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Microsporidia are ubiquitous opportunistic parasites in nature infecting all animal phyla, and the zoonotic
potential of this parasitosis is under discussion. Fecal samples from 124 pigeons from seven parks of Murcia
(Spain) were analyzed. Thirty-six of them (29.0%) showed structures compatible with microsporidia spores by
staining methods. The DNA isolated from 26 fecal samples (20.9%) of microsporidia-positive pigeons was
amplified with specific primers for the four most frequent human microsporidia. Twelve pigeons were positive
for only Enterocytozoon bieneusi (9.7%), 5 for Encephalitozoon intestinalis (4%), and one for Encephalitozoon
hellem (0.8%). Coinfections were detected in eight additional pigeons: E. bieneusi and E. hellem were detected
in six animals (4.8%); E. bieneusi was associated with E. intestinalis in one case (0.8%); and E. hellem and E.
intestinalis coexisted in one pigeon. No positive samples for Encephalitozoon cuniculi were detected. The
internally transcribed spacer genotype could be completed for one E. hellem-positive pigeon; the result was
identical to the genotype A1 previously characterized in an E. hellem Spanish strain of human origin. To our
knowledge, this is the first time that human-related microsporidia have been identified in urban park pigeons.
Moreover, we can conclude that there is no barrier to microsporidia transmission between park pigeons and
humans for E. intestinalis and E. hellem. This study is of environmental and sanitary interest, because children
and elderly people constitute the main visitors of parks and they are populations at risk for microsporidiosis.
It should also contribute to the better design of appropriate prophylactic measures for populations at risk for
opportunistic infections.

Microsporidia are intracellular obligate parasites mainly
considered as opportunistic pathogens (58), ubiquitous in na-
ture, infecting all animal phyla (6, 59). Although initially asso-
ciated with AIDS patients, they are being detected in increas-
ing numbers in immunocompetent patients and thus are
gaining attention as emerging pathogens (25, 33, 35, 53, 56).
The phylum Microsporidia contains over 144 genera and 1,200
species (59). The number of genera implicated in human mi-
crosporidiosis has increased at the same rate as the improve-
ments in diagnostic techniques, and the interest in this group of
parasites has grown accordingly. To date, eight genera are
recognized as human pathogens: Nosema, Vittaforma, Pleisto-
phora, Encephalitozoon, Enterocytozoon, Brachiola, Trachipleis-
tophora, and Microsporidium. Among these, Enterocytozoon
bieneusi is the species of microsporidia that most frequently
causes infection in humans, followed by Encephalitozoon intes-
tinalis, Encephalitozoon hellem, and Encephalitozoon cuniculi.
The majority of reported cases of human microsporidiosis in-
volve diarrhea. However, the spectrum of diseases caused by
these parasites has expanded to include infection in almost all
organ systems, including keratoconjunctivitis, hepatitis, myosi-
tis, cerebritis, sinusitis, and disseminated infection (59).

In the last few years, studies related to the epidemiology of
human microsporidiosis have shown that although AIDS pa-
tients continue to be the main group at risk for this parasitosis,

other individuals are also at risk. In relation to other immu-
nosuppressed patients, microsporidiosis is becoming increas-
ingly recognized as an opportunistic infection after transplan-
tation (43). In other studies, travelers have recently emerged as
a risk group (33, 39). Microsporidiosis has also been detected
in elderly people and children who, due to their special im-
mune status, may also be considered as groups at risk (35).

Many questions about microsporidial transmission remain
unanswered but, in recent years, new data have begun to
change the general conceptions about this parasitosis. For ex-
ample, E. bieneusi, E. intestinalis, and E. hellem were consid-
ered only human parasites, but the first two have been identi-
fied in a wide range of domestic and wild animals (1, 4, 11, 14,
17, 22, 26, 32, 34, 36, 41, 45), and E. hellem has been found in
avian hosts (3, 7, 21, 37, 42, 48, 49, 51). Consequently, the
zoonotic potential of human-related microsporidia is a focus of
discussion (59) and efforts have been made towards the devel-
opment of a series of genetic markers for some species (16, 19,
20, 27, 37, 46, 48, 50, 60, 61). E. cuniculi is the best known
species of microsporidia in molecular terms. Its genome has
been completed (29); different genotypes have been described,
and its zoonotic potential was recognized several years ago (6,
19). However, the zoonotic potential of other species, such as
E. bieneusi and E. hellem, is still under discussion. In the latter,
a strong intraspecies variability has been described after the
analysis of different genetic markers (27, 37). Therefore, stud-
ies focusing on the transmission of human microsporidiosis
and its propagation though animal contact have both a phylo-
genetic and prophylactic interest, due to the characteristics of
patients affected.
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To contribute to the knowledge of the epidemiology of mi-
crosporidiosis and focusing on its zoonotic potential, we have
studied park pigeons for the presence of microsporidia. Urban
park pigeons closely interact with humans and may be consid-
ered an invasive species in some cities. Moreover among park
visitors, elderly people and children are highly represented and
considered two populations that may be at risk for the acqui-
sition of opportunistic parasites.

MATERIALS AND METHODS

Animal specimens, search for microsporidia, and parasite cultures. A total of
124 pigeons were captured in seven public parks of Murcia (Spain). Pigeons were
placed in individual cages after capture in order to obtain fecal samples. These
animals and samples were further analyzed within a multidisciplinary study
related to the utilization of pigeons as bioindicators of pollution in urban areas.
Thin smears were made from all fecal samples, and a small portion of samples
were frozen (�20°C) to perform molecular techniques. Microsporidia were in-
vestigated by Weber’s chromotrope- and Gram chromotrope-based stains (38,
57).

E. cuniculi (ECLD), E. hellem (CDC V257), and E. intestinalis (CDC V297)
were cultured on E6 monolayers and used as controls, as described previously
(12, 55).

Molecular analyses. (i) DNA isolation. DNA from fecal samples found to be
positive for microsporidia in the staining methods was extracted by bead disrup-
tion of spores using the Fast-DNA-Spin kit, according to the manufacturer’s
instructions (Bio 101, Carlsbad, Calif.). PCR inhibitors were removed using the
QIAquick PCR kit (QIAGEN, Chatsworth, CA).

(ii) Species characterization by PCR. Microsporidial small subunit rRNA
(SSU-rRNA) coding regions were amplified using the following species-specific
primers: EBIEF1/EBIER1 for E. bieneusi (9), SINTF/SINTR for E. intestinalis
(10), ECUNF/ECUNR for E. cuniculi, and EHELF/EHELR for E. hellem (54).
PCR amplification was done with the GenAmp kit (Perkin-Elmer Cetus, Nor-
walk, CT) according to manufacturer’s procedures, and the conditions for the
reaction were described previously (13). Purified samples were tested for the
presence of PCR inhibitors by spiking the samples with the corresponding cloned
SSU-rRNA coding region, as described previously (13).

(iii) Polymorphism analysis by PCR. The internally transcribed spacer (ITS)
region between the 16S and 5.8S rRNA genes was analyzed. PCR was only
performed on the E. hellem-positive sample by using the primer pair A/B de-
signed by Hollister et al. (28), which amplifies a fragment of 208 bp including the
ITS region. The forward primer A (5� TTGTACACACCGCCCGTCG) was
designed on the basis of the sequence positions 1186 to 1204 of the small subunit
rRNA genes and the reverse primer B (5� CCGATAATGCCAATCAATCC), on
the sequence of the nucleosides from positions 1375 to 1394 of the large-subunit
rDNA. PCR amplification was done by using a 25-�l reaction mix containing 50
ng of DNA, 0.2 mM of each deoxynucleoside triphosphate, 0.2 �M each of the
A and B primers, 1 unit of Taq DNA polymerase (Roche Molecular Biochemi-
cals), and the PCR buffer, including a final concentration of 1.5 mM MgCl2.
After an initial step of 5 min at 80°C, a total of 35 cycles were performed as
follows: 30 s at 98°C (except for the first cycle, which was made at 94°C), 30 s at
55°C, and 1.5 min at 72°C; the reaction products were kept at 4°C until the next
protocol. Each isolate was analyzed by a minimum of four PCRs. The quality of
the PCR amplifications was checked in routine 2% agarose gel electrophoresis.

(iv) Polyacrylamide gel electrophoresis and SSCA. Eight percent polyacryl-
amide gels (19 acrylamide:1 bisacrylamide) were prepared in TBE buffer (Tris-
borate 45 mM, 0.1 mM EDTA, pH 8.3) in vertical cuvettes (Hoefer SE400,
Amersham Pharmacia Biotech), using 175 �l of 0.1% ammonium persulfate
(APS) and 8.8 �l of N,N,N�,N�-tetramethylethylene diamine (TEMED) as acti-
vators. Bands were resolved by electrophoresis during 23 h at 130 V at room
temperature. Single strand conformation analysis (SSCA) was performed follow-
ing the method described by Myers et al. (40), with some modifications: the PCR
products were denatured by mixing with 95% deionized formamide and 5% gel
loading buffer (GenSura Laboratories, San Diego, CA) and incubated for 2 min
at 95°C, followed by rapid cooling in an ice bath. TBE 8% polyacrylamide gels
were prepared in a Hoefer SE600 apparatus, both at 99:1 and 49:1 acrylamide-
bisacrylamide proportions, using 8.8 �l TEMED and 175 �l of 0.1% APS as
activators. The electrophoresis was performed for 15 h at 10°C and 300 V. The
gels were revealed after silver staining by standard methods modified as de-
scribed by Haro et al. (27).

(v) DNA sequencing. PCR products were prepared following the manufactur-
er’s instructions using the Bioclean Columns kit (21.016 Biotools). Sequencing
was carried out in both directions by the Sequencing Service of the Centro de
Investigaciones Biológicas (Madrid, Spain). For the new alleles detected, two or
three different PCR products were also sequenced in both directions.

Nucleotide sequence accession numbers. GenBank accession numbers for the
rRNA gene ITS sequences from E. bieneusi-positive samples are AY668952 and
AY668953.

RESULTS

Stool samples from 36 pigeons (29%) showed a variable
number of spores that stained pinkish red with the use of
Weber’s chromotrope-based stain and also took the Gram
chromotrope stain with the characteristics of microsporidia.
These spores measured 0.9 to 1.6 �m and were ovoid in shape
with a clear vacuole-like polar zone. The typical belt-like stripe
of these organisms was also displayed by some of the spores.

Amplification of DNAs isolated from positive samples in the
staining technique with specific primers for the four most com-
mon microsporidia infecting humans allowed us to confirm 26
pigeons (20.9%) as positive by both techniques. Single-species
infection was detected in the fecal samples of 12 pigeons
(9.7%) for E. bieneusi, showing the diagnostic band of 607 bp
in agarose gels (Fig. 1), 5 pigeons (4%) for E. intestinalis, and
one case (0.8%) for E. hellem. Coinfections were also detected
in eight additional pigeons: E. bieneusi coexisted with E. hellem
in six animals (4.8%); E. bieneusi was also associated with E.
intestinalis in one case (0,8%); and finally, E. hellem and E.
intestinalis were jointly detected in 1 pigeon. No positive sam-
ples for E. cuniculi were detected.

Due to the scarce amount of DNA available from fecal
samples, the genotyping for the ITS region, between rRNA
genes, could only be completed for one E. hellem-positive
sample. Polyacrylamide gel electrophoresis and SSCA of PCR
products revealed a pattern identical to that of the human 1A
genotype (60), which was confirmed by sequencing (Fig. 2).

The rRNA gene ITS could also be sequenced for two E.
bieneusi-positive samples. The sequences (GenBank accession
numbers AY668952 and AY668953) differ from any of the
genotypes so far described (5, 14, 36, 44, 46, 47, 50). Since most

FIG. 1. Agarose gel analysis of PCR-amplified products with spe-
cies-specific primers diagnostic for E. bieneusi. PCR performed with
DNA extracted from a positive pigeon. Lanes 1 to 3, 5 �l of sample
extract as well as 1/10 and 1/100 dilutions, respectively; lane 4, 0.1 �l of
sample extract including a positive control; M, 100-bp ladder standard.
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of these correspond to North American wild animals, the sig-
nificance of our genotypes from an epidemiological point of
view requires the analysis of further samples.

DISCUSSION

The knowledge of the epidemiology of human microsporidi-
osis has evolved notably in the last decade with the improve-
ment of diagnostic methods and with the development of mo-
lecular markers. However, many questions remain unanswered,
and sources of infection as well as transmission routes are not
well understood. Microsporidia-infected humans and animals
eliminate spores with feces, urine, and secretions, which con-
taminate the environment and probably constitute the main
source of infection. In this line, microsporidia spores have
recently been detected in water sources and foods, including
vegetables and bivalves (18, 41, 52). Therefore, in the last few
years several authors have focused on animal microsporidiosis,
mainly in mammalians, in order to elucidate the possible zoo-
notic origin of human microsporidiosis (1, 4, 11, 14, 17, 22, 26,
32, 34, 36, 41, 45, 47). Since studies on birds close to humans
are much scarcer (3, 7, 21, 37, 42, 48, 49, 51), we decided to
investigate the possible presence of human-related microspo-
ridia in park pigeons.

Urban park pigeons closely interact with humans, mainly
children and elderly people. These are two special groups of
population because, for opposite reasons, they have a dimin-
ished immune response. The importance of a competent im-
munosystem for protection against microsporidiosis is well
documented, and children as well as elderly people may be
considered as populations at risk for opportunistic infections,
including this one (35). Aging involves a process known as
“immunosenescence” and is mainly associated with a dysfunc-
tion in cell-mediated immunity (2), correlating with the great
importance that cell immunity has in the control of microspo-
ridial infection. This is seen not only in animal models (30), but
also in patients with AIDS (8).

Among the fecal samples from 124 pigeons from seven parks
of Murcia (Spain), 29.0% showed structures compatible with
microsporidia spores by staining methods. They appeared to be
pinkish red with the Weber’s chromotrope-based stain, and
also showed the characteristics of microsporidia with the Gram
chromotrope stain. From the DNA isolated from 26 fecal sam-
ples, PCR amplifications with specific primers confirmed sin-
gle-species infection with E. bieneusi (12 pigeons, 9.7%), E.
intestinalis (5 pigeons, 4%), or E. hellem (1 pigeon, 0.8%).
Eight additional coinfections with E. bieneusi and E. hellem
were detected in six animals (4.8%); E. bieneusi associated with
E. intestinalis in 1 case (0.8%); and E. hellem and E. intestinalis
coexisted in 1 pigeon. It is important to highlight that when

applying the PCR technique to fecal sample analysis, one
should be cautious of false-negative results. The concentration
of parasitic DNA may be low, and the amplification will only be
observed when high reaction volumes of sample are used. On
the other hand, PCR inhibitors are frequently present in fecal
samples, so that amplification is possible only after convenient
sample dilution or the application of purification techniques
for the elimination of PCR inhibitors (9). The purification
method employed in this study assayed using three different
dilutions plus an internal PCR control, which should support
the interpretation of the results. The criteria for considering a
sample negative by PCR implied no amplification in all dilu-
tions assayed, with similar amplification in the positive control
and in the sample added with cloned DNA (ensuring that there
are no PCR inhibitors). However, and in addition to the above
difficulties, it is necessary to consider that animal samples pos-
itive by the staining methods may not necessarily amplify with
the specific primers used, because of the possible presence of
microsporidia other than the species studied, the overload of
extruded spores in samples with low parasitic load, etc.

To date, E. cuniculi is the microsporidia with clear, widely
recognized zoonotic implications, and several genotypes have
been described (15). However, we were unable to find this
species in our material. On the other hand, E. intestinalis, the
second most frequent human microsporidia (23, 31, 61), has
also been found in various mammals such as the donkey, dog,
pig, cow, and goat (4, 23), and its possible zoonotic potential
has been previously mentioned (4). To our knowledge, the
present study constitutes the first identification of E. intestinalis
in birds and, more accurately, in pigeons. This finding signifi-
cantly broadens the zoonotic potential of this microsporidia. It
is interesting that no genetic heterogeneity has been found for
E. intestinalis, suggesting that either the adequate markers are
still to be found or there are no transmission barriers between
the species to date identified as hosts.

E. hellem infection in humans is mainly extraintestinal (58);
however it has been found in the feces of different animal
hosts. It was initially detected by PCR in psittacine bird feces
in 1997 (3). More recently, this microsporidia infection has
been identified in some bird species close to humans, such as
parrots (3, 42, 51), ostriches (24, 48), peach-faced lovebirds
(49), and the Gouldian finch (7). Together with our work, all
these studies may suggest that such infections are more com-
mon than previously suspected. Intraspecies genotype variabil-
ity of E. hellem was initially based on the sequence of the ITS
of the rRNA genes (37), but later also characterized in two
intergenic spacers (IGS-TH and IGS-HZ) and in the polar
tube protein gene (PTP), justifying the description of new
genotypes (27, 61). It is interesting that from seven E. hellem
isolates obtained from human immunodeficiency virus-positive
patients, six of them (of Spanish, Italian, and American origin)
showed the ITS genotype 1A (27), the same one obtained for
the E. hellem isolate of the park pigeon. This means that the
ITS genotype found in the park pigeon strain is a common one
with a wide geographical distribution including Europe and
America, and unequivocally shared by pigeons and humans in
Spain, Italy and the United States.

From our point of view, it is also significant that the level of
park pigeons in which intestinal microsporidiosis was con-
firmed by PCR was high (20.9%). Bearing in mind their abun-

FIG. 2. Comparison of the three ITS genotypes of E. hellem usually
considered from human isolates (G I, G II, G III), and the sequence
found from a park pigeon isolate (Pal), showing an obviously closer
relationship with genotype I. The dots denote identity with the se-
quence of genotype III, and dashes depict nucleotide deletions.
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dance in urban and periurban areas and their close relation-
ship to humans, the penetration of the microsporidia spores
from this source by inhalation, direct contact with mucosa, or
ingestion seems a feasible possibility. Pigeons move together in
groups and when they approach the visitor to eat what is
offered, the flapping of their wings produces a notable particle
suspension in which earth mixes with debris and their own
feces. Therefore, microsporidia spores, if present in this situ-
ation, may easily penetrate through ocular mucosa, by inhala-
tion, or by accidental ingestion after resting on hands or toys.

To our knowledge, this is the first time that human-related
microsporidia have been isolated in park pigeons. It is note-
worthy that E. bieneusi is the most frequent species of human
microsporidia and was also the most frequent in park pigeons
(12%). As shown in recent phylogenetic studies, the lack of a
transmission barrier of E. bieneusi between humans and ani-
mals points to a zoonotic origin of this parasitosis (14). More-
over, E. bieneusi was detected for the first time in nonmam-
malian hosts (chickens) (44), and our report of a second avian
host broadens its zoonotic potential. As previously mentioned,
E. intestinalis, the second most frequent species of human
microsporidia, has also been detected for the first time in birds,
constituting the second most frequent species of microsporidia
in park pigeons, while E. hellem, which, although previously
identified in birds, has never before been isolated in pigeons.
We should finally highlight that all microsporidia species found
in pigeons have been detected both alone and as coinfections.
The most frequent is the combination E. bieneusi and E. hel-
lem.

We may therefore conclude that this study is of environmen-
tal and sanitary interest because opportunistic parasites such as
human-associated microsporidia have been identified in park
pigeons. Such animals have a frequent, intense relationship
with humans, mainly with children and elderly people. Other
immunosuppressed individuals may also visit them, all consti-
tuting populations at risk for microsporidiosis. Accurate infor-
mation about the dangers of an intense contact with these
animals should be offered to these high-risk populations in
order to design appropriate prophylactic measures.
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