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ABSTRACT Coccidiosis is a devastating worldwide
disease and is considered a dreadful disease in lovebirds.
Indeed, a problem has been appeared cocktail lovebirds
kept in a private pet birdhouse in Sheikh Zayed City,
Giza, Egypt, in the shape of blood-tinged diarrhea, birds
huddled together and showing signs of inappetence, ruf-
fled feathers, unable to fly, general weakness and emaci-
ation associated with high mortalities. Therefore, this
study aimed to diagnose and find a suitable treatment
to overcome such problems. To achieve this aim, blood
and droppings samples were collected from infected and
healthy birds for parasitological and hematological
examinations, and tissue samples were collected from
freshly dead birds for postmortem and histopathological
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examinations. A treatment trial was adopted on 50
infected birds and 25 healthy and parasitological nega-
tive birds and groups were classified as follows: group 1)
25 infected birds treated with Diclazuril, group 2)
infected birds treated with Coccicure, and group 3) 25
birds kept as control negative reference birds. The para-
sitological identification revealed the presence of Eime-
ria aratinga (E. aratinga) oocysts in the infected bird
intestine. Finally, we concluded that E. aratinga is a
serious protozoon parasite infesting lovebirds revealing
severe clinical signs, high mortalities, histopathological
changes in the intestine and alteration in blood parame-
ters. Diclazuril is an effective drug in treating E. ara-
tinga in cocktail lovebirds.
Key words: cocktail lovebirds, blood parameters, diclazuril, Eimeria aratinga, histopathology, parasitology,
sulfonamide
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INTRODUCTION

The global pets trade has served as the primary means
of introducing non-native bird species worldwide, allow-
ing the emergence of uncommon diseases and their
spread among different bird species in many countries
(Abd El-Hack et al., 2018). The Cocktail lovebird is
related to small parrots named “Agapornis”. These birds
are common pets and brought individually or in couples.
They are also used in business for pet shops or local
breeders due to their high genetic or exotic value, which
is profitable as these birds are bought at high prices.
Moreover, these birds are reservoirs to many diseases,
including parasitic infections that cause severe adverse
effects on the bird, including inappetence, weight loss,
low egg production, ruffled feathers, varying degrees of
diarrhea, increased susceptibility to other infections,
and even high mortalities (Adams et al., 2021;
Platonova et al., 2021; Soliman et al., 2021). Parasitism
is a devastating problem that results in severe economic
losses (Salem and Attia, 2021). Birds can be infested by
external and internal parasites (Attia et al., 2021;
Salem et al., 2022). There are different species of endo-
parasites, including nematodes, trematodes, cestodes,
acanthocephalans, and protozoa, that can parasitize
lovebirds (Olsen and Orosz, 2000).
Coccidiosis is a major parasitic disease affecting love-

birds worldwide, causing diarrhea, poor growth,
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decreased feed utilization, and resulting in high mortal-
ities, especially in young birds. Moreover, the birds
become more susceptible to other pathogenic microor-
ganisms (Abd El-Hack et al., 2022; El-Shall et al., 2022).
Coccidiosis is an intracellular protozoan parasite affect-
ing the intestinal tract of birds caused by different Eime-
ria species (spp.) and is considered a life-threatening
problem in unhygienic cages. Infection with coccidia par-
asites seriously impairs growth and reveals severe eco-
nomic losses (Yun et al., 2000). Eimeria aratinga (E.
aratinga) is the main cause of coccidiosis in the Cock-
tail lovebirds, causing severe bloody diarrhea and weight
loss associated with a high mortality rate, especially in
young birds. On the other hand, the hygienic condition
plays a vital role in spreading coccidiosis as direct con-
tact with humans, captivity conditions, and the physical
environment, for example, rainfall, humidity, and ambi-
ent temperature. In addition, the control programs of
coccidiosis, depending on chemotherapy or vaccination,
require great attention to hygienic measures (Chap-
man 2014; 2018). Many treatment strategies are abun-
dant among avian species, including antibiotics,
chemical preparations, and anthelmintics. Still, recently
the world has been directed to find new safe and environ-
mentally friend products as herbal extract (Abd El-Hack
et al., 2022a), bioactive plant compounds (El-
Saadony et al., 2021), natural pigments (Ashour et al.,
2021), polyphenols (Ashour et al., 2020), organic acids
(Abd El-Hack et al., 2022b), amino acids (Abou-
Kassem et al., 2022; Alagawany et al., 2021a; Arif et al.,
2022), probiotics, essential oils (El-Tarabily et al., 2021;
Alagawany et al., 2021b; Abd El-Hack et al., 2022c),
nanomedicine (Yousry et al., 2020; Salem et al., 2021),
and vaccination strategies (El-Naggar et al., 2022) to
control such infections, and enhance birds’ performance.
Therefore, this study aimed to identify the possible
cause of such problem with the demonstration of post-
mortem and histopathological alterations in the affected
tissues as well as, check the blood parameters of the
infected birds. Moreover, comparative chemotherapeutic
control of coccidiosis caused by E. aratinga using Dicla-
zuril and Coccicure.
MATERIALS AND METHODS

Sampling

Samples were collected from 150 cocktail birds kept
in a private pet birdhouse at Sheikh Zayed City, Giza,
Egypt. The birds were in cages, forming couples, or big-
ger cages according to their age from May to August
2021. During our investigation, freshly voided drop-
pings samples were collected from various places of the
trays of the cages and subjected to direct microscopic
examination under a light microscope (Olympus,
Japan).

Then freshly dead birds were exposed to postmortem
examination and tissue samples were collected from the
intestine and fixed in formalin saline 10% for further
examinations. All viscera were examined for gross
pathological changes and the mucus of the duodenum,
jejunum, ileum, and the ceca were examined for the pres-
ence of Eimeria spp. (Mattiellio, 1990).
Treatment Trials Using Diclazuril and
Coccicure

On the investigated flock, 50 birds showing clinical
signs plus 25 healthy birds were divided into 3 groups
(25 birds each) as follows; group 1 (G1) treated with
Diclazuril 2.5% 0.3 mg per kg body weight per day in
drinking water for 3 successive days. At the same time,
group 2 (G2) was treated with Coccicure in which each
gram contains sodium sulphaquinoxaline (150 mg),
sodium sulphadimidine (70 mg), sodium sulphadiazine
(70 mg), Vitamin K3 (2 mg). and Vitamin A (8,000 IU)
in a dose of 0. 5 gm Coccicure / 1 liter of drinking water
for 3 successive days. The third group (G3) was the neg-
ative healthy group used to analyze the reference value.
All birds were observed for 2 wk post-treatment. Cages
hygien have been adjusted during the observation period
in all experimental groups.
Blood samples were collected from the wing vein of

diseased birds on anticoagulant-coated test tubes to
detect blood parameters. Oocyst counts were performed
in 1 gm freshly voided dropping using McMaster tech-
nique before and after treatment at 3; 7; 9 and 12 d post-
treatment.
Parasitological Examination

Wet smears of mucosal scrapings were prepared from
intestinal and cecal tissues for microscopic examination
of Eimeria spp., and identified according to the site of
infection and oocysts morphology, including size, color,
presence, or absence of micropyle and micropyle cap and
time of sporulation using a light microscope (Olympus).
Eimeria spp. oocysts were isolated from cecal and lower
intestinal mucosa using saturated sodium chloride solu-
tion by floatation technique following the procedures
(Permin and Hansen, 1998). Intestinal contents were
collected from freshly dead birds and were performed in
a 2.5% aqueous solution of potassium dichromate
(K2Cr2O7) for sporulation of oocyst. A modification of
McMaster’s oocyst-counting technique was used
(Soulsby, 1982).
Hematological Examination

Blood samples were collected twice from the wing vein
of infected birds before and two weeks after treatments
and then samples were transferred immediately into a
sterile tube containing ethylenediaminetetraacetic acid
(EDTA). The total red blood cells (TRBC) were per-
formed in a 1:200 dilution of blood in Hayem’s solution.
The differential leukocyte counts were determined by
preparing blood smears stained with Wright’s stain. The
hemoglobin (Hb) concentration and packed cell volume
(PCV) were evaluated. Red blood indices, mean
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corpuscular volume (MCV), and mean corpuscular
hemoglobin concentrations (MCHC) were evaluated
(Ashour et al., 2020).
Histopathological Examination

Representative tissue samples from the intestines were
collected in 10% Neutral buffer formalin and then proc-
essed for paraffin embedding using alcohol as a drying
agent and xylene as a clearing agent for histopatholog-
ical evaluation. The sections were cut at a thickness of 4
to 5 mL and stained with Harris hematoxylin and eosin
as described by Bancroft and Gamble (2008).
Statistical Analysis

The data were recorded as mean § standard devia-
tion, analyzed using SPSS Version 18.0 software (Inc.,
Chicago, IL). After studying the data normality, the
blood parameters were compared using an independent t
test. All data were considered significant when the P-
value was less than 0.05.
RESULTS

Clinical Signs

The investigation of the infected birds during 2 wk
from the onset of the clinical signs revealed that the mor-
bidity rate, cumulative mortality and case-fatality were
evaluated as 26.6% (40 of 150), 20% (30 of 150), and
75% (30 of 40), respectively.
Figure 1. A: Cocktail love bird showing signs of depression, ruffled feat
onset of the clinical signs.
The observed clinical manifestations include off-food,
ruffled feathers, inability to fly, lethargy-sleepy appear-
ance, dark brown, or blood-tinged droppings, as seen in
Figure 1. The postmortem examination of freshly dead
birds revealed; protrusion of keel bone with slight pale-
ness of the breast muscle, liver congestion and severe
intestinal congestion with variable degrees of hemor-
rhagic enteritis, as seen in Figures 2−4.
One week post-treatment, clinical signs and mortal-

ities were stopped in group 1 and fecal examination
revealed complete cessation of oocyst shedding while
birds in group 2 continued in mortalities for 2 d post-
treatment (2 birds of 5) 40%, clinical signs were
improved, and fecal examination was negative for Eime-
ria oocyst.
Blood parameters

The hematological examination revealed that infected
birds showed severe anemic pictures that appeared in
the shape of a marked reduction in red blood cells
(RBC) and PCV. At the same time, differential leuko-
cyte counts resulted in lymphocytosis, monocytosis,
eosinophilia, and heterophilia. While blood analyzes of
recovered birds 2 wk post-treatments showed a signifi-
cant improvement in blood parameters, as summarized
in Table 1.
Oocyst Count

On 3, 7, 9, and 12 d post-treatment, the mean oocyst
count was significantly lower after both treatments
(Coccicure and Diclazuril) with different used chemicals
hers and unable to fly. (B) Freshly dead cocktail love bird 24 h after the



Figure 2. (A) Postmortem examination of cocktail love bird showing protrusion of keel bone with slight paleness of the breast muscle. (B) Post-
mortem examination of cocktail love bird showing severe liver congestion.

Figure 3. (A−C) Postmortem examination of cocktail love bird showing hemorrhagic enteritis.
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but with variation (P < 0.01) as presented in Table 2.
The oocyst per gram was significantly lower in Diclazuril
(P < 0.01) treated birds than in Coccicure treated group.

The negative control healthy group (G3) had no
Eimeria oocysts over the observation period.
Identification of the Eimeria Species

The present Eimeria spp. Belonging to E. aratinga,
which had sporulated oocysts that were subspherical,
with a smooth bi-layered oocyst wall. Oocysts measured
15.5- 25.2 (23.0 £ 17.5 - 14.9 £ 19.5 mm). The micropyle
was present. Sporocysts were elongated to the oval while
the sporocyst residuum was present. Each sporocyst
contained 2 bananas-shaped sporozoites, as seen in
Figure 5.
Histopathological Findings

The histopathological examination of the intestine
revealed desquamation of enterocytes epithelial tissue,
congestion of blood vessels indicating disruption fol-
lowed by hemorrhage, severe muscular edema, necrosis
of the submucosa, loss of villi, disruption of the intesti-
nal mucosa, presence of different Eimeria spp., devel-
opmental stages as schizont; microgametocyte and



Figure 4. (A, B) Postmortem examination of cocktail love bird showing severs intestinal congestion with variable degrees of hemorrhagic enteri-
tis.

Table 1. Blood parameters of birds before and after treatment.

Items
Before treatment
(Means § E)

After treatment in
G1 (Means § SE)

After treatment in
G2 (Means § SE) Reference G3

RBCs (1 £ 106 cells per
microliter)

1.8 § 0.082 2 § 0.082 1.9 § 0.082 2.5−3.5

PCV (%) 21.226 § 1.32 33.33 § 3.091 28 § 2.944 35−55
MCV (fL) 142 § 6.683 92 § 9.534 85 § 4.922 90−140
MCH (pg) 57 § 2.16 39.333 § 3.3 37 § 1.247 33−47
MCHC (g%) 34.667 § 4.784 28.333 § 1.247 27 § 1.247 26−35
Hemoglobin (g.dL�1) 7.433 § 1.034 9.333 § 1.247 9.667 § 1.247 7−13
Heterophils (%) 22.667 § 2.055 6.333 § 1.247 5.833 § 0.624 0−1
Eosinophils (%) 8 § 0.816 3.333 § 1.247 2.9 § 0.262 0.3
Lymphocytes (%) 62.032 § 6.128 41.667 § 8.498 41 § 0.816 34
Monocytes (%) 4.567 § 0.544 3.5 § 0.408 4 § 0.408 2.8

Data indicated as mean § SE.
Abbreviations: MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentrations; MCV, mean corpuscular volume; PCV,

packed cell volume.

Table 2. Oocyst count using McMaster technique before and after treatment.

Items Before treatment 3 DPT 7 DPT 9 DPT 12 DPT

G1 1255.5 § 20.55 828.59 § 19.78 655.89 § 30.00 300.00 § 10.94 159.33 § 22.25
G2 1359.6 § 19.98 989.99 § 15.67 758.35 § 18.45 374.00 § 10.65 182.56 § 15.36
G3 0.00 § 0.00 0.00 § 0.00 0.00 § 0.00 0.00 § 0.00 0.00 § 0.00
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macrogametocyte, marked hemorrhage with necrosis of
the intestinal mucosa-associated with heterophils and
mononuclear cells infiltrated in large numbers as seen
in Figures 6−8.
DISCUSSION

Birds are an integral part of virtually every ecosystem,
and it is not surprising that they are commonly found in
households and zoos worldwide (Attia and Salem, 2022;
Cocumelli et al., 2021). Many serious pathogens can
infect avian spp., including bacteria (Abd El Hamid
et al., 2019; Marouf et al., 2020, Marouf et al., 2022),
viruses (Setta et al., 2018), parasites, and fungi, as well
as environmental and management stressors, revealing
in severe economic losses (Abd El-Hack et al., 2021a,b;
2022b). However, there is much literature on avian med-
icine, including parasitic diseases (Olsen and
Orosz, 2000). Due to an increased risk of exposure, para-
sites can lead to severe problems or even to death in
birds recently brought into captivity, kept for prolonged



Figure 5. Eimeria aratinga in Cocktail love birds’ feces; (A) un-sporulated oocyst; (B)sporulated oocyst of E. aratinga after sporulation with
Potassium dichromate.

Figure 6. Eimeria aratinga infected intestine stained with H&E; (A, B) intestine of birds heavily infected with schizont; (C) macrogametes of
Eimeria aratinga in the infected intestine that round with large eosinophilic plastic granules on the periphery. (D) microgametes of the Eimeria ara-
tinga with multiple nuclei.
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periods in confined housings, and stressed by injuries, ill-
nesses, or adaptation to new environments (Krone and
Cooper, 2002; Salem et al., 2021a). It is important to
identify and control parasite species capable of produc-
ing diseases in captive birds. There is a clear need for
parasitological studies on avian species.
Several pieces of literature denoted the parasitic infec-
tion in pet birds and another investigation determines
the coccidian intestinal parasites' high risk of infection
in professional workers, for example, veterinarians' biolo-
gists, workers, tradesmen, and farm owners (Krone and
Cooper, 2002). A first point to note is that our study



Figure 7. (A) Intestine showing developing stages of Eimeria schizonts (arrow) in lamina propria of villi. (B) Intestine showing desquamation of
enterocytes epithelium, mononuclear cell infiltration in muscularis mucosa. (C and D) Intestine showing loss of epithelial tissue, severe muscular
edema, necrosis of submucosa, loss of villi, disruption of the intestinal mucosa, clusters of Eimeria different developmental stage (arrow) with mono-
nuclear cells infiltrations.
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confirms the findings of other studies that show coccidio-
sis is one of the most frequently reported diseases of
birds worldwide (Cocumelli et al., 2021). This protozoan
disease is responsible for significant worldwide economic
losses to the poultry industry, with an estimated world
annual loss of more than 3 billion USD (Dkhil, 2013).

Coccidiosis remains the most critical economically
intestinal disease in the poultry industry. Control of coc-
cidiosis has been focused on prophylaxis with anticocci-
dial drugs in food (Awaad et al., 2003). Resistance
problem has been reported for all drugs currently used
against coccidia infection in birds. Therefore, using
drugs with unique modes of action is imperative as che-
motherapy remains the principal means to control this
disease (Meireles et al., 2003).

In this study, bloody diarrhea of all treated and
infected groups was seen 4 to 6 d after infection with E.
aratinga. But the extent of bloody diarrhea in the groups
treated with Diclazuril was milder than that of other
groups treated with Coccicure. Many oocysts were pro-
duced in all the infected groups. However, the oocysts
count of birds treated with Diclazuril was significantly
lower than the treated group with Coccicure active
ingredient and the infected nontreated group.

Water-soluble Diclazuril induced significant (P ≤
0.05) reduction in the mean oocyst shedding, dropping
score, lesion score and mortality rate when compared
with infected nonmedicated control positive group.
Moreover, the efficacy of Diclazuril administration in
drinking water was also proved by El-
Banna et al. (2005), who investigated that Diclazuril in
water or feed were of similar efficacy in the elimination
of experimental infection with E. tenella, E. acervulina,
E. necatrix, E. maxima, and E. Brunetti. These results
agree with those reported by El-Dakhly et al. (2006),
who noted that Diclazuril in the drinking water was
appropriate for use in the prevention and treatment of
Eimeria infection in chickens as indicated by decreased
oocyst number and lesion score in the treated groups
and stated that Diclazuril breaks down all intracellular
developmental stages of asexual and sexual cycles of
Eimeria spp.
Due to Diclazuril water solubility, short duration of

treatment (2 d), small dosage, rapid anticoccidial action
against all intracellular developmental stages of the coc-
cidial infections in all poultry species make Diclazuril
more effective in the prevention and control of coccidio-
sis (Amer et al., 2007). Moreover, several successful tri-
als had been done to discuss the effect of using Diclazuril
alone or in comparison with other anticoccidial drugs in
the prevention of coccidial infection of birds
(Kiaei et al., 2001; Conway et al., 2001a,b, 2002a,b;
Awaad et al., 2003; Meireles et al., 2003) and the drug
not only proved high efficacy but also superseded the
others in the prevention of the disease El-
Dakhly et al. (2006). and Amer et al. (2007) confirmed
that the Diclazuril solution was important in stopping
the cycle of coccidial development inside the medicated



Figure 8. (A−C) Intestine showing the presence of different developing stages of Eimeria in lamina propria of villi with necrosis of submucosa
and severe muscular edema. (D) Intestine showing desquamation of enterocytes epithelium with mononuclear cells infiltrations with muscular
edema.
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birds, mainly when applied on the first day of the blood
appearance of birds’ droppings. The present study con-
firmed that adding a water-soluble formulation of Dicla-
zuril in the drinking water is very efficacious for
preventing and controlling the naturally infected love-
birds with E. aratinga.

On the other hand, sulfonamides (sulfadimethoxine
and sulfaquinoxaline) have broad-spectrum activity
against Gram-negative, Gram-positive bacteria and
Eimeria spp. and they act on developing schizonts and
sexual stages. It has been proved that the accidental
human consumption of sulfonamide-contaminated prod-
ucts can cause central nervous system effects, gastroin-
testinal disturbances, and hypersensitivity reactions
(Lebkowska-Wieruszewska and Kowalski, 2010). Sulfo-
namides are only used very rarely in US broiler produc-
tion because of the high potential for residues, it harms
the kidney, and it affects the egg production in layer
chickens as well as, in Europe, sulfonamides are not
approved for the prevention of coccidiosis in poultry
(Meireles et al., 2003).

On the other hand, Diclazuril should be considered
superior to any sulphonamide drugs in studies of the
health impact of coccidiosis because it specifically reacts
on the apicoplast. The apicoplast is an organelle of
botanical origin, which is unique to the apicomplexan
parasites. Treatment of coccidiosis by Diclazuril is thus
devoid of any problems accompanying the use of broad-
spectrum antibiotics, such as incidentally affecting some
bacterial infections that the experimenters cannot moni-
tor.
Moreover, the infection with E. aratinga causes mac-

rocytic hypochromic anemia. These results agreed with
(Youssef et al., 2015), who stated that Eimeria infection
caused severe anemia due to severe hemorrhage caused
by the second generation schizonts development. Fur-
thermore, the total leucocytic count, heterophil, mono-
cyte, and eosinophil showed a marked increase in the
infected nontreated and treated groups. That accompa-
nied the stress condition of infection then gradually
changed to normal value (Youssef et al., 2008). Histo-
pathological examination of the intestine revealed des-
quamation of enterocytes epithelial tissue, congestion of
blood vessels indicating disruption followed by hemor-
rhage, severe muscular edema, necrosis of the submu-
cosa, loss of villi, disruption of the intestinal mucosa,
presence of different Eimeria developmental stages,
marked hemorrhage with necrosis of the intestinal
mucosa-associated with heterophils and mononuclear
cells infiltrated in large numbers. Our findings concur
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with Marquardt et al. (2015), Fanatico (2006) and
Sharma et al. (2015) as they record similar histopatho-
logical findings in bird’s intestines infected with different
Eimeria spp.
CONCLUSIONS

Reviewing the available literature, there are no previ-
ously reported cases of E. aratinga infection in cocktail
lovebirds in any Egyptian study. So, this study is consid-
ered an endeavor to extend the understanding of the
clincopathological picture of E. aratinga in cocktail love-
birds and shed light on the role of Diclazuril in its treat-
ment and alleviation of the subsequent economic losses.
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