the two groups or populations of animals would result in acceptance of the null
hypothesis (or hypothesis of no difference) at a level of significance of < 0.1.
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The term “statistically dissimilar’ as used herein denotes that a statistical
comparison of the two groups or populations of animals would result in rejection of
the null hypothesis (or hypothesis of no difference) at a level of significance of <
0.1.

As used herein, when a series of nucleotide sequences are provided by a list of
SEQ ID NOs., e.g., SEQ ID NOs: 31, 32, 33, 34, and/or 43 (or SEQ ID NO:31,
SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, and/or SEQ ID NO:43), the
“and/or” is intended to modify the relationship between all of the SEQ ID NOs.
listed in the series. Therefore, a comparison/identification based on such a series
of nucleotide sequences can be made with reference to any one of the individual
nucleotide sequences listed alone, or to any combination of the individual
nucleotide sequences listed, including to all of the nucleotide sequences listed in
the series.

Nucleotide sequence alignments are performed using Clustal W methodology
based on J. D. Thompson et al., [Nucleic Acid Research 22:4673-4680 (1994)], in
Megalign™ alignment program of DNASTAR data analysis software (Windows 32
Megalign 5.06. 1993-2203 DNASTAR Inc.) using default settings throughout.

Characterization of E. meleagrimitis 2

E. meleagrimitis 2 invades the same regions of the intestines as E. meleagrimitis 1
and E. dispersa, but the oocysts of E. meleagrimitis 2 are relatively smaller than
those of these two species. The sporulated oocysts examined were found to be
subspherical, measuring 17.824 x 16.444 microns (16.915-19.549 x 14.585-18.314
microns) with a shape index of 1.0839.

Parasitism with E. meleagrimitis 2 is accompanied by severe hyperemia and
excessive mucus production in the upper half of the small intestine, with moderate
to severe mucosal hemorrhage extending from the duodenum to the ileum as the
infection progresses (see, Figures 1 and 2).
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The newly identified Eimeria species E. meleagrimitis 2, can be unequivocally
identified by its unique nuclectide sequence in the internal Transcribed Spacer
region one (ITS-1 region, see, Figure 3B), located between the 18S and 5.8S
ribosomal RNA genes in the Eimeria genome. Accordingly, the present invention
provides individual nuclectide sequences of the ITS-1 region of four E.
meleagrimitis 2 isolates, SEQ ID NOs: 31, 32, 33, and 39. These sequences
share greater than 96% (and up to 100%) homology with each other. The present
invention further provides a consensus sequence for the ITS-1 region of E.
meleagrimitis 2 with a nucleotide sequence of SEQ ID NO: 44.

In addition, PCR primer sets, based on the ITS-1 region sequence of each
species, have been designed for use in PCR-based identity assays. A complete
set of such primers are contained within the group of pairs of nUcleotide
sequences of SEQ ID NOs: 3 and 4, for E. meleagrimitis 1; SEQ ID NOs: 5 and 6,
for E. adenoeides; SEQ 1D NOs: 7 and 8, for £. gallopavonis; SEQ ID NOs: 9 and
10, for E. dispersa; SEQ ID NOs: 11 and 12, for E. meleagrirriitis 2.

Animal Subjects |

The animal to be so treated is preferably a member of the genus Meleagris, i.e., a
turkey. In a particular embodiment, the turkey is of the genus gallopavo, i.e., a
domestic turkey. In another embodiment, the turkey is of the genus ocellata.
Generally, the administration of the vaccine will be performed on young turkey
poults, oftentimes, on the day of hatch of the turkey poult.

Antigens
Wild type oocysts are obtainable from feces or tissue of infected animals;

contaminated feed or water; soil; pen litter dr bedding; or a variety of other
sources. Methods for isolation of sporocysts and oocysts are known. The exact
procedures used to separate oocysts will vary with the material from which the
oocysts are obtained and will be readily apparent to those skilled in the art.

.Merozoites can be grown in culture by the methods disclosed in US 7,250,286 B2.
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One available approach to isolating organisms from raw environmental samples is
as follows: The initial step is separation of the sporocysts and/or oocysts from
extraneous material. Soil or excreta is generally processed by forming a slurry
with saturated saline solution and separating the sporocysts and/or oocysts from
the slurry. For example, the material to be processed is mixed with a minimum of
2 volumes (w/v) of saturated aqueous NaCl to form a slurry. If necessary, the
slurry can be processed in a mixer or blender until a homogenous consistency is
achieved. The slurry is centrifuged at about 800 x g for 10 minutes at 4°C. The
supernatant is collected by pouring through a double layer of 24 x 24 weave
cheese cloth. Other methods to purify oocysts from samples that are commonly
used include the Sheather sucrose flotation and Zinc-sulfate flotation, [e.g., see
LR Ash and TC Orihel, Parasites: A Guide to Laboratory Procedures and
Identification, ASCP Press © 1991].

The filtered supernatant is diluted with two volumes of potable water and
centrifuged at about 1600 x g for 10 minutes at 4°C. The pelleted oocysts are
washed with water and pelleted by centrifugation as described an additional three
times. The oocysts are then washed three times in 2.5% potassium dichromate
using the same procedure used for the water washes. After the final wash, the
oocysts can be stored in 2.5% potassium dichromate at 4°C or transferred fo a
container for sporulation.

Alternatively, sequential filtration can be used to isolate oocysts based on size. If
filtration is used, the oocysts are washed with water and 2.5% potassium
dichromate as previously described.

Non-attenuated lines that originated as wild-type field isolates have been
maintained in laboratory settings by serial passage over many years and are well
characterized as low to moderate in pathogenicity, with moderate to high fecundity,
defined prepatent periods and known patterns of shedding from the host.

Aside from existing precocious Eimeria lines, precocious lines also can be
obtained from wild-type, virulent parent strains or non-attenuated strains following



10

15

20

25

CA 02743262 2011-05-10
WO 2010/056709 PCT/US2009/063977

25

serial passage in turkeys. In one such case, the oocysts are collected from the
feces only during the first few hours after patency. In this manner, the prepatent
time period can be progressively reduced. This type of passage is termed a
selection passage. Alternatively, in order to increase the numbers of oocysts
available for harvest, it may be advantageous to collect oocysts at a time between
the onset of patency and the approximate prepatent time period of the parent
strain. This type of passage is termed a neutral passage. Finally, in the process
known as relaxed passage, virtually all of the oocysts are collected, including those
produced later than the prepatent time period of the parent strain.

Vaccines
The vaccines of the present invention can be prepared by many procedures, one
of which is provided solely as an example.

Composition of the Product Six turkey Eimeria species were isolated and then
propagated by passage through turkeys.

Proportions (Viable Oocyst or Unit Per 1000 Doses).

Species Oocysts
E. adenoeides 1x10% 1x10°
E. dispersa 1x10% 1x10°
E. gallopavonis 1x10* 1x10°8
E. meleagridis 1x10% 1x10°
E. meleagrimitis 1 1x10% 1x10°
E. meleagrimitis 2 1x10* 1x10°

Cultures
e Method of Identification: The coccidia are identified by microscopic

examination and measurements of length and width. The area of infection
(pathological changes) is also a criterion in distinguishing species of Eimeria. As
each species is antigenically distinct, cross immunological studies in susceptible
and unimmunized birds can also be used as a means of identification of cultures.

e Glassware and utensils used in production laboratories are washed

thoroughly after use and remain in their species-specific room. If such items are to
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be used for a different Eimeria species grown in the same host, they are subjected
to autoclaving at 121°C for 30 minutes and/or heat-treatment at greater than 100°F
for 72 hours or greater than 150°F for 48 hours.

e Virulence and Purity of Cultures: Purity of seed cultures may be obtained
by single cell isolation. A viable oocyst, measured with an ocular micrometer, is
given to 3-10 day old coccidian-free birds orally. As the prepatent period is known
for each species, the bird is sacrificed at time of oocyst production and the
intestines and/or cecal pouches are washed with sterile water, 2.5% potassium
dichromate is added and aerated for 24-72 hours in order to allow the oocysts
contained in the suspension to become sporulated, and thereby, infective. These
are passed through another coccidia-free bird and the process is repeated until
sufficient numbers of oocysts have been obtained which will be used as seed for
production.

Composition of Media: All oocysts, obtained in pure cultures as described above,

are reproduced in live poults hatched, quarantined and maintained free of coccidial
infection. Birds vary in age from 3-28 days of age for seed production and from 3-
8 weeks for vaccine production. The birds are checked for absence of infection by
the sugar flotation method weekly and just prior to time of inoculation.

Seed cultures/Oocysts: Seed cultures are stored at refrigeration temperature.

Oocysts for inoculation are suspended in cool tap water.

Inoculations: Individual birds are inoculated with 1.0 ml of the suspension by
inserting a calibrated pipette or syringe containing the oocyst suspension into the
crop. The number of oocysts per 1.0 ml varies with each species:

Species Viable Oocysts/mL
E. adenoeides 1x10% 5x10°
E. dispersa 1x10°- 5x10°
E. gallopavonis 1x10°- 5x10°
E. meleagridis 1x10° 5x10°
E. meleagrimitis 1 1x10°%- 5x10°

E. meleagrimitis 2 1x10% 5x10°
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Propagation and Harvesting of Qocysts.

e Each species is propagated in the intestine of live turkeys. Following an
appropriate prepatent period, see above, non-sporulated oocysts are deposited
in the droppings. Droppings may be collected daily from the fourth-eleventh
day after inoculation. Qocysts are examined microscopically and should
conform to the size and shape of the oocysts used in the inoculation. No other
types should be present, which otherwise will indicate that a contaminating
species had been inadvertently introduced. Random birds may be sacrificed
and observed for characteristic lesions in the appropriate sections of the
intestine. No harvest is made if there is any evidence of lesions caused by

extraneous disease or other species of coccidia.

SPECIES VIABLE OOCYSTS PREPATENT
PER ML PERIOD

E. adenoeides 5,000 — 100,000 104 HOURS

E. dispersa 20,000 - 200,000 144 HOURS

E. gallopavonis 5,000 - 100,000 144 HOURS

E. meleagrimitis 1 5,000 - 100,000 144 HOURS

Birds used for production of each species of coccidia are reared in batteries
and maintained in quarantine until needed for production. They are transferred to
a room designated for the production of a species, and each bird is infected orally
with a suspension of a pure seed culture of oocysts. The birds are tended to by

trained technicians during the prepatent period.

¢ The prepatent period varies with each species.

+ Droppings of infected birds are collected on trays containing paper which is
changed daily. The droppings are transferred to a clean beaker and mixed with
tap water to yield a soupy consistency. A 1:10 dilution is made of this suspension
in tap water and the oocysts are counted in a hemocytometer. If the count

appears high enough, the oocysts are washed out of the droppings.

If the droppings are rich in oocysts count, a 1:5 dilution (approximate) is made of
the soupy suspension in 2.5% potassium dichromate and the suspension is
vigorously stirred. The heavier extraneous particles settle out rapidly and the
oocysts remain suspended in the supernate. This supernate is passed through a
100-mesh screen to remove any large floating particles. This procedure is
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repeated by washing the sediment several times in order to remove the majority of
oocysts. The supernate pool is transferred to flasks and aerated by bubbling air
through it. The aeration is continued for 24-72 hours until maximum sporulation
has been obtained.

Following aeration, the oocysts are held at room temperature until they have
settled out. The sediment is washed with 2.5% Dichromate until no oocysts can be
observed in the sediment. The settling out and pouring off of supernate is
repeated until the oocysts are contained in a volume which would be
approximately one half sediment and one half clean Dichromate. The suspension
is cooled to approximately 4°C then cold beta-propiolactone is added at a 0.1-0.2%
final concentration and placed in the cooler. Alternately, the droppings are diluted
with tap water and passed through a 100-mesh screen. This procedure is
repeated several times to remove the majority of the oocysts. The supernate is
concentrated by allowing it to sit until the oocysts settle or by continuous flow
centrifugation at 2000 RPM. The sediment is then mixed with a saturated sugar
solution and centrifuged with the effluent retained.

The effluent is diluted with cool tap water and recentrifuged with the sediment
containing the oocysts being retained. The oocysts are resuspended with 2.5%
Potassium Dichromate and aerated for 24-72 hours. Beta-propiolactone is added

at 0.1-0.2% final concentrate and placed in a cooler.

Each species suspension is cultured for sterility. One ml from each suspension is
inoculated on to each of the following: Brain Heart, Desoxycholate, SS and
Sabouraud’s Dextrose Agar. No pathogens may be present.

Aliquots of each species with an optimum number of oocysts are inoculated orally
into a groups of three 2-8 week old birds. These birds are sacrificed during the
infection period to ascertain that the lesions produced were caused by the species
intended. Each lot must contain only the species intended.

All discarded material is handled in accordance with V.S. Memo 800.56. Solid
materials are placed in polyethylene bags and buried or incinerated. Liquids
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are treated with household bleach (50 ml per 1000 ml fluids to give
approximately 600 ppm chlorine) and held at room temperature for at least 15
minutes prior to disposal through the sanitary sewer.

s Bird cages or batteries are pressure washed and decontaminated with dry
heat (150° F for 48 hours or 100" F for 72 hours).

Batching
o Batch Assembly Example: (Average Batch 80,000 ml)

Minimum Number of Sporulated Oocysts in
2.5% Potassium Dichromate Solution

Species 1000 DOSE 5000 DOSE
E. adenoeides 4X10° 8 X 107
E. dispersa 8 X 10° 1.6 X 10"
E. gallopavonis 4X10° 8 X 10°
E. meleagrimitis 1 4 X 10° 8 X 10°
E. meleagrimitis 2 4 X10° 8 X 10°

¢ Volume of average batch: 80,000 ml

¢ Volume of maximum batch: 160,000 ml

Fill Volume: (Fill volume is checked periodically during filling.)

e 4.2+0.2 mlin a sterile 10 mi vial for 1,000 doses

e 10.5£0.5 mlin a sterile 20 ml vial for 5,000 doses

¢ The bulk vaccine is agitated during filling and dispersed into the final
containers by means of a pipetting machine. The filling syringes and tubing are
sterilized in an autoclave prior to use. Final containers are oven sterilized in
covered pans and allowed to cool prior to filling. Rubber stoppers, sterilized in the
autoclave, are placed in the vials and an aluminum seal applied. Filled vials are
stored in a cooler at 3-7°C.

Adjuvants

Under certain circumstances the vaccine compositions of the present invention
also can include a pharmaceutically acceptable adjuvant. Adjuvants of the present
invention may be obtained from any of a nurnber of sources including from natural

sources, recombinant sources, and/or be chemically synthesized, etc Suitable
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adjuvants for the vaccination of animals include, but are not limited to, Adjuvant 65
(containing peanut oil, mannide monooleate and aluminum monostearate);
Freund's complete or incomplete adjuvant; mineral gels, aluminum compounds
such as aluminum hydroxide, aluminum phosphate, and alum; surfactants, such as
hexadecylamine, octadecylamine, lysolecithin, dimethyldioctadecylammonium
bromide, N,N-dioctadecyl-N',N'-bis (2-hydroxymethyl) propanediamine,
methoxyhexadecylglycerol, and pluronic polyols; polyanions, such as pyran,
dextran sulfate, poly IC, polyacrylic acid; peptides, such as muramyl dipeptide,
dimethyiglycine and tufisin; and oil emulsions. Information conceming adjuvants is
disclosed, e.g., in the series by P. Tijssen [Practice and Theory of Enzyme
Immunoassays, 3rd Edition, Elsevier, New York, (1987)].

Other potential adjuvants include, but are not limited to metabolizable and non-
metabolizable oils, block polymers, ISCOM’s (immune stimulating complexes),
vitamins and minerals (including but not limited to: vitamin E, vitamin A, selenium,
and vitamin B12), Quil A (saponins), polymers of acrylic acid cross-linked with
polyalkenyl ethers or divinyl glycol, as sold under the trademark CARBOPOL®
(e.g., CARBOPOL® 941), and a uniformly dispersed micron size oil droplets in

water emulsion (e.g., as sold under the trademark Emulsigen®).

Additional examples of adjuvants, that sometimes have been referred to
specifically as immune stimulants, include bacterial and fungal cell wall
components (e.g., lipopolysaccarides, lipoproteins, glycoproteins,
muramylpeptides, beta-1,3/1,6-glucans), various complex carbohydrates derived
from plants (e.g., glycans, acemannan), various proteins and peptides derived
from énimals (e.g., hormones, cytokines, co-stimulatory factors), and novel nucleic
acids derived from viruses and other sources (e.g., double stranded RNA, CpG).
In addition, any number of combinations of the aforementioned substances may
provide an adjuvant effect, and therefore, can form an adjuvant of the present
invention.
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A vaccine of the present invention is readily administered by any standard route
including spray, intravenous, intramuscular, subcutaneous, oral (including in the
feed and/or drinking water) , intranasal, intradermal, and/or intraperitoneal
vaccination. The artisan will appreciate that the vaccine composition is preferably
formulated appropriately for each type of recipient animal and route of
administration.

EXAMPLE 1

A NEW PATHOGENIC SPECIES OF EIMERIA

Summary
As demonstrated herein, E . meleagrimitis 2 (E. edgari) is a new, pathogenic

species of coccidia for turkeys. Birds immunized with a combination of E.
adenoeides, E. meleagrimitis 1, E. dispersa and E. gallopavonis (Coccivac-T) or E.
adenoeides and E. meleagrimitis (Immucox) or E.meleagrimitis 1 as single entities
were not protected against E. meleagrimitis 2. E . meleagrimitis 2 was isolated
from commercial turkey operations from several states throughout the US and wild
turkeys from the Delmarva region. Young poults hyper-immunized over several
weeks with E. meleagrimitis 1, E. adenoeides and E. dispersa (E.MAD) and
challenged with the suspect organisms (E. meleagrimitis 2) exhibited clinical signs
of severe parasitism (depression, off feed and lethargy) by 6.5 days post
challenge. Poult-developed immunity following several low grade exposures and
immunity was only to E. meleagrimitis 2.

E. meleagrimitis 2 invades the same regions of the intestines as E. meleagrimitis 1
and E. dispersa, but the oocysts of E. meleagrimitis 2 are smaller than those of
these two other species. Birds immunized with E. MAD were not protected against
E. meleagrimitis 2 and birds immunized with E. meleagrimitis 2 were not protected
against E. meleagrimitis 1, E. adenoeides or E. dispersa. E. meleagrimitis 2
appears to be relatively prevalent in the U.S., being present in many of the U.S.
turkey-growing areas. Indeed, the prevalence of E. meleagrimitis 2 is estimated to
be more than 40%, with these organisms being identified in fecal sarnples from
California, lowa, North and South Dakotas, Minnesota, Pennsylvania, Virginia,
Wisconsin, Delaware, and Maryland.
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Materials and Methods

Coccidia source: Fecal samples, litter samples and or gastrointestinal samples
were evaluated due to outbreaks of coccidiosis in commercial turkey flocks. The
recovered organisms were originally characterized as E. meleagrimitis 1-like based
on morphology, region of the gastrointestinal tract parasitized and their pathology.
Samples were obtained from commercial turkey farms from the following states:
California, lowa, North and South Dakotas, Pennsylvania, Minnesota, and Virginia.
Fecal samples were also obtained from wild turkeys from Delaware and Maryland.

Pathogenicity and Pathology. Parasitism with E. meleagrimitis 2 is accompanied
by severe mucus production in the upper half of the small intestines and moderate
to severe hemorrhage occurring from the duodenum to the ileum as the infection
progressed. Gross lesions are hyperemia, excess mucus in the duodenum and
jejunum, followed by hemorrhage in the mucosa in the small intestines. The feces
of infected animals are watery, mucoid, and bloody. The parasites invade the
epithelial cells from the duodenum to the rectum and are occasionally found in the
ceca.

Tests Conducted: Anticoccidial Sensitivity Test (AST): Coccidia were expanded in
naive turkey poults and tests were conducted to determine the effectiveness of
specific anticoccidials against several of the isolates. The isolates from the
commercial farms showed tolerance or resistance to CLINACOX® and AMPROL®.
In the lowa, California, Minnesota cases, there were reports of CLINACOX®
failures during the usage period. As it is now known, the predominant organisms
were E. meleagrimitis 1-like which herein have been disclosed and identified as E.
meleagrimitis 2. The wild turkey isolates from Delaware and Maryland were tested
against specific anticoccidials such as CLINACOX® and AMPROL®. The findings
were similar, the drugs demonstrated poor efficacy against the isolates from wild
turkey, Table 1. E. meleagrimitis 1 from Coccivac®-T demonstrated moderate
tolerance to CLINACOX®, but less pronounced than the response from
meleagrimitis 2.
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Hyper-immunization: Young turkey poults grown in cages were given multiple
inoculations over several weeks with either Coccivac™-T, a combination of E.
adenoeides, E. dispersa and E. meleagrimitis 1 (Coccivac®-T) or E. meleagrimitis
1, or a combination of E.adenoides and E. meleagrimitis 2 Immucox™), or E.

meleagrimitis 2.

Inoculation methods: Poults were initially inoculated within the first seven days of

age, then several times for the next several weeks. The initial inoculation was done
via gavage and the subsequent inoculations were via feed. Each subsequent dose
was twice the previous dose.

Challenge/Oocyst Inoculation: At approximately 28 days of age, healthy birds

were selected and randomized into challenge cages. Each challenged bird was
given 1 ml of a homologous or heterologous material.

Gross Lesion and Microscopic Scoring: At 6 days post-challenge, all birds were
euthanized and intestines scored for lesions using a 0 to 4 system. Wet mount
smears prepared from six areas of each intestine, 1) duodenum, 2) jejunum, 3)
yolk stalk diverticulum (YSD), 4) ileum, 5) cecal pouch (CP) and, 6) rectum for
determination of parasite burden using a 0 to 4+ system (0 = no parasitism and 4 =
severe parasitism).

Results and Discussion

Immunization with E. MAD: Birds immunized with E. MAD and challenged with

one of several heterologous materials showed that the birds were not protected
against the unknown organisms herein referred to as E. meleagrimitis 2. The level
of parasitism ranged from moderately severe to severe (see, Table 1).
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TABLE 1

Levels of Parasitism in E. MAD Hyper-Immunized Poults
Challenged with Field Isolates of E. meleagrimitis 2*

Challenge | Duodenum | Jejunum YSD lleum | CP | Rectum
E. me2-1 +++ +++ ++ ++++ + ++++
E. me2-2 ++ ++ +

E. me2-3 + +++ ++ ++ ++

E. me2-4 ++++ ++++ ++++ ++

A Field isolates had been characterized by PCR as containing E. meleagrimitis 2,
as well as other Eimeria in some cases.

YSD = yolk sac diverticulum; CP = cecal pouch;

E. me2 = E. meleagrimitis 2

Immunization with E.meleagrimitis 1: Birds immunized with E. meleagrimitis 1 and
challenged with one of field isolates showed that the birds were not protected
against the organism that is disclosed and defined herein as E. meleagrimitis 2.
The level of parasitism ranged from moderately severe to severe (see, Table 2).
However, poults challenged with homologous material showed no gross or
parasite burden, (see, Table 2).

TABLE 2
Levels of Parasitism in E. meleagrimitis 1 Hyper-immunized Poults
Challenged with Field isolates of E. meleagrimitis 2*

Challenged | Duodenum | Jejunum YSD lleum CP | Rectum
E. me2-A +++ +++ +++ ++ + +

E. me2-B +++ ++++ ++++ ++++ ++ +

E. me2-C ++ +++ +++ ++ +

E. me2-D +++ +++ +++ +++ +++

E. me2-E +++ +++ ++ + ++

E. me2-F + + ++ ++ + +

E. me2-G ++ +++ ++++ +H++ |+ +

A Field isolates had been characterized by PCR as containing E. meleagrimitis 2,

as well as other Eimeria in some cases.
E. me2 = E. meleagrimitis 2; YSD = yolk sac diverticulum; CP = cecal pouch
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Immunization with IMMUCOX®: Birds immunized with IMMUCOX® and challenged
with one of several heterologous materials including Coccivac®-T or homologous
materials showed that the birds were not protected against Coccivac®-T, but
provided mixed results against the unknown organisms, defined herein as E.
meleagrimitis 2. The level of parasitism ranged from none to rare parasitic cells for
E. meleagrimitis 2 to severe parasitism for the Coccivac®-T organisms (see, Table
3).

TABLE 3
Levels of Parasitism in IMMUCOX® Hyper-Immunized Poults
Challenged with Field Isolates of E. meleagrimitis 2* or E. MAD

Challenge | Duodenum | Jejunum | YSD | lleum | CP | Rectum
E.me2 + R + + - -
E.me2 - R - - R -

IMMUCOX® - - - R - -
E. MAD +++ +++ +++ ++ +

A Field isolates had been characterized by PCR as containing

E. meleagrimitis 2 as well as other Eimeria in some cases.

E. me2 = E. meleagrimitis 2; YSD = yolk sac diverticulum; CP = cecal pouch; R =
Rare

Immunization with E. meleagrimitis 2. Birds immunized with E. meleagrimitis 2 and
challenged with one of several field isolates of E. meleagrimitis 2 showed that the
birds were protected. The level of parasitism ranged from none to mild parasitism,
but birds challenged with E. meleagrimitis 1 showed no protection as measured by

the parasite load in the upper small intestine (see, Table 4).

TABLE 4

Levels of Parasitism in E. meleagrimitis 2 Hyper-Immunized Poults
Challenged with Field Isolates of E. meleagrimitis 2*

Challenged

Duodenum

Jejunum

YSD

lleum

CP

Rectum

me2 -1

me2 -2

E.
E.
E. me2 -3
E. me2 -4

+

++

=+

E. me2 -5

as well as other Eimeria in some cases.
E. me2 = E. meleagrimitis 2; YSD = yolk sac diverticulum; CP = cecal pouch

A Field isolates had been characterized by PCR as containing E. meleagrimitis 2
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Pathogenicity and Pathology. Parasitism with this species is accompanied by
severe mucus production in the upper half of the small intestines, with moderate to

5 severe hemorrhage occurring from the duodenum to the ileum as the infection
progressed. Gross lesions are hyperemia, excess mucus in the duodenum and
jejunum, followed by hemorrhage in the mucosa in the small intestines, (see, Table
5 and 6, Figures 1 and 2).

10 Table 5
The Severity of Gross Lesions and Regions of the Intestines
Affected by E. meleagrimitis 2 in Poults Hyper-Immunized
Against E. meleagrimitis 1 or E. meleagrimitis 2

15

Immunizing Challenge Upper Middle Lower
Species Isolate Intestine Intestine Intestine
E. me1 1 NA NA NA
E. mei E. me2-2 3.5 3.5 4
E. me1 E. me2-3 0 0 0
E. mei E. me2-4 4 4 4
E. mel E. me2-5 4 4 4
E. me1 E. me2-6 3 2.5 2
E. mel E. mel 0 0 0
E. me2 E. me1 2.3 0 0.3
E. me2 E. me2-B 0 0 0
E. me2 E. me2-C 0 0.5 1
E. me2 E. me2-D 0 0 0
E. me2 E. me2-E 0 0 0
E. me2 E. me2-A 0 0 0

E. me1=E. meleagrimitis 1; E. me2= E. meleagrimitis 2 ; NA = not applica

(o}

le




10

15

CA 02743262 2011-05-10
WO 2010/056709 PCT/US2009/063977

37
TABLE 6
Severity of Gross Lesions and Oocysts Output Per Bird (OPB) in Millions for Poults

Hyper-Immunized Against E. meleagrimitis 1 or E. meleagrimitis 2 and Challenged
with E. meleagrimitis 2

Immunizing Agent Challenge Lesion Scores OPB x10°
Isolate

E. met 1 NA NA
E. me1 E. me2-2 3.5 3.5
E. me1 E. me2-3 0 0
E. me1 E. me2-4 4

E. me1 E. me2-5 4

E. me1 E. me2-6 3 25
E. met E. met 0 0
E. me2 E. met 2.3

E. me2 E. me2-B 0

E. me2 E. me2-C 0 0.5
E. me2 E. me2-D 0 0
E. me2 E. me2-E 0 0
E. me2 E. me2-A 0 0

E. me1=E. meleagrimitis 1; E. me2= E. meleagrimitis 2 ; NA = not applicable

Summary
Data from immunization and cross-immunization studies with coccidia from

different sources, heterologous and the homologous species showed that poults
immunized with E. meleagrimitis 1, E. adenoeides and E. dispersa (E. MAD) and
challenged with E. meleagrimitis 2 were not protected against that challenge.
Poults immunized against E. meleagrimitis 2 and challenged with E. meleagrimitis
2 showed a high degree of protection, but not when challenged with the E.
meleagrimitis 1.
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OOCYST DESCRIPTION:

Eimeria meleagrimitis 2 (E. edgari sp.n.) as disclosed herein. The sporulated

oocysts are subspherical, measuring 17.82 x 16.44 microns (16.92-19.55 x 14.59-
18.31 microns) with a shape index of 1.084.

E. mealeagrimitis 1. The sporulated oocysts are subspherical, measuring 21.47 x
19.19 microns (18.90-25.93 x 16.36-21.78 microns) with a shape index of 1.119,
Eimeria meleagrimitis 1 referenced in the Diseases of Poultry: The sporulated
oocysts are subspherical, measuring 19.2 x 16.3 microns with a shape index of
1.178.

EXAMPLE 2

CROSS PROTECTION STUDY IN TURKEYS

Materials and Methods. Forty, 4 day of age commercial turkey poults were hyper-
immunized over a 28 day period with a pure stock of E. meleagrimitis 1 (E. me-
080121). Forty, four-day old poults (hatch-mates) were maintained coccidia-free
by being fed AMPROL® at 125 ppm during the growing period. The AMPROL® was
removed 96 hours prior to the challenge. Birds from the hyper-immunized and the
control groups were randomized into five groups and challenged with one of five
treatments, as shown in Table 1. There were seven birds per group. The turkeys
were deemed ready for challenge when no oocysts were shed in feces 5 to 6 days
following exposure. Challenge was performed by oral gavage and chickens were
euthanized and scored for gross lesions of coccidiosis on a 0 to 4 scale (no lesions
to severe lesions) on day 6 post-challenge. Cumulative gross lesion scores from
the duodenum, mid gut, ileum and ceca were tabulated (Gross). The intestine was
examined for microscopic parasitemia (Micros) at 100X and scored ona 0 to 4
scale. Qocyst shed was determined by collection of feces collected from each bird
over a 48 hour period from day 4 to day 6. Oocysts were counted and tabulated
per gram, per bird (OPB). See Table 1 for results. Gain was calculated as the
difference in body weight from day of challenge and day 6.
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TABLE 1

Cross Protection Study in Turkeys Immunized Against EME1 and Challenged with
Various Isolates as Measured by Weight Gain and Parasite Burden

Vaccine Challenge Gain(g) | Gross Micro | OPB x 10°
E. me1-080121 | E. me1-080121 393 0 0 0
E. me1-080121 | E.me1-071690 341 0.14 0.43 0
E. me1-080121 E.me2- WPC 266 2.99 8.66 222
E. me1-080121 E.me2-UK 206 2.85 6.43 250
E. me1-080121 | E.me2-Sundale 267 4.6 10.4 49.2
Control E.me2-UK 235 1.14 457 68.7
Control E.me2- WPC 293 0.86 4.85 52.3
Control E.me1-071690 302 0 7.57 36.9
Control E.me1-080121 303 0 5.71 88.3
Control E.me2-Sundale 213 1.25 7.75 15.0

E.me1-080121 = stock E. meleagrimitis 1; E.me1-071690 = stock E.
meleagrimitis 1; E.me2-WPC = field isolate of E. meleagrimitis 2 = E. edgari,
E.me2-Sundale = field isolate of E. meleagrimitis 2 = E. edgari; E.me2-UK = stock
E. meleagrimitis 2

Results and Conclusions.

Birds immunized with E.me1-080121 were solidly immune when challenged with E.
me1-080121, with no gross lesions, no oocysts shed and no parasites observed in
situ. Chickens immunized with E.me2-080121 showed solid immunity when
challenged with E.me1-071690, with no gross lesions, no oocysts shed and no
parasites observed in situ; but there were E. adenoeides parasites observed in the
cecal tissue. Chickens immunized with E.me1-080121 and challenged with either
E.me2-UK, E.me2-WPC or E.me2-Sundale were not protected from the challenge
with E.me1 as demonstrated by growth depression, gross lesions, microscopic
parasitemia and oocyst shed. All of the E.me2 isolates demonstrated
pathogenicity in coccidia naive poults. Gross pathologies were similar among the

E.me2 isolates. E.me1 and E.me2 were not similar.
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EXAMPLE 3

SEQUENCE ANALYSIS OF TURKEY EIMERIA SPECIES

Four turkey Eimeria reference strains previously classified by examination of their
pathology in birds were obtained from the University of Georgia. DNA sequence
analysis was performed on cloned, PCR amplified fragments of the ITS-1 region
(internally transcribed spacer one of the 185-5.85-28S ribosomal DNA cluster)
from each strain, and phylogenic relationships were established. Whereas,
analogous analyses had been performed to identify different chicken Eimeria
isolates, heretofore, no such analysis had been performed on turkeys.

The present results identify the four turkey previously classified species, plus
unexpectedly identify an additional turkey Eimeria species that had previously
been grouped with E. meleagrimitis 1 (see, Example 1 above). The additional
species, disclosed, characterized, and described herein, has been named E.
meleagrimitis 2. In addition to classifying the various US turkey isolates, PCR
primer sets capable of identifying each of the five species are also disclosed
herein. These PCR primer sets have proved, inter alia, to be useful as diagnostic
tools.

A vaccine that has long been used to aid in the prevention of turkey coccidiosis,
Coccivac-T®, contains live oocysts from four species of turkey Eimeria: E.
adenoeides, E. meleagrimitis (identified herein as E. meleagrimitis 1), E.
gallopavonis, and E. dispersa. Previously, the nucleotide sequence of the ITS-1
region, located between the 18S and 5.8S ribosomal RNA genes in the Eimeria
genome, has been used to establish phylogenic relationships between different
species of Eimeria that infect chickens. Genbank contains numerous deposits of
this region for various chicken isolates to support its use in speciating isolates, but
there are no comparable deposits for turkey species in this specific region.

As disclosed herein, reference stocks of each known turkey Eimeria species were
obtained from a well respected source and the ITS-1 sequence was then
determined for each of the isolates obtained. A comparison was performed
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between the sequences of the reference stocks and those contained in Coccivac-
T®. In addition, an analysis of the phylogenetic tree was performed. The
sequence analyses were also used to determine whether primer sets based on the
four previously classified turkey species could unequivocally identify all of the

various isolates.

Materials and Methods

Commercial Kits and Gels: see Table 1

TABLE 1
Kits and Gels
CATALOG/
REAGENT MANUFACTURER PART NO. PROCEDURE
QlAamp™ DNA Mini . Eimeria DNA
Kit Qiagen 51304 extraction
HotStar™ Taq Master Qiagen 203444 | PCR amplification
Mix Kit
. ) Visualizing PCR
E-Gels™ Invitrogen G5018-02 fragment
. . PCR product
™
g)ifr‘gg,:%kn Ki? el Qiagen 28704 purification from
agarose
TOPO TA™ Cloning : i Cloning PCR
Kit invitrogen K4400-40 fragment
Extracting DNA from
QlAprep™ Spin . bacteria containing
Miniprep Kit Qiagen 27104 cloned PCR
fragment

Biological Products: Reference Eimeria samples (see Table 2) were obtained from
the University of Georgia, at Athens (UGA). All UGA Eimeria isolates had

previously been characterized by pathology. Some of the samples were from field
isolations, and therefore, potentially contained multiple species.

The DNA was also isolated from the species in the Coccivac-T® turkey Eimeria
vaccine, which contains isolates of E. adenoeides, E. meleagrimits, E. dispersa
and E. gallopavonis. In addition, DNA and sequence information from three
European turkey Eimeria samples were obtained. These samples had been
characterized by pathology, and were labeled E. adenoeides-EU, E. dispersa-EU
and E. meleagrimitis 1-EU.
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Protocol:
o DNA was isolated from the UGA reference turkey Eimeria samples (see,

Table 2).

o The ITS-1 region(s) of each reference strain was amplified by PCR using
WW1/WWa3r primer set for ITS-1 amplification and then purified [see, Table 5 for
primer sequence, and Figure 3A for their location on genome; Woods et. al.
Electrophoresis 21:3558-3563 (2000)].

¢ Each PCR fragment was cloned into a plasmid vector, pCR2.1-TOPO, and
the fragment is sequenced.

o The sequence data was analyzed by a commercially available program,
[DNASTAR analysis software, Segman, Editseq, Mapdraw, Megalign] and
phylogenic relatedness of reference strains to in-house strains was determined
(see, Figure 4).

o Discrepancies were evaluated between the species determinations obtained
by the pathology and by sequence analysis using PCR amplification employing
internal ITS-1 species primer sets (see, Table 5 for primer sequences, Figure 3B
for location on genome, and Table 7).

Experimental Procedures

e Sucrose Purification of Oocysts - RDP 7416.0-01(Manual/Small Scale)
e Excystation of Sporocysts — RDP 7423.0-01
) Suspend 1 x 10e5 to 1 x 10e6 oocysts in 1 mL of PBS, usinga 1.5
mL snap-cap microfuge tube and add one gram clean (sterile) glass
balllotini [SIGMA 710-1,180 um (16-25 U.S. sieve)] to the tube. Close
the cap.
o Vortex on highest setting for 1 minute, then transfer the sporocyst
suspension by pipetting to a 2 mL microfuge tube, and rinse the
beads with more PBS to q.s. to 2 mL.
. Centrifuge the sporocyst suspension (12,000 r.p.m. for 15 seconds in
a microfuge), remove the supernatant, and resuspend the released
sporocysts in 200 pL PBS.

« DNA Extraction of Released Sporocysts is performed as described in the
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Qiagen QlAamp DNA mini kit (Blood and Body Fluid Spin Protocol):

Pipet 20 pL Proteinase K into the bottom of a 1.5 mL microfuge tube.
Add 200 pL sample to the tube, add in 200 uL Buffer AL to sample,
mix by pulse vortexing for 15 seconds.

Incubate at 56° C for 10 minutes.

Centrifuge briefly to remove drops from inside the lid, add 200 L
ethanol and mix again for 15 seconds. Centrifuge briefly to remove
drops from inside lid.

Transfer mixture to the QlAamp spin column, cap and centrifuge at
8000 rpm for 1 minute, transfer column to a clean 2 mL tube, discard
flow-through.

Add 500 uL Buffer AW1, cap and centrifuge at 8000 rpm for 1
minute, transfer column to a clean 2 mL tube, discard flow-through.
Add 500 pL Buffer AW2, cap and centrifuge at 14,000 rpm for 3
minutes, transfer column to a clean 1.5 mL tube, discard flow-
through.

Add 200 pL Buffer AE, cap, incubate at room temp for 1 minute, and
centrifuge at 8,000 rpm for 1 minute to collect the eluted DNA.

¢ PCR Amplification of ITS-1

Set up PCR reactions containing 10 pL template DNA, 1 uM each of
Woods ITS-1 forward and reverse primers (WW1 and WWa3r), 1x
HotStar Tag Master Mix, and RNase-free water to a final volume of
50 uL. The cycling conditions were as follows: 1 cycle of 95°C for 15
minutes; 35 cycles of 95°C for 30 seconds, 55°C for 30 seconds,
72°C for 30 seconds; then 1 cycle of 72°C for 7 minutes, followed by
a 4°C hold. A positive control DNA template and a water (no
template) negative control were included for each primer set.

¢ Electrophoresis of PCR Products - RDP 7605.0-03

Post amplification, 10 yL of each reaction was loaded onto a 2 %
agarose E-Gel, and current applied for 15-30 minutes. Complete
description of the use of E-Gels is described in the Invitrogen E-Gel
Technical Guide. These gels contain ethidium bromide that binds to
any DNA fragments, and aIIows them to be visualized and
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photographed when exposed to UV light. A 1-kb DNA ladder was run
on each gel for PCR fragment size comparison.

To purify PCR fragments, a 2 % agarose gel was prepared in a
solution of 1X TAE buffer and 0.5 pg/mL Ethidium Bromide, following
guidelines described in RDP 7605.0-03. The remainder of the PCR
reaction mix, ~40 yL, was mixed with 10x Bluejuice loading dye to a
final concentration of 1x, then loaded into wells of the gel, and
current applied and electrophoresed until good separation of all
fragments was obtained (85V for 60 minutes, followed by 75V for 50
minutes.) Again, a 1-kb DNA ladder was also loaded as a size
reverence. The gel was exposed to UV light to visualize the DNA
fragments.

o Gel Purification of PCR Products

Once each PCR fragment had been separated by electrophoresis on
2% agarose, a scalpel was used to excise a block of agarose gel
containing the PCR fragment, and the gel block was transferred to a
weighed microcentrifuge tube.

The volume of the gel block was determined by weight (1 milligram
equals 1 pL melted gel).

DNA was extracted using a Qiagen Gel Extraction Kit, following
manufacturers instructions, and eluting DNA in a final volume of 200
WL.

¢ Cloning PCR Products into pCR2.1-TOPOQO Cloning Vector, and
transformation of plasmid into E. coli.

To clone each purified PCR fragment, follow manufacturers
instruction supplied with TOPO TA Cloning KIt, inciuding
transformation of Top 10 E.coli competent cells.

Plate transformed cells on imMedia Amp Agar plates, spead with 40

WL of a 40 mg/mL solution of X-Gal and incubate at 37°C overnight.

. Growth, DNA Extraction and Restriction Analysis of Clones

After 20 -24 hours bacterial growth on the transformation plates,
white and blue colored bacterial colonies are visible.
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Two “white” colonies from each transformation were chosen for
growth and analysis. Each colony was picked with a sterile toothpick
and inoculated into 3 mL of Luria broth containing 100 pg/mL of
carbenicillin antibiotic. Each culture tube was then aerated at 200
rpm at a temperature of 37°C for approximately 16 — 20 hours.

DNA was extracted from 1.5 mL of each overnight culture using a
Qiagen QlAprep Spin Miniprep Kit. Manufacturer instructions were
followed, and DNA was eluted in a final volume of 50 pL.
Restriction digestion of each DNA prep was performed with EcoRI
enzyme, and the digested material loaded onto a 1.5 % agarose gel
in 1X TAE buffer and 0.5 pg/mL ethidium bromide. Each digestion
reaction contained 5uL miniprep DNA, 100 ug/mL BSA, 1x EcoRI
enzyme buffer, 10 U enzyme and water in a final volume of 20 pL.
Reaction mixtures were incubated for greater than 2 hours at 37°C,
then loading dye added to a final concentration of 1%. Next the
mixture was loaded onto the gel and electrophoresed at 95V for 41
minutes. UV light was used to visualize the digestion products.
Digested DNA from bacterial clones containing the desired PCR
fragment released the fragment from the remainder of the plasmid
and could be identified by comparison to a DNA size standard.

e Sequence Analysis of Cloned PCR Products

Purified DNA from each clone containing the desired PCR fragment
was sent to SeqWright DNA Technologies for Big Dye Sequence
reactions using sequencing primers that anneal to the plasmid
vector, and read into the cloned PCR fragment.

¢ PCR identity testing using ITS-1 based primer sets

Set up PCR reactions containing 10 yL template DNA, 1 uM each of
the species specific forward and reverse primers, 1x HotStar Taq
Master Mix, and RNase-free water to a final volume of 50 jiL. The
cycling conditions were as follows: 1 cycle of 95°C for 15 minutes; 35
cycles of 94°C for 30 seconds, variable annealing temperature (55-
65°C) for 30 seconds, 72°C for 30 seconds; then 1 cycle of 72°C for
7 minutes, followed by a 4°C hold. Reactions containing E.
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adenoeides or E. meleagrimitis 2 primer sets used an annealing
temperature of 60°C. Reactions containing E. dispersa or E.
gallopavonis primer sets used an annealing temperature of 65°C,
and reactions containing the E. meleagrimitis 1 primer set used an
annealing temperature of 55°C. A positive control DNA template and
a water (no template) negative control were included for each primer
set, and the results visualized as described above.

Data Analysis
Test Validity and Acceptability Criteria: 1TS-1 region PCR product(s) were

amplified for all isolates. Number and sequence of ITS-1 region(s) for each pure
isolate were grouped into families. Isolates containing multiple species were

identified based on PCR analysis with species specific primer sets.

Results
DNA was successfully extracted from all UGA turkey Eimeria isolates. PCR
amplification of the ITS-1 region(s) was performed on each UGA isolate, along with
the other US isolates (except E. dispersa), and the resulting fragments were
cloned into a commercial plasmid to facilitate sequencing. The ITS-1 region of the
internal E. dispersa isolate was amplified, but not cloned or sequenced, as it was
identifiable using primers based on the E. dispersa-EU sequence. A single clone
for each cloned ITS-1 fragment was sent to a commercial sequencing company
[SeqWright DNA Technology Services of Houston, Texas] to perform BigDye
primer extension sequencing. Both sense and anti-sense strands were sequenced
for each fragment, and the raw data was then analyzed using DNASTAR software.
The analysis demonstrated unambiguous sequences for all clones.
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Table 2
ITS-1 PCR Products of the UGA Turkey Isolates
Isolate ITS-1 PCR Products
No. Identification (WW1/WW3r primers)
(544)
-064A E. dispersa 405 bp
-064B E. dispersa 409 bp
-064C E. dispersa 409 bp
-065A E. meleagrimitis 1 405 bp
-065B E. gallopavonis 534 bp + 392 bp
-065C E. gallopavonis 534 bp + 392 bp
-066A E. adenoides 500bp +417 bp
-066C E. adenoides 534 bp +417 bp
-066D E. adenoides unknown 417 bp
-066E E. adenoides 417 bp
-067A E. meleagrimitis 1 502 bp
-067B E. meleagrimitis 1 503 bp
-067C E. meleagrimitis 1 405 bp
-067D E. meleagrimitis 1 405 bp
-067E E. meleagrimitis 1/E. adenoides 405 bp
-067F E. meleagrimitis 1 (may not be pure) 405 bp
-067G E. meleagrimitis 1 407 bp
-068A E. meleagrimitis 1 501 bp
TABLE 3
Isolates from COCCIVAC-T®
ITS-1 PCR Products
Type Abbrev. (WW1/WW3r primers)
E. adenoeides CAD 418 bp
E. meleagrimitis 1 Eme 402 bp
E. dispersa Edi ~400 bp
E. gallopavonis Ega 535 bp + 392 bp
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TABLE 4
EU isolates

ITS-1 PCR Products
Type (WW1/WW3r primers)

E. gallopavonis 535 bp + 392 bp

E. meleagrimitis 2 >500 bp

E. dispersa 410 bp
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TABLE 5
PCR Primers

PCR Product
Target Primer Pair Sequences (52> 3’) Size (bp)

AAGTTGCGTAAATAGAGCCC variable by
SEQ ID NO: 1 species

~440 - 770 bp

CAAGACATCCATTGCTGAAA may produce
SEQ ID NO: 2 multiple bands

ITS-1 region®

, CTCTCCTCCGTTCACTCCTTTCTG

E. meleagrimitis 1 SEQID NO: 3 205 bp

AGCCACCTGCGCAACACATTCT
SEQ ID NO: 4

GCTTGTAGGTTTGCATTGGTTC
, SEQID NO: 5

E. adenoeides 172 bp
CTCGTTGTGAGAAAAGAAAAAAGA
T

SEQ ID NO: 6

TCCGTTTGTTGATTGTTGTGG

E. gallopavonis SEQ ID NO: 7 282 bp

TCCCCTATCAGCACCAACAAA
SEQID NO: 8

CAGGAGCTGGTATTCATTCATTTC

. T
E. dispersa SEQ ID NO: 9 179 bp

AGGGCGCAACTTTCATTCTT1
SEQ ID NO: 10

L CTGGAAAGGTGCCTGTTTGT
E. meleagrimitis 2 SEQ ID NO: 11

(based on EU 225 bp

meleagrimitis) AGCACAGTGAAGCAGCTGAA
SEQ ID NO: 12

% Seq. Source: Woods et.al., Electrophoresis 21:3558 — 3563 (2000)
® Seq. Source: SPAH US for E. meleagrimitis 1, E. adenoeides, E. gallopavonis, and E. dispersa
° Seq. Source: SPAH UK
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Once the sequence of each ITS-1 fragment had been determined, alignment and
phylogenic analysis was performed on these sequences, as well as on the
sequences of the European isolates. Results of the phylogenic analysis are shown
in Figure 4. The sequence alignment analysis grouped the twenty-five isolates into
five “species.” E. adenoeides templates amplify a single 419 base pairs (bp) PCR
product using the Woods ITS-1 primer set. E. dispersa templates yield a single
409 bp ITS-1 product. All E. gallopavonis templates produce two products, 534 bp
and 392 bp in size. DNA from isolates originally characterized as E. meleagrimitis
amplify a single product with the Woods primers, but surprisingly, isolates
segregated into two distinct families. The ITS-1 fragments produced from these
two families are different sizes and only share 10.6% homology. One family
amplified a 405 bp product, whereas the second, designated E. meleagrimitis 2,
amplified a 500 bp product. Sequences of the ITS-1 fragments within each group
share between 96% to 100% homology, but between groups only share 10.6% to
49.7% homology.

TABLE 6

Name ITS-1 fragment(s) Lot Nos.

-064B, -064C
E. dispersa 409 bp Edi (Coccivac-T)
Edi (UK)
-066A, -066C
E. adenoeides 417 bp -066D, -066E
CAD (Coccivac-T)
-65B, -65C
E. gallopavonis 534 bp + 392 bp Egal(Coccivac-T)
Ead (UK)
-67C, -67D
-67E, -67F
E. meleagrimitis 1 405 bp -67G, -65A
-64A,
Eme (Coccivac-T)

-067A, -67B
-68A Eme (UK)

E. meleagrimitis 2 500 bp

With a few important exceptions, sequence-based groupings of the UGA reference
strains matched pathology-based groupings. As understood from the start, not all
isolates studied were pure, and by examining sequence from a single cloned
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fragment per isolate, there remained the possibility that some stocks contained
multiple species, and that a clone of an Eimeria contaminant might be picked
within a characterized stock. To determine if this might be the case where a
conflict existed between the sequence information and the pathology-based
characterization, a PCR analysis was performed using the species specific
primers.

Finally, PCR primers that had been designed based on the EU E. meleagrimitis
sequence segregated, as disclosed herein as E. meleagrimitis 2, so these primers
were synthesized and used in a PCR assay, as well (see, Table 5).

PCR analysis with the species specific primers gave the following results: UGA E.
adenoeides isolate 544-066A was positive with both E. adenoeides and E.
meleagrimitis 2 primers. UGA E. adenoeides isolate 544-066C was positive with
both E. adenoeides and E. gallopavonis primers. UGA E. dispersa isolate 544-
064A was positive with both E. dispersa and E. meleagrimitis 1 primers.

TABLE 7
PCR Analysis Using Species Specific Primers to Resolve Conflicts

Stock PCR results (positives) Determination

Both Eimeria adenoeides & Contaminated with

UGA E. adenoeides isolate Eimeria meleagrimitis 12 | Eimeria meleagrimitis 2

UGA E. adenoeides isolate | Both Eimeria adenoeides & Contaminated with
Eimeria gallopavonis Eimeria gallopavonis

UGA E. dispersa isolate Both Eimeria meleagrimitis 1 Contaminated with

& Eimeria dispersa Eimeria meleagrimitis 1
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Conclusions

PCT/US2009/063977

Turkey Eimeria isolates were studied to increase the understanding of the

phylogenic relationships between the existing species, and to validate a PCR-

based species identity test for the turkey isolates. Reference samples of all the

known US turkey Eimeria strains were obtained from a collection at the University
of Georgia, at Athens (UGA), and their DNA was extracted. This DNA was then
subjected to PCR amplification using Woods ITS-1 region primer set, and the

resulting fragments were cloned and sequenced. Phylogenetic analysis of the

sequences was then performed, and the results compared with in-house isolates

of turkey Eimeria, plus three European isolates. From these analyses, a fifth

distinct species was identified. Four turkey species had been previously

recognized, based on lesion pathology, but the present sequence analysis

indicates that one of the four, E. meleagrimitis should be further subdivided into

two separate species, E. meleagrimitis 1 and E. meleagrimitis 2.

Addendum

Additional PCR primers were also created based on the ITS-1 sequence of the EU
turkey Eimeria isolates, and an “unknown” ITS-1 sequence originally amplified

from Coccivac-T®. The identity of these stocks was verified in the experiment

described above. These additional primers proved useful to identify the stocks

described below.

TABLE 8
Additional PCR Primers

PCR Product

(5')-TACAAATGCGGCTCTCAATG
SEQ ID NO: 50

Target Primer Pair Sequences (5> 3’) Size (bp)
(5")-AGCATGAAAGCAGGGAAAGA
. SEQ ID NO: 45
E. gallopavonis 347 bp
(5")-TGTAACGGCTATGGGTCCTC
SEQ ID NO: 46
(5)-AGCGTCTCTTTCTTTGACTGC
, SEQ ID NO: 47
E. adenoeides 151 bp
(5")-TGGTACATACACAGCCAGCAA
SEQ ID NO: 48
E. dispersa (5 )_GTGTG£££T§|88AEQGATGG
(based on EU ' 185 b
isolate) P
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EXAMPLE 3

CONSENSUS SEQUENCE FOR THE ITS-1 REGION
OF THE 18 S RIBOSOMAL GENE OF E. MELEAGRIMITIS 2

DNA from eight field isolates of turkey Eimeria was isolated and their ITS-1
regions, located between the 18S and 5.8S ribosomal genes, were PCR amplified
and cloned into an E. coli vector. Up to five clones from each isolate (a through e),
were selected and sequenced. The ITS-1 region sequences from each clone were
then compared with E. meleagrimitis 2 reference sequences from the EU-E.me2
isolate and four UGA-E.me2 isolates. Each sequence extends from the first base
after the 18S Ribosomal RNA gene to the 5.8S Ribosomal RNA gene. A
phylogenetic tree was developed. The sequences were analyzed for similarity and
a consensus sequence was generated (SEQ ID NO: 44, see below). The
sequence includes "N's" where there are substitutions, insertions or deletions. The
size range for the ITS-1 sequences among the eight isolates is 394-398 bases.
The consensus sequence, SEQ ID NO: 44, shares 87.2 - 88.5% homology with the
sequenced Eme2 ITS1 clones, as compared to the sequence homology of the
eight sequences to each other which show 93.8 - 100% homology.

SEQUENCE DETERMINATIONS

SEQ ID NOs. 13-44 refer to the nucleotide sequences of the respective ITS-1
regions and are denoted in Full Caps. SEQ ID NOs. 51-81 refer to the entire
nucleotide sequence presented.

The sequences shown BELOW do not include all 18S and 5.8S sequences that
make up PCR fragment generated by Woods WW1/WW3r primer sets.

Text in BOLD is 18S region (WW1 primer is underlined)
Text in ITALICS is 5.8S region (primer WW3R is underlined)

UGA E. gallopavonis Isolates

544-065B: Large fragment 5> 3' (634 bp) SEQ ID NO: 51;

[SEQ ID NO: 13 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagtegtaacacggtticcgtaggtgaacctgecggaaggatcattcACACGTAAAG
CATGAAAGCAGGGAAAGATACTTTTTGATCTTATCCGTTTGTTGATTGTTGTGGGACAGTCAGCTTGCATG
AGGGTTGGGTCACGAGTGTCTGCTGCTGTTCAGGCTTATCCGGGTGGGACAAAGATTAACAACAACCTGT
AAATCTGTTTTTTTCTCACAACGAGTTTTCTTTTTTITGCCGAAAAAGTCTTTTTGCTGCTTCACTGTGTAGT
GCGGTGTGGGTGTGGCCGCAGGTGTTGTGATCTCCATAACTCCCCTCCCATGCATCATCATGACCAGTG
TTGGGTACTGGTTTGTTGGTGCTGATAGGGGAACGTTATGTAGAGGACCCATAGCCGTTACACAACGTTT
CCGGCCTCAGTGTATTGCAGGGACTTTATTCTGTATATACTAACAGAATGTATATATGAAGCCAAAaaaactit

cagcaatggatgtcttg
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544-065B: Small fragment 5'-> 3’ (392 bp) SEQ ID NO: 52

[SEQ ID NO: 14 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagaqcecctctaaaggatgcaaaagtcgtaacacggtitccgtaggtgaacctgcggaaggatcaticACACGTATAA
AGCATGAAAGCAGGAAGAGACATATTTCTTTTATTTGATCTCCTCCTATATCCTTCTTGAGAGATCTGCGTT
TACGCGGCTTGATCAAGTTTGGTGGTGGTTGGTCAATAGAAGAGGTGTCTTTTTGACTGGTCTTTTCAGG
CTTATTATGGGATAATATTCAACCGCAACCTGTAAATCTCTTTTTCCTCTCTCACAACAACGAGTTTTCTGT
AGATTGCAATTGATGCAAGTGTATTCTGTACGCTACAGAATATAAAGGTACAAAAAGAAAAAAaaaactttcage

aalggalgictig

544-065C: Large fragment 5> 3’ (534 bp: 518 bp sequenced) SEQ ID NO: 53

[SEQ ID NO: 15 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagticgtaacacggtitccgtaggtgaacctgecggaaggatcattcACACGTAAAG
CATGAAAGCAGGGAAAGATACTTTTTGATCTTATCCGTTTGTTGATTGTTGTGGGACAGTCAGCTTGCATG
CGGGTTGGGTCACGAGTGTCTGCTGCTGTTCAGGCTTATCCGGGTGGGACAAAGATTAACAACAACCTGT
AAATCTGTTTTTTTCTCACAACGAGTTTTCTTTTTTTTGCCGAAAAAGTCTTTTTGCTGCTTCACTGTGTAGT
GCGGTGTGGGTGTGGCGGCAGGTGTTGTGATCTCCATAACTCCCCTCCCATGCATCATCATGACCAGTG
TTGGGTACTGGTTTGTTGGTGCTGATAGGGGAACGTTATGTAGAGGACCCATAGCCGTTACACAACGTTT
CCGGCCTCAGTGTATTGCAGGGACTTTATTCTGTATATACTAACAGAATGTATATATGAAGCCAAAaaaacttt
c

544-065C: Small fragment 5’ 3’ (392 bp) SEQ ID NO: 54

[SEQ ID NO: 16 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagtcgtaacacggtttccgtaggtgaacctgcggaaggatcattcACACGTATAA
AGCATGAAAGCAGGAAGAGACATATTTCTTTTATTTGATCTCCTCCTATATCCTTCTTGAGAGATCTGCGTT
TACGCGGCTTGATCAAGTTTGGTGGTGGTTGGTCAATAGAAGAGGTGTCTTTTTGACTGGTCTTTTCAGG
CTTATTATGGGATAATATTCAACCGCAACCTGTAAATCTCTTTTTCCTCTCTCACAACAACGAGTTTTCTGT
AGATTGCAATTGATGCAAGTGTATTCTGTACGCTACAGAATATAAAGGTGCAAAAAGAAAAAAaaaactitcage
aalggatglctiq

544-066C: Large fragment 5> 3' (532 bp) SEQ ID NO: 55

[SEQ ID NO: 17 is the ITS-1 region, displayed in Full Caps]
aatgcqtaaatagagcecctctaaaggatgcaaaagtcgtaacacggtitccgtaggtgaacctgeggaaggatcattcACACGTAAAGCATGAA
AGCAGGGAAAGATACTTTTTGATCTTATCCGTTTGTTGATTGTTGTGGGACAGTCAGCTTGCATGCGGGTT
GGGTCACGAATGTCTGCTGCTGTTCAGGCTTATCCGGGTGGGACAAAGATTAACAACAACCTGTAAATCT
GTTTTTTITCTCACAACGAGTTTTCTTTTTTTITGCCGAAAAAGTCTTTTTGCTGCTTCACTGTGTAGTGCGGT
GTGGGTGTGGCGGCAGGTGTTGTGATCTCCATAACTCCCCTCCCATGCATCATCATGACCAGTGTTGGGT
ACTGGTTTGTTGGTGCTGATAGGGGAACGTTATGTAGAGGACCCATAGCCGTTACACAACGTTTCCGGCC
TCAGTGTATTGCAGGGACTTTATTCTGTATATACTAACAGAATGTATATATGAAGCCAAAaaaactitcagcaatgg
atgtettg

UGA E. adenoeides Isolates

544-066A: Small fragment 5> 3’ (417 bp) SEQ ID NO: 56

[SEQ ID NO: 18 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagtegtaacacggtttcegtaggtgaacctgecggaaggatcattc ACACGTGAAG
CATGAAGGCAGAGAAAGGATGCTTTTGATCAGATATATCTGCTTTGCTTGTAGGTTTGCATTGGTTCTTGG
TAACAAGTCGCCAAGCAGATTTGCATGCATGCAGTTTTGTGATCATTATTTATAGCGTCACTTTCTTTGACT
GCTGTTTATGCTTTTGTTATGGATTGGACACACATTACAAAATCTGTAAATCTTTTITTCTTTTICTCACAACGA
GTTTTCTCTTTGAAATTTCTGGAAAGAAAGAATATAGATTGCTGGCTGTGTATGTACCAGCAGAATGTGTA
GAATGAAAAAGTTGAaaaactticagcaatggatgictia

544-066C: Small fragment 5> 3’ (417 bp) SEQ ID NO: 57

[SEQ ID NO: 19 is the ITS-1 region, displayed in Full Caps]
aagtitgcqtaaatagagccctctaaaggatgcaaaagicgtaacacggtitccgtaggtgaacctgcggaaggatcattcACACGTGAAG
CATGAAGGCAGAGAAAGGATGCTTTTGATCAGATATATCTGCTTTGCTTGTAGGTTTGCATTGGTTCTTGG
TAACAAGTCGCCAAGCAGATTTGCATGCATGCAGTTTTGTGATCATTATTTATAGCGTCACTTTCTTTGGCT
GCTGTTTATGCTTTTGTTATGGATTGGACACACATTACAAAATCTGTAAATCTTTTTTCTTTTCTCACAACGA
GTTTTCTCTTTGAAATTTCTGGAAAGAAAGAATATAGATTGCTGGCTGTGTATGTACCAGCAGAATGTGTA
GAATGAAAAAGTTGAaaaactticagcaatggatgtettg

544-066D: 5> 3’ (417 bp) SEQID NO: 58

[SEQ D NO: 20 is the ITS-1 region, displayed in Full Caps]
aaqgttqgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtttccgtaggtgaacctgcggaaggatcattcACACGTGAAG
CATGAATGCAGAGAAAGGATGCTTTTGATCAGATATATCTGCTTTGCTTGTAGGTTTGCATTGGTTCTTGG
TAACAAGTCGCCAAGCAGATTTGCATGCATGCAGTTTAGTGATCATTATTTATAGCGTCTCTTTCTTTGACT
GCTGTTTATGCTTTTGTTATGGATTGGACACACATTACAAAATCTGTAAATCTTTTTTCTTTTCTCACAACGA
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GTTTTCTCTTTGAAATTTCTGGAAAGAAAGAATATAGATTGCTGGCTGTGTATGTACCAGCAGAATGTGTA
GAATGAAAAAGTTGAaaaactttcageaatggatgtettq

544-066E: 5-> 3' (416 bp) SEQ ID NO: 59

[SEQ ID NO: 21 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgecggaaggatcattcACACGTGAAG
CATGAATGCAGAGAAAGGATGCTTTTGATCAGATATATCTGCTTTGCTTGTAGGTTTGCATTGGTTCTTGG
TAACAAGTCGCCAAGCAGATTTGCATGCATGCAGTTTTGTGATCATTATTTATAGCGTCTCTTTCTTTGACT
GCTGTTTATGCTTTTGTTATGGGTTGGACACACATTACAAAATCTGTAAATCTTTTTTCTTTTCTCACAACGA
GTTTTCTCTTTGAAATTTCTGGAAAGAAAGAATATAGATTGCTGGCTGTGTATGTACCAGCAGAATGTGTA
GAATGAAAAAGTTGAaaaactttcageaatqgatgtett

UGA E. dispersalsolates

544-064B: 5> 3' (409 bp) SEQ ID NO: 60

[SEQ ID NO: 22 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagicgtaacacggtttccgtaggtgaacctgecggaaggatcattcACACATTCTG
TCCAACAGGAGCTGGTATTCATTCATTTCTGTGTGAAATGGCATAGATGGGTGTTGCAAGCTTCCTGTCTT
GGGCGGCTGAGTATTGAACCTTTTTATCCCTCCCACAACCTTTGAATCGGTTTGTTGAGTTITCTTTCCAC
GACGAGTTTTCTTAATATTTAAAAGAATGAAAGTTGCGCCCTTGCTGGCCACTCATTGAGAGCCGCATTTG
TAACTGCTCTCGTGAGCAGTGGAAGCGGGGCTTTTTCAGTGAGTGGCTGCATGCGCGCATGCGTAATATT
TATCAGCTCTTaaaactticageaatqqgatglcttq

544-064C: 5'-> 3’ (409 bp) SEQ ID NO: 61

[SEQ ID NO: 23 is the ITS-1 region, displayed in Full Caps]
aaqttacqtaaatagagccctctaaaggatgcaaaagicgtaacacggtttccgtaggtgaacctgcggaaggatcattcACACATTCTG
TCCAACAGGAGCTGGTATTCATTCATTTCTGTGTGAAATGGCACAGATGGGTGTTGCAAGCTTCCTGTCTT
GGGCGGCTGAGTATTGAACCTTTTTATCCCTCCCACAACCTTTGAATCGGTTTGTTGAGTTTICTTTCCAC
GACGAGTTTTCTTAAAATTTAAAAGAATGAAAGTTGCGCCCTTGCTGGTCACTCATTGAGAGCCGCATTTG
TAACTGCTCTCGAGAGCAGAGGAAGCGGGGCTTTTTAGGTGAGTGGCTGCATGCGCGCATGCGTAATAT
TTATCAGCTCTTaaaacttcagecaatggatgtetig

UGA E. meleagrimitis 1 Isolates

544-067C: 5> 3’ (405 bp) SEQ ID NO: 62

[SEQ ID NO: 24 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagicgtaacacggtticcgtaggtgaacctgcggaaggatcattcACACATTITTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCCTTITTITGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTITCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GTGTTGCGCAGGTGGCTGCTTGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGAGAGAAA
AAAGGACCCaaaactticagcaatggatqgtcitq

544-067D:5'-> 3’ (405 bp) SEQ ID NO: 63

[SEQ ID NO: 25 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtttccgtaggtgaacctgeggaaggatcattcACACATTTTCGGTCG
CGCGAACAAAAGGAGCCTCTCTCTCCTCTGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGGGGTGT
GCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCCTTTTTGAACCTTTTTAATTCC
TCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAATGTGTT
GCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGAGAGAAAAAAGG
ACCCaaaactttcagcaatggatgtettg

544-067E: 5'> 3’ (404 bp) SEQ ID NO: 64

[SEQ ID NO: 26 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctictaaaggatgcaaaagtcgtaacacggtitccgtaggtgaacctgcggaaggatcaticACACATTITC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCTGACTGGAATCCTTITTTGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GTGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGCGAGAAA
AAAGGACCCaaaactttcagcaatggatgicit

544-067F: 5> I (405 bp) SEQ ID NO: 65
[SEQ ID NO: 27 is the ITS-1 region, displayed in Full Caps]
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aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgeggaaggateattcACACATTTTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCCTTTTTGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GCTGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATACGCGCATGCGAAGCGAGAAA
AAAGGACCCaaaactttcageaatggatgtettg

544-067G: 5'> 3 (407 bp) SEQ ID NO: 66

[SEQ ID NO: 28 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagaqccctctaaaggatgcaaaagicgtaacacggtttccgtaggtgaacctgcggaaggatcattcACACATTTTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTITTTGTCTTGTTGGCCGACTGGAATCCTTTTTGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGATG
TGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCTGCGCGCATGCGAAGAGAGA
AAAAAGGACCCaaaactttcagcaatggatqtcttg

544-064A: 5> 3’ (405 bp) SEQ ID NO: 67

[SEQ ID NO: 29 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagaqccctctaaaggatgcaaaagtcgtaacacggtitccgtaggtgaacctgcggaaggatcattcACACATTTTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCCTTTTTGAACCTTTITA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GTGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGAGAGAAA
AAAGGACCCaaaactttcagcaatggatgteitq

544-065A: 5> 3 (405 bp) SEQ ID NO: 68

[SEQ ID NO: 30 is the ITS-1 region, displayed in Full Caps]
aagttgcqtaaatagagccctctaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgcggaaggatcattcACACATTTTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCGTTTTTGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GTGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGAGAGAAA
AAAGGACCCaaaactticagcaatqqgatgtetty

UGA E. meleagrimitis 2 Isolates

544-066A: Large fragment 5> 3 (500 bp) SEQ ID NO: 69

[SEQ ID NO: 31 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgcggaaggatcattcACACGTGATG
CATGCAGCAAGCTGGAAAGGTGCCTGTTTGTATGTGGGAAGTGCATTTATTATGCACACCTGCATTCATG
CGAGGTTACTGTCAATCCGGCGACTGCATGTATGGCTTCTTGGACCGCAATAACAACCTGTAAATCTCTTT
TCTTCTCCACAACGGTTTTTCTTTIGTTTACGGTACTTTATITGTGTACCACAACTATAAGTTGTTGGGGTTT
TCAGCTGCTTCACTGTGCTACTGGATGATAGGCTAGCTGCATTTGTTITGCCGGTCGGGGTTGTTGTTCG
GCAGGCACAGCATGGCAGCAGGGCTGTCGGCAGTGGCAGGTGTTTGCAGTTGTGTACCATTTAATTICTG
CTAAAGAGCAGAATGATTTGTTTACAAAAAAAaaaactttcageaatggatgtettq

544-087A: 5> 3 (502 bp) SEQ ID NO: 70

[SEQ ID NO: 32 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtttcegtaggtgaacctgecggaaggatcattcACACGTGATG
CATGCAGCAAGCTGGAAAGGTGCCTGTTTGTATGTGGGAAGTGCATTTCTTATGCACACCTGCATGCATG
TGAGGTTACTGTCAAGCCGGCGACTGCATGTATGGCTTCTTGGACCGCAATAACAACAACCTGTAAATCT
CTTTTCCTCTCCACAACGGTTTTTCTTTTGTTTACGGTACTTTATTTGTGTACCACAACTATAAGTTCTTGGG
GTTTTCAGCTGCTTCACTGTGCTACTGGATGATAGGCTAGCTGCATTTGTTTTGCCAGTCGGGGTTGCTGT
TTGGCAGGCACAGCATGGCAGCAGGGGTGTTGGCAGTTGCAGTGTTTGCAGTTGTATACCATTTAATTCT
GCTGAAGAGCAGAATGTTTTGTTTACAAAAAAAaaaactttcageaatqgatgtcttq

544-067B: 5'> 3' (503 bp) SEQ ID NO: 71

[SEQ ID NO: 33 is the ITS-1 region, displayed in Full Caps]
aagttqcqtaaatagagcccictaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgcggaaggatcattcACACGTGATG
CATGCAGCAAGCTGGAAAGGTGCCTGTTTGTATGTGGGAAGTGCATTTCTTATGCACACCTGCATGCATG
TGAGGTTACTGTCAAGCCGGCGACTGCATGTATGGCTTCTTGGACCGCAATAACAACAACCTGTAAATCT
CTTTTCCTCTCCACAACGGTTTTTCTTITGTTTACGGTACTTTATITGTGTACCACAACTATAAGTTCTTGGG
GTTTTCAGCTGCTTCACTGTGCTACTGGATGATAGGCTAGCTGCATTTGTTTTGCCAGTCGGGGTTGCTGT
TTGGCAGGCACAGCATGGCAGCAGGGGTGTTGGCAGTTGCAGTGTTTGCAGTTGTATACCATTTAATTCT
GCTGAAGAGCAGAATGTTTTGTTTACAAAAAAAAaaaactticagcaatggatgtctta
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544-068A: 5’-> 3 (501 bp) SEQ ID NO: 72

[SEQ ID NO: 34 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagicgtaacacggtitccgtaggtgaacctgcggaaggatcattcACACGTGATG
CATGCAGCAAGCTGGAAAGGTGCCTGTTTGTATGTGGGAAGTGCATTTCTTATGCACACCTGCATGCATG
TGGGGTTACTGTCAATCCGGCGACTGCATGTATGGCTTCTTGGACCGCAATAACAACAACCTGTAAATCT
CTTTTCTTCTCCACAACGGTTTTTCCTTTGTTTACGGTGCTTTATTTGTGTACCACAACTATAAGTTGTTGG
GGTTTTCAGCTGCTTCACTGTGCTACTGGATGACCGGCTAGCTGCATTTATTTTGCCAGTCGGGGTTGCT
GTTCGGCAGGCACAGCATGGCAGCAGGGCTGTCGGCAGTGGCAGGTGTTTGCAGTTGTATACCATTTAA
TTCTGCTGAAGAGCAGAATGTTTTGTTTACAAAAAaaaactticagcaatggatgtettq

US-SPAH Isolates

E. adenoeides-SPAH-US (CAD) 53 (417 bp) SEQID NO: 75

[SEQ ID NO: 37 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtttcegtaggtgaacctgcggaaggatcattcACACGTGAAG
CATGAAKGCAGAGAAAGGATGCTTTTGATCAGATATATCTGCTTTGCTTGTAGGTTTGCATTGGTTCTTGG
TAACAAGTCGCCAAGCAGATTTGCATGCATGCAGTTTTGTGATCATTATTTATAGCGTCTCTTTCTTTGACT
GCTGTTTATGCTTTTGTTATGGATTGGACACACATTACAAAATCTGTAAATCTTTTTTCTTTTCTCACAACGA
GTTTTCTCTTTGAAATTTCTGGAAAGAAAGAATATAGATTGCTGGCTGTGTATGTACCAGCAGAATGTGTA
GAATGAAAAAGTTGAAaaactttcagcaatqqgatgtettq

E. meleagrimitis 1-SPAH-US (Eme) 5’3 (403 bp) SEQ ID NO: 76

[SEQ ID NO: 38 is the [TS-1 region, displayed in Full Caps]
aagttgcqtaaataqagccctctaaaggatgcaaaagticgtaacacggtttccgtaggtgaacctgeggaaggatcattcACACATTTTC
GGTCGCGCGAACAAAAGGAGCCTCTCTCTCCTCCGTTCACTCCTTTCTGCTGCAATTCAGTGGAATGTGG
GGTGTGCAGATGGTCGTGTGTGACGGCTTTTTGTCTTGTTGGCCGACTGGAATCCTTTTTGAACCTTTTTA
ATTCCTCCCAACCTTTGAATCGGTTAAGAGTTTTCTTCCCACGACGAGTTTTCTTTGAGAATAAAAGAGAAT
GTGTTGCGCAGGTGGCTGCTCGCTCGTTGAGAGTGGCTGGGCTGCATGCGCGCATGCGAAGAGAGAAA
AAAGGACCCA aaactttcagcaatggatgtet

E. gallopavonis-SPAH-US (Ega) Large fragment 53’ (538 bp) SEQ ID NO: 77

[SEQ ID NO: 39 is the ITS-1 region, displayed in Full Caps]
taagttgcggtaaatagagccctctaaaggatgcaaaagtcgtaacacggtticcgtaggtgaacctgcggaaggatcattcACACGTAAA
GCATGAAAGCAGGGAAAGATACTTTTTGATCTTATCCGTTTGTTGATTGTTGTGGGACAGTCAGCTTGCAT
GCGGGTTGGGTCACGAGTGTCTGCTGCTGTTCAGGCTTATCCGGGTGGGACAAAGATTAACAACAACCT
GTAAATCTGTTTTTTTCTCACAACGAGTTTTCTTTTTTTTGCCGAAAAAGTCTTTTTGCTGCTTCACTGTGTA
GTGCGGTGTGGGTGTGGCGGCAGGTGTTGTGATCTCCATAACTCCCCTCCCATGCATCATCATGACCAG
TGTTGGGTACTGGTTTGTTGGTGCTGATAGGGGAACGTTATGTAGAGGACCCATAGCCGTTACACAACGT
TTCCGGCCTCAGTGTATTGCAGGGACTTTATTCTGTATATACTAACAGAATGTATATATGAAGCCAAAAaaa
cittcageaatggaatgicttga

E. gallopavonis-SPAH-US (Ega): Small fragment 5'>3 (392 bp) SEQ ID NO: 78

[SEQ ID NO: 40 is the ITS-1 region, displayed in Full Caps]
aagttgcgtaaatagagccctctaaaggatgcaaaagtcgtaacacggtiiccgtaggtgaacctgcggaaggatcaticACACGTATAA
AGCATGAAAGCAGGAAGAGACATATTTCTTTTATTTGATCTCCTCCTATATCCTTCTTGAGAGATCTGCGTT
TACGCGGCTTGATCAAGTTTGGTGGTGGTTGGTCAATAGAAGAGGTGTCTTTTTGACTGGTCTTTTCAGG
CTTATTATGGGATAATATTCAACCACAACCTGTAAATCTCTTTTTCCTCTCTCACAACAACGAGTTTTCTGTA
GATTGCAATTGATGCAAGTGTATTCTGTACGCTACAGAATATAAAGGTACAAAAAGAAAAAAAaaaactttcage
aatgqatgtett
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EU Reference Isolates

E .meleagrimitis 2 53 (475 bp) SEQ ID NO: 73

[SEQ ID NO: 35 is the ITS-1 region, displayed in Full Caps]
geatgcagtcgtacacggtttccgtaggtgaacctgeggaaggatcattc ACACGTGATGCATGCAGCAAGCTGGAAAGGTG
CCTGTTTGTATGTGGGAAGTGCATTTCTTATGCACACCTGCATTCATGCGAGGTTACTGTCAATCCGGCGA
CTGCATGTATGGCTTCTTGGACCGCAATAACAACAACCTGTAAATCTCTTTTCCTCTCCACAACGGTTTTTC
TTTTGTTTACGGTACTTTATTTGTGTACCACAACTATAAGTTGTTGGGGTTTTCAGCTGCTTCACTGTGCTA
CTGGATGATAGGCTAGCTGCATTTGTTTTGCCGGTCGGGAGTTAGTTGTTCGGCAGGCACAGCATGGRCAGC
AGGGCTGTCGGCAGTGGCAGGTGTTTGCAGTTGTATACCATTTAATTCTGCTAAAAAGCAAAATGTTTTGT
TTACAAAAAAAAAATTTTTCAACGGTGGTTTTGAGGAA

E. gallopavonis -large fragment 5’3’ (506 bp) SEQ ID NO: 74

SEQ ID NO: 36 is the ITS-1 region, displayed in Full Caps]
gtcgtcaagtegtacacggtttecgtaggtgaacetgeggaaggatcattc ACACGTAAAGCATGAAAGCAGGGAAAGATACT
TTTTGATCTTATCCGTTTGTTGATTGTTGTGGGACAGTCAGCTTGCATGCGGGTTGGGTCACGAGTGTCTG
CTGCTGTTCAGGCTTATCCGGGTGGGACAAAGATTAACAACAACCTGTAAATCTGTTTTTITCTCACAACG
AGTTTTCTTTTTTITTGCCGAAAAAGTCTTTTTGCTGCTTCACTGTGTAGTGCGGTGTGGGTGTGGCGGCAG
GTGTTGTGATCTCCATAACTCCCCTCCCATGCATCATCATGACCAGTGTTGGGTACTGGTTTGTTGGTGCT
GATAGGGGAACGTTATGTAGAGGACCCATAGCCGTTACACAACGTTTCCGGCCTCAGTGTATTGCAGGGA
CTTTATTCTGTATATACTAACAGAATGTATATATGAAGCCAAAAaaactticageaatgqgatgtetiga

E. gallopavonis -small fragment 5'->3' (355 bp) SEQ ID NO: 79

[SEQ ID NO: 41 Is the [TS-1 region, displayed in Full Caps]
gtaatcagtcgtacacggtticecgtaggtgaacctgeggaaggatcattcACACGTATAAAGCATGAAAGCAGGAAGAGACAT
ATTTCTTTTATTTGATCTCCTCCTATATCCTTCTTGAGAGATCTGCGTTTACGCGGCTTGATCAAGTTTGGT
GGTGGTTGGTCAATAGAAGAGGTGTCTTTITGACTGGTCTTTTCAGGCTTATTATGGGATAATATTCAACC
GCAACCTGTAAATCTCTTTTTCCTCTCTCACAACAACGAGTTTITCTGTAGATTGCAATTGATGCAAGTGTAT
TCTGTACGCTACAGAATATAAAGGTACAAAAAGAAAAAAaaaactttcagcaaggga

E. dispersa 5'->3 (373 bp) SEQ ID NO: 80

[SEQ ID NO: 42 is the ITS-1 region, displayed in Full Caps]
tagatcagtcgtacacggtttccgtaggtgaacctgeggaaggatcattcACACATTCTGTCCAACAGGAGCTGGTATTCATTC
ATTTCTGTGTGAAATGGCACAGATGGGTGTTGCAAGCTTCCTGTCTTGGGCGGCTGGGTATTGAACCTTT
TTATCCCTCCCACAACCTTTGAATCGGTTTGTTGAGTTTTCTTTCCACGACGAGTTTTCTTAAAATTTAAAA
GAATGAAAGTTGCGCCCTTGCTGGTCACTCATTGAGAGCCGCATTTGTAACTGCTCTCGAGAGCAGTGGA
AGCGGGGCTTTTTAAGTGAGTGGCTGCATGCGCGCATGCGTAATATTTATCAGCTCTTAaaactttcageatagaa
a

UK-SPAH Isolates

E.meleagrimitis 2-SPAH-UK 53’ (268 bp) SEQ ID NO: 81

SEQ ID NO: 43 is the ITS-1 region, displayed in Full Caps]
cggtttccgtaggtgaacctgeggaaggatcattcACACGTGATGCATGCAGCAAGCTGGAAAGGTGCCTGTTTGTATGTG
GGAAGTGCATTTCTTATGCACACCTGCATGCATGTGAGGTTACTGTCAATCCGGCGACTGCATGTATGGC
TTCTTGGACCGCAATAACAACAACCTGTAAATCTCTTTTCCTCTCCACAACGGTTTTTCTTTITGTTTACGGT
ACTTTATTTGTGTACCACAACTATAAGTTGTTGGGGTTTTCAGCT

E. meleagrimitis-2 Consensus Sequence

Consensus sequence for E, meleagrimitis 25> 3 (409 bp) SEQ ID NO: 44
ACACGTGANGCATGCANNNAGCTGGAAANNTNGCCTGTTTGTATGTGGGAAGTGCATTTNTTATGCACAC
CTGCATNCATGNGNGGTTACTGTCAANCCGGCGANCTGCATGTATGGCTTCTTGGACCGCAATAACANNN
ACCTGTAAATCNCTTTINNTCTCCACAACGGTTTTTCNTTTGTTTACGGTNCTTTATTTGTGTACCACAACT
ATAAGTTNTTGGGGTTTTCNGCTGCTTCACTGTGCTACTGGNTGANNNNNNGGCTAGCTGCATTTINTTITG
CCNGTCGGGGTTGNTGTTNGGCAGGCNCAGCATGGCAGCAGGGNTGTNGGCAGTNGCAGNNGTTTGCA
GTTGNNTACNATTTANTTCTGCTNAANAGCANNATGNTTTGTTTACAAAAAAAANNNN (5.8S end)

Where “N” can be any nucleotide or no nucleotide
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WE CLAIM:

1. A vaccine composition comprising E. meleagrimitis 2 and E. meleagrimitis 1, wherein
an Eimeria isolate is identified as an E. meleagrimitis 2 when the entire nucleotide
sequence of the Internal Transcribed Spacer region one (ITS-1) of the genome of the
Eimeria isolate exhibits greater than 87% identity with the entire nucleotide sequence of
SEQ ID NO: 44.

2. The vaccine of Claim 1, wherein the Eimeria isolate is identified as E. meleagrimitis
when the isolate exhibits greater than 95% identity with the entire nucleotide sequence
of SEQ ID NO: 44.

3. The vaccine of Claim 1, wherein the Eimeria isolate is identified as E. meleagrimitis
when the isolate exhibits100% identity with the entire nucleotide sequence of SEQ ID
NO: 44.

4. The vaccine of any one of Claims 1 to 3, further comprising one or more additional
Eimeria species, wherein the one or more additional Eimeria species is E. adenoeides,
E. gallopavonis, E. dispersa, E. innocua, or E. subrotunda.

5. The vaccine of Claim 4 wherein the additional Eimeria species is E. adenoeides.

6. The vaccine of Claim 5 further comprising E. meleagridis.

7. The vaccine of Claim 5 further comprising E. dispersa.

8. The vaccine of any one of Claims 1 to 3, wherein the vaccine further comprises a

parasite from the coccidia genus wherein the parasite is /Isospora, Cystoisospora, or

Cryptosporidium.
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9. The vaccine of any one of Claims 1 to 3, wherein the E. meleagrimitis 2 is an

unattenuated strain.

10. The vaccine of Claim 9 wherein the E. meleagrimitis 1 is an unattenuated strain.

11. The vaccine of Claim 10 that comprises from about 10 to about 1000 oocysts of

each of E. meleagrimitis 2 and E. meleagrimitis 1.

12. The vaccine of any one of Claims 1 to 3, wherein the E. meleagrimitis 2 is an

attenuated strain.

13. The vaccine of Claim 12 wherein the E. meleagrimitis 1 is an attenuated strain.

14. The vaccine of Claim 13 that comprises from about 100 to about 10,000 oocysts of

each of E. meleagrimitis 2 and E. meleagrimitis 1.

15. The vaccine of any one of Claims 1 to 3, that comprises merozoites of E.

meleagrimitis 1 and/or E. meleagrimitis 2.

16. A vaccine composition comprising a first strain of E. meleagrimitis 2 and a second
strain of E. meleagrimitis 2,

wherein the first strain and the second strain have an asynchronous prepatent
period; and

wherein an Eimeria isolate is identified as an E. meleagrimitis 2 when the entire
nucleotide sequence of the ITS-1 region of the genome of the Eimeria isolate exhibits

greater than 87% identity with the entire nucleotide sequence of SEQ ID NO: 44.
17. The vaccine of Claim 16, wherein the Eimeria isolate is identified as E. meleagrimitis

when the isolate exhibitsgreater than 95% identity with the entire nucleotide sequence
of SEQ ID NO: 44.
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18. The vaccine of Claim 16, wherein the Eimeria isolate is identified as E. meleagrimitis
when the isolate exhibits100% identity with the entire nucleotide sequence of SEQ ID
NO: 44.

19. The vaccine of any one of Claims 16 to 18, further comprising one or more
additional Eimeria species wherein the one or more additional Eimeria species is E.
meleagrimitis 1, E. adenoeides, E. gallopavonis, E. dispersa, E. meleagridis, E.

innocua, or E. subrotunda.

20. Use of an immunologically effective amount of the vaccine of any one of Claims 1 to

19 for immunizing a turkey against coccidiosis.

21. The use of Claim 20 wherein the vaccine is for administration in the drinking water

of the turkey.

22. The use of Claim 20 wherein the vaccine is for administration in the food of the

turkey.

23. Use of a vaccine against E. meleagrimitis comprising an immunologically effective
amount E. meleagrimitis 2 for immunizing a turkey against coccidiosis, wherein an
Eimeria isolate is identified as an E. meleagrimitis 2 when the entire nucleotide
sequence of the ITS-1 region of the genome of the Eimeria isolate exhibits greater than
87% identity with the entire nucleotide sequence of SEQ ID NO: 44.

24. The use of Claim 23, wherein the Eimeria isolate is identified as E. meleagrimitis
when the isolate exhibitsgreater than 95% identity with the entire nucleotide sequence
of SEQ ID NO: 44.

25. The use of Claim 23, wherein the Eimeria isolate is identified as E. meleagrimitis
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when the isolate exhibits100% identity with the entire nucleotide sequence of SEQ ID
NO: 44.

26. The use of any one of Claims 23 to 25, wherein said use is in combination with the
use of one or more additional vaccines against a species of Eimeria other than E.
meleagrimitis 2,

wherein each additional vaccine comprises an immunologically effective amount
of one or more Eimeria species wherein the one or more Eimeria species is E.
adenoeides, E. gallopavonis, E. dispersa, E. meleagridis, E. innocua, or E. subrotunda,;

wherein the use of the vaccine against E. meleagrimitis 2 and the use of one or
more additional vaccines against a species of Eimeria other than E. meleagrimitis 2 can

be carried out in any orderor in a combined use.

27. A PCR amplification kit comprising two or more PCR primer pairs, wherein the two
or more PCR primer pairs are for amplifying an ITS-1 region of the genome of a species
of turkey Eimeria and comprise a first and second primer, and wherein the nucleotide
sequences of the first and second primer respectively are of SEQ ID NO: 3 and SEQ ID
NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 8, SEQ ID
NO: 9 and SEQ ID NO: 10, SEQ ID NO: 11 and SEQ ID NO: 12, SEQ ID NO: 45 and
SEQ ID NO: 46, SEQ ID NO: 47 and SEQ ID NO: 48, or SEQ ID NO: 49 and SEQ ID
NO: 50.

28. The kit of Claim 27 wherein for one PCR primer pair the respective nucleotide
sequences of the first and second primer comprise SEQ ID NO: 3 and SEQ ID NO: 4,
and wherein for another PCR primer pair the respective nucleotide sequences of the
first and second primer comprise SEQ ID NO: 11 and SEQ ID NO: 12.

29. The kit of Claim 28 further comprising PCR primer pairs that comprise respective

nucleotide sequences of the first and second primers of SEQ ID NO: 5 and SEQ ID NO:
6, SEQ ID NO: 7 and SEQ ID NO: 8, and SEQ ID NO: 9 and SEQ ID NO: 10.
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30. The kit of Claim 28 further comprising PCR primer pairs that comprise respective
nucleotide sequences of the first and second primers of SEQ ID NO: 45 and SEQ ID
NO: 46, SEQ ID NO: 47 and SEQ ID NO: 48, and SEQ ID NO: 49 and SEQ ID NO: 50.

31. A PCR amplification kit specific for E. meleagrimitis 2 comprising a first primer and
second primer, wherein the nucleotide sequence of the first primer comprises SEQ ID

NO: 11 and the nucleotide sequence of the second primer comprises SEQ ID NO: 12.

32. A method of identifying E. meleagrimitis 2 in a biological sample comprising:

(a) accessing nucleic acids contained by a biological sample;

(b) amplifying the accessed nucleic acids by PCR in the presence of the primers
from the PCR amplification kit of Claim 27 under conditions that will produce a PCR
product when nucleic acids from E. meleagrimitis 2 are contained by the biological
sample; and

(c) monitoring for the PCR product; wherein when the PCR product is detected

during the monitoring, E. meleagrimitis 2 is identified as being in the biological sample.

33. A method of identifying pathogenic turkey Eimeria present in a biological sample
comprising:

(a) accessing nucleic acids contained by a biological sample;

(b) amplifying the accessed nucleic acids by PCR in the presence of the primers
from the PCR ampilification kit of Claim 28 under conditions that will produce a PCR
product when nucleic acids from pathogenic turkey Eimeria are contained by the
biological sample; and

(c) monitoring for the PCR product; wherein when the PCR product is detected
during the monitoring, pathogenic turkey Eimeria are identified as being in the biological

sample.

34. A method of identifying the species of pathogenic turkey Eimeria present in a
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biological sample comprising:

(a) accessing nucleic acids contained by a biological sample;

(b) amplifying the accessed nucleic acids by PCR in the presence of the primers
from the PCR amplification kit of Claim 28 under conditions that will produce a PCR
product when nucleic acids from pathogenic turkey Eimeria are contained by the
biological sample;

(c) detecting the PCR product; and

(d) determining the species of the pathogenic turkey Eimeria associated with the
detected PCR product; wherein said determining identifies the species of pathogenic

turkey Eimeria present in the biological sample.

35. The method of Claim 34 further comprising isolating one or more turkey Eimeria
isolates from the biological sample and ascertaining one or more properties of the
pathogenic turkey Eimeria isolated, wherein said properties are its pathology, its

pathogenicity, its cross-immunity, or its morphometrics.
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