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A B S T R A C T

Determination of the chick embryonic developmental period at which embryonic mortalities occur could help in
establishing the cause of such mortalities. The late stage of embryonic development has particular importance due
to its dramatic effect on life after hatching. This study was conducted to investigate the occurrence, frequency and
bacterial isolates from dead-in-shell chick embryos in Northern Jordan. A total of 1,000 unhatched eggs were
collected at hatching day from 10 hatcheries located in Northern Jordan. Out of 1,000 eggs, 357 (35.7%) were
fertile, of which 210 (58.8%) were dead-in-shell embryos. Approximately 50.5% of the dead embryos displayed
abnormalities, including neck muscles with subcutaneous petechial haemorrhages (44.3%), beak abnormalities
(3.8%), eye deformities (1.9%) and anencephaly (0.5%). Sixty-six bacterial isolates were identified from 82
samples from the dead-in-shell embryos. The isolates were 22 (33.3%) Escherichia coli, 18 (27.3%) Klebsiella
pneumoniae, 14 (21.2%) Staphylococcus aureus, 5 (7.6%) Pseudomonas aeruginosa, 4 (6.1%) Salmonella enteritidis, 2
(3%) Bacillus cereus and 1 (1.5%) Proteus vulgaris. Mixed growth was also recorded in 16 (19.5%) samples. There
was a significant (P < 0.05) association between Escherichia coli as a bacterial isolate and the occurrence of neck
and beak abnormalities. In this study, infection of check embryos with several bacterial species, particularly
Escherichia coli, was identified as an important cause of multiple congenital abnormalities involving the neck and
beak of unhatched chicks.
1. Introduction

Chick embryo development consists of three distinctive periods:
early, middle and late. More than 65% of total chick embryo mortality
occurs during the early and late periods [1, 2]. Embryonic mortality can
be caused by genetic or environmental factors [3]. Late phase mortality
generally coincides with the period of highest demand for efficient res-
piratory gas exchange [4]. Other main causes related to high mortality
are the conditions of incubation, nutritional deficiencies and malforma-
tion [5]. Previously, bacteriological examination of dead-in-shell em-
bryos has demonstrated that different bacterial isolates could be
implicated in such embryonic mortalities including Salmonella spp.,
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Escherichia coli (E. coli), Staphylococcus spp., Streptococcus spp., Pseudo-
monas spp., Proteus spp., Bacillus subtilis, Klebsiella spp., Micrococcus spp.
and Mycoplasma spp [6].

Northern Jordan contains 10 (23%) of the 43 hatcheries in the
country that have a total capacity of 8 million chicks/year; they
represent about 3.2% of the total annual chick production in Jor-
dan. There are no studies to describe the rate and causes and
conditions associated with dead-in-shell chick embryos in Jordan.
Therefore, this study highlights the frequency and developmental
abnormalities of dead-in-shell embryos, and the most common
bacterial isolates associated with them, in hatcheries located in
Northern Jordan.
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2. Materials and methods

2.1. Ethical approval

The study protocol was reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC) of the Jordan University of
Science and Technology (JUST).
2.2. Study area collection of eggs

A total of 1,000 unhatched eggs were randomly collected at the
hatching day (21–21.5 days of incubation) from 10 commercial
hatcheries in Northern Jordan. The total samples collected per
hatchery ranged between 60 and 180 eggs. Eggs originated from
Hubbard breeder flocks with an age from 30 to 64 weeks. Hatchery
records were also reviewed to determine the hatchability percentage.
Eggs were transported in an ice box and were examined within 24 h
after collection.
2.3. Examination of unhatched eggs

Unhatched eggs were candled upon arrival to the laboratory to
separate cracked from intact eggshells and to determine eggs with no
embryonic development from eggs with developing embryos. The
breakout procedure and fertility analysis were carried out according
to defined criteria [7, 8]. Briefly, egg surfaces were swabbed using
70% alcohol and precautions were taken to prevent contamination of
the embryos when eggs were opened from the top of the air cell. The
eggs were carefully inspected for any abnormalities. Eggs with shell
abnormalities and breaks were excluded. Dead embryos were classi-
fied according to their developmental age into three categories: 0–7
days (early dead): small in size, usually a decomposing embryo; 8–14
days (mid dead): more developed embryo and larger in size
compared with early dead, feather tracts had appeared; and 15–21
days (late dead: embryo occupies most of the space within the egg).
Dead-in-shell embryos were carefully examined to record any em-
bryonic deformities. Egg contents were gently poured into sterile
Petri dishes for further examination.
2.4. Bacteriological isolation and identification

Cracked eggs were excluded from bacterial examination. A total of 82
out of 210 dead-in-shell chick embryos were randomly selected and
subjected to bacterial isolation. Swab samples from unabsorbed yolk sac,
liver, heart, lungs and apparent lesions found in the dead-in-shell em-
bryos were aseptically obtained for bacterial culture [9]. A 0.1% buffered
peptone solution was used as a diluent to prepare direct inoculum on
nutrient agar, blood agar andMacConkey agar plates (Oxoid, Hampshire,
UK). The plates were then incubated at 37 �C for 18–24 h. Bacterial
identification was carried out based on colony morphology, Gram
staining characteristics and biochemical tests using commercially avail-
able kits and reagents. Pseudomonas aeruginosa was identified and
confirmed using API 20 NE strips typing system (BioMerieux, France)
[10]. E. coli and Klebsiella pneumoniawere identified using the API 20E kit
(BioMerieux) [11, 12]. Staphylococcus aureus was identified according to
Rosario et al. [13] For salmonella isolation, swabs were immersed in
tetrathionate broth as an enrichment medium followed by separation on
selective XLD medium and slide agglutination polyvalent O and H kit
(Oxoid) and were further confirmed using polymerase chain reaction
(PCR) as described by Woodward and Kirwan [14]. PCR was conducted
using two primer pairs, namely ST11 and ST15, which are specific for
Salmonella spp., [15], and Sef167 and Sef478, which specifically detects
the sefA gene that encode the major fimbrial protein sefA in Salmonella
enteritidis. [14].
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2.5. Histological examination

Skeletal muscle tissue samples were collected from the neck region of
normal embryos as well as embryos with neck deformities and fixed in
10% buffered formalin for 24 h. The tissues were processed routinely for
histopathological examination [16].

2.6. Statistical analysis

The chi-square and Fisher's exact tests (SPSS software, version 23;
IBM, Armonk, NY, USA) were used to determine the significance
regarding proportions and associations between the recorded abnor-
malities and bacterial isolates.

3. Results

The hatchability rate of the sampled hatcheries ranged from 59% to
76% (mean ¼ 69.4%, median ¼ 72%). The total percentage of hatch-
ability losses because of early, mid and late dead-in-shell embryos ranged
was 17%–22%, with a mean of 19.5% and median of 21.5%.

Out of the 1,000 unhatched eggs, 357 (35.7%) were fertile and con-
tained dead embryos of various stages of development. Of the 357 dead-
in-shell embryos, 100 (28%) eggs were early (first week), 47 (13.2%)
were mid (second week) and 210 (58.8%) were late dead-in-shell em-
bryos. Of the late dead-in-shell embryos, 106/210 (50.5%) were found to
have developmental anomalies. The most encountered anomaly was neck
muscle with subcutaneous petechial haemorrhages in 93 out of 210
(44.3%) dead-in-shell chicks. There were also beak abnormalities (bra-
chygnathia) in 8/210 (3.8%), eye deformities in 4/210 (1.9%) and skull
deformities (anencephaly) in 1/210 (0.5%). Thickened outer and inner
shell membrane, which appeared as a white thick tissue, were observed
only in 3/210 (1.4%).

3.1. Bacteriological culture

Sixty-six bacterial isolates (80%) were recovered from a total of 82
randomly cultured samples of the dead-in-shell embryos. The isolates
were 22 (33.3%) E. coli, 18 (27.3%) K. pneumoniae, 14 (21.2%) S. aureus,
5 (7.6%) P. aeruginosa, 4 (6.1%) S. enteritidis, 2 (3%) Bacillus cereus and
one (1.5%) Proteus vulgaris. Mixed growth was also recorded in 16 sam-
ples (19.5%). S. aureus and E. coli were present in most of the mixed
growth cultures, representing 42% and 29% of the total isolates,
respectively.

There was a significant (P ˂ 0.05) association between the occurrence
of neck and beak abnormalities and isolation of E. coli from dead-in-shell
embryos (Table 1). E. coli was isolated from neck lesions in 70% of
examined embryos. No other bacterial isolates were recovered from neck
or head lesions nor from the livers, heart or lungs of dead-in-shell
embryos.

3.2. Pathological examination

The gross appearance of the neck abnormalities in dead-in-shell
chicks is presented in Figure 1. The affected necks exhibited diffuse
and extensive haemorrhages that involved most of the dorsal parts of the
neck and extended cranially towards the skull and both sides of the face.
Histologically, the examined skeletal muscles from the non-affected
necks showed normal morphology with no prominent histopathological
lesions (Figure 2). The skeletal muscles of the affected necks showed
distinctive histopathological changes (Figures 3 and 4). The perimysium
and endomysium were diffusely expanded by a large amount of serofi-
brinous material admixed with a variable number of mixed inflammatory
cells and haemorrhage. The myocytes were shrunken with hyper-
eosinophilic cytoplasm and fragmented or lost myofibers (necrotic). In
multiple areas, moderate numbers of heterophils and lymphocytes
replaced and infiltrated the myofibers and extended into the interstitial



Table 1. Association between Escherichia coli positivity and late dead-in-shell chick embryonic abnormalities.

Level No. Lesion type Positivity (%) X2 d.f. P OR 95% CI

þ 22 Beak 30 10.6 1 0.01 13.5 2.2, 64.9

- 60 3

þ 22 Neck 75 7.5 1 0.01 5.1 1.5, 18.4

- 60 40

þ 22 Eye 15 5.1 1 0.09 9.3 0.8, 132

- 60 2

þ 22 Skull 5 0.03 1 0.95 2.8 0.1, 2.1

- 60 2

Note. CI, confidence interval; OR, odds ratio.

Figure 1. A late dead-in-shell chick embryo with a haemorrhagic neck lesion (A) and a normal neck in a non-affected normal chick (B).

Figure 2. Haematoxylin and eosin–stained section of skeletal muscles of the
neck from a normal late dead-in-shell chick embryo. Notice the normal skeletal
muscle morphology with no significant histopathological lesions (A;
10�magnification). Normal skeletal muscle histology of late dead-in-shell chick
embryo (B; 40�magnification).

Figure 3. Haematoxylin and eosin–stained section of the skeletal muscles from
late dead-in-shell chick embryo with a neck abnormality. Notice the perimysium
and endomysium are markedly expanded by serofibrinous material admixed
with variable numbers of mixed inflammatory cells (B; 10� magnification).
There are moderate numbers of heterophils and lymphocytes that have infil-
trated and replaced the myofibres (C; 10� magnification) that extend into the
interstitial tissue (A; 10� magnification). The myocytes are characterised by
shrunken myocytes, hypereosinophilic cytoplasm and fragmented or lost myo-
fibres. The inset (C) shows a higher magnification of A (40�).
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tissues (Figure 3). In some sections, moderate fibrosis with collagen
deposition that replaced the necrotic myofibers was evident (Figure 4).
Adjacent to the fibrotic areas, myocytes exhibited variable degrees of
degeneration, myofibers loss and necrosis.
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Figure 4. Haematoxylin and eosin–stained section of the skeletal muscles of
late dead-in-shell chick embryo with a neck abnormality. Notice the moderate
area of fibrosis with associated collagen that replaces the necrotic myofibres.
The myofibres adjacent to the fibrosis exhibit variable degrees of degeneration
and necrosis (10� magnification).
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4. Discussion

In recent years, the poultry industry in Jordan has experienced a rapid
development due to the widespread appearance of specialised poultry
companies that import and distribute the necessary poultry production
equipment and material to the farmers [17]. Moreover, these companies
also represent a substantial part of the poultry industry production chain.
Good hatchery practices play an important role in the poultry industry
chain because hatcheries could be a source of microbial contamination
and dissemination to poultry farms [18]. Moreover, failure of the egg
hatching process reduces reproductive efficacy and is therefore of eco-
nomic interest to the players in the poultry industry [19].

From the 357 fertile unhatched eggs, only 210 (58.8%) were dead-in-
shell embryos. This mortality rate is relatively lower than the 65%
mortality rate for early and late embryonic mortality reported by Jassim
et al. [2], but in agreement with the 60% rate for late mortality
mentioned by Jordan and Pattison [20]. Such differences can be attrib-
uted to several factors related either to the egg itself or the environment
or management conditions during egg storage, incubation, breeder
nutrition, diseases or genetic causes [20, 21, 22, 23, 24].

In this study, the total percentage of hatchability losses because of
early, mid and late dead-in-shell embryos ranged from 17% to 22%, with
a mean of 19.5% and median of 21.5%; these values exceed the reported
acceptable levels for un-hatched embryos [1]. The most commonly re-
ported abnormality involved the neck and represented 93/140 (66.4%)
of all late dead-in-shell deformities. Factors that are known to cause
embryonic malformation and abnormal deformities are lethal genes [5]
or improper egg handling and storage [25]. Nutritional deficiencies may
also cause abnormalities [26]. In this study, there was a significant as-
sociation between different types of neck and beak deformities and
E. coli. These findings were similar to previously reported data [27].

The bacteriological examination of dead-in-shell eggs showed the
presence of E. coli, K. pneumoniae, S. aureus, P. aeruginosa, S. enteritidis,
B. cereus and P. vulgaris. These findings are similar to previously reported
data regarding bacterial isolates from dead-in-shell chick embryos [6, 11,
12, 13]. Other bacterial isolates from dead-in-shell embryos such as
Micrococcus spp., Streptococcus spp. and Mycoplasma spp. have been re-
ported at various percentages in previously published articles, but
without great concern about specification the developmental stage of
dead embryos [6, 11, 22].

Based on the bacteriological results in this study, E. coli was the most
prevalent bacteria isolated from the third-week embryonic mortalities.
E. coli, Klebsiella spp. and Staphylococcus spp. accounted for approxi-
mately 82% of the total isolates in this study. E. coli is a common avian
4

pathogen that is mainly associated with yolk sac infections [11, 13]. In
addition, E. coli infection of fertile eggs in hatcheries has been associated
with poor hygienic egg selection and unhygienic hatchery management.
Furthermore, E. coli problems in chickens are becoming increasingly
critical because of the number of isolates resistant to multiple antibiotics
and the lack of effective vaccines [23]. In Jordan, it has recently been
found that the antimicrobial resistance of avian pathogenic E. coli (APEC)
is widespread in poultry farms and the environment [24].

The histopathological findings of myocyte degeneration and necrosis
with variable degrees of inflammatory cell infiltrates are consistent with
the infectious process among the grossly affected neck muscles. This,
along with the presence of a significant association between the isolation
of E. coli and neck deformities, supported our findings that the aetiology
of the neck deformities was due to infectious process.

In this study, the frequency of dead-in-shell chick embryos with
different developmental deformities during the late incubation period
was reported. Although several bacterial species were isolated from dead
embryos, there were only statistically significant associations between
neck and beak deformities and the isolation of E. coli. Therefore, an in-
fectious cause of dead-in-shell embryos with various developmental de-
formities must be suspected in hatcheries with high hatching percentage
losses.
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