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ABSTRACT 
 

Genus Eimeria is a group of obligate Protista parasites within phylum Apicomplexa that causes a major 

threat to animal production. Little information is available about the coccidia of pigeons. This study was 

undertaken to study experimental infection in domesticated pigeons, its clinical signs, and pathological 

interpretation due to Eimeria species. Eimeria labbeana-like oocysts were used as a model parasite for 

experimental infection of pigeons. Twenty pigeons were brought and examined for 7 days to ensure they 

were coccidia-free. Five pigeons were separated into parasite passage. The remaining pigeons were 

divided into a control group of five pigeons, and ten pigeons were infected with 3×10
4 

E. labbeana-like 

oocysts. Infected pigeons showed ruffled feathers, greenish watery diarrhea, weakness, blood-tinged 

droppings, etc. Pre-patent and patent durations were five and fourteen days of oral inoculation of Eimeria. 

Oocysts shedding began on the 5
th

-day p.i. and peaked on the 8
th

-day p.i. There is a significant loss in 

body weight due to infection. Histopathological examination showed damage to intestinal mucosa with 

various Eimeria developmental stages in the duodenal of the small intestine. This study is considered 

basic information on the first detection of biology of Eimeria species infecting pigeons in Saudi Arabia.  
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RESUMO 
 

O gênero Eimeria é um grupo de parasitas protistas obrigatórios do filo Apicomplexa que causam uma 

grande ameaça à produção animal. Há poucas informações disponíveis sobre coccídios de pombos. Este 

trabalho foi realizado para estudar a infecção experimental em pombos domesticados, seus sinais 

clínicos e interpretação patológica devido a espécies de Eimeria. Oocistos semelhantes a Eimeria 

labbeana foram usados como modelo de parasita para a infecção experimental de pombos. Vinte pombos 

foram trazidos e examinados por sete dias para garantir que estivessem livres de coccídios. Cinco 

pombos foram separados para a passagem do parasita. Os pombos restantes foram divididos em um 

grupo de controle de cinco pombos, e dez pombos foram infectados com 3×104 oocistos do tipo E. 

labbeana. Os pombos infectados apresentaram penas desgrenhadas, diarreia aquosa esverdeada, 

fraqueza, fezes com coloração de sangue etc. As durações pré-patente e patente foram de cinco e 

quatorze dias de inoculação oral de Eimeria. A liberação de oocistos começou no 5º dia p.i. e atingiu seu 

pico no 8º dia p.i. Há uma perda significativa no peso corporal devido à infecção. O exame 

histopatológico mostrou danos à mucosa intestinal com vários estágios de desenvolvimento da Eimeria 

no duodeno do intestino delgado. Este estudo é considerado uma informação básica sobre a primeira 

detecção da biologia de espécies de Eimeria infectando pombos na Arábia Saudita.  
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INTRODUCTION 
 

Pigeons have adapted to life everywhere in close 

association with human beings (Sari et al., 2008). 

They harbor several infective stages of various 

intestinal parasitic diseases, including coccidiosis 

(Kommu et al., 2016). Coccidia is a group of 

protozoal pathogens that grow and multiply in 

the epithelial cells of the intestinal tract of 

pigeons destroying the host tissues (Joseph et al., 

2017). There are many Eimeria species have 

been identified from the family Columbidae. 

There are five species with varying degrees of 

virulence in pigeons, were E. labbeana (Pinto, 

1928), E. columbarum (Nieschulz, 1935), E. 

columbae (Mitra and Das Gupta, 1937), E. 

tropicalis (Malhotra and Ray, 1961), and E. 

labbeana-like (Yang et al., 2016). The source of 

infection is fecal matter containing microscopic 

spores (oocysts) which are transmitted orally 

with food. The life cycle for Eimeria species is 

monoxenous with a high host specificity 

(Duszynski et al., 1999). The coccidian spore 

requires a developmental period (sporulation) in 

a moist place outside the host with proper 

humidity and temperature, to produce within 

itself the minute forms (sporozoites) which can 

begin the parasitic multiplication within the host 

(Molta et al., 1999). 

 

Identification of Eimeria species can be based 

not only on the traditional approaches including 

the morphology, geographic distribution, host 

species, and pathology (Yang et al., 2014) but 

also on molecular tools and to describe the 

genotyping of the specific genes (Yang et al., 

2016). Coccidiosis is mostly found in young 

birds, especially when these are intensively 

reared and when their hygienic status is poor. 

Older birds act as carriers and remain healthy 

(Mcdougald and Raid, 1991). In young pigeons, 

the disease is acute with retarded growth, loss of 

body weight, excretion of blood-streaked feces, 

fertility disturbances, and mortality (McDougald, 

2003; Aleksandra and Pilarczyk, 2014; Abdul 

Latif et al., 2016; Dong et al., 2018). 

 

Several previous studies have been conducted on 

coccidiosis of Columbiformes worldwide 

(Bandyopadhyay et al., 2006; Marques et al., 

2007; Sari et al., 2008; Raś-Noryńska et al., 

2011; Jamriška and Modrý, 2012; Mahdii and 

Al-Rubaie, 2013; Aleksandra and Pilarczyk, 

2014; Parsani et al., 2014; Kim et al., 2015; 

Abdul Latif et al., 2016; Yang et al., 2016; 

Mohammed et al., 2017; Saikia et al., 2017; 

Joseph et al., 2017; Alkharigy et al., 2018; 

Elseify et al., 2018; Kassem et al., 2018; Ramesh 

et al., 2018; Dong et al., 2018; Gadelhaq and 

Abdelaty, 2019; Bartosik et al., 2020; Ortúzar-

Ferreira et al., 2020; Taroda et al., 2020; 

Aboelhadid et al., 2021; Al-Agouri et al., 2021; 

Mahmoud et al., 2021; Oliveira et al., 2021; 

Salgado-Miranda and Sorano-Vargas, 2021; 

Alasadiy et al., 2022; Das et al., 2022). 

However, there is a paucity of information 

regarding the coccidian infection of pigeons in 

Saudi Arabia. This study was conducted to study 

the details of intestinal pathology caused by 

Eimeria labbeana-like in domesticated pigeons. 

 

MATERIALS AND METHODS 

 

A total of 20 white domestic pigeons, Columba 

livia domestica (200-250 gm), were used as 

experimental animals. Pigeons were purchased 

from the local animal market in Riyadh, Saudi 

Arabia. Pigeons were kept in specific pathogen-

free conditions at a controlled temperature (23±5 

℃), maintained under a 12/12 hr light-dark 

cycle. Pigeons were housed indoors in well-

ventilated cages with ad libitum access to food 

and water. All pigeons were raised following the 

institution’s guidelines on the care and  

use of animals in research (approval no.  

KSU-SU-23-45).  

 

Eimeria labbeana-like was used as a model 

coccidial parasite. Oocysts were passaged in five 

pigeons. Unsporulated oocysts were collected 

from pigeon feces, sporulated in 2.5% potassium 

dichromate, and then washed in buffered 

phosphate solution (Schito and Barta, 1997). The 

species composition of coccidia was determined 

based on the morphological characteristics of 

oocysts and their sporulation time, according to 

Eckert et al. (1995). These oocysts were adjusted 

such that each pigeon was given 3×10
4 

sporulated oocysts in 100 µL of physiological 

saline by oral gavage (Qudoos et al., 2020). 

 

Pigeons were divided into two groups, as 

follows: the control group (n=5) that was orally 

gavaged with saline, and the infected group 

(n=10) with 3×10
4 

E. labbeana-like. All pigeons 

were weighed individually, and the body weight 

gain (BWG) was calculated by subtracting the 

initial body weight (at day 0 p.i.) from the final 
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body weight (at day 8 p.i.). On the 8
th

-day p.i., all 

pigeons (except five pigeons from the infected 

group) were euthanized by receiving an 

intraperitoneal injection of sodium pentobarbital 

(Blink Health, NY, US), then dissected and 

necropsied (Saikia et al., 2017). The rest of the 

pigeons (5 infected pigeons) were followed until 

the 14
th

-day to report pre- and patent periods.  

 

Fecal pellets were collected daily from each 

pigeon within the E. labbeana-like infected 

group. Samples were first examined grossly to 

establish their consistency and color and the 

presence of mucus, blood, etc. Oocysts were 

counted in a McMaster chamber and expressed 

as the number of oocysts per gram (OPG) of wet 

feces (Eckert et al., 1995). Additionally, fecal 

samples were mixed with 2.5% potassium 

dichromate solution, left at 25-27 °C, and then 

examined to follow the process of sporulation, 

according to Levine (1985). Photographs were 

taken for sporulated oocysts using a Leica DM 

2500 microscope (NIS ELEMENTS software, 

version 3.8) and then measured in micrometers 

(µm) using ImageJ 1.53e software (Wayne 

Rasband and contributors, National Institute of 

Health, USA) and expressed as a range (mean in 

parentheses). 

 

For histological studies, the duodenum was 

rapidly removed, fixed in 10% neutral buffered 

formalin overnight, and then dehydrated in serial 

dilutions of ethyl alcohol (Bancroft and Stevens, 

1982). Samples were cleared in xylene and 

embedded in paraffin wax. Serial 5  m thick 

sections were cut, followed by deparaffinization 

and staining with routine hematoxylin and eosin 

(H&E) method, following the standard procedure 

of Luna (1968). 

 

Dommels et al. (2007) scored stained sections 

of the duodenum for inflammatory lesions, as 

evidenced by infiltrations of mononuclear cells, 

neutrophils, eosinophils, and plasma cells, as 

well as tissue destruction and healing. Every 

aspect of the inflammatory lesion, tissue damage, 

and tissue repair was assigned a rating score 

ranging from 0 (no change from normal tissue) to 

3 (lesions involved most locations and all layers). 

The total histological injury score was calculated 

by adding the sum of inflammatory lesions 

(which was doubled to give this criterion greater 

weight), tissue destruction, and tissue repair 

scores. 

To detect the coccidian endogenous stages, 

sections were examined and photographed by 

Leica DM 2500 microscope (NIS ELEMENTS 

software, version 3.8). Parasite developmental 

stages were measured in micrometers (µm) using 

ImageJ 1.53e software (Wayne Rasband and 

contributors, National Institute of Health, USA) 

and expressed as a range (mean in parentheses). 

 

Data were analyzed using SPSS v.18 software 

program (SPSS Inc., Chicago, Illinois, USA) and 

expressed as mean ± standard deviation (SD). 

Duncan’s test was used to compare differences 

between groups at a significant level of p ≤ 0.01. 

 

RESULTS 

 

Experimental infection was carried out in healthy 

disease-free pigeons for the establishment of the 

E. labbeana-like infection. The change in the 

physical appearance of the infected pigeons and 

the microscopic detection of the oocysts during 

experimental infection of E. labbeana-like is 

shown in Table 1. The pre-patent period began 

with E. labbeana-like infection and ended with 

the beginning of the oocyst shedding in feces on 

the 5
th

-day p.i. The patent period began with the 

oocyst shedding which increased gradually until 

it reached a maximum level (1712 × 10
3
 oocyst/g 

feces) on the 8
th

-day p.i., then began to decline 

beginning from the 9
th

-day p.i. till reaching its 

minimum level on the 14
th

-day p.i. (Figure 1).  

 

The sporulation time of oocysts ranged from 24-

36 hr. These oocysts were subspherical to 

spherical shape (Figure 2) measuring about 

18.79-21.85 (20.44) × 15.98-16.71 (16.36) in 

size without oocyst residuum and micropyle. 

There is a significant reduction in the BWG, on 

the 8
th

-day p.i., regarding loss of appetite after 

the infection with E. labbeana-like for infected 

pigeons in comparison to the control group 

(Figure 3). 

 

The hematoxylin-eosin sections revealed that E. 

labbeana-like produced dramatic histological 

alterations in the infected duodenum, with 

multiple developmental stages of the parasite 

visible within the parasitophorous vacuole in the 

duodenal villi (Figure 4). Two merogonic 

(asexual) stages were observed, multinucleated 

meront of 6.75-6.92 (6.81) × 3.95-4.51 (4.02) 

and merozoites (6-8 merozoites/meront) of 2.03-

2.45 (2.33) × 0.79-0.85 (0.82). Merozoites were 
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differentiated into micro- and macrogamonts 

after invasion of the host epithelial cells. Micro-

gamonts of 8.70-8.96 (8.43) × 6.01-6.79 (6.20) 

were recognized by a large number of dark small 

nuclei distributed all over the whole surface of 

the gamonts. Macrogamonts of 11.31-11.85 

(11.45) × 8.04-8.37 (8.11) were spherical, being 

provided with a central prominent large nucleus. 

Developing oocysts were observed with non-

differentiated zygotes. Furthermore, the infected 

pigeons appeared to have a significant 

inflammatory injury (Figure 5), according to 

analysis by Dommels et al. (2007). 

 

Table 1. Observations on the experimentally infected pigeons with E. labbeana-like 

Days after 

infection 

Physical appearance of affected pigeons Oocyst 

output 

0 day  Pigeons are in healthy status and no alteration is observed - 

1
st
 day p.i. Pigeons appeared normal and no alteration was observed - 

2
nd

 day p.i. Pigeons appeared normal and no alteration was observed - 

3
rd

 day p.i. Pigeons appeared normal and no alteration was observed - 

4
th

 day p.i. Pigeons appeared normal and no alteration was observed - 

5
th

 day p.i. Pigeons showed slight droopiness, ruffled feathers + 

6
th

 day p.i. Pigeons showed slight droopiness, ruffled feathers, lime-color-constipated 

feces 

++ 

7
th

 day p.i. Pigeons showed decreased feed intake and weight, weakness, watery diarrhea  ++ 

8
th 

day p.i. Pigeons showed decreased feed intake and body weight, thirst, severe 

weakness, droopiness, severe weakness, feces of a greenish color  

+++ 

9
th

 day p.i. Pigeons showed decreased feed intake and body weight, thirst, severe 

weakness, droopiness, severe weakness, feces of a greenish color  

+++ 

10
th

 day p.i. Pigeons unable to move, severe weakness, blood in droppings ++ 

11
th

 day p.i. Pigeons unable to move, severe weakness, blood in droppings ++ 

12
th

 day p.i. Pigeons showed weakness ++ 

13
th

 day p.i. Pigeons showed weakness + 

14
th

 day p.i. Pigeons sacrificed  + 

+, minimum shedding; ++ moderate shedding; +++ maximum shedding; - no shedding 

 

 
Figure 1. Oocyst output after inoculation of pigeons with Eimeria labbeana-like for 14 days. 
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Figure 2. Sporulated oocyst of Eimeria labbeana-

like infecting pigeons. (Note: OL, outer layer; IL, 

inner layer; RF, refractile body; STB, stieda body; 

PG, polar granule; SPC, sporocyst; RBS, residuum 

of sporocyst; SPZ, sporozoite) Scale bar = 5µm. 

 

 

Figure 3. Weight loss due to infection with Eimeria 

labbeana-like in pigeons. 
*
 represents significance 

against the control group. 

 

 

 
 

Figure 4. Sections stained with hematoxylin and eosin (H&E) for the infected duodenum with Eimeria 

labbeana-like on the 8
th

-day p.i. showing different developmental stages. Note: PV, parasitophorous 

vacuole; MR, meront; ME, merozoite; MAG, macrogamont; MIG, microgamont; DO, developing oocyst. 

Scale bar = 5µm. 
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Figure 5. Duodenum histology score of pigeons 

infected with Eimeria labbeana-like. Scores 

were calculated according to Dommels et al. 

(2007). Values are expressed as mean ± SD. 
*
 

Significance against the non-infected (control) 

pigeons at p ≤ 0.01. 
 

DISCUSSION 
 

The protozoan Eimeria species is emerging as a 

significant avian pathogen on a global scale 

(Mohammed et al., 2017). Pigeons are 

considered reservoirs for various parasitic 

infections, especially coccidiosis, and transmit 

them to healthy birds through their plumage and 

fecal matter (Abdul Latif et al., 2016). However, 

important gaps remain in our understanding of 

the epidemiology and pathogenicity of the avian 

Eimeria species. In Saudi Arabia, no studies 

have been conducted concerning coccidian 

infections in pigeons. This is the first study to 

demonstrate the pathological effects of Eimeria 

species among pigeons in Saudi Arabia.  
 

Fecal diagnosis is probably the most common 

laboratory procedure for parasitic infections 

which could reveal the presence of parasites in 

several body systems (Abdul Latif et al., 2016). 

The results revealed that the fecal examination of 

pigeons after coccidian infection with E. 

labbeana-like showed the oocyst shedding from 

the 5
th

 – 14
th

-day p.i. Burr (1987) stated that 

numerous coccidian species were observed in 

birds and these protozoans infected the small 

intestine and produced the oocysts that were 

passed out through fecal matter. Oocysts of 

Eimeria species were identified in the fecal 

samples based on the keys provided by Soulsby 

(1982). Considering the oocysts' micrometry and 

sporulation time, the recovered Eimeria species 

confirmed its identity as E. labbeana-like. 
  

The coccidian infection causes a change in the 

physical appearance of experimentally infected 

pigeons with E. labbeana-like oocysts on the 5
th

-

day p.i., there are similar findings were reported 

by McDougald (2003), Dalloul and Lillehoj 

(2005), Bandyopadhyay et al. (2006), Josephy et 

al. (2017), Saikia et al. (2017), and Sood et al. 

(2018). In this study, the pre-patent period began 

with the coccidian infection and ended with 

oocysts shedding in fecal matter on the 5
th

-day 

p.i. The oocysts reached the optimum shedding 

rate in the 8
th

 day p.i. and the patent period 

extended to the 14
th

 day p.i. This finding is 

consistent with Saikia et al. (2017) stated the 

highest concentration of oocysts is shed in feces 

after eight days of infection. In reverse other 

studies documented the pre-patent period on the 

7-8
th

 day p.i. regarding the geographical location 

and the pigeon species used in the study 

(Nieschulz, 1925; Bondois, 1936; Morini, 1950; 

Stewart, 1957; Srivastava, 1966; Varghese, 1977; 

Krautwald-Junghanns et al., 2009; Aleksandra 

and Pilarczyk, 2014).  
 

In addition, Mahdi and Al-Rubaie (2013) and 

Saikia et al. (2017) observed a significant 

reduction in the body weight of birds affected 

with Eimeria infection, which agreed with our 

findings. This loss might be due to the 

consumption of the parasitic Eimeria stages to 

the nutrients inside the epithelial cells of the 

duodenum and lead to severe alterations (Mahdii 

and Al-Rubaie, 2013). The description of the 

endogenous stages is a species-specific character 

in the genus Eimeria, and the recovered ones 

were nearly identical to those reported in 

Varghese (1977). Moreover, histological analysis 

revealed that the inflammatory process occurring 

in pigeons’ gut is strong and exacerbated by 

Eimeria invasion, which accords with Dkhil et 

al. (2013) reported that the developmental 

Eimeria stages invade the gut epithelial cells of 

the host and results in an inflammatory injury 

with varying degrees according to the level of 

Eimeria infection. 
 

CONCLUSION 
 

Based on the previous data, it could be 

concluded that coccidian infection can lead to an 

increase in mortality rates and has severe 

economic consequences for domesticated 

https://www.sciencedirect.com/science/article/pii/S1319562X18300433#b0095
https://www.sciencedirect.com/science/article/pii/S1319562X18300433#b0095
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pigeons. Specific precautions must be taken to 

monitor coccidiosis in pigeons considering that 

these birds are in contact with other poultry.  
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