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This issue authored by Dr.
Kathryn Purple, Department of
Biology, Lincoln Memorial University, Dr. Purple is a professor
of biology and microbiology .
Her favorite course to teach is an
upper-level class on infectious
diseases. She is originally from
Wilmington, DE. During her

undergraduate studies she
worked on various animalrelated research projects, including evaluating the effects of
West Nile Virus on northern
cardinals. She earned her Bachelor of Science degree in Natural
Resources & Environmental

Sciences- Fish & Wildlife Conservation with a minor in Chemistry. She took a gap
year during which she lived in a tent for 3 months studying high elevation riparian
breeding birds and later worked at a wildlife rehabilitation center. She went on to
veterinary school at the University of Tennessee, Knoxville where she earned a
doctorate in veterinary medicine. After graduation (and a beautiful wedding) Dr.
Purple found herself in a small animal practice in Nashville, TN. Luckily, the opportunity for getting back into research did not take long and she entered a doctoral
program in Comparative and Experimental Medicine studying Trichomonas gallinae and other parasitic infections in wildlife. Dr. Rick Gerhold served as her advisor and worked on the projects described in this issue. A week after her doctoral
dissertation defense she started her job at LMU. Her favorite part of being a professor is conducting research and mentoring her students. She still works on Trichomonas gallinae and is also branching out into other infectious diseases in wild birds
and mammals. She lives in Knoxville, TN with her husband, two children, and their
dog.

3

A TRICHY SITUATION
By
Kathryn Purple, DVM, PhD
Wild species are often assigned narrow roles in our society- the playful
dolphin, the majestic tiger, the captivating blue whale, and the mighty Eastern Lowland Gorilla. Some species, although no less worthy or complex, are
ignored or, at worst, vilified. The fate of the less charismatic flora and fauna
will flourish or fade with only the shifting of their name from one column to
another- endangered to extinct. There will never be “Save the Coffin Cave
mold beetle” campaign. Tears will not be shed for the disappearance of the
last slenderclaw crayfish. No canvas totes will be given in exchange for a
monthly donation to conserve Ostodes strigatus, a snail that lacks even a
common name. And then we come to the villians, the “vermin.” The poster
child for this award easily goes to the rat, an easy scapegoat for disease, pestilence, and various scourges. And finally, the subject of our saga, the rat of
the skies (and sidewalks), the pigeon.
Officially the “rock pigeon,” Columba livia can be found on every
continent except Antarctica. Its distribution is fittingly deemed
“cosmopolitan,” a moniker befitting of this vagabond who is quite at home
in cities large and small, from Cairo, Egypt to Cairo, Illinois (U.S.), with
human populations ranging from 9.5 million to 1,733, respectively. A connoisseur of discarded French fries, falafel, and street tacos, the pigeon is a
stranger to none.
As for the pigeon being the subject for our subsequent discussion,

technically, it is the host of our subject, a small parasite named Trichomonas
gallinae. T. gallinae is a protozoan parasite found in avian species. And it’s
most common host? That world traveler- the pigeon. Trichomonas gallinae
is not alone; there are other members of the genus Trichomonas that infect
birds, including the newcomer, T. stableri. Interestingly, it should be noted
that trichomonads parasitize other animals as well, each with its own a specific host. Tritrichomonas foetus is a sexually transmitted infection in cattle.
T. foetus also causes diarrhea in cats. Finally, T. vaginalis causes sexual

transmitted infection in humans.
For the ensuing
story we will focus
on the group of
species that affect
avian hosts represented by T. gallinae- the oldest,

most well-studied
species.
Trichomonas
infections in birds
cause a disease

Figure 1. Image Trichomonas gallinae with DiffQuick staining under light microscopy. Martínez-Herrero et
al., 2017.

known today as
trichomonosis, but the disease has been around under other names for millennia. A disease of trained falcons, known as canker or frounce, was described by falconers as early as the 1500 and 1600s as a potentially deadly
illness “originating in the mouth” (Stabler, 1954). Trichomonas gallinae, the
causative protozoan parasitic agent of this disease, was recovered from the
upper digestive tract of a pigeon squab (young bird) in Italy and first described by Rivolta in 1878. Rivolta named the parasite Cercomonas gallinae. Rivolta also described, and separately named, a liver form of the flagellate Cercomonas hepaticum, which today is known to be the same species as

Trichomonas gallinae. In 1880 Rivolta and Delprato also described a fecal
flagellate that we now believe was Tetratrichomonas gallianarium, a related
but non-pathogenic intestinal protozoa.
Since the discovery of the causative agent of trichomonosis,
Trichomonas gallinae, in the late 1800s many characteristics of the protozoan parasite have been well established. For his career of over 30 years
Robert M. Stabler was a pioneer in all things T. gallinae. He described
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the morphology of the
protist as a mostly pearshaped organism with
four anterior flagella
arising from a basal
granule, an undulating
membrane of 2⁄3 to 3⁄4
the length of the organism, and an axostyle that

protruded posteriorly for
“a short distance” (Fig.
1 & 2). Stabler measured T. gallinae between 6.2-18.9 μm by
by 2.3- 8.5 μm, with an
average size of 10.5 μm
by 5.2 μm. As newer

Figure 2 Drawing of Trichomonas gallinae showing 4 anterior flagella, undulating membrane. Abra- technology became
ham et al., 1964.
available, Scanning

Electron Microscopy (SEM) revealed that Trichomonas gallinae are pleomorphic (occurring in many forms) and can be described as piriform,
ovoidal or spherical.
The movement of these organisms under the microscope resembles a
half dance-half race of sorts, darting and changing directions. At times the

trichomonads move rapidly, and at other times, when they are cooled below body temperature (37°C) for example, their movement becomes increasingly lazy. When an individual is slow for long enough, the flagella
and undulating membrane are clearly visible and incredible to watch.
Four anterior flagella of unequal length and an undulating membrane adherent to the cell for the majority of its length were confirmed in the
1940’s. The internal axostyle, present for structural integrity, protrudes
from the organism’s posterior end for about 1⁄3 the length of the cell.
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There is also a spherical form characterized by flagellar retraction and disappearance of the undulating membrane, known as the pseudocyst. The pseudocyst is theorized to protect the trichomonad in unfavorable conditions,
including desiccation (drying out), suboptimal temperatures and changes in
pH or oxygen content; however, this pseudocyst form may also be seen in
“normal” culture conditions. The pseudocyst form appears fat and swollen.
Movement is reduced to a slight wiggling. The pseudocyst is almost 4 times
that of the swimming teardrop forms.
Trichomonads lack mitochondria, which typically produce energy in

eukaryotic cells in the form of ATP (adenosine triphosphate) by using oxygen. However, in organisms that thrive in oxygen-restricted environments,
such as trichomonads, mitochondria have undergone an evolution of reductive alterations of content and function. These evolutional pressures have
resulted in Type 4 Mitochondrial-related organelles called hydrogensosomes, which create ATP and hydrogen gas through fermentation. Accordingly, trichomonads are microaerophilic meaning they prefer conditions with
very low oxygen concentrations. This makes trichomonads better suited for
their preferred “habitat,” the luminal spaces of hollow organs in animals
(e.g. the esophagus and throat in birds). Trichomonads can be cultured in
vitro or outside of a living host, in different growth media, with Hollander’s
Fluid Medium as the best media to maximize rate and extent of growth.
These media are liquid preparations that provide the organisms with nutrients for growth and maintenance and allow us, as researchers, to study them
in lab. Liquid media commercially available in T. foetus InPouchesR

(BioMed Diagnostics, https://biomeddiagnostics.com/) can also be used for
field collection. When a bird is suspected of having Trichomonas, the researcher can swab their oral cavity with a cotton-tipped applicator (Q-tip)
and introduce it into the liquid of the pouch. InPouchesR are easy to
transport in the field and back to the lab. These pouches look like small plastic bags and have a window for immediate detection under light microscope.
The pouch can then be incubated to encourage growth and increase the sensitivity of the sample.
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Birds are the only natural hosts of Trichomonas gallinae. Young birds
are exposed to T. gallinae through crop milk from infected parents. Adult
birds are exposed through contaminated feed, prey, and/or water sources. By
1954 T. gallinae had been found naturally in multiple columbid species, turkeys, chickens, Java sparrows, peregrine falcons and sea gulls, and experimentally in species including swallows, goldfinches and song sparrows. You
can find a comprehensive list of avian hosts, location, wild or captive status,
number of individuals affected and authors of each report of Trichomonas
gallinae compiled by Forrester, et al. (2008). Briefly, naturally occurring T.

gallinae infection has been described in 19 species of pigeons and doves
(columbiforms), 26 species of raptors including hawks and eagles
(falconiforms), and 9 species of owls (strigiforms). For captive and experimental infections T. gallinae has been documented in parrots (psittaciforms),
songbirds (passeriforms), land fowl (galliforms), rails and cranes
(gruiforms), and waterfowl (anseriforms). T. gallinae is listed as a Veterinary-Services Regulated Poultry Pathogen by USDA APHIS. Trichomonads
do not appear to be picky in their specific host species, although the fate of
the infected host varies widely. Strains of Trichomonas spp. are known to
vary greatly in pathogenicity with a spectrum of various levels of intermediate virulence. Virulence also varies due to host species and the host’s previous exposure status to Trichomonas species. Protection was experimentally
conferred to pigeons by first exposing them to a moderate to highly virulent
strain and subsequently challenging them with a different virulent strain,
which suggests the role of an adaptive humoral antibody response. Some

strains appear “inherently avirulent” and are unable to cause pathology in
any host/condition.
Clinical signs of infection include matted feathers around the head due
to dysphagia (trouble swallowing) and regurgitation, depression, emaciation
and even death. Backyard bird enthusiasts are understandably pained to see
the birds suffer in such an awful condition. Birds may be found dead and
emaciated near the food and water sources humans provide, which is often
the first sign of an outbreak. Dead birds may be found near a feeder and then
5

sent to a local wildlife agency for investigation by homeowners and bird enthusiasts.
Trichomonads cause gross caseous necrosis (cell death) consisting of
purulent exudate in the oral cavity, pharynx, esophagus (Fig. 3). These lesions, with a caseous or “cheese-like” consistency, may appear white to yellow and can sometimes block the nasopharynx making it difficult for the
affected bird to eat, drink, and breath. Trichomonads are also capable of
penetrating the eye, head sinuses, and brain. Sparing practically no organ
system, they can also cause necrosis in the liver (most commonly), the lung,

air sacs, heart, pericardium, and pancreas, which are presumably accessed
by the bloodstream.
Deadly outbreaks have negatively impacted wild bird populations
throughout written history. Historically columbiforms were the most commonly affected, but in recent years, beginning in the 2000s, passerines have
faced large-scale population declines. In particular the rock pigeon, as we’ve
said, is the primary host of Trichomonas gallinae and has been credited with
the parasite’s dispersal around the globe. Mourning doves (Zenaida

Figure 3. Trichomonas infection in a peafowl with purulent exudate in the esophagus.
Pathology of Wildlife and Zoo Animals (Ch31), 2018.
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macroura) across the US have been historically plagued by epizootics. Although it is difficult to estimate mortality numbers or percentages of wild
populations, a 1950-51 outbreak in Alabama had estimated mortality of
4,000 individuals in one county alone and an estimated 25% decrease in
population in another county. Trichomonas gallinae is postulated to be a major contributing factor in the extinction of the passenger pigeon (Ectopistes
migratorius) and is a leading concern in the conservation of the endangered
Mauritian pink pigeon (Nesoenas mayeri). In the 1990’s Cooper’s hawk
nestlings (Accipiter cooperii) in Arizona had a 41% mortality rate in urban

areas. Larger populations of pigeons in urban areas are thought to drive the
connection of Trichomonas-related deaths in young birds as the hawks’ diets
consist of a greater proportion of pigeons. Adult Cooper’s hawks had a lower prevalence of trichomonosis, which could be linked to better immune defenses in adults or oral pH differences in adults versus nestlings.
The first documented cases of trichomonosis in wild passeriforms began
in 2002, when a small outbreak afflicted house finches (Carpodacus mexicanus) and house sparrows (Passer domesticus) in Kentucky, USA. In the
United Kingdom in 2005, two common European garden birds, greenfinches
(Carduelis chloris) and chaffinches (Fringilla coelebs), experienced population declines, including an estimated 35% decrease in the breeding bird population of greenfinches. The U.K. outbreak was attributed to a clonal strain
in ITS group A. An outbreak in the Canadian Maritimes beginning in 2007
adversely affected purple finches (Haemorhous purpureus) and American
goldfinches (Spinus tristis) was attributed to the same clonal UK strain sub-

typed as A1 with FeHyd. Both the U.K. and Canadian outbreaks were specifically associated with backyard bird feeding stations. The U.K. outbreak
investigation was successful in large part because of the contributions of
backyard bird enthusiasts who reported unusually high numbers of sick and
dead birds around their feeders and birdbaths through Garden BirdWatch
from the British Trust for Ornithology. These new collaborations, facilitated
by online websites and apps, between scientists and the public is an exciting
development in our search for answers to the many questions we have about
7

wildlife health and disease.

Community Service
Sometimes called citizen science, community science allows any person
to contribute to the scientific exploration of challenges that our wild birds,
and other flora and fauna, face. Garden BirdWatch in the U.K. has been celebrated for facilitating bird enthusiasts’ contribution in identifying the root
cause of the early 2000’s Trichomonas outbreak in greenfinches and chaffinches. Without the involvement of the public, scientists
could not have gathered the information and samples needed
to solve the mystery of dying
birds in backyards throughout
the U.K.
There are also mobile apps that
allow anyone to make observations that can be used by scientists and any interested persons
Figure 4. Community Science. Screenshots from iNaturalist and Seek apps.

to gather data that would not be
possible for a single person or lab

to reasonably collect. Aside from their scientific contribution, these free
apps are also a great way to encourage everyone to get outdoors and become interested in the wild world around them. The app iNaturalist, a
joint initiative of the California Academy of Sciences and the National

Geographic Society, allows users to upload pictures of any living thing
(Fig.4). Images are then open for others to aide you in the identification of
the species. Once the images have been adequately identified they are updated to “research grade.” iNaturalist also encourages the thrill of the
(digital) hunt for species by creating “challenges” to the user to gather
species like a scavenger hunt (which may or may not include actual scavengers). iNaturalist is available in at least a dozen countries across the
world. I highly recommend this free app.
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Trichomonosis also continues to negatively impact columbiforms, particularly
Pacific Coast band-tailed pigeons (PTPI) (Patagioenas fasciata), as evidenced by
ongoing mortality events linked to shared water sources in southern California.

These outbreaks have been exacerbated by drought conditions in the region
which concentrate high numbers of individuals near scarce water resources
(Rogers et al., 2016). A new Trichomonas species, Trichomonas stableri,
(formerly ITS Group K) was described in the Pacific Coast BTPI. Using molecular techniques, we investigated trichomonads cultured from subclinical
hunter-killed doves and lesion tissue samples from 16 species of affected
birds. This opportunity to compare isolates from overlapping temporal and
spatial ranges gave us an ideal chance to investigate associated strains with
subclinical and clinical cases in relation to geography, avian host source, and
time.
In the Lab
Molecular techniques allow improved detection of trichomonads in low
amounts due to the sensitivity of polymerase chain reaction (PCR) to identify parasite DNA. Using molecular data further allows assessment of evolutionary relationships among similar organisms to infer geographic and host
origin and movement. We use a region called ITS to discriminate trichomonad species and to separate lineages within T. gallinae. As normal background mutations occur in DNA, we can use this as a clock to infer how
long a strain has been circulating in a given population. Molecular techniques also allow a finer scale differentiation within species. Using the ITS
region has been accepted as a proven tool to separate avian trichomonads
beyond the species level. We can also use a region called FeHyd to produce
even finer-scale separations of isolates and improve our knowledge of phylogenetic relationships.
Genetic characterization of circulating genotypes of T. gallinae we will
give a more complete assessment of ongoing outbreaks. We applied molecular techniques to document genotypes of Trichomonas spp. circulating in a
current outbreak in California. Climate change is increasing occurrence and
severity of extreme weather patterns. California experiences one impact of
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climate change in the form of severe droughts. The current outbreak and
Pacific Coast band-tailed pigeons has been associated with drought (Rogers
et al., 2016). As water becomes scarce wildlife congregate in larger groups
around fewer, smaller resources. In these conditions, pathogens found in
water can spread more quickly and to novel hosts. We found that subclinical
hunter-killed birds, and a variety of clinically affected birds, tend to have
separate groups of primarily circulating genotypes.
These more recent outbreaks have raised questions of transmission dy-

namics of T. gallinae, most importantly, on the mechanism of spread from
the typical carrier, the rock pigeon, to the passerine (songbird) species that
have become more recently affected. Many researchers suspect contaminated bird baths are the source of trichomonads for backyard songbirds. Transmission may occur when sick birds, unable to eat and swallow normally due
to the lesions in their throats, may regurgitate food and water, thus depositing trichomonads into the food or water source. In this way birds don’t need
to be in close proximity for the parasite to spread. A pigeon and a goldfinch
sharing a drink is not a common sight. However, it is much more likely that
many species visit the same food or water source over time. That said, there
have been few studies on the persistence of T. gallinae in the environment.
Information has been lacking on the persistence capabilities of T. gallinae in
water which could bolster support for, or offer an evidential challenge to,
the theory that bird baths serve as a nidus or vessel for transmission.
A definitive diagnosis of trichomonosis cannot be made based on clini-

cal signs alone as there are other diseases that produce similar oral lesions
including salmonellosis, fungal infection (e.g. aspergillosis or candidiasis),
hypervitaminosis A, or avian poxviruses. Histopathologic findings in internal organs may be confused with herpesvirus, paramyxovirus, or adenovirus
or other diseases which cause granulomas including tuberculosis, salmonellosis, mycoplasmosis, and coligranuloma (Amin et al., 2014). Definitive diagnosis can be made through laboratory and/or molecular identification of
the organism in addition to clinical signs. Wet mounts, prepared with oral
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Figure 5. Trichomonas foetus InPouchR (left) under light microscopy (right).

cavity swabs and saline, can be viewed under light microscopy immediately
(fig. 5); however, this method has a low sensitivity and cannot differentiate
strains of Trichomonas spp. Culture increases sensitivity by allowing trichomonads to replicate so that likelihood of finding motile trichomonads under
direct light microscopy increases. Media can be made inexpensively in lab,
including Diamond’s media and Hollander fluid, or purchased in a
Trichomonas foetus InPouch (BioMed Diagnostics, White City, OR, USA).
The latter method has the benefit of being easier to store and carry into the
field but is more expensive than laboratory prepared media. Molecular identification can be made from live or dead trichomonads in culture or on swabs
and also from tissue samples of affected oral mucosa or affected organs.
Multiple DNA targets, including the internal transcribed spacer region (ITS),
18S rRNA, and iron hydrogenase (FeHyd), have proven effective for identi-

fying trichomonads and differentiating strain types.
In the Lab and In the Field
Hunters are one of the best advocate groups for wildlife protection that
exist today. This vested interest comes with concern for wild animal populations and habitat and the desire to understand what threats these resources
face. These sportspersons value the animals they hunt and want to maintain
a healthy ecosystem for the future. Outbreaks of trichomonosis in various

species of doves have raised concerns, particularly of the potential for trans11

mission from pigeons to doves.
One way we chose to investigate this is to sample pigeons and doves
harvested from a hunt at Forks of the River Wildlife Management Area in
Knoxville, Tennessee. In 2016, 2017, and 2021 we sampled 200, 50, and 56
mourning doves and pigeons, respectively. Hunters generously “donated”
the heads of their bird carcasses for sampling (fig. 6). In this way, people
involved in the sport could contribute directly to the conservation of a species they value. Exploring the prevalence of Trichomonas and the genetic
characteristics of these strains, we can shed light on the question- are pi-

geons spreading Trichomonas
to mourning doves? If so, we
would expect a relatively
high prevalence in pigeons,
and likely a lower prevalence
in doves. We would also expect for the genetic strains of
the parasite to be identical.
We used culture to detect
trichomonads. After up to 5
days to allow for growth, we
checked the media under a
light microscope to look for
trichomonads. For all positives, and a subset of nega-

tives, we then extracted DNA
from the media to see if we
could find trichomonad DNA
and if so, determine the genetic strain we found. It is

Figure 6. Sawsan Ammar (left) and Kate Purple
(right) sample dove heads for Trichomonas gallinae with hunter in background. 2016.

possible that trichomonads
may be present, but not detected by eye under light microscopy. By sampling some negative cultures, we were able to get an idea of how many positives
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we may or may not have been missing by looking under the microscope alone.
Culture Results: In 2016 we found a trichomonad prevalence of 2.1% in doves
(4/189) and 27.3% in pigeons (3/11). In 2017 we found no positives in doves (0%)
and did not sample any pigeons. In 2021 we found 2% positives in doves (1/50) and
33.3% in pigeons (2/6). Genetic testing is in progress and we do not yet have results. What we have seen from our culture results alone cannot disprove the hypothesis that pigeons may be a source of trichomonas to doves; however, without the
genetic data our main question remains unanswered. We are hoping to continue our
collection in 2022 so that we will have two pairs of back-to-back years of sampling
data. Stay tuned for more!

Studies have implicated water troughs, bird baths, and feeders as a source of
infection for passerines. Establishing the capability of trichomonads to persist in
water will shift our understanding of transmission. Instead of requiring that birds
overlap temporally in their use of bird baths, birds visiting water sources could be
infected hours, or possibly days, after contamination. Further research is also need-

ed on other factors in water such as salinity, pH, temperature, and UV light exposure. Exploring these factors, and the mechanisms with which organic material increases trichomonad persistence, could lead to practical information to distribute to
wildlife biologists and homeowners to make changes with bird baths to help limit
the severity trichomonosis outbreaks.

In the Lab
To determine the capability of trichomonads to persist in water we rec-

reated a bird bath environment in the laboratory. In brief, tupperware containers were filled with 500 ml distilled water. Two treatments included (1)
distilled water, and (2) distilled water with the addition of 15 g organic material. Organic material, including soil, deciduous leaf litter, and ground
vegetation, was collected at a local natural area in Knoxville, TN. The organic material containers received 15 g of organic material, each experimental container was then inoculated, with 1 x 106 trichomonads from one
of the previously described T. gallinae isolates from two avian hosts included
13

Cooper’s hawk (Accipiter cooperii) (COHA) and broad-winged hawk (Buteo
platypterus) (Gerhold et al., 2008) (Fig. 7). Samples were collected from each container at various time points, up to 20 hr post-inoculation, and placed into growth
media.
We demonstrated the trend for the addition of organic material to increase the
persistence of T. gallinae, suggesting that contaminated bird baths may be a contributing factor in the transmission of T. gallinae during outbreaks. We established
a new persistence endpoint of between 16 and 18 hr, which is substantially increased compared with previously demonstrated persistence of T. gallinae of 1 hr
(Purple et al., 2015). We also noted a significant difference in persistence between

two isolates in distilled water; however, the causes for interspecific differences are
unknown. Investigators have discovered various genotypes of T. gallinae (Gerhold
et al., 2008), and further work is needed to determine whether specific genotypes
are associated with enhanced persistence.

Figure 7. Sampling simulated birdbaths after inoculating tupperware containers
with or without organic material with Trichomonas gallinae isolates from a broadwinged hawk and Cooper’s hawk. 2013.
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Certain laboratory procedures have been shown to alter the virulence of
isolates of Trichomonas gallinae. For this reason, it is necessary to assess
any changes simulated environmental conditions, such as persistence in water, may have on their virulence. Persistence alone does not indicate the ability of birds to be become infected with virulent trichomonads through contaminated water. Early research on T. gallinae showed that the virulence of
an isolate could be decreased after serial passage through abiotic media.
However, when the researchers then passed those isolates back through live
birds, the isolates regained their ability to cause disease. Long-term cryo-

preservation with DMSO preserved pathogenicity for up to 7 years and
maintenance of virulent trichomonads in avian cell culture, but not in live
mice, could retain virulence (Amin et al., 2014).
Research has failed to establish a causative relationship between molecular data and virulence of an isolate leaving the only reliable measure of virulence to be the ability of that isolate to produce disease in a living bird.
Early evaluations of virulence used a bioassay method in mice by determining if subcutaneously injected trichomonads could produce lesions (Amin et
al., 2014) or live bird infection trials. Due to ethical reasons, refining live
animal models by using in vitro methods is preferred when possible. Cell
culture has been confirmed as a suitable model to assess virulence in trichomonads. Using avirulent and virulent isolates purchased from a cell repository (ATCC), Amin, et al. showed the virulent isolates caused more damage
than the avirulent or control isolates (2014). Cytopathic effect has been
measured both qualitatively, on a visual scale, and quantitatively by cell

staining methods including crystal violet, CellTitre 96 and trypan blue.
There has been much debate over the mechanism of pathogenicity, namely
adherence-mediated versus secreted substances, but evidence has been provided to support both theories.
In the Lab
To investigate how persistence in various conditions affect virulence we
elected to use cell culture to assess virulence of trichomonads to avian cells
15

Figure 8. Images of fluorescently stained avian cells in culture before and after exposure to Trichomonas gallinae. Pre-infection (left), uninfected control cells
(middle), post-infection infected cells (right).

in vitro before and after persistence trials in simulated bird baths. Trichomonads of each isolate were assigned to two groups- “non-persistence” (NP)
(maintained in growth media) or “persistence.” “Persistence” trichomonads
were then inoculated into simulated birdbaths as previously described
(Gerhold et al., 2013; Purple and Gerhold, 2015). For the duration of the
persistence study, parallel, NP cultures for each isolate were maintained. We
used fluorescent imaging as a quantitative alternative to visual scoring. We
compared images of pre-exposed treatments with images of the same treatment after the removal of trichomonads. In this way we could assess the
damage the trichomonads conferred onto the cells, known at cytopathic effect.
We documented significant differences in cytopathic effect produced

between the non-persistence and the persistence treatments indicating a
change in virulence due to persistence trials (Fig. 8). In some treatments persistent trichomonads were more virulent (those exposed to UV light) than
non-persistent trichomonads and in other treatments the opposite effect was
noted. In conclusion, we documented changes in virulence after trichomonads persisted in simulated bird baths with different environmental conditions. Previously we documented persistence of trichomonads in simulated
birdbaths, however, it was unknown whether these trichomonads were
16

still capable of causing disease. We used cell culture in this study as a measure of virulence and suggest more trials to characterize different conditions.
After in vitro methods have characterized cytopathic effect with a range of
conditions, live animal infections can be used for an in vivo assessment. Improving our knowledge of the relationship of trichomonad virulence and
bird baths we can suggest strategies to help mitigate outbreaks and decrease
transmission.

We have extensively explored the relationship of Trichomonas to pigeons and other birds. The pigeon is the most common host of these parasitic trichomonads. Trichomonosis threatens the endangered Mauritian pink
pigeon. It has also been suggested that this protist contributed to the extinction of the passenger pigeon. Do we blame the unwitting, French-frysnatching host? I believe not. I maintain that pigeons are not the villain in
our story. It’s a Trichy situation.
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About the Cumberland Mountain Research Center
Named for the Cumberland Mountains in which Lincoln Memorial University
(LMU) was founded, the Cumberland Mountain Research Center (CMRC) was established in 1990 on the LMU campus to foster a collaborative research environment among faculty and students as part of the larger science education mission of
the University, and to provide a broad range of research facilities, opportunities,
and resources to LMU faculty and student researchers. The original objective was
to take advantage of the unique ecology of southern Appalachia that surrounds the
Cumberland Gap region. Working with a variety of institutions and organizations,
including state and federal agencies, these efforts quickly expanded to include many
areas across the Southeastern United States, as well as westward into Arkansas.
Shortly after this time, the CMRC also began developing international opportunities
and it continues to provide and facilitate regional, national, and international research and educational opportunities for LMU faculty and students to this day.
With a particular interest in conservation biology and ecology, the CMRC is
committed to enhancing research support to LMU faculty and students by facilitating the scholarship of discovery through high-quality research, creative activities,
and outreach initiatives. Central to this mission, the CMRC seeks research opportunities, partnerships, and collaborations to foster strong research and outreach ef-

forts, as well as seek funding and resources necessary to facilitate these endeavors.
As a point of contact for all it’s stakeholders, partners, and collaborators, the
CMRC facilitates, as needed, project and research development, management, communication, and dissemination of results while adhering to the highest ethical standards and professional best practices.
For additional information about the CMRC and its activities, please contact the
CMRC Director, LaRoy Brandt, via email at laroy.brandt@LMUnet.edu, the LMU
School of Math and Sciences, or the LMU Department of Biology. You can also

follow the Cumberland Mountain Research Center on Facebook.
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