
International Poultry Production — Volume 16 Number 5 7

Coccidiosis is a disease that is
caused by protozoan para-
sites of the genus Eimeria,

developing within the intestine of
most domestic and wild animals and
birds.

Seven species of Eimeria (E.
acervulina, E. brunette, E. maxima,
E. mitis, E. necatrix, E. praecox and
E. tenella) are recognised species
infecting chickens. Although coc-
cidiosis has been known for many
years, it is still considered the most
economically important parasitic
condition affecting poultry produc-
tion worldwide.

An estimate of the cost of coc-
cidiosis in poultry in Sweden is
€0.023 per kg live weight. Based on
a compartmentalised model, one
can estimate that the worldwide
impact of coccidiosis, assuming 50
billion broilers of 2kg live weight are
produced annually, is more than
€2.3 billion.

It should also be noted that
Swedish poultry production is at a
high standard and coccidiosis is not
considered an issue.

Importantly, almost 70% of this
cost is subclinical due to its impact
on weight gain and feed conversion
rate. The reasons for these remark-
able findings might be a difficult diag-
nosis of subclinical coccidiosis
preventing the industry from evalu-
ating the best possible strategies for
coccidiosis control.

For the control of coccidiosis in
chicken and turkeys, a number of
preventive medications have been
approved for use worldwide, but

reduced sensitivity and resistance
are increasingly important as no new
anticoccidial compounds are known
to be under development.

Live attenuated and non-attenu-
ated vaccines are available, but next
to cost reasons, the fact that live
vaccines need host cells to replicate
and instigate an active immunity,
cause them to allow subclinical levels
of coccidiosis. This is associated with

a diminution of performance and in
the absence of growth promoters
even attenuated vaccines are consid-
ered by many producers to be asso-
ciated with a higher incidence of
bacterial enteritis. Still, live vaccines
are significant and important in the
anticoccidial arsenal, as will be
explained in this article.

New approaches, such as vaccina-
tion of breeders with conferring
maternal immunity or recombinant
vaccines are not popular in practice
or not yet available.

Today, fundamental research on
coccidiosis is focused on improving
molecular techniques that might
serve improved diagnostics or the
development of recombinant vac-
cines but, until now, have not solved
many practical questions on what
kind of prevention is adequate for a
certain poultry production unit.

Although significant and promising
steps have been made in describing
the biology, diagnosis, epidemiology
and prevention of coccidiosis, a
number of issues important to the
industry are not sufficiently

addressed today.
The purpose of this article is to

provide a brief overview and inter-
pretation of the most practically rel-
evant insights on diagnosis, control,
prevention and the impact of coc-
cidiosis on the overall gut health of
chickens.

Diagnosis and testing

As indicated, one of the main rea-
sons coccidiosis is still a major prob-
lem, is the difficult diagnosis. The
classical parasitological methods of
diagnosis are labour intensive and
therefore costly. Oocyst per gram
(OPG) counts in faeces or litter
have a poor relation with the impact
of the parasite on the performance
of a flock.

Lesion scoring is an interpretation
based on macroscopic visible lesions
caused by Eimeria, usually following
a scoring system from zero to four.

The individual scores for all the
species are usually compiled for a
certain number of birds (for exam-
ple, six) per flock resulting in a Total
Mean Lesion Score (TMLS). The
method is extremely labour inten-
sive, sometimes subjective and only
reliable when performed by skilled
people.

The relation between lesion scor-
ing and performance is believed to
be stronger than with OPG but
there is still a difficult appreciation of
the level of lesions towards impact
on performance, mainly at subclini-
cal levels. E. mitis, although quite
pathogenic, does not cause typical
lesions and is mostly disregarded
using this method.

Lesion scoring still remains the
most frequently applied diagnostic
method today. The seven species of
Eimeria infecting chickens are not
considered equally important.

Usually, the most pathogenic
recognised species in broiler chick-
ens are E. acervulina, E. maxima and
E. tenella. The latter is, amongst
broiler chicken farmers, the best
known. It infects the caecum and
because of its deep development in
the mucosa and subsequent wide-
spread damage with distinct gross
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CCoocccciiddiioossiiss  iiss  ssttiillll  ccoonnssiiddeerreedd  oonnee  ooff  tthhee  mmaaiinn  ddiisseeaasseess  aaffffeeccttiinngg  tthhee  ppeerrffoorr--
mmaannccee  ooff  ppoouullttrryy  rreeaarreedd  uunnddeerr  iinntteennssiivvee  pprroodduuccttiioonn  ssyysstteemmss..  TThhee  eessttiimmaatteedd
ccoosstt  ppeerr  bbiirrdd  pprroodduucceedd  iiss  €€00..0055,,  rreessuullttiinngg  iinn  aa  wwoorrllddwwiiddee  ccoosstt  ooff  €€22..33  bbiill--
lliioonn..  SSttiillll,,  wwiitthh  ccuurrrreennttllyy  aavvaaiillaabbllee  ddiiaaggnnoossttiicc  mmeetthhooddss  ssuucchh  aass  ooooccyysstt  ccoouunnttss
aanndd  lleessiioonn  ssccoorriinngg,,  aann  iinntteerrpprreettaattiioonn  ooff  tthhee  iimmppaacctt  ooff  ((ssuubbcclliinniiccaall))  ccoocccciiddiioossiiss
iiss  nnoott  eeaassyy..  AAnnootthheerr  pprroobblleemm  tthhaatt  iiss  ddiiffffiiccuulltt  ttoo  aaddddrreessss  wwiitthh  ccuurrrreennttllyy  aavvaaiill--
aabbllee  ttoooollss  iiss  tthhee  iinntteerrpprreettaattiioonn  ooff  tthhee  eeffffiiccaaccyy  ooff  aann  aannttiiccoocccciiddiiaall  pprrooggrraammmmee..

AAnnttiiccoocccciiddiiaall  sseennssiittiivviittyy  tteessttiinngg  iiss  tthhee  oonnllyy  rreepprroodduucciibbllee  mmeetthhoodd  aavvaaiillaabbllee
ttooddaayy,,  bbuutt  iinntteerrpprreettaattiioonn  iiss  ffaarr  ffrroomm  eeaassyy..  TThheerreeffoorree,,  aalltthhoouugghh  ccoocccciiddiioossiiss  iiss
nnoott  ppeerrcceeiivveedd  aass  aa  mmaajjoorr  pprroobblleemm  iinn  ppoouullttrryy  pprroodduuccttiioonn,,  eeccoonnoommiiccaall  iimmppaacctt
ooff  ccoocccciiddiioossiiss  iiss  mmoosstt  pprroobbaabbllyy  uunnddeerreessttiimmaatteedd  aanndd  ooppttiimmiissaattiioonn  ooff  aannttiiccoocc--
cciiddiiaall  pprrooggrraammmmeess  mmiigghhtt  bbee  aaddvvaannttaaggeeoouuss  ttoo  tthhee  bbrrooiilleerr  iinndduussttrryy..

IInn  aaddddiittiioonn  ttoo  tthhiiss,,  aa  lliinnkk  bbeettwweeeenn  ssuubbcclliinniiccaall  ccoocccciiddiioossiiss  aanndd  bbaacctteerriiaall
eenntteerriittiiss  ccoommpplliiccaatteess  cchhoooossiinngg  tthhee  rriigghhtt  ttoooollss  aanndd  ssttrraatteeggyy  ffoorr  ppoouullttrryy  pprroo--
dduucceerrss..  SSoouunndd  sshhuuttttllee  aanndd  rroottaattiioonn  pprrooggrraammmmeess  ccaann  bbee  ppaarrtt  ooff  tthhee  aannsswweerr
iinn  oorrddeerr  ttoo  ccoonnttrrooll  nnoott  oonnllyy  cclliinniiccaall,,  bbuutt  aallssoo  ssuubbcclliinniiccaall,,  ccoocccciiddiioossiiss..

Fig. 1. Important species of coccidiosis and their sites of infec-
tion in the gut.
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lesions and loss of blood in the fae-
ces, it is easily recognised by farmers
as an important pathogen.

On the other hand, when per-
forming field necropsies on a larger
scale, E. tenella will be the least
prevalent of the three species men-
tioned.

Damage is limited to the caecum,
a relatively less important part of the
gut with regards to digestion and
absorption, thus growth and feed
conversion rate. Diagnosis of the
clinical disease is quite easy and
action (therapy in the short term,
change of preventive means) is swift.

These facts make its impact on the
productivity of the broiler industry
relative to the others limited,
although many broiler farmers asso-
ciate coccidiosis only with caecum
coccidiosis. This is a good example
of perception not being in line com-
pletely with the facts. E. acervulina
and E. maxima, both more preva-
lent, are less related to clinical coc-
cidiosis in field conditions.

E. acervulina causes white lesions
in the duodenum and in heavier
infections also more caudal, interfer-
ing even with the ability for E. max-
ima to develop, E. maxima causes
petechiae in the midgut.

Lesion score performance

To assess the levels of coccidiosis of
these two species, lesion scores can
be performed. An important debate
is still ongoing on what levels are to
be considered clinical (and requiring
treatment) and what levels are sub-
clinical. Some consider lesions higher
than 1.5 per species as indicative for
clinical disease and levels below as
subclinical, not requiring treatment.
E. praecox and E. mitis are not
scored for and are completely disre-
garded using the lesion scoring
method, although both species are
known to cause feed conversion
losses and, in the latter case, even
morbidity.

Moreover, it has been demon-
strated that there is a poor relation
between macroscopic and micro-
scopic lesions, emphasising that
using macroscopic lesion scoring
alone is not suitable to detect all
economical relevant coccidiosis
infections. 

It is frequently disregarded that
any macroscopic but also micro-
scopic lesion, even any infection of
coccidia, requires an invasion and
thus destruction of host cells.

This is both true with a completion
of the parasitical life cycle, but also
when an intervention of the immune
system occurs. In the latter case not
only are host cells destroyed, but
the activation of the immune system
means that nutrients cannot be used
for conversion into meat, which is
the ultimate goal of broiler produc-
tion. As a consequence, defining
what (sub)clinical levels of coccidio-

sis are, might be relevant with
regards to a decision on treatment.
It is important to understand that
any level of coccidiosis causes a real,
but difficult to quantify, loss in per-
formance.

As coccidiosis is a disease that can-
not currently be eliminated, the
objective of coccidiosis prevention is
to find the economically optimal bal-
ance between the cost of diagnosis,
prevention and treatment making
use of host immunity, while accept-

ing a certain level of subclinical loss.
It is clear that producers achieving

a better balance will have a competi-
tive advantage over other produc-
ers. 

An overview of advances in diag-
nosis of coccidiosis and analysis in
genetic variation in Eimeria is given
by Morris and Gasser. This review
covers both biochemical and molec-
ular methods such as multilocus
enzyme electrophoresis, southern
blot analysis, pulsed-field gel elec-
trophoresis and several PCR tech-
niques.

These techniques are a major
addition for scientific research and
more practical applications such as
establishing vaccine quality control.

Unfortunately, the lack of a rapid,
low cost and especially quantitative
test is preventing the broad scale
use of these techniques. 

The main application of these
techniques for field diagnosticians
today is the possibility of defining the
presence of species currently disre-
garded such as E. praecox and E.
mitis. Still, the lack of the quantita-
tive aspect of the techniques, cer-
tainly with the widespread use of
ionophores that allow some multipli-
cation of also sensitive parasites, is
preventing an accurate appreciation
of different species of coccidiosis.

A very innovative on-line tech-
nique is called Coccimorph. This is a
computational approach for parasite
diagnosis, in this case Eimeria spp.
from chicken and rabbit.

Images from sporulated oocysts

from a confirmed species were
assessed on different features: cur-
vature characterisation, size and
symmetry and internal structure
characterisation.

Users can upload their digital
images from unidentified oocysts
and have the programme identify
the species concerned. This is very
accessible and the low cost is a
major advantage.

A disadvantage is only sporulated
oocysts can be identified, which lim-

its the use of this technique to litter
sample identification only, and no
aid for instance in identifying species
encountered during necropsy or
from fresh faecal samples.

Regular assessments

Necropsy sessions are performed in
co-operation with the pharmaceuti-
cal industry in a number of coun-
tries. Basically, such systems consist
of a planned, organised and bench-
marked assessment of the lesions
score and gut health on a poultry
complex (group of farms on the
same anticoccidial programme)
basis.

A number of times per year and
always at the same laboratory,
preferably the same, well trained
specialists assess a significant num-
ber of poultry houses, thus improv-
ing the reproducibility of lesion
scoring session, compared to a field
lesion scoring session.

This methodology is suitable for
assessing the overall efficacy of the
anticoccidial programme, including
reduced sensitivity and resistance of
drugs in use. In order to make
firmer conclusions, session data are
compared with historical data.

Anticoccidial sensitivity testing
(AST) is a well known technique to
try to assess resistance of a certain
coccidial isolate to different anticoc-
cidial drugs. Although a valid method
for a certain isolate, this technique is
not routinely used.

The main reason is the long time-
lines and very high cost associated
with the complicated, in vivo charac-
ter of the test. The short period of
testing (usually about six days), with-
out allowing the initially naïve birds
to recover from an artificially high
infective dose, does not makes
interpretation of the results easy.

One way to decrease the cost is
sampling different houses in one
AST. In this way, a worst case result
for the different strains may give
good information on what anticoc-
cidials could be effectively used on a
large portion of farms in a broiler
complex.

By meta-analysing AST results
from strains with a known drug his-
tory, a better knowledge of how fast
resistance is induced, how long it
remains established in a certain coc-
cidial population and information on
cross resistance amongst drugs, can
be obtained.

Prevention and control

There are basically two means of
prevention of coccidiosis: chemo-
prophylaxis and vaccination.
Chemoprophylaxis is by far the
most popular and it is estimated that
95% of the broilers produced yearly
receive drugs – the so-called anti-
coccidials or anticoccidial products
(ACP) in the ration. Sometimes the
term ‘coccidiostats’ are used with
regard to ACPs but, in reality, most
of the ACPs currently on the market
are coccidiocidal and not just static. 

Generally, two groups of anticoc-
cidials are considered, ionophorous
antibiotics or ‘ionophores’ and syn-
thetically produced drugs, also
denominated as ‘chemicals’.

Chemicals were the first type of
drugs being used in the treatment
and later in the prevention of coc-
cidiosis. In 1948, sulphaquinoxaline
was the first drug continuously
administered in the feed at low
doses.

Other chemicals followed in the
years after, allowing the poultry
industry to expand and increase
production. Most of these chemicals
have now disappeared from the
marketplace. The main reason for
this is the rapid selection for resis-
tant coccidian when these chemicals
were used, requiring a judicious use
of chemicals, with switching to
another drug before resistance had
built up.

This limits the commercial poten-
tial and in combination with increas-
ingly high costs associated with
registration of anticoccidials explains
the short life cycles of some chemi-
cals. There are a couple of chemicals
that are marketed today, such as
nicarbazin, robenidin, diclazuril, zoa-
lene, decoquinate and halofuginone.
The fact that they are still being mar-
keted is a demonstration of their
value to the poultry industry and
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Rotate ionophores by switching from one ionophore class to
another.
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thus an indication of the more lim-
ited potential for resistance com-
pared to the previous ones. 

The resistance status of chemicals
can be assessed using AST.

Chemicals are often used in order
to reduce the infection pressure of
coccidiosis, a so-called clean up pro-
gramme.

Clean up programmes and, conse-
quently, the reduced (subclinical)
infection pressure is expected to
have a positive impact on perfor-
mance. To achieve this, chemicals
are preferably used during a com-
plete grow out in a so-called full
programme. In order to limit the
risk of resistance, some producers
do not use chemicals in a  full pro-
gramme but switch from one chemi-
cal to another in the same grow out,
in a so called shuttle programme.

Switching after a certain grow out
from one anticoccidial to another or
to a shuttle programme is called
rotation. 

Introduction of ionophores

The most popular ACPs are true
carboxylic ionophores. The
ionophores are subdivided into dif-
ferent classes, The main reason for
their success is the relatively limited
risk for complete resistance to
ionophores, at least compared to
the risk for resistance towards
chemicals.

Indeed, after the introduction of
the first ionophore, monensin, in the
1970s it is remarkable to see that
these drugs are still predominant in
the prevention of coccidiosis. An
explanation for this slow acquisition
of resistance to ionophores is the
leakage of sensitive oocysts while
chickens are being fed adequate lev-
els of ionophores.

In combination with an immune
response corresponding with the
age of the birds, this makes the
resistance selection less stringent
than with chemicals. The mode of
action of the different ionophores is
similar. Owing to their lipophilicitic
character they are able, while carry-
ing cations, to be incorporated in
cell walls, thus facilitating ion trans-
port across the cell membrane.

This causes ionic gradient and con-
tent modifications with parasite cell
death as a final consequence. Based
on their cation selectivity, transport
rate capacity and structure, three
classes can be identified, monova-
lent, monovalent glycoside and diva-
lent ionophores. 

The ones registered and marketed
worldwide are monensin, salino-
mycin, narasin (monovalent), madu-
ramicin, semduramicin (monovalent
glycoside) and lasalocid (divalent).

One of the main debates still
ongoing amongst coccidiologists is
the ability to acquire resistance to
one drug by the use of another drug,
so-called cross resistance.

There is strong evidence of incom-
plete cross resistance within a cer-
tain ionophore class in the fact that,
after years of use of the monovalent
ionophore monensin, resistance to
narasin in the United States was
encountered before the product
was commercially launched.

Several papers indicate this cross
resistance is less obvious between
products of different classes, for
instance between maduramicin and
monovalent ionophores or between
lasalocid and monovalent
ionophores. The debate is of partic-
ular importance when defining rota-
tion programme. In the strictest
sense rotating between one mono-
valent drug to another can be con-
sidered rotation, but taking into

account incomplete cross resistance
within a class of ionophores, the rel-
evance of this type of rotation
should be questioned.

Therefore, relevant or true rota-
tion for anticoccidials is suggested to
be between classes of ionophores
or chemicals. Some producers do
not use rotation programmes,
although a majority has accepted
this principle as valuable in order to
maintain and safeguard the efficacy
of anticoccidials.

Chapman pointed out that one of
the reasons producers can afford
limited rotation, thus working with
not fully effective drugs, is the
importance of immunity towards
coccidiosis. This is true when drugs
are used to prevent clinical coccidio-
sis, but to control subclinical coc-
cidiosis this might be an inadequate
strategy.

As solid flock immunity is only
achieved at six to seven weeks of
age in built up litter conditions, it is
likely that subclinical levels will cause
economical damage, in direct rela-
tion to the level of subclinical coc-
cidiosis.

Logically, a more efficient anticoc-
cidial will cause lower levels of sub-
clinical coccidiosis, thus less
economical damage. Subclinical
damage is, therefore, considered by
some coccidiologists today to be the
most important reason for rotation
programmes.

Live vaccination, as previously indi-
cated, is less important in broiler
production. Two types of vaccines
are available – attenuated and viru-
lent. Attenuated vaccines lack a part
of the life cycle (less asexual repro-
ductive cycles) of the original strain
they were derived from and, as a

consequence, have a lower repro-
ductive and pathogenic potential.

This is a major advantage towards
performance of coccidial vaccines,
but because of the lower reproduc-
tive potential, production costs are
significantly higher.

Some vaccines consist of anticoc-
cidial sensitive strains and others are
made of more or less resistant
strains. The main advantage of the
live ACP sensitive vaccines is their
ability to alter the level of resistance
in a certain coccidial population.

There are several reports on this
very interesting feature of vaccines,
but many questions still remain on
how many consecutive grow-outs
with each vaccine available should
be applied to respectively overcome

or prevent resistance to the differ-
ent anticoccidials marketed.

Also, the stability of these resensi-
tised populations are not well
known. However, the approach of
live vaccination to optimise the effi-
cacy of anticoccidials might become
increasingly important and, next to
simple resting of anticoccidials, is the
only method known to help reduce
the portion of resistant parasites in a
given coccidial population.

Designing programmes

When designing anticoccidial pro-
grammes, the above aspects of
resistance and restoration of sensi-
tivity may be used to optimise rota-
tion and shuttle programmes. A first
consideration is the definition of
shuttle and rotation programmes.

Strictly speaking, changing from
one drug to another is enough to
talk about shuttle or rotation but, in
view of the cross resistance
described, a more narrow definition
would suggest rotation and shuttle
to be more valid if switching from
one class of drug to another.

Indeed, no proof exists that a
shuttle between two monovalent
ionophores will slow down resis-
tance development; therefore no
indication exists to perform this type
of shuttle. Another consideration is
resting anticoccidials as proven by
Chapman and McFarland. Resting
monovalent ionophores is advanta-
geous to the anticoccidial efficacy
pattern of a coccidial population, but
cross resistance might invalidate this
rest.

Therefore, in order to also sub-
stantially control subclinical losses,

the prudent use of anticoccidials
might include a concentration of
ionophores from the same class in
the same shuttle or in the full pro-
gramme and after this use of a class,
rotating away, ideally to chemicals
or vaccines, but practically another
class of ionophores will also be con-
sidered. However, a lot of research
is still needed to better validate
these, at first sight, obvious ideas.

Microbial intestinal flora

During recent years, interesting
research models have been devel-
oped to study impaired gut health in
the absence of growth promoters.
Indeed, one of the main concerns
for poultry integrations is the vast
majority of flocks suffering from sev-
eral degrees of gut disorders.

These disorders are not well
defined, variable in aetiology, sever-
ity and appearance. Nomenclature is
very diverse but some popular
terms to describe this condition of
impaired gut health are dysbacterio-
sis, bacterial enteritis (BE), small
intestinal bacterial overgrowth,
clostridiosis and wet litter.

Signs during necropsy associated
with all of these conditions are:
� Poor intestinal strength.
� Ballooning of the gut.
� Hyperaemia of the mesenteric
blood vessels and blood vessels on
the intestines.
� Thinning of the gut wall, often
with translucency of the gut wall.
� Flaccid gut edges after section.
� Watery or foamy contents.
� Poorly digested feed at the end of
the gastro intestinal tract (GIT).
� Multi-coloured oily aspect of the
gut contents in contact with the
mucosa.

During a visit in a typically affected
poultry house, the following signs
are frequently encountered:
� Acidic smell.
� Wet litter, initially in patches
under drinking or feeding lines or in
places where condensation is typi-
cal. In more severe cases wet litter is
generalised.
� The wet litter is greasy.
� When inspecting the litter, drop-
pings with poorly digested feed par-
ticles are common.
� Initially feed consumption is
reduced, while water consumption
shows a daily increase following
breeding standards, causing an
increased water/feed ratio (WFR).

A typical bacterial enteritis
exceeds a WFR of two in normal
ambient conditions. In a later phase,
water consumption is also reduced.
� Because of the wet litter, the
birds appear dirty.
� Feeding and drinking activity is
reduced.

As Clostridium perfringens (Cp)
has been isolated in much larger
numbers and at places in the
intestines more cranial than in
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E. necatrix lesions.
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healthy birds, BE is often associated
with NE, a condition also associated
with Cp. Three predisposing factors
are associated with BE: poorly
digestible feed, (subclinical) coc-
cidiosis and management.

Most of the research models do
combine two of these predisposing
factors namely, feed known to insti-
gate BE and subclinical coccidiosis.
Models usually combine poorly
digestible feed components with a
consequent coccidial challenge
sometimes with an additional Cp
challenge to exacerbate BE. Some
researchers claim an as efficient
model without the additional Cp
challenge as sufficient. Clostridium
perfringens is a very common and
also in normal situations very abun-
dant bacterial species from the cae-
cum and it is assumed that Cp is
able to relocate to more cranial
locations in the gut whenever the
conditions are appropriate: viscous,
poorly digested feed.

It is, however, not yet clear
whether Cp is the cause or rather a
consequence or indicator of BE. This
loophole in the knowledge of BE is a
consequence of the lack of knowl-
edge of the exact pathogenesis of
the condition, if not the several pos-
sible pathogeneses that can lead, in
absence of growth promoters, to a
similar outcome known as BE.

The well known impairment of the

digestive function caused by coccidia
is, therefore, probably a main factor
in conditioning the gut for Cp to
grow. In several models, attenuated
Eimeria strains are used, indicating
subclinical coccidiosis is sufficient as
a predisposing factor.

Still, other factors impairing diges-
tion and absorption of nutrients,
such as enzymatic dysfunction, viral
infections or mycotoxins are likely
to be equally effective as predispos-
ing factors, although in practical con-
ditions and with current knowledge,
subclinical coccidiosis is believed by
many to be the most important one.

As a consequence, the last com-
monly recognised predisposing fac-
tor, poor management, is probably
not so important in inducing the dis-
ease, but more important as defining
the degree of severity of BE and the
subsequent impact on the zootech-
nical performance of a flock.

A very important debate is ongo-
ing in the role anticoccidial products
(ACP) have in the prevention of BE.
A publication on the reduction of
Cp counts in upper intestinal tract
of birds medicated with narasin, a
monovalent ionophore, strongly
suggest the positive impact
ionophore compounds have in
reducing the impact of BE.

This reduction of Cp counts is a
consequence of the well known
antibacterial activity of ionophorous
compounds. Minimal Inhibitory

Concentrations (MIC) for the differ-
ent ionophores are given in several
publications and are all in the same
order of magnitude.

However, as it is not proven that
Cp is the main aetiologic agent of
BE, or rather an opportunistic, over-
growing bacterium, no conclusions
can be made whether ionophores
have a direct preventive effect on
BE, or more simply reduce the
effects of one of the consequences
of BE, Cp proliferation.

Prevention of BE

This discussion might seem not so
relevant at first sight, but in practice
one of the main drivers on selection
of ACP in anticoccidial programmes
is this presumed effect on BE. A few
questions remain unanswered in
rightfully assessing the role of
ionophores in prevention of BE:
� The vast majority of anticoccidial
programmes consist of ionophores.
As indicated by the large number of
antibiotic treatments through drink-
ing water in growth promotor free
production, BE is still considered
one of the main problems in poultry
production. What would be the
number of treatments if ACP with
equal anticoccidial but no antibacter-
ial activity? Maybe the number of
treatments would be higher in
absence of the antibacterial activity

exerted by the ionophores, but yet
there is neither clear evidence nor
numbers.
� As (subclinical) coccidial infec-
tions are known to be a predispos-
ing factor of BE, what would be the
number of treatments if an ACP
existed that had no antibacterial
activity but was able to completely
suppress coccidial infections?
� Even if assuming Cp is a cause and
not a consequence of BE, are the
differences in Cp MIC for the differ-
ent ionophores relevant? As all
ionophores are used at concentra-
tions in the gut that approach or
largely exceed Cp MIC, there is no
inference or even indication that this
is a valid hypothesis.
� When using the same ionophores
because of the (maybe perceived)
important role in preventing BE, is
there a risk of installing a vicious cir-
cle through the overuse of (certain)
ionophores (classes), reduced antic-
occidial sensitivity (not resistance),
higher coccidial challenge thus a
more prominent role of coccidiosis
as a predisposing factor for BE?

Coccidiosis, considering the esti-
mated losses mainly due to subclini-
cal coccidiosis, is still one of the
most important diseases affecting
the poultry industry today.             �
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