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The protozoan parasite Histomonas meleagridis is the causative agent of histornonosis
in gallinaceous birds, predominantly in turkeys and chickens. Depending on the host
species the outcome of the disease can be very severe with high mortality as observed
in turkeys, whereas in chickens the mortality rates are generally lower. The disease
is known for more than 100 years when in vitro and in vivo investigations started to
understand histomonosis and the causative pathogen. For decades histomonosis could
be well-controlled by effective drugs for prevention and therapy until the withdrawal of
such chemicals for reasons of consumer protection in Europe, the USA and additional
countries worldwide. Consequently, research efforts also focused to find new strategies
against the disease, resulting in the development of an efficacious live-attenuated
vaccine. In addition to efficacy and safety several studies were performed to obtain a
deeper understanding of the immune response of the host against H. meleagridis. It
could be demonstrated that antibodies accumulate in different parts of the intestine
of chickens following infection with H. meleagridis which was much pronounced in
the ceca. Furthermore, expression profiles of various cytokines revealed that chickens
mounted an effective cecal innate immune response during histomonosis compared to
turkeys. Studying the cellular immune response following infection and/or vaccination
of host birds showed a limitation of pronounced changes of B cells and T-cell subsets
in vaccinated birds in comparison to non-protected birds. Additionally, numbers of
lymphocytes including cytotoxic T cells increased in the ceca of diseased turkeys
compared to infected chickens suggesting an immunopathological impact on disease
pathogenesis. The identification of type 1 and type 2 T-helper (Th) cells in infected and
lymphoid organs by in situ hybridization did not show a clear separation of Th cells during
infection but revealed a coherence of an increase of interferon (IFN)-y mRNA positive cells
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in ceca and protection. The present review not only summarizes the research performed
on the immune response of host birds in the course of histomonosis but also highlights
the specific features of H. meleagridis as a model organism to study immunological
principles of an extracellular organism in birds.

Keywords: Histomonas meleagridis, histomonosis, immunity, vaccination, immune response, extracellular

parasite, poultry

INTRODUCTION

Histomonas meleagridis is an important flagellated parasite of
poultry causing the disease histomonosis (syn. blackhead disease,
histomoniasis, or infectious typhlohepatitis) (1). Historically, the
disease was extensively investigated in the first half of the last
century and thereby effective chemotherapeutics were identified
to prevent and treat birds from infection. This success neglects
that for a long time the true etiology of the disease was questioned
and under debate. Difficulties to determine the real cause of
histomonosis in earlier studies are comprehensively recapitulated
elsewhere (2). However, to date the disease is of high relevance in
poultry flocks as effective prophylactic and therapeutic options
are not available anymore in many countries for reasons of food
safety. As a consequence research was intensified in recent years
and with it several reviews were published addressing different
features of the parasite or the disease. This includes a general
overview on the disease (3), updated findings of the recent years
(4), a summary of experimental infections (5), a recapitulation
on previous and current strategies for prevention and therapy
(6), and assumptions how the disease might be controlled in the
future (7).

The purpose of this review is to emphasize on studies
investigating mechanisms of the immune response of
host birds against the disease. This includes early studies
describing inflammatory reactions of birds up to recent
investigations on specific immune cells and signaling proteins
involved in host defense. Furthermore, the host reaction
due to vaccination and its functional aspects are reviewed.
Finally, H. meleagridis might be a model to unravel peculiar
immune mechanisms of extracellular pathogens considering
that the avian immune response against these organisms is
not as investigated in depth compared to viral or bacterial
infections.

Histomonosis, an Important Poultry

Disease

Histomonosis was firstly described in turkeys by Cushman (8)
more than a century ago. Infection with H. meleagridis can occur
directly or via embryonated eggs of the nematode Heterakis
gallinarum which was already described by Graybill and Smith
(9). Horizontal transmission was hypothesized to occur by
active uptake via the cloaca (10) or orally, based on successful
oral application of cultured histomonads (11).The first signs of
histomonosis are reflected by clinical changes such as reduced
appetite, depression, drowsiness, droopy wings, and ruffled
feathers. Infected birds might suffer from yellowish diarrhea and

succumb to death (4). The pathogenesis generally varies between
species of gallinaceous birds: in turkeys (Meleagris gallopavo)
the disease can cause high mortality due to severe necrotic
inflammation of the ceca and the liver, while in chickens (Gallus
gallus) clinical signs are milder and pathological manifestations
are often restricted to the ceca of infected birds.

Following infection, H. meleagridis migrates into the mucosa
and deeper layers of the cecal wall leading to inflammation
and ulceration, resulting in a thickening of the cecal tissue and
formation of fibrin. Occasionally, ulcers erode throughout the
cecal wall leading to peritonitis. Following destruction of cecal
tissue, the parasite is able to infiltrate into blood vessels and to
reach the liver via the portal vein. As a consequence, areas of
inflammation and necrosis can occur in the liver. Liver lesions are
highly variable in appearance: they may be up to 4 cm in diameter
and can involve parts or the entire organ. Liver and cecal lesions
together are a strong hint during post mortem investigations. The
disease causes generally less severe lesions in chickens. Especially
changes in the liver occur less frequently in chickens as compared
to turkeys. In the final stage, the disease may become systemic
when DNA of histomonads can be found in the blood and in the
tissues of many organs, whether lesions are present or not (12).
Lesions can be observed in different organs beside cecum and
liver, such as kidneys, bursa of Fabricius, spleen, and pancreas
(13-15). Apart from turkeys and chickens, other members of
the galliformes, including pheasants, partridges, and farm-reared
bobwhite quails can serve as hosts (16-19). In contrary, other
avian species like ostriches and ducks show a high resistance to
disease even though they may contribute to the transmission of
the parasite (20, 21).

Histomonas meleagridis, a Unique

Protozoan Parasite

H. meleagridis is a member of the family Dientamoebidae,
order Tritrichomonadida (22). The parasite mainly possesses cell
organelles that are typical for trichomonads (3). It is pleomorphic
and generally two forms of the parasite are known: (i) the tissue
form and (ii) the cecal lumen dwelling form. The tissue form
is almost round with 6-20 um in size and capable of forming
pseudopodia (23, 24). Unlike the tissue form the cecal lumen
form (3-16 um) has a single flagellum although early during
cell division, two may be observed (25). It was observed that
the flagellum is getting lost during the invasion in the host
tissue (26). In culture, H. meleagridis exhibits the morphology
of the lumen-dwelling form. More recently, the occurrence of a
cyst-like stage was reported (27). Later on, this resistant stage
of H. meleagridis was investigated in vitro and it could be
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observed independent of the passage level and pathogenicity
in vivo indicating an early adaption to in vitro conditions
(28).

H. meleagridis is antigenetically (29) closely related to the
intestinal parasite Dientamoeba fragilis, a trichomonad with a
wider host range in mammals which is suspected to be associated
with gastrointestinal disorders in humans. Dientamoeba fragilis
is a protozoan parasite often described as “neglected parasite”
(30). Recently, several major advances have been made with
respect to this organism’ life cycle and molecular biology,
although knowledge on immune response against the pathogen
is scant. The pathogenic potential of D. fragilis is still debatable.
However, because of the close relativity to histomonads,
the immunological research on H. meleagridis can give an
indication to the immunological responsiveness of host against
D. fragilis.

Hyperimmune antisera raised in rabbits against the two
flagellates cross-reacted in an indirect fluorescent antibody test
(31), although in agar gel immune-diffusion test (32) species-
specific precipitin lines were seen. Both, antigenic differences
and some cross-reactivity could also be demonstrated by
immunoelectrophoresis (33). The nucleotide sequence analysis
of a small subunit rRNA of the organism showed a close
relationship between D. fragilis and H. meleagridis (34). First
investigations on specific proteins of H. meleagridis were
performed by Mazet et al. (35). The authors characterized genes
encoding three proteins involved in hydrogenosomal carbon
metabolism: a nicotinamide adenine dinucleotide phosphate-
dependent hydrogenosomal malic enzyme, an o-subunit of a
succinyl coenzyme-A synthetase and an iron-only hydrogenase.
Afterwards, Bilic et al. (36) identified a broad spectrum of partial
protein-coding sequences with homology to both intracellular
and surface proteins. The antigenic potential of a-actinins of the
parasite in host animals was later on demonstrated (37). Lynn
and Beckstead, (38) applied splinkerette PCR to identify new
genes. Their sequence analysis identified the 5 coding portions
of the B-tubulin genes, the intergenic regions, and two different
open reading frames encoding for a putative serine/threonine
phosphatase and a putative ras-related protein, racG. They
predicted that these intergenic regions contain polyadenylation
and cleavage signals for the two open reading frames and initiator
elements for the B-tubulin genes. These regulatory elements are
necessary for gene transcription in H. meleagridis. Most recently,
sequencing of a cDNA library reported sequences of 3425 H.
meleagridis genes (39). These analyses identified 81 genes coding
for putative hydrogenosomal proteins and determined the codon
usage frequency. That study also suggested that H. meleagridis
a-actinins strongly contribute to the immune-reaction of host
birds. Recently, de novo transcriptome sequencing of a virulent
and an attenuated H. meleagridis strain provided novel insights
into the parasite’s biological processes, such as metabolism,
locomotion, cell signaling and its ability to adapt to dynamic
environmental changes (40). In addition, the study elucidated
potential pathogenic mechanisms in respect to cytoadherence
and host cell membrane disruption, together with the possible
regulation of such processes. Monoyios et al. (41) addressed
differences between in vivo cultivated virulent and attenuated H.

meleagridis parasites on protein expression level. Based on mass
spectrometry data it could be shown that eight different proteins,
with the majority related to cellular stress management, have
been found up-regulated in virulent histomonads compared to
the attenuated strain which potentially affect the host-pathogen
interaction between the two strains. Additionally, a virulence
factor named legumain cysteine peptidase was detected. Applying
two-dimensional electrophoresis in combination with mass
spectrometric analysis 32 spots were identified as specific for
the attenuated strain. These spots were described to correspond
to the increased metabolism due to in vitro adaptation of the
parasite and the amoeboid morphology.

IMMUNOLOGICAL RESPONSES AGAINST
HISTOMONOSIS

Modulations of the innate and adaptive immune responses of
the host by pathogens are known to be major determinants in
the outcome of certain infectious diseases. Histomonosis causes
severe disease in turkeys whereas less clinical signs occur in
chickens as described above. This outcome can be linked with the
host defense, indicating substantial differences between these two
phylogenetically closely related species against H. meleagridis.
Elucidating these differences in host response does not only
unravel a certain host reaction it is also useful to understand
protection and susceptibility in a broader context. Important
studies investigating distinct parameter of the immune response
against H. meleagridis are listed in Table 1.

Innate Immune Response

The first arm of the innate immune system against histomonosis
is the anatomical barrier in the gastrointestinal tract. The parasite
can infect its host via cloacal or oral route. However, oral
inoculation was not always successful probably due to the acidity
of the gizzard (10, 11, 54-56). The acid environment in the
gizzard is a physiological barrier against pathogens and it was
reported earlier that an effective infection depends upon the pH
of the gizzard and the upper intestine (55). In the last mentioned
work it was observed that the severity of lesions increased in
chickens that have starved or were fed with an alkali mixture
before the oral infection. Feed restriction after the application
of live histomonads was shown to be an additional parameter
which should be considered in the context of a successful oral
infection (11).

Concerning the innate cellular response, first observations
were made by histopathology in birds infected with H. gallinarum
and H. meleagridis (57). Thereby, larvae of the cecal worm
and an influx of heterophilic granulocytes were visible already
from day 1 post infection (p.i.), even though first histomonads
were only visualized after 5 days p.i.. First lesions in the liver,
characterized by lymphocytic infiltration with few heterophils
at the portal area, were observed at the same time point (13).
Specific detection of the parasite in tissue sections was described
to be accompanied with infiltrations of mononuclear and
polymorphonuclear cells in the infected organs cecum and liver
(58, 59). In recent studies, quantitative analyses using specific
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markers against chicken macrophages/monocytes revealed that
significantly higher amounts of this cell population were present
in the blood (52) and the cecum (53) of infected chickens from
the early stage of infection until the time period when most severe
lesions were observed. The ability of macrophages to incorporate
cells by phagocytosis indicates efforts to contain the parasite
during the initial stage of infection in chickens. Furthermore, a
lower presence of heterophils in the infected chickens’ blood can
be explained by the infiltration of these granulocytes to the local
site of infection (52). Due to the lack of specific or cross-reactive
antibodies for innate immune cells of turkeys it was so far not
possible to generate comparative data in this more affected host
species.

To investigate the innate cell signaling following infection,
mRNA expression of the pro-inflammatory innate cytokines IL-
1beta, IL-6, and CXCLi2 were measured in chickens and in
turkeys after infection with histomonads (45). It was found that
the immune response in the chicken was initiated in the cecal
tonsils already after 1 day p.i. Interestingly, mRNA expression
levels of these pro-inflammatory cytokines in turkeys were not
up-regulated locally during the initial phase of infection even
until the protozoa were already detectable in the liver. This
depicts that an initial induced innate inflammatory response in
the cecal tonsils may be critical to limit the dissemination of the
parasite to the liver, with consequences on the clinical outcome
within the different poultry species.

Adaptive Immune Response
Pathogen-Specific Antibodies

The first study on specific antibodies against H. meleagridis
was reported by Clarkson (42), who detected serum precipitins
7 days after infection. The attempt to transfer protective
immunity by injections of serum from infected turkeys to
naive birds failed in the last mentioned study. Several years
later, Powell et al. (45), observed increased antibody levels
in sera of infected chickens compared to infected turkeys,
but no further information on the methodology was given.
More recently, vaccination against histomonosis using killed
vaccines which elicit a dominantly antibody-mediated immune
response was shown to be ineffective in providing protection
(60). Similarly, Bleyen et al. (43) confirmed the inadequacy
of serum antibodies in protecting turkeys from histomonosis,
although the same immune component was shown to induce
complement-mediated lysis of H. meleagridis in vitro. In recent
years, an indirect sandwich ELISA (44), as well as a blocking
ELISA using monoclonal antibodies (47) for the detection of
antibodies against histomonads have been established. In these
studies, an increase of antibodies in sera could be demonstrated
in experimentally infected chickens and turkeys. Field studies
on the prevalence of histomonads-specific antibodies in chicken
flocks revealed a wide dissemination of the parasite in European
countries (61, 62). In experimental studies, it was demonstrated
that pathogen-specific serum antibodies increased already 2
weeks p.i. (44) and 3 weeks post vaccination with attenuated
parasites above the cut off value until the following 13 weeks
when the experiment was finished (48).

In a single study, the occurrence of different types of
systemic and intestinal antibodies of chickens following infection
with H. meleagridis was investigated by ELISA (46). Thereby,
first optical density values for IgG above the cut-off in the
serum were detected at 14 days p.i., whereas IgA and IgM
levels remained low. Furthermore, it could be revealed that
the intestinal tissue showed an intense humoral response in
the parasitized ceca with an initial peak of IgM, high levels
of IgG as well as a continuous increase of IgA and similar
high levels of IgG together with IgA in the small intestine.
Unfortunately, comparative results to the last mentioned studies
in turkeys are not available which might be due to the lack
of suitable reagents. However, along with an elevated level of
antibodies the numbers of B cells increased in infected organs
and systemically during infection were also reported recently in
chickens and turkeys (52), which is outlined in the following
chapter.

Another study, involving different lines of chickens, reported
that antibody production differ due to the genetic background
of the host (51). The study reported that the humoral immune
response against actinin 1 started sooner and was significantly
more pronounced in layer-type chickens than in meat-type
chickens.

Cell-Mediated Immune Response

First investigations on leukocytes were based on histopathology
and indicated an influx of different populations of immune cells
including lymphocytes in the infected organs cecum and liver
(57). However, until recently there was no detailed information
on the phenotype of immune cells that are involved in an adapted
immune response and the link with the appearance following
infection. In the last few years different studies were performed to
investigate the mechanisms of the cellular modulation by detailed
characterization of the involved leukocytes as well as cytokines
triggering specific changes in the cellular response.

In general, the polarization of CD4" T-helper (Th) and
CD8™ T-cytotoxic (Tc) cells plays a major role in host-pathogen
interaction. CD3TCD4TCD8a~ T cells are predominantly of
helper phenotype, act as coordinators of the immune response
by producing a variety of cytokines and secrete soluble molecules
to the extracellular space which affects other cells of the
immune system. In contrast, CD37CD4~CD8a™ T cells are
cytotoxic cells, promoting the cytolytic pathway. A protective
immune response may rely on the ability of CD4™ T cells to
accumulate high numbers of effector cells in order to activate a
response against an invading pathogen. They can promote B cell-
immunity with antibody production or, on the opposite, directly
modulate, respectively control, the activity of different types of
T cells. Secreted cytokines can activate macrophages and other
cells through cell to cell signal communication. Powell et al. (45)
used immunohistochemical stainings to specifically detect CD4 ™,
CD8a™, CD28™, and CD44™ cells in the spleen as well as liver
of chickens and turkeys infected with H. meleagridis. With this,
they noticed an influx of the mentioned T cell-subpopulations
into the liver of turkeys and chickens in coincidence with parasite
infiltration. These cellular changes were more pronounced in
turkeys and correlated with a decrease in numbers of such cells in
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FIGURE 1 | Key differences in the disease and immune response of the two main avian host species during infection with H. meleagridis. The numbers refer to the
respective references.

spleens whereas no obvious changes were observed in the spleen ~ CD4" and CD8a™ T cells was observed in the blood of infected
of chickens. chickens. Beside the translocation of these cells to the target
By investigating T-cell subsets of chickens co-infected with H.  organs of infection, this finding might also be explained by the
gallinarum and H. meleagridis, a decrease of splenic CD4™ T cells  presence of the parasite in the blood of infected host birds (14, 64,
together with a destruction of the cecal mucosa in association  65). In vaccinated as well as vaccinated and challenged chickens,
with a severe T cell infiltration in the cecal lamina propria was  changes of cecal B cells, CD4" and CD8a™ T cells were in general
described (63). even lower compared to infected chickens (52). Overall, such
In a more recent work, different populations of lymphocytesof ~ findings demonstrated that vaccination of turkeys and chickens
host birds were analyzed by flow cytometry after vaccination with ~ using clonal cultures of H. meleagridis limits severe changes
attenuated histomonads and/or infection using virulent parasites ~ of B cells and T cell-subsets as compared to the exacerbated
(52). Thereby, a detailed investigation on the adaptive immune  influx observed in non-protected animals. Additionally, a more
system by investigating quantitative changes of CD4*, CD8a™  intense cellular immune response in infected organs of turkeys in
T cells and B cells in different organs and blood of turkeys  comparison to chickens was concluded to contribute to the fatal
and chickens was performed. In that study, all infected turkeys  clinical outcome of the infection in turkeys.
died by 14 days p.i. due to severe histomonosis whereas infected Immunofluorescence and quantification of lymphocyte
chickens or vaccinated birds were not clinically affected. It was ~ populations by image analyses, confirmed an influx of B
hypothesized that the excessive necrosis of caecum and liver  cells and T cells in the infected chicken’s cecum from 4 days
in infected tissues of turkeys might be an effect of cytotoxic  p.d. until 10 days p.i. (53). In contrast, chickens that were
activity of effector CD8" T cells which still needs to be verified. ~ vaccinated showed a similar range of the above mentioned
The predominance of CD8a™ T cells might contribute to the  cell population in the cecum compared to control birds even
destruction of the host tissue and the local suppression of other  after challenge. Comparative data on turkey ceca obtained
immune responses including the inhibition of CD4" T-cell by immunofluorescence have so far not been reported due to
proliferation (52). This is supported by the finding that CD4%  the lack of cross-reactivity of those antibodies for this host
T cells were significantly decreased in the cecum of infected  species (52).
turkeys. On the other hand, the challenge of vaccinated turkeys Investigations on cytokines in context of an immune response
led to a significant increase of CD4", CD8a™, and B cells in the  against H. meleagridis were performed in different studies by gene
blood already at 4 days post inoculation, indicating an effective ~ expression analyses and in situ hybridization for the detection
and fast recall response of the primed immune system. In infected ~ of cells that contain transcripts of specific cytokines. Along with
chickens the analyzed immune cells in cecum and liver were  innate pro-inflammatory cytokines mentioned above, Powell
mostly in the range of values of non-infected birds matching with et al. (45) investigated adaptive response-signature cytokines
the lower lesion scores. However, a continuing recruitment of ~ IFN-y, IL-13, and IL-4 and the regulatory cytokines IL-10 and
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TGF-B4 by RT-qPCR in different organs of infected chickens
and turkeys. Most important, in chickens, IFN-y and IL-
13 mRNA expression was up-regulated while IL-4 mRNA
expression remained unaltered during infection. Expression of
the regulatory cytokine IL-10 was up-regulated very early during
infection in this host species while TGF-p4 mRNA expression
levels were unchanged during the experiment. In turkeys, IFN-y
mRNA expression levels were down-regulated in the cecal tonsils
soon after infection but up-regulated during later stages. IL-4
mRNA expression levels were variable while IL-13 again showed
a sustained up-regulation. As in chickens, IL-10 did not appear
to play a significant role during infection in turkeys, but TGF-p4
mRNA expression levels were increased.

Later on, Schwarz et al. (63) found a significant increase
in mRNA expression of IFN-y in chicken cecal tissue
infected with H. gallinarum harboring histomonads in
contrast to an elevated expression of IL-13 when chickens
were infected only with H. gallinarum. The authors
hypothesized that the IFN-y over-expression in the co-
infection was modulated by the presence of H. meleagridis.
Nevertheless, based on the experimental setting it is difficult to
determine if both parasites together cause a variant immune
response.

Recently, Kidane et al. (53) investigated the abundance of Thl
and Th2 cytokines, IFN-y, respectively IL-13 mRNA positive
cells by in situ hybridization in vaccinated and/or infected
chickens and turkeys. It was demonstrated that changes in the
abundance of positive cells following infection or vaccination
were less pronounced in chickens compared to turkeys. Infected
turkeys showed an early decrease of cytokine mRNA positive
cells in cecum which later increased together with a severe
destruction of the mucosa and infiltration of cytokine expressing
cells up to the muscularis layer. A similar destruction and
cytokine distribution was observed in the liver of these birds. In
comparison, an increased percentage of IFN-y mRNA positive
cells were noticed in vaccinated and challenged turkeys already
4 days post challenge confirming the priming of an immune
response by vaccination. An interesting finding was that IFN-
y mRNA positive cells in the cecum of naive chickens were
distinctly higher than in naive turkeys. These findings led to the
conclusion that IFN-y positive cells may act as a protective trait
against histomonosis. However, no distinct Th1/Th2 separation
in the immune response was noticed, indicating a more
balanced activation of the Th pathways during infection with
an extracellular protozoan parasite in birds. Moreover, it could
be demonstrated that the fatal clinical outcome of turkeys
due to histomonosis is in coherence with a more intense
adaptive immune response in infected organs compared to
chickens.

CONCLUSION AND OUTLOOK

The reviewed studies are fundamental in devising prospective
immunoprophylactic strategies against histomonosis. Results
on different types of vaccine either killed or live, revealed a
possible direction into how a vaccine could successfully mount

a protective immune response. Furthermore, it is crucial to
understand relevant protective traits as well as the failure of the
immune system against an infection with H. meleagridis.

The most peculiar and differing changes in the immune
response in chickens and turkeys against histomonosis are
drafted in Figure 1. From the experimental studies on the
immune response during histomonosis we can clearly elicited
that differing profiles of cytokine expression and abundances of
specific immune cells resulted in a varying disease progression
and outcome in the two main avian host species, chickens
and turkeys. At the early infection phase chickens show an
expeditious immune response against the parasite which triggers
the immune cascade to restrict the parasite progression. In
comparison, the turkey’s immune responsiveness is delayed,
which obviously allows the parasite to disseminate systematically
to the liver and other organs. After the initial phase, the
effectiveness of the adaptive immune response is based on the
accessibility of natural IFN-y positive cells and a controlled
expression of adaptive immune cells which seem to be further
key factors to minimize clinical signs and to induce the
recovery of chickens. In contrast, a predominance of the cellular
response toward the cytolytic pathway may be involved in
aggravating tissue destruction in turkeys. Thus, un-controlled
immune response and excessive destruction of the tissue can
be understood as a further failure of the immune system with
consequences on the fatal outcome of the disease in turkeys.
Conclusions on the different immune response in chickens and
turkeys are supported by the fact that vaccination triggered
a similar enhanced allocation of IFN-y cells and controlled
adaptive cell response for both host species. Overall, it can be
concluded that an early and locally induced immune response
is the crucial factor behind the survival of chickens and
immunoprophylaxis induced by vaccination independent of the
host.

Further studies on the immune response of poultry against
Histomonas meleagridis should consider both host and pathogen
factors. Given the fact that turkeys and chickens display a
different involvement of the immune response to H. meleagridis,
it could be beneficial to use these contrasting host features
in further exploring traits of the immune response. So far,
there is hardly any information on the innate immune
response against histomonosis. Especially the role of toll-like
receptors (TLRs), with possible consequences on modulation of
the immune response following vaccination and/or infection,
needs to be understood. Furthermore, mechanisms on the
function of innate immunity, particularly pro-inflammatory
cytokines and antigen-presenting cells, could be useful to link
the transition from the innate to the adaptive stage of the
immune response. This can unveil essential features such as
the quality and persistence of the acquired immune response
which is helpful in establishing vaccination schedules. Data
collected in experimental studies investigating histomonosis or
following vaccination against the disease revealed important
changes in the immune response but further identification
on pathogen-specific mechanisms would be valuable. Hence,
determining specific immunological correlates of protection
e.g., the role and function of pathogen-specific T cells would
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contribute in pin-pointing features that mediate protection.
Consequently, unraveling selective mechanisms that induce
protection would be useful to promote such effector functions
for facilitating new prospects in research on vaccination
against histomonosis. Finally, along with studies on screening
virulence factors of the protozoa, further explorations on the
molecular plethora for potential immunogenic components are
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