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Abstract: Several reports implicate Encephalitozoon hellem, a microsporidian parasite first de-

scribed in humans and later in birds,

as the causative agent of severe disease in immunocompro-
mised patients. Thisstudy was conducted to assess

the prevalence of microsporidian spores shed

in the droppings of lovebirds. During a 7-month period, a total of 198 apparently healthy lovebirds

from 8 flocks in Texas were sampled, including 113 peach-faced lovebirds

32 masked lovebirds (Agapornis personata),

(Agapornis roseicollis),

and 53 Fischer’s lovebirds (Agapornis fischeri). Smears

made from cloacal swab samples of individual birds were stained with calcofluor white M2R stain

and examined for the presence of spores.

Microsporidian spores were identified in the droppings

of 25% of the lovebirds sampled. Peach-faced and masked lovebirds were more likely to shed

spores than were Fischer’s lovebirds
found between juvenile and adult birds o2

(x* = 15905, P <
= 0.157, P = .692; odds ratio = 1.659; 95% CI, 0.736—

.001). No difference in spore shedding was

3.736). Lovebirds (n = 111) were also assayed for psittacine beak and feather disease virus by
polymerase chain reaction (PCR) testing of individual blood samples. Lovebirds that were PCR

positive for psittacine

likely to shed microsporidian spores than were lovebirds

beak -and feather disease virus (m = 23) were approximately 3 times more

that were PCR negative (x> = 3.981, P =

046; odds ratio = 2.6; 95% CI, 1.013-6.754). These results suggest that companion birds without
obvious clinical illness commonly shed microsporidian spores. These birds may be a source of
spore contamination for opportunistic infections in humans.
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Introduction

Microsporidian organisms are obligate, intracel-
Jular, eukaryotic parasites found in a wide variety
of vertebrate and invertebrate hosts. Over 100 gen-
era and over 1200 species of microsporidian organ-
isms have been described. In 1991, Encephalitozoon
hellem was first described as the causative agent of
severe ocular disease in 3 people who were positive
for human immunodeficiency virus (HIV).! Enceph-
alitozoon hellem has subsequently been identified as
a cause of respiratory, urogenital, and disseminated
systemic disease including sinusitis, keratoconjunc-
tivitis, hepatitis, peritonitis, nephritis, and pneumo-
nia in humans.'

Most of our knowledge about E hellem comes
from studies in bumans; however, E hellem infec-
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tion has also been reported in birds. In 1997, E hel-
lem was first reported in budgerigars (Melopsittacus
undulatus).* Earlier case reports identified micro-
sporidian organisms in psittacine birds but did not
identify the parasite species. Fatal infections have
been described in symptomatic individual birds or
in isolated flock outbreaks. Peach-faced lovebirds
(Agapornis roseicollis) are the most frequently re-
ported hosts,>® followed by masked lovebirds (Aga-
pornis personata).®! Microsporidian organisms
also have been observed in a mixed flock of masked
and Fischer’s lovebirds (Agapornis fischeri),'® in
flocks of budgerigars,*!? and in eclectus parrots
(Eclectus roratus),!* double yellow-headed Amazon
parrots (Amazona ochrocephala),*** and a yellow-
streaked lory (Chalcopsitta scintillata).X® All case
reports were domestic pet birds of unknown origin
except for the yellow-streaked lory, which was wild
caught in Indonesia and imported to Switzerland.
In 1998, the first microsporidian infection in a
nonpsittacine bird was reported in an ostrich (Stru-
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thio camelus).!® Organisms were recently de-

scribed in symptomatic wild hummingbirds' and in,

a gouldian finch (Erythrura gouldiae)® Encepha-
litozoon hellem was confirmed in these birds by mo-
lecular analysis of a portion of the small subunit
ribosomal RNA gene.!®2° The identification of E

hellem in nonpsittacine birds suggests that micro- -

sporidian organisms have a wider avian host range
than previously believed.

Encephalitozoon hellem was reported in 2 unre-
lated eclectus parrots infected with psittacine beak
and feather disease virus (PBFDV).1* No specific
relationship between this virus and microsporidian
infection was speculated. The virus may be immu-
nosuppressive to psittacine birds as suggested by
frequent bursal and thymic lesions and by increased
co-infections with secondary bacterial, chlamydial,
viral, fungal, or protozoal organisms.??? In humans,

microsporidian infections are most frequently re- -

-ported in immunosuppressed individuals.

Microsporidiosis is an emerging, opportunistic
disease in immunocompromised individuals; there-
fore, recognizing and identifying these parasites and
their potential host range are of increasing impor-
tance. The purpose of this study was to establish the
presence and determine the prevalence of microspo-
ridian spore shedding in a population of asymptom-
atic lovebirds. Because PBFDV is potentially im-
munosuppressive in birds, we also wanted'to deter-
mine if a potential relationship exists between mi-
crosporidian spore shedding and PBFDV infection
in this lovebird population.

Materials and Methods
Sample population

Three species of lovebirds (N = 198) were sam-
pled for this study, including 113 peach-faced love-
birds, 32 masked lovebirds, and 53 Fischer’s love-
birds. Lovebirds were selected by convenience sam-
pling. Lovebirds were from 8 flocks from locations
within a 500-mile radius in Texas. Four flocks (2
pet stores, 1 hobbyist’s aviary, and 1 wholesaler)
contained both peach-faced and masked lovebirds.

" Three of these 4 flocks maintained other species of
birds. Two flocks, from a research facility and a
hobbyist’s aviary, exclusively contained peach-
faced lovebirds. Two flocks, from a wholesaler and
a private, closed aviary, contained peach-faced,
masked, and Fischer’s lovebirds. Both of these
flocks maintained other psittacine bird species.

Samples from lovebirds were collected over a 7-
month period in 1999. All surveyed birds appeared
healthy at the time of sampling. Birds were sepa-
rated into 2 groups: juvenile birds (dark beaks),

which included birds less than 6 months of age, and
adult birds (pale beaks), which included birds over
6 months of age.

Sample collection

Cloacal swab samples were collected with poly-
ester-tipped applicators (Puritan Sterile Dacron
Polyester tipped applicators 25-800D, Hardwood
Products Company, Guilford, ME, USA) to make
2-cm smears on duplicate slides for staining and
microscopic examination. Slides were allowed to air
dry and were stored at room temperature until they
were stained and evaluated. Minimal discomfort to
birds and minor manual restraint was involved with
bird handling and sample collection. The University
Laboratory Animal Care Committee and the Clini-
cal Research Review Committee approved the ani-
mal-use protocols. ’

Parasite detection: The calcofluor Whlte M2R
(Sigma Chemical Company, St Louis, MO, USA)
staining method was used as the primary screening
technique.?? Calcofluor white M2R was prepared as
a 0.5% (wt/vol) solution in phosphate-buffered sa-
line (PBS, pH = 7.4), stored in the dark at room

~ temperature, and centrifuged before use (940g for

10 minutes twice) to remove precipitates. Slides
were fixed in 100% methanol for 5 minutes. Meth-
anol fixed smears were calcofluor stained for 3 min-
utes at room temperature in the dark, rinsed with
PBS, and counterstained with 0.1% Evans Blue
(Sigma) in PBS for 1 minute at room temperature.
Slides were rinsed again in PBS followed by dis-
tilled water and were air dried in the dark. Calco-
fluor-stained slides were viewed under X1000 oil
magnification with an ultraviolet microscope (Ni-
kon Labphot2 microscope [Nikon Instruments, Mel-
ville, NY] with epifluorescent lighting; excitation
filter, 380—420 nm; emission wavelength, 430 nm).
Positive controls for the calcofluor staining were
smears made from culture-derived E hellem spores.
Organisms appeared as bluish white or turquoise
oval halos and were 1.5-2.0 pm by 2.5-3.0 pm (Fig
1). The number of spores were quantified and clas-
sified as follows: 1) low parasite burden = <10
spores per slide, 2) intermediate parasite burden =
1 spore in several fields and >10 spores total, and
3) high parasrce burden = =1 spore in most fields
viewed.

PBFDV detection: At the same time cloacal swab
samples were collected, blood samples were col-
lected by jugular venipuncture from a subset of
lovebirds. Blood samples were stored at 4°C in hep-
arinized containers (Capiject T-MLH heparinized
tubes; Terumo, Elkton, MD, USA) and submitted
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Figure 1. Sample identifying microsporidian parasites
in a lovebird’s droppings (calcofiuor, X1000).

b

within 2 days of collection to a commercial labo-
ratory (Research Associates Laboratory, Milford,
OH, USA) for PBFDV testing by polymerase chain
reaction (PCR). . .
Data analysis: The SAS program v6.12 (SAS
Inc, Cary, NC, USA) was used for data analysis.
The prevalence of microsporidian spore shedding in
the total sample population of lovebirds was cal-
culated. Prevalence was also calculated for each
lovebird species and for each of the 8 flocks. For
this study, prevalence was defined as the proportion
of lovebirds shedding microsporidian spores as de-
termined by calcofluor staining over the 7-month
sampling period in Texas. The overall prevalence
and flock prevalence of PBFDV were also deter-
mined. The relationship between the fecal shedding
of microsporidian spores and the independent vari-
ables of lovebird species, animal age, and concur-
rent infection with PBFDV was assessed with the

Table 1. Prevalence of microsporidan shedding in 8
flocks of lovebirds in Texas during a 7-month period in
1999.

Positive Sample Prevalence
Flock (n) size (n) (%)
1 16 59 27
2 5 20 25
3 1 7 14
4 5 10 50
5 2 19 11
6 1 41 » 2
7 12 35 34
8 7 7 100
Total - 49 198 25

chi-square statistic and the odds ratio (OR) method.
Peach-facéd lovebirds were used as the reference
category for species analysis because this group was
the largest sample size in this survey. The OR mea-
sured strength of association between the dependent
variable, fecal shedding of spores, and each inde-

~ pendent variable. An OR is statistically significant

only when the 95% confidence interval (CD) does
not include 1. Significance level (alpha), the prob-
ability of falsely rejecting the null hypothesis that
there was no statistical association between fecal
spore shedding and each of the independent vari-
ables, was set at <.05.

Results
Microsporidian spore shedding in lovebirds

Prevalence in lovebird sample population: Mi-
crosporidian spores were identified in the droppings
of apparently healthy lovebirds. The prevalence of
spore shedding as detected by calcofluor staining of
cloacal smears in this population of asymptomatic
birds was 25% (49 of 198) (Fig 1; Table 1). Every
flock contained at least 1 microsporidia-positive
bird (Table 1). The individual flock prevalence
ranged from 2% to 100%. Of the microsporidia-
positive lovebirds, 47% (23 of 49) had a low par-
asite burden, 41% (20 of 49) had an intermediate
parasite burden, and only 12% (6 of 49) had a high
parasite burden.

Lovebird species versus microsporidian shed-
ding: The prevalence of spore shedding was 29%
(33 of 113) in the peach-faced lovebirds, 41% (13
of 32) in the masked lovebirds, and 6% (3 of 53)
in the Fischer’s lovebirds. Microsporidian spore
shedding was statistically associated with lovebird
species (N= 198; P < .001). Both peach-faced and
masked species had an increased probability of
spore shedding compared with Fischer’s lovebirds.
No significant difference in spore shedding was de-
tected between peach-faced and masked lovebirds.
Fischer’s lovebirds were 11.4 times less likely to
shed microsporidia than were masked lovebirds
(OR = 0.088; 95% CI, 0.026-0.291) and were 6.9
times less likely to shed microsporidia than were
peach-faced lovebirds (OR = 0.145; 95% CI,
0.048-0.439).

Lovebird age versus microsporidian shedding:
Twenty-two percent (13 of 59) of juvenile lovebirds
and 20% (22 of 113) of adult lovebirds were para-
site positive. Age was not determined for 26 love-
birds. There was no statistical association between
parasite spore shedding and age of the infected bird
(n = 172; P > .05).
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Table 2. Flock prevalence of psittacine beak and feather
disease virus in lovebirds as determined by PCR testing
of serologic samples.

Positive Total Prevalence
Flock () sampled (n) (%)
1 8 22 36
2 8 12 67
3 0 7 0
4 1 10 10
5 — —_ —
6 5 26 19
7 1 34 3
8 — —_— —
Total 23 111 21

Species identification: Parasites were collected
from the droppings of a single peach-faced lovebird
originating from a wholesaler’s flock used in this
study. An isolate was established in tissue culture,
and the parasite was identified as E hellem genotype
I (the most frequently reported genotype of human
isolates) by molecular analysis of the small subunit

ribosomal RNA gene as previously reported.?*

Microsporidian shedding and PBFDYV test

“status

Twenty-one percent (23 of 111) of lovebirds sur-
veyed for PBFDV were virus positive (Table 2).
The individual PBFDV flock prevalence ranged
from O to 67%, and 5 of the 6 lovebird flocks sur-
veyed contained virus-positive birds (Table 2). The
chi-square test for microsporidian shedding versus
PBFDV infection showed that microsporidia and
PBFDV results may be dependent m=11LP =
.046) (Table 3). Lovebirds concurrently infected
with PBFDV were approximately 3 times more
likely to shed microsporidian spores (OR = 2.6;
95% CI, 1.013-6.754) (Table 3).

Discussion

In this study, the overall prevalence of microspo-
ridian shedding in 3 species of lovebirds from 8
flocks in Texas was 25%. At least 1 parasite-posi-
tive bird was found in each of the 8 flocks exam-
ined. Peach-faced and masked lovebirds were sig-
nificantly more likely to shed parasites than were
Fischer’s lovebirds. In previous reports of micro-
sporidian infections in birds, peach-faced and
masked lovebirds were the most frequently reported
species.>11 Our results suggest that microsporidian
infections are more common in lovebirds than pre-
viously recognized.

Before this study, all previously reported micro-

Table 3. Microsporidian shedding in relation to PCR
test results for psittacine beak and feather disease virus
(PBFDYV) in lovebirds (n = 111) from 8 flocks in Texas

sampled over a 7-month period in 1999.2

* PBFDV
Microsporidia PCR + (%) PCR — (%) Total
+ 10 (9) 20 (18) 30
- 13 (12) 68 (61) 81
Total 23 (21) 88 (79) 111

* Significance at P < .05 by chi-square test (¢ = 3981, P =
.046); odds ratio = 2.6 (95% CIL, 1.013-6.754).

sporidian infections were in birds with clinical dis-
ease. To date, no studies have recognized a com-
mensal association of microsporidian parasites in
avian hosts. In other words, no microsporidian spe-
cies have been identified as avian parasites. There-
fore, it is important to determine if these organisms
are true avian parasites or if reported infections
were sporadic occurrences. In this epidemiological
study, we describe microsporidian infections in ap-
parently healthy lovebirds for the first time.

To date, the only microsporidian parasite identi-
fied in birds has been E hellem.5 S An increasing
aumber of avian species have been identified as
hosts for this parasite, including psittacine, ratite,
and passerine species. These species originate from
natural habitats in Africa, the South Pacific, and
South America. These data support the cosmopoli-
tan distribution of E hellem in many different spe-
cies of birds throughout the world and indicate that
it is probably a natural parasite in these birds.

In contrast, the medical community currently .

identifies E hellem as a human pathogen causing
respiratory or ocular disease primarily in immuno-
compromised patients. However, sources of these
infections have not been established. Our documen-
tation of spore shedding in asymptomatic birds rais-
es the concern of the potential for zoonotic trans-
mission between birds and humans. Birds from 7 of
the 8 facilities tested in this study were available
for sale to the general public. Infected pet birds shed
spores into the environment in their droppings and
thus may provide a source of infection for other
birds and potentially for humans. A supporting ob-
servation is that several patients with AIDS with E
hellem-associated keratoconjunctivitis owned or
were exposed to pet birds.1625 This topic is extreme-~
ly important in terms of public health implications.
Veterinarians and physicians working with immu-
nocompromised individuals who are exposed to
lovebirds should discuss this potential zoonotic risk
with those clients.
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Because microsporidian infections are more prev-
alent in immunosuppressed humans, we sought to

determine whether PBFDV infection, which is spec- -

ulated to cduse immunosuppression in birds, would
have an impact on the prevalence of microsporidian
infection in birds. An OR analysis concluded that
lovebirds currently infected with PBFDV were ap-

proximately 3 times more likely to shed microspo-

ridian spores. These data suggest that immunosup-
pression may play a role in parasite shedding. This
association is strengthened by the previous obser-
vation that 2 eclectus parrots with systemic micro-
sporidiosis were also infected with PBFDV.?

The surprisingly high prevalence of PBFDV in
the lovebird aviaries we surveyed may have impor-
tant implications for aviculturalists, bird retailers,
and avian veterinarians. Five of the 6 lovebird
flocks contained virus-positive birds with an overall
prevalence of 21%. Our data indicate that lovebirds
may be an important source of PBFDV in pet stores
and aviaries, suggesting that the birds would pose
a significant risk of infection for other susceptible
bird species.

Previous studies in birds indicate that microspo-
ridian parasites multiply in tissues in the kidneys,
intestines, or both; therefore, microsporidian spores
may be shed in feces or urine.>'>* In this study,
we used cloacal swab samples because this tech-
nigue allowed for a rapid and easy sampling of both
feces and urine from individual lovebirds. However,
the sensitivity of detecting spores in cloacal swabs
is unknown. Potential limitations to the use of clo-
acal swabs for parasite sampling include nonuni-
form smears and varying sample quantities from
each bird. It is possible that a single sample may
not detect infection in all birds, especially those
shedding low numbers of spores. Future investiga-
tions evaluating repeated samples from individual
birds may be useful. Comparisons of cloacal swabs
and smears from droppings as sampling methods
are also needed.

The “gold standard” for microsporidian detec-
tion is transmission electron microscopy. Because
this is not a convenient method for processing large
numbers of samples, the calcofluor method was de-
veloped as a rapid and easy test to use for screening
diagnostic purposes. The calcofluor staining method
used to examine the swab samples was similar to
the method used for parasite detection in human
body fluids and feces (Fig 1).* However, this stain
is not readily available in veterinary diagnostic fa-
cilities because it requires a fluorescent microscope
that emits a specific wavelength of light that differs
from a standard fluorescent wavelength. For veter-
inary diagnostic purposes, it is recommended to

submit methanol-fixed cloacal smears, formalin-
fixed droppings, or both to an experienced veteri-
nary or human diagnostic laboratory for special
staining.

Our results demonstrate that microsporidian in-
fections may be widespread in asymptomatic love-
birds. Results of our survey are consistent with pre-
vious case reports and implicate birds as a possible
primary host for E hellem. The high prevalence of
spore shedding in this population of lovebirds sug-
gests that bird droppings may be a potential envi-
ronmental source of E hellem infection in humans.
Veterinarians should become familiar with this or-
ganism and its epizootiology to properly advise and
educate their clients about the potential public
health significance. Because microsporidiosis is an
emerging opportunistic disease of humans and their
companion animals, recognizing and identifying
these parasites and their potential host range are of
increasing importance. o '
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