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E. tenella. Eimeria brunetti, E. necatrix, and Eimeria praecox
were not detected with PCR.

Concordance test
Table 3 presents the results of the Kappa Cohen test
between macroscopy, histopathology, and PCR.

DISCUSSION

The data presented in this work showed a difference in
the results of the coccidiosis diagnoses between the three
methods evaluated. The diagnosis of Eimeria spp. exclusively
by macroscopic evaluation flawed. The agreement test between
histopathology and macroscopy demonstrated a weak correlation,
and many flocks that showed no macroscopic lesions had
different scores of parasitism in the histopathological analysis.
Other studies using both methodologies have also shown
that histopathology contributed to the correct diagnosis of

coccidiosis and that using macroscopic evaluation alone may
notrepresent the true magnitude of infection by Eimeria spp.
(Idris et al. 1997, Santiani 2020).

Histopathology proved to be an objective method to analyze
infection by Eimeria spp. However, using this technique alone
is not enough to define the infecting species. Each species
parasites specific regions in the intestine but some overlap in
the same intestinal portion. Depending on the severity of the
infection, the species can expand to other intestinal segments,
which makes diagnosis difficult. Eimeria acervulina and
Eimeria praecox parasitize the duodenum. Eimeria maxima
develops in the mid-small intestine, but can be found in the
duodenum in severe infections. It can also overlap with Eimeria
necatrix, which develops from the small large intestine to the
ileum, where asexual reproduction occurs, but migrates to
the cecum where it undergoes sexual reproduction. Eimeria
tenella cycle occurs in the cecum, but at the ileocecal junction,
it can overlap with E. brunetti, which also parasites the colon,

Fig.9-12. Histopathological characterization of Eimeria spp. in broiler chickens: (9) Duodenum: Score 2 lesion with a moderate amount
of immature oocysts in less than ten villi (head of the yellow arrow). HE, bar = 200um. (10) Jejunum: Score 2 lesion with a moderate
amount of immature oocysts in less than ten villi (head of the yellow arrow). HE, bar = 200um. (11) Cecum: Score 1 lesion with a
discrete amount of parasites (head of the black arrow) in less than ten crypts. The immature oocysts (head of the yellow arrow) are
highlighted. HE, bar = 200pm. (12) Cecum: Score 3 lesion with a large number of parasites (head of the black arrow) in more than ten
crypts. The immature oocysts (head of the yellow arrow) are highlighted. HE, bar = 200 P.
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and with E. mitis, which parasites the final part of the small
intestine (Cervantes et al. 2020).

The cecum was the intestinal segment that showed the
best correlation between diagnostic methods, with a moderate
agreement between macroscopy versus histopathology and
macroscopy versus PCR, and strong agreement between
histopathology and PCR. This may have occurred due to the
higher amount of intestinal content on this segment in all
samples collected, which resulted in a higher presence of
oocysts for PCR. Furthermore, E. tenella has characteristic
macroscopic lesions, which facilitates its identification. The
duodenum and jejunum generally presented a weak agreement
between the variables tested and a significant difference
between the scores of macroscopic and histopathological
lesions (Santiani 2020).

The PCR was negative for E. necatrix and there were
no macroscopic lesions in the ileum characteristic of this
species. The parasitic structures in the ileum may be related
to E. maxima that develop in the jejunum but can go to the
ileocecal junction, or with E. mitis, which can parasitize this
region (Cervantes et al. 2020).

The broilers showed higher positivity in macroscopy
compared to histopathology in the colon, and the PCR was
negative for E. brunetti. The macroscopic evaluation of the
colon routinely showed red streaks in the mucosa due to the
contraction of smooth muscle after the death of the bird, which
are vices or tigroid plaques, a post mortem alteration with no
pathological importance (Zachary & McGavin 2012). However,
in the macroscopic lesion score established by Johnson & Reid
(1970) considers it a mild macroscopic lesion of E. brunetti.

There was a significant difference between Score 0 of
macroscopic and histopathological lesion in all intestinal
segments and Score 1 in the duodenum, jejunum, ileum,
and colon. Thus, macroscopy can not detect Eimeria spp.
at mild infections. The difference can also be observed in
Score 3, with a higher number of broilers affected in the
histopathological analysis. Only one broiler with Score 4 was
found on histopathological examination, which presented
Score 2 on macroscopy. Another study, which evaluated broiler
flocks of similar age and used the same lesion classification,
showed a significant difference in Score 0 in the duodenum,
ileum, and cecum, Score 1 in the ileum and cecum, and Score
2 in the duodenum, where the histopathological analysis was
also more efficient (Santiani 2020).

In a previous study, E. acervulina and E. maxima were
investigated in the duodenum and jejunum using macroscopic
analysis, according to Johnson & Reid (1970) and using the
histopathological evaluation score from 0 to 4 according to the
distribution of the different stages of reproduction of Eimeria
in the intestinal segment plus the severity of the infection.
There was a significant difference in Scores 1 and 2 for the
duodenum and jejunum and in Score 3 for the duodenum, with
a higher number of positive broilers in the histopathological
analysis (Idris et al. 1997). Another study investigated E.
maxima with a macroscopic, histopathological evaluation,
and a score for the number of oocysts per gram of feces. The
histopathological analysis was superior to the oocyst count
and macroscopic evaluation (Goodwin et al. 1998).

In the present study, PCR results were lower than those
obtained by histopathology. This was possibly due to the
small number of oocysts in the intestinal content since the

Table 2. Frequencies of the macroscopic and histopathological lesions for each intestinal segment in the different scores of

lesions by Eimeria spp. in broiler chickens

Macroscopic lesions

Histopathological lesions

S
core Duod. Jejun. [leum Cecum Colon Duod. Jejun. Ileum Cecum Colon
0 71.5% 93.9% 100% 92.6% 80.3% 47.8% 59.8% 94.7% 77.7% 98.8%
(366)a (481)a (512)a (474)a (411)a (245)b (306)b (485)b (398)b (506)b
1 23.2% 5.7% 0% 7.2% 19.7% 40.0% 26.8% 4.1% 12.3% 1.2%
(119)a (29)a (0)a (37)a (101)a (205)b (137)b (21)b (63)a (6)b
2 4.5% 0.2% 0% 0.2% 6.4% 3.1% 0.4% 2.5% -
(23)a Da (0)a (Da (33)a (16)a (2)a (13)a
3 0.8% 0.2% 0% 0% 5.7% 10.4% 0.8% 7.2% -
(4)a (Da (0)a (0)a (29)b (53)b (4)a (37)b
4 - - - 0% - - 0.2% -
(0)a (1)b

S = score; Duod. = duodenum, Jejun. = jejunum; a,b = equal letters show no statistical difference between the same score evaluated in both analyses.

Table 3. Agreement between the macroscopy, histopathology, and PCR of Eimeria spp. for each intestinal segment in broiler

chickens

Intestinal segment

Variables tested

Macroscopy/Histopathology Histopathology/PCR Macroscopy/PCR
Duodenum 0.16 0.03 0.12
Jejunum 0.19 0.11 0.28
[leum 0* 0.25 0*
Cecum 0.52 0.65 0.49
Colon 0.08 0* 0*

Values obtained between 0 and 0.2 indicate a weak agreement, between 0.21 and 0.4 reasonable, between 0.41 and 0.6 moderate, between 0.61 and 0.8

strong, and between 0.81 and 1 almost perfect; * No positive cases in both tests.

Pesq. Vet. Bras. 42:e06968, 2022



Comparison of macroscopy, histopathology and PCR for diagnosing Eimeria spp. in broiler chickens 7

broilers were fasted in the pre-slaughter period to perform
intestinal cleaning and avoid contamination in the carcasses.
Another research with PCR of feces from the poultry litter
obtained the best result, with 96% (Moraes et al. 2015),
91% (Gyorke et al. 2013), and 87.75% (Huang et al. 2017)
of positive flocks. In the molecular diagnosis, E. mitis and E.
praecox showed a frequency of 3.1% and 0%, respectively. As
a macroscopic diagnosis is not possible, it is essential to use
molecular techniques to verify the presence of these species
(Meireles et al. 2004, Carvalho et al. 2011).

The literature presented no studies comparing the results
of the three methodologies used in the present study for
the diagnosis of coccidiosis. A survey with three diagnostic
techniques showed that the macroscopic evaluation had a lower
frequency of Eimeria spp. infection compared to morphology
and that PCR was more efficient in identifying Eimeria species
(Carvalho etal. 2011). Another study performed on Eimeria spp.
by morphology and morphometry showed a higher number
of positive flocks, followed by histopathological analysis and,
finally, by macroscopic evaluation (Santiani 2020).

Some studies even apply macroscopy with parasitological
exams to monitor infection by Eimeria spp. (Shirzad etal. 2011,
Gazoni et al. 2017, Lan et al. 2017, Debbou-louknane et al.
2018). The identification of Eimeria spp. by histopathology is
used in experimental observations to measure the impact of
the disease on zootechnical indicators such as mortality, daily
weight gain, and feed conversion (Amer etal. 2010, Kawahara
et al. 2014, Belote et al. 2019), as well as in evaluations of
lesions in the intestinal wall caused by Eimeria spp. infections
(Debbou-louknane etal. 2018). This technique is also applied
to assess the effectiveness of anticoccidials drugs (Zhang et
al. 2012, She et al. 2017, Fortuoso et al. 2019) and vaccines
(Jeffers 1975, Song et al. 2016, Suprihati & Yunus 2018).
However, our research data shows that histopathology also
has practical applicability in the diagnosis of coccidiosis.

CONCLUSION

Macroscopic diagnosis can generate false-negative results,
especially in mild infections. Some criteria for the macroscopic
lesion score established by Johnson & Reid (1970) must be
reviewed.

The histopathological examination proved to be effective
in diagnosing coccidiosis regardless of the intensity of
parasitism. The histological lesion score can be used in the
diagnostic routine. PCR using a sample of intestinal contents
from fasted broilers from a slaughterhouse was not effective
in identifying flocks positive for Eimeria spp.

The histopathological analysis associated with macroscopic
evaluation is the most suitable form for diagnosis, and is
important include the PCR to assist in the identification of the
seven species of Eimeria present in the broiler chickens flocks.
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