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ABSTRACT Coccidiosis is an economically signifi-
cant disease of poultry caused by species of Eimeria,
a parasitic protozoan. Disease can result in poor feed
conversion, reduced weight gain, and can lead to the
development of necrotic enteritis. For prevention of coc-
cidiosis, poultry are commonly vaccinated with a live,
sporulated oocysts mass applied with a vaccination cab-
inet in the hatchery. Traditionally, coccidia vaccines
have been applied by coarse spray in a water based dilu-
ent, however, new technology using gel diluents has en-
tered the US market. Gel diluents can have variable vis-
cosities and are “dropped” onto chicks with an applica-
tor bar. It is thought that gel droplets remain intact on
the birds for longer than water based droplets, allowing
more time for preening and ingestion of oocysts. In this
experiment, the efficacy of a commercial coccidia vac-
cine applied with a water based diluent, a more viscous
gel diluent, and a less viscous gel diluent was compared.

Fecal samples were collected at multiple time points
post-vaccination to quantify vaccine oocyst shedding.
Shedding in the first cycle (days 5 to 8 post-vaccination)
was related to the number of oocysts received from each
application method, where the groups receiving higher
doses shed more oocysts. However, a decrease in shed-
ding was seen for the more viscous gel group in the
second cycle (days 12 to 15 post-vaccination). Chick-
ens were challenged with Eimeria maxima oocysts and
7 days post-challenge body weight gains and gross and
microscopic lesions were recorded to evaluate protec-
tion levels for the different vaccine applications. All
vaccinated groups appeared to be protected based on
body weight gain and lesion scoring. The results of this
project indicate that all vaccine applications are effec-
tive at protecting against Eimeria maxima challenge
when using a proper dose of vaccine that allows for re-
peated oocyst cycling in the litter post-vaccination.
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INTRODUCTION

Coccidiosis is an enteric disease of commercial poul-
try caused by Eimeria, which are coccidian species
belonging to the apicomplexan phylum. Ingestion of
sporulated Eimeria oocysts from the environment leads
to the development of enteric disease. Each of the seven
species of Eimeria that cause disease in chickens pref-
erentially infects different regions of the intestinal tract
and can result in lesions of varying severity, including
thickening of the intestinal wall, petechial hemorrhages,
and necrosis, to name a few (Conway and McKenzie,
2008a). Worldwide, the costs arising from coccidia chal-
lenge, treatment, and control are estimated to total
at least 3 billion US dollars annually (Williams, 1999;
Alonso, 2014; Blake and Tomley, 2014). Not only is
coccidia infection alone an expensive burden for the
poultry industry, but infection with Eimeria maxima
is known to be a predisposing factor for necrotic enteri-

C© 2018 Poultry Science Association Inc.
Received August 17, 2017.
Accepted January 13, 2018.
1Corresponding author: brian89@uga.edu

tis (NE) caused by Clostridium perfringens infection
(Timbermont et al., 2011). Lesions resulting from the
subclinical form of NE cause reduced nutrient absorp-
tion and feed conversion, and cost producers $6 billion
in 2015 (Wade and Keyburn, 2015).

Eimeria infection occurs when a susceptible chicken
ingests a sporulated oocyst from the environment
(Chapman, 2003; Shirley et al., 2005; Conway and
McKenzie, 2008a; Chapman et al., 2013; Swayne et
al., 2013; Blake and Tomley, 2014). For every oocyst
ingested, it is estimated that several hundred thou-
sand may be produced, which are then available for
ingestion and infection of other chickens in the poultry
house (Sharman et al., 2010). Historically, coccidiosis
has been treated via the use of anticoccidials, includ-
ing ionophores and chemicals. Although anticoccidial
treatments are effective in protecting against disease
outbreaks, development of drug resistance, current ex-
ternal pressures on the industry, and regulatory changes
have producers turning towards vaccination (Shirley
et al., 2007; Newman, 2012; Blake and Tomley, 2014;
Chapman, 2014). Coccidia vaccines contain live, sporu-
lated oocysts of varying mixtures and concentrations

1544

mailto:brian89@uga.edu


COCCIDIA VACCINE APPLICATION METHODS 1545

of Eimeria species, and they are given in a low dose to
initiate an immunologic response in the bird (Danforth,
1998; Williams, 2002; Tewari and Maharana, 2011). Un-
like other coccidian parasites, infection with Eimeria is
self-limiting, as oocysts produced in the intestine are
not capable of auto-infection of the host chicken and
must be excreted and re-ingested for further infection
(Cowper et al., 2012; Wilhelm and Yarovinsky, 2014).
The immune response to Eimeria infection is species
specific and requires multiple exposures to oocysts of
each Eimeria sp. to achieve sufficient protective immu-
nity (Rose and Hesketh, 1979). Thus, vaccine compa-
nies rely on the concept of “vaccine oocyst cycling” in
the litter to gain protective immunity in a poultry flock
(Joyner and Norton, 1973).

The traditional method of coccidia vaccine applica-
tion is in a water-based spray using a hatchery spray
cabinet. Vaccine coverage is essential, as chicks that do
not ingest oocysts at day of hatch will later be exposed
to oocysts in the litter, and this higher dose of oocysts
can result in clinical infection and gut lesions. Gel vac-
cination technology for coccidia has been posited as an
alternative to spray vaccination. Gel beads containing
Eimeria oocysts have been shown to be protective when
delivered in the feed (Danforth et al., 1997; Jenkins
et al., 2012; Jenkins et al., 2013). Now, coccidia vac-
cines in gel diluents are being applied to day-old chicks
at the hatchery with a gel applicator bar (Ritzi et al.,
2016). There are multiple manufacturers of gel diluents
as well as multiple viscosities of individual gel products.
Some gels are only slightly more viscous than water, but
create more stable droplets on the chicks when applied.
Other gels are extremely viscous and create very defined
and gelatinous drops on chicks. The higher viscosity of
gel diluents compared to water spray may increase the
available vaccine for ingestion.

Now that alternative methods for coccidia vaccine
application are in use, research is needed to confirm
that vaccines are still as efficacious with these new ap-
plication methods as with traditional application. This
study aimed to compare the same commercial vaccine
applied by the traditional spray method and using a
gel application method with both high and low viscos-
ity gels. During the experiment, post-vaccination oocyst
shedding was recorded for two cycles along with eval-
uation of protection from challenge when vaccinating
with both methods.

MATERIALS AND METHODS

Coccidia Vaccine

The commercially available coccidia vaccine
Coccivac-B52 (Merck Animal Health, Madison, NJ)
used in these experiments contains live, sporulated
oocysts of E. acervulina, E. mivati, E. tenella, and two
strains of E. maxima. Each vaccine bottle contains
10,000 doses of oocysts in an unspecified proportion
of Eimeria species. The vaccine was administered on

day of hatch in a volume to deliver one manufacturer’s
dose per chick. Vaccine preparation and dilution for
each vaccine application method is described below.

Coccidia Challenge

Eimeria maxima oocysts of the APU1 strain were
generously donated by Dr. Mark Jenkins (Jenkins et
al., 2017). Oocysts were stored at 4C in 2.5% potas-
sium dichromate. Pathogenic dose was determined by
administration of varying doses of sporulated oocysts
to 16-day old broiler chickens and scoring of resulting
E. maxima-specific gross lesions occurring 7 days post-
challenge in the mid-intestine prior to the start of this
experiment. For experimental challenge, oocysts were
enumerated to obtain a dose of 5 × 104 oocysts per
bird and diluted in deionized water. Challenge was ad-
ministered 16 days post-vaccination via the oral gavage
route.

Experimental Animals

Non-vaccinated Ross broiler chickens were used to
provide a relevant model to commercial poultry op-
erations. Day 19 broiler chicken embryos were pur-
chased from a commercial source and hatched at the
Poultry Diagnostic and Research Center (Athens, GA).
Chicks were randomly assigned to one of the experi-
mental groups. All chickens were exposed to 20 hours
of light daily and offered a non-medicated starter feed
and water ad libitum throughout the duration of this
experiment. Animal care and use protocols have been
approved by the University of Georgia Institutional
Animal Care and Use Committee.

Experimental Design

This experiment compared coccidia vaccine infection
and oocyst cycling following multiple application meth-
ods and protection from Eimeria maxima challenge.
All experimental groups consisted of 100 one-day-old
broiler chicks that were vaccinated with the same com-
mercially available coccidia vaccine at the same dosage.
Chicks in Group 1 were vaccinated using a traditional
spray application with a water based diluent. In Group
2, chicks were vaccinated using the commercially avail-
able more viscous (MV) gel vaccine diluent Hydrodrop
gel (ClearH2O, Westbrook, ME) applied by a gel bar
applicator. In Group 3, chicks were vaccinated using
the commercially available less viscous (LV) gel diluent
CEVAGEL (Ceva Animal Health, Lenexa, KS) Dry Gel
Powder with the same gel applicator bar as was used
for the MV gel. In Group 4, chicks were vaccinated by
oral gavage to serve as a positive vaccination control.
One hundred chicks remained unvaccinated to serve
as positive and negative challenge controls in Groups
5 and 6.
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To evaluate vaccine oocyst cycling in the litter post-
vaccination, each group of chicks was placed on fresh
litter in separate colony-type houses. Four days post-
vaccination, 20 chicks from each vaccinated group were
randomly selected and removed for individual chick
placement in Horsfall isolators. Feces from each chick
in each group were collected on days 5 to 8 to eval-
uate the first cycle of vaccine oocyst shedding. After
fecal collection on day 8 post-vaccination, these chicks
were removed and euthanized. This was repeated 11
days post-vaccination for fecal collection on days 12 to
15 to evaluate the second cycle of vaccine oocyst shed-
ding. Oocyst counts were recorded as both E. maxima-
specific and total (E. maxima, E. acervulina, E. tenella,
and E. mivati) using a McMaster counting chamber.

Sixteen days post-vaccination, a pre-challenge body
weight was obtained for all 60 remaining chickens in
each group, after which time each group was reduced to
20 chickens that were randomly selected for challenge.
All chickens in all groups excluding the negative chal-
lenge control, Group 6, were challenged with 5 × 104

pathogenic E. maxima oocysts via oral gavage. Seven
days post-challenge, birds were weighed, humanely eu-
thanized, and evaluated for gross lesions. In addition,
slide smears were taken from the mid-intestines for
oocyst count scoring and segments of the mid-intestine
were collected and placed in formalin for histological
microscopic lesion scoring as described below.

Vaccination Procedure

Individual vials from the same lot of Coccivac-B52
vaccine were prepared for use in different application
methods. For the oral gavage method, the vaccine was
diluted in sterile deionized water to reach a concen-
tration of 1 dose per 0.5 mL. The spray, MV gel, and
LV gel were all prepared to apply 100 doses of vaccine
per chick basket. The spray method required dilution of
vaccine in sterile deionized water. The MV gel diluent
was mixed with vaccine using a paddle mixer. Seventy
grams of the LV gel diluent dry gel powder was added to
2.5 L sterile deionized water and mixed with a blender
until combined, at which time the manufacturer’s dye
and the vaccine were added. For direct comparison of
the two gel diluents, both the MV and LV gels were ap-
plied using the same gel applicator bar (Merck Animal
Health, Madison, NJ). The spray application dispensed
24 mL of vaccine suspension per 100 chicks. The MV
gel was dropped from the gel applicator bar to apply
25 mL of gel diluent onto a basket of 100 chicks. The
LV gel also dispensed 25 mL per chick basket.

Coccidia Vaccine Dose Determination for
each Application Method

To confirm that each vaccination method was ap-
plying the same dose of oocysts, a sample of one vac-
cine application volume was taken from the MV gel,

LV gel, and spray application devices using a 50 mL
tube placed under the vaccine applicator. A 1 mL
aliquot was removed from each sample from the MV,
LV, and spray applications, and 1 mL was also taken
from the gavage solution. Sporulated oocysts from each
1 mL aliquot were counted using a McMaster cham-
ber (Conway and McKenzie, 2008b). E. maxima and
total oocysts/mL were enumerated using the formula:
(# oocysts)×(dilution factor)×(6.67). The calculated
oocysts/mL and the volumes of the doses for the gav-
age (0.5 mL per bird), spray (0.24 mL per bird), MV
gel (0.25 mL per bird), and LV gel (0.25 mL per bird)
that were administered during application were used to
obtain the oocysts/dose for each method.

Oocyst Enumeration from Fecal Samples
using the McMaster Counting Method

Oocysts were enumerated daily for each of the 20
birds per group housed in isolation units for the first
and second cycles of oocyst shedding using a McMaster
counting chamber in a method based on one described
by Conway and McKenzie (Conway and McKenzie,
2008b). After collection, feces of each bird were weighed
and resuspended in deionized water at a volume of
10× the fecal weight and allowed to soak overnight at
4◦C in 500 mL bottles. The next day, the bottles were
shaken vigorously, and the fecal suspensions were fil-
tered through a double layer of cheesecloth. For each
sample, filtrate was collected into a 15 mL centrifuge
tube and centrifuged for 5 minutes at 486 ◦ g to pel-
let the solids. The supernatant was discarded and the
pellet was resuspended in a saturated salt solution to
a volume of 15 mL. After inversion of the tube, a
sample was removed with a transfer pipet and a Mc-
Master counting chamber was filled. Oocysts within
the chamber were counted as Eimeria maxima and to-
tal. The oocysts/g of fecal material was calculated as
(# oocysts/0.15)×10, where each oocyst counted is
equivalent to 67 oocysts per gram of sample. In cases
where the oocysts were too numerous to count, ten-
fold dilutions of the oocyst suspension were made in
saturated salt water until the oocysts reached a count-
able concentration in the McMaster chamber. When di-
lutions were made, the dilution factor was applied to
the # oocysts before calculating the oocysts/g of fecal
material.

Gross Lesion Scoring

Eimeria maxima gross lesions in the midgut were
scored for all experimental groups 7 days post-challenge
according to a method first described by Johnson and
Reid (Johnson and Reid, 1970). The midgut was iden-
tified by the presence of the Meckel’s diverticulum, and
scores were assigned on a scale of 0 to 4, with 0 being no
lesions present, 1 showing small numbers of petechiae
on the serosal surface of the intestine, 2 showing more
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Table 1. Sporulated oocysts per dose for each vaccinated group.

Oocysts/mL from vaccine application
methods Oocysts/dose1

Experimental
group Total E. maxima Total E. maxima

Gavage 3,268 1,001 1,634 501
Spray 4,536 1,868 1,089 448
MV gel 7,004 2,268 1,751 567
LV gel 5,670 2,001 1,418 500

1Oocysts/dose values for Total and E. maxima were calculated by multiplying oocysts/m: values by
the vaccine volume applied to each chick.

numerous petechiae and orange intestinal contents, 3
showing thickening of the intestinal wall and balloon-
ing with or without pinpoint blood clots and mucus,
and 4 showing bloody intestinal contents, ballooning,
and a greatly thickened wall.

Oocyst Count Scoring

Eimeria maxima oocyst counts were scored for all
experimental groups 7 days post-challenge. Following
gross lesion scoring, a smear of the midgut of each bird
was applied to a microscope slide and one field was
viewed under a 10× objective lens. The score system
of Goodwin et al. was used, in which 0 = no oocysts
seen, 1 = 1 to 20 oocysts per field, 2 = 21 to 50 oocysts
per field, 3 = 51 to 100 oocysts per field, and 4 = Too
Numerous to Count (TNTC) (Goodwin et al., 1998).

Microscopic Lesion Scoring

Microscopic lesion scoring followed the method de-
scribed by Goodwin et al (Goodwin, Brown and
Bounous, 1998). A 2.5 cm portion of the jejunum prox-
imal to the Meckel’s diverticulum was collected from 5
birds in each experimental group and immersed in 10%
buffered formalin. Portions of each intestinal segment
were cut parallel to the longitudinal axis and placed into
coded cassettes for processing through graded ethanols
and xylene and embedding in paraffin. Three μm sec-
tions of deparaffinized formalin-fixed mid-intestine were
placed onto glass slides and stained with hematoxylin
and eosin for scoring by a pathologist. Eimeria max-
ima was scored based on the presence of developmental
stages in the intestinal material. The microscopic lesion
score is the sum of A+B. “A” represents the distribu-
tion of developmental stages of E. maxima along the
intestinal segment. Four fields were viewed at a 10×
objective, and the scoring system for distribution is as
follows: 0 = no parasites, 1 = parasites in one field, 2
= parasites in two fields, 3 = parasites in three fields,
and 4 = parasites in all four fields. “B” represents the
severity of Eimeria maxima infection within the four
examined fields, where 0 = parasites in 0% of the villi,
1 = parasites in <25% of the villi, 2 = parasites in 25
to 50% of the villi, 3 = parasites in 51 to 75% of the
villi, and 4 = parasites in >75% of the villi. The initial
microscopic lesion scores could range from 0 to 8, but to
compare to gross lesion scores and oocyst count scores

the microscopic lesion score was divided by 2 to give a
final score range of 0 to 4.

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism software (La Jolla, CA) using an alpha of 0.05.
Oocyst per gram shedding statistical comparisons were
analyzed by two-way ANOVA with Holm-Sidak multi-
ple comparisons testing. Prism software was also used
to calculate the per cent coefficient of variation for total
and E. maxima shedding of each group and each time
point. Pre-challenge mean body weight, post-challenge
body weight gain, and post-challenge lesion scores were
all analyzed by comparison of the means with SEM.

RESULTS

Vaccine Doses

Vaccine doses for each vaccine application method
are shown in Table 1 from samples taken directly from
the applicator mechanism. The dose was highest in
the MV gel group with 1,751 oocysts/dose, followed
by the gavage, LV gel, and finally the spray with
1,089 oocysts/dose. When calculating only sporulated
E. maxima oocysts per dose, the order was the same
as that of the total with MV gel providing the highest
dose of 567 oocysts/dose, then gavage and LV gel with
501 and 500 oocysts/dose, and lastly spray with 448
oocysts/dose.

Cycle 1 Oocyst Shedding

During the first cycle, the birds vaccinated by gav-
age were shedding the highest numbers of total oocysts
at all time points, although the gavage group oocysts
per gram shed was not significantly different from the
LV gel oocyst shedding at day 6, and not significantly
different from the MV gel oocyst shedding at day 8
(Figure 1A). The percentage of chickens vaccinated by
gavage that were shedding oocysts in cycle 1 was higher
than that of all other groups, peaking at 100% on
days 6 to 8. Of the other vaccine application methods,
only the less viscous gel group reached 100% of chick-
ens shedding oocysts at day 6. Ninety-five per cent of
the chickens vaccinated by the MV gel were shedding
oocysts on days 6 and 7. The spray vaccinated chickens
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Figure 1. Total and Eimeria maxima oocyst shedding data for the first cycle post-vaccination. The data shown are oocysts per gram of feces
shed by the chickens in each group on each day of the cycle. Each bar represents a group that was vaccinated by a different method. (A) Total
oocysts per gram shed. (B)% of birds in each group positive for shedding total oocysts. (C) Eimeria maxima oocysts per gram shed. (D) % of
birds in each group positive for shedding Eimeria maxima oocysts.

Table 2. Per cent coefficient of variation (%CV) for total oocyst shedding of each group at each time point.

%CV

Cycle 1 Cycle 2

Experimental group d 5 d 6 d 7 d 8 d 12 d 13 d 14 d 15

Gavage 194.0 131.7 115.2 152.2 113.5 116.7 67.6 302.8
Spray 334.5 156.2 314.1 172.7 98.5 129.1 79.7 53.6
More viscous gel 272.1 140.3 100.5 315.0 231.0 166.4 184.8 120.3
Less viscous gel 238.6 101.5 116.7 167.4 75.9 152.4 92.8 143.3

peaked at day 7 with 95% of chickens shedding oocysts
(Figure 1B). The percent coefficient of variation
(%CV) for total oocyst shedding throughout the first
cycle shows that the variation of oocyst numbers shed
by the spray group was highest, and variation was low-
est in the gavage vaccinated group. The lowest %CV
seen in the gavage group was on day 7 with a value
of 115.2. Within the spray group, the lowest %CV was
seen on day 6, with a value of 156.2. The MV gel group
showed the least variation on day 7 with a value of
100.5, and the LV gel group showed the least variation
for total oocyst shedding on Day 6, with a value of 101.5
(Table 2).

Eimeria maxima oocyst shedding data for the first
cycle of fecal collection followed a similar trend to the
total oocyst shedding, with the chickens vaccinated by
gavage shedding significantly higher E. maxima oocysts
per gram than any of the other experimental groups
(Figure 1C). The percentages of chickens shedding E.
maxima in each group were lower than those for the to-

tal oocyst shedding, peaking at 7 days post-vaccination
with 85% of the chickens vaccinated by gavage shedding
E. maxima. In the other groups, the MV gel group had
the highest percentage of chickens shedding E. maxima
oocysts with 65% shedding on days 7 and 8 (Figure 1D).
The variation in numbers of E. maxima oocysts shed
by the gavage gel group was the lowest throughout the
first cycle, and %CV in the first cycle increased with the
MV gel, followed by the LV gel and spray groups. The
gavage, spray, and MV gel groups showed their lowest
%CV for E. maxima shedding in the first cycle on day
7, with values of 131.3, 280.5, and 123.4, respectively.
The lowest %CV seen in the LV gel group was 251.3 on
day 8 (Table 3).

Cycle 2 Oocyst Shedding

In the second cycle, the gavage group total oocyst
shedding became more consistent with that of the
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Table 3. Per cent coefficient of variation for E. maxima oocyst shedding of each group at each time point.

%CV

Cycle 1 Cycle 2

Experimental group d 5 d 6 d 7 d 8 d 12 d 13 d 14 d 15

Gavage 0.0 244.2 131.3 161.7 447.2 347.3 181.9 171.2
Spray 0.0 368.6 280.5 308.1 0.0 0.0 196.0 119.9
More viscous gel 0.0 0.0 123.4 246.6 431.9 447.2 0.0 282.4
Less viscous gel 0.0 411.3 269.3 251.3 447.2 447.2 0.0 122.5

Figure 2. Total and Eimeria maxima oocyst shedding data for the second cycle post-vaccination. The data shown are oocysts per gram of
feces shed by the chickens in each group on each day of the cycle. Each bar represents a group that was vaccinated by a different method. (A)
Total oocysts per gram shed. (B) % of birds in each group positive for shedding total oocysts. (C) Eimeria maxima oocysts per gram shed. (D)
% of birds in each group positive for shedding Eimeria maxima oocysts.

other groups. On day 12, the gavage, spray, and LV
gel groups were all shedding significantly higher to-
tal oocysts per gram than the MV gel group, which
was decreased tenfold compared to the other groups.
By day 13, the spray group had the highest mean
total oocysts per gram shed (650,033), and through-
out days 14 and 15 there was no significant differ-
ence in oocyst shedding between any of the groups
(Figure 2A). Although the numbers of oocysts per gram
differed between the groups significantly on days 12 and
13 and numerically throughout the second cycle, there
was 100% shedding of total oocysts for the birds in
each group on all days in cycle 2 except for day 12
(Figure 2B). The %CV for total oocyst shedding in
cycle 2 was decreased in all groups compared to the
first cycle, and variation was lowest in the spray vacci-
nated group (53.6 on day 15) and highest in the MV gel

group, which only reached a low value of 120.3 on day 15
(Table 2).

Eimeria maxima shedding during the second cycle
was quite low and did not show the same increase
in shedding from cycle 1 that was seen with the to-
tal oocyst shedding, although the spray group shed-
ding had increased significantly compared to all other
groups by day 15 (Figure 2C). In addition to the low E.
maxima oocyst numbers being shed during the second
cycle, the percentage of chickens positive for shedding
E. maxima in each group was low during days 12 to
14, with an increase in the percent positive at day 15
(Figure 2D). The %CV for the second cycle of E. max-
ima oocyst shedding was increased in all groups except
for the spray vaccinated group compared to the first cy-
cle. The %CV throughout the second cycle was highest
in the MV gel vaccinated group and lowest in the spray
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Figure 3. Mean body weight 16 days post-vaccination (A) and mean body weight gain 7 days post-challenge with E. maxima (B).

group. The lowest %CV value seen in the second cycle
was in the spray group with a value of 119.9 on day 15.
The highest value reached was 447.2, which was seen in
the gavage group on day 12, and in the MV gel and LV
gel groups on day 13 (Table 3).

Pre- and Post-Challenge Body Weight

There was no significant difference in the mean body
weight recorded 16 days post-vaccination between any
of the vaccinated groups or the non-vaccinated control
group (Figure 3A). The body weight gain recorded 7
days post-challenge did not show a significant differ-
ence between any of the vaccinated groups and the non-
vaccinated/non-challenged group. However, the MV gel
vaccinated group body weight gain was also not sig-
nificantly higher than the non-vaccinated/challenged
group (Figure 3B).

Gross Lesions

None of the vaccinated groups differed signifi-
cantly when evaluating gross lesion scores, with all
vaccinated groups having gross lesion scores be-
low 1. The gavage, more viscous gel, and less vis-
cous gel groups also all did not differ significantly
from the non-vaccinated/non-challenged group. The
non-vaccinated/challenged group showed significantly
higher gross lesion scores than all other groups, with a
mean score greater than 2 (Figure 4A).

Oocyst Count Scores

E. maxima oocyst enumeration from mid-intestine
scrapings showed that the vaccinated groups did not
differ significantly in oocyst count scores from each
other or from the non-vaccinated/challenged group,

and all scores were below 2. The non-vaccinated/non-
challenged group had a score of 0, which was signifi-
cantly lower than all other groups (Figure 4B).

Microscopic Lesions

Microscopic lesion scores ranged from 2.5 to 3 for
all challenged groups, with none of the E. max-
ima challenged groups differing significantly. The non-
vaccinated/non-challenged group had a score of 0
which was significantly lower than all other groups
(Figure 4C).

DISCUSSION

The influence of each application method is shown in
the cycle 1 total oocyst shedding. The birds vaccinated
by gavage were shedding higher numbers of total and
E. maxima oocysts than any of the experimentally vac-
cinated groups in the first cycle. When vaccinating by
oral gavage, the oocyst suspension is deposited directly
into the crop, resulting in more efficient delivery of the
oocysts to the intestinal tract. This controlled vaccina-
tion method also produced the least variation of total
oocyst shedding numbers in the first cycle, as all chick-
ens vaccinated were ensured to receive a proper vaccine
dose. The spray, MV gel, and LV gel methods require
chicks to actively ingest oocysts both from preening
and from pecking in the hatchery basket, resulting in
a potential loss of vaccine. Both gel vaccines produced
less variation in oocyst shedding during the first cycle
compared to the variation seen in the spray vaccinated
group, perhaps indicating that the gel beads provide
a more stable vehicle for vaccine delivery than a liq-
uid spray. Furthermore, the MV gel vaccinated chickens
shed numerically higher total and E. maxima oocysts
in the feces than the spray and LV gel groups in the
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Figure 4. Mean Eimeria maxima lesion scores. (A) Gross lesions. (B) Oocyst count scores. (C) Microscopic lesion scores.

first cycle, which is consistent with the higher doses of
oocysts for that application method.

During the second cycle of fecal oocyst shedding,
the total oocysts shed increased tenfold for the gav-
age, spray, and less viscous gel groups. This was ex-
pected as the birds ingested the higher doses of oocysts
present in the litter following the first cycle of shed-
ding. In addition, the spray, gavage, and less viscous
gel groups all had lower variation within the groups for
oocyst shedding in the second cycle, and all coefficient
of variation values for those groups were very similar.
This decrease in variation compared to the first cycle of
oocyst shedding may be attributed to the exposure of
chickens that did not receive vaccine to the sporulated
oocysts in the litter from the first cycle of shedding,

leading to more consistent infection and shedding of
all birds within the groups. However, the birds vacci-
nated by the more viscous gel method were shedding
significantly lower numbers of total oocysts than the
other vaccinated groups, although 100% of the birds
in that group were shedding oocysts at all time points
except for day 12. Although the temperature of each
colony room that each group was held in remained con-
sistent, it is possible that there was reduced humidity in
the more viscous gel room, leading to lower sporulation
rates of the oocysts shed in the first cycle and therefore
lower doses of oocysts ingested by those birds, however
this is only speculation.

Like the data for the first cycle of E. maxima oocyst
shedding, the numbers of oocysts shed during the
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second cycle were quite low in all groups except for day
15, when the spray group was shedding significantly
higher oocysts per gram than the other groups. In ad-
dition, the percentage of birds in each group positive for
E. maxima shedding was low until day 15. This is also
seen in the increased variation seen within the gavage,
more viscous gel, and less viscous gel groups compared
to the first cycle of E. maxima shedding, as there were
very few birds within those groups shedding E. maxima
oocysts during the second cycle. It is possible that the
start of shedding for the second cycle was delayed, and
higher numbers would have been seen had fecal collec-
tion continued beyond 15 days. This trend can be seen
in Figure 2D, where the percentage of chicks shedding
E. maxima increased every day.

E. maxima was deemed to be the most appropriate
species of Eimeria to use as a challenge, as it is a com-
ponent in the development of necrotic enteritis, and
is therefore of extreme relevance to the poultry indus-
try (Williams et al., 2003). There was no difference in
pre-challenge body weight between any of the groups,
which runs counter to the common industry concern
of reduced performance when using live coccidia vac-
cines. In future experiments, further performance anal-
ysis could be performed to better understand the effect
of coccidia vaccination on body weight gain. Follow-
ing challenge, the mean body weight gains of the vac-
cinated groups were not significantly different from the
non-challenge controls, indicating protection. The mean
body weight of the negative control group was signifi-
cantly increased compared to the non-vaccinated chal-
lenged control group, showing that the challenge had
an influence on body weight for non-vaccinated birds.
Interestingly, the MV gel group, which showed signifi-
cantly reduced oocyst shedding in the second cycle com-
pared to the other groups, did not significantly differ
in average body weight gain from the non-vaccinated,
challenged control group. This illustrates the impor-
tance of re-exposure to oocysts in the litter in order
to achieve complete protection.

When evaluating gross lesions, scores for the vacci-
nated groups were low, and the gavage, more viscous
gel, and less viscous gel group scores all were statis-
tically the same as the negative control group, indi-
cating protection from challenge. The spray group did
not have significantly different scores from the other
vaccinated groups, but did have a significantly higher
mean gross lesion score than the negative control group.
However, since it was not different from the other vac-
cinated groups it is reasonable to claim that protec-
tion was achieved. The oocyst count scores and the mi-
croscopic lesion scores of the vaccinated groups were
all statistically the same as the mean score of the
positive challenge control group. However, interpreta-
tion of these scores is difficult, considering that the
birds were all kept on litter during the 7 days post-
challenge, and could have continued to cycle vaccine
oocysts during this time, rendering it nearly impossible
to distinguish between vaccine and challenge oocysts

present in the mid-intestine. Although the positive chal-
lenge control group did not differ significantly in oocyst
count and microscopic lesion scores from the vacci-
nated/challenged groups, it is possible that the E. max-
ima scored for the positive control assays was present
from challenge, whereas the E. maxima seen in the
vaccinated/challenge groups may have been from vac-
cine. This makes the body weight and the gross le-
sion scores the more reliable methods for evaluating
protection.

This experiment demonstrates that vaccine applica-
tion method can influence the dosage of oocysts per
chicken. Even though all vaccines were mixed so that
each chick basket would receive the same dosage of
oocysts, there was a difference in the number of oocysts
collected from each application method. The gel ap-
plication methods had oocyst numbers in each dose
consistent with the gavage preparation (where vaccine
is not mass applied). Contrastingly, there was a loss
of oocysts during vaccination for the spray method,
which is consistent with other reports showing that in-
fectious bronchitis virus vaccine is lost when applied
by spray (Roh et al., 2015). While these differences in
total oocysts delivered to chicks varied between appli-
cation methods, there was no difference in body weight
gain or protection from challenge between birds vacci-
nated using water spray, more viscous gel bar, less vis-
cous gel bar, or gavage. This demonstrates that when
these methods are used properly and chickens are ex-
posed to an appropriate dosage of coccidia vaccine,
protection will be achieved, regardless of the vaccine
application.
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