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  ABSTRACT   A primary infection of 12.5 × 103 oocysts 
of Eimeria adenoeides , given to 20-d-old turkey poults, 
resulted in depression of weight gain, and the produc-
tion of large numbers of oocysts in the feces, compared 
with uninfected controls. Poults were raised under 
conditions to prevent possible reinfection to determine 
the ability of the primary infection to confer protec-
tive immunity against a challenge infection of 5 × 104

oocysts given at 34 d of age. Using weight gain and 
oocyst production after challenge as criteria for protec-
tion, the results indicated that immunity had devel-
oped. The concentration and proportions among white 
blood cell (WBC) populations in peripheral blood were 
determined at different times after the primary infec-
tion. The WBC concentration of infected poults was 
elevated on d 7 and 11, primarily due to elevated levels 
of lymphocytes and monocytes on d 7 and eosinophils 

on d 11. There were no differences in heterophil and ba-
sophil concentrations between infected and uninfected 
poults at any of the time points examined. With the 
exception of increased percentages of eosinophils on d 
11, infection was not associated with alterations in the 
proportions among WBC populations. Comparison of 
CD4+ and CD8+ defined lymphocyte subpopulations 
in the blood of infected versus uninfected poults re-
vealed higher concentrations of CD4+ lymphocytes on 
d 11, lower concentrations of CD8+ cells on d 4, and 
higher concentrations of CD8+ cells on d 11 of infec-
tion, as well as elevated ratios of CD4+:CD8+ lympho-
cytes in infected birds on d 4 and 11. These alterations 
in WBC profiles after primary E. adenoeides infection 
in turkey poults suggest initiation of both innate and 
adaptive cellular immune activities designed to effec-
tively cope with a parasitic, intracellular pathogen. 
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  INTRODUCTION 
  Coccidiosis is a widespread disease of the intestinal 

tract of turkeys caused by parasites of the protozoan 
genus Eimeria (Chapman, 2008). One of the most 
prevalent species in the turkey is Eimeria adenoeides
that can cause reduced feed intake, decreased weight 
gain, poor feed conversion, and high mortality in young 
poults (Clarkson, 1958). Oocysts of Eimeria, the trans-
mission stage of the life cycle, were recently identified 
in almost all litter samples from turkey farms submit-
ted to our laboratory for drug resistance evaluation. 
The majority of these isolates contained E. adenoeides
(Rathinam and Chapman, 2009). Infection with Eime-
ria is known to stimulate a protective immune response 
in chickens (Rose, 1996; Yun et al., 2000), but almost 
nothing is known concerning the development of im-
munity to those species that infect the turkey. In this 

study, we investigated the acquisition of immunity to 
E. adenoeides in turkey poults and determined white 
blood cell (WBC) population profiles throughout the 
course of a primary infection. 

  MATERIALS AND METHODS 

  Birds and Husbandry 
  One hundred healthy female poults (Nicholas 88) 

were obtained from a local hatchery and transferred to 
brooder cages in an isolation building at the University 
of Arkansas. They were reared at a stocking density 
of 257 cm2/poult and a brooder temperature of 35 to 
38°C. All poults were fed a nutritionally adequate corn-
soybean diet (NRC, 1994) and had free access to water. 
Husbandry followed guidelines for the care and use of 
animals in agricultural research (FASS, 1999). 

  Experimental Design 
  The experimental design consisted of 2 phases as in-

dicated in Table 1. In the first phase, 96 poults were 
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randomly allocated to 2 treatments and given either a 
primary inoculum of oocysts (treatment 1) or sham-
inoculated with water (treatment 2; uninfected con-
trols). In the second phase, poults in each of these 2 
treatments were either challenged with a high dose of 
oocysts (treatments 1A and 2A) or not infected (treat-
ments 1B and 2B; unchallenged controls).

Primary Infection
At 17 d of age, poults were separately identified with 

a unique wing band number and allocated to 8 clean 
battery cages, 12 poults/cage, at a stocking density of 
460 cm2/poult. Two separate test rooms were utilized. 
Four cages in one room were used for poults to be given 
the primary inoculum of oocysts; 4 cages in the other 
room housed the uninfected controls. Two rooms were 
used to prevent the possibility of accidental transfer 
of oocysts from the room containing infected birds to 
that containing the uninfected controls. Additional pre-
cautions to prevent accidental infection were to service 
uninfected before infected birds. Three birds from each 
cage were randomly identified for subsequent removal 
of a sample of peripheral blood (12 poults/treatment). 
Three days after allocation to cages, at 20 d of age, all 
poults were weighed and either inoculated orally with 
12.5 × 103 oocysts of E. adenoeides in 1 mL of water 
(primary infection) or given a sham dose of 1 mL of 
water (uninfected controls). Commencing on d 25, d 5 
postinfection (PI), poults in all cages were transferred 
daily to an adjacent cage that had been thoroughly 
cleaned to prevent accidental reinfection. This was con-
tinued on a daily basis until d 33 (the day before the 
challenge phase of the study).

At 26 d of age, all poults were weighed and weight 
gain from d 0 to 6 PI was calculated. Feces from each 
cage were collected from d 5 to 6, 6 to 7, 7 to 8, 8 to 
9, and 13 to 14 PI, and the numbers of oocysts pres-
ent were determined by the following procedure. Feces 
were homogenized in 5 L of water, a 1-mL sample was 
diluted with 49 mL of saturated salt solution, and the 
number of oocysts was counted in a McMaster chamber. 

Results were expressed as the total number of oocysts 
produced per poult for the 24-h period of collection.

On d 0, 4, 7, and 11 after the primary inoculum, a 
blood sample was collected alternately from the left 
and right brachial vein of the 12 poults that had been 
preselected from the infected and uninfected groups, 
respectively. These birds were killed by inhalation of 
carbon dioxide gas after the blood sample was obtained 
on d 11.

Secondary Infection
At 34 d of age, 18 poults from 2 of the cages that 

had received the primary infection and 18 poults from 
2 cages containing uninfected birds were weighed, al-
located to clean cages, and challenged with 5 × 104 
oocysts (treatments 1A and 2A in Table 1). This dose 
of oocysts had been shown in previous experiments to 
depress weight gain in turkey poults but not cause mor-
tality. The 36 poults from the remaining cages were 
also weighed and allocated to new cages but were not 
challenged (treatments 1B and 2B; unchallenged con-
trols). Six days later (40 d of age), poults were weighed 
and weight gain from d 0 to 6 PI was determined as 
described above. Feces were collected from d 5 to 6, 6 to 
7, and 7 to 8 after secondary infection and the numbers 
of oocysts produced were determined.

Parasite
The isolate of E. adenoeides was obtained from a lit-

ter sample collected from a turkey farm in Kansas in 
2006 and had been purified from 3 oocysts using the 
low-gelling agarose method described by Shirley and 
Harvey (1996). Oocysts were less than 1 mo old when 
used in experiments.

Blood Samples
Heparinized blood samples (1 mL) collected on d 0, 

4, 7, and 11 after the primary infection were used to de-
termine the concentrations of total WBC (103/μL), red 

Table 1. Experimental design 

Primary infection1 Challenge infection2

Treatment Cage number Number of birds3 Infected Treatment Cage number Number of birds3 Infected

1 1 12 Yes 1A 1 9 Yes
1 2 12 Yes 1A 2 9 Yes
1 3 12 Yes 1B 3 9 No
1 4 12 Yes 1B 4 9 No
2 5 12 No 2A 5 9 Yes
2 6 12 No 2A 6 9 Yes
2 7 12 No 2B 7 9 No
2 8 12 No 2B 8 9 No

1Poults were inoculated at 20 d of age with 12.5 × 103 oocysts.
2Poults were challenged at 34 d of age with 5 × 104 oocysts.
3Blood samples were taken from the brachial vein of 3 poults from each cage at different times after infection.
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blood cells (RBC, 106/μL), and thrombocytes (103/
μL) utilizing an automated hematology analyzer cali-
brated for turkey blood (CELL-DYN 3500SL System; 
Abbott Diagnostics, Abbott Park, IL). The samples 
were also used to measure hemoglobin concentration, 
packed cell volume (PCV), mean corpuscular volume 
(MCV), and mean corpuscular hemoglobin concentra-
tion. The proportions of the various WBC populations 
were manually determined using Wright-stained blood 
smears (Lucas and Jamroz, 1961; Wang et al., 2003). 
Blood smears were observed using a bright field micro-
scope with oil immersion at 1,000× magnification. Ap-
proximately 500 leukocytes, specifically lymphocytes, 
heterophils, monocytes, eosinophils, and basophils, were 
identified and counted based on morphological charac-
teristics (Lucas and Jamroz, 1961). The proportion of a 
leukocyte population was expressed as the percentage of 
total leukocytes examined. The heterophil:lymphocyte 
ratio was calculated by dividing the number of het-
erophils by the number of lymphocytes identified on 
each blood smear. The concentration of individual leu-
kocyte populations was calculated using the total WBC 
concentration estimated by the automated hematology 
analysis and the percentages of individual leukocytes 
estimated by manual differential leukocyte counts.

Peripheral Blood Mononuclear Cell Isolation
Peripheral blood mononuclear cells (PBMC) were 

isolated from the remaining whole blood (0.6 to 0.7 mL) 
for immunofluorescence staining and flow cytometric 
cell population analysis. To isolate PBMC, the blood 
was diluted at room temperature in Dulbecco’s PBS 
(Sigma Chemical Company, St. Louis, MO) at a 2:1 ra-
tio. The blood dilution was layered on Fico/Lite Lym-
phoH 1.077 (Ficoll; Sigma) at a 1:1 ratio in 5-mL Fal-
con tubes (Becton Dickinson, Franklin Lakes, NJ). The 
suspension was centrifuged in a swing-bucket centrifuge 
(Jouan CR312, Thermo Fisher Scientific Inc., Waltham, 
MA) at 350 × g for 30 min at room temperature. The 
PBMC interface between the Ficoll and the plasma lay-
ers was collected and washed 2 times with PBS at 250 
× g for 8 min at 4°C. The CD4+ and CD8+ defined 
lymphocyte subsets in the PBMC suspension were 
identified using a direct fluorescence staining procedure 
(Erf et al., 1998). The antibodies employed were mouse 
anti-chicken CD4-fluorescein isothiocyanate (FITC) 
(clone CT-4) and mouse anti-chicken CD8-phycoeryth-
rin (PE) (clone 3-298) (Southern Biotechnology Asso-
ciates Inc., Birmingham, AL) known to cross-react with 
turkey CD4 and CD8 molecules, respectively. Controls 
included FITC- and PE-labeled isotype control (mouse 
IgG1 with irrelevant specificity; Sigma) to test for non-
specific binding of the specific antibodies (mouse IgG1) 
and to set the cut-off between fluorescence-positive 
versus fluorescence-negative PBMC for FL-1 (FITC) 
and FL-2 (PE), respectively. The percentages of CD4+ 
and CD8+ live cells in the PBMC population were de-
termined by flow cytometry using a Becton Dickinson 

FACSort equipped with a 488-nm argon laser (Becton 
Dickinson Immunocytometry Systems, San Jose, CA). 
Cell population analysis was conducted using Cell-
Quest software (Becton Dickinson Immunocytometry 
Systems). The percentage of CD4+ and CD8+ lym-
phocytes in the live, small mononuclear cell population 
(lymphocytes and thrombocytes), determined by flow 
cytometry, was converted into concentrations based on 
concentration estimates of lymphocytes and thrombo-
cytes in whole blood.

Data Analysis
For the primary infection, 4 replicates of 12 poults/

cage were used for measurement of weight gain and 
oocyst production; for the secondary infection, 2 rep-
licates of 9 poults/cage were used for measurement of 
these criteria. Analysis of WBC populations and oth-
er blood parameters was based upon 4 replicates of 3 
poults/cage and 2 replicates of 3 poults/cage for the 
primary and secondary infections, respectively. Cage 
means served as the experimental unit for statistical 
analysis. Weight gain, oocyst numbers, the number and 
proportion of WBC populations, and other blood pa-
rameters were analyzed by 1-way ANOVA using SAS 
software (SAS Institute, 2003). Means were separated 
and compared using Student-Newman-Keuls test. No 
oocysts were produced by uninfected controls in the 
primary infection and therefore oocyst production data 
were not statistically analyzed.

RESULTS

Weight Gain and Oocyst Production—
Primary Infection

Infected poults (treatment 1) showed a lower weight 
gain (P < 0.001) than uninfected birds (treatment 2) 
after inoculation with 12.5 × 103 oocysts (Table 2). 
Large numbers of oocysts were produced in the feces 
of infected poults from d 5 to 6 followed by a decline. 
Small numbers were still produced from d 13 to 14 after 
infection. No oocysts were produced by uninfected con-
trols. No mortality occurred because of infection.

WBC—Primary Infection
The concentration of WBC from infected poults was 

elevated on d 7 and 11 PI (P < 0.05) compared with 
uninfected controls (Table 3). No significant differences 
in the concentration of heterophils or basophils in the 
peripheral blood were observed (Table 4). The concen-
tration of lymphocytes and monocytes was higher in in-
fected birds on d 7 PI, and eosinophil concentration was 
elevated on d 11 (P < 0.05). No significant differences 
in the proportions of lymphocytes, heterophils, mono-
cytes, basophils (Table 4), or heterophil:lymphocyte ra-
tios were observed (data not shown). The proportion of 
eosinophils was elevated on d 11 (P < 0.05).
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CD4+ and CD8+ Lymphocyte 
Concentrations and Ratios— 
Primary Infection

The CD4+ lymphocyte concentration of infected 
poults was greater than uninfected controls on d 11 
PI (Table 5). The CD8+ lymphocyte concentration of 
infected poults was less than the controls on d 4 but 
higher on d 11 (P < 0.05). The ratio of CD4+ to CD8+ 
cells was elevated in infected birds on d 4 and 11 (P < 
0.05).

Other Blood Parameters—Primary Infection
No significant differences were found in total RBC, 

PCV, MCV, hemoglobin concentration, mean cor-
puscular hemoglobin concentration, and thrombocyte 
concentrations in the blood of infected and uninfected 
poults at different days after the primary infection. 
Data are not shown.

Weight Gain and Oocyst Production—
Secondary Infection

Results are presented in Table 6. The weight gain of 
challenged poults that had received a primary infection 
(treatment 1A) and unchallenged controls (treatments 
1B, 2B) was greater (P < 0.005) than that of chal-

lenged poults that had not been infected (treatment 
2A). This indicates that, using weight gain as a cri-
terion for protection, immunity to E. adenoeides had 
developed. Large numbers of oocysts were produced in 
the feces of challenged poults that had not received the 
primary infection (treatment 2A). By contrast, few oo-
cysts were produced in challenged birds that had been 
infected (treatment 1A) and none were produced in un-
challenged controls. This indicates that, judged by the 
ability of the parasite to multiply in the host, immunity 
had developed after the primary infection.

DISCUSSION
Eimeria adenoeides is one of the most pathogenic 

species of Eimeria that infect the turkey and high doses 
(e.g., 1 to 2 × 105 oocysts) have been shown to cause 
reduced weight gain and mortality during the acute 
phase of infection (Clarkson, 1958). In this study, doses 
of 12.5 × 103 and 5 × 104 oocysts caused weight depres-
sion but no mortality. Large numbers of oocysts were 
produced after the primary infection but none were 
found in the uninfected poults. Similarly, no oocysts 
were found in uninfected poults during the challenge 
phase of the study. This indicates that the procedure to 
prevent accidental infection from occurring in uninfect-
ed birds was successful. Poults that had not received a 
primary infection produced large numbers of oocysts 
when challenged at 34 d of age, indicating that they 
remained susceptible to infection.

An objective of this study was to investigate whether 
poults acquire immunity because of a primary infec-
tion. According to Augustine (1988), a single dose of 
1.5 × 105 oocysts, in which equal numbers of E. ad-
enoeides and Eimeria meleagrimitis were given to 14-d 
-old poults, afforded good protection, judged by weight 
gain, against challenge 2 wk later with 3 × 105 oocysts 
of the mixed species. Because 2 species were included 
in the inoculum, it is not possible to determine their 
separate contributions to the development of immunity. 
An important practical consideration in the design of 
experiments to investigate the effects of a single dose of 
oocysts is the prevention of accidental exposure result-
ing from oocysts passed in the feces (Rose, 1974). This 
may occur even if birds are raised on wire floors. In the 
experiment undertaken here, accidental exposure was 

Table 2. Weight gain and oocyst production of 20-d-old turkey poults infected with 12.5 × 103 oocysts of Eimeria adenoeides 

Treatment number1 Primary infection Weight gain2 (g)

Oocysts/poult3 (millions)

5 to 6 6 to 7 7 to 8 8 to 9 13 to 14

1 Yes 198 ± 5b 104 ± 20 37 ± 3 14 ± 1 12 ± 1 2 ± 0
2 No 246 ± 7a 0 0 0 0 0
P-value 0.001 Not done

a,bValues in a column with no common superscript differ significantly.
1Each treatment comprised 4 cages of 12 poults.
2Mean weight gain ± SEM from d 0 to 6 after the primary infection. 
3Millions of oocysts produced/poult ± SEM from d 5 to 6, 6 to 7, 7 to 8, 8 to 9, and 13 to 14 after the primary infection.

Table 3. Total white blood cell (WBC) concentrations (×106/
mL) in the peripheral blood of turkeys at different times after 
infection with 12.5 × 103 oocysts of Eimeria adenoeides at 20 d 
of age 

Day of 
infection

WBC1 (mean ± SEM)

P-valueInfected2 Uninfected2

0 36.0 ± 6.4 26.2 ± 3.3 0.188
4 27.1 ± 4.2 35.1 ± 4.3 0.196
7 32.8 ± 3.2a 23.0 ± 2.6b 0.027
11 25.7 ± 4.7a 14.3 ± 2.0b 0.037

a,bValues in a row with no common superscript differ significantly (P 
≤ 0.05).

1White blood cell concentration was determined using a CELL-DYN 
automated hematology analyzer (Abbott Diagnostics, Abbott Park, IL) 
calibrated for turkey blood.

2Each treatment comprised 3 poults from 4 cages.
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avoided by transferring birds to clean cages on a daily 
basis during the patent period of the primary infection. 
It is considered likely, therefore, that any effects ob-
served can be attributed to the primary infection.

The results indicate that, judged by weight gain and 
oocyst production, poults had acquired immunity to E. 
adenoeides as a consequence of exposure to 12.5 × 103 
oocysts. A few oocysts were produced by challenged 
poults that had received the primary infection, sug-
gesting that inhibition of parasite development was not 
complete. According to Rose (1996), clinical immunity 
precedes complete antiparasite immunity, which ap-
pears to be a more stringent criterion for evaluating 
the immune response.

In the chicken, a single infection of the intestinal 
parasite Eimeria maxima resulted in immunity (judged 

by inhibition of parasite development), whereas mul-
tiple infections were necessary for the pathogenic cecal 
parasite Eimeria tenella (Rose, 1974). Eimeria adenoe-
ides is highly pathogenic and, like E. tenella, develops 
predominantly in the ceca; multiple infections were not 
necessary, however, for protection to be acquired. Ac-
cording to Rose (1985), there is no correlation between 
immunizing ability of different species and pathogenic-
ity to the host, or the area of the gut parasitized. The 
finding that protection against the cecal parasite E. 
adenoeides develops after a single dose of oocysts sup-
ports the conclusion that area of the gut parasitized 
may not be important in immunizing ability.

No differences were found in RBC, hemoglobin con-
centration, PCV, MCV, and thrombocyte numbers af-
ter the primary infection with 12.5 × 103 oocysts. In 

Table 5. Mean concentrations and ratio of CD4+ and CD8+ lymphocytes in peripheral blood of tur-
keys at different times after infection with 12.5 × 103 oocysts of Eimeria adenoeides at 20 d of age 

Day of infection Treatment1

Lymphocyte concentration2 (×106/mL)

CD4+:CD8+2CD4+ CD8+

0 Infected 9.0 ± 1.4 2.5 ± 0.6 4.2 ± 0.5
0 Uninfected 7.0 ± 0.5 2.1 ± 0.6 3.4 ± 0.3
4 Infected 4.1 ± 0.5 0.6 ± 0.1b 7.2 ± 0.9a

4 Uninfected 5.6 ± 0.5 1.4 ± 0.1a 4.0 ± 0.3b

7 Infected 3.7 ± 0.7 2.2 ± 0.2 1.7 ± 0.3
7 Uninfected 2.2 ± 0.3 1.8 ± 0.2 1.4 ± 0.2
11 Infected 4.1 ± 0.6a 1.4 ± 0.2a 3.6 ± 0.6a

11 Uninfected 1.9 ± 0.2b 0.9 ± 0.1b 2.1 ± 0.1b

a,bValues in a column with no common superscript for the day of infection differ significantly (P ≤ 0.05).
1Each treatment comprised 3 poults from 4 cages.
2The concentrations of CD4 and CD8 defined lymphocyte populations are based on the percentage of CD4+ 

and CD8+ lymphocytes in the small mononuclear cell population determined by immunofluorescent staining and 
population analysis by flow cytometry, and the concentration of lymphocytes in whole blood. The ratio between 
CD4+ and CD8+ lymphocytes was determined by dividing the percentage of CD4+ cells by the percentage of 
CD8+ cells.

Table 4. Concentrations and proportions (%) among white blood cells (WBC) in peripheral blood of turkeys at different times after 
infection with 12.5 × 103 oocysts of Eimeria adenoeides at 20 d of age 

Day of infection Treatment1 Lymphocyte Heterophil Monocyte Eosinophil Basophil

Concentration2 (×106 mL of blood)
 0 Infected 15.4 ± 3.8 16.5 ± 2.5 1.9 ± 0.4 0.9 ± 0.2 1.2 ± 0.2
 0 Uninfected 11.1 ± 2.0 11.4 ± 1.4 1.1 ± 0.2 1.2 ± 0.3 1.4 ± 0.3
 4 Infected 8.5 ± 2.1 15.2 ± 2.5 1.3 ± 0.2 1.0 ± 0.1 1.2 ± 0.2
 4 Uninfected 12.4 ± 2.2 17.7 ± 1.8 1.8 ± 0.4 1.5 ± 0.4 1.6 ± 0.3
 7 Infected 18.4 ± 3.3a 10.7 ± 1.7 1.5 ± 0.2a 0.8 ± 0.1 1.5 ± 0.2
 7 Uninfected 10.0 ± 1.0b 9.9 ± 1.8 0.9 ± 0.1b 0.9 ± 0.1 1.3 ± 0.2
 11 Infected 11.2 ± 2.4 10.5 ± 2.8 1.0 ± 0.2 1.5 ± 0.3a 1.5 ± 0.4
 11 Uninfected 7.4 ± 0.9 4.7 ± 3.0 0.6 ± 0.2 0.5 ± 0.4b 1.0 ± 0.7
Proportions2 (% of leukocytes)
 0 Infected 40.8 ± 2.1 47.4 ± 2.5 5.2 ± 0.4 2.7 ± 0.4 4.0 ± 0.5
 0 Uninfected 41.4 ± 3.9 44.8 ± 4.0 4.3 ± 0.3 4.5 ± 0.7 5.2 ± 0.6
 4 Infected 31.8 ± 4.2 54.8 ± 3.0 5.1 ± 3.0 4.0 ± 0.6 4.4 ± 0.5
 4 Uninfected 34.1 ± 2.4 52.6 ± 3.0 5.0 ± 0.4 4.1 ± 0.5 4.3 ± 0.6
 7 Infected 53.7 ± 4.9 34.5 ± 4.9 4.6 ± 0.4 2.6 ± 0.4 4.8 ± 0.5
 7 Uninfected 46.4 ± 3.2 39.7 ± 3.6 3.9 ± 0.4 4.0 ± 0.6 5.9 ± 0.7
 11 Infected 47.1 ± 5.6 37.1 ± 5.6 4.2 ± 0.3 5.7 ± 0.7a 6.2 ± 0.8
 11 Uninfected 54.5 ± 3.3 29.8 ± 3.0 4.7 ± 0.3 3.2 ± 0.5b 6.4 ± 2.2

a,bValues in a column with no common superscript for the day of infection differ significantly (P ≤ 0.05).
1Each treatment comprised 3 poults from 4 cages.
2Concentrations of individual WBC populations were determined using concentration estimates of total WBC based on CELL-DYN (Abbott Di-

agnostics, Abbott Park, IL) automated hematology analysis. The percentages of individual cell populations were determined manually using Wright 
stained blood smears and a bright field microscope (1,000×).
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another study, PCV and whole blood hemoglobin were 
significantly higher 6 d after infection of poults with 
E. adenoeides, but the number of oocysts given (105) 
was substantially higher than in this experiment (Au-
gustine and Witlock, 1984). Osmotic fragility of RBC 
was also decreased, which was thought due to reduced 
water intake. Changes in blood cell values are less likely 
in turkeys infected with Eimeria species because, unlike 
species such as E. tenella and Eimeria necatrix that 
infect the chicken, little overt hemorrhage is observed 
(Clarkson, 1958).

An increase in the concentration of WBC was found 
in infected poults on d 7 and 11 after the primary in-
fection. Infection was not associated with differences 
in the concentration of heterophils or basophils, but 
lymphocyte and monocyte concentrations were elevat-
ed on d 7 after infection as was the concentration of 
eosinophils on d 11. With the exception of eosinophils 
on d 11, proportions of the other leukocytes did not 
differ between infected and uninfected poults. Addi-
tionally, infected poults had a higher concentration of 
CD4+ lymphocytes on d 11, lower concentrations of 
CD8+ lymphocytes on d 4, and higher concentrations 
of CD8+ lymphocytes on d 11. These shifts in lympho-
cyte subpopulations were also reflected in the elevated 
ratios of CD4+ to CD8+ lymphocytes on d 4 and 11.

There have been few investigations of WBC respons-
es to infection with Eimeria in poultry. A biphasic in-
crease was observed after a primary infection of 4-wk-
old chickens with 15 × 103 oocysts of E. maxima, peak 
numbers occurring from d 2 to 6 and d 9 to 17 after 
infection (Rose et al., 1979). Differential counts indicat-
ed a biphasic increase in polymorphonuclear cells, lym-
phocytes, and large mononuclear cells, but no change in 
eosinophil numbers was found. Peripheral blood leuko-
cyte responses have also been investigated in 3-wk-old 
turkeys infected with 5 × 104 oocysts of E. adenoeides 
(Kogut et al., 1984). They observed a significant de-
crease in WBC 2 h after infection and a slight increase 
at 24 h; however, no differences were found from d 2 
to 6 PI. They found no significant changes in polymor-
phonuclear cells or lymphocyte numbers although there 
was a sustained increase in large mononuclear cells.

The alterations in the concentrations of WBC popu-
lations observed here, during primary infection with E. 
adenoeides in 20-d-old turkey poults, are supportive of 
initiation of cellular immune activities involving com-
ponents of both innate and adaptive immunity. It has 
been well-established that Eimeria infection in chick-
ens requires cell-mediated immunity for resolution and 
protection (Yun et al., 2000; Hong et al., 2006). The 
increase in peripheral blood lymphocytes and mono-
cytes on d 7 together with the increased CD4+:CD8+ 
lymphocyte ratios on d 4 and 11 and the increase in 
CD8+ lymphocytes on d 11 collectively point toward 
initiation of cell-mediated immunity. Although further 
studies are needed to examine events occurring in sec-
ondary lymphoid organs, such as the spleen and cecal 
tonsils, and at the site of E. adenoeides infection (ceca), 
the blood changes reflect mobilization and recruitment 
of cells in response to infection. Hence, it is likely that 
cell-mediated immunity is responsible for the observed 
protection in the secondary infection (challenge) study. 
The increased concentration and proportions of eosino-
phils in the blood on d 11 suggest recruitment and par-
ticipation of this granulocyte in the effector phase of 
the immune response. Because eosinophils are generally 
known to be involved in the elimination of extracellu-
lar parasites, their recruitment in response to Eimeria 
infection is not surprising and is reflective of directed 
antiparasite inflammatory immune activity (Abbas et 
al., 2007). Myeloid cell responses (eosinophils, baso-
phils, mast cells), both intestinal and peripheral, have 
been reported to accompany the development of im-
munity to Eimeria; however, the essential, specific T 
cell function was found to be independent of myeloid 
responsiveness (Rose and Wakelin, 1990). Taken to-
gether, based on changes in WBC populations during 
the course of a primary infection with E. adenoeides in 
turkey poults, effector immune mechanisms designed 
to deal with different stages of the parasites have been 
initiated (extracellular stages: eosinophils; intracellular 
stages: CD8+ lymphocytes and monocytes-macrophag-
es). While emphasis is on cellular immune activities, 
both CD4+ T helper cell type 1 and CD4+ T helper 
cell type 2 lymphocytes are likely involved in the coor-

Table 6. Weight gain and oocyst production of 20-d-old turkey poults infected with 12.5 × 103 oocysts of Eimeria adenoeides and 
challenged at 34 d of age with 5 × 104 oocysts 

Treatment 
number1 Primary infection Challenged Weight gain2 (g)

Oocysts/poult3 (millions)

5 to 6 6 to 7 7 to 8

1A Yes Yes 480 ± 27a 12 ± 2b 7 ± 2b 3.2 ± 0b

1B Yes No 535 ± 29a 0b 0c 0b

2A No Yes 307 ± 28b 159 ± 13a 55 ± 2a 10 ± 3a

2B No No 579 ± 7a 0b 0c 0b

P-value 0.005 0.0002 0.0001 0.0156

a–cValues in a column with no common superscript differ significantly.
1Each treatment comprised 2 cages of 9 poults.
2Mean weight gain ± SEM from d 0 to 6 after the challenge infection.
3Millions of oocysts produced/poult ± SEM from d 5 to 6, 6 to 7, and 7 to 8 after the challenge infection.
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dination of these protective efforts, an observation also 
reported for E. tenella and Eimeria acervulina infec-
tion in chickens (Hong et al., 2006). Further studies are 
needed to address the immune mechanisms underlying 
the observed protective immunity in poults exposed to 
a primary infection of E. adenoeides.
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