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Dear attendants of the 14th International Coccidiosis Conference (ICC2026)

In animal production, maintaining effective control of parasitic diseases remains essential for
improving productivity, reducing reliance on antimicrobials, and safeguarding animal health
and welfare. Among these challenges, coccidiosis continues to be one of the most significant
intestinal diseases affecting poultry worldwide, driving major scientific and technological ef-
forts to better understand host-parasite interactions, immunity, and gut health resilience.

Over the past decades, substantial progress in coccidia biology, epidemiology, and control
strategies has enabled the development of innovative approaches, including improved vac-
cines, targeted anticoccidial programs, nutritional interventions, and advanced diagnostic
tools. These advances are increasingly shaping more sustainable and precision-based poultry
production systems.

The 14th International Coccidiosis Conference (ICC2026) continues this global tradition as a
leading platform dedicated to the exchange of cutting-edge research and field experience in
coccidia and coccidiosis. The conference will bring together researchers, industry experts, ac-
ademics, and policymakers to foster collaboration and accelerate innovation in animal health
and production.

We are pleased to welcome participants to Ghent, Belgium, from June 2-4, 2026, a vibrant
European hub for veterinary science and agricultural research.

With this edition, we are pleased to open the conference with a workshop titled “An Overview
of Regulatory, Safety, and Efficacy Assessments of Coccidiostats in the European Union”, which
will set the stage for discussions by bringing together perspectives from industry representa-
tives and food safety authorities, including the European Commission (DG SANTE) and EFSA.

Building on this opening session, the scientific program will feature internationally recognized
keynote speakers who will present the latest advances in coccidiosis research, ranging from
parasite biology and host immune responses to applied control strategies and industry-rele-
vant solutions. In addition, short oral communications will highlight emerging findings, while
poster sessions accompanied by concise pitch presentations will provide an interactive forum
for scientific exchange and discussion.

This conference aims to showcase the latest scientific knowledge, strengthen collaboration
across disciplines, and support the development of innovative solutions for sustainable ani-
mal production. We look forward to welcoming the global coccidiosis research community for
an inspiring and productive meeting in Ghent.

On behalf of the organizers, we sincerely thank all speakers, sponsors, and participants for
their contributions and engagement.
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14th International Coccidiosis Conference Program

ACTIVITY

Registration

PRESENTER

TUESDAY - 2026 June 2

9:00

9:15

Welcome and

opening

The ICC organising team

Workshop - "An Overview of Regulatory, Safety, and Efficacy Assessments of

Coccidiostats in European Union"

Jana Kvicerova (University

Opening Chairs: Manoj Aggarwal (MSD Animal Health) and Maarten De Gussem
9:15 9:20
remarks (Vetworks)
. . Coccidiostats in the European Union:
9:20 9:55 | Lecture 1 Bob Cornez (Huvepharma) Challenges and Future Perspectives
Fabien Schneegans (European
C(?mmlsSIOn The legal framework for the authorisation
9:55 10:20 | Lecture 2 Directorate-General for Health of coccidiostat feed additives in the
’ ’ and Food Safety (DG SANTE) Furopean Union
G5 - Food Hygiene, Feed and urop
Fraud)
10:20 | 10:50 | Coffee break
Vasileios Bampidis & Alberto
Navarro Villa -European -
. The assessment of coccidiostat feed
10:50 | 11:45 | Lecture 3 Food Safety Autho.r.lty (EFSA) additives in European Union: General
The Panel on Additives and aspects and specific case studies
Products or Substances used in P P
Animal Feed (FEEDAP)
11:45 | 12:15 | Round table and discussion
12:15 | 13:45 | Lunch

Session 1 - Epidemiology and diagnostic tools - Chair: Monita Vereecken

"From samples to letters": methods,

13:45 | 14:30 | Keynote 1 of South Bohemia in Ceské conflicts, biases, and pitfalls in
Budéjovice, Czechia) coccidian research
?gﬁg;ltaljs;i:;sie (;iilvalho Sound and image analysis to detect
14:30 | 14:45 | Oral1 Y coccidiosis-related changes in broiler
Poulpharm) - Presented by chickens
Gunther Antonissen (UGent)
Evaluating ovotransferrin and calprotectin
14:50 | 15:05 | Oral 2 {Jrr?irz/le(i?tcﬁn (Utrecht as biomarkers for Eimeria infections in
y broilers under field conditions
15:05 | 15:25 | Coffee break




Session 2 - Genomics, genetics, and evolutionary diversity - Chair: Fiona Tomley

WEDNESDAY - 2026 June 3

oo | 900 | Regotration

Session 3 - Inmunology and vaccines - Chair: Jana Kvicerova

From First Contact to Protection:

. . Damer Blake (Royal Exploring Eimeria genomes to

15:25 1 16:10 | Keynote 2 Veterinary College, UK) understand Eimeria populations

16:10 | 16:25 | oral 3 Con01_" Noonan (Royal Comptaratl\./e Ge_nomlc Analysis of Poultry-
Veterinary College) Infecting Eimeria Genomes

16:25 | 16:40 | Oral 4 Brecht Maertens (Poulpharm) Prev.aler.lce of the three cryptic Eimeria

species in Europe

ﬁ::elzlrg’:\?nnst(l]ix]l(t):g? RM, Identification of cryptic Eimeria and

16:40 | 16:43 | Oral (pitch) 5 . . subsequent evaluation of the situation on
Biopharmacy and Veterinary Czech production farms
Drugs, Czech Republic) p

16:43 | 17:45 | From Posters to Pints: Poster session and beer tasting

. . Marc Pages Bosch (Hipra . .
9:00 9:45 | Keynote 3 Scientific SLU) T.he In_lmunologlcal Journey Against
Eimeria
Xm.mlng T.ang (Inst.ltute of EtAP2_SM Controls Sporogony in Eimeria
Animal Science, Chinese . .
9:45 10:00 | Oral 6 . tenella and Underpins Genetically
Academy of Agricultural . ; .
. Engineered Vaccine Design
Sciences )
Swati Karki (Poulpharm) - Impact of Coccidiosis Vaccination on
10:00 | 10:15 | Oral 7 presented by Maarten De Broiler Performance Under Heat Stress
Gussem (Vetworks) Conditions
Yingying Sun, Xun Suo,
Xianyong Liu (State Key
Laboratory of Veterinary
Public Health and Safety;
Key Laboratory of Animal Immunogenicity and protection against
. . . Epidemiology and Zoonosis infectious bursal disease via a transgenic
10:15 | 10:18 | Oral (pitch) 8 of Ministry of Agriculture, Eimeria acervulina expressing IBDV VP2-
National Animal Protozoa 2C3d fusion protein
Laboratory & College of
Veterinary Medicine, China
Agricultural University, Beijing,
China)
10:18 | 10:45 | Coffee break + poster session

Session 4 - Cell biology and host-pathogen interaction - Chair: Damer Blake

Sue Vaughan (Department
of Biological and Medical

Investigating the 3D ultrastructure

10:45 | 11:30 | Keynote 4 . of Eimeria tenella asexual and sexual
Sciences, Oxford Brookes stages
University, Oxford, UK) g
Impact of Eimeria tenella rhoptry kinase
11:30 | 11:45 | Oral9 Anne Silvestre (INRAE) on host cell signaling: transcriptomic and
phospho-proteomic analyses
11:45 | 12:00 | Oral 10 Brecht Maertens (Poulpharm) Evaluation of Eimeria mitis pathogenicity
Marie Ithurbide (GABI, INRAE, | Understanding the direct and indirect
12:00 | 12:15 | oral 11 Agr.oParlsTech, Université 1mpz?ct.s qf hf)st. response tra?ts on chlc.ken
Paris-Saclay, Jouy-en-Josas, coccidiosis: insights from epidemiological
France) modelling
Francisca Velkers (Department
Population Health Sciences, . .
12:15 | 12:30 | Oral 12 Faculty of Veterinary Medicine, .Effect.of red-col(.)re(.i feed on Elmerl.a
- - infection dynamics in Ross 308 broilers
Utrecht University, the
Netherlands)
12:30 | 14:00 | Lunch




Session 5 - Experimental and In vitro systems - Chair: Jean-Michel Répérant

Anja Joachim (Institute of

Research in coccidiosis: experimental

THURSDAY - 2026 June 4

Session 7 - Prophylaxis and treatment, novel approaches for control -
Chair: Brecht Maertens

Rami Dalloul (Department of

Navigating the complex intervention

14:00 | 14:45 | Keynote 5 Parasitology, Vetmeduni L
. . and in vitro systems
Vienna, Austria)
Alireza Khadem Impact of Natural Coccidiosis on Fat
14:45 | 15:00 | Oral 13 (Innovadgroup) Digestibility and Broiler Performance
group Under Commercial Conditions
Preliminary survey of in-feed mycotoxin
) ) Oluwayomi Adeyemi contamination and Eimeria co-occurrence
15:00 | 15:15 | Oral 14 (University of Lagos) in Nigerian chicken farms: implications for
disease control and food safety
Matthew Ogwiji (Modibbo Prebiotic, Probiotic and Synbiotic
15:15 | 15:18 | Oral (pitch) 15 | Adama University Yola / Supplementations Ameliorated E. tenella
Ahmadu Bello University Zaria) | induced Pathology in Broiler Chickens
15:18 | 15:45 | Coffee break + poster session

Session 6 - Microbiomes and co-infections - Chair: Vladimir Vrba

Woo K. Kim (Department of

Eimeria challenge on gut micro-

15:45 | 16:30 | Keynote 6 Poultry Science, University of | environment, microbiomes and
Georgia, U.S.A.) opportunity for pathogens
e Miche Répran e, |t some omonhores s e
16:30 | 16:45 | Oral 16 Ploufragan-Plouzané-Niort P . yen
Enterococcus faecium and on efficacy after
Laboratory, Ploufragan, France) . .
an Eimeria challenge
The use of ionophore coccidiostats in
George Tice (Independent broilers, the narAB gene and its relevance
16:45 | 17:00 | Oral 17 Scientific, Policy and to antibiotic resistance in human clinical
Regulatory Consultant) isolates of Enterococcus faecium and
Enterococcus faecalis
Profiling Eimeria burden, species
17:00 | 17:03 | Oral (pitch) 18 Melar.ue C. Hay (Royal FOI’HpOSlthn, and genomic heterogenelty
Veterinary College) in poultry caecal metagenomes using
[llumina and Nanopore sequencing
18:30 | 22:30 | Conference dinner at Yalo Rooftop (only with prior registration)

9:00 9:45 | Keynote 7 Poultr-y Science, University of strategies of coccidiosis control
Georgia)
Vereecken Monita Efficacy of a trivalent Eimeria vaccine for
9:45 | 10:00 | Oral 19 (Huvepharma NV) turk.eys When applying spray on birds
vaccination
Jean-Michel Répérant (Anses, A model close to actual conditions of
10:00 | 10:15 | Oral 20 Ploufragan-Plouzané-Niort use for evaluating disinfectants against
Laboratory, Ploufragan, France) | coccidia oocysts
Madalina Diaconu (EW Meta-Analysis of Four Controlled Studies
Nutrition, University of Evaluating the Prophylactic Efficacy
10:15 | 10:30 | Oral 21 Agricultural Sciences and of Natural Feed Additives Against
Veterinary Medicine, Cluj Experimental Coccidiosis in Broiler
Napoca, Romania) Chickens
Oluwavomi Adevemi In silico exploration of the anticoccidial
10:30 | 10:45 | Oral 22 wayo! y activity of Omi ogi (fermented maize
(University of Lagos) . . .
supernatant) against Eimeria tenella
10:45 | 11:15 | Coffee break + poster session
Performance and Health Outcomes of a
Saponin-Based Solution (Norponin X02)
11:15 | 11:18 | Oral (pitch) 26 | Violette Pousset (NOR-FEED) Compared with Conventional Anticoccidial
Programs in Broiler Chickens Reared in
Commercial Conditions
Xiaojin Li (State Key Laboratory
of Veterinary Public Health
and Safety; Key Laboratory
Zﬁg?::ﬂoif:i?nﬁ(:;‘g of Apicoplast Pyruvate Carrier 1 is a Novel
11:18 | 11:21 | Oral (pitch) 27 . . M Marker for Diclazuril Resistance in
Agriculture, National Animal Eimeria
Protozoa Laboratory & College
of Veterinary Medicine, China
Agricultural University, Beijing,
China)
Paulina Abramowicz The effect of phytogenic mixture addition on
11:21 | 11:24 | Oral (pitch) 28 | (Department of Research and gut integrity parameters, coccidiosis score
Development of AdiFeed LTD) | in chicken broiler fed two different diets
) . . Phytase Supplementation Enhances
11:24 | 11:27 | Oral (pitch) 29 iaf"liléﬂi};r(eﬂg’:s[ér;i/‘czl;sfl’t;’k(i)sftan) Phytate Digestibility and Reduces
8 Phosphorus Run off in Broiler Production
Gene Expression Explained the Benefits of
. . . Stéphanie Lecuelle (Novus Protected Thymol and Carvacrol Under a
11:27 1 11:30 | Oral (pitch) 30 International Inc.) Chemical-Ionophore Coccidiostat Program
on Broiler Performance
Clinico-Pathological Study of Avian
. . . Yohannes Tekle Asfaw (Mekelle | coccidiosis and its Economical Impact on
11:30 | 11:33 | Oral (pitch) 31 University) Small-scale Poultry Farming in Selected
Districts of Tigray, Ethiopia
11:33 | 12:00 | Awards, closing remarks
12:00 End of the conference




WORKSHOP LECTURERS

Lecturers’ biography



Dr Vasileios Bampidis

Dr Vasileios Bampidis is Professor of Animal and Nutritional Sciences at the Department of
Agriculture, School of Geotechnical Sciences, International Hellenic University (IHU, Thes-
saloniki, Greece). He is Veterinarian (School of Veterinary Medicine, Aristotle University of
Thessaloniki - AUTH, Greece) and has a PhD in Animal Nutrition (School of Veterinary Medi-
cine, AUTH, Greece). He has been Post Doctoral Fellow at the Research Institute of Animal Pro-
duction (Prague, Czech Republic), and at the Department of Animal Science (University of Cal-
ifornia, Davis, USA). He has been working at the Hellenic Feedstuff Industries SA (Greece), and
at the Research Institute of Animal Science (National Agricultural Research Foundation - NA-
GREF Greece), and he has been teaching at the Department of Animal Production and the De-
partment of Agricultural Technology (Alexander Technological Educational Institute of Thes-
saloniki, Greece), at the Department of Veterinary Science (University of Thessaly, Greece), as
well as at the Department of Agriculture (AUTH, Greece) and the Department of Agriculture
(IHU, Greece). He is scientific expert of the European Food Safety Authority (EFSA) and Mem-
ber of the Scientific Council of the Hellenic Foundation for Research and Innovation (HFRI),
holding the position of member in the scientific area of Agricultural Sciences. He has been the
Project Leader in 7 scientific projects financed by European Union and Greek Authorities, as
well as participant in 38 other research projects.

He has participated in over 200 international and national conferences and workshops, with
scientific papers and/or as Chair/Member in scientific sessions. He has more than 1,300 pub-
lications and oral presentations in international and Greek scientific journals and conferenc-
es, attracting more than 13,000 citations, with an h-index 48. He has served as Co-Editor-in-
Chief (2018-2024) in the international scientific journal Animal Feed Science and Technology
(Elsevier, ISSN: 0377-8401), as well as Associate Editor, Member of the Editorial Board and
Reviewer in 24 international scientific journals. ORCID (https://orcid.org/0000-0001-8823-
6365).

Dr. Bob Cornez

Bob Cornez is Senior Director Regulatory Affairs at Huvepharma and a veterinarian with more
than 40 years of international experience in veterinary medicines, pharmaceuticals, and feed
additives.

After graduating in Veterinary Medicine from Ghent University in 1982, he held positions in
the pharmaceutical and feed additive industries originally involved with commercial activi-
ties such as trading, barter trading and area management.

Since 1995 he has held senior regulatory leadership roles in the animal health sector includ-
ing at Janssen Pharmaceutica and Alpharma, overseeing the development, registration, and
lifecycle management of veterinary medicinal products and feed additives across Europe.
Since joining Huvepharma in 2008, he has led the strategic product development programs
of the company for veterinary medicines and feed additives in the European Union with an
emphasis on live-stock products such as antimicrobials, including coccidiostats. Currently he
is also actively engaged in governmental and public affairs initiatives.
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KEYNOTE SPEAKERS

Speakers' biography



Anja Joachim

I studied veterinary medicine in Hannover, Germany, and got hooked in parasitology for my
PhD and postdoc in Hannover, Sydney (Australia) and Copenhagen (Denmark). Since 2003 1
am full professor for veterinary parasitology at the University of Veterinary Medicine, Vienna,
Austria. I was President of the European Veterinary Parasitology College (2009-2012) and
member of tis educational committee 2016-2021. Currently I am a member of the Execu-
tive Committee of the World Association for the Advancement of Veterinary Parasitology and
Co-Editor-in chief of Veterinary Parasitology.

My research focus is the biology and control of protozoa. [ am interested in improvement of
control strategies against protozoal diseases of mammals, especially porcine coccidiosis, and
the possibility of vaccination against it, the in vitro cultivation of coccidian parasites and the
sexual development of Coccidia in the context of novel control options.

[ have been awarded scholarships and research grants (German and Austrian Research Coun-
cils, Karl-Enigk-Foundation, Austrian Research Promotion Agency) and have, to date, pub-
lished, >250 peer-reviewed publications and two European patents through the University of
Veterinary Medicine Vienna.

Damer Blake

Following a PhD focused on bacterial genetics from the University of Aberdeen, Damer began
working in the area of poultry gut health in 2001 at the Institute for Animal Health (IAH, UK).
During his time at IAH he carried out fundamental and applied genetics-led research into
coccidiosis, contributing to the Eimeria genome sequencing consortium and working towards
new, cost-effective anticoccidial vaccines.

Damer joined the Royal Veterinary College in 2010, becoming Professor of Parasite Genetics
in 2016. Current research strands include population genetic analyses of recognised and new
Eimeria species, development of novel vaccine delivery strategies, understanding the genetic
basis of host resistance to coccidiosis, interactions of Eimeria with bacterial microbiota of
poultry, dysbiosis and wider aspects of gut health.

Recent work includes exploring host — parasite - microbiome interactions in Asian and Euro-
pean chicken production systems, understanding the impact of host genotype and antimicro-
bial exposure. In 2017 Damer became Editor-in-Chief of the journal Avian Pathology.

Jana Kvicerova

Jana KvicCerova obtained her DVM degree in Veterinary Medicine from the University of Vet-
erinary Sciences in Brno, Czech Republic, and her PhD in Parasitology from the University of
South Bohemia in Ceské Budg&jovice, Czech Republic. She is currently employed as an Assis-
tant Professor at the Department of Parasitology, Faculty of Science, University of South Bohe-
mia in Ceské Bud&jovice, and as a Researcher at the Department of Zoology, Faculty of Science,
Charles University in Prague, Czech Republic.

Her research focuses on the morphology, taxonomy, host specificity, and phylogenetic, evolu-
tionary, and population genetic studies of several model systems of apicomplexan parasites,
particularly intestinal and blood Coccidia infecting rodent and reptile hosts. In addition, she
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is interested in zoonotic pathogens - especially hantaviruses - from a One Health perspec-
tive, with a particular focus on their detection, specificity, and phylogenetic relationships in
rodent hosts. More recently, her research has expanded to NGS-based analyses of gut, oral,
and vaginal microbiota profiles in rodents and their associations with parasitic infections,
contributing to a broader understanding of host-microbe-parasite interactions in ecological
and evolutionary contexts.

Methodologically, her work is broad-based, encompassing fieldwork, laboratory diagnostic
techniques, microscopy, molecular biology, computational methods of molecular phylogenet-
ics, reconstructions of coevolutionary relationships and population structure, and bioinfor-
matic processing of NGS data. She is a mentor of graduate and undergraduate students, a
peer reviewer for several international journals in Parasitology, Microbiology, and Molecular
Biology, and maintains active collaborations with research laboratories in the Czech Republic
and abroad.

Marc Pages Bosch

Dr. Marc Pages Bosch is Senior R&D Manager for bacterial and parasitic vaccines in poultry at
HIPRA. He obtained his degree in Microbiology and Genetics from the University of Barcelona
in 1998 and completed his PhD focusing on the synaptonemal complexes of Eimeria tenella
chromosomes during meiosis.

His professional career in poultry coccidiosis began in 2000, when he joined the research
group of Dr. Emilio del Cacho at the Department of Parasitology, University of Zaragoza
(Spain). Since then, he has played a key role in the development and global registration of
several live attenuated anticoccidial vaccines, including HIPRACOX®, EVALON®, EVANT® and
EVANOVO®, serving as R&D Project Manager for their worldwide authorization.

In addition to his work on live vaccines, Dr. Pagés spent two years at the laboratory of Dr. Hyun
Lillehoj (Animal Parasitic Diseases Laboratory, USDA, Beltsville, USA), where he contributed
to the identification and isolation of protective Eimeria antigens for the development of sub-
unit vaccines against poultry coccidiosis.

Beyond coccidiosis, he has also been involved in research projects focused on the develop-
ment of vaccines or biological products targeting Cystoisospora suis, Dermanyssus gallinae,
and Salmonella spp.

Rami A. Dalloul

Dr. Dalloul is the R. Harold Harrison Distinguished Professor of Poultry Science and the Inter-
im Assistant Dean for Research of the College of Agricultural and Environmental Sciences at
the University of Georgia (Athens). He grew up in Lebanon and attended the American Uni-
versity of Beirut where he earned dual bachelor’s degrees in Agriculture (Animal Sciences)
and Agricultural Engineering followed by a Master’s degree in Poultry Microbiology. He then
joined the University of Maryland for his doctoral studies that focused on poultry immunolo-
gy and gut health researching coccidiosis, host response, and mitigation tools.

Following a postdoctoral fellowship working on immunity to enteric pathogens, Dr. Dalloul
joined the faculty at Virginia Tech University before moving to the University of Georgia Poul-
try Science in 2020. His research intersects several multidisciplinary focus areas investigating
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host-pathogen interactions during enteric challenges. Particular emphasis is on coccidiosis
and clostridial diseases in chickens and turkeys, very impactful diseases of commercial poul-
try. In this context, his group explores the molecular mechanisms of mucosal immunomodula-
tion and physio-immunological responses of the host during such challenges. Further, his lab
employs unique parasitic and bacterial challenge models to interrogate issues of nutritional
immunology, specifically applications for enhancing the early development and competence
of the immune system as well as promoting a healthy microbiome in commercial poultry.

Woo Kyun Kim

Woo Kyun Kim is a professor/poultry nutritionist in the Department of Poultry Science, Uni-
versity of Georgia. He received a PhD in nutritional science at Pennsylvania State University.
He was a Postdoc Fellow at Texas A & M University and University of California Los Angeles.
He worked as an assistant professor/monogastric nutritionist at University of Manitoba be-
fore his joining as a faculty member at University of Georgia.

His research has focused on roles of feed additives, amino acids, vitamins, and minerals on gut
and bone health in poultry under various challenge conditions (coccidiosis, necrotic enteritis,
pathogen infection, and heat stress).

He has published over 280 peer-reviewed papers and obtained over $25 million in extramu-
ral funding. He was the recipient of the D.W. Brooks Award Excellence in International Agri-
cultural and Environmental Sciences, the PSA American Feed Industry Association Nutrition
Research Award, the UGA-CAES Outstanding Mentor Award, and the National Chicken Council
Broiler Research Award.

Dr. Kim currently serves as a section editor for Poultry Science Journal.

Sue Vaughan

Sue Vaughan is professor of cell & molecular biology and director of the Oxford Brookes Cen-
tre for Bioimaging, UK. Sue studied for a BSc in Microbiology at University of Manchester
where her passion for eukaryotic parasites began. Her PhD focused on the flagellum and cell
division in the protozoan parasite Trypanosoma brucei where she discovered novel tubulins
in eukaryotic parasites. During this time Sue began using high resolution electron microscopy
and following her PhD she moved to University of Oxford where she continued to investiga-
tion the function of the flagellum using advanced 3D imaging techniques.

In 2010 Sue moved to Oxford Brookes University where she established 3D cellular electron
tomography and serial block-face scanning electron microscopy. This broadened her research
and collaborations to include other eukaryotic parasites including Eimeria. Her current re-
search interests include gametogenesis in Plasmodium and establishing techniques to study
life cycles of eukaryotic parasites in vivo including Eimeria and Toxoplasma. Oxford Brookes
centre for bioimaging is part of the UK node of Eurobioimaging, enabling researchers from
both the UK and Europe to access cutting-edge microscopes, analysis tools and support. Sue’s
team supports a wide range of parasite researchers from around the world.
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KEYNOTE PRESENTATIONS

Abstracts



Research in coccidiosis: experimental and in vitro systems

Anja Joachim

Institute of Parasitology, Vetmeduni Vienna, Austria

As for all relevant infectious diseases, re-
search in coccidiosis spans a wide range of
topics, from (comparative) parasite biolo-
gy (with NGS technologies complementing
existing methods) to control measures in-
cluding chemotherapeutics, vaccines and
complementary control. Irrespective of the
perspective — host-centered or parasite-cen-
tered - the intimate relationship between
parasites and their host is one of the most
fascinating facets of parasitology. However,
when it comes to research on coccidia, it can
hamper the use of standard research models,
e.g. mice, or of standard monolayer cell cul-
tures which would be suitable for large scale
screening. In almost all instances, such mod-
els do not support the complicated life cycle
of the coccidia in full. The use of the genuine
host animal is standard for many applica-
tions, e.g. drug screening, or studies on inter-
actions of coccidia with the host microbiome.
However, this is only feasible for species that
are readily available The use of animals for
research in general must also be re-consid-
ered under ethical aspects, and replacement
research is needed. Lately, advanced animal
models (genetically modified rodents) or or-
gan models (including organoids or "organ
on a chip” technologies) have been used to
advance coccidiosis research, however, these
methods are often cost-prohibitive, especial-
ly when it comes to veterinary parasitology.
As a result of “serendipity”, a simple cell-cul-
ture-free model for the propagation of Cystoi-
sospora suis throughout its life cycle has been
developed and applied to study sexual stages
of this parasite as a veterinary member of the
Sarcocystidae. While other species of coccid-
ia do not seem to surrender to complete in
vitro cultivation so easily, a combination of
in vitro, in vitro and in silico-derived data and
comparative research across different taxa
can provide conclusive results in basic re-

search and for applied pre-clinical trials. Fur-
ther development of well-defined research
models with different levels of complexity
will support the availability of platforms for
the many different research questions in the
area of coccidiosis.
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Exploring Eimeria genomes to understand Eimeria populations

Damer P. Blake

Pathobiology and Population Sciences, Royal Veterinary College, Hawkshead Lane, North Mymms, AL9 7TA, UK

Eimeria can cause the disease coccidiosis,
most notably in chickens where the global
cost has been estimated to exceed €12 billion
every year. Anticoccidial chemoprophylaxis
has become an essential component of mod-
ern poultry production, although resistance
is widespread. Live parasite vaccines are
available, but uptake varies between poultry
sectors. In response, interest in the develop-
ment of cost-effective recombinant vaccines
has been rekindled. The successful transla-
tion of such vaccines to the field will depend
in part on parasite population structure and
the extent of pre-existing antigenic diversity,
influencing opportunities for recombinant
vaccine breakthrough. For Eimeria these var-
iables remain almost completely unknown.
Seven Eimeria species have long been recog-
nised to infect chickens, all with a global en-
zootic distribution. However, the description
of three new species that are not controlled
by current vaccines has disrupted long estab-
lished dogma.

Until very recently genome resources for all
Eimeria were fragmented and incomplete,
precluding analyses beyond 0.01% of each
species genome. Now, access to cost-effective
long read genome sequencing using technol-
ogies such as Oxford Nanopore, requiring
relatively modest quantities of temple DNA,
has revolutionised Eimeria genomics. Im-
proved genome assemblies are represented
by 10-100x fewer contigs, or whole chromo-
somes for some species. Genome-wide sin-
gle nucleotide polymorphism (SNP)-based
genotyping has been used to sample popu-
lation structures for Eimeria acervulina and
E. tenella, revealing an intriguing dichotomy
between species and/or regions. Returning
to established loci such as the 18S ribosomal
DNA, Ilumina deep amplicon sequencing
can now be used to track the occurrence and
relative abundance of Eimeria species and

strains (amplified sequence variants; ASVs),
characterising the impact of chemoprophy-
laxis, vaccination, or other interventions on
Eimeria populations. As sequencing technol-
ogies become cheaper and more accessible,
metagenomic analyses of Eimeria field pop-
ulations are starting to become feasible, of-
fering opportunities for genomic surveillance
using targeted or microbiome datasets.
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“From samples to letters”: methods, conflicts, biases, and pitfalls

in Coccidian research

Jana Kvicerova

University of South Bohemia in Ceské Budéjovice, Czechia

Over the years, research on Coccidia has un-
dergone a dramatic shift from descriptive
parasitology through Sanger sequencing
to NGS and eDNA techniques, colloquially
speaking “from faeces to letters”. Tradition-
al taxonomy has relied on the morphology
of the most accessible life-cycle stage, the
sporulated oocyst. However, despite the ex-
pertise and experience required for such
identification, this approach is limited by
polymorphism, overlapping traits, scarcity
of diagnostic characters, and observer bias.
Therefore, it has become evident that mor-
phology alone is insufficient for reliable spe-
cies identification and must be interpreted
with caution. The introduction of PCR-based
tools and Sanger sequencing has improved
species discrimination and revealed unex-
pected phylogenetic relationships, including
cryptic species and distinct genetic lineages
sharing identical morphology, and led to
changes in generic classification. While ear-
ly studies relied on conserved markers such
as 18S rRNA, faster-evolving mitochondrial
and apicoplast genes now allow resolution
of closely related taxa and intraspecific varia-
tion. More recently, modern approaches such
as NGS and eDNA have further expanded re-
search possibilities, enabling the detection of
coccidia in diverse environmental samples,
or assessing their role in the gut microbiota.

Flotation followed by microscopy, the most
widely used diagnostic method, has relatively
low sensitivity and may underestimate prev-
alence, whereas PCR can yield false negatives
due to incomplete oocyst disruption, PCR in-
hibition, or primer specificity. Co-infections
further complicate detection, as PCR may
preferentially amplify certain coccidian spe-
cies.

These methodological limitations directly af-
fect epidemiological inference. Prevalence, a

key epidemiological parameter, reflects the
proportion of infected hosts within a pop-
ulation, however, it is affected by sample
size, sampling design, host distribution, and
whether it targets genus- or species-level.
Reported values may therefore differ sub-
stantially from real infection levels. Co-infec-
tions with multiple coccidian species within a
single host further bias prevalence estimates.
Such infections are common, for example in
rodents, and can often be distinguished mi-
croscopically based on morphological differ-
ences. However, their detection by PCR re-
mains challenging, as amplification efficiency
may vary among species or isolates. This can
lead to preferential detection of certain taxa,
and potential misidentification or underrep-
resentation of co-infecting species.

The emergence and dynamics of infection are
shaped by interactions among the parasite,
the host, and the environment with its char-
acteristics, which together form the so-called
“epidemiological triad”. Knowledge of the
epidemiological background, such as spatial
focality or seasonality, also plays an impor-
tant role. Although sex-related differences in
prevalence are generally minimal, ecological
drivers such as host density play a key role,
with transmission increasing in large, dense
populations, which is in line with epidemi-
ological theory. [ will attempt to summarize
the most common biases and pitfalls of meth-
ods used in coccidian research and to high-
light the potential consequences they can
lead to.
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From First Contact to Protection: The Immunological Journey

Against Eimeria

Marc Pageés Bosch

Senior Manager R&D New Biologicals Poultry, Hipra Scentific SLU

Avian coccidiosis remains one of the most
economically significant parasitic diseases
in poultry production, driven by infections
with Eimeria spp. A comprehensive under-
standing of host-parasite interactions and
immune mechanisms is essential for the ra-
tional design of effective vaccination strate-
gies. This presentation focuses on the central
role of cell-mediated immunity in protection
against coccidiosis.

Following primary infection, the host im-
mune response develops in a temporally
coordinated manner within the intestinal
mucosa. Early innate responses involve het-
erophils, eosinophils, mast cells, and nat-
ural killer (NK) cells, followed by antigen
presentation by macrophages and dendritic
cells in gut-associated lymphoid tissue. This
leads to the activation and expansion of T
cell populations, particularly CD8+ cytotox-
ic T lymphocytes, which play a pivotal role
in controlling intracellular stages of Eimeria
through direct cytotoxicity.

Protective immunity requires repeated ex-
posure, typically achieved after successive
infection cycles, resulting in a faster and
more efficient secondary response charac-
terized by enhanced cytotoxic activity and
improved coordination between immune
compartments. While humoral responses
may contribute to protection, their role is
secondary compared to cellular mecha-
nisms, particularly in the context of live vac-
cines.

A key determinant of protective efficacy is
the polarization and balance of T helper re-
sponses. Th1-driven immunity, characterized
by increased production of cytokines such as
interferon-gamma (IFN-y) and interleukin-2
(IL-2), is essential for promoting cytotoxic
responses and intracellular parasite control.
At the same time, a coordinated Th1/Th2

balance ensures effective immune regulation
and tissue homeostasis.

Modern vaccination strategies aim to en-
hance these cellular mechanisms. In particu-
lar, the incorporation of immunomodulatory
adjuvants into live attenuated vaccines has
emerged as a promising approach. These
adjuvants stimulate antigen-presenting cells
and promote a Thl-biased response, lead-
ing to increased IFN-y and IL-2 production,
enhanced formation of organized lymphoid
aggregates in the intestinal mucosa, and po-
tentiation of CD8+ and NK cell-mediated cy-
totoxicity.

In conclusion, advancing vaccine efficacy
against avian coccidiosis requires a strong
focus on cellular immunity, especially the
induction of robust Th1 responses and cyto-
toxic effector mechanisms. A deeper under-
standing of these immunological principles
provides a solid framework for the develop-
ment of next-generation vaccines capable of
delivering consistent and high levels of pro-
tection under field conditions.
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Navigating the complex intervention strategies of coccidiosis

control

Rami A. Dalloul

Avian Immunobiology Laboratory, Department of Poultry Science, University of Georgia, Athens, GA 30602, USA

Modern control of poultry coccidiosis re-
quires integrated, multi-pronged strategies
becauce of continually evolving parasite pop-
ulations, changing host responses and ge-
netics, and increasing regulatory pressures.
Recent advances include new anticoccidial
compounds, microbiome-modulation ap-
proaches, next-generation vaccines, and bio-
technological development of non-drug alter-
natives. Innovative vaccine technologies and
delivery systems encompass live-attenuated
and recombinant platforms as well as exper-
imental mRNA-based designs adminstered
through spray cabinets, gel appliactions, or
in ovo delivery. Although few novel anticoc-
cidial drugs have been introduced in recent
years, drug rotation and shuttle programs
remain the predominant control strategies
in commercial poultry production. Recent ef-
forts have increasingly focused on non-drug
strategies, including the use of probiotics,
prebiotics, synbiotics, and phytogenic com-
pounds administered through feed or water.
In addition, tailored combinations of feed ad-
ditives - often referred to as precision feeding
- can improve early immune development
and intestinal health, resulting in measura-
ble economic benefits. Other immunomod-
ulatory approaches, such as cytokine-based
products, may further enhance host defens-
es, although their large-scale production re-
mains costly. Emerging technologies under
investigation include CRISPR-mediated gene
editing of the parasite, RNA interference, and
nanoparticle-based delivery systems, several
of which have shown promise for improving
the stability and efficacy of drugs and vac-
cines. Each strategy differs in its mechanism
of action, method of application, level of pro-
tection, and associated challenges, particu-
larly with respect to production costs and
the impact of concurrent infections. Com-

parative evaluations of these interventions
are highly context-dependent and typically
consider efficacy, cost, scalability, regulatory
approval status, and commercial readiness.
Consequently, recommendations are often
tailored to specific production systems and
may include short-term priorities, such as
optimizing vaccine delivery; mid-term goals,
including development of next-generation
anticoccidials and non-drug alternatives; and
long-term strategies that can be focused on
host genetics and parasite genomics.

KEYNOTE PRESENTATION 31



Investigating the 3D ultrastructure of Eimeria tenella asexual and

sexual stages.

A Karoglu?; Alana Burrell? V Marugan-Hernandez'; D] Ferguson?; F Tomley'; S Vaughan?
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The Problem

Eimeria species are apicomplexan parasites
of major veterinary importance, with com-
plex life cycles involving asexual and sexu-
al stages marked by distinct molecular and
morphological changes. Limited genetic tools
and in vitro systems restrict understanding
of their in vivo development during asexual
and sexual development. Using 3D volume
electron microscopy methods we have exam-
ined organelle organisation and timing of or-
ganelle biogenesis in Eimeria tenella within
infected chicken caeca and explored the or-
ganisaton of the apical complex by high reso-
lution cellular electron tomography.

How we investigated or researched the
problem

Serial block face scanning electron micros-
copy (SBF-SEM) was used to create 3D volu-
metric datasets containing whole individual
merizoites and sexual stages. Following inva-
sion of host cells, a single parasite develops
into a large multinucleated schizont, which
eventually gives rise to numerous motile and
invasive merozoites. Qualitative and quanti-
tative approaches were combined to explore
the organisation and timing of organelle bio-
genesis during schizont development within
infected chicken tissue following reconstruc-
tion of whole individual merozoites. Cellular
electron tomography was also used to inves-
tigate the detailed ultrastructure of the apical
complex.

Results
Our analysis identified four distinct develop-

mental stages of schizonts during organelle
development in vivo and provided detailed

analysis of the timing of organelle biogenesis
as individual merozoites developed. The de-
tailed three-dimensional characterisation of
these stages offer novel insights into how E.
tenella efficiently generates large numbers of
invasive merozoites. High resolution cellular
electron tomography revealed the distinct
organisation of the apical complex offering
insights into how the secretory organelles
rhoptries and micronemes are organised for
secretion.

Implications/ Conclusions

These findings not only deepen our under-
standing of schizogony, sexual development
and the apical complex in this parasite, but
also highlight the unique advantages of 3D
volume electron microscopy for studying
parasite cell biology, revealing perspectives
not attainable with conventional two-dimen-
sional imaging techniques.
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Eimeria challenge on gut micro-environment, microbiomes and

opportunity for pathogens

Woo Kyun Kim

Department of Poultry Science, University of Georgia, U.S.A.

Coccidiosis is a common protozoal enteric
disease induced by Eimeria spp., causing tre-
mendous economic loss globally. In addition,
coccidiosis can affect growth and overall
health of the host animals and create gut mi-
cro-environment favorable for pathogen col-
onization and secondary infection. Thus, con-
trolling Eimeria infection is not only minizing
its direct impact but also reducing secondary
infection by other pathogens.

We conducted a Eimeria challenge study to
evaluate how graded Eimeria inoculation
(mixed Eimeria spp.: E. acervulina, E. maxima,
and E. tenella,) affects growth performance,
gut permeability, nutrient digestion and ab-
sorption, intestinal morphology, immunity,
and gut microbiome in broilers. There were
five treatments: the control group with-
out Eimeria inoculation; the Low challenge
(31,250 E. acervulina oocysts; 6,250 E. maxi-
ma oocystes; 6,250 E. tenella oocysts); the
Med-low challenge (62,500 E. acervulina
oocysts; 12,500 E. maxima oocystes; 12,500
E. tenella oocysts); the Med-high challenge
(125,000 E. acervulina oocysts; 25,000 E.
maxima oocystes; 25,000 E. tenella oocysts);
and the High challenge (250,000 E. acer-
vulina oocysts; 50,000 E. maxima oocystes;
50,000 E. tenella oocysts). As mixed Eimeria
challenge dosage increased, body weight gain
and feed intake were significantly reduced,
and feed conversion ratio was poorer. Fur-
ther, nutrient digestibility (amino acids, ener-
gy, and minerals) were significantly reduced
by increasing dosage of Eimeria challenge. In
addition, gut permeability, intestinal dam-
age, and inflammation and oxidative stress
markers were increased as Eimeria challenge
dosage increased. Moreover, graded Eimeria
challenge modulated gut microbiome; the
dominat phyrum, Firmicutes, was reduced,
whereas Proteobacteria was increased. The

family, Enterobacteriacease and Bacillacease,
were increased, while Ruminococcaeceae,
Christensenellaceae, and Poptostreptococ-
caecae were linearly decreased. The results
suggest that gut damage by Eimeria infection
reduces available nutrient for host growth
and health, while it increases more nutrients
and creates favorable gut micro-environment
for Eimeria and other pathogens.

Mixed Eimeria spp. challenge creates more
comprehensive influences for Eimeria and
pathogen activities in the gut because E. acer-
vuline and E. maxima can affect duodenum
and jejunum which are important sites for
nutrient digestion and absorption. In order
to eliminate undigested feed and nutrients’
influence, we conducted another study with
single Eimeria challenge model (E. tenella).
Because E. tenella damages ceca and thrives
their life cycle with a minimum influence by
undigested feed and nutrients, we can evalu-
ate more distinct effects of Eimeria challenge
and gut micro-environment. Graded level of
E. tenella inoculation linearly increased cecal
lesion score, cell debris, and inflammatory
cytokines, while it reduced volatile fatty acid
production in the ceca, goblet cell count, and
antimicrobial peptides. As E. tenella chal-
lenge dosage increased, the phylum, Fir-
micutes, decreased, while proteobacteria
was increased. Such gut micro-environment
changes by Eimeria infection may create a
favorable environment for pathogens to col-
onize in the intestine and the internal organs
including muscle, liver, lung, kidney, and
bones for secondary infection and diseas-
es. Thus, minimizing detrimental effects of
Eimeria infection, stimulating fast recovery
from damage, and restoring gut micro-envi-
ronment including microbiome are essential
for efficient production and animal well-be-
ing.
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Sound and image analysis to detect coccidiosis-related changes in

broiler chickens
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Livestock production is becoming increas-
ingly intensive, driven both by rising global
demand for animal protein and by efforts to
maintain the affordability and availability of
meat. While this improves efficiency, it also
challenges health and welfare monitoring in
large flocks with limited human surveillance,
making disease outbreaks particularly im-
pactful as antibiotic use is reduced or banned.
This study aimed to assess how coccidiosis
infection affects vocalization patterns and
behavioral activity in broiler chickens from
14 to 41 days of age. The experiment includ-
ed 88 Ross 308 broiler chickens allocated
to two treatments (control and coccidiosis),
with four replicates of 11 birds per treat-
ment. Birds were housed in 2 m? pens with
ad libitum access to feed and water. Random
pen allocation and room rotation were used
to minimize environmental bias. At 14 days
of age, birds were weight-balanced across
treatments and housed in separate compart-
ments to prevent cross-contamination. At 14
days of age, one group was orally challenged
with the three major Eimeria species in chick-
ens (E. acervulina, E. maxima, and E. tenella),
while the other served as the control. Con-
tinuous audio and video recordings were
collected from day 14 to 41 using a centrally
mounted microphone and a corner-mounted
camera. Vocalizations were analyzed using a
custom deep-learning recognizer developed
in our group, focusing on four call types:
distress calls (stress-related), short peeps

(activity-associated), pleasure notes (posi-
tive-welfare-associated), and warbles (som-
nolence-associated). Video data were analyz-
ed using a tracking system combined with an
action-recognition model both developed by
our research group. Infected birds showed
behavioral changes. Drinking, eating, and
exploring/foraging were suppressed short-
ly after infection, while inactivity remained
consistently lower in infected birds. Scratch-
ing increased after infection and stayed con-
sistently higher than in controls throughout
the observation period. Comfort and main-
tenance behaviors showed mixed responses.
After infection, preening increased similarly
in both groups and then declined with age,
with no clear differences between groups.
Dust bathing showed brief, irregular peaks
shortly after infection in both groups but was
rare thereafter. Gentle feather pecking fol-
lowed a similar age-related trajectory in both
groups, with only minor transient reductions
in infected birds. Sleeping and stretching
were generally lower in infected birds for
much of the period. Panting was absent un-
til 23 days of age but increased more rapid-
ly and to a greater extent in infected birds
thereafter. The sound analysis is currently in
progress. These findings suggest that behav-
ioral monitoring may serve as an indicator
of coccidiosis-related changes and support
precision-livestock approaches for early, au-
tomated detection of gut-health challenges in
broilers.
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Evaluating ovotransferrin and calprotectin as biomarkers for
Eimeria infections in broilers under field conditions
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The Problem

Eimeria spp.infections in broilers cause intes-
tinal damage and inflammation. Current coc-
cidiosis diagnosis often relies on post-mor-
tem lesion scoring combined with flock
performance, clinical signs, and laboratory
testing, including fecal oocyst counts. Serum
and fecal biomarkers, including ovotransfer-
rin (OVT) and calprotectin (CALP), may offer
minimally invasive indicators of intestinal
disease compared with post-mortem diag-
nosis. This study evaluated associations be-
tween Eimeria lesion scores and serum OVT
and CALP levels. We compared individual
serum and flock-level fecal biomarker levels
to evaluate their suitability as indicators for
Eimeria spp. infections under commercial
conditions.

How we investigated or researched the
problem

In two houses (HA and HB) on two Dutch
broiler farms, post-mortem was performed
and serum samples (n=74) and pooled
house-level fecal samples (n=48) were col-
lected at day 13 of age (D13), D21, D28, and
D36 in Ross 308 broilers. Macroscopic lesion
scores (0-4) were assessed in the duode-
num/upper intestine (E. acervulina, LS-EA),
mid-intestine (E. maxima, LS-EM), and ceca
(E. tenella; LS-ET). Serum and fecal OVT and
CALP levels were quantified using commer-
cial ELISA kits. Associations between the cur-
rently analyzed biomarker levels and lesion
scores were analyzed at bird level, and se-
rum-fecal relationships at house-level, using
linear models including lesion scores, day,
house and interaction terms.

Results

LS-EA ranged from 0-3; LS-EM from 0-2,
and LS-ET from 0-3 for ET. LS-EA and LS-EM
were highest at D28-36 in HA and at D21 in
HB, while LS-ET was highest at D13 in HA
and at D21-28 in HB. Serum OVT was posi-
tively associated with increasing LS-ET, with
no effect of day and no associations with
LS-EA or LS-EM. The serum CALP model (in-
cluding day, day-house interaction, LS-EM,
LS-EA, and day-LS-ET interaction) showed a
positive association between mean CALP and
LS-ET at D13 only, but no association at lat-
er sampling days, or with LS-EA and LS-EM.
The serum-fecal analysis showed that mean
OVT serum levels were 71% higher than fecal
levels, were highest at D28 (60% higher than
D13) and were lower in HB (22%) than HA,
with similar temporal and house patterns
across matrices. In contrast, CALP showed
high variability without consistent day or
house effects. Mean serum CALP levels were
56% lower than fecal CALP levels.

Implications/Conclusions

Current findings indicate that most associ-
ations were found with ET lesion severity,
with the most consistent positive association
observed for serum and fecal OVT. Controlled
infection trials with Eimeria are needed to
fully evaluate the potential diagnostic value
of these biomarkers for Eimeria infections,
minimizing confounding effects of co-infec-
tions and other field-related factors.
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Effect of red-colored feed on Eimeria infection dynamics in Ross

308 broilers
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The Problem

Coccidiosis in broilers causes considerable
economic losses and impairs broiler health
and welfare. Although anticoccidial vaccina-
tion supports early development of protective
immunity, its lower cost-effectiveness com-
pared to antimicrobials has limited its uptake.
Previous pilot studies have shown that man-
agement factors that stimulate litter pecking
behavior, such as using red-colored start feed,
may enhance early uptake of Eimeria oocysts
and promote synchronized infection and ear-
lier development of protective immunity. This
study evaluated whether providing red-color-
ed feed during early life influences infection
dynamics and immunity against subsequent
Eimeria spp. challenge in broilers.

How we investigated or researched the
problem

A total of 744 Ross 308 male and female broil-
ers, obtained at day of hatch (D0), were housed
in 12 pens (3.5 m? 6 pens/treatment). Birds
received either red-colored feed from day 0-14
(TRT-R) or normal feed (TRT-N). The study
included a dynamics phase (D3-D22) and a
challenge phase (D22-D38). At the start of the
dynamics phase (D3), a group of 70 separately
housed broilers (I-birds) were orally inocu-
lated with 50 E. acervulina, 50 E. maxima, and
200 E. tenella sporulated oocysts. On D8, three
I-birds were introduced into each pen contain-
ing 57 uninfected contact birds (C-birds), to in-
itiate transmission at the start of the challenge
phase. On D22, all birds were challenged with
1000 E. acervulina, 150 E. maxima, and 500 E.
tenella sporulated oocysts. Oocysts per gram of
feces (OPG) were quantified using the McMas-

ter method and body weight and feed intake
were recorded for each feed phase (DO, D14,
D28) and at the end of the experiment (D38).
Post-mortem lesion scoring was performed on
D16, D28, and D38. Data were analyzed using
linear mixed models including treatment, day,
and interaction terms.

Results

During the dynamics phase, no significant
differences in OPG or body weight were ob-
served between TRT-R and TRT-N. During the
challenge phase, OPG of E. acervulina and E.
tenella were lower in TRT-R on D29, D32, and
D37, whereas E. maxima showed a different
excretion pattern without treatment effects.
Absolute OPG levels were low and differenc-
es were not clinically relevant. Lesion scores
were low throughout the study with on D16,
slightly lower lesion scores in TRT-R, particu-
larly for E. maxima. After challenge (D28),
lesion scores indicated some development
of immunity following initial exposure, but
without differences between treatments.
Body weight did not differ at any timepoint.

Implications/ Conclusions

Red-colored feed during early life did not sig-
nificantly affect infection dynamics, lesion,
body weight, or protective immunity under the
conditions of this study. Exposure to relatively
high oocyst numbers at pen level may have lim-
ited the ability to detect treatment effects. Un-
der field conditions with lower initial infection
pressure, red feed could potentially enhance
early oocyst uptake; however, practical ben-
efits are likely limited and may not outweigh
additional costs or implementation challenges.
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Deep Learning-Based Full-Chamber McMaster Analysis for
Automated Enumeration and Multi-Species Differentiation of

Eimeria spp.
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The Problem

Reliable Eimeria oocyst per gram (OPG) enu-
meration is essential for coccidiosis moni-
toring and vaccine trials in poultry produc-
tion. The McMaster method relies on manual
counting of the chamber surface, introducing
sampling bias and operator variability. Spe-
cies differentiation and sporulation assess-
ment are further complicated by overlapping
morphology and subjective interpretation.
An objective full-chamber approach is re-
quired.

How we investigated or researched the
problem

We developed a deep learning-based pipe-
line for automated oocyst detection and enu-
meration, with exploratory species differen-
tiation.

High-resolution McMaster images were used
to train object detection models (YOLOv8n/s,
RetinaNet, Faster R-CNN). The entire cham-
ber was digitized to enable full-field analysis,
and a patch-based strategy preserved resolu-
tion during whole-chamber processing.

The dataset included pure inocula of seven
major Eimeria species, mixed field samples,
and sporulated/non-sporulated oocysts an-
notated by experts.

Results
Automated analysis was performed on the

complete McMaster counting chamber, re-
moving the need for partial sampling bias.

High concordance with expert manual
counts was achieved, with an overall error
rate of 1.10%, and improved reproducibility.
YOLOv8n provided the best detection perfor-
mance.

Preliminary species differentiation displayed
promising results; further optimization is on-
going to improve robustness.

Implications/Conclusions

Al-based full-chamber McMaster analysis en-
hances objectivity and reproducibility of OPG
enumeration and reduces operator depend-
ence. This approach represents a significant
step toward standardized, scalable coccidio-
sis diagnostics, with ongoing refinement for
reliable species classification and sporula-
tion assessment.
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Preliminary results on Eimeria prevalence in commercial broiler
farms in southeastern part of Slovakia
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The Problem

Broiler chickens are frequently affected by a
parasitic disease called coccidiosis. Coccidio-
sis is caused by a single-celled protozoan or-
ganisms belonging to the genus Eimeria. This
infectious disease causes serious economic
consequences in the animal production with-
out continuous preventive use of coccidio-
stats. Monitoring of Eimeria spp. infections
in conventionally reared broiler chickens can
be performed by determining the concentra-
tion of oocysts in faeces, expressed as oocysts
per gram (OPG). Since OPG count is still the
primary diagnostic tool for monitoring coc-
cidiosis in poultry, the aim of our study was
to determine OPG count in faecal samples
obtained from broiler chickens raised under
commercial conditions in the southeastern
part of Slovakia.

How we investigated or researched the
problem

Pooled faecal samples from two farms (farm
1; farm 2) were initially examined for the
presence of Eimeria oocysts via qualitative
conventional sugar flotation (Sheather's sug-
ar solution, specific gravity = 1.27). All posi-
tive samples were subsequently examined for
the calculation of the OPG count by a stand-
ard McMaster technique using a saturated
sucrose solution (Sheather's sugar solution,
specific gravity = 1.27). Count of Eimeria oo-
cysts in the positive samples was performed
using microscopic examination.

Results

All samples were positive to Eimeria oocysts
in farm 1 and two samples were positive from
farm 2. OPG values ranged between 1650 -
42 900 in farm 1 and between 3000 - 4200
in farm 2. According to the microscopy, there
was a mixed infection of several Eimeria spe-
cies, but exact determination will need fur-
ther microscopic micrometry and molecular
analysis.

Implications/Conclusions

Coccidiosis is a constant problem in inten-
sive poultry farming conditions, and that is
why prevention of the disease using in-feed
coccidiostats or live vaccination is very im-
portant. Except that, long term monitoring
of Eimeria in commercial poultry farms, spe-
cies determination and intensity of infection
is also required to set relevant conditions for
the protection of animal health, including the
consumer.

This research was funded by the Scientific
Grant Agency of the Ministry of Education,
Science, Research and Sport of the Slovak
Republic and the Slovak Academy of Sciences
(VEGA No 1/0662/24).
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The Problem

Eimeria are a genus of apicomplexan protists
that can infect all livestock, the ingestion of
which can lead to coccidiosis. Species which
infect chickens are of particular econom-
ic importance, incurring costs upwards of
£10.4 billion annually to global production.
Despite their impact, little is known about
the genetic diversity of these parasites and
how this variation contributes to the rising
level of resistance to current control strat-
egies. These knowledge gaps exist primari-
ly due to the limited number of loci used in
population studies, as well as the fragmented
and incomplete reference genomes available
due to the technical limitations of short read
sequencing and the inherent repeat-rich con-
tent of Eimeria genomes.

How we investigated or researched the
problem

We developed an experimental workflow and
a hybrid Illumina and Nanopore sequenc-
ing pipeline to improve upon the quality of
Eimeria reference genomes by generating
long reads capable of spanning repeat-rich
genomic regions. Acting as scaffolds, these
large sequences improve the de novo assemb-
ly of Eimeria genomes by properly orienting
shorter sequences and bridging gaps bet-
ween them.

Results

We improved the contiguity and composi-
tional quality of six existing reference ge-
nomes and generated novel high-quality
reference sequences for the newly character-

ised species E. zaria and E. lata. Comparative
genomic analysis revealed evidence of ex-
tensive genomic rearrangements within the
genus, including chromosomal fission and
fusion events. Assessment of orthogroups
across the genus highlighted the lineage-spe-
cific expansion of gene families involved in
the invasion process, as well as novel families
of uncharacterised function. Furthermore,
lineage-specific expansions of transposon
families were identified, reflecting patterns
of genome expansion in E. mitis, the largest
known Eimeria genome to date.

Implications/Conclusions

By analysing whole genome sequencing data
against the improved reference sequences,
we can gain a more complete understanding
of the genetic diversity of these organisms,
their local and regional population struc-
tures, as well as the genetic determinants of
clinically relevant traits such as drug resist-
ance and precocious development.
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The Problem

Coccidiosis is one of the most economically
devastating diseases of poultry industry. The
infestation can be caused by several Eimeria
species, each with its own characteristics.
For chickens, seven species: E. acervuling,
E. maxima, E. tenella, E. brunetti, E. necatrix,
E. praecox and E. mitis, are acknowledged
and have been extensively described in the
past. In 2021 however, three new cryptic
operational taxonomic units (OTU’s) were
described based on genetical and biological
characterization: E. lata (OTUx), E. nagam-
bie (OTUy) and E. zaria (OTUz). To this day,
standard coccidiosis field diagnostics is done
by lesion scoring and determination of mor-
phology by microscopy or (q)PCR, neglecting
these OTU's. Subsequently, little is currently
known regarding the prevalence of each of
these cryptic OTU’s in Europe.

How we investigated or researched the
problem

Faecal samples from poultry farms in geo-
graphically different areas within the Euro-
pean continent were collected over a peri-
od of six months. In addition, differences in
prevalence across the various production
types (broilers, layers, layer breeders and
broiler breeders) were included. Samples
were analyzed by both microscopy and spe-
cific polymerase chain reaction (PCR) for the
seven recognized Eimeria species and three
cryptic OTU species.

Results

One hundred forty samples originating from
14 European countries were analyzed. As
expected, the most prevalent species was E.
acervulina (93%), followed by E. tenella, E.
maxima, E. mitis, E. praecox, E. necatrix and
E. brunetti with respectively 68%, 67%, 65%,
56%, 22% and 18%. For the cryptic OTU'’s,
11 samples (8%) tested positive for E. zaria
(OTUz), 7 samples (5%) for E. nagambie
(OTUy) and 1 sample (1%) for E. lata (OTUx).
Three samples were positive for more than
one of the three cryptic species. The species
were detected across the different chicken
production types.

Implications/Conclusions

This prevalence study shows that all three
cryptic species: E. lata, E. nagambie and E.
zaria occur in European poultry farms, yet
their presence is low compared with the
seven original Eimeria species described in
chickens.
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Identification of cryptic Eimeria and subsequent evaluation of the
situation on Czech production farms
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The Problem

Seven Eimeria species have long been rec-
ognized to infect chickens. Recent studies
focused on genome sequencing identified
three new cryptic Eimeria genotypes in par-
ticular chicken populations. They are consid-
ered as novel operational taxonomic units
(OTUs) divided into three clusters, OTUX, y,
and z. According to Blake et al. 2021 (doi:
10.1016/j.ijpara.2020.12.004) these new
cryptic Eimeria genotypes are likely to be
distinct species, named Eimeria lata n. sp.
(OTUx), Eimeria nagambie n. sp. (0TUy) and
Eimeria zaria n. sp. (0TUz), all of which are
capable of escape from immunity induced by
current commercially available anticoccidi-
al vaccines, suggesting that they may pose a
notable threat to chicken health. Therefore, it
is useful to have an overview of the possible
presence of these species in chicken popula-
tions.

How we investigated or researched the
problem

DNA isolated from fecal field samples from
Czech and Slovak production farms were test-
ed for the presence of 0TUx, OTUy, and OTUz
by PCR amplification with published gen-
otype-specific primers (Blake et al, 2021).
PCR products were sequenced and compared
to available sequences of cryptic Eimeria in
online databases.

Results

Sequences homologous to OTUy were re-
corded in two out of 33 farm samples. These

sequences showed greatest similarity to se-
quences available online from Eimeria nag-
ambie and OTUy genes.

Implications/Conclusions

We were able to detect signals of at least one
of the new cryptic Eimeria species in samples
from two Czech production farms, suggesting
the presence of Eimeria nagambie circulating
in Czech poultry.
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Establishment of a Gene Editing Platform in Eimeria tenella and
Its Application in Vaccine Development
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To enable precise genome editing in Eimeria
tenella, we introduced the CRISPR/Cas9 sys-
tem and successfully generated a transgenic
parasite line stably expressing the Cas9 pro-
tein. This Cas9-expressing strain exhibited
no significant differences in major biological
characteristics compared with the wild-type
parasite. Using this platform, we achieved
targeted random mutagenesis and homol-
ogous recombination in E. tenella, with a
homologous recombination efficiency of ap-
proximately 29%. Based on this genome-ed-
iting system, endogenous tagging of the Et-
GRA9 gene was performed, allowing dynamic
visualization of its subcellular localization.
The results demonstrated that EtGRA9 is a
secreted protein that is released into the par-
asitophorous vacuole in a development-de-
pendent manner. In addition, systematic
disruption of the ApiAP2 transcription factor
gene family using this approach revealed that
23 of the 33 ApiAP2 factors expressed by E.
tenella are essential for parasite develop-
ment and survival within the host.

Given the pronounced antigenic polymor-
phism among different Eimeria field strains,
there is a clear need to develop customized
gene-deleted attenuated vaccines target-
ing locally prevalent strains. Accordingly,
we employed CRISPR/Cas9-mediated gene
knockout to disrupt the sporozoite-specific
ApiAP2 transcription factor EtAP2-S1 and
the invasion-associated gene EtAMA3. In-
tegrated RNA-seq and CUT&Tag analyses
revealed that EtAP2-S1 directly binds to the
promoter regions of multiple genes, includ-
ing members of the SAG gene family, and that
deletion of EtAP2-S1 resulted in significant
upregulation of up to 59 SAG genes. Moreo-

ver, the EtAMA3-deficient strain exhibited
downregulation of several moving-junction
associated genes, accompanied by extensive
remodeling of the expression profiles of mul-
tiple transmembrane proteins. Notably, both
gene-deleted strains displayed significantly
reduced invasion efficiency, oocyst output,
and virulence, indicating marked attenua-
tion. Despite this attenuation, the mutant
parasites retained the ability to elicit robust
protective immunity, highlighting their po-
tential as candidate live attenuated vaccine
strains. Collectively, this study establishes a
robust CRISPR/Cas9-based genome editing
platform for E. tenella and provides impor-
tant theoretical and experimental support for
the development of gene-deleted attenuated
vaccines against coccidiosis.
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EtAP2_SM Controls Sporogony in Eimeria tenella and Underpins
Genetically Engineered Vaccine Design
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The Problem

Coccidiosis control would greatly benefit
from blocking sporogony - the environmen-
tal maturation step that makes Eimeria tenel-
la oocysts infective - yet the transcriptional
regulators of this stage in Eimeria are largely
uncharacterized. The study asks whether an
ApiAP2 transcription factor, EtAP2_SM, con-
trols sporogony and could thereby inform
safer, genetically attenuated vaccine design.

How we investigated or researched the
problem

(1) Candidate discovery & expression profil-
ing: Cross-species transcriptomic screening
identified EtAP2_SM (ETH2_0700600) as a
sporogony-stage candidate; a dual-fluores-
cent reporter line tracked its expression dur-
ing 0-48 h of sporulation.

(2) Gene perturbation: Constructed a CRIS-
PR-Cas9 knockout (EtAP2_SM-KO) and a con-
ditional mAID line to acutely degrade EtAP2_
SM with auxin; validation used PCR, Western
blot, fluorescence microscopy.

(3) Phenotyping in vivo: Infected chickens
(dose-titration), quantified oocyst output,
lesion scores, weight gain; measured sporu-
lation rates; evaluated immunoprotection in
a floor-rearing (field-like) mode.

Results

(1) Attenuated pathogenic readouts with KO:
Relative weight gain increased in KO birds
(= +22% at 2,000 oocysts; +11% at 20,000),
whereas lesion scores were not significant-
ly different; total oocyst output fell by ~25-
28%.

(2) Conditional depletion works as designed:
mAID tagging enabled auxin-dependent loss
of EtAP2_SM signal and protein within 48 h.
(3) Reduced transmission potential in “field”
model: Birds immunized with EtAP2_SM-de-
ficient parasites showed markedly lower oo-
cyst shedding upon reinfection, improving
biosafety.

Implications/Conclusions

EtAP2_SM acts as a key transcriptional reg-
ulator orchestrating gene essential for E.
tenella sporogony. Its deletion reduces oocyst
shedding and transmission without abolish-
ing viability, suggesting a promising strategy
for developing safer, attenuated live vaccines
against avian coccidiosis. Future structur-
al and genomic mapping of EtAP2_SM tar-
gets could refine rational vaccine design.
This study was supported by National Natu-
ral Science Foundation of China (32273035)
and the Youth Innovation Program of CAAS
(Y2023QC10).
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In broiler production systems exposed to
heat stress and or high-altitude conditions,
coccidiosis control strategies should be as-
sessed not only for their effectiveness against
Eimeria spp., but also for their potential im-
pact on bird physiology and metabolic de-
mand.

Materials and Methods

A commercial field study was conducted
in broilers raised under conditions of heat
stress and high altitude. Four key zootechni-
cal indicators—mortality, live body weight,
daily weight gain, and feed conversion ratio
(FCR)—were used to compare performance
across different coccidiosis control programs.

The evaluated treatments were:

T1 (control): Chemical A + lonophore A | T2:
Chemical B + lonophore B | T3: Chemical B |
T4: lonophore B | T5: Commercial coccidiosis
vaccine

Results

There were numerical differences and more
consistent results in two of the performance
parameters (mortality at 40 days of age and
FCR corrected at 2.3 kg) with an advantage
for the houses that were vaccinated (T5):

Mortality: T1(control)=9.0+/-1.6(17.5%),
T2=9.8+/-2.4(24.4%), T3=6.2+/-
4.3(70.0%), T4= 6.4+/-3.2(50.6%) and T5=
6.5+/0.8(11.6%)

FCR: T1(control)=1.41+/0.06(4.5),
T2=1.47+/0.08(5.4), T3=1.44+/0.02(1.4%),
T4=1.52+/0.07(4.8) and T5=1.43+/0.05(3.7)

Conclusions

Broilers exposed to heat stress tend to reduce
feed intake as a mechanism to limit heat pro-
duction, while birds raised at high altitude
are challenged by lower oxygen availability
and increased cardiopulmonary workload.
Under such environmental stressors, main-
taining a lower metabolic burden becomes
essential for sustaining performance.

Certain anticoccidial programs, although ef-
fective against coccidiosis, may contribute to
increased metabolic demand, potentially af-
fecting bird performance under these condi-
tions. In contrast, coccidiosis vaccination pro-
motes the development of immunity without
imposing additional metabolic stress, which
may help support performance, as suggested
by the results of this field study.

Further investigations are needed to confirm
these observations and establish statistical
significance.

IMMUNOLOGY AND VACCINES 61



IMMUNOLOGY AND VACCINES

Pitch presentation



Immunogenicity and protection against infectious bursal disease
via a transgenic Eimeria acervulina expressing IBDV VP2-2C3d
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The Problem

Infectious bursal disease (IBD), caused by
the infectious bursal disease virus (IBDV),
significantly threatens global poultry health
by inducing immunosuppression and caus-
ing economic losses. To enhance vaccination
efficacy, we engineered a transgenic strain
of Eimeria acervulina (Ea-2C3d) expressing
a fusion protein composed of IBDV VP2 and
three tandem C3d segments (3C3d), utilizing
C3d’s adjuvant properties to boost immune
responses.

How we investigated or researched the
problem

The transgene was generated by integrating
codon-optimized VP2 and 3C3d sequences
into the E. acervulina genome using restric-
tion enzyme-mediated transfection. PCR,
protein, and genome sequencing confirmed
the successful integration and expression of
VP2 fusion C3d, but only two copies of C3d
were successfully expressed, due to a partial
deletion of one C3d copy during the transfec-
tion process.

Results

In vivo studies demonstrated that Ea-2C3d
elicited significantly higher anti-VP2 anti-
body titers than the parental Ea-VP2 strain
(P < 0.05), especially following second immu-
nization. Upon challenge with virulent IBDV,
chickens immunized with Ea-2C3d displayed
reduced bursal lesions (histopathological
score < 1) and maintained bursal integri-
ty (bursal index >0.7), comparable to those

receiving a commercial subunit vaccine. De-
spite reduced reproductive capacity in the
transgenic parasites, Ea-2C3d maintained its
immunogenicity and safety.

Implications/Conclusions

These findings highlight that C3d adjuvant
enhances VP2-mediated protection in a coc-
cidial vector, presenting a novel dual-protec-
tion strategy against IBD and coccidiosis.

Acknowledgements
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Toward a Safer Live Vaccine: Targeting the Key Gene EtMob1 to
Block Sporogony in Eimeria tenella
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The Problem

Avian coccidiosis is one of the most critical
diseases jeopardizing the development of
the poultry industry and impacting farming
profitability. According to recent estimates,
the global annual economic loss to the poul-
try industry attributable to coccidiosis ex-
ceeds $14.5 billion. The control of chicken
coccidiosis primarily relies on two strategies:
chemoprophylaxis and vaccination. The ma-
jor limitations of chemoprophylaxis are drug
resistance and residue concerns. Live vac-
cines can provide flocks with robust immune
protection; however, vaccination often affects
the production performance of young broil-
ers intended for early market. Unsporulat-
ed oocysts are non-infective. Under suitable
conditions, unsporulated oocysts undergo
sporogony to form sporulated oocysts, which
are infective. Following ingestion, sporulated
oocysts release sporozoites under the phys-
ical and chemical actions of the chicken's
digestive system. These sporozoites then in-
vade intestinal epithelial cells to develop and
multiply. Consequently, constructing parasite
strains with developmental defects or re-
duced efficiency in sporogony represents a
promising breakthrough for addressing the
current application bottlenecks of existing
vaccines.

How we investigated or researched the
problem

We used EtMob1—a gene specifically highly
expressed in unsporulated oocysts—as the
starting point. Immunofluorescence assay
(IFA) was employed to investigate the expres-
sion pattern of EtMob1 during the initiation
of sporogony. A conditional knockout strain
of EtMob1 was constructed to elucidate its

biological function and mechanism in the
DNA replication stage of sporogony. Finally,
the safety profile of the EtMob1 conditional
knockout strain was validated.

Results

A monoclonal antibody against EtMob1 was
successfully generated. Using this antibody
for IFA, we determined that EtMob1 expres-
sion peaked at the 8-hour time point during
sporogony and ceased upon its completion.
We successfully constructed a conditional
knockout strain of EtMob1 and conducted a
simulated field trial. Compared to the wild-
type strain (ETH), the EtMobl-deficient
strain caused significantly less damage to the
chicken ceca. Furthermore, oocyst shedding
was markedly reduced during both the pri-
mary and secondary peak shedding periods,
leading to a significant decrease in total oo-
cyst output.

Implications/Conclusions

EtMob1 is specifically expressed during the
initiation of sporogony. Its deficiency inhibits
the sporogonic process, thereby significantly
reducing the biosafety risks associated with
post-vaccination infection in both non-im-
munized and young chickens, ultimately
enhancing vaccine safety. This study offers
novel insights into the regulation of Eimeria
sporogony and paves the way for safer ge-
netically engineered vaccines. This study was
supported by National Natural Science Foun-
dation of China (32273035) and the Youth In-
novation Program of CAAS (Y2023QC10).
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The Problem

In the face of the concerning rise in resist-
ance to anticoccidials, the identification of
new therapeutic targets has become a strate-
gic priority in veterinary parasitology. Upon
infection, Apicomplexan parasites secrete
effector molecules, among which rhoptry ki-
nase proteins (ROPK) that modify their host
cells to create a permissive environment.
Conversely to Toxoplasma gondii, their study
in Eimeria is made difficult by the lack of effi-
cient tools to invalidate parasite genes.

How we investigated or researched the
problem

To decipher ROPK functions in avian coccid-
iosis and possibly develop new treatments,
we produced a knock-in strain that overex-
presses EtROP1 (ETH2_0808400) fused to
YFP, under the control of the actin promoter.
In parallel, we produced a wild-type strain
(Et-INRAE) that constitutively expresses
m-Cherry fluorescent marker. We performed
RNAseq analyses of infected and uninfected
chicken epithelial cells, to establish the host
cell signature for E. tenella infection and to
determine the contribution of EtROP1 in host
cell-signature. The phospho-proteomic anal-
ysis was also conducted in order to identify
the underlying molecular mechanisms.

Results

The wild-type strain infection modified nu-
merous KEGG pathways, such as metabolic
processes, apoptosis, lysosomal function, fo-
cal adhesion and oxidative phosphorylation.
Infection by the strain that overexpresses

EtROP1 resulted in the modulation of the
ribosome pathway, the polycomb repressive
complex, DNA replication, apoptosis, and
proteolysis via ubiquitination, for the main
modified KEGG pathways. The phospho-pro-
teomic analysis confirmed the EtROP1-over-
expressing parasites led to a substantially
higher number of host modulated phos-
phosites, and also an increase of phosphoryl-
ation level of proteins. The KEGG pathways
were related to RNA metabolism and RNA
splicing. These results suggest that EtROP1
modulates RNA splicing through targeted
phosphorylation of host substrates.

Implications/Conclusions

As parasite ROPKs are highly divergent from
eukaryotic protein kinases from hosts, ROPK
may be relevant drug target candidates to
control parasite infections. Our preliminary
data support the essential role of EtROP1
N-terminal domain in substrate binding and
catalytic activity. Although, it is unlikely that
existing kinase inhibitors maybe be repur-
posed easily, crystallography, high-through-
put inhibitor screening and in vitro pheno-
typic screening should facilitate the research
for new anticoccidial molecules.
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Evaluation of Eimeria mitis pathogenicity
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The Problem

Coccidiosis is one of the most economically
devastating diseases of poultry industry. The
infestation can be caused by several Eimeria
species, each with its own characteristics.
Johnson and Reid have published in 1970 a
scoring system for Eimeria species specific
intestinal lesions induced by E. acervulina, E.
maxima, E. tenella, E. necatrix and E. brunetti.
Yet, for E. mitis and E. praecox, no pure clones
were available at that time. These two species
are commonly considered as less pathogenic
compared to the other species but the actual
pathogenicity and the potential lesions they
induce have not been described so far.

How we investigated or researched the
problem

A dose response study was performed with
pure E. mitis clones. Per infection dose (500,
5,000, 25,000, 50,000, 100,000 and 500,000
sporulated oocysts) twenty five birds were
infected by oral gavage. Body weight and in-
testinal lesions were monitored on day 4, 5,
6 and 7 post challenge. In order to determine
the pathogenicity of E. mitis in relation to the
other species, birds infected with E. acervuli-
na and E. maxima at similar doses were in-
cluded in the study. Furthermore, also daily
feed intake, feed conversion ratio and daily
oocyst excretion were monitored.

Results

For E. acervulina a clear dose response was
observed on daily weight gain reduction in
relation to the infection dose, while both E.
maxima and E. mitis displayed a saturation
level from 25,000 sporulated oocysts on-
wards. At this specific infection dose it was
observed that E. maxima had the highest

impact of the three Eimeria species on daily
weight gain, followed by E. mitis. Yet at higher
doses, from 100,000 sporulated oocysts on-
wards, daily weight gain was more reduced
by E. acervulina compared to E. mitis. Ob-
servations of the intestinal lesions indicated
increased induction of petechiae for all three
species compared to the uninfected control
birds. More specifically, the highest number
of petechiae were observed for E. maxima,
followed by E. mitis. Besides the abundan-
cy, also the location of the petechiae variat-
ed between the different species. While for
E. maxima and E. acervulina, the petechiae
were primarily observed in duodenum and
the cranial part of the mid intestine, E. mitis
infected birds displayed a higher abundancy
of petechiae in the cranial part of the mid in-
testine.

Implications/Conclusions

Our findings show that E. mitis is able to in-
duce intestinal lesions by the presence of
petechiae in the cranial part of the mid intes-
tine. Yet, setting a scoring system would need
further investigation with more pure E. mitis
clones due to the absence of other intestinal
parameters like mucosal spots, ballooning
and blood. Furthermore, our results indicate
that the pathogenicity of E. mitis, especially at
lower doses, is higher than expected. There-
fore its potential role in sub-clinical coccidio-
sis is likely underestimated.
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The Problem

Coccidiosis, caused by Eimeria parasites, re-
mains a major economic challenge for the
poultry industry. As resistance to anti-par-
asitic drugs increases and vaccines prove
costly, genetic selection for disease resilience
offers a promising alternative. Understand-
ing how individual host traits affect both the
infected animal and its flock-mates is cru-
cial for developing effective disease control
strategies. Traditional approaches focus only
on direct effects on individual performance,
missing the indirect effects on parasite trans-
mission that determine population-level out-
comes.

How we investigated or researched the
problem

We developed an individual-based epidemi-
ological model of coccidiosis in chickens to
evaluate the relative impact of five key host
response traits: susceptibility, infectivity, re-
coverability, tolerance, and compensatory
growth. Model parameters were estimated
using maximum likelihood methods from
published experimental transmission data
involving Eimeria acervulina. The model cap-
tures both epidemiological dynamics through
environmental pathogen transmission and
growth impacts of infection, including the
development of acquired immunity after suc-
cessive infections.

Results

Our simulations revealed distinct patterns
for each trait. Reduced infectivity primarily
operated through indirect effects, substan-
tially decreasing environmental contami-
nation and benefiting flock-mates without
direct benefits to carriers. Reduced suscepti-
bility showed mainly direct protective effects
on individual animals. Enhanced recoverabil-
ity emerged as particularly valuable, demon-
strating both strong direct effects (reduced
infection duration, improved final weight)
and substantial indirect benefits (reduced in-
fection frequency in flock-mates). Increased
tolerance dramatically improved weight pa-
rameters but led to increased pathogen cir-
culation.

Implications/Conclusions

Our findings suggest that recoverability may
be a particularly valuable target for genetic
improvement, offering population-level ben-
efits through both direct and indirect protec-
tive effects. This modelling framework can
guide breeding strategies and disease control
interventions by identifying traits that most
effectively improve flock-level resilience to
coccidiosis, representing an important step
toward reducing reliance on antimicrobials
in commercial poultry production.
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Haemogregarina stepanowi: lower host specificity, broad

geographical range
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The Problem

The genus Haemogregarina (Coccidia: Adele-
orina) is among the most common blood pro-
tists in turtles. It is heteroxenous, circulating
in the erythrocytes of turtles as intermediate
hosts, and in the intestinal epithelial cells of
leeches as definitive hosts. Once transmitted,
it develops into pre-erythrocytic meronts in
various organs, such as the lungs, liver, and/
or spleen, releasing secondary merozoites
during asexual reproduction. Due to the high
morphological similarity of erythrocytic
stages in vertebrate hosts, species descrip-
tion, identification, and assessment of the
real diversity of these parasites have long
been challenging. Therefore, taxonomic stud-
ies are now preferably based on a complex
approach that combines morphological and
molecular data.

How we investigated or researched the
problem

Altogether, only three species of turtles oc-
cur in Azerbaijan: Emys orbicularis, Maure-
mys caspica, and Testudo graeca. E. orbicularis
and M. caspica are widely distributed across
all geographical regions of Azerbaijan, and
these species play a major role in maintaining
the stability of biodiversity in freshwater and
marsh ecosystems. Two of the three turtle spe-
cies occurring in Azerbaijan (the freshwater
turtles E. orbicularis and M. caspica) have been
screened for blood protists. The study was
performed in Agzibircala Lake, Shabran Dis-
trict. Blood smears were collected from each
examined turtle, and partial 18S rRNA was se-
quenced from the recorded blood protists.

Results

Microscopic examination of blood smears
revealed that both examined E. orbicularis
individuals (100%) and two of six M. caspi-
ca individuals (33.6%) were infected with
Haemogregarina. Parasitaemia in infected
individuals ranged from 0.05 to 1.18%. Var-
ious developmental stages of Haemogrega-
rina were recorded in infected erythrocytes.
Distinct premeronts and gamonts were fre-
quently observed, whereas trophozoites
were not detected. The size and other mor-
phological traits of the developmental stages
of Haemogregarina observed in the peripher-
al blood of Azerbaijani turtles corresponded
to the morphology of the respective stages
of Haemogregarina stepanowi, described by
Danilewsky (1885) and Reichenow (1910).
PCR analysis demonstrated the same sen-
sitivity as microscopy; all microscopically
Haemogregarina-positive samples yielded
the corresponding PCR products. All 18S
rDNA sequences generated in the present
study were identical in nucleotide compo-
sition and, based on BLAST analysis, were
identified as H. stepanowi from E. orbicularis
and M. caspica. Therefore, our isolates were
considered to represent this species. All col-
lected leeches from turtles were identified as
Placobdella costata.

Implications/Conclusions

Considering other published studies on this
topic, it is evident that H. stepanowi is a spe-
cies with lower host specificity and a broad
geographical range. Since it has only been re-
ported in freshwater turtles and is transmit-
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ted by leeches, its distribution appears to be
closely linked to its definitive host - leeches
- which are not host-specific and may spread
H. stepanowi among turtle populations. The
present study on H. stepanowi in E. orbicula-
ris and M. caspica in Azerbaijan represents a
new record, further expanding the known ge-
ographic range of this haemogregarine.
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Identifying Novel Vaccine Candidates and Drug Targets Against

Eimeria in Chickens
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The Problem

Control of Eimeria in chickens remains challeng-
ing. Resistance to anticoccidial drugs is wide-
spread and public opinion/legislative changes
are encouraging more precise drug use. Immu-
nisation using live vaccines is effective, but rela-
tively costly and limited by production capacity.
Therefore, new drug and vaccine options to con-
trol Eimeria in chickens are required.

How we investigated or researched the
problem

An in-silico approach to identify new drug
targets and vaccine candidates in Eimeria is
being applied, using Eimeria tenella as a mod-
el species. To identify vaccine candidates, the
Vacceed pipeline (S. Goodswen et al, Bioinfor-
matics 2014, 30 (16), 2381-2383) has been
adapted and implemented. Potential drug
targets are being identified using subtractive
genomics methods, predicting protein prop-
erties relating to homology, function, and
structure of the parasite's proteome. These
methods are being supplemented by genera-
tion of host-pathogen and intra-parasite pro-
tein-protein interaction (PPI) networks. By in-
tegrating muti-lifecycle stage transcriptomics
data, these networks can identify master reg-
ulators that drive pathogenic transitions via
“silent” topological rewiring. Such regulators
are often invisible to traditional differential
expression analysis, as their own abundance
may remain unchanged. However, they can be
detected as high-traffic, topologically essen-
tial hubs by a graph neural network (GNN).
Disruption of these proteins could dysreg-
ulate entire downstream cascades, making
them ideal targets for pathogen control.

Results

Initial results from the Vacceed pipeline iden-
tified experimentally tested immunoprotec-
tive proteins as potential vaccine candidates
with a success rate of ~77%. Work to further
refine the pipeline is ongoing. The subtrac-
tive genomics pipeline has excluded ~3000
(~41%) proteins from consideration as drug
targets in the initial homology stages. Fur-
ther proteins will be excluded during func-
tion and structural stages, providing a short-
list for future screening. An intra-parasite PPI
reference network has been generated using
the STRING database (D. Szklarczyk et al, Nu-
cleic Acids Res 2025, 53 (D1), D730-D737).
The de novo prediction by STRING suggested
a network with 3,272 nodes interacting via
99,340 edges. An orthology-based parasite
network and a host-parasite interactome are
currently being constructed. These will be
modelled with temporal expression profiles
from transcriptomics data to identify key
proteins at different parasite lifecycle stages.

Implications/Conclusions

In-silico approaches provide promising in-
sight to novel drug targets and vaccine can-
didates, particularly for complex pathogens
like Eimeria. By leveraging these computa-
tional methods, recombinant vaccines can
be developed, with the potential to provide
more affordable and scalable options for
vaccination against Eimeria in chickens and
other species. Furthermore, target-based
drug design aids the development of novel
drug mechanisms to overcome drug-resist-
ant strains, and contributes to tackling wider
antimicrobial resistance.
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Impact of Natural Coccidiosis on Fat Digestibility and Broiler
Performance Under Commercial Conditions
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The Problem

Coccidiosis caused by Eimeria spp. is a major
subclinical challenge in commercial broiler
production.. Coccidial infection damages the
intestinal epithelium, impairing the digestion
and absorption of key nutrients, particularly
fats, thereby reducing energy efficiency and
compromising growth performance in broi-
lers.

How we investigated or researched the
problem

Thirty-six pens of 36 broilers each were al-
located to six dietary treatments: three with
coccidiostat and three without. Diets were
supplemented with graded levels of the
emulsifier Maxilys® (Innovad) at 0, 250, or
500 ppm. Birds were raised under standard
commercial conditions with natural Eimeria
exposure. Growth performance was evalu-
ated at Days 14 and 28, and apparent ileal
fat digestibility was determined at Day 28.
Dose-response analysis was performed se-
parately for birds with and without coccidio-
sis control to evaluate how natural coccidial
exposure affected nutrient digestibility and
growth performance, and to assess the res-
ponse to graded levels of the emulsifier

Results

At Day 14, emulsifier supplementation signif-
icantly influenced performance in a dose-de-
pendent manner in both groups (P = 0.043
with coccidiostat; P = 0.032 without coccidio-
sis control). The effect was more pronounced
in birds without coccidiosis control, reflect-
ing greater intestinal compromise under nat-
ural coccidial exposure. At Day 28, fat diges-
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tibility showed a significant dose-response
to emulsifier in both groups (P = 0.039 with
coccidiostat; P = 0.037 without). Although di-
gestibility remained responsive, the greater
performance impairment observed at Day 14
in birds without coccidiosis control suggests
that early intestinal damage temporarily
compromised nutrient utilization, even when
fat digestion later showed a measurable res-
ponse.

Implications/Conclusions

Natural coccidiosis compromises intesti-
nal integrity and negatively affects broiler
performance under commercial conditions.
While fat digestibility remained responsive
to dietary emulsifier supplementation, early
reductions in growth performance in birds
without coccidiosis control indicate that in-
testinal damage can transiently impair nutri-
ent utilization. These findings highlight the
critical importance of effective coccidiosis
management to preserve intestinal health,
optimize nutrient absorption, and sustain
broiler productivity.
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Eimeria co-occurrence in Nigerian chicken farms: implications for

disease control and food safety
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The Problem

Mycotoxins in poultry feed may act syner-
gistically with Eimeria infections, leading to
increased severity of coccidiosis and myco-
toxicosis, thereby compromising effective
disease control and food safety. Field-based
data on the dynamics of their co-occurrence
however remain limited. This study provides
baseline data on the prevalence and associ-
ated risk factors of Eimeria parasites and in-
feed mycotoxigenic fungi co-occurrence on
commercial poultry farms in Lagos, Nigeria.

How we investigated or researched the
problem

Pooled faeces/litter and composite feed sam-
ples were collected from 126 chicken farms
located in four poultry settlements. Eimeria
oocysts were detected using the salt floata-
tion method and classified into three size cat-
egories corresponding to the ten recognized
Eimeria species of chickens. Feed samples
were cultured on Potato Dextrose Agar, and
pure isolates were obtained and character-
ized based on macroscopic and microscop-
ic features. Farm management, biosecurity,
and feeding practices were assessed using
semi-structured questionnaires.

Results

Eimeria parasites and mycotoxigenic fungi
occurred concurrently in 23/126 (18.3%)

farms and did not vary across settlements
(P > 0.05). Farms positive for small-sized oo-
cysts showed a strong association with my-
cotoxigenic fungi contamination (P < 0.001).
Most farms with Fusarium-contaminated
feed were also positive for Eimeria oocysts
(P < 0.01). High-Performance Liquid Chro-
matography revealed four Aflatoxin classes
(AFB1, AFB2, AFG1, AFG2) in at least 60%
of the Aspergillus-contaminated feed sam-
ples. Co-occurrence was significantly higher
in broiler farms (5/10, 50%) compared with
layer farms (18/116, 15.5%) (P < 0.01) but
did not differ between farms using man-
ufactured versus self-compounded feed
(P > 0.05). Wet feeding troughs (OR: 80.1,
P < 0.05) and the presence of flies or insects
(OR:9.1, P < 0.05) were significant predictors
of co-occurrence.

Implications/Conclusions

Further research is needed to characterize
the risks of coccidiosis and mycotoxicosis
co-occurrence to poultry, public, and envi-
ronmental health from a One Health perspec-
tive.
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Prebiotic, Probiotic and Synbiotic Supplementations Ameliorated
E. tenella induced Pathology in Broiler Chickens
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The Problem

Eimeria tenella, the widespread and deadly
coccidian parasite causing caecal coccidiosis,
impairs bird performance and haematologi-
cal parameters by distorting nutrient intake
and metabolism, with resultant high mortal-
ity in poultry. Coccidiosis generates substan-
tial financial losses, estimated at 14.4 billion
US dollars per year worldwide. Hence, for
the poultry sector to realize its full potential,
birds must be protected against coccidiosis.
In addition, following increased concerns
about Eimeria drug resistance and restric-
tions on the frequent use of synthetic anti-
coccidials, the search for sustainable strate-
gies that can promote disease tolerance and
increase productivity has intensified. Preb-
iotics, probiotics, and synbiotics have been
recognized for their potential to promote gut
health, modulate immunity, and mitigate the
negative consequences of enteric infections.

How we investigated or researched the
problem

This research studied the impact of dietary
prebiotics (sugarcane molasses), probiot-
ics (Saccharomyces cerevisiae), and synbi-
otics (combination of some probiotics and
prebiotics) on hematological parameters,
performance, and the severity of caecal coc-
cidiosis in broiler chickens. 90-day-old Cobb
500 chicks were randomly allocated into six
groups: negative (uninfected, unsupplement-
ed), positive (E. tenella-infected, unsupple-
mented), standard drug (E. tenella-infected,
Amprolium treated) control groups, and
three supplemented groups receiving preb-
iotics, probiotics, and synbiotics products

from day-old. Birds were challenged with E.
tenella sporulated oocysts (2.0 x 10%) at 21
days.

Results

The experimental infection elicited classical
clinical manifestations of caecal coccidiosis,
including as depression, ruffled feathers, di-
arrhoea, and bloody droppings, with 100%
morbidity in infected groups. The severity
of the infection scored base on clinical signs
and mortality suggested the infected control
group had severe caecal coccidiosis. There
was reduced clinical severity and absence of
mortality in the supplemented groups. Sup-
plemented groups showed significantly high-
er packed cell volume (28 - 32%) and haemo-
globin (Hb) concentration (9.5 - 10.8 g/dL)
compared to the positive control (PCV: 18%j;
Hb: 7.2 g/dL). Synbiotic supplementation
led to the most significant (p<0.05) weight
gain and feed conversion ratio, compared to
the positive control. Caecal lesion scores and
oocyst shedding were significantly reduced
in supplemented groups, with synbiotics
achieving the most reduction.

Implications/Conclusions

These findings highlight the potential of the
evaluated dietary supplements, particularly
synbiotics to enhance poultry productivity,
improve haematological indices, and mitigate
E. tenella-induced pathologies. Thus show-
ing that functional feed additives can act as
effective nutritional strategies for boosting
resilience against caecal coccidiosis and min-
imizing dependency on conventional anticoc-
cidial drugs in poultry production systems.
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Effect of some ionophores and a vaccine on the persistence of
vancomycin resistant Enterococcus faecium and on efficacy after

an Eimeria challenge
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The Problem

Ionophores are widely used to prevent coc-
cidiosis in poultry. In some poultry-derived
Enterococcus strains, resistance genes to
narasin have been identified on the same
plasmids as resistance genes to clinically
important antibiotics, such as vancomycin.
This has raised concerns about the potential
co-selection of antibiotic resistance in bacte-
ria of relevance to human health. The aim of
this study was to determine whether chicks
inoculated with a strain of E. faecium resist-
ant to narasin and vancomycin, and exposed
to narasin or monensin in their feed, were
more likely to harbour these bacteria for a
prolonged period. The study also evaluated
whether ionophores in feed had a positive ef-
fect on coccidia control after an experimental
challenge, in comparison with an anticoccid-
ial vaccine.

How we investigated or researched the
problem

A total of 210 chicks were allocated to five
groups and housed in three separate rooms
to prevent cross-contamination. In room
1, one group received no Enterococcus and
served as a negative control. The remaining
four groups, housed in room 2 and 3, were
inoculated on day 1 and 3. In room 2, two
groups received either narasin or monen-
sin in the feed throughout the entire trial. In
room 3, one group was vaccinated with an
anticoccidial vaccine, while the other group
received no treatment. At 16 days of age,
each group was divided into two subgroups:
one that received a coccidia challenge dose

and one that received a placebo. Samples of
cecal and intestinal contents were collected
regularly to test for resistant bacteria. Body
weight, weight gain, feed intake and feed
conversion ratio were recorded, along with
droppings appearance, oocysts per gram and
coccidia lesion scores.

Results

The inoculation of Enterococcus had no sig-
nificant effect on body weight. Birds receiv-
ing monensin or narasin had significantly
lower weights on day 15 compared with the
other groups, among which no significant
differences were observed. The Eimeria chal-
lenge on day 16 induced clinical coccidiosis,
which was less severe in the groups receiving
monensin or narasin, and to a lesser extent,
in the vaccinated group. The greatest weight
gain was observed in the narasin-treated
group. The populations of resistant Entero-
coccus declined at similar rates across all the
groups, and neither narasin nor monensin in-
creased their persistence in the chicken gas-
trointestinal tract.

Implications/Conclusions

Narasin was the most effective option for
controlling the coccidia challenge; however,
neither ionophore promoted prolonged per-
sistence of the Enterococcus strain carrying
resistance genes to narasin and vancomycin.
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The use of ionophore coccidiostats in broilers, the narAB gene
and its relevance to antibiotic resistance in human clinical
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The Problem

It has been proposed by researchers in Cana-
da, Norway and Holland that the use of iono-
phore coccidiostats in broilers may select for
the narAB gene in Enterococcus faecium and
Enterococcus faecalis and that AMR genes of
clinical significance may be associated with
this, which then may colonise humans and
pose antimicrobial resistance risk in hospital
infections. The researchers hypothesise that
this is because there is evidence of the pres-
ence of narAB on the same genetic elements
as AMR genes of clinical relevance. The as-
sumption his that there is therefore gene
linkage and co-selection between narAB and
antibiotic resistance genes, particularly van-
comycin.

How we investigated or researched the
problem

Firstly, a review of Antimicrobial National Re-
sistance Programs between 2011 and 2020 in
Norway, Sweden, Denmark and Netherlands,
looking at 5181 E. faecium / E. faecalis poul-
try isolates, indicated that the prevalence of
resistance to clinically relevant antibiotics
for the treatment of human enterococcal in-
fections was either absent or extremely low.

Secondly a genomic survey of over 25,000
E. faecium / E. faecalis genomes using inter-
nationally available genetic databases found
that: A. The narAB is significantly more prev-
alent in broilers (26% E. faecalis, 39.2% E.
faecium) and is extremely rare in isolates
from human clinical infections (2.8% E. faeca-
lis, 2.0% E. faecium). B. Genes associated with
resistance to medically important antibiotics

were not found close to the narAB gene. C.
The sequence types found in broilers were
not present in human clinical isolates and are
distinct from them. In addition, the pattern of
genes near narAB differed between them.

Results and implications

The above indicates that genetic linkage be-
tween clinically relevant AMR genes and nar-
AB is highly unlikely and that salinomycin
and narasin use and the associated higher
incidence of narAB in enterococci from broil-
ers will not lead to co-selection of antimicro-
bial resistance genes that may inpact clini-
cal infections in humans. In addition clones,
sequence types and plasmidomes are not
shared between broilers and humans.

Implications and Conclusions

The probability that narasin and salinomycin
use in broilers contributes to antimicrobial
resistance in human clinical isolates through
co-selection and gene transfer mechanisms is
extremely low. Concurrently the withdrawal
of access to ionophore coccidiostats for broil-
er producers and veterinarians would lead
to significant and predictable risks to animal
welfare, animal health, food safety and en-
vironmental and economic sustainability of
broiler production.
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Profiling Eimeria burden, species composition, and genomic
heterogeneity in poultry caecal metagenomes using [llumina and

Nanopore sequencing
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The Problem

Eimeria species are ubiquitous enteric para-
sites of poultry and a major cause of coccidio-
sis, with substantial impacts on animal health
and productivity. Despite their importance,
most large-scale poultry microbiome studies
do not explicitly quantify Eimeria burden or
explore species-level and genomic variation
across production systems.

How we investigated or researched the
problem

Here, we analysed deep shotgun metagenom-
ic data from 120 poultry caecal samples col-
lected across diverse production contexts in
India, Bangladesh and Vietnam. Using curat-
ed reference genomes for multiple Eimeria
species, we mapped both Illumina short-read
and Oxford Nanopore long-read sequencing
data to quantify overall Eimeria burden, spe-
cies composition, and within-genome cover-
age patterns. Eimeria burden estimates were
further used to stratify samples for explora-
tory integration with bacterial microbiome
community profiles.

Results

Initial results reveal substantial variation
in Eimeria load across samples, spanning
orders of magnitude. Across both sequenc-
ing platforms, Eimeria tenella consistently
emerges as the dominant species, in line with
its known caecal tropism, while mixed-spe-
cies profiles are common. Comparison of Illu-
mina and Nanopore data from matched sam-
ples shows concordant detection of Eimeria
presence and dominant species, supporting

the robustness of the approach across tech-
nologies.

Implications/Conclusions

By enabling identification of samples with
elevated Eimeria burden, this framework
provides a basis for targeted integration with
bacterial microbiome analyses to explore po-
tential dysbiosis-associated patterns. Ongo-
ing analyses focus on genome-wide coverage
patterns to identify conserved and variable
regions within the different Eimeria genomes,
providing insight into population structure,
potential strain diversity, and region-specific
signatures. Together, this work demonstrates
the utility of metagenomic sequencing for
high-resolution profiling of Eimeria ecology
and genomic variation in poultry systems,
with implications for surveillance and con-
trol strategies.
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Efficacy of a trivalent Eimeria vaccine for turkeys when applying

spray on birds vaccination
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The Problem

In intensively reared turkey production sys-
tems, feed-administered coccidiostats re-
main the primary method of managing coc-
cidiosis. This study evaluates the efficacy of
a trivalent Eimeria vaccine administered to
turkeys via spray application against a chal-
lenge with Eimeria meleagrimitis, the most
prevalent Eimeria species in Europe, as an
additional tool to control coccidiosis in tur-
keys.

How we investigated or researched the
problem

One group of turkeys was vaccinated by
spray on birds at day old with a trivalent tur-
key coccidiosis vaccine containing strains of
Eimeria meleagrimitis, Eimeria gallopavonis
and Eimeria adenoeides. A second group re-
mained unvaccinated. Birds were reared in
floor pens till the age of 20 days after they
were allocated to cages. One day later, a sub-
set of unvaccinated turkeys and the vacci-
nated group were challenged with a recent
European isolated Eimeria meleagrimitis
strain (respectively IUC and IV). An addition-
al subset of unvaccinated turkeys were not
challenged and served as the negative con-
trol group (UUC). Protection against the chal-
lenge was evaluated by means of lesion scor-
ing (5 days after challenge), oocyst excretion,
clinical scores and body weights till 35 days
of age.

Results
No significant differences in body weights

and clinical scores were observed between
vaccinated and unvaccinated turkeys in the
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first 3 weeks of life. Following the challenge
at 21 days of age, the IUC group developed
a pronounced infection, including one chal-
lenge related mortality. Compared with the
UUC, IUC turkeys exhibited significantly low-
er body weights and daily weight gain in the
two weeks after challenge, higher intestinal
lesion scores for Eimeria meleagrimitis (2.0
vs 0.0; p<0.001), higher oocyst shedding and
elevated clinical coccidiosis scores. Vacci-
nated turkeys (IV) demonstrated significant
improvements compared with the IUC group.
Post challenge, IV birds body weight and dai-
ly weight gain were significantly higher in
comparison to the IUC. Lesion scores were
markedly reduced (0.0 versus 2.0 for 1UC;
p<0.001), and oocyst shedding was signifi-
cantly lower from D24 to D35 (414,900 vs
1,338,733; p=0.0001). Clinical coccidiosis
scores were also significantly reduced, espe-
cially during peak infection periods.

Implications/Conclusions

Spray application of the trivalent coccidiosis
vaccine to day old turkeys did not negatively
affect health or body weight. A strong protec-
tive effect was seen against a challenge with
Eimeria meleagrimitis as both zootechnical
and parasitological parameters were signif-
icantly improved in comparison to the chal-
lenged control group. Given the limited num-
ber of registered coccidiostats for turkeys, a
trivalent coccidiosis vaccine could become a
valuable additional tool for coccidiosis con-
trol.
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disinfectants against coccidia oocysts
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The Problem

According to European recommendations,
the evaluation of disinfectant efficacy against
coccidia oocysts is extrapolated from in vitro
tests using Cryptosporidium parvum oocysts.
This parasite has oocysts with a size, struc-
ture, and cell wall composition very different
from those of coccidia of the genus Eimeria.
The conditions under which these in vitro
tests are carried out are very different from
those found in poultry houses: temperature,
tests in suspension or on non-porous physi-
cal supports (stainless steel), and absence of
biofilm on surfaces.

Our objective was to develop a model for ex-
posing chicken coccidia oocysts to disinfect-
ants in order to evaluate their effectiveness
under conditions close to those encountered
in poultry houses.

How we investigated or researched the
problem

Two solid surfaces, one porous and one
non-porous, were defined. Oocysts were
mixed with a defined amount of biofilm rep-
resentative of what might remain in a build-
ing after washing: dust from livestock, trac-
es of animal feed, and manure. The mixture
was then applied to the substrates, and the
disinfectant was used according to the man-
ufacturer's instructions. The percentage of
oocysts recovered after contact was used for
the evaluation of the direct destruction effect
of the oocysts. The recovered oocysts were
then administered to chickens to assess their
viability and infectivity, by comparing them
to parasite development in birds receiving
increasing doses of control infective oocysts.

Results

Four disinfectants recognized as oocysticides
according to European guidelines for vali-
dation by in vitro tests were assessed in our
model. The achieved results suggest a lack of
efficacy against Eimeria oocysts.

Implications/Conclusions

The developed model attempts to mimic the
conditions of use of disinfectant products in
poultry houses (i.e. biofilms and porous sur-
faces). This model is complex and requires
the inoculation of oocysts into chickens to
assess the viability of the oocyst and their
ability to cause typical lesions. Nevertheless,
it allows us to obtain results directly appli-
cable to chicken coccidia, which may differ
from those obtained via the in vitro test rec-
ommended at the European level. This work
suggests that the current European require-
ments for the evaluation of these products
against coccidia of the genus Eimeria should
be reconsidered.
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Meta-Analysis of Four Controlled Studies Evaluating the
Prophylactic Efficacy of Natural Feed Additives Against
Experimental Coccidiosis in Broiler Chickens

Madalina Diaconu

The Problem

Coccidiosis, caused by Eimeria spp., remains
a major enteric disease in poultry. With re-
strictions on chemotherapeutic coccidio-
stats, there is a need for sustainable and ef-
fective natural alternatives.

How we investigated or researched the
problem

A meta-analysis of four controlled studies
(total n=720 broilers per product group)
was conducted. Ross 308 broilers received
prophylactic in-feed supplementation of one
of three products (P1, P2, or P3) from day
1 to 35. Birds were challenged at day 17 with
a mixed Eimeria spp. inoculum (75,000 oo-
cysts/bird). Outcomes included Anticoccidial
Index (ACI), oocyst shedding (OPG), lesion
scores, body weight gain (BWG), feed conver-
sion ratio (FCR), and mortality. A chemical
coccidiostat control was included and is re-
ferred to as CC.

Results

P3 achieved medium anticoccidial efficacy
with ACI=146.8, comparable to CC (155.0).
It reduced oocyst shedding by 46.7% and
lowered lesion scores by 52.9%. Growth
performance improved (BWG +2.95%) with
FCR similar to CC. P1 and P2 showed par-
tial efficacy with reductions in OPG (44.1%
and 41.9%) and lesion scores (40.0% and
43.9%). Mortality remained <2.8% across
treatments.

Implications/Conclusions

P3 demonstrates medium-level anticoccidial
efficacy and performance comparable to CC,
supporting its use as a natural alternative in
integrated coccidiosis control. P1 and P2 pro-
vide partial protection and may be suited to
lower-challenge conditions.
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In silico exploration of the anticoccidial activity of Omi ogi
(fermented maize supernatant) against Eimeria tenella
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The Problem

Control options for chicken coccidiosis have
become increasingly limited due to the emer-
gence of drug resistance and the high cost of
vaccines. This challenge has created a press-
ing need for sustainable alternatives, with
growing attention directed toward natural
products and traditional remedies. Omi ogi,
the fermented water obtained from maize
slurry, is rich in lactic acid bacteria metab-
olites and organic acids and is indigenously
used in West Africa as a remedy against gas-
troenteritis. However, its anticoccidial poten-
tial in poultry remains largely unexplored.
This study aims to bridge this gap by employ-
ing in silico approaches to evaluate the activ-
ity of bioactive compounds derived from omi
ogi against key molecular targets associated
with Eimeria tenella pathogenicity.

How we investigated or researched the
problem

Eight (8) protein targets relevant to E. tenella
development were retrieved from the Pro-
tein Data Bank based on literature evidence.
These targets included dihydroorotate dehy-
drogenase (DHODH), apical membrane anti-
gen 1 (AMA1), calmodulin-like domain pro-
tein kinase, phosphotransferase, microneme
protein 3, microneme protein 5 precursor,
SAG family member (SAG19), and enoyl-acyl
carrier protein reductase. Thirteen (13) bio-
active compounds previously reported in omi
ogi were docked against these targets using

Maestro Schrodinger. Binding affinities and
binding free energies were subsequently
analyzed to identify promising compound-
target interactions.

Results

The results varied across the targets, with
most interactions exhibiting moderate bind-
ing affinities. Notably, 2-methoxy-4-vinylphe-
nol demonstrated the most favorable overall
binding profile across multiple targets and
exhibited a stronger binding affinity than the
co-crystallized ligand of apical membrane
antigen 1 (2-acetamido-2-deoxy-a-D-ga-
lactopyranose, A2G). Three other phenol-
ic compounds showed particularly strong
binding against the calmodulin-like domain
protein kinase (PDB ID: 4SY]), including phe-
nol-2,6-dimethoxy (-6.78 kcal/mol; -34.42
kcal/mol), 2',4'-dimethoxyacetophenone
(-6.03 kcal/mol; -39.33 kcal/mol), and
2,4-di-tert-butylphenol (-5.87 kcal/mol;
-27.80 kcal/mol). Furthermore, squalene, a
non-phenolic compound, showed consider-
able binding affinity toward the 6AJE target
(=5.63 kcal/mol; -46.61 kcal/mol). Overall,
these compounds exhibited relatively strong-
er and more stable interaction profiles com-
pared to other evaluated candidates.

Implications/ Conclusions
Collectively, the findings provide prelimi-

nary computational evidence that omi ogi
constituents interact with E. tenella proteins,
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suggesting potential anticoccidial activity.
However, further in vitro and in vivo investi-
gations are required to validate these compu-
tational predictions.
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Performance and Health Outcomes of a Saponin-Based Solution
(Norponin X02®) Compared with Conventional Anticoccidial
Programs in Broiler Chickens Reared in Commercial Conditions

Violette Pousset, Sekhou Cissé and Mohammed el Amine Benarbia

The Problem

Today, poultry producers are confronted
with the need to make choices in coccidiosis
management to address different challeng-
es. Many solutions are proposed; however,
most alternatives to conventional solutions
are supported only by evidence from in vitro
and/or in vivo models. While data from these
models are useful, there is a clear need to
generate data for these alternative solutions
under commercial farming conditions. The
objective of this study was to generate data
for a natural saponin-based solution, Nor-
ponin X02°.

How we investigated or researched the
problem

The study was conducted over four produc-
tion cycles (35 days each) using four build-
ings with a capacity of 15,000 birds each (A,
B, C, and D). Birds in buildings A and B were
supplemented with a saponin-based solu-
tion (Norponin X02®; 250 ppm) throughout
the four cycles, from day 1 to day 35. Birds
in buildings C and D were supplemented with
either clopidol (125 ppm; cycle 1), lasalocid
(75 ppm; cycles 2 and 3), or salinomycin
(60 ppm; cycle 4). Zootechnical performance
parameters were monitored, and the Europe-
an Poultry Efficiency Factor was calculated
for each building and cycle. Data were record-
ed and statistical analyses were performed.
Statistical analysis was performed by Fischer
t-test using GraphPad® prism 7 software.
Statistical significance was considered at
P <0.05.

Results

During the four study cycles, no cases of coc-
cidiosis were reported in any of the buildings.
This indicates that the disease was effectively
managed with both the conventional and the
saponin-based solutions (Norponin X02®).
No differences were observed in growth
performance parameters between chick-
ens supplemented with the saponin-based
solution and those receiving conventional
solutions (ADG, FCR). However, a significant
reduction in mortality was observed in birds
supplemented with the saponin-based solu-
tion compared with the conventional groups.
This was reflected in a higher European Poul-
try Efficiency Factor in birds supplemented
with the saponin-based solution (Norponin
X02®), although the difference was not sta-
tistically significant.

Implications/ Conclusions

Based on growth performance and health pa-
rameters, this study showed that, under com-
mercial conditions, supplementation with
a saponin-based solution (Norponin X02®)
was as effective as conventional solutions
for the management of coccidiosis in broil-
er chickens. In addition, a reduced mortality
rate was observed in chickens supplemented
with the saponin-based solution (Norponin
X02®). This effect has already been report-
ed for saponin-based solutions, including
Norponin X02®, using other experimental
models. Overall, these results indicate that
the tested saponin-based solution (Norponin
X02®) represents a suitable option for pro-
fessionals seeking greater flexibility in coc-
cidiosis management.
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Apicoplast Pyruvate Carrier 1 is a Novel Marker for Diclazuril

Resistance in Eimeria
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The Problem

Anticoccidial drug resistance represents a
major challenge for the control of coccidiosis
and the maintenance of poultry health and
productivity. Diclazuril is one of the most im-
portant broad spectrum anticoccidial drugs,
exhibiting high efficacy at low doses against
all pathogenic Eimeria species and multiple
developmental stages in chickens. Although
several genes have been proposed to be as-
sociated with diclazuril activity, the definitive
resistance genes and causative mutations
have remained unclear.

How we investigated or researched the
problem

We applied an advanced backcross mapping
strategy to generate introgressed resistant
lines with highly similar genetic backgrounds
but segregating diclazuril resistance pheno-
types. By comparing the genetic frequency
spectrum between resistant and sensitive
progeny, candidate genes and loci responsi-
ble for the phenotype were precisely iden-
tified. Functional validation was performed
by overexpressing candidate genes carry-
ing resistance-associated mutations in di-
clazuril-sensitive Eimeria strains. In addition,
diclazuril-resistant field isolates were ana-
lyzed using whole-genome resequencing and
alignment analysis. Cross-species validation
was conducted using homologous mutations
from Toxoplasma gondii. Finally, a PCR-based
sequencing assay was developed to detect
resistance-associated alleles in field samples.

Results

Genetic mapping localized diclazuril resist-
ance to a region on chromosome 9 containing
six genes with missense mutations. Function-
al assays demonstrated that a single muta-
tion in the pyruvate transporter gene EtAPC1
conferred diclazuril resistance in Eimeria.
Analysis of field-derived resistant isolates
identified two additional resistance-associat-
ed mutations in APC1. In addition, a homol-
ogous resistance-associated mutation identi-
fied in T gondii APC1 also conferred diclazuril
resistance when introduced into sensitive
Eimeria, indicating functional conservation
of APC1-mediated resistance across apicom-
plexan parasites. PCR amplification and se-
quencing confirmed the presence of APC1
resistance alleles in field samples.

Implications/Conclusions

This study identifies APC1 as a key determi-
nant of diclazuril resistance in Eimeria and
demonstrates that APC1-mediated resistance
is evolutionarily conserved across apicom-
plexan parasites. APC1 mutations therefore
represent sensitive and practical molecular
markers for field surveillance of diclazuril re-
sistance and evaluation of anticoccidial drug
efficacy. We thank Dr. Hongyu Han for provid-
ing a diclazuril-resistant strain! This study
was supported by National Natural Science
Foundation of China (31873007, 32373031)
and China Agriculture Research System of
MOF and MARA (CARS-43).
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The effect of phytogenic mixture addition on gut integrity
parameters, coccidiosis score in chicken broiler fed two different
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The Problem

Phytobiotic mixtures (PM) are increasingly
considered potential alternatives to coccidi-
ostats and antibiotic growth promoters due
to their growth-promoting, immunomodu-
latory, anti-inflammatory, and antimicrobial
properties. However, their mechanisms of
action remain incompletely understood. This
study evaluated the effects of a phytogen-
ic mixture on gut integrity parameters and
coccidiosis lesion scores in broiler chickens
fed either a soybean meal-based diet (SB)
or a diet containing sunflower and rapeseed
post-extraction meal (SR).

How we investigated or researched the
problem

A total of 500 one-day-old Ross 308 chicks
were randomly allocated to four treatments,
each comprising 125 birds distributed into
five replicates (25 birds per pen). The first
group (K1) served as a negative control and
received the SB diet without supplementa-
tion, while the second group (K2) served as
a negative control fed the SR diet without
supplementation. The remaining groups re-
ceived supplementation of 0.3 kg of phyto-
genic mixture per ton of complete feed based
on the SB diet (A1) or the SR diet (A2), re-
spectively. The phytogenic product used in
the experiment was a commercial mixture
containing hot pepper fruit, white mustard
seed, soapwort root, turmeric rhizome, and
thymol (AdiCox® AP, AdiFeed® LTD). The ex-
periment was conducted for 42 days under

floor-pen conditions. On day 28, six birds
from each treatment were randomly selected
and euthanized for blood and intestinal sam-
ple collection. Gut health was assessed using
the Johnson and Reid lesion scoring method.
The following markers of intestinal integrity
were analyzed: diamine oxidase in blood (gut
permeability), secretory IgA in the small in-
testinal content, and ovotransferrin in feces
followed by CLDN-3, OCLN, Z0-1, Z0-2.

Results

Supplementation of the phytogenic mixture
in the SB diet resulted in lower concentra-
tions of all three markers: diamine oxidase
in blood (gut permeability), secretory IgA in
the small intestinal content, and ovotrans-
ferrin. The results showed that the addition
of PM significantly (p <0.001) impacted the
expression of claudin-3, occludin, zonula-1
and zoonula-2 in comparison with control
group subjects. The composition of feed did
not affect the expression of selected gut in-
tegrity genes, nevertheless, the rape and sun-
flowersuggesting improved intestinal barrier
function. In birds fed the SR diet, a similar
effect was observed for secretory IgA. More-
over the rapeseed and sunflower-based diet
increased the E. maxima lesion score in the
K2 group, whereas phytogenic supplementa-
tion reduced the E. tenella lesion score in this

group.
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Implications/ Conclusions

These findings indicate beneficial effects of
phytogenic mixture supplementation on the
functional status of the gastrointestinal tract.
The observed effects were associated with
improved regulation of intestinal permeabil-
ity and maintenance of gut health in broiler
chickens.
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Phytase Supplementation Enhances Phytate Digestibility and
Reduces Phosphorus Run off in Broiler Production

Rafiullah, Asad Sultan, and Sarzamin Khan

Department of Poultry Science, The University of Agriculture, Peshawar, Pakistan

Abstract

High density poultry production can result
in the leaching of significant amounts of
nutrients into the environment, particular-
ly phosphorus, due to incomplete digestion
of phytate and nitrogen present in cereal
grains, which constitute up to 70% of poul-
try feed. This study investigated the effects
of phytase supplementation on nutrient di-
gestibility and phosphorus run-off in broil-
ers. Phytase enzyme (10,000 FTU/g) was
added at two inclusion levels 0.01% (F1) and
0.015% (F2) to sorghum-based diets (918 g/
kg), while a non-supplemented control (F0)
was maintained. Celite served as an indigest-
ible marker. At day 42, nitrogen, phosphorus,
and phytate contents in feed, digesta, and
feces were analyzed. lleal nitrogen digestibil-
ity increased by 2.6% and 5% in F1 and F2,
respectively, while fecal nitrogen losses de-
creased by 45% compared with the control.
Excreta phosphoruOs digestibility improved
(0.31 and 0.32 in F1 and F2) compared to the
control (0.17). Phytate digestibility also in-
creased (0.751 and 0.754), and litter pH was
numerically reduced (6.7 vs. 7.6 in control).
Soluble reactive phosphorus (SRP) levels
were significantly (p < 0.05) lower in treated
groups. These findings indicate that micro-
bial phytase supplementation improves nu-
trient digestibility and reduces phosphorus
losses, offering a sustainable strategy to mit-
igate environmental pollution. Further stud-
ies are warranted to assess phosphorus and
nitrogen leaching and their effects on aquatic
ecosystems.

Keywords

Phytase, Broilers, Phosphorus run-off, Nutri-
ent digestibility, Environmental sustainabili-

ty
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Gene Expression Explained the Benefits of Protected Thymol and
Carvacrol Under a Chemical-lionophore Coccidiostat Program on

Broiler Performance
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The Problem

Coccidiosis remains a major challenge in
broiler production, and coccidiostat-based
programs are widely used for control. How-
ever, these programs may affect intestinal
function and nutrient utilization. This study
investigated whether changes in gene ex-
pression could explain improvements in
growth performance and intestinal integrity
in broilers fed a blend of essential oils under
a chemical-ionophore coccidiostat program.

How we investigated the problem

A total of 560 one-day-old Ross 308 male
broilers were allocated to two dietary treat-
ments in a completely randomized design
with 14 replicate pens per treatment and
20 birds per pen. Birds were reared un-
der reused litter contaminated with E. coli
(8.5x10”3 CFU/g measured through E.coli
B-glucoronidase), Clostridium perfringens
(<10 CFU/g), and coccidia oocysts (744 oo-
cysts/g). All birds received a standard shut-
tle coccidiostat program consisting of the
chemical nicarbazin in combination with the
ionophore narasin (40 mg/kg of each) in the
starter phase (0-14 d), followed by the iono-
phore salinomycin (60 mg/kg) in the grow-
er (14-28 d) and finisher (29-42 d) phases.
Treatments included a control diet and the
same diet supplemented with protected thy-
mol and carvacrol (NEXT ENHANCE® 150) at
30 g/ton during the starter and grower phas-
es and 15 g/ton during the finisher phase.
Growth performance was recorded through-
out the study. On day 28, jejunum and liver
samples were collected for RNA sequencing
to characterize changes in gene expression.

Differential expressions were analyzed us-
ing DESeq2, and pathway activation was as-
sessed using Quantitative Pathway Activation
Analysis (adjP<0.05). Additionally, calprotec-
tin, IL-10, IgA, and IFN-y were measured in
blood on day 28. Pairwise comparisons us-
ing LSMEANS were used to evaluate perfor-
mance data.

Results

Supplementing the coccidiostat diet with
protected thymol and carvacrol tended to
improve body weight and BW gain during
the starter (P=0.07) and significantly during
grower phases (P<0.05). The trend to sig-
nificance is also observed for the adjusted
feed conversion ratio in the grower phase
(P=0.08) and the overall feed intake (P=0.1).
Blood analysis did not detect biomarkers, ex-
cept for a trend to lower IgA in the supple-
mented diet (P<0.1). However, the jejunum
transcriptomic analysis identified 918 differ-
entially expressed genes in response to sup-
plementation, whereas no differences were
observed in the liver. Supplemented with
protected thymol and carvacrol, activated
pathways related to tight junction assembly,
epithelial maintenance, and intestinal motil-
ity, along with suppression of apoptosis and
cell-cycle pathways, suggesting greater tissue
stability and reduced stress.

Oxidative stress-induced senescence was
downregulated, indicating a lower inflam-
matory burden. Jejunum tissue showed
down-regulation of IL-10 (adjP<0.05), sup-
porting these results. This also explained the
lower trend for mortality in the treated group
during the grower phase (P<0.1). In addition,
the transcriptomic response suggested ac-
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tivation of gut motility and lipid absorption
pathways (transport of bile salts, portomi-
cron assembly; adjP<0.01).

Implications

The benefits of protected thymol and carvac-
rol in a chemical-ionophore shuttle coccidio-
stat program were associated with changes in
jejunal gene expression. These transcriptom-
ic shifts help explain the improved growth
performance, intestinal integrity, and meta-
bolic function observed in broilers reared on
reused contaminated litter. Supplementation
with protected thymol and carvacrol may
complement conventional coccidiosis control
programs by supporting intestinal function
at the molecular level.

PROPHYLAXIS AND TREATMENT, NOVEL APPROACHES FOR CONTROL
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The Problem

Despite the economic significance of coccid-
iosis in Tigray region, Ethiopia, no substan-
tial research have been done and there was
scanty information. Hence, the present work
was designed to provide information on the
clinico-pathology and socioeconomic im-
pacts of avian coccidiosis on chickens farmed
under small-scale system.

How we investigated or researched the
problem

Clinico-pathomorphological study, morpho-
metric oocyte per gram (OPG) determination
and questionnaire survey were done.

Results

Out of 2,000 chicken populations, 350
(17.5%) showed clinico-pathomorphological
manifestations of coccidiosis, and 5% mor-
tality due to clinically-suspected coccidioi-
sis was reported. The major clinical findings
were depression, bloody diarrhea, mucoid
droppings and loss of production. Eleven
percent of birds examined through necropsy
showed mild to moderate thickened, wrin-
kled and oedematous intestinal wall with
multiple focal, ecchymotic haemorrahge and
congestion and with mucoid content. Seven
percent of samples reported to have greatly
enlarged and distended caecal pouch with
clotted blood and diffused haemorrhagic
enteritis. Histopathological examinations of
8.5% of the representative tissue sections
showed nnumerous oocytes invading the
mucosal and submucosa layers, loss of enter-
ocells, hemorrhage, necrosis of mucosal layer,

infiltration of heterophils and lyphocytes in
the submucosal, desquamation and blunting
of villi. On morphometric examination, out of
96, 31 and 51 droppings, litter and intestinal
content samples, 66 (68.75%), 8 (25.81%)
and 39 (76.47%) were found positive for coc-
cidian oocyts respectively. The questionnaire
based survey indicated that coccidiosis at-
tributed to an estimated ~USD 137.5 loss per
farm per month. Risk factors such as poultry
farmers/employees with little background
on poultry production and poor litter man-
agement were found to favour the occurrence
of avian coccidiosis.

Implications/ Conclusions

The study indicated that avian coccidiosis is
very important disease of chickens reared
under small-scale farming in Tigray (Ethio-
pia), with significat socioeconomics impacts.
Low level of education and technical knowl-
edge of owners and employees, poor vet-
erinary access and inputs, and cocciodiosis
management practices, and weak integrated
and systematic coccidiosis surveillance and
control activities are key factors contributing
for the high prevalence of coccidiosis.
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Effects of Quillaja Saponins on Enveloped Viruses and Bacteria
in Broiler Chickens and Their Contributions to Performance

Parameters
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The global ban on antibiotic growth promot-
ers (AGPs) has prompted the poultry indus-
try to seek safe and sustainable alternatives.
Saponins derived from the Quillaja saponaria
tree are at the forefront of this search thanks
to their biological properties. This article
examines the antimicrobial mechanisms of
quillaja saponins against enveloped virus-
es, particularly Newcastle disease virus and
infectious bronchitis virus, and against the
pathogenic bacteria Clostridium perfringens
and Salmonella. Furthermore, this article
evaluates the effects of these phytobiotics on
live weight gain, feed conversion ratio (FCR),
immune response, mortality, intestinal health
and meat quality in broilers in light of current
literature data. The conclusion section dis-
cusses the advantages of using Quillaja sapo-
nins in broiler farming in terms of improving
performance and controlling disease.
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The Problem

Coccidiosis is considered the cause of major bird
health and economic problems in the poultry
industry worldwide [1]. Due to drug-resistance
and drug residues in the environment and food
[2], and the high cost of vaccines which do not in-
clude three newly identified Eimeria species [3],
the control of chicken coccidiosis is challenging.
This study aimed to evaluate the effects of thy-
mol and a commercial blend (EP) containing cin-
namaldehyde, carvacrol, and eugenol, on chick-
ens naturally infected by coccidia (Eimeria spp.).

How we investigated or researched the
problem

Naked-neck chickens (n. 99) were divided into
three groups, each consisting of three repli-
cates of 11 animals, based on the diet offered:
control feed group (C), 5 mg thymol/kg feed
group (T), and 50 mg EP/kg feed group (EP).
Pooled faecal samples were collected and an-
alysed by a modified McMaster method. Sam-
pling and analysis were performed from 15
days of age until the end of the study. Eimeria
species identification was carried out by end-
point PCR [4]. Average body weight (BW), av-
erage daily weight gain (ADG) and feed conver-
sion ratio (FCR) were recorded. Carcass yield
and caecal microbiota composition were also
assessed. All data were statistical analysed.

Results

Eimeria praecox and the highly pathogenic
species E. necatrix and E. tenella were identi-

fied. EP significantly reduced coccidian peak
oocyst shedding (P < 0.001) and improved
BW (P < 0.001) and ADG (P < 0.001) when
compared to C and T groups. T improved
the FCR (P < 0.01) but did not show a sig-
nificant anticoccidial activity. Among the 25
most abundant taxa identified with microbi-
ota analysis, beta-diversity was significantly
higher in C and EP compared to T. The great-
est intergroup distance was observed be-
tween C and EP (P < 0.05). Among the most
represented bacteria, a significant higher
abundance of Phocaeicola in EP and T groups
compared to the C group (P < 0.05) resulted.

Implications/ Conclusions

This study provides new evidence on the
effectiveness of EP and thymol in chickens
naturally challenged with highly pathogen-
ic Eimeria spp. EP improved growth perfor-
mance, reduced oocyst excretion, and main-
tained good carcass yield. In addition, EP and
thymol modulated caecal microbiota, with
a greater abundance of bacteria considered
beneficial for intestinal functionality and
immune response [6], and this is consistent
with performance results observed.

[1]Fatoba A], Adeleke MA. | Parasit Dis.
2018;42:483-493. [2]Blake DP, et al. Avian
Pathol. 2021;50:209-213. [3]Blake DP. Avian
Pathol. 2025;54:267-278. [4]Kumar §, et al.
Vet Parasitol. 2014;199:24-31. [5]Arafa WM,
et al. Prev Vet Med. 2020;176:104914. [6]Xu
Z, et al. Poult Sci. 2024;103:104355.
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The Problem

Coccidiosis remains a major constraint to
broiler performance and intestinal health.
Besides conventional anticoccidial programs,
phytogenic feed additives containing plant
bioactives may support gut integrity and
immunity for mitigating Eimeria-associated
losses.

How we investigated or researched the
problem

This study evaluated anticoccidial efficacy
and growth performance of a conventional
anticoccidial program (based on narasin/
nicarbazin) compared with two phytogenic
feed additives in broilers exposed to a mixed
Eimeria challenge. A 42-day floor-pen trial
was conducted using male Cobb 500 broilers
assigned to 50 pens (50 birds/pen) in a rand-
omized complete block design (5 treatments;
10 replicate blocks). Treatments included:
(1) unchallenged control (no additive), (T2)
challenged control (no additive), (3) chal-
lenged + narasin/nicarbazin (NN) (includ-
ed at 1 Ib/US ton feed [=551.2 g/MT feed
(ppm)]), (4) challenged + Quillaja saponaria
extract (QE; 30 g/MT), and (5) challenged + a
phytogenic blend (PB; 500 g/MT) containing
extracts of Q. saponaria, Castanea sativa, Thy-
mus vulgaris and Origanum vulgare. On day
21, all challenged groups received a mixed
Eimeria inoculum (E. acervulina 100,000; E.
maxima 50,000; E. tenella 75,000 oocysts/
bird). Growth performance was assessed
based on feed intake, body weight gain
(BWG), and adjusted feed conversion ratio
(FCR). Lesion scoring was performed on day

27 (Johnson and Reid method) and oocyst
shedding (OPG) was determined on day 28.
Data were analyzed by ANOVA and Tukey’s
HSD test (p<0.05).

Results

The mixed Eimeria challenge reduced per-
formance by day 42. Challenged, untreated
birds exhibited lower BWG and poorer FCR
compared with unchallenged controls (2.135
kg and 1.81 vs. 2.426 kg and 1.64, respec-
tively). Narasin/nicarbazin improved BWG
and FCR relative to challenged control (2,318
kg; 1.72), while the PB achieved comparable
improvements (2.299 kg; 1.71). QE provided
intermediate performance responses under
challenge (2.210 kg; 1.75). Total oocyst shed-
ding was was markedly higher in challenged
control (17,696 OPG) than unchallenged
birds (227 OPG), whereas all treated chal-
lenged groups reduced total OPG (7,557-
12,200). Average lesion scores were highest
in challenged controls (2.65) and decreased
with narasin/nicarbazin (1.99), QE (2.10)
and the PB (1.62).

Implications/Conclusions

In a mixed Eimeria spp. challenge, NN and
the evaluated phytogenic feed additives (QE
and PB) reduced lesion severity and oocyst
shedding while improving broiler perfor-
mance compared to the challenged, untreat-
ed birds. The tested PB, showed the strongest
lesion-mitigation response and competitive
performance, supporting its potential as a
nutritional tool for coccidiosis control pro-
grams.
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