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ABSTRACT Control of coccidiosis in broiler chick-
ens continues to pose challenges to commercial poul-
try producers, especially in an era of increased con-
sumer demand for antibiotic-free broiler production.
As a result, coccidiosis vaccines are now commonly
used in rotation programs to achieve effective coccid-
iosis control. Inovocox EM1 vaccine (EM1) is a coc-
cidiosis vaccine that allows for earlier immune ac-
quisition through oocyst cycling, which reduces the
effects of wild-type coccidia. The EM1 vaccine is admin-
istered to embryonated broiler hatching eggs between
18 and 19 D of incubation (doi). In the U.S., commer-
cial broiler hatcheries vaccinate embryonated eggs at
either 18.5 or 19 doi. However, it is unclear whether a
difference in embryo age at the time of in ovo injection
can impact the actual site of vaccine delivery. In addi-
tion, it is unclear where oocysts eventually become lo-
calized within the embryo following the in ovo injection
of EM1. Therefore, the objective of this study was to
determine the effects of stage of embryonic development

on the actual deposition site of the EM1 vaccine oocysts
when they are in ovo injected and to subsequently in-
vestigate the movement and eventual location of EM1
oocysts after in ovo injection. Because all eggs were in-
jected at the same time, a 12-h difference in set time was
a means to derive 18.5 and 19.0 incubation age of in-
jection (IAN) treatments. The experimental design was
a 3 injection treatment (noninjected, diluent-injected,
and vaccine-injected) x 2 TAN factorial. There was a
significant main effect of IAN on site of vaccine oocysts
delivery, and subsequent hatching chick quality. Qual-
itative histological evaluation revealed the oral uptake
of vaccine oocysts through the amnion, with their sub-
sequent presence in the gizzard and intestinal lumen
by 24 to 36 h postinjection. In conclusion, physiolog-
ical development influenced the site of injection, and
oocysts imbibed along with the amniotic fluid in late
stage broiler embryos are subsequently transported to
the gastrointestinal tract.
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INTRODUCTION

Coccidia of the genus Eimeria are single-celled obli-
gate intracellular parasites that develop and multiply
in the host’s intestinal epithelium. Sporulated coccidia
oocysts, when ingested by the host, initiate an infec-
tion cycle that causes damage to the intestinal archi-
tecture, resulting in reduced feed utilization, impaired
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nutrient absorption, poor growth, high morbidity and
mortality, and an increased susceptibility to other dis-
eases such as necrotic enteritis (Williams, 2005; Mec-
Dougald and Fitz-Coy, 2008; Opengart, 2008; Li et al.,
2010). Embryonated broiler hatching eggs are vacci-
nated between 18 and 19 D of incubation (doi) with
a live Inovocox EM1 coccidiosis (EM1) vaccine, which
is a nonattenuated coccidiosis vaccine that contains a
controlled dose of Fimeria acervulina, Eimeria mazima,
and Fimeria tenella. Administration of the EM1 vac-
cine initiates an immune response through the replica-
tion of coccidia, which allows the bird to develop a nat-
ural immunity for the control of a coccidiosis infection
(McDougald and Fitz-Coy, 2008; Tewari and Maha-
rana, 2011). Commercial in ovo vaccination of late-stage
chicken embryos with vaccines such as Marek’s disease
(MD) virus, infectious bursal disease virus, and coccid-
iosis has become widely accepted in the U.S. poultry
industry. While efficacy of the in ovo administration of
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Eimeria oocysts has been shown (Weber and Evans,
2003; Weber et al., 2004), there still exists unknown im-
munological relevance as to specific site of injection, pri-
marily with respect to coccidia oocysts. Site of vaccine
delivery in ovo has been shown to affect MD vaccination
efficacy (Wakenell et al., 2002). The ideal sites of in ovo
injection are the amnion, and intramuscular or subcuta-
neous regions of the embryo body. However, this can be
influenced by embryo physiological development during
embryogenesis and the accuracy of the vaccine deliv-
ery system (Williams and Zedek, 2010; Williams and
Hopkins, 2011). The position and stage of development
of the embryo during embryogenesis can be determined
most accurately by embryo stage scoring (Sokale et al.,
2017a). The rapid development of chicken embryos dur-
ing this late phase only provides a short “window of
opportunity” to target the right site of injection for a
specific vaccine. Therefore, to achieve optimal perfor-
mance, in ovo injection must be properly coordinated
with the stage of embryonic development. Previous
studies have demonstrated that the stage of physiolog-
ical development for optimal vaccine delivery is when
the embryo’s head is at the right wing with the tip of
the beak tooth at the internal membrane, when inter-
nal pipping may be present or absent, when external
pipping is absent, and when the yolk has begun to as-
cend. This is typically between 18.0 and 19.0 doi (Sokale
et al., 2017a). Currently, commercial hatcheries in the
U.S. vaccinate broiler embryos by in ovo injection when
transferred at either 18.5 or 19.0 doi (Williams, 2007).
At these times, the amnion or embryo proper are tar-
geted for the injection of vaccines. However, vaccines
may be deposited in other regions other than the in-
tended targets (Williams, 2007).

Along with other methods used to administer a live
coccidia vaccine in the early life of the bird, such as
through drinking water (Williams, 1994), eye spray
(Chapman, 2000), or gel (Danforth, 1998), in ovo in-
jection has also been proven useful (Weber and Evans,
2003; Weber et al., 2004; Williams, 2007). It has been
speculated in studies by Weber and Evans (2003), We-
ber et al. (2004) and Sokale et al. (2017a) that were
based on the knowledge of pre-patent period of Eime-
ria following the oral uptake of injected oocysts, that
oocysts may remain dormant in the embryo’s intes-
tine until hatch with no life cycle changes. However,
it remains unknown as to the location and develop-
ment of oocysts in the embryo between the time of
in ovo injection and hatch. Further, although it is rec-
ommended that the EM1 vaccine be administered be-
tween 18 and 19 doi, it is unclear whether possible
differences in the stage of development that the em-
bryo is at when an in ovo injection is given will impact
hatching chick quality, hatchability, site of vaccine de-
position, and the efficiency of the uptake of the vac-
cine by the embryo. Information concerning the effects
of the in ovo injection of the commercial EM1 vaccine at
different periods of incubation on the actual site of in-
jection and the subsequent movement of oocysts within
the embryo have not been documented in the scien-

tific literature. In addition, limited information is avail-
able regarding the effects of possible differences in the
physiological development of embryos incubated under
similar conditions, on the efficiency of in ovo vaccine
delivery. Therefore, the objective of this study was to
determine effects of the timing of in ovo injection of
the EM1 vaccine on the embryogenesis, hatching chick
quality, actual site of injection, and the location and
movement of EM1 oocysts in Ross 708 broiler embryos.
To the authors’ knowledge, this is the first report that
provides information concerning these effects and rela-
tionships.

MATERIALS AND METHODS

General

All experimental procedures were conducted under a
protocol that was approved by the Institutional Animal
Care and Use Committee of Mississippi State Univer-
sity. Ross 708 broiler hatching eggs were obtained from
a single 45-wk-old commercial broiler breeder flock and
were held for 2 D under standard storage conditions
prior to being set. At set (0 doi), 40 eggs, which were
not misshapen or cracked and within 4 10% of the mean
weight of all set eggs, were randomly assigned to each
of 6 treatment groups, with each treatment occupying a
single egg tray, on each of 10 incubator tray levels (2,400
total eggs), with each tray level representing a replicate
unit (block). A Jamesway model PS 500 single stage
incubator (Jamesway Incubator Co. Inc., Cambridge,
Ontario, Canada) was used as both a setter and hatcher
unit. All eggs were incubated under standard conditions
(Peebles and Brake, 1987). To allow for the establish-
ment of 18.5 and 19.0 incubation age of injection (IAN)
treatments, eggs were simultaneously injected at 18.5
doi, but were set 12 h apart. A 3 x 2 factorial de-
sign was utilized in this study, which was comprised of
3 injection treatments (IT) and 2 IAN, for a total of
6 treatment groups. The IT were designated as: non-
injected control (NIC), diluent-injected control (DIC),
and EM1 vaccine-injected (VI). The eggs were candled
on 18.0 doi, and any infertile eggs or those containing a
dead embryo were removed and discarded (Ernst et al.,
2004). Incubator dry and wet bulb temperatures were
set at 37.5 £+ 0.1 and 28.9 + 0.1°C, respectively, and
monitored twice daily for the entire incubation period.

Injection and Experimental Layout

All egg injections were performed at 18.5 doi (cor-
responded to 18.5 or 19.0 TAN because of 12 h differ-
ence in time of set) using a commercial Embrex Inovo-
ject multi-egg injection system (Zoetis Animal Health,
Durham, NC). Eggs were injected through the air cell
with a blunt tipped injector needle (18.4 cm length and
1.27 mm bore width) to target the amnion. The nee-
dle provided an approximate 2.49 cm injection depth
from the top of the large end of the egg. As previously
described by Sokale et al. (2018), a 1x dose of the EM1
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vaccine (Zoetis Animal Health, Research Triangle Park,
NC), containing oocysts of E. acervulina, E. mazima,
and F. tenella, was reconstituted with sterile commer-
cial MD vaccine diluent (Merial Co., Duluth, GA) and
administered at a volume of 50 uL per egg. In addi-
tion, during the injection process, 2 embryonated eggs
from each of 6 egg trays per tray level were concurrently
injected with coomassie brilliant blue G-250 (colloidal)
dye for the subsequent determination of site of injection
and embryo stage score (ES).

During the injection process, eggs belonging to the
DIC group were injected first, followed by the VI group.
Normal commercial needle cleansing was performed be-
tween individual injections. Intervening machine clean-
ing processes between IT groups were included to avoid
possible cross contamination. The eggs in the NIC
group were subjected to the same procedures but were
not injected. Following the completion of the entire in-
jection process, eggs were placed in hatching baskets
and returned to the incubator. All eggs remained out-
side the incubator at room temperature during the in-
jection and transfer processes for a maximum of 5 min.
Hatching baskets (containing the injected embryonated
eggs) were arranged in a treatment-replicate pattern
that corresponded with the arrangement of the respec-
tive setter trays, and in a manner that prevented cross-
contamination between chicks that belonged to the in-
jected and noninjected treatment groups.

Evaluation of Site of Injection and Embryo
Staging

At 18.5 doi, site of injection and ES evaluations were
performed using 2 embryonated eggs from each of the
60 treatment-replicate groups (120 eggs total), as pre-
viously described by Sokale et al. (2017a). Briefly, eggs
that were injected with dye were placed in air-tight bags
according to their treatment-replicate designation. The
embryos were then euthanized using CO- gas, and were
then stored at 4°C for 4 h. After euthanization, each
egg was carefully dissected to determine the site of dye
deposition at injection and the ES. The site of injec-
tion of each egg was scored as one of the following: air
cell, amnion, allantois, or body of embryo, with body of
embryo injections subdivided into i.m. or s.c. injection.

The embryo stage scoring was based on a system
which assigned specific scores based on identifiable de-
velopmental features. The embryos were assigned either
0 (absent) or 1 (present) for the following developmen-
tal features: internal pip, external pip, and embryo head
located on its right side. Furthermore, yolk absorption
was scored from 1 to 4:1 = intestine is joined to a full
yolk sac via the yolk stalk; 2 = yolk stalk is absent,
and the yolk sac is bi-lobed; 3 = yolk sac loses its bi-
lobed shape; and 4 = yolk is completely absorbed. The
ES scores were additive, with a maximum score of 7.
For example, if an embryo had a score of 1 for internal
pip, 1 for external pip, 1 for head to the right, and a
score of 2 for yolk absorption, this amounted to an ES

of 5 out of 7. The higher the ES, the more advanced
was embryonic development, while a lower ES signifies
embryos that were in an early stage of development.

Chicken Embryo Histopathology

Following the in ovo administration of the EM1 vac-
cine, a qualitative histological method was used to in-
vestigate the location and movement of the vaccine
oocysts, using 1 embryo from 1 replicate group of the
DIC and VI treatments at both the 18.5 and 19.0 TAN.
All 4 embryos were sampled at 20.0 doi, which corre-
sponded with 36 h (18.5 TAN) and 24 h (19.0 IAN)
postinjection times. All 4 full-term chicken embryos
(with an internalized yolk sac) were fixed in neutral
buffered formalin. For histopathology analysis embryo
heads were longitudinally sectioned along the central
axis. Eyes were sectioned sagittally to include eyelid
conjunctiva, and the embryo body underwent serial
sagittal sectioning to allow for the examination of all
tissues. All tissues were stained with hematoxylin and
eosin and examined for evidence of coccidia replication
or coccidia life cycle stages, as well as their movement
throughout the embryo. The tissues were examined his-
tologically, and all structures anatomically identified.
Luminal contents were examined and identified by mi-
croscopic characteristics and classified as amniotic fluid,
amniotic squames, bacteria, and structures morpholog-
ically consistent with coccidia trophozoites.

Evaluation of Somatic Characteristics

At 21.0 doi (d of hatch), all hatchlings in both the
18.5 and 19.0 TAN were pulled from the hatcher. The
hatchability of injected embryonated eggs (HI) and
hatching chick BW (HBW) were determined using 20
chicks from each of the 60 treatment-replicate groups.
In addition, 2 chicks from each of the 60 treatment-
replicate groups (120 total) were wing-banded, euth-
anized, weighed, and necropsied, for determination of
the absolute values of following 21.0 doi hatching chick
quality variables: intestine (IW) and yolk sac (YSW)
weights, and total and yolk-free BW (YFBW). Sub-
sequently, yolk sac (RYBW) and intestine (RIBW)
weights relative to BW, and intestine weights rela-
tive to YFBW (RIYFW) and chick yolk free body
mass (YFBM) were calculated. All relative weights and
YFBM were expressed as percentages. The YFBM vari-
able [(YFBW/BW) * 100] was used as an expression of
the proportion of chick BW that included all tissues
exclusive of the yolk sac.

Statistical Description

A randomized complete block design was used in both
the setter and hatcher, with each of the 10 tray (set-
ter) and hatching basket (hatcher) levels representing a
block. All 6 treatment-replicate groups (3 IT x 2 IAN)
were equally and randomly represented in each block.
The chick quality data were arranged in a 3 IT X 2
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Figure 1. Percentage amnion, i.m., and s.c. sites of injection in selected dye-injected embryos belonging to the 18.5 and 19.0 incubation age of
injection (IAN) treatment groups. Across injection treatment, 2 embryos from each of 30 replicate units per IAN were used to calculate means.
abMeans within site of injection with no common superscript differ significantly (P < 0.05).

TAN factorial design to evaluate the main and interac-
tive effects of IT and IAN on all hatching chick quality
variables, using a 2-way ANOVA. Main and interactive
effects of I'T and IAN were viewed as fixed effects and
block as a random effect. A 1-way ANOVA was used to
test for IAN related differences for the site of injection
and ES. Least-square means were compared in the event
of significant global effects (Steel and Torrie, 1980). All
variables were analyzed using the MIXED procedure
of SAS software 9.3 (SAS Institute, 2012). Global and
least-squares means differences were considered signifi-
cant at P < 0.05. The qualitative histological findings
are presented in the Results section.

RESULTS

As previously stated, a proportion of embryonated
eggs were concurrently injected with dye along with
all the eggs in the various IT groups, for site of in-
jection validation. The mean site of injection for the
selected embryos in the 18.5 and 19.0 IAN are shown in
Figure 1. There was a significant effect of TAN (P =
0.01) on mean ES. The 19.0 TAN group had a higher
mean ES (3.24) compared to the 18.5 TAN group (2.44).
Furthermore, there was significant effect of IAN on the
amniotic (P = 0.03), as well as the s.c. (P = 0.01) and
im. (P = 0.02) sites of injection. Out of 60 embryos
injected in the 18.5 TAN group, 88.3% (53/60) were in-
jected in the amnion, 8.3% (5/60) were injected in the
i.m. region, and 3.3% (2/60) were injected in the s.c.
region. In the 19.0 IAN group, 73.3% (44/60) were in-
jected in the amnion, 21.7% (13/60) were injected in
the i.m. region, and 5% (3/60) were injected in the s.c.
region.

A qualitative histological method was systematically
utilized to determine the location and movement of
coccidia stages in the tissues (digestive tract and so-

matic cells) of in ovo injected embryos. Although the
methodology was unable to differentiate between Eime-
ria spp. or quantify their abundance in the tissues
examined, it was able to detect the presence of coc-
cidia stages at the single time point examined (20.0
doi). Histological pictures are provided in Figure 2. In
the proventriculus and gizzard, there were abundant
eosinophilic homogenous ingesta (material) with sus-
pended flattened squames. The lumen of the gizzard
and intestine contained small round bodies consistent
in size with coccidia sporozoites. Clusters of bacteria
were also identified in the intestinal lumen of all em-
bryos examined. There were no coccidia life cycle stages
identified in any of the other tissues examined.

No difference in SEW was observed between treat-
ment groups. There was no IT (P = 0.20), IAN (P =
0.203), or IT x TAN interaction (P = 0.482) for HI
at day of hatch. There was a significant effect of AN
on HBW (P = 0.002), YSW (P = 0.001), RYBW (P =
0.001), and IW (P < 0.001) at day of hatch. The HBW,
YSW, and RYBW of birds in the 18.5 IAN group were
higher compared to birds in the 19.0 IAN group. How-
ever, the IW of birds in the 19.0 TAN group was higher
compared to that of birds in the 18.5 IAN group. There
were significant effects of IT (P = 0.045) and IAN (P =
0.001) on RIBW. The RIBW of birds in the 19.0 IAN
group was higher compared to birds in the 18.5 TAN
group. Further, the RIBW of birds in the DIC group
was higher compared with the NIC group, with the VI
group being intermediate. There was a significant IT X
IAN interaction for RIYFW (P = 0.05). The RIYFW of
the DIC-19.0 TAN group was highest, and the RIYFW
of the NIC-18.5 TAN group was lowest, in comparison
to all other treatment groups. In addition, the RIYFW
values for the NIC-19.0 IAN, VI-18.5 TAN, and VI-19.0
IAN groups were not significantly different, but all 3
were significantly higher than the NIC-18.5 IAN group
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Figure 2. Histological pictures of the location and movement of coccidia sporozoites in the gastrointestinal tissues of broiler embryos that were
injected with Inovocox EM1 vaccine on d 19.0 of incubation and sampled on d 20.0 of incubation (a) gizzard squames, (b) gizzard sporozoite,
(c) intestinal squames with evidence of bacterial contamination possibly due to embryo sub-optima fixation in buffered formalin (d) intestinal

sporozoites.

and significantly lower than the DIC-19.0 IAN group.
There was a significant main effect of IAN on YFBM
(P =10.001). The YFBM of birds in the 19.0 IAN group
was higher than that of birds in the 18.5 IAN group. For
reference, the means for all the hatching chick quality
variables evaluated are presented in Table 1.

DISCUSSION

Use of a live oocyst vaccine in broilers has be-
come a widely accepted means of controlling coccid-
iosis. The commonly used live oocyst vaccines can be
administered to chicks at hatch using spray cabinets
(Chapman et al., 2002; Williams, 2002), or to late stage
embryos by in ovo injection (Williams, 2007). The live
nonattenuated vaccine, Inovocox EM1, is recommended
for the immunization of healthy broiler embryos be-
tween 18.0 and 19.0 doi for the prevention of coccidio-
sis. Therefore, the accuracy of injection, the movement
of oocysts within the embryo, and their subsequent ef-
fects on broiler embryogenesis and hatching chick qual-
ity were investigated in eggs that were set and injected
12 h apart (18.5 or 19.0 TAN) under the same incuba-
tion conditions.

A previous report by Sokale et al. (2017a) showed
the importance of ES in accurately determining em-
bryo physiological development. In the current study,
embryos in the 19.0 IAN group had a higher ES in
comparison to those in the 18.5 TAN group. This in-

dicates that at the time of in ovo injection, there were
developmental differences between the 2 groups, with
embryos in the 19.0 IAN group showing more advanced
physiological developmental characteristics. These ad-
vancements were mostly recognized in the position-
ing of the head and the occurrence of pips through
the eggshell membrane and the eggshell proper (Sokale
et al., 2017a). Further, our findings indicate that TAN
affected the proportion of amniotic injections, the ideal
in ovo target site for the vaccine. At the time of in ovo
injection, the accuracy of vaccine deposition into the
amnion was 15% greater in embryos in the 18.5 TAN
group in comparison to those in the 19.0 TAN group.
Studies have shown that the success of an in ovo in-
jection that is associated with the imbibing of vaccine
by the embryo is dependent on the amount of amniotic
fluid that is present during the late-stage of develop-
ment (Zhai et al., 2011b; Bello et al., 2014; Sokale et al.,
2017a). Williams (2007) reported that when embryos
are between 17.5 doi and 19.0 doi + 4 h, they are at a
physiological stage that is optimal for in ovo injection
into the amnion. When the volume of amniotic fluid is
reduced, there is a higher chance of vaccine deposition
in sites other than the amnion, such as the i.m. and s.c.
regions (Jochemsen and Jeurissen, 2002; Sokale et al.,
2018). This is supported by a previous study (Sokale
et al., 2018) in which a significantly higher percent-
age of injections occurred in the i.m. and s.c. regions
(81.5 and 11.7%), in comparison to the amniotic region
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Table 1. Hatching chick quality variable means in the 18.5 and 19.0 incubation age of injection (IAN), and noninjected control,
diluent-injected control, and vaccine-injected injection type (IT) groups.'

HI? HBW? BW? YSW?  YFBW? RYBW?  IW3 RIBW? RIYFW? YFBM?®
Treatments IAN (%) (8) (8) (8) (8) (%) (8) (%) (%) (%)
Noninjected control  18.5 86.99 47.51 48.54 7.44 41.10 15.26 1.80 3.71 4.37¢ 84.74
19.0 87.14 46.42 46.95 5.81 41.14 12.27 2.08 4.44 5.05P 87.73
Diluent-injected control 18.5 84.80 47.02 46.49 6.88 39.61 14.81 1.87 4.02 4.72>¢  85.19
19.0 88.93 46.38 46.13 6.10 40.03 13.13 2.20 4.77 5.49° 86.87
Vaccine-injected 18.5 83.71 47.09 46.54 6.93 39.60 14.89 1.90 4.09 4.81° 85.11
19.0 84.83 46.35 46.61 5.89 40.73 12.49 2.02 4.37 4.99P 87.51
SEM 1.809 0.310 0.65 0.40 0.56 0.78 0.05 0.12 0.13 0.78
IT Noninjected control 87.06 46.96 47.74 6.62 41.12 13.77 1.94 4.07° 4.71° 86.23
Diluent-injected control 86.86 46.70 46.31 6.49 39.82 13.97 2.04 4.39* 5.10% 86.03
Vaccine-injected 84.27 46.72 46.57 6.41 40.17 13.69 1.96 4.238> 4,902 86.31
SEM 1.35 0.22 0.46 0.28 0.39 0.55 0.03 0.09 0.09 0.55
IAN 18.5 85.17 47.21*  47.19 7.08* 40.10 14.99% 1.85P 3.94P 4.63° 85.01P
19 86.97 46.38"  46.57 5.93" 40.63 12.63" 2.10* 4.53* 5.18? 87.37*
SEM 1.15 0.18 0.37 0.23 0.32 0.45 0.03 0.07 0.07 0.45
P-values IT 0.200 0.649 0.074 0.862 0.064 0.937 0.123 0.045 0.013 0.937
TAN 0.203 0.002 0.247 0.001 0.250 0.001 0.001 0.001 0.001 0.001
IT x TAN 0.482 0.744 0.422 0.553 0.622 0.704 0.099 0.110 0.050 0.704

#<Means within a variable with no common superscript differ significantly (P < 0.05). Bold values represents statistical significance.
'Hatchability of injected eggs (HI), Hatchling BW (HBW), Chick BW (BW), yolk sac weight (YSW), yolk-free BW (YFBW), yolk sac weight as
a percentage of BW (RYBW), intestine weight (IW), intestine weight as a percentage of BW (RIBW), intestine weight as a percentage of yolk-free

BW (RIYFW), yolk-free body mass (YFBM).

220 birds in each of 60 treatment-replicate units were used to calculate each mean for HI and HBW.
32 birds from each of 60 treatment-replicate units were used to calculate the means of each hatching chick quality variable.

(6.8%), when embryos were in ovo injected at 19.0 doi.
In the current study, there is clear indication that a
12 h window of incubation could influence the propor-
tion of in ovo injections into the amnion of late stage
embryos.

There is currently no published literature concerning
the movement, localization, and development of oocysts
within the chicken embryo following in ovo injection
of the EM1 vaccine into the amnion. Previous reports
by Weber et al. (2004) and Sokale et al. (2017a) sug-
gested that following the in ovo injection of live coccidia
oocysts and their oral uptake, oocysts may remain dor-
mant in the intestine of the embryo. Furthermore, a
previous report (unpublished data) demonstrated that
following in ovo injection of E. mazima oocysts at 18.0
doi, life cycle stages of coccidia were detected in the am-
niotic fluid, gizzard, and intestine, and the number of
oocysts recovered from the amnion gradually decreased
through hatch. In this study, a qualitative histological
investigation of the movement of oocysts within the em-
bryo revealed the oral uptake of EM1 vaccine oocysts
through the imbibition of the amniotic fluid. The oral
uptake of the vaccine oocysts via the amnion resulted
in the presence of life cycle stages of coccidia in the
gizzard and intestine. However, there was no coccidia
stage detection in any of the nongastrointestinal tissues
of the embryos examined. This was unexpected, consid-
ering that in ovo injection also occurred in the s.c. and
i.m. regions of the embryo. It is possible that these sites
of injection may not be suitable for the survival or sub-

sequent viability of coccidia. Based on these evidences,
it can be suggested that following the in ovo injection
of the EM1 vaccine, oocysts are imbibed by the em-
bryo, and transported via the amniotic fluid into the
gastrointestinal tract.

In the current study, it was shown that the EM1 vac-
cine did not adversely affect hatchability, as the hatch-
ability in the VI group was not significantly different
from either the NIC or DIC groups. This is supported
by previous studies in which coccidia oocysts were in-
jected in ovo (Weber and Evans, 2003; Sokale et al.,
2017a). Upon evaluating hatching chick quality in this
study, apparent differences in chick quality were ob-
served that were due to a 12 h difference in time of
set (18.5 and 19.0 TAN). A higher HBW of chicks in
the 18.5 TAN group may be associated with a greater
amount of residual yolk due to a higher retention of
moisture in the yolk sac and body tissues. The yolk sac
accounts for 15 to 25% of total hatchling BW (Jamroz
et al., 2004). Yolk sac moisture content can be altered
by factors such as: in ovo application of exogenous sub-
stances which influence the bird’s utilization of residual
yolk nutrients (Uni et al., 2005; Moran, 2007; Zhai et al.,
2011a,b; Bello et al., 2013; Sokale et al., 2017b), incu-
bation length (van de Ven et al., 2011), incubation tem-
perature and relative humidity (Pulikanti et al., 2012),
and total egg moisture loss (Peebles et al., 2005). Higher
IW, RIBW, RIYFW, and YFBM in chicks from the 19.0
ITAN may be associated with an increased rate of mois-
ture loss, higher internal temperature, and a more rapid
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rate of metabolism (Zhai et al., 2011b; Pulikanti et al.,
2012) in the embryos belonging to this group.

In conclusion, injection treatment (vaccine- and
diluent- injection) did not affect broiler hatchability.
However, chick quality characteristics were affected
with a 12 h difference in embryo IAN. Further, the accu-
racy of injection into the amnion was lower in embryos
belonging to the 19.0 TAN group. Histological analy-
sis of embryos at 24 to 36 h post-in ovo injection of
the EMI1 vaccine revealed oral uptake of the vaccine
through the amnion with the presence of coccidia life
cycle stages in the gizzard and intestinal lumen. The
effects of this outcome on broiler performance remain
to be reported.
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