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Abstract

The first report about intestinal microsporidia from wild mammals in Egypt is herein present. A total of 134
fecal samples were separately collected from seven different mammalian species located in fifteen different
localities,represented Western Desert, Nile Valley and Delta and Eastern Desert of Egypt. Microsporidian
spores were obtained from the collected samples usingflotation technique and finally stained with modified
trichrome (MT). Intestinal microsporidia were detected in 72.39% (97/134) of wild mammals. Moreover, rate of
infection with intestinal microsporidia was 72.84% (59/81) in males and 73.08% (38/52) in females.The
infection rates of intestinal microsporidia were 91.1%, 73.9%, 73.6%, 70%, 55.6% and 48.1% in red foxVulpes
vulpes, the lesser Egyptian gerbilGerbillus gerbillus,the house mouseMus musculus, Sundevall's jirdMeriones
crassus, Mackilligin's gerbilDipodillus mackilliginiand the Cairo spiny mouseAcomys cahirinus, respectively.
The results also showed that the highest percentage of microsporidia was recorded in two mammalian species
closely related to human habitats: red fox V. vulpes and G. gerbillus. In conclusion, the wild mammalian species
which live in association with humans and fed on their contaminated diets were more susceptible to be infected
with several microsporidian species than the other species that live in natural habitats away from humans.

Key words : Microsporidia, Wildmammals,Vulpes vulpes

1. INTRODUCTION Desportes et al. (1985), based on an electron
microscopic morphological study. Further
morphological observations placed E. bieneusi
in the family Enterocytozoonidae (Cali and
Owen, 1990). E. bieneusi began to be
recognized in both domestic and wild animals
(Breitenmoser et al., 1999; Mathis et al., 1999).
The epidemiology of E. bieneusistill unclear.
However, potential sources are beginning to be
identified for both humans and a wide range of
animals by comparison of E. bieneusi ITS

Microsporidia are a worldwide group of
obligate intracellular microorganisms that
infect most animal groups. Wildlife mammals
take an attention as a source of significant
environmental reservoir of some
microsporidian species. There are two main
clades of microsporidia: typical (or advanced)
and atypical (orprimitive) (Vavra and Larsson,
2014). The atypical microsporidia are a small
group composed of approximately 13 genera

and 42species (Larsson, 2014). The majority of
known microsporidia are of the typical variety,
with ~190genera and an estimated 1300-1500
species  (Vavra and  Lukes,  2013).
Enterocytozoon bieneusi and
Encephalitozooncuniculi, E. intestinalis and
E.hellem are the four major microsporidia
species infecting humans. Of these, the first one
E. bieneusi is the most frequently diagnosed
species of human microsporidia. The first case
was found in enterocytes of a Haitian AIDS
patient, both genus and species were named by

genotypes from different hosts.

Microsporidia are increasingly recognized
as opportunistic infectious agents worldwide in
both developed and developing countries (Stark
et al., 2009). In developed countries, the
occurrence of microsporidiosis in HIV/AIDS
patients is progressively decreasing probably
due to access to highly active antiretroviral
therapy (HAART) (Weber et al., 1999: van Hal
et al., 2007). However, in some developing
countries with limited access to HAART, the
HIV pandemic continues to spread and



2 MAHMOUD YOUNES, et al.

microsporidiosis in AIDS patients still remains
high (Fayer and Santin, 2014).

Microsporidia are a diverse group of
obligate intracellular pathogens closely related
to kingdom Fungi (Fayer and Santin, 2014).
Enterocytozoon bieneusiis anacellular organism
that infects the enterocytes of small intestine
and causes diarrhea and enteric diseases in
humans, domestic and wild animals (Santin et
al., 2010; Santin and Fayer, 2011; Fayer and
Santin, 2014). This species is estimated to be
responsible for 90% of microsporidian
infections including a great number of
asymptomaticones (Metge et al., 2000).

Kicia et al. (2018) examined 53
immunocompetent patients for infection by
Encephalitozoon species. Their findings were
39% (9 samples) had Encephalitozoon-positive
periprosthetic tissues after revision and 3.3% (1
sample) after primary hip arthroplasty.
Encephalitozoon cuniculi genotype Il was
identified in 88.8% (16/18) of samples. Two
urine samples were positive for a novel
Encephalitozoon species.

Ingestion of spores with contaminated
foods or water offers the most likely route of
transmission of intestinal microsporidiato
animals and humans (Stentiford et al., 2016).
Besides the oral route, it is possible that
aspiration of air contaminated withspores led to
infection (Graczyket al., 2007). There were
described several risk factors associated with
microsporidian infection: direct personto-
person transmission (Pagornratet al., 2009),
living in rural areas with close contact with
animals (i.e. cows, horses, poultry or insects)
(Gumbo et al., 1999), consumption of
contaminated foods, especially fruits and
vegetables (Jedrzejewski et al., 2007). Spores
were detected in fresh food produce and were
found to be the cause of adangerous foodborne
outbreak in Sweden (Decraene et al., 2012).
Other described sources of outbreaks may be
non-filtered water in recreational areas like
pools, lakes, hot tubs and insufficient hygiene
(toilets, garbage and lack of running water)
(Gumbo et al., 1999). Species of microsporidia
as E. bieneusi can be transmitted to humans by

anthroponotic or zoonotic transmission, after
exposure to infected individuals or animals,
respectively (Matos et al., 2012). Because of its
public significance and a great potential threat
to the public, according to National Institute of
Allergy and Infectious Diseases in the United
States, microsporidia are on the priority
pathogens list and are considered category B
pathogens (Karim et al., 2014).

There are a few epidemiological studies
related to microsporidiain wild rodents because
of the rodents’ low economic importance and
also because of the difficulty in conducting
such a type of studies (Deng et al., 2016).
Studies on E. bieneusifrom the watershed of
New York City’s water source revealed that the
prevalence of this pathogen among rodents
ranged from 20 to 30% and was detected in
deer mice Peromyscus sp, the boreal red-
backed vole Myodes gapperi and the meadow
vole Microtus pennsylvanicus(Guo et al.,
2014).

Free-living terrestrial animals have been
considered as a significant source of infectious
diseases transmitted to humans (Mitkova et al.,
2017). Its high level ofsynanthropization
manifested as the gradualcolonization of
suburban and urban areas mayincrease the
possibility of contact withhumans and thus the
probability of transfer ofpathogenic agents onto
both - humans andanimals. Out of a
relativelylarge percentage of the population of
wildcarnivorous animals, several species such
as thered fox, river otter, raccoon dog or
raccoon, andbears were screened for
microsporidian species E. bieneusi occurrence
(Hohmann et al., 2001). Fast increasing
populations of red foxes Vulpesvulpes, which
have become commensal animalsin many
cases, have been spotted as a majorproblem
throughout Europe (Nowakiewicz et al,
2016).Globally, limited data are available about
the prevalence of microsporidia in wild animals
while in Egypt, they are absent. So, the
objective of the current study was to detect, for
the first time, microsporidia fromwild
mammalsfrom different localities in Egypt.
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Figure (1): The Egyptian localities of the examined mammals (red circles).

Table (1):The examinedwild mammalian species, their numbers and localities

Locality Species

Examined
Number

Western North Coast | Gerbillus gerbillus

Gerbillus andersoni

Vulpes vulpes

Mus masculus

VI\:/)eesSteerrtn Siwa Oasis : Gerb!llus gerb!llus
Farafra Oasis Gerbillus gerbillus
Vulpes vulpes
Bahariya Oasis Meriones crassus
Kharga Oasis Gerbillus gerbillus
West of Lake Nasser Gerbillus gerbillus

Mus masculus

Vulpes vulpes

Nile Valley and Delta Vulpes vulpes

East of Lake Nasser Dipodillus mackilligini

Acomys cahirinus

Vulpes vulpes

Shalateen Acomys cahirinus
Marsa Alam Meriones crassus
Eastern Acomys cahirinus
Desert Dipodillus mackilligini
Vulpes vulpes
Qusair Acomys cahirinus

= N =
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MATERIALS AND METHODS

Specimens were live-trapped at a number
of areas selected to represent some populations
of wild mammalian fauna in Egypt for short
time to obtain their feces for the investigation,
then,they  werereleased. These fauna
includedthe lesser Egyptian gerbil Gerbillus
gerbillus, Anderson's gerbilG. andersoni,
Sundevall's jird Meriones crassus, Mackilligin's
gerbil Dipodillus mackilligini, the house mouse
Mus musculus, the Cairo spiny mouse Acomys
cahirrinus andthe red foxVulpes vulpes. The
areas of the investigated species were Western
Desert, Nile Valley, Delta and Eastern Desert
of Egypt (Figure 1 and Table 1).

Several field trips from March 2014 to
April 2018 were done to collect the wild
animals’samples.Fecal samples of these
animals wereseparately collectedand preserved
in 10% formalin solution in clean plastic vials.
Samples were transferred to the laboratory for
investigation.

At the laboratory, fecal samples were
separately homogenized with a clean spatula
and prepared for microscopic detection of
microsporidian spores. Ethyl acetate
concentration method was used to concentrate
spores andfixed on a clean glass slide using
absolute methyl alcohol for 30 minutes and
stained with modified trichrome (MT)
(Weberet al., 1992).Pretreatment of fecal
specimens (1:1) with 10% KOH was done to
provide a better-quality smear with a modified

trichrome stain.Smears were prepared using 10
to 20 ul of concentrated fecal solution that was
thinly spread onto the slides(Bern et al., 1999).

The modified trichrome stain method was
based on the fact that stain penetration of the
microsporidial spore is very difficult; thus, the
dye content in the chromotrope 2R component
of the formula is greater than that used to
prepare Wheatley's modification of the
Gomori's trichrome stain, and the staining time
is much longer (90 min) (Weber et al., 1992;
Ryan et al, 1993).Stained smears were
carefully examined using a light microscope
with an oil immersion lens for the presence of
microsporidian spores.

RESULTS AND DISCUSSION

Fecal samples of 134 wild mammal
specimens were collected from 15 different
localities of Egypt. These localities included
theWestern and Easterndeserts, Nile Valley and
Delta(Figure 1 and Table 1). The large number
(45 specimens)of the collected fecal
sampleswas that of the red fox Vulpes
vulpes,which was the only species collected
from all the mentioned regions. The red fox is
considered as worldwide distributed and
commensal animal, andcompanion to human.
The second large number (27 specimens)of this
collection was that of the Cairo spiny mouse
Acomys cahirinus. However, this species was
only collected from Eastern Desert because it
lives only in rocky habitats (Table 1).

-
<
a9 "J
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Figures (2 and 3): Photomicrographs showing pinkish to red spores of intestinal
microsporidia,characterizing with a vacuole and with different sizesMT stain. Bar=5um.
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Microsporidian spores stained with MT,
appeared pinkishto red with clearly identified
edges. The interior of the spore being clear
showing a horizontal or diagonal stripe, which
represented the polar tube.Spore also contained
a posterior vacuole against a green
counterstained background (Figures 2 and 3).
Bacteria, some yeast cells, and some debris
were also, stained pinkishto red, however,
spore shape and the presence of the posterior
vacuole were helpful in differentiating
microsporidian spores from these
structures(Weber et al., 1992).

Microscopic examination of fecal samples
of 134 different wild animals (using a modified
trichrome stain)revealed the presence of
intestinal microsporidia in 72.39% (n=97). The
rate of infection with intestinal microsporidia
was 72.84% (59/81) in males and 73.08%
(38/52)in females. The infection rates of
intestinal microsporidia were 91.1%, 73.9%,
73.6%, 70%, 55.6% and 48.1% in the red
foxVulpes vulpes,the lesser Egyptian gerbil
Gerbillus gerbillus, the house mouseMus
musculus, Sundevall's jirdMeriones
crassus,Mackilligin's gerbil Dipodillus
mackilligini andthe Cairo spiny mouseAcomys
cahirinus, respectively (Table 2 and Figure 4).

Intestinal  microsporidia were  found
in12/18fecal specimens (66.7%) of G.
gerbillusmales and 5/5 specimens (100%)in
female individuals. Whereas, the infection rate
of intestinal microsporidia in Meriones crassus
was 100% (4 specimens) in male and 50% (3
specimens) in female individuals. These two
desert wild species were typically found in dry
sandy or rocky areas, sometimes with sparse
and coarse vegetation. They were also found in
areas close to palm groves. The reason of the
infected of all female specimens in G. gerbillus
and male specimens in Meriones crassuswas
unknown. The low percentage detected in
Meriones crassus female specimens was also
unknown. Unfortunately, no previous data were
available about the infection of G. gerbillusand

Meriones crassus with intestinal

microsporidiosis.

The red fox Vulpes vulpes has the widest
natural distribution of any terrestrial carnivore
and possibly any terrestrial mammal in the
world (Wozencraft, 2005). In Egypt, this fox
has been recorded from Sinai, Eastern Desert,
Nile Delta, Nile Valley and Western Desert
(Osborn and Helmy, 1980; Saleh and Basuony,
1998) and is by far the most numerous and
widespread carnivore in Egypt (Osborn and
Helmy, 1980). Despite the great diversity of
habitats occupied by this fox in Egypt, all
accounts referred to that there was no
significance morphological difference between
its populations in different parts of the country.
This fox V. vulpes was found infected with
thehighestpercentage of intestinal
microsporidiain the current study.

Very littleis known aboutmicrosporidia
from wild mammalsall over the world.
Furthermore, nothing is known about wild
mammals' microsporidia in Egypt.In this study,
the prevalenceof microsporidianspores in the
red fox was 91.3% (n=21/23) and 90.9%
(n=20/22) in female and male fecal samples,
respectively (Table2 and Figure 4).In the
United Kingdom, Wilson (1979) was detect
encephalitozoon-like  organisms by light
microscopy in brain tissues from a wild hand-
reared red fox Vulpes vulpes with neurological
symptoms. In Iceland, antibodies of
Encephalitozoon cuniculi were found in 11%
(41/ 372) wild arctic foxes Alopex lagopus,
(Hersteinssonet al., 1993). In Ireland,Murphy et
al. (2007) reported that microsporidian DNA
was amplified from the brains of two samples
of the red fox Vulpes vulpes. The sequencing of
these amplicons revealed 100% homology with
Encephalitozoonintestinalis in one fox and
Encephalitozooncuniculi in the second fox.

However, Loreset al.(2002) in Spain found
a lower incidence 5.9% of intestinal
microsporidia in dogs (from the same family:
Canidae)using Weber’s chromotrope stain. In
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Portugal, a lower incidence 5/36 (13.8%) of
intestinal microsporidia was detected in dogs
using MT stain (Loboet al.,, 2003). The
variation between the current results and that
ofthe previous ones might be attributed to the
difference in the numbers or the species of the
examined animals.

M. musculus is a small rodent, it is one of
the most abundant species of genus Mus, and
mainly lives in association with humans. It was
noticed that intestinal microsporidiosis in the
house mouseMus musculus was higher in male
(75%, n=9/12) than in female individuals
(71.43%, n=5/7).In Iceland, Hersteinsson et al.
(1993) were found microsporidian spores of
Encephalitozoon cuniculi in only 8.51% (4/47)
of the wild house mice M. musculus.Whereas,
in an area at the Czech Republic—-German
border, 14.5% (42/289) fecal samples from
wild house mice M. musculus were positive
byPCR forEncephalitozoon cuniculi(Sak et al.,
2011). In this study, the high percentage found
in both the red fox V.vulpesand the house
mouse M. musculus might be due to their lives

in association with humans, making these wild
animals fed on contaminated diets, and might
be infected with several species of intestinal
microsporidia.

Concerning Mackilligin's gerbil Dipodillus
mackilligini, in the current work the highest
prevalence of microsporidian spores was
detected in 80 % (n=4/5) male fecal samples
and in 25% (n=1/4) in female fecal samples.
Intestinal  microsporidia  infected  50%
(n=10/20) of the Cairo spiny mouse Acomys
cahirinus males, and 42.86% (n=3/7) of female
individuals. No microsporidian spores were
found in Anderson's gerbil Gerbillus andersoni
(n=1) (Table 2 and Figure 4) and this result
might be due to that the investigation was done
on samples of only one specimen. In
Switzerland, seropositive have been previously
detected in the wild ratRattus norvegicus,
where 13% (3/23) of them were seropositive,
and a microsporidian Encephalitozoon cuniculi
was isolated from the brain of one of these
rodents (Muller-Doblies et al., 2002).

Table (2): Prevalence of intestinal microsporidia inwild mammals' fecal samples.

Total number of the . . .
. . + ve in female + ve in male Species
examined species
The lesser Egyptian gerbil
23 5/5 (100%0) 12/18 (66.7%0) . .
(Gerbillus gerbillus)
Sundevall's jird
10 3/6(50%0) (100%0)£44/4 .
(Meriones crassus)
45 21/23(91.3%0) 20/22(90.9%0) The red fox (Vulpes vulpes)
Mackilligin's gerbil
9 1/4(25%) 4/5(80%0) . e
(Dipodillus mackilligini)
The house mouse
19 5/7 (71.43%) 9/12(75%)
(Mus musculus)
27 317 (42.86%) 10/20(50%) The Cairo spiny mouse (Acomys
cahirinus)
Anderson's gerbil
1 0 0 . .
(Gerbillus andersoni)
134 38/52 (73.08%) 59/81(72.84%) Total
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CONCLUSION

The wild mammalian specieslive in
association with humans and fed on their
contaminated dietswere more susceptible to be
infected with several species of microsporidia
than other species that live in natural habitats
away from humans. The red foxVulpes vulpes
was the most species infected with intestinal
microsporidia among the tested wild animals.
The appearance of virulent microsporidia in
wild animals pointed to the contamination of
their environment.
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