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Establishment of Histomonas meleagridis Challenge 
Model in Turkeys: An Industry Perspective

Histomoniasis (blackhead disease, histomonosis, 
enterohepatitis) in turkeys, is caused by a protozoan 
parasite, Histomonas meleagridis. Currently, there are 
no commercial vaccines or prophylactic/therapeutic 
treatments available for blackhead disease. Due to the 
lack of vaccines, treatment and efficacious drugs, the 
turkey industry faces a huge economic impact due 
to mortality, morbidity and condemnations. In order 
to evaluate any vaccine or efficacious prophylactic/ 
therapeutic treatment, establishment of a robust 
challenge model is essential. This manuscript describes 
the establishment of a robust challenge model against 
recently isolated wild-type H. meleagridis isolates from 
USA.
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Histomonas meleagridis is the causative organism of 
histomoniasis (blackhead disease, histomonosis, entero-
hepatitis). H. meleagridis affects all gallinaceous birds 
including turkeys and chickens. Turkeys are highly susceptible 
to H. meleagridis compared to other gallinaceous birds.  
H. meleagridis can be directly introduced into the flock or may 
be carried by vectors such as Heterakis gallinarum, earthworms 
and insects. Fomites, sharing equipment and movement 
between farms may facilitate disease transmission. Once  
H. meleagridis enters the flock it is transmitted between the birds 
by cloacal route and fecal-oral transmission. Histomoniasis 
causes general clinical signs such as dullness, depression, 
ruffled feathers and drooping of wings. H. meleagridis affects 
ceca, induces typhlitis and cecal core formation (Figure 1) 
and then reaches liver by systemic circulation. It causes liver 
degeneration and necrotic foci (Figure 1). In later stages of the 

disease, sulfur-yellow feces results in yellow staining around 
the vent (Figure 2). The clinical signs are usually seen one to 
two weeks after infection and increased mortalities may be 
noticed from the second week onwards. Histomoniasis can 
cause severe mortality in turkeys up to 80–100%. However, some 
field outbreaks of histomoniasis have been documented with 
low mortalities and morbidity. In some cases, the turkeys may 
not show any clinical signs but have higher condemnations in 
the processing plants due to visceral lesions. Thus, the severity 
of histomoniasis outbreaks varies between flocks. Many factors, 
such as the virulence of H. meleagridis isolate, management 
method, age of the bird, season, immune status, concurrent 
infections and gut health, play a role in histomoniasis outbreaks.

 Recently, increased incidences of histomoniasis have 
been documented in many countries after the withdrawal/
ban of previously licensed prophylactic/therapeutic products. 
Currently, neither commercial vaccines nor prophylactic/
therapeutic treatments are available in USA for histomoniasis. 
In order to find a solution for histomoniasis, a robust challenge 
model needs to be established to screen the vaccine candidates 
or test the efficacy of prophylactic/therapeutic products. Thus, 
choosing an ideal challenge isolate and administering by an 

Figure 1. Field outbreak of histomoniasis in turkeys: Characteristic lesions in liver and ceca. 
A. Necrotic foci in the liver. B. Necrotic cecal mucosa. C. Cecal core.

Figure 2. Sulfur-yellow dropping in turkeys challenged 
with Histomonas meleagridis
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appropriate challenge route plays a critical role in establishing 
the challenge model. The aim of our studies was to develop a 
robust challenge model for histomoniasis with recently isolated 
wild-type H. meleagridis isolates from USA.

Materials and Methods
Histomonas meleagridis challenge isolates
Three H. meleagridis field isolates (HMA, HMB and HMK) were 
evaluated. HMA was isolated from a histomoniasis outbreak 
in turkeys (2020) in Midwest, USA. HMB was isolated from a 
histomoniasis outbreak in turkeys (2020) in Southeastern, 
USA. HMK was isolated from a broiler breeder flock (2021) with 
histomoniasis incidences in Southeastern, USA.  All isolates 
were confirmed by PCR and sequencing. Cecal samples 
were collected and transported in plug-sealed cap flasks 
with modified Dwyer’s media. The flasks were shipped in an 
insulated container under warm temperature. The culture 
was incubated at 41°C for a period of 2–3 days and observed 
under the inverted microscope. After visual observation 
of histomonads, the culture was further sub cultured and 
stored in LN2 containers with 10% DMSO.  Few days before 
challenge, the culture was retrieved back from LN2 containers 
and incubated at 41°C. After subculturing, the culture was 
examined under the inverted microscope and histomonads 
were enumerated.

Figure 3. Cecal gross lesion scoring guide for histomoniasis

Figure 4. Liver gross lesion scoring guide for histomoniasis
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Evaluation of Gross Lesions in Liver and Ceca
All birds enrolled in the studies were euthanised on the last 
day of the study, necropsied and evaluated for gross lesions in 
liver and ceca. Any bird that died during the study period was 
necropsied and evaluated to identify the cause of death and 
gross lesions of liver and ceca were evaluated.  Gross lesions 
in the ceca (Figure 3) and liver (Figure 4) were scored as per 
the criteria (Table 1).

Study 1: Intra-cloacal Challenge Model
Fifty-two poults were randomly assigned into four groups (13 
birds/group) and housed in separate isolators. All birds were 
fed with ad libitum feed and water throughout the study. Group 
1 served as a negative control. At 16 days-of-age, groups 2–4 
(n=13 birds/group) were challenged by intra-cloacal route with 
H. meleagridis isolates (HMA, HMB, HMK) at the dose of 1x105, 
2x105, 1x105 histomonads/0.5 ml, respectively. A blunt-ended oral 
gavage needle was attached to the 1-ml syringe and used for 
intra-cloacal inoculation (Figure 5). Five days post-challenge, 
(DPC) 6 birds from each group were necropsied and all the 
remaining birds were necropsied eight DPC. 

Study 2: Cloacal Drop Challenge Model
Nineteen poults were randomly assigned into two groups 
and housed in separate isolators. All birds were fed with ad 
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libitum feed and water throughout the study. Group 1 (n=9) 
served as a negative control. At 27 days of age, group 2 (n=10) 
was challenged with wild-type H. meleagridis isolate (HMA) 
at the dose of 1x103 histomonads/0.5 ml dose by cloacal 
drop method (Figure 6).  Before cloacal drop inoculation, the 
protuberance on the dorsal lip of the cloaca was wiped with 
a clean paper towel to stimulate the cloacal drinking reflex. 
The challenge material (0.5 ml/bird) was administered at 
the tip of the cloaca using a 1 ml syringe. Fifty percent of the 
birds were necropsied at 9 DPC and the remaining birds were 
necropsied between 12–14 DPC. 

Study 3: Cloacal Spray Challenge Model
Thirty-five poults were randomly assigned into three groups 
and housed in separate isolators. All birds were fed with ad 
libitum feed and water throughout the study. Group 1 (n=11) 
served as negative control. At 27 days of age, groups 2 and 3 
(n=12/group) were challenged with wild-type H. meleagridis 
isolate (HMA) at the dose of 1x105 and 3.2x105 histomonads 
/0.5 ml dose by cloacal spray method. A 3.0 ml syringe was 
attached to a spray device and sprayed at the cloaca (0.5 
ml/bird) after wiping the cloaca with a clean paper towel. The 
study was completed 14 DPC.

Results

Study 1: Intra-cloacal Challenge Model
Five days post-challenge: Histomoniasis associated gross 
lesions were noticed only in the challenged birds (Table 2). 

The HMA isolate induced mild (2/6) to severe lesions (2/6) in 
ceca and induced mild lesions in liver (1/6). The HMB isolate 
induced mild (2/6) to severe lesions (4/6) in ceca and mild 
lesions in liver (3/6). The HMK induced mild lesions only in the 
ceca (3/6).

Eight days post-challenge:  Histomoniasis associated gross 
lesions were noticed only in the challenged birds (Table 3). 
The HMA isolate induced mild (1/7), moderate (1/7) and severe 
lesions (3/7) in ceca and mild (1/7) to severe lesions (4/7) in 
the liver. The HMB isolate induced severe (3/7) to very severe 
lesions (3/7) in ceca and moderate (1/7) to severe lesions 
(5/7) in liver. The HMK isolate induced mild lesions only in the 
ceca (7/7) and did not induce any lesions in the liver.

Study 2: Cloacal Drop Challenge Model
Nine days post-challenge: Histomoniasis associated gross 
lesions were noticed only in the challenged birds (Table 4). 
The HMA isolate induced moderate (2/5) to severe lesions 
(3/5) in ceca and mild (1/5), moderate (1/5) to very severe 
lesions (3/5) in the liver.

Twelve-fourteen days post-challenge: Histomoniasis 
associated gross lesions were noticed only in the challenged 

Score Liver Ceca 

0 No visible lesions No visible lesions

1 Mild – Very few, pale and  
mild necrotic foci on the liver.

Mild – Healthy mucosal membrane without any thickening of the cecal 
wall. Few petechiae on the mucosa may be rarely seen. Presence of 
normal cecal contents.

2
Moderate – Presence of necrotic  
foci (white or pale-yellow) in less  
than 25% of liver surface. 

Moderate – Distinctly thickened cecal wall.  Presence of many 
petechiae on the mucosa/serosa. Few cecal ulcers may be seen on 
the mucosa. Abnormal cecal contents and may contain few grains or 
caseous clots. Absence of cecal core.

3
Severe – Presence of necrotic foci 
(white or pale-yellow) covering 
25–75% of liver surface. 

Severe – Distinctly thickened cecal wall. Presence of many petechiae 
on the mucosa/serosa. Presence of many cecal ulcers on the mucosa. 
Abnormal cecal contents with solid cecal core.

4
Very severe – Presence of coalescing 
necrotic foci (white or pale-yellow) 
covering >75% of the liver surface. 

Very severe – Severely thickened, fibrinonecrotic cecal wall. Presence 
of hemorrhage and necrosis of the serosa. Presence of many cecal 
ulcers, hemorrhage, and necrosis of the mucosa.  Presence of solid 
cecal core adhered to the necrotic mucosa or covered by blood. 

Group Liver score Cecal score

1
(6 birds)

0 0 0 0
0 0 0 0
0 0 0 0

2
(6 birds)

0 1 3 3
0 0 0 0
0 0 1 1

3
(6 birds)

1 0 3 3
1 1 3 1
0 0 1 3

4
(6 birds)

0 0 1 1
0 0 0 0
0 0 1 0

Group Liver score Cecal score

1
(7 birds)

0 0 0 0
0 0 0 0
0 0 0 0

0 0

2
(7 birds)

0 3 0 3
1 3 3 3
3 0 0 1

3 2

3
(7 birds)

3 0 3 0
3 3 4 3
2 3 4 4

3 3

4
(7 birds)

0 0 1 1
0 0 1 1
0 0 1 1

0 1

Table 1: Scoring guide for histomoniasis associated gross lesions in the liver and ceca.

Table 2: Necropsy on 5 days post-challenge (Study 1)

Table 3: Necropsy on 8 days post-challenge (Study 1)
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birds (Table 5). The HMA isolate induced moderate (2/5), 
severe (2/5) and very severe lesions (1/5) in ceca and severe 
(3/5) to very severe lesions (2/5) in the liver. Two mortalities 
were documented in the challenged birds, one on 12 DPC, and 
the other on 14 DPC.

Group Liver score Cecal score

1
(11 birds)

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0

2
(12 birds)

4B 0 3B 1
3C 0 3C 0
0 0 0 1
0 0 0 0
3 0 4 1
0 3 0 3

3
(12 birds)

4A 0 3A 1
4B 0 3B 1
4B 0 2B 0
4C 0 2C 0
3C 4 4C 4
3C 0 4C 1

Group Liver score Cecal score

1
(5 birds)

0 0
0 0
0 0
0 0
0 0

2
(5 birds)

4 3
4 2
4 2
2 3
1 3

Group Liver score Cecal score

1
(4 birds)

0 0
0 0
0 0
0 0

2
(5 birds)

3A 3A

3B 4B

4 2
3 3
4 2

Table 4: Necropsy on 9 days post-challenge (Study 2)

Table 5: Necropsy between 12 and 14 days post-challenge (Study 2)

Table 6: Necropsy at 14 days post-challenge (Study 3)

Figure 5. Intra-cloacal route of inoculation in turkeys 

ADead on 12 DPC, BDead on 14 DPC.

ADead on 10 DPC, BDead on 11 DPC, CDead on 13 DPC.

Study 3: Cloacal Spray Challenge Model
Fourteen days post-challenge: Histomoniasis associated gross 
lesions were noticed only in the challenged birds (Table 6). 

Group 2 birds challenged with HMA at the dose of 1x105 
histomonads/0.5 ml induced mild (3/12), severe (3/12) and 
very severe lesions (1/12) in the ceca, whereas severe (3/12) 
and very severe lesions (1/12) were noticed in the liver. Group 
2 had two mortalities, one on 11 DPC and the other on 13 DPC. 
Group 3 birds challenged with HMA at the dose of 3.2x105 
histomonads/0.5 ml induced mild (3/12), moderate (2/12), 
severe (2/12) and very severe lesions (3/12) in the ceca, 
whereas severe (2/12) and very severe (5/12) lesions were 
induced in the liver. Group 3 had six mortalities, one mortality 
occurred on 10 DPC, two mortalities occurred on 11 DPC and 
three mortalities occurred on 13 DPC.

Discussion
Several studies have been conducted in the past by various 
research labs for establishing histomoniasis challenge model. 
Methods, such as exposing turkeys to contaminated litter, 
feeding infected tissues, oral gavage, parenteral administration 
and intra-cloacal administration, have been tried to establish 
the challenge model. Histomoniasis challenge models have 
been tried using H. meleagridis, Heterakis gallinarum or 
earthworms.  In our studies, we evaluated two established 
methods for H. meleagridis challenge (intra-cloacal and 
cloacal drop) and tried a new method (cloacal spray) with 
recently isolated wild-type H. meleagridis isolates.

Figure 6. Cloacal drop challenge method in turkeys  
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In study 1, wild-type field isolates HMA and HMB 
challenged by intra-cloacal routes resulted in severe 
lesions in ceca (Figure 7) and liver (Figure 8), while the 
HMK isolate induced only mild lesions in the ceca but not 
in the liver. At 5 DPC, HMA and HMB induced pronounced 
lesions only in the ceca. At 8 DPC, HMA and HMB induced 

pronounced lesions in the liver and ceca. At 5 and 8 DPC, 
HMK isolate induced only mild lesions in the ceca, but 
not in the liver. No mortalities were documented by any 
of these isolates until 8 DPC. Among the three wild-type 
H. meleagridis isolates evaluated, two of these isolates 
(HMA and HMB) were virulent and induced severe lesions 

Figure 7. Pathological manifestation of Histomonas meleagridis in ceca. A. Hyperemic, inflamed and thickened cecal wall. Feathers around the 
vent are sulfur-yellow in color. B. Hyperemic and thickened cecal wall engorged with cecal core. C. Cross section of the cecal core. D. Cecal core 
attached to the mucosa by fibrin strands. E. Cecal core with numerous coalescing petechiae on the cecal mucosa. F. Necrotized ceca and the core.

Figure 8. Pathological manifestation of Histomonas meleagridis in the liver. A. Numerous red centered necrotic foci circumscribed by tan colored 
periphery resulting in discoloration of the liver. B. Numerous coalescing white and speckled necrotic foci resulting in discoloration of the liver.
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in the ceca and liver, while the isolate HMK resulted in mild 
lesions only in the ceca.  

In study 2, wild-type field isolate HMA challenged by 
cloacal-drop route resulted in severe lesions in ceca (Figure 7) 
and liver (Figure 8). Pronounced lesions were noticed in liver 
and ceca at 9 DPC and mortalities were noticed starting 
from 12 DPC. 

In study 3, wild-type field isolate HMA challenged by cloacal 
spray route induced severe lesions in ceca (Figure 7) and liver. 
Pronounced lesions were seen in both cloacal spray groups 
and more severe lesions were seen in the higher dose 
challenge group. Mortalities were seen in the lower dose 
challenge group starting 11 DPC, while in higher dose challenge 
group mortalities started from 10 DPC. A dose response 
infectivity was observed in this study.

In summary, choosing the challenge isolate for histo-
moniasis challenge model plays a crucial role. Among the 
three isolates evaluated, only two isolates were capable of 
inducing severe lesions in liver and ceca. Cloacal contact of  
H. meleagridis is very important in establishing the infection. 
The cloacal contact of the challenge isolate could be achieved 
either by intra-cloacal route, cloacal drop or cloacal spray. 
The gross lesions in the ceca were noticed as early as 5 DPC 
and mortalities were noticed after 10 DPC. In addition, a dose 
related response has been observed in the severity of the gross 
lesions.  If a vaccine or a pharmaceutical product needs to be 
evaluated for its efficacy against gross lesions of ceca and 
liver, the necropsy can be performed at 9–10 DPC. If a vaccine 
or a pharmaceutical product needs to be evaluated for its 
efficacy against reduction in the gross lesions of ceca and 
liver as well as reduction in the mortalities, then the necropsy 
can be performed around 14–15 DPC or later. The two wild-type 
field isolates described in this study can be considered as 
ideal candidates for establishing an H. meleagridis challenge 
model by cloacal contact (intra-cloacal, cloacal drop, and 
cloacal spray).
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