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Summary. The article focuses on the seasonal dynamics of histomoniasis and trichomoniasis in turkeys on farms
in Odesa Region. Studies have shown that pathological changes in turkeys have a pronounced seasonal dependence. In
the spring and summer, an increase in the intensity of histomoniasis and trichomoniasis lesions was observed, which
is associated with optimal conditions for the development of pathogens. The study found that when turkeys are
infected, pathological changes are primarily observed in the cecum, and necrotic processes are noted in the liver. In the
acute form of histomoniasis, macroscopic changes in the liver are observed. The autopsy revealed significant lesions in
the small intestine and liver, accompanied by characteristic changes including hemorrhagic typhlitis, fibrinous
ulcerative inflammation, and fibrinous masses. A histological examination confirmed the presence of hyperemia,
diffuse infiltrates, fibrinous changes, and necrosis in the intestinal mucosa and liver. A pathological examination of the
turkey corpses revealed a pattern similar to that of histomoniasis and trichomoniasis, with hemorrhagic or fibrinous
inflammatory changes in the intestines and liver changes. The data suggest that the combination of these infections

complicated the disease
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Introduction. The development of industrial poultry
farming in Ukraine is rapid. The latest data show a slight
lag in gross poultry production in rural areas compared
to industrial poultry farms (Bogach, 2011; Das etal,
2021; McDougald and Hu, 2001).

One poultry industry in Ukraine that has begun to
develop rapidly in both private households and industrial
farms is turkey farming. This can be interpreted as the
importation of early-maturing, highly productive meat
breeds of turkeys from abroad. The latest statistics show
a slight lag in gross poultry production in households
compared to industrial farms (Chadwick etal,
2020; Klodnicki, McDougald and Beckstead, 2013;
Abdelhamid et al., 2021).

Poultry farms are often adjacent to private households
that use different poultry-keeping technologies. Breeding
new turkey breeds makes it possible to produce a
significant amount of meat in a short time with minimal
labor and feed costs per unit, which was not possible
with traditional breeds. However, the breeding of highly
productive turkey breeds, especially in private
households, has faced the problem of extreme turkey
sensitivity to bacterial and, especially, parasitic
contaminants, which caused minor damage in native
breeds (Abdelhamid et al., 2020; Bilic and Hess, 2020).

Ensuring food safety is a critical challenge for the
international agricultural sector, and the poultry industry
is one of the key sectors contributing to this goal. In
particular, poultry farming— the production of
chickens, turkeys, and other poultry species — plays an
important role in providing the population with meat,
meat products, eggs, and other egg products. The
development of this industry is closely linked to
improving the diagnosis, treatment, and prevention of
diseases, which helps ensure product safety and quality.
One of the most pressing issues is combating parasitic
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diseases, which are becoming increasingly prevalent
among poultry, particularly in small-scale poultry
operations. The spread of these diseases requires new
approaches to diagnosis and prevention, as traditional
methods used for large-scale poultry enterprises are often
inapplicable to smaller farms (McDougald etal., 2020;
Landman etal.,, 2015; Fudge etal., 2024; Bogach etal,
2016; Jones et al., 2020).

Histomoniasis is a disease that requires special
attention. Caused by the parasite Histormonas meleagridis,
this disease can lead to significant economic losses.
Studying its epizootiology and developing effective
treatment and prevention methods are important for
improving poultry production, especially given the
increased interest in farm production and small farms
(Jones et al., 2020; Liebhart, Windisch and Hess, 2020).

Poultry histomoniasis is more prevalent during the
warm, humid seasons because high temperatures and
humidity create ideal conditions for oocyst maturation
and preservation in the environment. Under these
conditions, oocysts can remain viable for extended
periods, thereby increasing the risk of infection in
poultry. The high humidity characteristic of summer
months, in particular, contributes to infection
development by creating favorable conditions for
parasite reproduction and survival (Liebhart and Hess,
2009; Daugschies, Bangoura and Lendner, 2013).

On farms where proper veterinary, sanitary, and
zoohygienic conditions are not maintained, seasonal
fluctuations in disease incidence can be more
pronounced. Poor poultry housing conditions increase
the risk of infection, especially during periods of high
humidity and temperature. Overcrowding, poor
ventilation, poor hygiene, and improper feeding also
have a negative impact. In industrial poultry farming,
seasonality is not always clear. On such farms, the risk of
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enzootics depends more on production technology and
sanitary conditions. If poultry rearing technology
includes proper hygiene, ventilation, and environmental
control, infection may be less pronounced, even during
periods of high humidity (Badparva and Kheirandish,
2017; Huber et al., 2006).

Turkeys appear to be more susceptible to
histomoniasis due to their behavior and greater tendency
to congregate. This ensures the parasites’ survival, even
in the absence of vectors, leading to higher transmission.
Outbreaks can be significant in cases with high mortality,
such as on organic farms where turkeys and broilers are
raised, due to co-infection with trichomoniasis (Hu and
McDougald, 2003).

Correlation between age, genetics, and severity of
infection: It has been determined that the dynamics of
age and genetic differences in birds can affect the
frequency and severity of histomoniasis. For instance,
chickens are less susceptible to the disease than turkeys.
However, despite being previously considered symptom-
free carriers, outbreaks have recently been reported
among broilers, even under free-range conditions. This
suggests that chickens may be infected without showing
obvious symptoms, but are not resistant to infection.
Different strains of H. meleagridis can have different
levels of virulence, which affects disease severity in birds.
Therefore, the degree of infection depends not only on
the species and age of the birds but also on the dose of
parasites to which they are exposed. Traditionally,
laboratory detection of H. meleagridis in poultry has
relied on microscopy, clinical symptoms, and culture.
However, numerous studies have shown that the
morphology of this protozoan is very similar to that of
other protozoa, such as the pseudocysts Tetratrichomonas
gallinarum and Blastocystis sp., which can be found in
the ceca of poultry. Conversely, an early diagnosis may
be ambiguous due to the similarity of symptoms to those
of other avian diseases, such as coccidiosis. Additionally,
culturing protozoa for diagnostic purposes has proven to
be challenging due to the presence of non-pathogenic
organisms in poultry feces and ceca that can inhibit
H. meleagridis growth (Purple et al., 2015).

Further research in this area will enable the
development of more effective and cost-efficient
strategies to combat histomoniasis, trichomoniasis, and
other diseases. This will ultimately lead to increased
production stability and improved product quality on an
international scale.

The study aimed to investigate seasonal dynamics
and pathomorphological changes in turkeys with
histomoniasis and trichomoniasis, considering the
influence of climate in northern and southern districts of
Odesa Region.

Materials and methods. The spread of histomoniasis
and trichomoniasis in turkeys was studied in the
northern and southern districts of Odesa Region (the
Podilsk and Bolhrad districts). The research was
conducted in several private households and in the
Laboratory of Epizootology, Parasitology, Animal
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Disease Monitoring, and Providing at the Odesa
Research Station of the National Scientific Center
‘Institute of Experimental and Clinical Veterinary
Medicine’.

The study examined the corpses of turkeys that died
from histomonosis. Autopsies were performed no later
than five hours after death or slaughter. A total of
18 turkeys were examined: 10 aged 45-90days and
8 aged 5-6 months. During autopsy, pathological tissue
samples were collected from the gastrointestinal tract,
including the glandular and muscular gizzards, liver, and
various parts of the small and large intestines. The
samples were fixed in a 10% aqueous solution of neutral
formalin. After fixation, the pieces were washed in
running water and embedded in paraffin using the
conventional method. Histologic sections 5-8 pm thick
were made from the paraffin blocks using a sled
microtome.

The obtained sections were stained using
hematoxylin and eosin, as well as the Van Gieson and
Mallory methods. Micrographs were taken with an
Olympus 2000  microscope  visualization  center.
Morphometric studies were performed using the
VideoTest-Master 4.0 software. Histomoniasis was
diagnosed through a parasitological examination of the
contents of the small and large intestines. To rule out
bacterial ~ diseases, microbiological studies were
performed on samples from the cecum, liver, bone
marrow, and heart of dead birds, which were cultivated
on Levine and Endo media. To exclude fungal infections,
the samples were inoculated on Sabouraud’s medium.
For the bacterioscopic examination, smears and prints
were prepared from the mucous membranes of the small
intestine and cecum and the affected areas of the liver.
These samples were stained using Romanowski-Giemsa,
Ziehl-Neelsen, and Gram stains. To exclude eimeriosis,
the Fiillleborn method was employed.

Results and discussion. We conducted a study on the
seasonal dynamics of histomoniasis and trichomoniasis
in Odesa Region (Table 1).

The seasonal dynamics of these diseases in turkeys
depend significantly on climatic conditions, the type of
bird farming, and the regional characteristics of Odesa
Region.

Our analysis revealed that during the warm season
(spring and summer), the prevalence of infection
increases, particularly in regions with high humidity. The
relatively high rates of histomoniasis infection in Podilsk
District are due to more stable humidity conditions,
which create a favorable environment for parasite
preservation and reproduction. Conversely, the spread of
the disease is less pronounced in Bolhrad District due to
its drier climate.

The highest prevalence of histomoniasis infection was
recorded in the summer, due to high temperatures
and high humidity. These factors create a favorable
environment for the maturation of H. meleagridis
oocysts and ensure their survival for a long time in the
environment.
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Table 1 — Seasonal dynamics of histomoniasis and trichomoniasis in turkeys on the farms in Odesa Region

) Histomoniasis Trichomoniasis
Season | District Examined | Infected | Prevalence, focted ] focted 1
turkeys turkeys % Infecte Prevalence,| Infecte Prevalence,
turkeys % turkeys %
) Podil 10 4 40.0 3 30.0 1 2.5
Winter
Bolhrad 10 0 0.0 0 0.0 0 0.0
) Podil 15 7 46.7 5 333 2 43
Spring
Bolhrad 15 3 20.0 3 20.0 0 0.0
Podil 25 13 52.0 11 44.0 2 3.8
Summer
Bolhrad 25 8 32.0 7 28.0 1 3.1
Podil 15 6 40.0 5 33.3 1 2.5
Autumn
Bolhrad 15 4 26.7 3 20.0 1 3.8
Total 130 45 34.6 36 27.7 9 6.9

The highest prevalence of histomoniasis infection was
recorded in the summer, due to high temperatures and
high humidity. These factors create a favorable environment
for the maturation of H. meleagridis oocysts and ensure
their survival for a long time in the environment.

In Podilsk District, where moderate humidity
prevails, the peak of infection occurs in the summer
(prevalence — 44%). In Bolhrad District, which has a
drier climate, prevalence of histomoniasis is slightly
lower (28% in the summer), though infection rates
remain stable in the spring and summer.

Trichomoniasis, unlike histomoniasis, shows a
relatively low prevalence of infection throughout the
year. The maximum level of infection (4.3%) was
detected in spring, which may be due to the exacerbation
of immune processes in birds after the winter period,
when the conditions of keeping could be unfavorable. In
other seasons, the prevalence of trichomoniasis varies
from 2.5% to 3.8%, which confirms a less pronounced
seasonal dependence.

The autopsy of turkeys that died from spontaneous
histomoniasis showed lesions mainly in the cecum and
liver. The cecum was significantly enlarged, containing a
dark red semi-liquid mass with gas bubbles, indicating
the presence of hemorrhagic typhlitis. With a prolonged
course of the disease, fibrinous-hemorrhagic changes
were observed in the cecum with the formation of dense
grayish-white masses, partially saturated with blood.
Fibrinous and ulcerative inflammation was recorded in
the blind intestines, which led to an increase in intestinal
volume and the accumulation of dense grayish-white
masses that were easily removed from the lumen (Fig. 1).

The thickness of the intestinal wall was variable, with
areas of varying color ranging from dark red to grayish
pink. There were areas with a thin wall that was white or
gray and very thin. In 2.5% of cases, necrosis of the walls
of the small intestine with fibrinous peritiflite
characterized by white-gray films on the serous
membrane of the intestine was detected. When the
disease progressed to a chronic form, connective tissue
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overgrowths were observed at the site of the films, and in
some cases, perforated ulcers of the cecum, complicated
by fibrinous inflammation of the thoracic-abdominal
cavity. Significant fibrin accumulations were found
between the intestinal loops and on the surface of organs
such as the liver and spleen, confirming the complicated
course of the disease.

Histological ~ studies revealed the following
pathological changes in the gastrointestinal tract of
turkeys with histomoniasis: mucocutaneous inflammation
of the glandular gizzard and a heterogeneous color of the
mucous membrane ranging from grayish pink to dark
red. The small intestine exhibited hyperemia of the
mesenteric blood vessels, and its lumen contained a
yellowish-brown mucous mass. The mucous membrane
was swollen and had a heterogeneous color, mostly pink
with a gray or red tint.

Microscopic examination revealed hyperemia of the
arteries and capillaries. Thickening and homogenization
of the arterial vessel walls, partial endothelial
desquamation, and focal endothelial cell proliferation
were observed in the submucosal layer of the large
intestine. Focal infiltrates of macrophages, histiocytes,
lymphocytes, and erythrocytes were present around the
arteries in the submucosa of the cecum. The venules and
capillaries of the mucous membrane were brightly
hyperemic with large accumulations of fluid and
erythrocytes. Diffuse proliferation of macrophages,
histiocytes, and lymphocytes was observed in the
mucosa. The glands located closer to the mucosa were
compressed by fluid and cell proliferation; some
decreased in size, while others completely atrophied. The
epithelial cells were in a state of mucosal dystrophy, and
most of them had desquamated. Mucus, exfoliated
epithelial cells, and macrophages accumulated on the
mucosal surface. In longer cases of the disease,
coagulation necrosis of the epithelium and of the
mucosal layer of the cecum was observed. In some cases,
necrosis covered the entire intestinal mucosa and
extended to the submucosal and muscular layers.
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Figure 1. Histomonads in the cecum.

Figure 2. Histological changes in the liver of turkeys
with histomoniasis.

These pathomorphological changes confirm that the
acute and prolonged course of histomoniasis causes

severe dystrophic and inflammatory changes localized in
different parts of the turkeys’ gastrointestinal tracts.

A study of the pathological and morphological
changes in the livers and immunocompetent organs of
turkeys with histomoniasis revealed the following
characteristic ~features: necrotizing hepatitis and
lymphoid granulomas around histomonads. Diffuse and
focal proliferations of lymphoid and histiocytic tissues
were also common. These proliferations caused
compression, atrophy, and hepatocyte death. They also
caused pericholangitis and perivascularitis, which
resulted in the formation of bile cylinders and blood
clots. In turkeys aged 60-90 days, liver necrosis was
observed in only 40% of cases and was mainly
represented by miliary and submiliary necrosis up to
2 mm in diameter.

The main macroscopic changes included protein
dystrophy and congestive hyperemia. These changes
were accompanied by an increase in liver volume and a
heterogeneous dark red, brown, or clay color. The liver
also had a flaccid consistency.

In 50% of cases, particularly when fibrinous or
fibrinous-hemorrhagic typhlitis was present, fibrinous
changes and connective tissue proliferation with grayish-
white, dense formations were observed on the liver
serosa.

Histologic ~ examination  revealed  congestive
hyperemia, protein dystrophy, and the accumulation of
cellular infiltrates consisting of macrophages,
lymphocytes, and histiocytes surrounding the bile ducts
and hepatocytes. The presence of granulomas in some
areas resulted in hepatocyte necrosis (Fig. 2).

As the disease progressed, proliferative inflammation
characteristic of catarrhal cholangitis formed around the
bile ducts.

Conclusions. The highest prevalence of histomoniasis,
at 44%, was recorded in summer in Podilsk District,
while in Bolhrad District, a maximum of 28% was
recorded. Trichomoniasis infection remained relatively
low throughout the year, peaking at 4.3% in spring.

The warmer climate in the southern districts
(Bolhrad) contributes to the disease spreading more
actively in the spring and summer. In the northern
districts (Podilsk), higher humidity allows pathogens to
survive longer, increasing the risk of infection in the
summer and autumn.

Analysis of pathomorphological changes confirmed
that histomoniasis causes severe lesions of the cecum,
liver, and immunocompetent organs.

References

Abdelhamid, M. K., Quijada, N. M., Dzieciol, M., Hatfaludj, T.,
Bilic, I, Selberherr, E., Liebhart, D., Hess, C., Hess, M. and
Paudel,S. (2020) ‘Co-infection of chicken layers with
Histomonas meleagridis and avian pathogenic Escherichia coli
is associated with dysbiosis, cecal colonization, and
translocation of the bacteria from the gut lumen’, Frontiers in
Microbiology, 11, p. 586437. doi: 10.3389/fmicb.2020.586437.

Abdelhamid, K. M., Rychlik, I, Hess, C., Hatfaludi, T.,
Crhanova, M., Karasova, D., Lagler, ]., Liebhart, D., Hess, M.

ISSN 2411-0388 (online) 2411-3174 (print)

and Paudel, S. (2021) ‘Typhlitis induced by Histomonas
meleagridis affects relative but not absolute Escherichia coli
counts and invasion in the gut in turkeys’, Veterinary Research,
52, p. 92. doi: 10.1186/s13567-021-00962-6.

Badparva, E. and Kheirandish, F. (2017) ‘Epidemiology of
pathogenic parasite Histomonas meleagridis in poultry in
Lorestan province, western Iran’, Journal of Parasitic Diseases,
41(4), pp. 1040-1043. doi: 10.1007/s12639-017-0931-5.

17


https://doi.org/10.3389/fmicb.2020.586437
https://doi.org/10.1186/s13567-021-00962-6
https://doi.org/10.1007/s12639-017-0931-5

Part 1. Veterinary medicine

Bilic, I. and Hess, M. (2020) ‘Interplay between Histomonas
meleagridis and bacteria: Mutualistic or predator-prey?,
Trends in Parasitology, 36(3), pp. 232-235. doi: 10.1016/j.pt.
2019.12.015.

Bogach, M. V. (2011) ‘Conditions to forecasting of
helminthosis and protozoosis of turkeys in the south of
Ukraine’ [Peredumovy shchodo prohnozuvannia vynyknennia
helmintoziv ta protozooziv indykiv na pivdni Ukrainy],
Veterinary Medicine [Veterynarna Medycyna], 95, pp. 322-323.
Available at: http://nbuv.gov.ua/UJRN/vetmed_2011_95_143.
[in Ukrainian].

Bogach, M. V., Bogach, T. V. and Yanak, O. M. (2016)
‘Pathological and morphological features of acute and chronic
Histomonosis in turkeys’ [Patolohomorfolohichni osoblyvosti
hostroho ta khronichnoho perebihu histomonozu indykiv],
Problems of Zooengineering and Veterinary Medicine [Problemy
zooinzhenerii ta veterynarnoi medytsyny], 32(2), pp. 273-277.
Available at: http://nbuv.gov.ua/UJRN/pzvm_2016_32(2)__60.
[in Ukrainian].

Chadwick, E., Malheiros, R., Oviedo, E., Noboa, H. A. C,,
Ospina, G. A. Q. and Wisaquillo, M. C. A. (2020) ‘Early
infection with Histomonas meleagridis has limited effects on
broiler breeder hens’ growth and egg production and quality’,
Poultry Science, 99(9), pp. 4242-4248. doi: 10.1016/j.psj.2020.
05.020.

Das, G., Wachter, L., Stehr, M., Bilic, L, Grafl, B., Wernsdorf, P.,
Metges, C. C., Hess, M. and Liebhart, D. (2021) ‘Excretion of
Histomonas meleagridis following experimentally co-infection
of distinct chicken lines with Heterakis gallinarum and
Ascaridia gall?, Parasites & Vectors, 14, p.323. doi: 10.1186/
s13071-021-04823-1.

Daugschies, A., Bangoura, B. and Lendner, M. (2013)
‘Inactivation of exogenous endoparasite stages by chemical
disinfectants: Current state and perspectives’, Parasitology
Research, 112(3), pp. 917-932. doi: 10.1007/s00436-013-3324-4.

Fudge, C., Wedegaertner, O., Cupo, K., Sigmon, C,,
Beckstead, R., Edens, F. and Chen, C. (2024) ‘Role of stressors
in Histomoniasis transmission and development in turkeys’,
Journal of Applied Poultry Research, 33(2), p.100405. doi:
10.1016/j.japr.2024.100405.

Hu,]. and McDougald, L. R. (2003) ‘Direct lateral
transmission of Histomonas meleagridis in turkeys’, Avian
Diseases, 47(2), pp. 489-492. doi: 10.1637/0005-2086(2003)047
[0489:DLTOHM]2.0.CO;2.

Received 12.03.2025

2025 © Bilyi O. O. @ 0009-0007-4936-7507

Accepted 19.04.2025

Huber, K., Reynaud, M. C., Callait, M. P. and Zenner, L.
(2006) ‘Histomonas meleagridis in turkeys: Dissemination
kinetics in host tissues after cloacal infection’, Poultry Science,
85(6), pp. 1008-1014. doi: 10.1093/ps/85.6.1008.

Jones, R. E., Rives, D. V., Fletcher, O.]. and Martin, M. P.
(2020) ‘Histomoniasis outbreaks in commercial turkeys in the
southeastern United States: Proximity of broiler breeder farms
as a potential risk factor in disease development’, Journal of
Applied Poultry Research, 29(2), pp.496-501. doi: 10.1016/
j.japr.2019.12.006.

Klodnicki, M. E., McDougald, L. R. and Beckstead, R. B. (2013)
‘A genomic analysis of Histomonas meleagridis through
sequencing of a cDNA library’, Journal of Parasitology, 99(2),
Pp- 264-269. doi: 10.1645/GE-3256.1.

Landman, W.]J. M,, Ter Veen, C., Van der Heijden, H. M. J. F.
and Klinkenberg, D. (2015) ‘Quantification of parasite shedding
and horizontal transmission parameters in Histomonas
meleagridis-infected  turkeys determined by real-time
quantitative PCR’, Avian Pathology, 44(5), pp. 358-365. doi:
10.1080/03079457.2015.1058483.

Liebhart, D. and Hess M. (2009) ‘Oral infection of turkeys
with in vitro-cultured Histomonas meleagridis results in high
mortality’, Avian Pathology, 38(3), pp. 223-227. doi: 10.1080/
03079450902912192.

Liebhart, D., Windisch, M. and Hess, M. (2020) ‘Oral
vaccination of 1-day-old turkeys with in vitro attenuated
Histomonas meleagridis protects against Histomonosis and has
no negative effect on performance’, Avian Pathology, 39(5),
pp- 399-403. doi: 10.1080/03079457.2010.506906.

McDougald, L.R. and Hu,]. (2001) ‘Blackhead disease
(Histomonas meleagridis) aggravated in broiler chickens by
concurrent infection with Cecal coccidiosis (Eimeria tenella)’,
Avian Diseases, 45(2), pp. 307-312. doi: 10.2307/1592969.

McDougald, L. R, Cervantes, H. M., Jenkins, M. C., Hess, M.
and Beckstead, R. (2020) ‘Chapter 28. Protozoal infections’, in
Swayne, D. E. (ed.) Diseases of Pouliry. 14% ed. Hoboken, NJ:
Wiley-Blackwell, pp. 1192-1254. doi: 10.1002/9781119371199.
ch28.

Purple, K. E., Humm, J. M., Kirby, R. B., Saidak, C. G. and
Gerhold, R.  (2015) ‘Trichomonas gallinae persistence in
four water treatments’, Journal of Wildlife Diseases, 51(3),
pp- 739-742. doi: 10.7589/2014-05-137.

Published 25.06.2025

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-
@ @@@ NoDerivs License, which permits use and distribution in any medium, provided the original work is

properly cited, the use is non-commercial and no modifications or adaptations are made

18

www.jvmbbs.kharkov.ua


https://doi.org/10.1016/j.pt.2019.12.015
https://doi.org/10.1016/j.pt.2019.12.015
http://nbuv.gov.ua/UJRN/vetmed_2011_95_143
http://nbuv.gov.ua/UJRN/pzvm_2016_32(2)__60
https://doi.org/10.1016/j.psj.2020.05.020
https://doi.org/10.1016/j.psj.2020.05.020
https://doi.org/10.1186/s13071-021-04823-1
https://doi.org/10.1186/s13071-021-04823-1
https://doi.org/10.1007/s00436-013-3324-4
https://doi.org/10.1016/j.japr.2024.100405
https://doi.org/10.1637/0005-2086(2003)047%5b0489:DLTOHM%5d2.0.CO;2
https://doi.org/10.1637/0005-2086(2003)047%5b0489:DLTOHM%5d2.0.CO;2
https://doi.org/10.1093/ps/85.6.1008
https://doi.org/10.1016/j.japr.2019.12.006
https://doi.org/10.1016/j.japr.2019.12.006
https://doi.org/10.1645/GE-3256.1
https://doi.org/10.1080/03079457.2015.1058483
https://doi.org/10.1080/03079450902912192
https://doi.org/10.1080/03079450902912192
https://doi.org/10.1080/03079457.2010.506906
https://doi.org/10.2307/1592969
https://doi.org/10.1002/9781119371199.ch28
https://doi.org/10.1002/9781119371199.ch28
https://doi.org/10.7589/2014-05-137
https://orcid.org/0009-0007-4936-7507
https://creativecommons.org/licenses/by-nc-nd/4.0
https://creativecommons.org/licenses/by-nc-nd/4.0

