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ORIGINAL ARTICLE

Comamonas testosteroni as the cause of mortality in embryonated chicken
eggs of breeding broiler hens in Costa Rica
Aida J. Chaves-Hernández a, Elías Barquero-Calvo b, Dioney Quesada-Vasqueza and Carlos Chacón-Díazc

aLaboratorio de Patología Aviar, Escuela de Medicina Veterinaria, Universidad Nacional, Heredia, Costa Rica; bPrograma de Investigación
en Enfermedades Tropicales, Escuela Medicina Veterinaria, Universidad Nacional, Heredia, Costa Rica; cCentro de Investigación en
Enfermedades Tropicales, Facultad Microbiología, Universidad Costa Rica, San José, Costa Rica

ABSTRACT
Mortality of chicken embryos and first-week chickens was reported in a commercial incubator
company in Costa Rica. Six 1-day-old Cobb chickens and twenty-four embryonated chicken
eggs were examined in the Laboratory of Avian Pathology and the Laboratory of
Bacteriology of the National University of Costa Rica. Twelve dead-in-shell embryos showed
maceration and were immersed in a putrid, turbid, slightly thick brown liquid. Additionally,
the other 12 embryonated eggs had milky yellow-orange content. The livers of those
embryos had congestion, haemorrhages and multifocal cream foci of necrosis. Granulocytic
infiltration was observed in the bursa of Fabricius, myocardium, liver, lung and kidney. Livers
and egg yolks from six embryonated chickens and all 1-day-old chickens were aseptically
collected and cultured. In addition, tissues from six better conserved embryos and all 1-day-
old chickens were fixed in buffered formalin and embedded in paraffin. Biochemical and
molecular tests identified Comamonas testosteroni as the cause of the early, middle and late
embryo mortality. As all the eggshells from the sampled embryonated eggs were dirty with
soiled a fecal matter, contamination after manipulating the eggs was considered the source
of infection. C. testosteroni is an environmental microorganism that has rarely been reported
to cause human disease. To our knowledge, this is the first report of C. testosteroni causing
mortality in a hatchery. Cleaning and disinfection using ozone were implemented in the
hatchery to eliminate the embryo mortality associated with C. testosteroni.
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Introduction

Bacterial contamination of the eggshell surface can
produce embryo mortality and affect the viability of
neonatal chickens. The origin of these bacteria and
their possible invasion depend on environmental fac-
tors in the housing system, the flock of origin, the
moment during the lay period, and the quality of the
eggshell (Trudeau et al., 2020). Bacteria of four
phyla, including Firmicutes, Actinobacteria, Proteo-
bacteria, and Bacteroidetes, are part of the micro-
biome found in faecal samples of broiler breeders
and in eggshell samples (Trudeau et al., 2020). Specifi-
cally, potentially pathogenic bacteria have been ident-
ified in faeces and eggshells, such as Escherichia coli
(Cook et al., 2003; Karunarathna et al., 2017, 2022;
Ivan et al., 2023), Enterococcus spp. (E. faecalis and
E. faecium) (Karunarathna et al., 2022), Micrococcus
spp. (Cook et al., 2003; Trudeau et al., 2020), Bacillus
cereus (Cruz-Facundo et al., 2022), Salmonella spp. (Sal-
monella Enteritidis) (Gantois et al., 2009), Campylobac-
ter jejuni, Pseudomonas aeruginosa, Streptococcus spp.,
Staphylococcus spp. (S. epidermidis, S. haemolyticus,

S. xylosus, S. scuiri, S. aureus), Proteus vulgaris, Klebsiella
pneumoniae, Enterobacter spp., Citrobacter freundii
(Orajaka & Mohan, 1985; Cook et al., 2003; Kalita
et al., 2013; Babaca, 2014; Amer et al., 2017; Hananeh
et al., 2021), and Mycoplasma spp (Orajaka & Mohan,
1985). In addition to faecal matter, bacteria can emerge
from the farm litter, dust, and air (Quarles et al., 1970;
Gentry & Quarles, 1972; Huneau-Salaün et al., 2010;
Bindari et al., 2021). Bacterial contamination can also
occur in the hatcher and the vaccination room when
in ovo vaccination is applied (Kim & Kim, 2010; Karu-
narathna et al., 2017, 2022; Projahn et al., 2017).

Chicken embryo mortality can occur in early,
middle, or late development, although early and late
mortality is more common (Hananeh et al., 2021). Bac-
teria such as E.coli, Streptococcus spp., Staphylococcus
spp., Pseudomonas spp. (Orajaka & Mohan, 1985;
Babaca, 2014; Hananeh et al., 2021), Enterococcus faeca-
lis (Karunarathna et al., 2017, 2022), Salmonella spp.,
Citrobacter spp., Proteus spp., Campylobacter spp.,
Klebsiella spp. (Klebsiella variicola) (Amer et al., 2017;
Hananeh et al., 2021), Bacillus cereus, Proteus vulgaris,
Klebsiella pneumoniae (Hananeh et al., 2021) and
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Klebsiella variicola (Shen et al., 2021) have been
described as cause of embryo mortality and yolk sac
infections (Orajaka & Mohan, 1985; Babaca, 2014;
Amer et al., 2017; Hananeh et al., 2021; Shen et al.,
2021; Karunarathna et al., 2022). E. coli and Enterococ-
cus spp., alone or in association, are the most frequent
cause of embryo mortality, producing a significant
economic impact on poultry producers (Karunarathna
et al., 2022). Other causes of embryo mortality include
genetic or environmental factors, including mistakes in
incubation conditions, nutritional deficiencies, and
malformations (Hananeh et al., 2021).

It is worth noting that specific microbial populations
on the eggshell surface, for microorganisms acquired
during oviposition, could have a detrimental impact
on poultry performance and public health (Trudeau
et al., 2020). Therefore, all poultry farms and hatcheries
must have a rigorous sanitation programme to reduce
microbial pathogens. This programme includes the
treatment of eggs with disinfectants before incubation
and cleaning and disinfection of all surfaces which the
eggs will contact (Walker et al., 2002; Olsen et al.,
2017). Overlooking these measurements carries the
risk of the proliferation of pathogenic bacteria (Olsen
et al., 2017) and the emergence of pathogens that
could cause embryo mortality, egg yolk infection,
omphalitis, and other pathologies.

In this article, Comamonas testosteroni is described
for the first time as a cause of contamination of
chicken embryos. C. testosteroni is a Gram-negative,
aerobic environmental bacterium that colonizes differ-
ent kinds of surfaces and also forms biofilm (Wu et al.,
2015). C. testosteroni was previously classified as Pseu-
domonas testosteroni (Tamaoka et al., 1987).
C. testosteroni is rarely described as a human patho-
gen. However, it can behave as an aggressive, opportu-
nistic pathogen causing nosocomial and community-
acquired infections associated with the contamination
of medical devices (Bayhan et al., 2013; Duran et al.,
2015; Farooq et al., 2017; Tiwari & Nanda, 2019).
Besides, this pathogen has acquired increased anti-
biotic resistance (Duran et al., 2015; Tiwari &
Nanda, 2019). This report aims to describe
C. testosteroni as a cause of chicken embryo mortality
and show the gross and microscopic findings associ-
ated with its colonization in embryonated eggs. The
measures to reduce mortality are also discussed.

Materials and methods

Case description

Six 1-day-old Cobb chickens and 24 embryonated eggs
were received in the Laboratory of Avian Pathology due
to an 11.8% reduction in the hatching percentage in a
commercial incubator company located in the town
of San Mateo (Alajuela, Costa Rica). The hatchery

had 1,068,891 eggs; the percentage of infertility was
7.5%. The percentage of early mortality was 6.7%,
middle mortality 1.4% and late mortality was 3.7%.
Mortality in 1-day-old chickens was 3.2%.

Evaluation of embryonated eggs and newborn
chickens

To collect samples, embryonated eggs were swabbed
with 70% alcohol and opened, cutting the air cell
and inner membranes, in a gas extraction hood
using a Bunsen burner. After opening the shell, all
egg contents were put in a sterile Petri dish; samples
of the yolk sac, liver, or the complete embryo (if
maceration was noted) were selected and placed in a
sterile plastic bag. Dead embryos were classified
according to their developmental stage, as follows:
early mortality was embryos of 0–7 days of incubation
that were in decomposition (stage 1–30), middle mor-
tality was embryos of 8–14 days that showed feather
tracts (stage 31–41), and late mortality was embryos
of 15–21 days which had eyelids and comb, and occu-
pied almost all the space within the egg (stage 42–46)
(Bellairs & Osmond 2014; Hananeh et al., 2021). In 12
chicken embryos, where maceration was noted, the
putrid turbid, slightly thick brown liquid surrounding
the embryo was collected using a syringe and put in a
plastic bag. In the other 12 almost completely devel-
oped embryonated eggs, where the celomatic cavity
was still open, the yolk sacs and the livers were col-
lected in a sterile plastic bag and sent to the Laboratory
of Bacteriology of the National University of Costa
Rica. Six neonatal chickens (euthanized by cervical
dislocation) and six dead-in-shell chicken embryos
that did not have evidence of putrefaction and were
better conserved were necropsied, and samples of
tissues were collected to fix in buffered formalin.

Sample collection

Tissue samples of the bursa of Fabricius, cartilage,
brain, heart, liver, gizzard, eyes, skin, kidney, skeletal
muscle and lung of embryonated eggs that were better
conserved were fixed in buffered formalin and
embedded in paraffin. Additionally, samples of the
spleen, bursa of Fabricius, heart, liver, intestine and
lung of all culled chickens were collected and evalu-
ated. Tissues were trimmed at 3 µm and stained with
haematoxylin-eosin (H&E) and Gram Twort. Photo-
graphs were taken using an Olympus trinocular
microscope BX53 and a DF73 digital camera using a
CellSens Entry CS Photography Program.

Ethical statement

Most of the samples corresponded to dead-in-shell
embryonated chicken eggs. The 1-day-old chickens
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were euthanized following procedures approved by
“Programa Nacional de Bienestar Animal” in “Pro-
grama para el sacrificio humanitario de aves que
representen riesgo sanitario” PN-BA-PG-001.

Culture and identification of the isolates

Egg contents from 12 macerated embryonated eggs
and 12 liver and egg yolk samples were sent to the Lab-
oratory of Bacteriology. After collection, samples were
directly cultured onto Blood Agar (5% sheep blood)
(Becton Dickinson, East Rutherford, NJ, USA), Mac-
Conkey agar (Becton Dickinson), and mannitol salt
agar (Becton Dickinson) and incubated for 24–48 h
under aerobic conditions (5% CO2) at 35°C (Markey
et al., 2013). Pure isolated colonies were stained with
Kopeloff-modified Gram staining (Rodríguez-Caval-
lini et al., 2016). Biochemical identification was per-
formed using the automated Vitek 2 System
(bioMérieux, Marcy l’Etoile, France) with the GN ID
card to identify Gram-negative bacilli following man-
ufacturer instructions and procedures.

Embryo lethality assay

The survival curve of chicken embryos inoculated with
C. testosteroni was evaluated following the protocol
described by Andersson et al. (2015), with minor
modifications. Briefly, groups of 12, 9-day-old specific
pathogen-free chicken eggs (LANASEVE, MAG, Her-
edia, Costa Rica) were inoculated via the allantoid cavity
using a dose of 102 or 105 CFU of C. testosteroni or
E. coli. The E. coli isolate used was previously obtained
from the pericardium of broiler chickens affected with
colibacillosis. A negative control group inoculated
with saline solution was also included. Both bacteria
were preserved in a cryotube and thawed to culture in
MacConkey agar and blood agar plates, as previously
described (Markey et al., 2013). The inoculum was pre-
pared in sterile saline solution.

Unfertile eggs were removed after candling, and
those with live embryos were disinfected three times
using iodine and alcohol. Eggs were inoculated with
a sterile syringe into the allantoic cavity and returned
to the hatchery. Eggs were candled 2 h post-inoculation
(hpi) and later every 1 day post-inoculation (dpi) until
3 dpi to record their mortality. The embryo mortality
rate was calculated as the mean percentage of embryo
deaths. All embryonated eggs were evaluated (Sup-
plementary Figure 1), and liver embryo samples were
cultured using MacConkey agar and Blood agar plates
and incubated overnight at 37°C to reisolate the bac-
teria. Data were analyzed, and a survival curve was pro-
duced using GraphPad Prism (8.0.1 version).

Bacteria isolates were subcultured on blood agar
and incubated for 24–48 h at 35°C. Single colonies
were suspended in 50 µl of PCR water and heated at

95°C for 20 min. The suspension was centrifuged at
9390× g/5 min. The supernatant was used as a DNA
template. The GoTaq Green Master Mix (Promega,
Madison, WI, USA) was used to set up the PCR, fol-
lowing the manufacturer’s instructions, using 1.5 µl
of DNA and 0.4 µM of the 27F (5′-AGAGTTT-
GATCMTGGCTCAG-3′) and 1492R (5′- TACGGY-
TACCTTGTTACGACTT -3) universal primers
(Lane 1991). The reaction mixtures were incubated
for 5 min at 95°C. Then, 35 cycles were carried out
as follows: 30 s at 95°C, 30 s at 55°C and 1 min 30 s
at 72°C, with a final extension of 10 min at 72°C.
The PCR products were purified with the QIAQuick
Gel Extraction Kit (QIAGEN, Germantown, MD,
USA). Sequencing was carried out at Macrogen
(Macrogen Inc, Seoul, South Korea), following estab-
lished methodologies using 27F and 1492R primers.
The 16S rRNA partial gene sequence alignment and
consensus sequence were generated using EMBOSS
Cons (EMBOSS EBI web services https://www.ebi.ac.
uk/Tools/msa/emboss_cons/#). After alignment, the
consensus sequence was compared to nucleotide
sequences found in BLAST (http://www.ncbi.nlm.nih.
gov/BLAST/).

Results

Evaluation of embryonated eggs and neonatal
chickens

All 1-day-old chickens were huddled and showed
ruffled feathers. In necropsy, hepatomegaly with con-
gestion and green-brown discolouration of the yolk
sacs was noted (Figure 1). Faeces and white urates
over the eggshell were noted in some of the eggs exam-
ined (Figure 2c). Embryo mortality included 12 chick-
ens, 10 of 2–3 cm, that were macerated or putrefied
(early embryo mortality) (Figure 2d) and two 5–6
cm embryos whose content was putrefied but had no
maceration (Figure 2e). Another 12 were almost com-
pletely developed but died, and were classed as late
mortality (Figure 2f). Macerated embryos contained
abnormal orange-brown turbid content with white
clumps or threads of membranes or egg white and a
putrid odour (Figure 2a,d). Late embryo mortality
chickens showed congestion of yolk membranes with
orange-brown content (Figure 2c,f). The coelomic
cavity was still open, even after 21 days of incubation.
Hepatomegaly, with foci of necrosis, was observed in
one chicken, and coalescent multifocal haemorrhages
were seen in three chickens (Figure 3e,f).

Tissues from six embryonated eggs were evaluated
histologically. Heterophilic perivascular inflammation
and heamorrhages were observed in the integument,
bursa of Fabricius, pericardium, brain and lung
(Figure 4). Lymphoid depletion was found in the
spleen and the bursa of Fabricius. Calcification was
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observed in the kidney. Aggregates of Gram-negative
bacilli bacteria were seen in the brain, liver, gizzard,
eye, pericardium, and over the skin surface. In
addition, scattered colonies of bacteria and cell debris
were observed covering the integument and in the
brain ventricles, heart, eye, liver parenchyma, and in
the parietal peritoneum in the coelomic cavity (Figure
5). Slight granulocytic infiltration in the bursa of Fab-
ricius was the only lesion observed in neonatal
chickens.

Culture and identification of the isolates

After incubation, pure small colonies (1–2 mm in
diameter) were obtained from the 12 macerated
embryonated eggs and 12 liver and egg yolk samples
cultured in blood agar and MacConkey agar. No
growth was observed in mannitol salt agar. Growth
was observed at 24 h, but colonies were better noted
after 48 h. Colonies were nonpigmented, translucent,
slimy, shiny, and creamy in appearance. In addition,

Figure 1. One-day-old chickens showed hepatomegaly and brown (a) to green (b) discolouration of the yolk sac.

Figure 2. Abnormal egg content consisted of early mortality embryos in different states of decomposition (a, d), middle mortality
embryos showing congestion (b, e), and late mortality embryos whose celomatic cavity was open at 21 days of incubation, and the
yolk sac was congested (c, d). Orange-brown viscous liquid with a putrid odour was observed in early and middle mortality
embryos (a, b, d, e). In late mortality chickens, the coelomic cavity was still open at 21 days of incubation, and the egg yolk
was congested with brown content.
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colonies were non-haemolytic on blood agar and non-
lactose-fermenting MacConkey agar. Gram staining
showed typical Gram-negative bacilli. Biochemical
identification with Vitek 2 system indicated
C. testosteroni. 16S rRNA gene sequencing was also
performed to confirm biochemical identification.
BLAST analyses of the consensus sequence showed
98% coverage and 99.10% identity to the Comamonas
genus. When the sequence was specifically compared
to C. testosteroni sequences available in the NCBI
database, the coverage was 98% and the identity
96.16% (online Supplementary Figure 2). These 16S
rRNA sequencing results show that these isolates
belong to the genus Comamonas. However, due to
limitations of highly similar sequences in 16S rRNA,
a more resolutive technique (such as whole genome
sequencing) could be used to confirm the species by
a molecular method.

Embryo lethality assay

Embryo mortality rate results for E. coli and
C. testosteroni are shown in Figure 6. Both bacteria
caused mortality at 1-day post-inoculation. C. testoster-
oni, compared E. coli, caused less mortality with 102

CFU, but mortality was similar when inoculated with a
dose of 105 CFU. Additionally, survival was recorded
with both doses of C. testosteroni at 3 dpi. Pure cultures
were reisolated for each E. coli and C. testosteroni
group. No mortality was observed in the control group.
Lesions observed in the embryos were similar between
E. coli and C. testosteroni, and consisted of oedema, con-
gestion, and haemorrhages (online Supplementary Figure
1).

Figure 3. Chicken embryos with late mortality showed brown-orange discolouration of the yolk sac (a, b). The same chicken
embryos showing hepatomegaly with congestion (c, d) and multifocal white-spotted foci of necrosis (c) and multifocal coalescent
ecchymotic haemorrhages (d).
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Discussion

Embryonated egg contamination and early post-
hatching mortality were reported in a commercial
farm in Costa Rica. The bacteriological examination
of all dead-in-shell embryos, but not in 1-day-old
chickens, confirmed that embryo mortality was caused
for C. testosteroni. Comamonas spp. is a natural
inhabitant of the soil, wastewater (including effluents
discharged by poultry industries), and water of
ponds and rivers. Additionally, Comamonas spp.
have been found in the nipple drinking system of com-
mercial layer houses (Wan et al., 2021). Furthermore,
Comamonas spp. have been reported as part of the
animal intestinal microbiome, including chickens
(Ryan et al., 2022; Zhang et al., 2022). In fact, in
studies to evaluate its effects on poultry health and
growth performance, Comamonas spp. was prevalent
in chickens with low bodyweight (Zhang et al.,
2022). In the present case, the possible source of con-
tamination was not investigated at the site, although
all farms used chlorinated water to avoid bacterial
overgrowth.

As mentioned, an extensive list of bacteria is associ-
ated with egg contamination and embryo mortality.

Most of these are Gram-positive bacteria that also
are part of the typical chicken microbiome (Zhang
et al., 2022). Besides, bacteria such as E. coli, Entero-
coccus spp. (E. faecalis and E. faecium) are also con-
sidered part of the eggshell microbiota (Landman
et al., 1999). Commonly, E. coli and Enterococcus
spp. are also related to gut disease and low perform-
ance in poultry (Zhang et al., 2022). E. coli represents
the most important differential diagnosis, causing yolk
sac infections, omphalitis and early mortality in chick-
ens (Babaca, 2014; Rezaee et al., 2021; Karunarathna
et al., 2022) while E. faecalis has been demonstrated
in cases of arthritis after exposure through the egg
albumen (Karunarathna et al., 2022). Besides, E. coli
causes congenital abnormalities in the neck and beak
of unhatched chicks (Hananeh et al., 2021). On the
contrary, congenital abnormalities were not observed
in this case. Similarly, bacteria such as Klebsiella
spp., Streptococcus spp., Staphylococcus spp., and
P. aeruginosa are frequently described as a cause of
yolk sac infections and embryo mortality (Olsen
et al., 2012; Amer et al., 2017; Hananeh et al., 2021).
However, none of these bacteria were detected in the
egg contents, yolk sacs and livers examined in this
case. Nonetheless, we did not exclude the possibility

Figure 4. Histological sections of the late mortality embryos showing congestion and interstitial granulocytic infiltration in the
bursa of Fabricius (a), kidney (b), liver (c), and the lung (d) (haematoxylin & eosin).
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that those bacteria could have been present over the
egg surface, as the eggshell was not examined in this
case. Nevertheless, during the evaluation of the pre-
sent case, eggs were sprayed and swabbed with alcohol
to avoid contamination during sample collection.

An embryo mortality assay confirmed that
C. testosteroni could be pathogenic to the chicken
embryo. Our results show that C. testosteroni caused
mortality from 1 dpi. Survival was recorded at 3 dpi
in one embryo inoculated with either dose of
C. testosteroni. No previous studies assessed the
chicken embryo mortality caused by C. testosteroni.
On the other hand, the E. coli isolate used caused
high mortality at 102 and 105 CFU from 1 dpi. Simi-
larly, pathogenic E. coli isolates (APEC), assessed
through an embryo mortality assay, usually showed
high mortality early after infection with macroscopic
lesions similar to that observed in this assay (Wooley
et al., 2000; Rezaee et al., 2021).

Egg contamination can occur through penetration
of the eggshell exposed to gut contents or faeces during
oviposition, known as horizontal transmission. This
contamination occurs because when the egg is laid,
its temperature is warmer than the environment, caus-
ing the contraction of its contents and creating a nega-
tive pressure in the egg (Lock et al., 1992; Bruce &
Drysdale, 1994). This temperature and inner pressure
change allow environmental bacteria to invade and
cause embryo mortality (Berrang et al., 1999). In
addition, vertical transmission occurs by direct con-
tamination of the egg before oviposition, when the
reproductive tract is infected, and the yolk, albumen,
eggshell membranes, and embryo are in contact with
an infectious agent (Gantois et al., 2009). However,
in this case, the breeding hens did not show a reduction
in the production of eggs, the embryos did not have
developmental anomalies, and many embryos did
achieve full development. The only finding in 1-day-
old chickens was slight granulocytic infiltration in the
bursa of Fabricius. Many bacteria can be present in

Figure 5. Histological sections of the embryo showing granu-
lar deposits around the integument embryo that stain eosino-
philic with haematoxylin & eosin (a) and granular dark red
with Gram Twort (b, c). Granular deposits with macrophage
infiltrations were observed in the integument (a). Detail of
the integument showed a feather surrounded by granular
deposits stained dark red with Gram Twort (c).

Figure 6. Survival percentages of embryos inoculated with C. testosteroni and E. coli. Groups of 12 embryonated eggs were
infected with 102 and 105 C. testosteroni and E. coli. The control group was inoculated with saline solution.
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the reproductive tract without causing evident disease
in the breeder hen, embryo, or chicks (Lee et al., 2019;
Wen et al., 2021). Therefore, a detailed study of the
hens’ microbiota within the reproductive, urinary,
and intestinal tracts would be necessary to exclude
the presence of C. testosteroni in this case and its ver-
tical transmission.

Considering that the eggshells were dirty before
spraying with alcohol, we suggest that the primary
source of the bacteria was probably the poor manage-
ment of the nest, inappropriate egg collection and selec-
tion, or deficient hatchery cleaning measures. Other
studies have found that contamination in the hatchery
after hatching the chicks was the main transmission
route of bacteria such as E. coli (Projahn et al., 2017).

Microbial contamination of the egg, and embryo
mortality, produces significant losses to poultry
farms; consequently, good hatchery practices are
essential to avoid embryo death or early chicken mor-
tality (Agabou, 2009). Biosecurity in the hatchery was
fundamental to solving the problem, starting with
incubating only clean and dry eggs. In this case, a sani-
tation programme was also performed, thoroughly
cleaning all surfaces (including the incubator) using a
high-foam flushing detergent and ozone at 10 ppm
for 30 min to reduce new infections. Studies about
the use of ozone for disinfection of eggshell of hatching
eggs demonstrated a reduction of the microbial counts
(Braun et al., 2011; Melo et al., 2019); however, variable
effects on the hatchability have been described (Melo
et al., 2019; Wlazlo et al., 2020). For example, Wlazlo
et al. (2020) indicated that using ozone reduced hatch-
ing and increased mortality. Other hatchery disinfec-
tants including ultraviolet light, hydrogen peroxide,
and peracetic acid, are all effective, according to the lit-
erature (Melo et al., 2019, 2020; Wlazlo et al., 2020;
Cassar et al., 2021). Additionally, there is an extensive
range of disinfectants that have been studied with
different results (Scott et al., 1993). In this case,
ozone effectively reduced embryo mortality, and the
clinical veterinarian has not described new outbreaks,
adverse effects in the hatching results, or detrimental
effects on the quality of 1-day-old chickens.
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