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Abstract

Ostrich farming serves as a source for meat, feathers, skin, eggs, and oil. In general, ostriches are hardy birds that can
resist a wide range of climatic harshness and some diseases. However, musculoskeletal and digestive complications,
including the gastric impaction, remain the major cause of mortality. The gastrointestinal impaction alone is
responsible for 30-46% of spontancous deaths in growing ostriches. The literature review of 21 publications on this
subject has shown that 90% of these incidents happen during first six months of life. The actiology of this problem is
mostly stress and behaviour-related gorging of feed and picking on non-feeding materials such as stone, sand, wood
pieces, plastic, glass,and metallic objects. Conservative therapy or surgical approaches show good results with almost
70 to 100% recovery depending upon the clinical presentation and timely diagnosis. Overall, this literature review
describes impaction in farmed ostriches, along with diagnosis, treatment, and control and preventive measures. This
information will help stakeholders understand the gastrointestinal impaction in ratites to better manage this issue,
reduce economic losses, and improve welfare of the birds.
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INTRODUCTION

Ostrich (Struthio camelus) is the largest living bird
which is a part of many cultures as a source of food,
clothing, utensils and adornment (Munir et al,
2015). The commercial farming of this ratite began in
the 1860s in South Africa, initially only for harvesting
feathers every six to eight months, but became one
of the major export commodities of this country at
the beginning of the 20 century (Pittaway and Niekerk,
2015; Reys, 2018). Afterwards, ostrich farming spread
all over the world with the objective of diversifying
conventional farm animals (Bello et al., 2017). Presently,
the commercialization of ostrich farming is rooted
in many countries including Australia, China, Tsrael,
Tran, Canada, Turkey, UAE, Zimbabwe, Namibia, USA,
and Pakistan (Shanawany and Dingle, 1999). Moreover,
these birds are part of recreational gardens and zoos
in almost every country around the globe (Munir et al.,
2015; Bello et al., 2017).

Although the farming of these ratites is supported
by extensive research in genetics, health, and nutrition,
the musculoskeletal deformities and the digestive

problems remain big hurdles in welfare provision
and economic achievements (Lamglait, 2018). In fact,
the musculoskeletal deformities and gastric problems
are interdependent, as birds with locomotion problems
do not ingest food properly and their reduced
movement may lead to gastric issues (Shanawany and
Dingle, 1999). Furthermore, gastrointestinal (GIT)
inflammation reduces nutrient absorption which
weakens musculoskeletal health (Munir et al., 2015).
A retrospective study by Bello et al. (2017) reported
that about 46% of spontaneously dead ratites in
Germany had disorders of the alimentary system,
mostly with inflammatory problems. Similar findings
were reported from Brazil, showing that 46% of
diagnosed dysfunctions in ostriches were gastroenteric
diseases. Among the GIT conditions, 83% were gastric
impactions and 17% were infectious (caused by
bacteria) or parasitic gastritis caused by the nematode
Libyostrongylus douglassii (Mendonca et al., 2010).
Another retrospective study spanning 40 years from
a French wildlife sanctuary reported that impaction
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Figure 1. Gastric impaction in a three-month-old ostrich caused by ingestion of a piece of cotton bandage (left), ©Authors
Figure 2. Enteritis resulting from gizzard impaction (right), ©Authors

accounted for 30-35% of all mortalities in ostriches
(Lamglait, 2018).

Thus, impaction is the most common problem
in ostrich and decreasingly less likely in the rhea,
emu, and cassowary, respectively (Speer, 2006).
It is responsible for suffering and spontaneous
deaths in ostriches, making it an important health
and production issue (Mendonca et al., 2010).
Understanding the underlying causes and mechanism
of impaction can aid in proper diagnoses and
the development of treatments and control and
prevention regimes (Kumar et al., 2015).

The aim of this review is to summarise and discuss
the available knowledge regarding gastric impaction
in ostriches. It includes description of several aspects
linked to this problem and the information will help
veterinarians, farmers, and researchers to better
ensure the health and welfare of ostriches and improve
economic outcomes.

METHODOLOGY OF LITERATURE
RESEARCH

A search was conducted on scientific research
engines (11 March 2020). Different combination
of words including “ostrich”, “gastric”, “impaction”
or “constipation” or “choking” or “stasis”, were
searched and yielded results (in brackets) on PubMed
(n=13), Scopus (n =22) and Web of Science (n=13).
The references and citations of these articles were
also selected and added to Rayyan® for screening
(Ouzzani et al, 2016). Doublings were removed,
the titles were screened and the articles discussing
other birds than ostriches or that were not in English
were also removed. Finally, 21 articles were selected for
full text review.

RESULTS AND DISCUSSION

The summary of main findings of literature is
presented in Table 1. The information was used to

define the gastric impaction, identify the risk factors,
diagnosis, treatment, control and prevention strategies.

Gastrointestinal system and gastric impaction in
ostriches

Like in all other ratites, the crop is missing in ostriches.
The oesophagus opens into the proventriculus which is
a large, dilated, and thin-walled organ (Stewart, 1994).
Glands are restricted to a patch on the greater curvature
of the proventriculus and the distal end of this organ
empties into the ventriculus (gizzard) (Shanawany
and Dingle, 1999). The gizzard has a thick wall and it
is situated to the left of the midline at the distal border
of the sternum. It normally contains small stones (grit)
which help in food mixing and grinding (Speer, 20006).
The internal layer of proventriculus and gizzard is
called the koilin and it is formed by the protein secreted
from the glands combined with entrapped sloughed
cells and cellular debris (Shanawany and Dingle, 1999).
The greenish to brownish colour of this tough layer
is due to diet and refluxed bile (Speer, 2006) because
the gall bladder is also missing in ostriches (Shanawany
and Dingle, 1999). The voluminous colon of ostriches
serves the function of fibre digestion and fluid
absorption (Shanawany and Dingle, 1999; Aganga et al.,
2003).

Gastric impaction is the accumulation of food or
non-food items in the proventriculus with subsequent
blockage of the opening into the gizzard causing
a failure of food to move in GIT as it is evident in a case
shown in Fig. 1.

The impaction can be acute or chronic depending
upon whether the closure of the feed passage is partial
or complete (Shanawany and Dingle, 1999). Commonly,
the complete cessation of feed and water intake is noted
in its acute form and birds seem to peck at feed and
appear to be eating (Stewart, 1991). Thus, the quantity
of faeces is greatly reduced along with pasty urine.
Meanwhile, the bird’s condition rapidly deteriorates
and it dies within few days if treatment is not provided
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Table 1. Review of literature on gastric impaction in ostriches regarding the age of bird, clinical presentation, causes, treatment

and prognosis
€ . . . . Prognosis
(months) N  Clinical presentation  Etiology and risk factor Treatment o References
Depression, dehydra.t ion, Chopped alfalfa and 2 to Mineral oil feeding and (Shw'aluk

0.5 1 poor-doingor chronically /5~ ctraw  then surge 100 and Finley,
sick and scant feces &P sery 1995)
Anorexia and diarrhoea and ffransportation‘stress and Feed change and oral (Sato etal.,

1.5-2 51 _— ) ingestion of solid lucerne . : - 100
mortality in 19 birds hay masscs feeding of mineral oil 1994)
Dead (N = 3) and alive
_ _ (N = 6) ostriches had shown
I — ) anorexia, scant defecation Stones, sand, hay sten'ls and Birds (N = 5) were surgically (Komnenou
and 36 9 and whitish urine leaves, and even plastic and - 100 tal, 2003)
(N=1) s . metallic objects P ctal,
unwillingness to rise and
consume water
250 ml infusion of
dextrose 5% + saline 0.9%
and isolyte for 3 days.
Anorexia, decreased Stress of new location and ;\C%Oig’ $11/1+IC/]1\23[W] ame
defecation, emaciation, ingestion of stone, sand, /<8 /™ (Yitksek et
3-24 14 . . . . for5days. Vitamin B 46
listlessness, separation from wood pieces, glass, plastic A al.,, 2002)
. 3 combinations 100 ml I/M !
the flock and recumbency — and metallic objects .
for 5 days. Metamisole
10 mg/kg I/M for 5 days.
Paraffin liquid 100-400 ml
P/O bid at 2 days interval.
Diagnosis confirmed Stress caused by
by abdominal transportation lead to .

7.5 18 palpation, radiography ingestion of leaves, grass, zgég;rg (E;ogi;lrtrrllc)ulotomy 44 (I—Ilorircl)zsg’et
and exploratory wood or other fibrous phag v aly )
proventriculotomy materials
Anorexia, dehydration,
weight loss, a change .

4-6 7 infaccal consistency or Sand and rocks (N=5); hay ~ Surgery . 7 (Honnas et

. : and sand (N=1); leaves (N=1) (Proventriculotomy) al., 1991)
production, and failure to
respond to laxatives
. Surgery (N = 10) and

. Inexpenenc?d frar medical therapy (N = 7) with
Mortality (N = 2), workers and improper vitamin B-complex
anorexia, drooping wings, —management lead to D

. . . > (5 ml I/M), 5% dextrose Surgery = 80, (Aslanetal,

2-3 60 defecations, messiness of  ingestion of rough feed e lactate (50 ml/k Medical = 71 2009
feathers and inability to particles, clover fibers, Tnger factaic Y MI/Kg cdical = )
stand wood pieces, metal, glass, g‘(’)\gl_/z\goam% l}}l%?/(iolﬁrafgm

plastic, stone and sand d ot or

ays
Mortality (N = 3) and severe St.r <}elss of new farm zi(ljong
acute impaction (N=8) ‘ém ! mlﬁogg}' stoc dng Zakeri and
4 5 with anorexia, listlessness, ensity, bedding, an Mineral oil and psyllium (zakeri an
8 A management conditions . 100 Kashefi,
emaciation, decreased - . P/O bid for 3 days.
. ; lead to ingestion of sand, 2011)
defecation, separation from . ¢ 4 ol
flock and recumbenc stone, pieces of wood, glass
y

and plastic
One dead (N = 1) and 3 alive
birds showed signs of Improper management Medical therapy (N = 3),
dehydration, pale mucous  lead to ingestion of foreign  oxytetracycline (250 mg/kg e il

4-8 4  membranes, emaciation, bodies including stones, I/M), vitamin B-complex 67 g201 6 ?
sternal recumbency, sand, spoons, wood (2 mlI/M) and 5% )
outstretched neck and fragments and ceramic tiles dextrose saline (500 ml S/C)
ruffled feathers

. . Mixed causes. Postmortem Surgerics .(N =21) apd
General clinical signs of ination (N = 4) conservative therapies Surgery = 66, (Verstappen
2-5 50 impaction diagnosed ata examination (= = (N = 29) with fluid therapy BETY = O ppen,
) e revealed compact balls of Medical = 86 1997)
veterinary clinic straw in proventriculus and broad spectrum
p antibiotics)
Chronic weight loss, reeTsem &

24 1 anorexia, lethargy and N/A Surgery (Ventriculostomy) 100 al., 1986)
anemia 7

2-6 506 Mortality Transport and influenza N/A N/A (Jorgensen et

Avirus (H5N2)
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Age N  Clinical presentation  Etiology and risk factor Treatment Prognosm References
(months) %*
Autopsies of dead ostriches
1-3(N=2) which showed signs of
3-12(N=12) oo impaction including sternal Shifting from concrete to N/A N/A (Mushi et al.,
12-36(N = 6) recumbency, outstretched ~ sand bedding 1998)
>36(N =5) neck, debility, and inability
to stand
8 1 Death Idiopathic gastric stasis N/A N/A (Ocal etal,,
2006)
Gradual anorexia, lethargy,
dehydration, weight ecamim
1 1 loss, weakness, sternal Sand bedding and pebbles N/A N/A garaj
b d finall etal.,2011)
recumbency and finally
death
Anorexia and acute onset
of feebleness in three cases (Jeffrey etal.,
2> 8 and chronic weight loss Zygomycetes N/A N/A 1994)
with anorexia and lethargy
Dead b.i rds (N=3) were Zygomycetes, masses of
autops1eq after the signs sand, gravel, plastic and (Gulbahar et
4 18 of anorexia, scant faeces, : : N/A N/A
. K fibrous materials (hay, grass al., 2000)
chronic weight loss, and leaves)
weakness and lethargy
Food pecking, weight loss,  Aspergillus fumigatus (Sancak and
3 1 typical fungal lesionsin the infection +ingestion of N/A N/A Paracikoglu,
air sacs a large amount of gravel 2005)
48 1 Respiratory symptoms Aspergillosis N/A N/A (Azzléllzt) al,
Inappetance, weight loss,
exercise intolerance, Mixture of sand, stones and (Sen and
4-6 2 lethargy, and dehydration  lucerne hay N/A N/A Albay, 2003)
followed by constipation
12 birds died after showing (Perelman
0.9 300 the signs of stunning, Zygomycsis and N/A N/A and Kuttin,
anorexia and enlarged Norfloxcine 1992)

proventriculus

* Percentage of recovered birds after treatment; N = sample size; N/A = not applicable; I/M = intramuscular; I/V = intravenous;

S/C = subcutaneous; P/O = orally; bid = twice a day

(Aslan et al., 2009; Kumar et al., 2015). In chronic
cases, the foreign material occupies physical space
which severely limits feed intake resulting in signs of
malnutrition, retarded growth, poor feathering, and
leg abnormalities (Stewart, 1994; Komnenou et al,,
2003; Speer, 2006). This obstruction may lead to further
occlusion of the intestines, for example, multiple
intussusceptions (Frasca Jr and Khan, 1997). Moreover,
bacterial and mycotic enteritis are also associated with
chronic impaction (Fig. 2).

Diagnosis: clinical presentation, histopathology
and necropsy findings

The diagnosis of impaction depends upon clinical
presentation, characterised by anorexia, emaciation,
dehydration, decreased  defecation, listlessness,
cachexia, apathy, decubitus, lesser movement, exercise
intolerance, separation from the flock, and recumbency
(Honnas et al., 1991, 1993; Sato et al., 1994; Mushi et al.,
1998; Deeming and Bubier, 1999; Yiksek et al., 2002;
Komnenou et al,, 2003; Sen and Albay, 2003; Speer,
2006; Nagarajan et al., 2011; Kumar et al., 2015) (Table 1).

The skin of the bird may also appear pale (Ogbe et al.,
2016). Palpation of impacted ventriculus on the left
side of the abdomen is the simplest and an effective
method of diagnosis. The proventriculus is located
caudally to the ventriculus and along the midline and
it can be palpated. After overnight withholding of
food, it will appear soft in healthy ostriches and hard
in birds with obstruction (Stewart, 1991). In addition,
x-rays, ultrasound, gastroscopy, and laparotomy are
also used ( Honnas et al., 1991; Gamble and Honnas,
1993; Ocal et al., 2006). Aslan et al. (2009) reported that
radiological examinations of ostriches suffering from
impaction can reveal the extent of severity and guide
further decision-making for treatment or surgical
approaches. In most cases, the result is secondary gastric
stasis leading to starvation and death (Yiiksek et al.,
2002; Kumar et al., 2015).

Table 2 shows the serum biochemical indicators in
the ostriches suffering from gastric impaction. These
changes occur due to tissue and systemic damage and
starvation resulting from impaction (Mushi et al., 1998;
Gulbahar et al., 2000). Yiksek et al. (2002) reported
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Table 2. Blood chemistry and haematological profile* of normal and impaction affected ostriches with or without treatment
Without Without Without

Measurement treatment treatment (Mean treatment A(fl:gat;eftsn];‘;?t Normal ranges ®
(Mean +SD)A +SD)B (Mean) ©
Erythrocyte (10°/mm?) 1.92+0.6 - - 1.96+0.4 1.8-2.1
Leukocyte (10°/mm?) 10.4+2.4 14.8+2.5 - 16.6 +2.43 4-5
Platelets (/pL) - 562+ 75 - - 200
PCV (%) - 60.7+4.3 - - 36-43
Hematocrit (%) 33+2.1 - - 38+ 1.68 30-40
Hemoglobin (g/L) 108+2.9 - - 13.4+0.73 11-16
Glucose (g/L) 1.66 +0.48 2.67 +0.30 0.60 2.4+0.63 1-1.4
Total protein (g/L) 24 +2.64 68+19 22 38+ 1.7 39-56
Albumin (g/L) 9+£0.9 303+9 12 14+0.71 18-20
Globulin (g/L) 15+2.5 - - 24+1.4 27-30
Total bilirubin (mg/L) 2.5+2.8 - - 2.6+0.9 1.4
ALP (pmol/L) 9.97+0.1 6.62 +2.42 8.78 7.78+0.16 2.5-9.6
AST (pmol/L) 6.97 +£0.2 11.82+5.7 - 3.58+0.14 4.05-6.97
ALT (pmol/L) 0.27 +0.04 0.63+0.32 - 0.31+0.03 0.13-0.83
CK (pmol/L) 20.67 +0.28 - - 10.23 +0.17 11.5-41.2
Amylase(pmol/L) 3.57+0.07 - - 3.24+0.08 -
Urea (mg/L) 31.0+2.45 98 + 60 - 28 +2.24 23-36
Creatinine (mg/L) 4.00 £ 1.09 7+3 - 4+1 5-7
Ca(g/L) 0.1+£0.031 - - 0.1+0.05 0.10-0.18
P(g/L) 0.04+0.031 - - 0.06 +0.04 0.11-0.14
Mg (g/L) 0.03 +£0.045 - - 0.02 +0.04 0.02-0.03
Zn (mg/L) 1.210+0.6 - - 1.437+0.5 0.6-1.6
Cu (mg/L) 0.86 +0.64 = = 1.12+0.47 0.2-0.5
Na (mEq/L) 140.0+4.3 - - 141.1+3.7 147-157
K (mEq/L) 48+0.63 = - 4.7+0.55 335
Cl (mEq/L) 102.4+3.1 - - 101.2+2.1 100-104

*Values were adapted from literatures sources: * (Yiiksek et al., 2002)emaciation, decreased defecation, listlessness, separation
from the flock, and recumbence. The total number of leukocytes (10.4 x 103 mm3,® (Komnenou et al., 2003),¢(Mushi et al., 1998),
P (Bonadiman et al., 2009; Durgun et al., 2005; Mushi et al., 1999; Polat et al., 2004; Shanawany and Dingle, 1999; Siwela et al.,
2004; Verstappen et al., 2002). ALP = alkaline phosphatase, AST = aspartate aminotransferase, ALT = alanine aminotransferase,
CK = creatine phosphokinase, PCV = packed cell volume. The enzyme activity values were converted from U/L to pmol/L) using
“unitslab.com”

blood chemistry and haematological analysis results,
including an increase in the concentrations of creatine
kinase (1240 U/L) and alanine phosphatase (ALP; 598
U/L) and a decrease in the concentrations of glucose
(1.66 g/L), total protein (24 g/L) and total leukocytes
(10.4 x 10°/mm?). Mushi et al. (1998) also reported
similar findings of hypoglycaemia, hypoproteinaemia
and hypoalbuminemia, and increased ALP. At this stage,
the immune system can be severely compromised,
especially in cases of fungal infections, and secondary
infections may also develop (Ocal et al., 2000).

Post-mortem findings are marked by dehydration,
emaciation, and an enlarged, rigid, and doughy gizzard ek
which occupies most of the abdominal cavity with focal 0 7
haemorrhagic adhesions (Shwaluk and Finley, 1995;
Mushi et al., 1998). Other gastric lesions reveal oedema,
crosions (Yiksek et al., 2002), and haemorrhagic ulcers
as shown in Fig. 3.

| il |||||||||H|||||||| || [T il Il ||||||H||||||||||| || Il
2 3 4 5 6 7 8 9 10

cm

Figure 3. Thepost-mortemhacmorrhagiclesions (marked
byarrows) onthe gizzard wall of a 14month old adult ostrich,
©Authors
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Figure 4. The possible causes and risk factors and outcomes of gastric impaction in ostriches. Parts of Figure are adapted from
Langlois, (2003) and Brand and Olivier (2011)

In a histopathology study of gastric impacted
ostriches, Ocal et al. (2006) observed that the epithelial
lining of glands in the proventriculus was hyperplastic,
characterised by luminal buds and irregular
proliferation resulting in swelling of mucosa.
Hyperplasia was further confirmed by the presence
of a higher number of epithelial cells, showing that
approximately 90% of cells were actively dividing in
gastric impacted ostriches as compared to control where
this number was close to 35%. The authors attributed
those changes to the response to the physical strain on
the proventricular wall caused by impaction.

The presence of fluids in the intestine can be
observed in some cases when the feed passage is
blocked and the fluids are still passing through
the stomach (Sato et al., 1994). The intestinal
exudates are dark-coloured (Nagarajan et al., 2011)
and the mucosa shows haemorrhages (Kumar et al.,
2015; Ogbe et al,, 2016). Cloacal prolapse has also
been observed in impacted ratites (Tordanidis et al.,
2003; Akinrinmade and Eyarefe, 2011), especially in
mycotoxicosis-related impaction cases (Gulbahar et al.,
2000). However, there are other reasons of cloacal
prolapse also, for example, Cryptosporidium sp.
infestation (Santos et al., 2005).

The pericardium of the heart is oedematous and
contains gelatinised fatty tissue (Nagarajan et al., 2011),
with atrophy of coronary fat (Mushi et al., 1998). Hepatic
tissues may have sinusoidal congestion (Nagarajan et al.,
2011). Depending upon the cause of impaction,
the lesions may vary; for example, gastritis due to
the presence of parasites under the proventriculus
membrane (Iordanidis et al., 2003; Ocal et al., 2006;
Sédnchez-Ayala et al., 2018) and caseous nodules
resulting from tuberculosis and aspergillosis (igen et al.,
2011; Azizi et al., 2014; Bello et al., 2017).

Risk factors leading to gastric impaction

Impaction can be a simple obstruction of the GIT tract
or a complication originating from other diseases.
Generally, it is regarded as a management-related
problem, especially during young age or the rearing
period between three and six months (Verstappen,
1997; Mushi et al., 1998; Gulbahar et al., 2000; Zakeri
and Kashefi, 2011; Ogbe et al., 2016). Honnas et al. (1993)
reported that the median age of ostriches suffering
from impaction was 7.5 months ranging from few
weeks-old juveniles to 18-year-old adult ostriches. If
the birds are not properly managed, they are exposed
to stress, leading to ingestion of excessive food or
inedible material, ultimately leading to obstruction of
GIT (Huchzermeyer, 1999; Herniandez-Arroyave and
Bustamante-Cano, 2019). The following risk factors of
this obstructive disorder may influence its occurrence
singly or in complex combinations (Fig. 4).

Nexus of behaviour and stress

Ostriches differ in behaviour which is linked to the age
of birds, time of day, and season (Amado et al., 2011).
This curious bird picks on everything that appears
shiny or unusual to them (Huchzermeyer, 1997). This
pecking behaviour often leads to the ingestion of some
inedible materials which can cause gastric impaction
(Zakeri and Kashefi, 2011).

Apart from this curiosity-seeking behaviour,
ostriches often have peculiar behaviour during winter
months, causing serious problems in cases of extreme
confinement (Huchzermeyer, 1997). This abnormal
behaviour including dietary indiscretion and pica
may begin with inadequate husbandry techniques,
ultimately becoming a medical problem because of its
severity (Shanawany and Dingle, 1999).
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Dietary indiscretion is the tendency of ostriches
or other birds to peck at unusual materials and
ingest them (Samson, 1996) and these items are often
relatively small foreign objects not found in their
natural habitat, and therefore, mistakenly ingested
owing to a familiar flavour, or as simple curiosity
(Honnas et al., 1991; Gamble and Honnas, 1993).
Common ingested materials include whole sawdust,
sand and straw used as bedding, hardware used in pen
and fence construction, rocks, and grit. This behaviour
results in gizzard impaction, stasis (Huchzermeyer,
1997), and even perforation of GIT if sharp objects
are ingested (Stewart, 1991). Generally, it is believed
that ostriches eat only what is good for them, however,
the existence of so many impaction cases indicates
a tendency towards indiscriminate behaviour that
elicits obstructions (Shanawany and Dingle, 1999;
Hernandez-Arroyave and Bustamante-Cano, 2019).

On the other hand, pica is believed to be a behaviour
linked to mineral deficiency in birds (Samson, 1996).
The young ostrich birds ingest faeces of elder birds
as a natural behaviour, likely to enrich their healthy
intestinal microbiome, and obtain protein, fibres and
minerals (Shanawany and Dingle, 1999). Conversely,
in captivity, this behaviour could lead to ingestion of
excessive amounts of droppings (Deeming and Dick,
1995), especially when there is a confined space and
bedding is a hard substrate. As result of this behaviour,
the beak of chicks may become obstructed with faecal
material and microbial infections can lead to systemic
problems such as respiratory illnesses (Samson, 1996;
Deeming and Bubier, 1999).

Stress in birds renders them prone to many
undesirable outcomes which result in production
losses in poultry (Huchzermeyer, 1997).
The environmental stress factors include temperature,
humidity, handling, transport, stocking density, noise,
poor access to feed, hierarchical dominance, and
presence of predators around the farm (Deeming and
Bubier, 1999; Shanawany and Dingle, 1999; Bejaci and
Cheng, 2014; Navarro et al., 2019). These environmental
factors influence the feeding behaviour of ostriches
and can lead to development of conditions like pica
(Samson, 1996). Tf the birds are off feed due to any of
these stressful events, they start pecking on inedible
material which ultimately gets stuck in the stomach
(Honnas et al., 1991; Farzi, 1992; Gamble and Honnas,
1993; Huchzermeyer, 1997; Samson, 1997).

In a different scenario, when a bird obtains access
to feed after a long stressful pause, it starts gorging
food rapidly, increasing the danger of impaction
(Shanawany and Dingle, 1999). Shwaluk and Finley
(1995) also reported that stress-related gorging
with chopped alfalfa and straw (2-4 c¢m) caused
proventriculo-ventricular impaction in ostrich chicks.
Honnas et al. (1991) and Sato et al. (1994) reported
that transportation stress in young ostrich birds

was responsible for gorging and ultimately gastric
impaction.

Feed contamination and other predisposing biotic
factors

Feed and feeding are the most important factors in
the success of any farming system. The contamination
of feed with foreign objects such as rocks or nails leads
to impaction in ostriches (Shanawany and Dingle,
1999). Additionally, the lack of feed or water during
a proper routine and its location in the shed can render
birds to develop a habit of picking on inedible materials
(Deeming and Bubier, 1999; Yiiksek et al., 2002). This
type of situation severely stresses birds, leading to
an obstruction of the gizzard from ingestion of such
materials (Mushi et al., 1998). Dry matter and higher
fibre content, and bigger particle or chop sizes of these
fibres are also responsible for stomach obstruction
(Mushi et al., 1998).

Feed contamination with mycotoxins is also
a risk factor for impaction development in ostriches
(Fitzgerald and Moisan, 1995). Mycotoxicosis is one
of the major causes of mortality in ostrich farming
regions (Katz et al., 1996), and it is difficult to diagnose
and hinders treatment of individual ostriches
(Hereba et al., 2016). Systemic fungal infections cause
localised lesions in different systems (I¢en et al., 2011),
and induce stress in birds (Hereba et al., 2016). In
the case of the GIT tract, inflammation and granule
formation influence digestion and the absorption
process (Perelman and Kuttin, 1992; Jeffrey et al,,
1994; Gulbahar et al., 2000; Bello et al., 2017). Studies
have reported impaction occurring in ostrich chicks
as result of proventriculitis and ventriculitis caused
by zygomycotic fungi, e.g., Mucor spp., Aspergillus spp.,
and Penicillium spp. (Jeffrey et al., 1994; Gulbahar et al.,
2000). Sancak and Paracikoglu (2005) reported that
Aspergillus fumigatus caused infection of the respiratory
system and induced stress in ostrich chicks.
Consequently, ingestion of a large amount of gravel
blocked the passage from the proventriculus and
ventriculus, and the combination of both conditions
resulted in death. Similarly, concurrent aspergillosis
and impaction were reported in a 4-year-old ostrich
that was principally showing respiratory symptoms
(Azizietal., 2014).

Enteritis can be a predisposing factor for
the development of impaction, and it can also occur
because of gastric obstruction (Shanawany and
Dingle, 1999; Cooper, 2005). Stressful events in ostrich
production can influence the intestinal microbiome
of birds (Videvall et al., 2019a). When conditions are
favourable for certain opportunistic pathogens, they
can cause enteritis (Riaz et al., 2017). Many biotic
factors can cause inflammation of GIT; however,
the primary causes are bacteria e.g. Escherichia coli,
Campylobacter jejuni, Pseudomonas aeruginosa, Salmonella
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spp. and Clostridium spp. (Huchzermeyer, 1997;
Buergelt, 2000;Verwoerd, 2000; Videvall et al., 2019b).
Among these, enteritis due to Clostridium difficile and
Clostridium perfringens are common findings in neonatal
ostrich chicks (Samson, 1997; Cooper, 2005).

Endoparasites in GIT can block the flow of ingested
feed and result in impaction (Shanawany and Dingle,
1999; Cooper, 2005; Mendonca et al., 2010; Nemejc and
Lukesova, 2012). Some parasites may even perforate
the GIT; for example, Libyostrongylus douglassii resides
in the gastric layers of ostriches (Sdnchez-Ayala et al.,
2018) and heavy infestation of this parasite obstructs
feed passage, especially in young chicks (Shanawany
and Dingle, 1999).

Some viral diseases are also responsible for
impaction in ostriches. Jorgensen et al. (1998) found
that impaction of the proventriculus and gizzard
was a consistent finding in dead ostriches that were
later diagnosed with influenza A virus (H5N2) and
paramyxovirus type 1 infection. In another study,
paramyxovirus serotype 7 was isolated from a juvenile
ostrich that originally presented with impaction
complications (Woolcock et al., 1996). Similarly, an
investigation of gastric impaction and enteritis in
ostrich chicks led to isolation of infectious bursal
disease virus (Gough et al., 1998).

Treatment approaches

Once a bird is diagnosed with impaction, several
treatment options can be implemented depending
upon its severity. If the bird has a history of ingesting
objects or radiography confirms the ingestion of fibres
or small pieces of foreign materials, the objective of
therapy is to pass these materials from the stomach
(Shanawany and Dingle, 1999). Laxatives can serve this
purpose by breaking up the hard, congested mass of
impacted material. Feeding ostriches with a demulcent
like mineral oil (3-6 mL/kg body weight) along with
some purgative or laxative (i.e., psyllium or liquid
paraffin) for 2-3 days can help the affected birds recover
(Sato etal., 1994; Samson, 1997; Mushi et al., 1998; Zakeri
and Kashefi, 2011). Epsom salt (magnesium sulphate)
is another laxative for relieving partial obstructions in
ostriches (Shanawany and Dingle, 1999; Aganga et al,,
2003). The recovery rate depends on the severity of
the condition and choice of treatment (Table 1). For
example, multiple studies reported 100% recovery via
oral feeding of mineral oil (Sato et al., 1994; Zakeri and
Kashefi, 2011), but Yiiksek et al. (2002) showed that even
after using a combination of different medical therapies
(fluid therapy, antibiotics, multivitamins, and laxatives),
only 46% of impacted ostrich chicks survived.

If birds do not respond to the treatments mentioned
above, the impaction is considered an emergency
situation and requires surgery (Shanawany and Dingle,
1999). A decision of proventriculotomy can be made
based on an impaction diagnosis via palpation and

radiography or exploratory surgery can be performed
(Gamble and Honnas, 1993; Komnenou et al.,
2003). Mushi et al. (1998) recommended that
proventiculotomy can be attempted at the earliest stages
of impaction. Delay of a surgical decision can lead to
GIT atony, ulceration, and candidiasis of proventriculus
(Stewart, 1991). Moreover, ostriches at later stages
of impaction are already emaciated and they do not
survive the stress of a surgical intervention (Munir et al.,
2015; Ogbe et al., 2016). Stewart (1991) reported that
after early detection, chicks could be brought back
to the flock just a day after surgery. Shwaluk and
Finley (1995) reported a successful surgery with good
prognosis when a 15-day-old ostrich chick presented at
the hospital with a 12-hour history of emaciation, poor
activity, scant faeces, and not responding to treatment
with mineral oil. In a retrospective study involving 21
surgeries, Verstappen (1997) reported that two-thirds of
the ostriches treated with a modified proventriculotomy
approach recovered successfully, whereas the survival
rate from conservative therapy (fluid therapy, forced
feeding via oesophageal tube if needed and use of
broad spectrum antibiotics) was 86% after 14 days of
follow-up. This difference in prognosis is difficult to
explain because of the distinct clinical conditions of
birds.

In all types of impactions, whether they require
surgical treatment or not, managing stress and
dehydration is important (Verstappen, 1997). For this
purpose, parenteral or oral fluid supplementation
together with supportive therapy is recommended
in affected birds (Deeming, 1999; Yiiksek et al., 2002;
Komnenou et al., 2003). Studies state that birds recover
from severe impaction with just symptomatic treatment
including 5% dextrose and 0.9% saline solution, vitamin
B-complex, and oxytetracycline or amoxicillin plus
clavulanic acid, or metamizole and liquid paraffin
for 2-5 days (Yitksek et al., 2002; Ogbe et al., 2016).
Similarly, antibiotic therapy, fluid therapy (Lactated
Ringer’s solution), supplementation (antioxidants),
and soft food are recommended for surgically treated
ostriches (Shwaluk and Finley, 1995; Verstappen, 1997;
Komnenou et al., 2003; Munir et al., 2015).

As impaction can occur simultaneously with
mycotoxicosis (Sancak and Paracikoglu, 2005)then a
treatment of fungal infection is also needed. Common
anti-fungal agents including nystatin, amphotericin-B,
flucytosine, ketoconazole, itraconazole, fluconazole,
and enilconazole are used for treatment of aspergillosis
(fgen et al.,, 2011). Focal aspergillosis shows a better
response to treatment; however, the generalised
form which may involve impaction requires a longer
treatment period (Sancak and Paracikoglu, 2005).
Igen et al. (2011) reported that the treatment with
amphotericin B and a commercial biostarter [Akpe
Biyomaya ingredient (SCC 3.5 x 10 CFU, Active
Clinoptilolite 500.000 mg, Biotin 1.3 (U/g), Thiamine
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60-100 (U/g), Riboflavin 35-50 (U/g), Pantothenate, 70
(U/g), Folic acid 5-13 (U/g), Choline 4.000 (U/g), Niacin
300-500 (U/g)], in aspergillus-infected ostrich chicks,
showed good outcomes.

Control and prevention

Impaction is caused by both direct and indirect factors
and they should be addressed accordingly. Direct factors
are ingestion of feed and foreign objects (Deeming
and Bubier, 1999). Bigger fibres and particle sizes,
and high dry matter content should be avoided; it is
recommended to chop the fodder into smaller sizes
depending upon the age of bird (Shanawany and Dingle,
1999). The farm area should be kept free of small-sized
foreign materials that could be accidentally ingested. As
the birds eat bedding material (Munir et al., 2015, 2019a,
2019b; Sato et al., 1994), covering the bedding of juvenile
birds can avoid ingestion of sand or other bedding
material, or even the faeces of elder birds (Mushi et al.,
1998; Nagarajan et al., 2011). In addition, special care
should be given when birds are shifted from one type of
bedding to another (Yitksek et al., 2002; Akinrinmade
and Eyarefe, 2011), especially if it is a completely
different type of bedding material. Mushi et al. (1998)
reported that shifting of ostriches from concrete to sand
bedding caused sand impaction. To prevent excessive
pica and encourage birds to eat offered feed, facces
and inedible foreign materials should be removed
from pens on a regular basis, and chicks should be
provided with toys or appropriate fibrous material in
small amounts for pecking (Deeming and Dick, 1995;
Farzi, 1992). In an experimental study it was observed
that shifting the adult ostriches to newer pens reduced
the sand consumption behaviour, probably because
they spent more time in exploring the new environment
and marking their territory (Yen, 2008). Mushi et al.
(1998) stated that impaction cases decreased when
birds had adequate access to feed. Chicks learn to eat
under natural wild conditions by copying their parents’
feeding behaviour (Aganga et al., 2003). Therefore,
similar arrangements should be maintained in captivity,
such that a foster mother (Mukhtar et al., 2017) or
a well-trained bird that is just a few days older may be
put in with flocks of younger birds (Aganga et al., 2003).
Tn addition, green fodder and green-coloured feeding
trays are usually preferred by ostriches and their use
enhances feed consumption resulting in good efficiency
of feeding.

Indirect factors are influencers that can either
cause stress in birds or induce impaction as
a secondary situation (Deeming and Bubier, 1999).
Firstly, stress causes improper ingestion of feed and
foreign materials, therefore it is recommended to
keep the birds stress-free, and give special attention
to birds in any unwanted stressful events (Samson,
1996; Shanawany and Dingle, 1999; Cooper, 2005;
Igbal et al., 2015). The stress-causing factors may be

noise, fear of predators, diseases, climatic conditions,
and malnutrition. Avoiding these situations can help to
keep the impaction problem at a minimum. Moreover,
gentle human interactions with ostrich chicks at
early age can be beneficial in reducing sensitivity to
physiological stress and increasing their ability to
distinguish between familiar and unfamiliar handlers
(Muvhali et al., 2018, 2020). Therefore, a clothed
dummy can be placed in the chicken runs to give
the impression of security (Mushi et al., 1998). Apart
from these measures, the birds should be provided
with space for running and exercise which also reduces
the danger of impaction by increasing intestinal motility
and blood circulation (Shanawany and Dingle, 1999).
Stress due to pathogens and diseases can be
minimised by addressing each agent accordingly.
Mould-free feed is a good way to avoid mycosis-related
impaction (Sancak and Paracikoglu, 2005; icen et al.,
2011). If mould contamination is expected due
to seasonal conditions, the birds should be fed
toxin binders in their feed. Birds may develop
behaviours of anorexia and adipsia after exposure to
mycotoxin-contaminated feed, therefore this issue
should be prevented to avoid production losses.
Prophylactic anti-parasitic therapy is also a good
option to reduce parasitic burden. However, these
drugs should be administered after a positive diagnosis
to avoid pathogenic drug resistance (Nemejc and
Lukesova, 2012). In the case of enteric infections in
a flock, preventive measures of providing antioxidants
and digestible feed must be ensured (Rehman and
Munir, 2015). Probiotics can also be given to improve
healthy intestinal microbiome (Riaz et al., 2017).

CONCLUSIONS

The impaction affects the ostriches of all ages, however,
the juveniles are at higher risk. The abnormal ingestion
of feeding and non-feeding materials are the main causes
of impaction and it is inflicted by various stressors
such as, noise, bedding, leg deformities, infections and
parasitic infestations.

After successfully diagnosing the impaction via
palpation or radiography, the medicinal or surgical
treatments can reduce morbidity and mortality rates
along with improvement of welfare of birds. However,
further studies are needed to provide a risk benefit
analysis of treatments to establish the economic value of
these remedies.

Preventive measures are mainly linked to
management practices, which are supposed to reduce
stress and the availability of inedible objects at an
ostrich farm or sanctuary. Meanwhile, behaviour related
feeding training of ostriches by leaving the chicks with
elder birds or foster parents can reduce the chances of
impaction. The young ostriches also require attention
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of handlers, and dummies can serve this purpose to
some extent.

Future studies should explore the predisposing
factors of genetics of birds and the intestinal microbial
diversity, which could have a potential influence on
the occurrence of impaction in ostriches.

CONFLICT OF INTEREST

We declare that there is no conflict of interest.

REFERENCES

Aganga A. A., Aganga A. O., Omphile U. J. (2003):
Ostrich feeding and nutrition. Pakistan Journal of
Nutrition 2: 60-67.

Akinrinmade J. F, Eyarefe O. D. (2011): Rectal prolapse
in an emu (Dromaius novaehollandiae): A case report.
Nigerian Veterinary Journal 32: 249-251.

Amado M. F,, Xavier D. B., Boere V., Torres-Pereira C.,
McManus C., Bernal F. E. M. (2011): Behaviour of
captive ostrich chicks from 10 days to 5 months of age.
Revista Brasileira de Zootecnia 40: 1613-1618.

Aslan L., Karasu A., Ozkan C., Duz E., Kaya A., Akgul
Y. (2009): Medical and surgical treatment of gastric
impaction in juvenile ostriches. Journal of Animal
and Veterinary Advances 8: 1141-1144.

Azizi S., Ghalebi S. R., Kheirandish R., Ghasemi N.,
Mohajeri F. A. (2014): Aspergillosis and proventricular
impaction in an ostrich (Struthio camelus). Journal of
Coastal Life Medicine 2: 662-664.

Bejaei M., Cheng K. M. (2014): Effects of pretransport
handling stress on physiological and behavioral
response of ostriches. Poultry Science 93: 1137-1148.

Bello A, Frei S., Peters M., Balkema-Buschmann A.,
Baumgirtner W., Wohlsein P. (2017): Spontaneous
diseases in captive ratites (Struthioniformes) in
northwestern Germany: A retrospective study. PloS
One 12,¢e0173873.

Bonadiman S. F., Stratievsky G. C., Machado J. A,
Albernaz A. P, Rabelo G. R., DaMatta R. A. (2009):
Leukocyte ultrastructure, hematological and serum
biochemical profiles of ostriches (Struthio camelus).
Poultry Science 88: 2298-2306. doi: 10.3382/
ps.2009-00176

Brand T., Olivier A. (2011): Ostrich Nutrition and
Welfare. In: Glatz P.,, Lunam C., Malecki I. (eds)
The Welfare of Farmed Ratites. Animal Welfare,
vol 11. Springer, Berlin, Heidelberg. https://doi.
org/10.1007/978-3-642-19297-5_5

Buergelt C. D. (2000): Diseases of Ostriches and Other
Ratites. Journal of Wildlife Diseases 36: 599. doi:
10.7589/0090-3558-36.3.599

Cooper R. G. (2005): Bacterial, fungal and parasitic
infections in the ostrich (Struthio camelus var.
domesticus). Animal Science Journal 76: 97-106.

Deeming, D. C. (1999): The Ostrich: Biology, Production
and Health (First edition). Wallingford, Oxon, UK;
New York, NY, USA: CABL

Deeming, D. C., Bubier, N. E. (1999): Behaviour in
natural and captive environments. The ostrich:
biology, production and health.(Ed. DC Deeming) pp.
83-104.

Deeming D. C., Dick A. C. (1995): Ingestion of metal
objects by ostriches (Struthio camelus). Veterinary
Record 137:99-100.

Durgun Z., Keskin E., Col R., Atalay B. (2005): Selected
haematological and biochemical values in ostrich
chicks and growers. Archiv fur Gefligelkunde 69:
62-66.

Farzi E. E. (1992): Crucial elements to be considered
for the first 30 days of the ostrich chick’s life. Ostrich
News 5:33-34.

Fitzgerald S. D., Moisan P. G. (1995): Mycotic rhinitis in
an ostrich. Avian Diseases 39: 194-196.

FrascaJr S., Khan M. I. (1997): Multiple intussusceptions
in a juvenile rhea (Rhea americana) with proventricular
impaction. Avian Diseases 41: 475-480.

Gamble K. C., Honnas C. M. (1993): Surgical correction
of impaction of the proventriculus in ostriches.
Compendium on Continuing Education Practising
Veterinarian 15: 235-244.

Gough R. E., Drury S. E., Cox W. J,, Johnson C. T,
Courtenay, A. E. (1998): Isolation and identification
of birnaviruses from ostriches (Struthio camelus).
The Veterinary Record 142: 115-116. doi: 10.1136/
vr.142.5.115

Gulbahar M., Agaoglu Z., Biyik H., Yuksek N. (2000):
Zygomycotic proventriculitis and ventriculitis in
ostriches (Struthio camelus) with impaction. Australian
Veterinary Journal 78: 247-249. doi: 10.1111/
j-1751-0813.2000.tb11744.x

Hereba A. M., Shathele M. S., Hamouda M. A. (2016):
Studies on experimental infection with Aspergillus
fumigatus in ostrich chicks. Journal of Animal and
Plant Sciences 26: 1609-1613.

Hernandez-Arroyave W., Bustamante-Cano J. J. (2019):
Natural poisoning of ostriches due to excessive
consumption of Samanea saman fruits in Colombia
[Intoxicacién natural de avestruces por consumo
excesivo de frutos de Samanea saman en Colombia].
Revista de Investigaciones Veterinarias del Perd 30:
1805-1810. doi: 10.15381/rivep.v30i4.17171

Honnas C. M., Blue-McLendon A., Zamos, D. T., Parson
E., Jensen J. (1993): Proventriculotomy in ostriches:
18 cases (1990-1992). Journal of the American
Veterinary Medical Association 202: 1989-1992.

Honnas C. M., Jensen J., Cornick J. L., Hicks K., Kuesis
B. S. (1991): Proventriculotomy to relieve foreign
body impaction in ostriches. Journal of the American
Veterinary Medical Association 199: 461-465.

Huchzermeyer F. W. (1997): Behaviour problems in
farmed birds. BODA Ostrich News 6: 17-21.

170



AGRICULTURA TROPICA ET SUBTROPICA

VOL. 53(4) 2020

Huchzermeyer F. W. (1999): Veterinary Problems.
The Ostrich: Biology, Production and Health
(pp- 293-320). Wallingford, Oxon, UK ; New York,
NY, USA.

Icen H., Isik N., YesiLmen S., Tuzcu M., Seki N S.
(2011): Diagnosis and Treatment of Aspergillosis
in An Ostrich Flock [Bir Deve Kugu Strisiinde
Aspergillozis'in Teshis ve Tedavisi]. Kafkas
Universitesi Veteriner Fakultesi Dergisi 17: 671-674.
doi: 10.9775/kvid.2011.3594

Tordanidis P. I., Papazahariadou M. G., Georgiades G.
K., Papaioannou N. G., Frydas S. E. (2003): Cloacal
prolapse in ostrich chicks with histomoniosis.
Veterinary Record 153: 434-435. doi: 10.1136/
vr.153.14.434

Igbal A., Javed M. T., ul Hassan M., Khan I. A., Munir
M. T. (2015): Serobiochemical changes induced by
various concentrations of ethanol through drinking
water in broiler chicks. Veterinaria 3: 18-21.

Jacobson E. R., Ellison G. W,, McMurphy R., Heard D.
J., Ackerman N. (1986): Ventriculostomy for removal
of multiple foreign bodies in an ostrich. Journal of
the American Veterinary Medical Association 189:
1117-1119.

Jeffrey J. S., Chin R. P, Shivaprasad H. L., Meteyer C. U,
Droual R. (1994): Proventriculitis and ventriculitis
associated with zygomycosis in ostrich chicks. Avian
Diseases 38: 630-634.

Jorgensen P. H., Nielsen O. L., Hansen H. C., Manvell
R. J., Banks J., Alexander D. J. (1998): Isolation
of influenza a virus, subtype H5N2, and avian
paramyxovirus type 1 from a flock of ostriches in
Europe. Avian Pathology 27: 15-20. Taylor & Francis.
doi: 10.1080/03079459808419269

Katz M. E., Love S. C., Gill H. S., Cheetham B. F. (1996):
Development of a method for the identification, using
the polymerase chain reaction, of Aspergillus fumigatus
isolated from ostriches. Australian Veterinary Journal
74:50-54. doi: 10.1111/j.1751-0813.1996.tb13735.x

Komnenou A. T., Georgiades G. K., Savvas 1., Dessiris
A. (2003): Surgical treatment of gastric impaction in
farmed ostriches. Journal of Veterinary Medicine:
series A 50: 474-477. doi: 10.1046/j.1439-0442.2003.0
0584.x

Kumar V. P, Manjunath S. P,, Gowda C. T. C., Aswartha
G., Kumar V. P. (2015): Gizzard impaction in emu bird:
necropsy report. Research Opinions in Animal and
Veterinary Sciences 5: 1-2.

Lamglait B. (2018): Retrospective study of mortality in
captive struthioniformes in a French zoo (1974-2015).
Journal of Zoo and Wildlife Medicine 49: 967-976.
doi: 10.1638/2015-0210.1

Langlois, I. (2003): The anatomy, physiology, and
diseases of the avian proventriculus and ventriculus.
Veterinary Clinics: Exotic Animal Practice 6: 85-111.

Mendonga J. F. P, Lopes S. Q., Aichinger A., Horta
A. C., Siqueira A. M., Carvalho L. B., Resende

J. S., Martins N. R. S. (2010): Ostrich (Struthio
camelus) gastric diseases in Minas Gerais, Brazil,
from 1997 to 2009. Arquivo Brasileiro de Medicina
Veterinaria e Zootecnia 62: 1263-1266. doi: 10.1590/
S0102-09352010000500033

Mukhtar N., Gazala, Mirza M. W. (2017): Understanding
of Social and Mating Behaviour of Ostrich (Struthio
camelus). Journal of World’s Poultry Research 7(2):
72-78.

Munir M. T., Federighi M., Trle M., Belloncle C. (2019a):
Wood-based bedding in poultry production: a review.
World’s Poultry Science Journal 75: 5-16. doi: https://
doi.org/10.1017/S0043933918000909

Munir M. T., Belloncle C., Irle M., Federighi M. (2019b):
Wood-based bedding material in animal production:
a minireview. Approaches in Poultry, Dairy and
Veterinary Sciences 6: 582-588.

Munir M. T, Zafar M. A., Mukhtar N., Yousaf A., Anjum
M.S., Umar S., Arif M. (2015): Intramedullary Fixation
Approach to Tibiotarsal Fracture in Ostrich (Struthio
camelus): 2 Case Report. Veterinaria 3: 28-31.

Mushi E.Z., Binta M. G., Chabo R. G.,Isa J. F. W, Kapaata
R. W. (1999): Selected Hematologic Values of Farmed
Ostriches (Struthio camelus) in Botswana. Journal of
Veterinary Diagnostic Investigation 11: 372-374. doi:
10.1177/104063879901100415

Mushi E. Z., Isa J. F, Chabo R. G., Binta M. G., Modisa
L., Kamau J. M. (1998): Impaction of the stomachs in
farmed ostriches (Struthio camelus) in Botswana. Avian
Diseases 42: 597-599.

Muvhali P. T., Bonato M., Engelbrecht A., Malecki I. A.,
Cloete S. W. P. (2020): Extensive human presence and
regular gentle handling improve growth, survival
and immune competence in ostrich chicks. Journal
of Applied Animal Welfare Science 23: 95-107. doi:
10.1080/10888705.2019.1640696

Muvhali P. T., Bonato M., Engelbrecht A., Malecki I. A.,
Hough D., Robinson J. E., Evans N. P, Cloete S. W. P.
(2018): The Effect of Extensive Human Presence at
an Early Age on Stress Responses and Reactivity of
Juvenile Ostriches towards Humans. Animals 8: 175.
doi: 10.3390/2ani8100175

Nagarajan K., Selvaraj J., Balakrishnan G., Roy P., Selvan
S. T.,, Veeramani P, Balachandran C., Thyagarajan
D., Muralimanohar B. (2011): Sand impaction
in an ostrich (Struthio camelus): Pathological and
histopathological study. International Journal for
Agro Veterinary and Medical Sciences 5: 64-72.

Navarro J. L., Léeche A., Della Costa N. S., Vera
Cortez M., Marin R. H., Martella M. B. (2019):
State of the art knowledge in adrenocortical and
behavioral responses to environmental challenges
in a threatened South American ratite: Implications
to in situ and ex-situ conservation. General and
Comparative Endocrinology, Endocrinology of
Neotropical Vertebrates 273: 52-60. doi: 10.1016/j.
ygeen.2018.04.012

171



AGRICULTURA TROPICA ET SUBTROPICA

VOL. 53(4) 2020

Nemejc K., Lukesova D. (2012): Parasite Fauna
of Ostriches, Emus and Rheas. Agricultura
Tropica et Subtropica 45: 45-50. doi: 10.2478/
v10295-012-0007-6

Ocal N., Karahan S., Atmaca T. (2006): Proliferative
response by the ostrich proventriculus in idiopathic
gastric stasis: a case report. Acta Veterinaria Hungarica
54:213-220. doi: 10.1556/AVet.54.2006.2.8

Ogbe A. O., Abalaka S. E., Sani N. A., Tenuche O.,
Adikpe O. A., Umeakuana P. U., Omamegbe J. O.,
Olayemi O. D. (2016): Proventricular-Ventricular
Impaction in two ostrich chicks (Struthio camelus).
Journal of Animal Science and Veterinary Medicine 1:
95-99. doi: 10.31248/JASVM2016.031

Ouzzani M., Hammady H., Fedorowicz Z., Elmagarmid
A. (2016): Rayyan—a web and mobile app for
systematic reviews. Systematic Reviews 5. doi:
10.1186/s13643-016-0384-4

Perelman B., Kuttin E. (1992): Zygomycosis in
ostriches. Avian Pathology 21: 675-680. doi:
10.1080/03079459208418889

Pittaway T., Niekerk P. van. (2015): Horizon-Scanning
the Ostrich Industry with Bibliometric Indicators.
African Journal of Agricultural and Resource
Economics 10: 64-71.

Polat U., Cetin M., Ak 1., Balci F. (2004): Detection of
serum protein fractions and their concentrations
in laying and nonlaying ostriches (Struthio camelus)
fed with different dietary protein levels. Revue de
médecine vétérinaire 155: 570-574.

Rehman Z., Munir M. T. (2015): Effect of garlic on
the health and performance of broilers. Veterinaria 3:
32-309.

Reys A. (2018): Envol et retombées de la filiere autruche.
Etudes Rurales 202: 178-203.

Riaz A., Umar S., Munir M. T., Tariq M. (2017):
Replacements of Antibiotics in the Control of
Necrotic Enteritis: A Review. Science Letters 5:
208-216.

Samson J. (1996): Behavioral problems of farmed
ostriches in Canada. The Canadian Veterinary Journal
37:412-414.

Samson J. (1997): Prevalent diseases of ostrich chicks
farmed in Canada. The Canadian Veterinary Journal
38:425-428.

Sancak A. A., Paracikoglu J. (2005): Aspergillosis and
gastric impaction in an ostrich. Turkish Journal of
Veterinary and Animal Sciences 29: 933-935.

Sinchez-Ayala J. R., Cruz-Mendoza 1.,
Figueroa-Castillo J. A., Vital-Garcia C. (2018): First
report of Libyostrongylus douglassii (Strongylida:
Trichostrongylidae) in ostriches (Struthio camelus) from
Mexico. Veterinary Parasitology: Regional Studies and
Reports 12: 31-34. doi: 10.1016/j.vprsr.2018.01.007

Santos M., Peiré J. R., Meireles M. V. (2005):
Cryptosporidium infection in ostriches (Struthio
camelus) in Brazil: clinical, morphological

and molecular studies. Brazilian Journal of
Poultry Science 7: 113-117. doi: 10.1590/
S$1516-635X2005000200008

Sato Y., Yasuda J., Sinsungwe H., Chimana H., Sato
G. (1994): An occurrence of stomach impaction
in ostriches (Struthio camelus) on a farm in Zambia
associated with high mortality. The Journal of
Veterinary Medical Science 56: 783-784. doi: 10.1292/
jvms.56.783

Sen S., Albay M. K. (2003): Fatal impaction of
the stomach in two farmed ostriches. Irish Veterinary
Journal 56:317-318.

Shanawany M. M., Dingle J. H. (1999):Ostrich
Production Systems. FAO Animal Production and
Health Paper 144. Part 1. ISBN 92-5-104300-0

Shwaluk T. W., Finley D. A. (1995):
Proventricular-ventricular impaction in an ostrich
chick. The Canadian Veterinary Journal 36: 108-109.

Siwela A. H., Shonhai A., Foggin C. M., Revol B. (2000):
Establishment of baseline values of copper, zinc and
manganese in ostriches in Zimbabwe: A preliminary
study. Zimbabwe Veterinary Journal 31: 57-64. doi:
10.4314/zvj.v31i2.5358

Speer B. (2000): Ratite medicine and surgery.
Proceedings of the North American Veterinary
Conference (Vol. 20, pp. 1593-1597). Orlando,
Florida.

Stewart J. (1994): Ratites. In B. W. Ritchie, G. J. Harrison,
L. R. Harrison (Eds.), Avian Medicine: Principles and
Application (pp. 1284-1326). Lake Worth, Florida:
Zoological Education Network.

Stewart J. S. (1991): A Simple Proventriculotomy
Technique for the Ostrich. Journal of the Association
of Avian Veterinarians 5: 139-141. doi:
10.2307/27671039

Verstappen F. A. L. M. (1997): Proventriculotomy
in 21 ostriches, a retrospective study.
Veterinary Quarterly 19(suppl.1), 62-63. doi:
10.1080/01652176.1997.9694819

Verstappen F. A. L. M., Lumeij J. T., Bronneberg R.
G. G. (2002): Plasma chemistry reference values in
ostriches. Journal of Wildlife Diseases 38: 154-159.
doi: 10.7589/0090-3558-38.1.154

Verwoerd D. J. (2000): Ostrich disecases. Revue
Scientifique et Technique (International Office of
Epizootics) 19: 638-661. doi: 10.20506/rst.19.2.1235

Videvall E., Song S. J., Bensch H. M., Strandh M.,
Engelbrecht A., Serfontein N., Hellgren O., Olivier
A., Cloete S., Knight R., Cornwallis C. K. (2019a):
Major shifts in gut microbiota during development
and its relationship to growth in ostriches. Molecular
Ecology 28:2653-2667. doi: 10.1111/mec.15087

Videvall E., Song S. J., Bensch H. M., Strandh M.,
Engelbrecht A., Serfontein N., Hellgren O., Olivier
A., Cloete S., Knight R., Cornwallis C. K. (2019b):
Early-life gut dysbiosis linked to mass mortality in
ostriches. bioRxiv, 841742. doi: 10.1101/841742

172



AGRICULTURA TROPICA ET SUBTROPICA VOL. 53(4) 2020

Woolcock P. R., Moore J. D., McFarland M. D., Panigrahy ~ Yiiksek N., Agaoglu Z., KayaA., Aslan L., Erdogan H.
B. (1996): Isolation of paramyxovirus serotype 7 from M., Akgul Y. (2002): Stomach Impaction in Ostriches
ostriches (Struthio camelus). Avian Diseases 40: 945-949. (Struthio camelus): Blood Chemistry, Hematology, and

Yen J. (2008): Ostrichs and Consumption at the Wildlife Treatment. Avian Diseases 46: 757-760.
and Exotic Animal Center: Breaking the Habit. In  Zakeri A., Kashefi P. (2011): Zakeri, A., Kashefi, P. (2011).
F. Boadu, V. Salin, and A. Hawkins (Eds.): Student Proventricular-Ventricular Impaction in Ostrich
Exemplary Works Publication (Vol. 3, pp. 21-35). (Struthio camelus). World Journal of Zoology 6: 424-426.
Texas A&M University: College of Agriculture and World Journal of Zoology 6: 624-626.

Life Sciences.
Received: April 21,2020

Accepted after revisions: October 11,2020

173



