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ABSTRACT
The purpose of this research is to establish a
model of Koch’s postulate for reproducing
coccidiosis in broilers by co-infection with
eight most common Eimeria spp. involved
in this economic disease, in an attempt to
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use this model in future evaluation of new
controlling biologics. Four groups of broilers each challenged at a different age (14,
21, 28, and 35 d) with an equivalent number
of sporulated oocysts of eight Eimeria spp.
had a reduction in their mean weight gain
of 10.2% compared to the four parallel
control groups of birds that were deprived
of the challenge. The mean feed to live body
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Table 1. Description of the different treatments of broilers
Groups of
Broilers
Challenged
1
2
3
4
Control
1
2
3
4

Number of Broilers
40
10
10
10
10
40
10
10
10
10

Broiler age at
Challenge (d)1
_
14
21
28
35
_
14
21
28
35

Broiler age at
sacrification (d)
_
20
27
34
41
_
20
27
34
41

1
The esophageal challenge was with a total of 1.76x105 oocysts/bird of equal number of oocysts for all the 8 species
of Eimeria

weight conversion ratio increased significantly from 1.5 in the four unchallengedcontrol groups to 3.1 in the four challenged
groups (P<0.05). The mean frequency of
mortality increased up to 15% in the challenged groups in comparison to 5% in the
controls. This higher mortality was associated in most challenged groups with significant increase in the mean lesion scores and
mean oocyst count in the intestine compared
to those observed in the controls. The benefit
of this established model of Koch’s postulate
for reproducing coccidiosis in broilers, in
future search of new controlling biologics,
will be presented.
INTRODUCTION
Coccidiosis is the most important economic
protozoan disease affecting poultry industry
worldwide, having an annual loss of more
than US $ 4 billion (Shirley et al 2004;
Williams 1999a). Eighty % losses are due
to mortality, reduced weight, and inefficient
feed conversion (Dalloul and Lillehoj 2005).
The etiologic agents of coccidiosis are
various Eimeria spp., which invade the
lining of the intestine and are transmitted
from bird to bird via the ingested sporulated
oocysts found in the environment. The most
common coccidial infections in broilers are
caused by eight species of Eimeria (Lee et
Intern J Appl Res Vet Med • Vol. 12, No. 1, 2014.

al 2011). These are E. acervulina (Assis et
al 2010), E. brunetti (Hein 1974), E. hagani
(Joyner and Long 1974), E. maxima (Shnitzler and Shirley 1999), E. mivati (Vrba et al
2011), E. necatrix (Conway and Mckenzie
2007), E. praecox (Reperant et al 2012), and
E. tenella (Railliet and Lucet 1891).
The optimization of Koch’s Postulate for
reproduction of the intestinal pathogenesis
by a controlled challenge with the eight most
common species of Eimeria is of paramount
importance, before evaluation of any drug or
immunopotentiator against these protozoas
(Elmusharaf et al 2010). In addition, the
multiplication and pathogenesis of Eimeria
spp. is related to innate immunity of different chicken breeds (Lillehoj 1994); thus, the
inclusion of a certain breed in the Eimeria
spp. challenge, requires a detailed optimization to reproduce the pathogenesis of
the challenging organisms in its birds. The
establishment of a chicken model for achieving Koch’s postulate, using co-infection by
the eight most common species of Eimeria,
is of paramount importance in future search
for new control programs, and in discovery
of biologics that can provide wider leverage
in coccidiostat-rotation programs on broiler
farms.
To our knowledge, this is the first
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Table 2. Percentage of weight increase in the four control and the four Eimeria-challenged
groups after 6 days of assigned challenges
Group1 of
broilers

Age at assigned
challenge (days)

1
2
3
4
Mean

14
21
28
35

Percentage of weight increase at 6 days period
following each assigned challenge
Controls
Challenged
SEM2
96.3
88.2
69.0
54.5
41.2
31.7
28.8
20.2
a
58.8
48.6a
10.0

Each of the four control and four challenged groups had10 birds
SEM is Standard Error of Means
a
Means in a row followed by the same alphabet superscript are not significantly different (P>0.05)
1
2

research attempting to establish a Koch’s
postulate for reproducing coccidiosis in
broilers by an equivalent number of sporulated oocysts of eight Eimeria spp.
MATERIALS AND METHODS
Birds and feed
A total of 80 day-old Ross 308 birds were
divided into 8 groups, with 10 birds/group.
The birds were fed according to nutrient
requirements recommended by the NRC
1992. The feed did not contain any coccidiostat. It is worth noting that the approval of
Institutional Animal Care and Use Committee at the Medical School of the American
University of Beirut was obtained before the
initiation of this study.
Description of the different treatments
The description of the different treatments is
presented in Table 1. The birds were divided
into 8 groups, with 10 birds/group. The
assignment of challenge at a different age
(14, 21, 28, and 29 d) to each of the first four
groups by the eight Eimeria spp. is indicated
in Table 1. The four other groups were the
parallel controls that were deprived of the
Eimeria challenge.
The esophageal challenge was with
a total of 1.76x105 oocysts/bird of equal
number of oocysts of all eight species of
Eimeria namely, E. acervulina, E. brunetti,
E. hagani, E. maxima, E. mivati, E. necatrix,
E. praecox, and E. tenella.
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Evaluation of the Koch’s Postulate
The evaluation of the Koch’s postulate in
reproducing coccidiosis by the co-infection
with the eight Eimeria spp. in broilers
required quantitative assessment of five parameters, observed during and/or at the end
of the six days period following each of the
four challenge dates. This quantitative assessment was in accordance with previously
established protocols for Anti-coccidial
Susceptibility Testing (AST) (Holdsworth
et al 2004; USDHHS 2012). The measured
parameters for comparison of the four challenged to the four control groups included:
1) the mean percent of weight increase
2) the mean feed conversion ratio
3) the mean percent mortality,
4) the mean sore of lesions (0-3 scores)
in each of the four intestinal organs (duodenum, jejunum, ileum, and cecum),
5) and the mean of Eimeria oocysts
counts per gram of each of the four intestinal organs, observed at the end of the
6 days period following each of the four
challenges.
The weight gain was calculated by subtraction of the chicken weight at the end of the
6 days following the challenge from the
weight at challenge time. The feed conversion was calculated by the division of the
consumed weight of feed by each group of
chicken, during the 6 days following the
challenge, divided by the birds live weight
Vol. 12, No.1, 2014 • Intern J Appl Res Vet Med.

Table 3. Feed conversion in the four control and the four Eimeria-challenged groups at 6
days-incubation period following the assigned challenges
Group1 of
broilers

Age at assigned
challenge (days)

1
2
3
4
Mean

14
21
28
35

Feed conversion during 6 days following challenge
Controls
Challenged
SEM2
1.1
3.0
1.7
3.3
2.1
2.5
2.1
3.7
a
1.7
3.1b
0.3

Each of the four control and four challenged groups had 10 birds
SEM is Standard Error of Means
a,b
Means in a row followed by different alphabet superscripts are significantly different (P<0.05)
1
2

gain during that period. The mortality
frequency was calculated during the 6 days
period following challenge. The scoring of
the lesions was accomplished by a trained
researcher, scoring ‘1’, ‘2’, and ‘3’ to respective intestinal lesions of mild, moderate,
and severe congestion. The determination of
the oocytes count per gram of each of the 4
intestinal organs was according to the protocol documented by Haug and co-workers
(2006) and Conway and Mckenzie, (2007).
Briefly, the intestine was rinsed in a saline
solution to remove the fecal material, and
then weighed. The weighed intestinal organs
was homogenized and put in a 35% NaCl
solution for the floatation of the oocytes. The
floated oocytes were counted in a McMaster
chamber and the data reported the count per
gram of the sampled intestine.
Statistics
The mean of the above measured parameters
were compared among the different treatments by ANOVA followed by Tukey’s test,
reporting significant differences in means
at P<0.05. The mortality frequencies were
compared among the different treatments by
the CHI Square method.
RESULTS AND DISCUSSION
Table 2 shows the percent increase in
weights, during the six days-incubation period of the Eimeria spp., in the four control
groups and the four groups of birds challenged at different respective ages of 14, 21,
28, and 35 days old.

All groups of birds challenged at different ages had a lower percentage of weight
increase during the 6 days-incubation
period compared to their respective controlunchallenged groups. This reduction in
mean weight gain by the challenged group
in comparison to controls was equivalent to
10.2%. The mean % weight increase of all
control groups didn’t differ statistically from
the challenged groups (P>0.05), in spite of
the consistent trend of reduction in % weight
gain by the challenged compared to control
groups. This is mainly due to the magnitude of the Standard error of means (SEM).
However, this reduction of around 10 % in
weight gain by challenged birds is of great
significance in the economy of intensive
broiler production (Cahaner and Leenstra
1992; Havenstein et al 2003).
Table 3 shows the comparison of the
mean feed conversion in the four control
versus the four challenged groups. There
was a consistent higher feed conversion to
live weight in challenged groups compared
to their respective controls, with a statistically higher mean conversion in challenged
groups compared to controls (P<0.0.5). This
inefficiency in feed conversion to weight by
the challenged groups is most likely due to
the pathogenesis of the Eimeria spp. used in
the challenge on the intestine, affecting negatively the feed digestion (Assis et al 2010;
Major et al 1978). The feed conversion
parameter is of paramount importance in this
Koch’s postulate model that can statisti-
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Table 4. Frequency of mortality in the four control and the four Eimeria-challenged groups at
6 days period following the assigned challenges
Group1 of
broilers

Age at assigned
challenge (days)

1
2
3
4
Mean

14
21
28
35

Feed conversion during 6 days following challenge
Control
Challenged
SEM2
1 (10%)a
4 (40%)a
1 (10%)a
2 (20%)a
0 (0%)a
0 (0%)a
a
0 (0%)
0 (0%)a
0.5 (5%)a
1.5 (15%)a
0.5

Each of the four control and the four Eimeria challenged groups had 10 birds
SEM is Standard Error of Means
a
Frequencies in a row followed by the same superscript are not significantly different (P>0.05)
1
2

cally differentiate the performance between
controls and the birds that were challenged
with Eimeria spp. (Havenstein et al 2003;
Williams 1999). In another words, each bird
in the challenged groups has to eat an average of 3.1 Kg of feed to convert it to 1 Kg of
live weight, while each bird in the controls
has to eat only 1.7 Kg of feed to convert it
to 1 Kg of live weight. This significant inefficiency in converting feed to live weight in
challenged birds has a great negative impact
in economic losses in intensive poultry production operations (Williams 1999).
Table 4 presents the data related to frequency of mortality in the control and challenged groups during the 6 days-incubation
period following the assigned challenges.
The mortality in the groups challenged at
14 and 21 days of age was higher than their
corresponding control groups. However,
there was no mortality in groups of birds
challenged at 28 and 35 days of age neither
in their corresponding control groups, which
resulted in insignificant difference in the
mean frequency of mortality between all
control and challenged groups (P>0.05). The
experimental design seems to create mortality when the Eimeria challenge is administered at earlier age of 14 and 21 days of age
but not in older birds (Brackett & Bliznick
1952). The trend in getting higher mortality in birds challenged with this cocktail
of Eimeria spp. at 14 and 21 days of age
compared to their corresponding controls
will be useful in future evaluation of new
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control programs including the search for
new biologics to protect against coccidiosis
in broilers.
Table 5 compares the gross lesions score
in different parts of the intestine of the four
control and the four groups of broilers challenged at different ages, using Johnson &
Reid (1970) method. The mean score of the
lesions in different parts of the intestine of
challenged birds was always higher in the
groups of birds administered the challenge at
earlier age of 14 and 21 days old compared
to birds challenged at older ages of 28 and
35 days. This data correlates with the mortality data shown in Table 4, in which birds
challenged at older ages of 28 and 35 days
had no mortality (Chapman et al 2005; Long
et al 1980; Ramsburg et al 2003). However,
these milder lesions in the two groups of
broilers challenged at respective older ages
of 28 and 35 days seem to raise the inefficiency in feed conversion of these birds
(Table 3). In addition, most of the examined
intestinal parts had higher significant lesion
scores in birds challenged at 14, 21, and 28
days of age compared to the same intestinal
parts of their corresponding control groups
(P<0.05). This significant difference in mean
lesion score of the different parts of the
intestine didn’t exist between the group of
birds that was challenged at 35 days of age
compared to its corresponding control group
(P>0.05).
Table 6 presents the data related to mean
oocyst counts in different intestinal parts of
Vol. 12, No.1, 2014 • Intern J Appl Res Vet Med.

Table 5. Mean score of lesions in different parts of the intestine in the four control and the
four Eimeria-challenged groups at the end of the 6 days-incubation period following the assigned challenges
Group1 of
broilers

1

Age at
assigned
challenge
(days)
14

2

21

3

28

4

35

Intestinal
part

Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum

Mean score of lesions at 6 days period
following each challenge
Controls
Challenged
SEM2
0.0a
0.0a
0.0a
0.0a
0.2a
0.0a
0.1a
0.2a
0.6a
0.3a
0.0a
0.0a
0.25a
0.0a
0.0a
0.0a

1.5b
1.1b
1.6b
1.1b
2.0b
1.7b
1.6b
1.6b
1.4a
1.6b
0.6b
0.9b
0.5a
0.38a
0.38a
0.13a

0.25
0.18
0.25
0.21
0.27
0.25
0.26
0.25
0.25
0.25
0.15
0.22
0.18
0.14
0.14
0.06

Each of the four control and the four challenged groups had 10 birds.
SEM is Standard Error of Means
a,b
Means of lesion scores in a row followed by different alphabet superscripts are significantly different (P<0.05).
Lesion scores ranged between 0 to 3.
1
2

controls versus groups of birds challenged at
different ages. The four control groups kept
free from oocyst infection until the end of
the six days period following the assigned
challenges. This fact proved the efficiency of
management followed in the strict isolation
units used for rearing the eight groups of
birds. The mean oocyst counts was always
significantly higher in all examined intestinal parts of the challenged groups compared
to zero counts observed in their corresponding controls (p<0.05) (Ogbe et al 2009),
except in the group challenged at 35 days of
age, in which only the jejunum organ maintained a significantly higher mean oocyst
count compared to the mean jejunal oocyst
count of the corresponding control birds.
In conclusion, the Koch’s Postulate for
Intern J Appl Res Vet Med • Vol. 12, No. 1, 2014.

reproducing coccidiosis in broilers, by the
8 most common Eimeria spp. involved in
this economic disease, resulted in significant statistical differences in most measured
parameters between controls and challenged
birds, including the feed conversion, lesion
scores and oocyst counts in different parts of
the intestine. In addition, and in spite of the
insignificant differences in % weight gain
and mortality frequency between controls
and challenged groups, still this nature of
challenge resulted in a trend of reduction in
weight gain and in augmentation of mortality in challenged birds compared to controls.
These significant differences in identified
parameters, and the trend in differences of
the other parameters, will allow for future
development of new immuno-modulators
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Table 6. Mean oocysts count per gram of intestinal part1 in the four control and the four
Eimeria-challenged groups at the end of 6 days-incubation period following the assigned
challenges
Group1 of
broilers

Age at
assigned
challenge
(days)

Intestinal
part

1

14

2

21

3

28

4

35

Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum
Duodenum
Jejunum
Ileum
Cecum

Mean oocyst count per gram of intestinal
organ at end of 6 days period following the
assigned challenges
Controls
Challenged
SEM2
a
b
0
42254
9744
a
b
0
67839
16177
a
b
0
112843
35342
0a
96666b
26708
a
b
0
33715
8584
a
b
0
36636
9343
a
b
0
41896
10173
0a
48041b
14776
a
b
0
6578
1438
a
b
0
12321
3075
0a
19029b
4566
a
b
0
7309
1978
a
a
0
15344
6956
a
b
0
6506
1569
0a
2912a
921
a
a
0
2367
756

A length of 1 cm was cut from the middle of each intestinal organ
Each of the four control and four challenged groups had 10 birds
a,b
Means of Oocysts count in a row followed by different alphabet superscripts are significantly different (P<0.05).
1
2

and coccidiostats, aiming to counter the
huge negative economic impact of coccidiosis in the broiler industry.
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