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Abstract

Background Microsporidia infection was originally described as an immunocompromised associated pathogen. Limita-
tions to correct microscopic diagnosis of microsporidia include size of the organism presenting a challenge even to a highly
competent laboratory expert.

Objective The present study aimed to detect microsporidia infection among leukemic children. The performance of modified
trichrome stain and PCR in the diagnosis of microsporidia was evaluated with further speciation.

Methods Stool samples of 100 leukemic children on chemotherapy were examined microscopically for microsporidia. DNA
was extracted from all samples. Amplification was performed by conventional and nested PCR. Sequencing of amplified
products was performed on unspeciated samples.

Results Microsporidia were detected in 23% of the children by MTS and 29% by PCR. The 29 positive samples were sub-
jected to PCR for speciation. Enterocytozoon bieneusi was found to predominate in 20 cases, Encephalitozoon intestinalis
in three cases, two cases had co-infection, and the remaining four samples were not amplified with either E. bieneusi or E.
intestinalis specific primers. By DNA sequencing of the unspeciated samples, three samples shared high homology with
Encephalitozoon hellem and one sample with Encephalitozoon cuniculi. Referring to PCR as a gold standard, MTS exhibited
72.4% sensitivity and 97.2% specificity with 90% accuracy. Among a number of studied variables, diarrhea and colic were
significantly associated with microsporidia infection when diagnosed by either technique.

Conclusion The use of sensitive and discriminative molecular tools will contribute to determining the true prevalence of
microsporidiosis and possibly their potential transmission source depending on species identification.

Keywords Opportunistic infectious diseases - Enterocytozoon bieneusi - Encephalitozoon intestinalis - Diagnosis - MTS -
PCR

Introduction

Microsporidia are obligate intracellular opportunis-
tic pathogens, ubiquitous in nature and are globally
found. Over 187 genera and 1500 species of micro-
sporidia are classified in the phylum Microsporidia,
primarily reported in fish, insects and mammals, of
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which only 16 species are known to infect humans
both immunocompromised and immunocompetent [1].
Enterocytozoon bieneusi and Encephalitozoon intestinalis
are the two most common species causing infection in
humans. Microsporidial infections have been described to
occur in severely immunocompromised individuals, mainly
HIV patients, organ transplantation recipients or oncology
patients [2—4].

Microsporidia clinical illness differs according to the
pathogen species and the immunological condition of the
host [5]. The spectrum of the disease caused by different
species of microsporidia is broad and embraces various
forms of inflammations as hepatitis, peritonitis, keratocon-
junctivits, sinusitis, bronchitis, pneumonia, cystitis, nephri-
tis, myositis, encephalitis, and further cerebral infections [6].
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Diagnosis of microsporidiosis is generally based on micro-
scopic examination of stools with detection of spores. Restric-
tions to correct diagnosis include size of the organism, its
resemblance to bacteria and fungi found in stools and some-
times the large number of samples to be examined, present-
ing a challenge even to a highly trained laboratory technician.
In addition, microscopy offers no information on the infect-
ing species. With the advent of molecular tools, detection of
microsporidia with further speciation and sequencing was
made possible [7].

Human microsporidiosis occurs worldwide, but data on
the prevalence and geographic distribution of microsporidial
infections are still incomplete and very diverse due to the
use of different diagnostic methods, lack of specialized per-
sonnel and the focus on more common parasites. In Egypt,
merely few studies concerning the prevalence of micro-
sporidia in immunocompromised patients are found [8, 9].

The aim of the present work was to detect microsporidia
infection in leukemic children. The diagnostic performance
of MTS and conventional PCR was evaluated. Species iden-
tification was then performed using specific primers and
sequencing techniques.

Materials and Methods
Ethical Considerations

For conduction of the present work, ethical clearance was
permitted by the Ethical Committee of the Medical Research
Institute, Alexandria University (IORG 0008812). Informed
consents from the parents/guardians as well as from the hos-
pital authority were obtained.

One hundred confirmed leukemic children admitted to
El-Shatby hospital, Alexandria University participated in the
present study. Participating children were below 12 years
of age of which 46% were less than the age of six, 55 were
males and 45 females, the majority of cases (72%) came
from rural areas. Subjects with a history of intake of anti-
parasitic drugs in the preceding 2 weeks were excluded.
Children were examined clinically, fresh stool samples were
collected and each sample was subjected to the following:

Microscopic Examination

Formol ethyl acetate concentration of fecal samples was
done followed by permanent staining of fecal smears using
MTS (Kokoskan hot method) [10].

Molecular Detection

DNA was extracted from stool samples using Zymo

Research Fecal DNA Mini Kit, USA according to manufac-
turer’s protocol and stored at — 20 °C.

Conventional PCR

It was done using primers targeting the entire conserved
region of SSU rRNA gene of the four common intestinal
microsporidia in humans: E. bieneusi, E. intestinalis, E.
cuniculi and E. hellem. The amplification protocol included
an initial denaturation at 94 °C for 5 min followed by 30
cycles of denaturation at 94 °C for 1 min, annealing at 56 °C
for 1 min, elongation at 72 °C for 1 min and 5 min of exten-
sion at 72 °C after 30 cycles [11]. Amplified DNA was
detected by electrophoresis apparatus using 1.5% agarose
gel stained with ethidium bromide.

Nested PCR

Samples showing a specific band of 1200 bp were subjected
to PCR for speciation using species-specific primers. Spe-
cies determination for E. bieneusi and E. intestinalis were
done using species-specific primers (Table 1) [12]. Cycling
conditions included an initial denaturation of DNA at 94 °C
for 5 min followed by 35 cycles of denaturation at 94 °C for
1 min, annealing at 50.2 °C for 1 min (E. bieneusi)/58 °C
for 1 min (E. intestinalis), elongation at 72 °C for 1 min and
5 min of extension at 72 °C after 35 cycles.

Species Identification

Species identification of samples negative for both E. bie-
neusi and E. intestinalis was performed by further DNA
sequencing technique for amplified PCR products. PCR
products were sequenced using C1 forward primer (24.4 uM,
56 Tm) after purification with Gene JETTM purification kit
to identify the species of samples positive by general primer,
negative with specific primers. Sequencing reactions of puri-
fied PCR products were performed using ABI 3730XL DNA
sequence [Applied Biological Materials (abm) Richmond,
BC Canadal].

Table 1 Oligonucleotide used primers for detection of microsporidia
DNA by nested PCR

Primer Sequence Amplified
product
(bp)

Forward C1 5'CACCAGGTTGATTCTGCC3’ 1200

Reverse C2 5'GTGACGGGCGGTGTGTAC3’

E. bieneusi 5'CACCAGGTTGATTCTGCCTGA3" 353

V1 Forward 5'ACTCAGGTGTTATACTCA

EB450 Reverse  CGTC3')

E. intestinalis  5'CACCAGGTTGATTCTGCCTGA3" 375

V1 Forward 5S'CTCGCTCCTTTACACTCGAAZ’

SI500 Reverse
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Statistical Analysis

Data were analyzed using IBM SPSS for Windows, Ver-
sion 22.0. The statistical program was utilized for both
data presentation and statistical analysis of the results. For
descriptive analysis, the prevalence by different methods
was articulated in percentages. Confidence interval (CI)
of 95% was applied as a measure of central tendency and
dispersion respectively for normally distributed quan-
titative data. X test was used for quantitative analysis.
Agreement between two qualitative variables was done
by Cohen’s Kappa agreement test [13]. By establishing
PCR as a gold standard, sensitivity, specificity, predic-
tive values and accuracy were calculated at 95% CI using
standard formulae.

Results
Microscopic Detection of Microsporidia

Among the 100 children included in the study, 23% were
found positive for microsporidia by MTS. Pinkish-red oval
or rounded small refractile bodies with polar bodies at one
end and a characteristic posterior vacuole at the other end
were identified as microsporidial spores (Fig. 1).

Molecular Detection of Microsporidial Infection

Amplification showed that 29 cases (29%) were positive
for microsporidia utilizing pan-specific primers, while 71
samples gave negative results. Agarose gel electrophore-
sis revealed the amplification of a DNA fragment with an
average size of 1200 bp (Fig. 2).

Fig. 1 Microsporidia spores as diagnosed by modified trichrome stain
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Sociodemographic and Clinical Characteristics
and Their Relation to Microsporidiosis

Table 2 shows the distribution of microsporidia positive
cases diagnosed by either MTS or PCR according to dif-
ferent demographic aspects, behavioral dynamics and clini-
cal manifestations. Age, gender, residence, source of water,
animal contact and fever showed no statistical significant
relation to microsporidia infection. A statistically significant
number of microsporidia positive children had diarrhea for
more than 6 days compared to those with diarrhea for less
than 6 days regardless of the technique used for diagnosis.
A significant association between colic and microsporidia
was found.

Agreement Between MTS and PCR in Diagnosis
of Microsporidiosis

Agreement between MTS and PCR in the diagnosis of
microsporidiosis was studied by comparing the results
of both techniques, the following was revealed: 21 out of
the 100 examined cases were positive by both techniques
and were considered as true positives (concordant positive
results). Sixty nine cases were true negatives (concordant
negative results). By analysis of the discordant results, eight
cases positive by PCR assay were missed by MTS, on the
other hand two cases diagnosed positive by MTS were nega-
tive by PCR. Statistical analysis showed a Kappa index of
0.74 indicating a good agreement between MTS and PCR in
diagnosing microsporidal infections (Table 3).

Measures of MTS Diagnostic Accuracy

Asserting PCR as a reference method, MTS showed 21
(72.4%) true positives and 69 (97.2%) true negative cases.
There were two (2.8%) false positives and eight (27.6%)
false negative cases. The positive predictive value (PPV)

a1 =2 2 a4 5 & 7 B2 <9 10 L

1200

Fig.2 DNA fragment of microsporidia DNA gene was amplified
using primers C1 and C2. Lane L (DNA marker ladder). Lane 3 and
7: positive for Microsporidia spp. Lane 1, 2, 4, 5, 6, 8 and 9: negative
for Microsporidia spp. Lane 10: negative control
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Table 2 Sociodemographic Variables Positive MTS X (p) Positive PCR X2 (p)
and chqlcal che.ira.cterlsgcs (n=23) (n=29)
and their association with
microsporidiosis No. (%) No. (%)
Age
<6 (n=46) 8(17.4) 1.51 (0.21) 14 (30.4) 0.008 (0.77)
6-12 (n=54) 15 (27.8) 15 (27.8)
Gender
Male (n=55) 15 (27.3) 1.26 (0.26) 15 (27.3) 0.177 (0.67)
Female (n=45) 8 (17.8) 14 (31.1)
Residence
Urban (n=28) 5(17.9) 0.581 (0.45) 6(21.4) 1.083 (0.298)
Rural (n=72) 18 (25) 23 (31.9)
Source of water
Tap (n=82) 18 (22) 0.283 (0.595) 22 (26.8) 1.043 (0.301)
Filtered (n=18) 5(27.8) 7 (38.8)
Animal contact
Yes (n="70) 17 (24.3) 0.218 (0.641) 21(30) 0.113 (0.736)
No (n=30) 6 (20) 8(26.7)
Diarrhea duration
1-6 days (n=57) 6 (10.5) 11.646 (0.001)* 7 (12.3) 8.568 (0.00)*
> 6 days (n=43) 17 (39.5) 22 (51.2)
Colic
Present (n=21) 10 (47.6) 7.422 (0.006)* 12 (57.1) 10.225 (0.034)*
Absent (n=79) 13 (16.5) 17 (21.5)
Fever
Present (n=10) 5 (50) 3.037 (0.081) 6 (60) 3.648 (0.056)
Absent (n=90) 18 (20) 23 (25.6)
X? and p value for Chi square test
* significant difference p < 0.05
Table 3 Agreement, sensitivity, specificity, PPV, NPV and accuracy of MTS relative to PCR for the detection of microsporidia
PCR? MTS
+ve (n=29) —ve (n=71)
No. (%) No. (%) Sensitivity 95% CI Specificity 95% CI PPV 95% CI NPV 95% CI Accuracy
MTS
+ve 21 (72.4) 2(2.8) 72.4% 97.2% 91.3% 89.6% 90%
—ve 8 (27.6) 69 (97.2) 52.76-87.27% 90.19-99.66% 72.45-97.67% 82.69-93.97% 82.38-95.10%
K (p) 0.74 (p<0.001)

K kappa test, PPV positive predictive value, NPV negative predictive value

“PCR was the gold standard

and negative predictive value (NPV) for MTS in compari-
son to PCR were 91.3% and 89.6% respectively with 90%

accuracy (Table 3).

Microsporidia Speciation Using Specific Primers

Twenty two of the 29 amplified positive samples were diag-
nosed as E. bieneusi infection with E. bieneusi specific

primer. Agarose gel electrophoresis revealed specific bands
at 353 bp (Fig. 3). On retesting the 29 microsporidia posi-
tive samples using E. intestinalis specific primer, only five
of the total amplified samples were diagnosed as E. intesti-
nalis. Amplification of templates resulted in a 375 bp spe-
cific DNA fragment (Fig. 4). Two children were found to
be infected by both species. The two samples gave positive
results using the two specific primers. The remaining four

@ Springer



350

Acta Parasitologica (2021) 66:346-353

353 bp

Fig.3 Agarose gel showing PCR products of human fecal samples
using E. bieneusi specific primer; Lane L (DNA marker ladder). Lane
1, 5 and 6 negative for E. bieneusi. Lane 2, 3 and 4: positive for E.
bieneusi at 353 bp. Lane 7: negative control

375 bp

Fig.4 Agarose gel showing PCR products using E. intestinalis spe-
cific primer; negative control on Lane 10; E. intestinalis negative
samples on lane 1, 3, 4, 5, 6, 7, 8 and 9; E. intestinalis positive sam-
ple on lane 2 at 375 bp: DNA ladder on lane L

Table 4 Results of speciation of the 29 microsporidia samples

Microsporidial species No %

Single E. bieneusi infection 20 69
Single E. intestinalis infection 3 10
Mixed infection E. intestinalis + E. bieneusi 2 7
Others (E. cuniculi/E. hellem) 4 14
Total 29 100

cases were not amplified with either E. bieneusi or E. intes-
tinalis specific primers, lasting unspeciated (Table 4). They
possibly could be due to either E. cuniculi or E. hellem.
DNA sequencing for species differentiation for E. cuniculi
and E. hellem was done for these four unspeciated samples.

DNA Sequencing

Sequencing results of the1200 bp amplicon of the four
unspeciated samples were submitted in BLASTN. Three
of the sequenced samples had great identity with E. hel-
lem. One sample exhibited 100% homology to sequences
in GenBank with accession number (CP002715), while two
samples displayed 80% identity with accession numbers
(AF118143.1and MG584869.1). The last sample was diag-
nosed as E. cuniculi with 90% identity (Table 5).

Discussion

Human microsporidiosis represents an important disease,
affecting mainly but not utterly HIV-positive and immu-
nosuppressed patients [14, 15]. Data is mutable not only
because of the troubles in identification of the organism
but also because parasite pursuit tends to focus on more
common ones. The goal of conducting the present study
was to put emphasis on the importance of microsporidi-
osis as an emerging infection in leukemic children on
chemotherapy that adds to their clinical complications,
and to evaluate MTS and PCR as methods of detection of
microsporidia.

In the present study, the prevalence of microsporidia
was 23% and 29% as diagnosed by MTS and PCR respec-
tively. Results of the sociodemographic data, concerning
children aged from 6 to 12, males, residing in rural areas,
drinking filtered water and having contact with animals
revealed higher microsporidia infection rates than all leu-
kemic children, yet, the difference was not significant. On
the other hand, a clear significant association between the
presence of microsporidia, diarrhea and colic was detected.

Table 5 Microsporidia species

Species detected Accession no Identity (%) References

¢ the f No PCR PCR specific prim-
of the four sequenced samples general ors
primer -
E. bieneusi E.
intesti-
nalis
1+ - -
2+ - -
3+ - -
4 + - -

E. hellem ATCC 50504  CP002715 100 [14]
E. hellem strain-1PZ AF118143.1 80 [15]
E. hellem isolate 2 MG584869.1 80 [16]
E. cuniculi strain GB-M1 AL590449.1 90 [17]
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The association between microsporidia infection and diar-
rhea was recognized by many authors among children with
malignancy and HIV-infected patients [16—18]. Discrepan-
cies in various studies concerning epidemiological features
can be linked to the study settings, subjects under study and
the used diagnostic methods [9, 16, 19].

As for laboratory diagnosis of microsporidiosis, it is
mainly based on the detection of spores in stool specimens
by light microscopy using special stains. The percentage of
microsporidia infection in the study at hand was 23% using
the MTS. The choice of this technique depended on its sim-
plicity and its capacity to detect microsporidial spores in
stools. Stool smears must be very thin to observe the inter-
nal structure of the microsporidia. Yet, they may be eas-
ily missed if the pathogen burden is low. In addition, small
yeasts and some bacteria in stool may also stain pink, which
may complicate the diagnosis [10]. This may thus lead to
false negative as well as false positive results.

Few studies investigating the prevalence of microsporidi-
osis among patients with various forms of immunosuppres-
sion were carried out. In Mexico, Garcia et al.[19] reported
that 20% of leukemic children were diagnosed with micro-
sporidia using coproparasitoscopic methods including tri-
chrome stain. In Iran, Microsporidia spp. were detected in
11.6% of HIV patients, and in 7% of cancer patients using
trichrome staining [20]. Spores were reported in 6% of the
stool samples of chronic renal failure patients examined
using special stains [21]. The variability in the positive rates
of microsporidia cases obtained from the previous studies
may be an evidence that its rate fluctuates among different
geographical areas with different environmental and sea-
sonal factors and different types of immunosuppression.

In the present study, to confirm diagnosis following
microscopy, all stool samples were subjected to conven-
tional PCR amplification using a general primer pair. Out
of the 100 stool samples examined, 29% were positive for
microsporidial spores. This relatively high percentage points
to the importance of diagnosing microsporidia in children
undergoing chemotherapy as this parasite can decrease the
quality of life of those children and might also cause serious
complications.

The present results corroborate several previously pub-
lished reports. In Tunisia, microsporidia was found in 10.5%
of the examined immunocompromised patients diagnosed by
PCR, while 5.8% were positive by microscopy [22]. On the
same line, in India, higher prevalence of microsporidia was
detected by PCR (14.4%) compared to microscopy (5.6%)
[23]. Conversely, EI-Mahallawy et al. [9] found more posi-
tive Microsporidia cases by staining methods versus PCR.

Comparing the results of both techniques, the current
study showed that MTS and PCR shared the detection of
22 affirmed positive cases as well as 69 negative ones elu-
cidating a good agreement between the two techniques in

diagnosing microsporidiosis. However, MTS revealed two
positive samples not detected by PCR, while eight cases
diagnosed positive by PCR were missed by MTS. A possible
explanation for the few cases missed by microscopy is the
small size of the microsporidial spores and the close simi-
larity to other fungal spores and some bacteria that might
contribute to the uncertainty of microscopic results. Also
this difference might probably be the result of the limited
sensitivity of light microscopy estimated between 10* and
10° spores per gram stool, whereas PCR can detect pathogen
loads of 102 spores per gm stool [24]. On the other hand, the
two samples diagnosed positive only by light microscopy
cannot be overlooked. Variation in size and staining charac-
teristics of microsporidia, makes a definitive identification
exceptionally difficult, raising the possibility of false positive
results. Yet, a false negative PCR result concerning these
two cases is also possible and prone to occur due to storage
conditions of the samples prior to performing the PCR anal-
ysis which might have resulted in degradation of the spores
and consequently of microsporidial DNA. The presence of
inhibitors during DNA extraction may play a role as well.

Kaushik et al. [25] stated that PCR showed almost perfect
agreement with MTS, suggesting screening of stool sam-
ples with MTS followed by PCR confirmation for maximum
detection. Furthermore, El-Mahallawy et al. [9] reported that
15 out of 271 diarrheic samples from pediatric patients with
cancer had microsporidiosis. Infection was confirmed in 13
out of 15 cases positive by both PCR and acid-fast trichrome
staining, two samples were positive only by stain.

Many authors reported that PCR had 100% sensitiv-
ity and specificity compared to microscopic techniques in
detecting microsporidial infections [25-27]. Thus, in the
current study, the accuracy of MTS as a diagnostic tool
in detecting microsporidial spores was calculated taking
in consideration PCR as the reference standard method
of assumed 100% sensitivity and specificity. Values for
MTS were 72.4% and 97.2% for sensitivity and specific-
ity respectively with 90% accuracy. Many previously pub-
lished studies have reported variable sensitivities of MTS
ranging from 54 to 100% bearing in mind that sensitivity
depended principally on technical expertise. In addition,
a long time is needed for the initial standardization of the
staining technique due to thick spore walls. As for speci-
ficity, comparable values were reported earlier and ranged
from 82.8 to 100% [26-28].

Microsporidia characterization and speciation are neces-
sary for the appropriate therapeutic management of patients.
Microsporidial species appear to differ in their susceptibili-
ties to antimicrobial agents. Albendazole was found effective
against Encephalitozoon spp. [29, 30], while fumagillin has
been shown to be effective against E. bieneusi [31, 32]. For a
long time transmission electron microscopy (TEM) was con-
ventionally the gold standard to diagnose microsporidiosis
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on the basis of morphological characteristics but it failed to
differentiate between the morphologically identical species,
in addition it is difficult to perform TEM on routine basis
[7, 33]. PCR was thus suggested as a reference tool for iden-
tification of microsporidia to the species level [23]. It may
therefore be indispensable to perform a species-specific PCR
before treatment regimens are decided upon, especially for
E. bieneusi infections; the only species to show resistance
to albendazole [34].

The molecular characterization of different microsporidia
has widely relied on sequencing and analyzing SSU rRNA
gene, which also can be used as a molecular marker for
estimating relationships among microsporidia because of
its relatively highly variable regions pointing to the critical
role played by SSU rRNA gene in phylogenetic research [35,
36]. In the present study, speciation performed on the 29
positive samples by conventional analysis corresponded to:
20 E. bieneusi, three E. intestinalis cases, two E. bieneusi/E.
intestinalis co-infection and 4 cases remained unspeciated.

A study conducted in Iran among cancer patients revealed
that E. bieneusi was the most frequent intestinal micro-
sporidial species amounting to 61% [20]. Furthermore,
Espern et al. [37] and Akinbo et al. [38] reported the domi-
nance of E. bieneusi among all other microsporidial species.
On the contrary, among 93 cancer patients, 69.9% of patients
were positive for Microsporidia comprising 46.2% E. intes-
tinalis, 9.7% E. bieneusi and 14% mixed infections [39].

Based on the DNA sequence data, it was extremely
remarkable to note the presence of E. hellem and E. cuniculi
among the studied participants. To our knowledge, this is
the first documented cases of these species in man in Egypt.
Similar sequencing results were reported by Polly ef al. [40]
and Kazemi et al. [20].

Regarding the knowledge that birds are natural hosts of
E. hellem lead to the hypothesis that human infections with
E. hellem originate from exposure to birds [41]. E. cuniculi
was the first microsporidium to be recognized as a parasite
of mammals. Rabbits are the main host for E. cuniculi [42].
The two species of Encephalitozoon; E. cuniculi and E. hel-
lem, which are morphologically similar by light and electron
microscopy, are rarely detected in feces and usually cause
systemic diseases; these species are primarily shed in urine
rather than feces.

In conclusion, staining of stool specimens could be sug-
gested as an initial routine test for leukemic children with
the advantage of being low-cost and simpler technique than
PCR. The use of sensitive and discriminative molecular tools
will contribute to determining the true prevalence of micro-
sporidiosis and the possible potential transmission source.
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