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Cryptic Eimeria.

Are they coming? Do they matter?



Chicken production is booming…

• > 66 billion broilers produced in 2017       (FAO)

…and so are Eimeria



Eimeria species from the chicken

• Genetic variants: X, Y and Z

• Divergent strains?

• Cryptic species?

• …? Internal transcribed spacer (ITS)

• Seven recognised species



USA1

+: a, b, ma, 
mi, n, p, t
-: x, y, z

1Schwarz et al (2009) 

Australia2

+: a, b, ma, 
mi, n, p, t, 

x, y, z

2Cantacessi et al (2008)

Europe
+: a, b, ma, 
mi, n, p, t
-: x, y, z

Egypt
+: a, b, ma, 
mi, n, p, t
-: x, y, z

Libya
+: a, b, ma, 
mi, n, p, t
-: x, y, z

Venezuela
+: a, b, ma, 

mi, n, p, t, x, z
-: y

Zambia
+: a, b, ma, 
mi, n, p, t, z

-: x, y

Uganda
+: a, b, ma, 
mi, n, p, t, z

-: x, y

Ghana
+: a, b, ma, 

mi, n, p, t, x, z
-: y Tanzania

+: a, b, ma, 
mi, n, p, t, x, z

-: y

Nigeria
+: a, b, ma, 
mi, n, p, t, 

x, y, z

China
+: a, b, ma, 
mi, n, p, t
-: x, y, z

India
+: a, b, ma, mi, 

n, p, t, x, z
-: y

30oN

Are they 

coming?



• Three Nigerian field populations

• Five to seven species/genotypes

• Triplicate vaccination: Paracox® 8 (x10)

• Experimental challenge

Does it matter?
• Drugs likely to be equally ‘effective’

• Are live anticoccidial vaccines effective against 

OTUs?

• Passage OTU samples using Paracox® 8 

vaccinated birds for selective enrichment



E. acervulina

E. brunetti

OTUy

E. maxima

OTUx

E. mitis

OTUz

E. necatrix

E. praecox

E. tenella

Paracox 8 Ng01 Ng02 Ng03

: Parasite present : Parasite failed to produce oocysts

Challenge dose EscapeChallenge dose

(Control)



OTU genotype vaccine escape
• Passage OTUx/OTUy sample using Paracox® 8 

(un)vaccinated birds
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OTU genotype vaccine escape

• Are live anticoccidial vaccines effective against 

OTUs? NO.



OTUs: strain or species? Oocysts…

OTUx : Emax

Ebru : OTUy Emit : OTUz : Eace



OTUs: strain or species?

OTUx

Nigeria, Australia

E. maxima

130 hours

Low

Duodenum, extending into the jejunum

Length: 30.5 µm
Width: 23.4 µm
L/W ratio: 1.30 

Genotype:

Source(s) analysed:

Closest relative (ITS):

Oocyst morphology:

Prepatent period:

Fecundity:

Site of replication:



OTUy

Nigeria

E. brunetti

Low

Length: 26.8 µm
Width: 22.9 µm
L/W ratio: 1.17 

Genotype:

Source(s) analysed:

Closest relative (ITS):

Oocyst morphology:

Prepatent period:

Fecundity:

Site of replication:

OTUs: strain or species?

?



OTUz

Nigeria, Australia

? (E. mitis)

135 hours

Moderate

Duodenum, extending into the jejunum 

(ileum)

Length: 17.6 µm
Width: 15.3 µm
L/W ratio: 1.15 

Genotype:

Source(s) analysed:

Closest relative (ITS):

Oocyst morphology:

Prepatent period:

Fecundity:

Site of replication:

OTUs: strain or species?



Species/OTU Oocyst L x W µm 

(L/W ratio)

Pre-patent 

period

Fecundity Pathogenicity Location

E. acervulina 18.3 x 14.7 (1.25) 89 +++++ ++ SI (upper)

E. brunetti 26.5 x 21.3 (1.25) 120 ++ ++++ SI (lower), rectum

E. maxima 35.5 x 25.3 (1.41) 120 ++ +++ SI (mid)

E. mitis 15.8 x 14.5 (1.09) 91 ++++ ++ SI (lower)

E. necatrix 20.8 x 17.3 (1.20) 138 ++ +++++ SI (mid), caeca*

E. praecox 21.7 x 17.4 (1.25) 84 ++++ + SI (upper)

E. tenella 23.1 x 19.8 (1.17) 132 +++ ++++ Caeca

OTUx 30.8 x 23.8 (1.29) 130 +++ +++ SI (upper)

OTUy 26.7 x 22.8 (1.17) tbc tbc tbc tbc

OTUz 17.7 x 15.2 (1.17) 135 +++ ++ SI (upper-mid)

OTUs: strain or species?



OTUz

Australia

Genotype:

Source(s) analysed:

[Ross 308, 21 days old]
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Are OTU Eimeria pathogenic?

Mortality: None

BWG (days -3 to +10 pi):

Watery mucus (days +5 to +7 pi). No discrete lesions



Schizonts

detected from 

~50 hpi

Late 

generation 

schizonts

(between 96 

and 168 hpi)

Villi, not crypts

Are OTU Eimeria pathogenic?



Gametes

from 120 hpi

(144 hrs pi) 

Correlates 

with the 

most severe 

pathology

Are OTU Eimeria pathogenic?
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Are OTU Eimeria pathogenic - $?

Fornace et al (2013) PLoS One 8: e84254
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Species/OTU Reference 

origin

Assembly 

size (Mbp)

Scaffolds % complete 

vs T. gondii

Additional 

strains available

E. acervulina UK 45.8 (61.1*) 3,415 (627*) 98.6

E. brunetti UK 66.9 5,317 na

E. maxima UK 46.0 3,564 93.3 UK

E. mitis UK 72.2 15,978 na

E. necatrix UK 55.0 3,707 95.2

E. praecox UK 60.1 12,929 na

E. tenella UK 51.9 4,664 98.1 Japan, Nigeria, US

OTUx Aus 42.9 16,071 na

OTUy Aus 58.0 40,800 na

OTUz Aus 50.6 27,925 na

Eimeria genomes

*PacBio sequencing. All other sequences generated using Illumina



~42.9 Mb

~24x coverage

16,071 contigs

OTUx assembly:

OTUy assembly:

OTUz assembly:

Australian OTU genome sequencing

~58.0 Mb

~14x coverage

40,800 contigs

~50.6 Mb

~27x coverage

27,925 contigs

10,309 gene models

12,777 gene models

11,705 gene models

β-tubulin

18S rDNA

Cytochrome oxidase I

Actin depolymerising factor

Mitochondrial
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E. brunetti
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E. praecox

E. acervulina

E. mitis
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E. necatrix

E. maxima

E. tenella
Bayesian inference

Immune mapped protein 1
4 runs, 500,000 generations

Sample frequency 10

Burn in 25%



E. acervulina

E. tenella

E. necatrix

E. falciformis

E. praecox

E. maxima

OTUx

E. mitis

E. brunetti

OTUy

OTUz

0.02

99
87

99
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100

100

99

100

Maximum Likelihood

GTR+G

56 orthologues, concatenated

1,000 iterations

Consensus phylogeny



Summary

OTUs

✔

✘

Distinct

● Geographically

● (Morphologically)

● Antigenically

● Genetically

● New species 

names?
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