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Objective—To determine whether infection with
Tritrichomonas foetus causes diarrhea in specific-
pathogen-free or Cryptosporidium coinfected cats.

Animals—4 cats with subclinical cryptosporidiosis
(group 1) and 4 specific-pathogen-free cats (group 2).

Procedure—Cats were infected orogastrically with an
axenic culture of T foetus isolated from a kitten with
diarrhea. Direct microscopy and protozoal culture of
feces, fecal character, serial colonic mucosal biopsy
specimens, and response to treatment with nitazox-
anide (NTZ; group 1) or prednisolone (groups 1 and 2)
were assessed.

Results—Infection with T foetus persisted in all cats
for the entire 203-day study and resulted in diarrhea
that resolved after 7 weeks. Group-1 cats had an ear-
lier onset, more severe diarrhea, and increased num-
ber of trichomonads on direct fecal examination, com-
pared with group-2 cats. Use of NTZ eliminated shed-
ding of T foetus and Cryptosporidium oocysts, but
diarrhea consisting of trichomonad-containing feces
recurred when treatment was discontinued.
Prednisolone did not have an effect on infection with
T foetus but resulted in reappearance of
Cryptosporidium oocysts in the feces of 2 of 4 cats.
During necropsy, T foetus was isolated from contents
of the ileum, cecum, and colon. Tritrichomonas foetus
organisms and antigen were detected on surface
epithelia and within superficial detritus of the cecal
and colonic mucosa.

Conclusions and Clinical Relevance—After experi-
mental inoculation in cats, T foetus organisms colo-
nize the ileum, cecum, and colon, reside in close con-
tact with the epithelium, and are associated with tran-
sient diarrhea that is exacerbated by coexisting cryp-
tosporidiosis but not treatment with prednisolone.
(Am J Vet Res 2001;62:1690-1697)

’I‘richomonads have been infrequently reported in
association with diarrhea in cats. In the early
1900s, Pentatrichomonas spp were described as natu-
rally occurring organisms in the feces of cats."” In those
studies, clinical signs of infection were not evident or
were difficult to ascribe solely to trichomonosis.
Current views of intestinal trichomonosis in cats are
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strongly biased by those early studies, suggesting that
trichomonads are nonpathogenic commensal fauna
that flourish only when there is coexisting enteric dis-
ease.”” Perhaps because of this presumption, there is
only 1 report”® of a cat with intestinal trichomonosis
and diarrhea during the 60-year period prior to 1996.
During the past 4 years, an increased incidence of
young cats with large-bowel diarrhea in which the
feces contained large numbers of trichomonads has
been reported." " Infected cats often were from catter-
ies or shelters, were frequently misdiagnosed as infect-
ed with Giardia organisms, had a waxing and waning
course of diarrhea that failed to respond to antigiardial
treatment, and were apparently free of concurrent
intestinal disease or infection." Because attempts to
culture trichomonads from the feces of healthy cats
have failed," these organisms do not appear to be a
component of the normal intestinal fauna. Although
initially presumed to be Pentatrichomonas hominis," "
we recently cloned the 18S rRNA gene of several natu-
rally occurring isolates obtained from cats that, sur-
prisingly, has 99.9% sequence identity to the DNA of
Tritrichomonas foetus,"™" the organism that is responsi-
ble for venereal trichomonosis in cattle and is found in
the intestinal tract of wild and domestic swine."”"”
Consistent with the failures of antimicrobial treatment
of T foetus in cattle with venereal infection, cats with
diarrhea and trichomonosis have been refractory to
antimicrobial therapy.™” An in vitro susceptibility
assay of the T foetus isolate (NCSU Tfs-1) used in the
study reported here revealed resistance to all tested
antimicrobials, except for nitazoxanide (NTZ),* a drug
with broad-spectrum antimicrobial activity."

We hypothesized that T foetus may represent a
newly recognized intestinal pathogen that causes large-
bowel diarrhea in naturally infected cats. Therefore,
the objectives of the study reported here were to deter-
mine whether a naturally occurring isolate of feline
T foetus could cause diarrhea in specific-pathogen-free
(SPF) cats and to determine whether the clinical man-
ifestations of infection attributable to T foetus were
influenced by coexisting cryptosporidial infection or
immunosuppression. We also sought to examine the in
vivo efficacy of NTZ, a drug with documented in vitro
activity against the T foetus isolate used in the study:*

Materials and Methods

Cats—Fight 4-month-old sexually intact female domes-
tic shorthair cats were purchased from a commercial vendor.”
Four cats were from a conventionally reared and vaccinated
colony (group 1), and 4 cats were from a SPF and unvacci-
nated colony (group 2). At the time of initial evaluation,
small numbers of Cryptosporidium oocysts were identified in
the feces of all cats in group 1.
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Each group was housed in a separate room, and all cats
within a room were in separate cages and received the same
dry food® ad libitum throughout the study. Cages were
cleaned daily and disinfected with a 2% solution of chlorhex-
idine. Cats were housed under conditions of controlled light-
ing and temperature and were maintained in compliance
with biosafety level-2 guidelines. The protocol was approved
by the North Carolina State University Institutional Animal
Care and Use Committee.

During an initial 2-week acclimatization period, each cat
was determined to be healthy on the basis of results of physi-
cal examination, CBC, serum biochemical analyses, urinalysis,
measurement of pre- and postprandial serum bile acid concen-
trations, and tests for FelV, feline immunodeficiency virus
(FIV), and feline enteric coronavirus. Other than cryp-
tosporidiosis in group-1 cats, other enteric pathogens were not
identified by repeated analyses of fecal samples, including a
flotation method for parasite ova, direct microscopy for proto-
zoa (n = 3 examinations/cat) and Campylobacter spp, Gram
stain for Clostridium spp, microbial culture for Tritrichomonas
spp (3 examinations/cat) and Salmonella spp, antigen test for
Giardia spp,’ and transmission electron microscopy for virus-
es. Fluorescence microscopy of fecal smears stained with
Auramine-0 (3 examinations/cat) revealed a small number of
Cryptosporidium oocysts in feces from all group-1 cats.
Cryptosporidium oocysts were not seen in the feces of any
group-2 cats. Results of histologic examination of colonic
mucosal biopsy specimens obtained from the proximal, mid-
dle, and distal portions of the colon from all cats prior to inoc-
ulation were considered normal.

Isolation of T foetus—Trichomonads were isolated from
a fecal sample obtained from a 6-month-old sexually intact
female domestic longhair cat. The cat had a history of chronic
large-bowel diarrhea that was first detected when the cat was 6
weeks old. Despite treatment with recommended dosages of
pyrantel pamoate, sulfadimethoxine, and metronidazole, the
feces contained an unusually large number of motile
trichomonads. The cat was otherwise healthy, as determined
on the basis of results of physical examination, CBC, serum
biochemical analyses, urinalysis, measurement of pre- and
postprandial serum bile acid concentrations, and tests for
FelV, FIV, and feline enteric coronavirus. Other enteric
pathogens were not detected by analyses of repeated fecal sam-
ples, including a flotation method for parasite ova, direct
microscopy for nontrichomonad protozoa and Campylobacter
spp, Gram stain for Clostridium spp, microbial culture for
Salmonella spp, antigen test for Giardia spp,’ Auramine-0 stain
and fluorescence microscopy for Cryptosporidium oocysts, and
transmission electron microscopy for viruses. Moderate to
severe diffuse lymphocytic-plasmacytic colitis was observed
during histologic examination of sections of colonic mucosal
biopsy specimens obtained from the proximal, middle, and
distal portions of the colon.

Approximately 0.1 ml of freshly voided feces was sus-
pended in 10 ml of PBS solution (pH 7.3). A 100-ul aliquot
of the suspension then was inoculated into a culture tube
containing 10 ml of antibiotic-fortified (10° units of peni-
cillin/L, 15 g of streptomycin/L, 2 mg of amphotericin B/L)
modified Diamond medium* and incubated at 37 C. A 100-ul
aliquot of culture was passaged 5 times during a 2-week peri-
od prior to use for experimental inoculation. The final pas-
sage was established in antibiotic-free modified Diamond
media, and concentration of trichomonads was quantified by
use of a hemacytometer. Contaminating bacterial or viral
pathogens were not detected during aerobic bacterial culture
or electron microscopic examination of a 10-ul aliquot of the
final inoculum. The cloned 18S rRNA gene of the isolate
used for experimental inoculation (NCSU Tfs-1) had 99.9%
sequence identity with T foetus."*"

Inoculation—Each cat was fed 1 tablespoon (15 ml) of
a canned commercially available product formulated for cats®
and then sedated, using ketamine hydrochloride (10 to 20
mg/cat) and diazepam (0.5 to 1 mg/cat) administered IV.
Each cat subsequently received 10 ml of antibiotic-free mod-
ified Diamond media containing approximately 2 X 10° tri-
chomonads via orogastric intubation (day 0). Vomiting or
other untoward complications associated with administra-
tion of the inoculum were not detected.

Data collection—Fecal consistency was recorded daily
on the basis of a 4-point scale (1 = formed [normal consis-
tency and hard, with distinct or impacted fecal balls];
2 = semiformed [voluminous, smooth-surfaced, and soft; dis-
crete fecal balls not evident]; 3 = cow pat [not formed, con-
sisting of loose puddles and piles of wet feces]; and 4 = lig-
uid [watery and loose]). Stools were further characterized on
the basis of evidence of fresh blood (score, 0.5) and mucus
(score, 0.5). Also recorded daily were the total number of
bowel movements, number of episodes of vomiting, and a
subjective assessment of each cat’s appetite and mentation
(normal vs abnormal). Body weight and rectal temperature
were recorded a minimum of once weekly.

Fecal examinations for Tritrichomonas and Crypto-
sporidium organisms were performed 1 to 3 times weekly
throughout the 29-month study. Two fecal collection meth-
ods for recovery of trichomonads were evaluated. Feces were
collected per rectum from the proximal portion of the colon,
using a plastic loop, or retrieved from the litter pan between
9:00 and 10:00 AM and were immediately processed for exam-
ination. Feces from each cat were examined in saline (0.9%
NaCl) solution at 400X magnification for evidence of
trichomonads. If trichomonads were not seen during direct
microscopy, feces were cultured in modified Diamond medi-
um. Cultures were incubated at 37 C and monitored daily for
evidence of trichomonads by examination of a 10-pl aliquot
at 400X magnification. Culture tubes were discarded when
growth was not evident after 5 days. A thin smear of feces
from each cat was stained with Auramine-0 and examined
under a fluorescence microscope for evidence of
Cryptosporidium oocysts. Oocysts were semiquantified on a
scale” of 0 to 4 by a single examiner (MGL) who was not
aware of the identity and treatment status of any cat.

A CBC, serum biochemical analyses, and urinalysis were
performed on samples obtained from all cats on days —14, 50,
and 203. On days -7, 30, and 121, intestinal biopsy speci-
mens were obtained from all cats. Prior to intestinal biopsy,
food was withheld from each cat for 12 hours, and each cat
was given 2 warm water enemas. Subsequently, cats were
sedated (ketamine [10 to 20 mg/cat] and diazepam [0.5 to 1
mg/cat], IV). Colonic mucosal suction biopsy specimens'
were obtained from the proximal, middle, and distal portions
of the colon. Mucosal samples were fixed in neutral-buffered
10% formalin, routinely processed, paraffin embedded, sec-
tioned at a thickness of 5 um, and stained with H&E for
examination by use of light microscopy. Mucosal inflamma-
tion in each region of the colon was semiquantified by a sin-
gle examiner (JML) who was unaware of the location of the
biopsy specimen, time of collection of the biopsy specimen,
and identity of each cat. Scoring of inflammation was as fol-
lows: 0, normal; 1, very mild; 2, mild; 3, moderate; 4, mod-
erately severe; and 5, severe.

Evaluation of treatments—Two treatments were evalu-
ated. All group-1 cats (Cryptosporidium coinfected) received
NTZ (75 mg/kg of body weight, PO, q 24 h beginning on day
49). Tablets of NTZ* were ground to a fine powder and
loaded into No. 3 gelatin capsulses to achieve an exact dose
based on each cat’s body weight. Vomiting, which coincided
with drug administration, necessitated discontinuation of
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treatment after 5 days. Treatment was reinstituted 1 week
later at a lower dosage (25 mg/kg, PO, q 12 h) administered
in combination with the antiemetic chlorpromazine (0.5 to
1.5 mg, SC, q 24 h). Both drugs were administered for 28
days. While receiving NTZ, group-1 cats had additional CBC,
serum biochemical analyses, and urinalyses performed on
days 53, 77, and 92 to screen for adverse effects attributable
to drug administration. Group-1 and -2 cats received 10 mg
of prednisolone (2.8 to 3.8 mg/kg, PO, q 24 h for 26 days)
beginning on day 133.

Identification T foetus in feces from experimentally
infected cats—Briefly, DNA was extracted, and the 18S rRNA
gene was amplified and cloned, using commercially available
kits." Sequencing was performed" and analyzed, using a
computerized program.' Results were compared with known
sequences available through a database.”

Necropsy—On day 203, cats were euthanatized by
injection of pentobarbital sodium (17.7 mg/kg, IV). Samples
were immediately obtained for culture of trichomonads from
specific sites beginning in the oral cavity and extending to
the distal portion of the colon of each cat. Samples included
swab specimens of the gingival, sublingual, and pharyngeal
mucosa and samples (0.1 ml) of luminal contents from the
stomach, duodenum, jejunum (at a point 50 cm proximal to
the rectum), ileum, cecum, proximal portion of the colon,
distal portion of the colon, gall bladder, and urinary bladder.
Full-thickness tissue samples were obtained from the cecum
as well as the proximal, middle, and distal portions of the
colon. Tissue samples were fixed in neutral-buffered 10% for-
malin, routinely processed, paraffin embedded, sectioned at a
thickness of 5 um, and stained with H&E for examination,
using light microscopy. Mucosal inflammation was scored as
described previously for biopsy specimens. The pathologist
was unaware of the location of the biopsy specimen and iden-
tity of each cat; however, time at which the specimen was
obtained (ie, during necropsy) was apparent by the full-
thickness nature of these samples.

Immunohistochemical analysis for T foetus—Mucosal
biopsy specimens from cats experimentally inoculated with
T foetus were fixed in neutral-buffered 10% formalin for 24
hours, embedded in paraffin, sectioned at a thickness of 5
um, and mounted on poly-L-lysine-coated slides. Tissues
were deparaffinized by immersion in xylene, rehydrated in a
graded series of ethanol solutions, and hydrated with buffer
(PBS solution, pH 7.4). Tissues were treated with 3% H,0, in
methanol for 10 minutes at 4 C to quench endogenous per-
oxidase and were blocked for 30 minutes at 22 C with non-
immune goat serum. A commercial kit* was used for block-
ing endogenous avidin and biotin activity, and tissues were
incubated with a monoclonal antibody® (TF1.15) that recog-
nizes a surface antigen of T foetus.”® The antibody was dilut-
ed 1:500 with diluent® before incubation (60 minutes at 37
C). Sections were immunostained, using a commercially
available broad spectrum streptavidin-biotin-peroxidase sys-
tem with 3-amino-9-ethylcarbazole (AEC) as the chro-
mogen.* Sections were counterstained with methyl green for
30 seconds and rinsed in tap water. Coverslips were mount-
ed with an aqueous mounting media. Negative-control sec-
tions were not treated with primary antibody.

Statistical analysis—All statistical analyses were per-
formed, using a commercial software package." The Mann-
Whitney rank sum test was used to detect differences
between group-1 and -2 cats for scores for fecal consistency
0 to 7 weeks after inoculation, frequency of defecation, and
number of positive results for direct microscopic examina-
tions of Tritrichomonas spp O to 203 days after inoculation;
that test also was used to determine differences between

methods of feces collection (loop vs voided) for detection of
Tritrichomonas spp by direct microscopic examination or cul-
ture 0 to 203 days after inoculation and fecal oocyst scores of
group-1 cats prior to and following inoculation with T foetus
until treatment with NTZ. Repeated-measures ANOVA on
ranks was used to compare scores for mucosal inflammation
among regions of the colon at a single time period and with-
in a region of the colon among time periods. For all analyses,
values of P < 0.05 were considered significant.

Results

Experimentally induced infection with T foetus—
Beginning 2 to 7 days after orogastric inoculation,
direct examination or protozoal culture of feces from
each cat revealed infection with Tritrichomonas spp.
Infection persisted in all cats throughout the entire 203
days of the study. It was confirmed, using 18S rRNA
gene sequence analysis, that axenic cultures of
Tritrichomonas spp reisolated from experimentally
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Figure 1—Mean scores of fecal consistency for cats experi-
mentally inoculated with Tritrichomonas foetus. Four cats natu-
rally coinfected with Cryptosporidium spp (black bar) and 4 spe-
cific-pathogen-free cats (white bar) were orogastrically infected
(day 0) with 2 X 10° T foetus organisms (NCSU Tfs-1). Fecal con-
sistency was scored as follows: 1= formed, 2 = semiformed,
3 = cow pat, and 4 = liquid. It was further characterized by evi-
dence of fresh blood (score, 0.5) and mucus (score, 0.5).
*Mean score for only 3 cats. TMean score for only 2 cats.
+Score for only 1 cat.
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Figure 2—Number of cats with positive results for T foetus by
direct microscopic examination of feces. Fecal samples were
obtained after natural voiding (V) or collected from the rectum by
use of a plastic loop (L). All cats were experimentally inoculated
on day 0. Group 1 = Cats coinfected with Cryptosporidium spp
(n = 4). Group 2 = Specific-pathogen-free cats (n = 4).
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infected cats contained T foetus that had 100%
sequence identity with that of the inoculated isolate.
Infection with T foetus induced diarrhea in all cats in
both groups. Onset of diarrhea was significantly (P =
0.02) earlier and was of greater severity in group-1
cats, compared with group-2 cats (Fig 1). Diarrhea var-
ied in consistency from semiformed to cow pat, and
fresh blood was seen infrequently in feces from 4 cats
(2 from each group). Within group 1, onset of diarrhea
was not associated with significant changes in the
number of fecal Cryptosporidium oocysts. For both
groups, fecal consistency returned to normal (fecal
score of 1) approximately 7 weeks after inoculation;
however, semiformed feces were periodically observed
thereafter in all cats. In addition, all cats developed
diarrhea for a period of 5 to 8 days after each colonic
biopsy. We did not detect significant changes in defe-
cation frequency, rectal temperature, appetite, body
weight or attitude, or episodes of vomiting associated
with infection with T foetus.

Fecal analysis of T foetus-infected cats—Fecal
samples collected by use of a loop had positive results
significantly (P = 0.025) more frequently during direct
microscopy, compared with results for voided samples.
However, throughout the study, T foetus was cultured
with equal efficacy from feces collected by either tech-
nique. Fecal samples from diarrheic cats were better
than formed feces when using direct microscopic
examination was used for detection of infection with T
foetus. During direct microscopic examination, feces
from group-2 cats were virtually devoid of T foetus after
resolution of the initial 7-week period of diarrhea, and
organisms were not seen during episodes of biopsy-
associated diarrhea. However, group-1 cats continued
to shed detectable numbers of T foetus despite resolu-
tion of diarrhea (P < 0.001; Fig 2) and after periods of
colonic biopsy.

Effect of NTZ on infections attributable to T foe-
tus and Cryptosporidium spp—Treatment of group-1

cats with NTZ (25 mg/kg, PO, q 12 h) was associated
with dark brown-to-black foul-smelling diarrhea that
began to abate after day 21 of the 28-day course of
treatment. Vomiting, which was observed in all treated
cats, was evident several hours after drug administra-
tion and was decreased with chlorpromazine adminis-
tration. Hematologic or biochemical abnormalities
were not identified during or following treatment.
After day 14 of treatment with NTZ, all group-1 cats
had negative results for T foetus when tested by use of
direct fecal examination and microbial culture.
However, during a 10-day period after the final dose of
NTZ, all group-1 cats had diarrhea (semiformed to cow
pat, with and without fresh blood) in which the feces
contained microscopically detectable T foetus (Fig 3).
Group-2 cats, which did not receive NTZ, remained
healthy with predominantly formed but culture-posi-
tive feces throughout this period. Treatment with NTZ
was associated with an immediate and sustained termi-
nation of shedding of Cryptosporidium oocysts by all
group-1 cats (Fig 4).

Effect of prednisolone on infection attributable to
T foetus and Cryptosporidium spp—Treatment of group-
1 and -2 cats with prednisolone (10 mg, PO, q 24 h for
26 days) did not have an effect on fecal consistency,
defecation frequency, or results of direct fecal examina-
tion or microbial culture for T foetus. Both groups of cats
remained clinically normal with predominantly formed
feces. Results of direct fecal examinations were negative,
but T foetus was cultured routinely throughout this peri-
od. In contrast to its lack of effects on infection attribut-
able to T foetus, prednisolone treatment was associated
with recrudescent shedding of Cryptosporidium oocysts
in 2 cats in group 1 (Fig 4).

Histologic examination and gastrointestinal distri-
bution of T foetus—Prior to inoculation with T foetus
and throughout the study, mean mucosal inflammation
scores ranged from extremely mild to mild and consist-
ed of small numbers of lymphocytes, plasma cells, and a
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Figure 3—Mean fecal consistency scores and results of direct microscopic exami-
nation of feces from 2 groups of cats experimentally inoculated with T foetus.
Group-1 cats were naturally coinfected with Cryptosporidium spp and were treated
with nitazoxanide (NTZ) during specified periods (gray bars). Group-2 cats (treatment-
control cats) were not coinfected with Cryptosporidium spp and did not receive NTZ.

See Figures 1 and 2 for key.
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few neutrophils. We did not detect significant differ-
ences in histologic scores among various segments of
the colon, among various time frames after inoculation,
or between group-1 and -2 cats. Immunohistochemical
analysis for T foetus antigen in neutral-buffered 10% for-
malin-fixed tissue sections of cecal and colonic mucosa
from experimentally inoculated cats was used to identi-
ty trichomonads and antigen within superficial mucus
and detritus and in association with surface epithelia.
Tritrichomonas foetus antigen also was detected within
surface enterocytes in those areas in which there were
numerous luminal organisms (Fig 5). Organisms were

not seen within the crypts or lamina propria. Positive
immunolabeling was not evident in biopsy specimens
collected prior to experimental inoculation or in sec-
tions in which use of primary antibody was omitted
(negative-control specimens).

During postmortem examination, T foetus was cul-
tured from the contents of ileum (3 cats), cecum (5),
proximal portion of the colon (5), and rectum (8). There
were not apparent differences in anatomic location of
infection between group-1 and -2 cats. Tritrichomonas
foetus was not cultured from the oral cavity, stomach,
duodenum, jejunum, bile, or urine of any cat.
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Figure 4—Depiction of the natural course of cryptosporidiosis in 4 group-1 cats on
the basis of excretion of Cryptosporidium oocysts in feces. Number of oocysts was
semi-quantified on a scale from 0 to 4, and the number of cats shedding oocysts was
recorded. Cats were treated with NTZ and prednisolone (Pred) during specified peri-
ods (gray bars).
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colonic mucosal biopsy specimens obtained from cats, using monoclonal antibody
TF1.15 (dilution of 1:500, incubated 60 minutes at 37 C). Panels A and C are cyto-
centrifuged preparations of T foetus (NCSU Tfs-1) cultured from a cat with large-
bowel-type diarrhea. Trichomonads were fixed in formalin and centrifuged (300 X g
for 5 minutes) onto poly-L-lysine-coated slides prior to immunohistochemical stain-
ing. Slides were treated identically, except for omission of primary antibody for panel
C (negative-control specimen). Surface immunolabeling of trichomonads is evident in
panel A, but notice that background staining is not evident in panel C. Panels B and
D are similar tissue sections obtained from a cat experimentally inoculated with T
foetus. Sections were treated identically, except for omission of primary antibody for
panel D (negative-control specimen). In panel B, immunolabeled trichomonads (red-
stained organisms) are located on surface enterocytes and within superficial mucus
and detritus of the cecal mucosa. Antigen also is evident within the superficial
epithelia and lamina propria. Notice that background staining is not evident in panel
D. Immunostained by streptavidin-biotin-peroxidase with 3-amino-9-ethylcarbazole
as the chromogen and methyl green counterstain. Bar = 100 um.
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Discussion

Recent reports'™ have implicated an association
between intestinal trichomonosis and large-bowel
diarrhea in young cats. Efforts to cultivate trichomon-
ads from the feces of healthy indoor and feral cats
from the same geographic region as that of infected
cats have been unsuccessful," suggesting that the tri-
chomonads are not a component of the normal intesti-
nal fauna. In the study reported here, T foetus (NCSU
Tfs-1) was isolated from the feces of a naturally infect-
ed Kkitten with a history of chronic large-bowel diar-
rhea. Orogastric inoculation of SPF cats with axenic
cultures of this T foetus isolate resulted in infection of
the ileum and colon for at least 203 days and diarrhea
for at least 7 weeks. Tritrichomonas foetus with 100%
sequence identity to the infecting isolate was recul-
tured from 1 of the experimentally inoculated cats.
These observations fulfill Koch’s postulates and sug-
gest that T foetus is a previously unrecognized intesti-
nal pathogen of cats.

Several prior and current observations suggest that
the colonic microflora play a role in the pathogenesis of
T foetus-related diarrhea. Cats naturally infected with
T foetus typically have a waxing and waning course of
diarrhea."” In the absence of diagnostic or therapeutic
interventions, naturally infected cats may undergo pro-
longed periods of clinical remission. Fecal consistency
may improve during treatment with various antimicro-
bials; however, diarrhea recurs and often is worse when
treatment is discontinued." In the study reported here,
diarrhea (fecal scores >1) resolved 7 weeks after inocu-
lation; however, acute self-limiting diarrhea recurred
after administration of an enema and performance of
colonic biopsy and after discontinuing treatment with
the antimicrobial drug NTZ. These findings suggest that
fluctuations in the colonic microflora or other undeter-
mined factors may be necessary to produce the clinical
manifestations of T foetus infection. A close relationship
between T foetus and the colonic microflora is support-
ed by the failure of early attempts to cultivate tri-
chomonads in the absence of bacteria.” It is now under-
stood that trichomonads are obligate parasites that
depend on endogenous bacterial flora and host secre-
tions for acquisition of essential nutrients. For success-
ful culture, the isolation media must contain all of these
components.” On the basis of the study reported here,
there does not appear to be a simple relationship
between T foetus and diarrhea, because the organism can
persist in cats without diarrhea, and diarrhea can
become exacerbated without an apparent increase in the
number of organisms in the intestinal tract.

Following inoculation with T foetus, cats with
coexisting cryptosporidiosis (group 1) developed diar-
rhea earlier and with greater severity than SPF cats
(group 2). It is unlikely that this difference reflected a
natural worsening of cryptosporidial infection in
group-1 cats. Group-1 cats consistently shed small
numbers of oocysts and did not have clinical signs of
cryptosporidiosis for 4 weeks prior to inoculation with
T foetus. Furthermore, there was not a detectable
change in the number of oocysts shed after inoculation
with T foetus; cryptosporidia were not seen in any
colonic mucosal biopsy specimens, and large-bowel

diarrhea would mnot be expected, because
Cryptosporidium spp have a trophism for the small
intestine. Whereas prednisolone caused recrudescence
of shedding of Cryptosporidium oocysts in 2 cats, there
was not a detectable change in consistency of their
feces, which appeared normal. After resolution of the
initial 7-week period of diarrhea, T foetus was still com-
monly observed in fecal smears of samples obtained
from group-1 cats but not in fecal smears obtained
from group-2 cats. Although the reason for this differ-
ence was unresolved by the design of this study, analy-
sis of these results suggested that coexisting enteric
infection with Cryptosporidium spp was associated with
proliferation of T foetus. Because fecal consistency was
normal in both groups, it is unlikely that the coexist-
ing infection merely promoted passage of T foetus into
feces.

Tritrichomonas foetus appears to establish a chron-
ic experimentally induced infection that is restricted to
the ileum, cecum, and colon. Although clinical signs
may periodically remiss, we have not observed sponta-
neous resolution of infection in any experimentally or
naturally infected cats that have been evaluated by
means of fecal culture for Tritrichomonas organisms. In
the study reported here, very mild inflammation was
observed in colonic mucosal biopsy specimens
obtained from cats prior to experimental inoculation.
These findings may have been normal for this group of
cats, because our evaluations prior to onset of the
study were extensive and did not reveal other diagnos-
tic or clinical evidence of underlying colonic disease.
Importantly, substantial colonic inflammation was not
observed during the 203-day experimental period after
inoculation. Only a few naturally infected cats have
had colonic biopsy specimens obtained for further
evaluation of large-bowel diarrhea, and all have
revealed varying degrees of lymphocytic-plasmacytic
inflammation." Using a T foetus-specific monoclonal
antibody,” trichomonads were found in close associa-
tion with the surface epithelia and mucus of the cecal
and colonic mucosa. Evidence of mucosal invasion by
intact T foetus was not observed. The positive immuno-
labeling of enterocytes seen in proximity to overlying T
foetus in these experimentally infected cats also has
been observed in preputial epithelium of naturally
infected bulls.” In bulls, this observation was attrib-
uted to antigen uptake and translocation by the surface
epithelium.” Whether more chronic trichomonosis of
the colon of cats leads to subsequent development of
inflammatory bowel disease cannot be answered by the
study reported here.

For direct microscopic detection of T foetus, fresh
feces collected by use of a plastic loop yielded more
positive results than did voided samples, probably
because the organism survives better in fresh feces or
because the samples obtained with the loop were col-
lected from a location that was more proximal. When
results of direct fecal examination are negative, partic-
ularly if feces are formed and voided, fecal culture for
Tritrichomonas spp should be used to exclude the pos-
sibility of infection with T foetus.

Nitazoxanide is a nitrothiazole benzamide com-
pound (20[acetolyloxy]-N-[5-nitro-2-thiazolyl] benza-
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mide) and, in combination with its desacetyl deriva-
tive, tizoxanide, has the broadest spectrum of antipar-
asitic activity (flagellate, ciliate, and coccidial protozoa,
nematodes, cestodes, and trematodes) achieved by a
single drug."” The mechanism of action of NTZ is
unknown; however, reduction of the nitro group fol-
lowed by binding to DNA of the target pathogen has
been hypothesized. Pertinent to our study are reports
of in vitro activity of NTZ against T vaginalis,” variable
efficacy against Cryptosporidium spp,”” and a single
report™ on the use of NTZ for treatment of cats with
intestinal parasites. Among numerous antimicrobial
drugs tested, NTZ was identified as the sole drug capa-
ble of inhibiting in vitro growth of our T foetus isolate
(NCSU Tfs-1).

All cats vomited and had diarrhea during treat-
ment with NTZ. Vomiting was alleviated by chlorpro-
mazine, a central-acting antiemetic. During treatment
with NTZ, feces were dark brown-to-black, foul-
smelling, and loose but contained progressively fewer
T foetus organisms. Diarrhea was suspected to have
resulted from the broad-spectrum antimicrobial effects
of NTZ on normal intestinal bacterial flora.” In the sole
prior report,” cats developed mild diarrhea after a sin-
gle dose of NTZ (100 mg/kg, PO). Drug-induced diar-
rhea also has been reported in healthy gnotobiotic baby
pigs treated with NTZ.* Of potential importance, we
have determined that T foetus reisolated from cats
treated with NTZ are no longer susceptible to the drug
in vitro." Therefore, in the study reported here, failure
of NTZ to fully eradicate T foetus was suggestive of
acquired drug resistance rather than inadequate
administration of treatment.

In contrast to temporary suppression of T foetus
infection that results from prolonged administration of
treatment, the first dose of NTZ given (75 mg/kg, PO)
was followed by an immediate and sustained period in
which Cryptosporidium oocysts were not detected in
the feces. Because our untreated infection control
group (group 2) did not have concurrent infection
with Cryptosporidium spp, the possibility of coinciden-
tal remission of oocyst shedding cannot be ruled out.
Nitazoxanide did not appear to eradicate Crypto-
sporidium infection, because administration of pred-
nisolone resulted in excretion of oocysts in 2 of 4 cats.
Because of strict sanitation and housing conditions,
reinfection of these 2 cats with Cryptosporidium spp
was considered unlikely.

It is not known whether immunosuppression plays
a role in the predisposition of cats to chronic infection
with T foetus. Other than their young age and often
stressful multiple-cat environment, concurrent
immunosuppressive diseases (eg, FeLV or FIV) have
not been a feature of naturally occurring T foetus infec-
tion."" In the study reported here, immunosuppressive
treatment with prednisolone® did not have an effect on
fecal consistency or the frequency of positive results of
direct fecal examinations for Tritrichomonas organisms.
However, quantitative cultures of T foetus were not per-
formed. Results of this study do not provide insight
into the potential outcome of corticosteroid adminis-
tration in cats with concurrent inflammatory bowel dis-
ease and infection with T foetus, because these cats did

not have diarrhea or substantial colonic inflammation
at the time of prednisolone administration.

Results of the study reported here revealed that
after experimental inoculation, T foetus persistently col-
onize the feline ileum, cecum, and colon, where they
reside within superficial mucus and cellular debris and
in contact with the epithelium. Infection attributable to
T foetus can be diagnosed by means of direct micro-
scopic examination of fresh diarrheal feces or by culture
of feces in modified Diamond media. Experimental
inoculation resulted in a noninflammatory large-bowel
diarrhea that could be exacerbated by coexisting infec-
tion with Cryptosporidium spp but not by administra-
tion of an immunosuppressive dosage regimen of pred-
nisolone. An effective antimicrobial treatment for cats
infected with T foetus has yet to be identified.

Tritrichomonas foetus is the causative organism of
venereal trichomonosis in cattle, and T suis is the tri-
chomonad found in the nasal mucosa and intestinal
tract of swine.'®'"” These organisms are considered to be
identical on the basis of morphology, ultrastructural
analysis, isozymic homogeneity, and analysis of the
5.8S rRNA gene sequence.'”” Furthermore, experimen-
tal infection of various hosts with T foetus or T suis has
revealed little host specificity.””* The natural history of
T foetus infection in cats and any relationship to tri-
chomonosis in cattle or pigs are unknown. In light of
the relative lack of host specificity of this organism and
the intimate association between infected cats and
their human companions, the potential for zoonotic
transmission should be considered.

‘Levy MG, Gookin JL, Poore ME et al. Intestinal trichomonosis in
cats: pathology, diagnosis and susceptibility to antiprotozoal drugs
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