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ABSTRACT

Background: Mycetoma is a unique neglected tropical disease caused by a substantial
number of microorganisms of fungal or bacterial origins. Identification of the causative
organism and the disease extension are the first steps in the management of the affected
patients and predicting disease treatment outcome and prognosis. Objectives. To determine
the role of special stain in identification of fungi in eumycetoma among Sudanese patients
at Soba University Hospital. Method: This descriptive cross- sectional study was
conducted of fifty-nine archival formalin fixed paraffin- embedded tissue blocks, four
identical sections from each archival paraffin-embedded tissue block were obtained and
stained with routine H&E and special stains {Periodic-Acid-Schiff (PAS) and Grocott-
Gomori silver (GMS) and Gridley stain}, then the collected data was analyzed using SPSS
version 23.0. Results: The use of special stains especially PAS and Grocott methenamine-
silver (GMS) stain are of value (specific and sensitive) in identifying the fungal hyphae and
yeast of eumycetoma. Mycetoma is more commonly reported in males than females; also
mycetoma is most common in young adults (1640 years old) and is uncommon in
children. No significant relationship was demonstrated between diagnosis and variables
(gender, age). Type I and 11 was the commonest type of the host tissue reaction encountered
in this study. Conclusion: Results showed that GMS and PAS had the ability to stain both
fungal hyphae and yeast in compare to Gridley’s stain which had some limitations to stain
fungal structures.

Introduction

Mycetoma is a chronic and progressive
subcutaneous granulomatous infection
characterized by painless swelling and tumefaction,
draining sinus tracts, and purulent discharge. This
discharge contains microbial sclerotia, or grains,
which may be helpful in identifying the pathogen
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[1]. This inflammatory disease may be caused by
fungi or bacteria and is classified accordingly. The
term “eumycetoma” is used to describe an infection
caused by fungi, while an “actinomycetoma” is
reserved for an infection caused by filamentous
bacteria [2]. The first description of a case of
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mycetoma is usually attributed to Dr John Gill who
reported “Madura foot” in a dispensary report of the
Madras Medical Service of the British Army in
India, in 1842 [3]. A subcutaneous mass and
multiple sinuses draining pus, blood and fungal
grains characterize the mycetoma lesion. Grains,
also known as sclerotia, are aggregates of the fungal
hyphae or the bacterial filaments, sometimes
embedded in tough, cement-like material. The
morphological characteristics and colour of the
grains provides clues about the species of the agents
[3].

Although mycetoma is found worldwide, it
is endemic in tropical and subtropical countries [4-
8].The countries with the highest incidence of the
disease are Sudan, Venezuela, Mexico, and India,
but Sudan and Mexico have the highest number of
cases reported [4-8].

Men are more likely to be affected than
women, with the male to female ratio ranging from
3:1to 5:1[5,6].

Multiple  diagnostic  modalities  are
available and are an essential step in the proper
evaluation of a patient. Accurate identification of the
pathogen plays a vital role in the treatment plan as
well as patient outcomes. Different laboratory-based
diagnostic tools and techniques were developed over
the years to determine and identify the causative
agents. These include direct microscopy and
cytological, histo-pathological, and immune-histo-
chemical techniques in addition to the classical grain
culture. More recently, various molecular-based
techniques have joined the mycetoma diagnostic
armamentarium.  The available = mycetoma
diagnostic techniques are of various specificity and
sensitivity rates. Most are invasive, time consuming,
and operator dependent, and a combination of them
is required to reach a diagnosis. In addition, they
need a well-equipped laboratory and are therefore
not field friendly.

Hematoxylin and eosin (H&E) is the stain
for primary identification of the causative agent and
the tissue reaction. Special stains usually follow for
accurate identification of certain organisms and the
cell components such as proteins, lipids,
carbohydrates, and minerals that can be associated
with the disease.

Three types of host tissue reaction against
the organism were described and they are identical
in all types of mycetoma [9]. In Type I tissue
reaction, there is a zone of polymorphonuclear cells
that surrounded the grains, sometimes the grains

were intermingled with neutrophils and in this
instance the grains show cracking and
fragmentation. Beyond the neutrophilic zone, there
is granulation tissue containing macrophages,
lymphocytes, plasma cells. The mononuclear cells
increase in number towards the periphery of the
lesion. The outermost zone of the lesion consists of
fibrous tissue. In Type Il tissue reaction, the
neutrophils largely disappear and are replaced by
macrophages and multinucleated giant cells. The
latter engulf grain material. This consists largely of
pigmented cement substance although hyphae are
sometimes identified. Other inflammatory cells and
histological changes are the same as in type |
reaction. Type IlI reaction, is characterized by the
formation of a well-organized epithelioid granuloma
with Langhan’s type of giant cells. The center of the
granuloma sometimes contains remnants of fungal
material but in some no fungal elements could be
identified. Inflammatory and histological changes
are the same as described for both type | and Il
reactions [9].

Grains can be visualized with H&E
staining and by special staining techniques, such as
the Periodic-Acid-Schiff (PAS) and Grocott-
Gomori silver staining. Actinomycetoma should
also be investigated using Gram staining [2,10].

Also Gridley stain was used which is a
modification of the Bauer technique in which a
fewer number of reactive aldehyde groups remain
intact to react with Schiff’s Solution. The result is
less background staining and more highly defined
fungi [10].

The accurate identification of mycetoma
causative agents is considered the cornerstone for
the initiation of appropriate therapy. Hence a rapid
and accurate diagnostic tool to achieve the definitive
species identification is considered a critical part in
patient treatment and management. Although
histopathological examination only takes 24-48
hours to identify the specific fungi compared to
culture in which fungal organism may take weeks to
grow if they grow at all, there are few studies
regarding the role of special stain in diagnosis of
mycetoma. Histopathological identification and
differentiation between various etiological agents is
of substantial importance as the treatment and
prognosis for them are different.

This study aimed to determine utility of
special stains in identification of fungi in
eumycetoma.
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Material and Methods

Study design

This was a descriptive cross- sectional study done to
determine the utility of special stain in identification
of fungi in eumycetoma. The study was conducted
in Soba University Hospital in Khartoum state
during the period from October 2020 to February
2021.

Study population
Fifty-nine Paraffin-embedded tissue blocks from
eumycetoma patients were included in this study.

Study duration
This study was conducted during the period from
October 2020 to February 2021.

Sample size
Fifty-nine archival formalin fixed paraffin-
embedded (FFPE) tissue blocks.

Sample collection

Four identical sections from fifty-nine archival
paraffin-embedded tissue block were stained with
routine H&E and special stains (PAS, GMS and
Gridley stain). Periodic-acid-Schiff and GMS were
performed according to the method described by
Bancroft and Stevens, (1982) [11]. While Gridley
stain was performed according to the method
described by Gridley and Amer, (1953) [12].

Laboratory precautions

Before the routine daily work, a great care in
preparing the work surfaces and environment was
taken. All surfaces and bench tops were thoroughly
cleaned with 70% alcohol disinfectant. All
instruments and glassware was thoroughly cleaned.

Quality control

High attention was given to the quality control from
collection of paraffin embedded eumycetoma tissue
blocks to the end of staining. Much care was given
to the fixation and staining techniques. Every
solution and staining batch were accurately prepared
and tested before its applications.

Ethical consideration

Permission to carry out this research obtained from
Research Board of Faculty of Medical Laboratory
Sciences, National University.

Results

» Utility of special stain in identification of fungi
in eumycetoma. Hematoxylin & eosin, PAS,
GMS, and Gridley’s stain were performed in
the group of 59 cases of eumycetoma patients.

» Figure 1 shows the distribution of the study
cases according to gender, this reflects that the
mycetoma was more commonly reported in
males than females.

» Table 1 shows the distribution of the study
cases according to age group, this reflects that
mycetoma can affect all age groups, but it
occurs more commonly in young men aged
between 20 and 40 years.

»Table 2 shows the correlation between
distribution of study sample according to
gender and age.

» Table 3 shows the staining reaction of special
stains, in comparison between the three special
stains we observed that GMS and PAS had the
ability to stain both fungal hyphae and yeast,
while Gridley’s stain which had some
limitations.

» Figure 2 shows the distribution of study
sample according to the host tissue reaction,
Type | and 1l was the commonest type of
reaction encountered in this study which
represent 54.2%.

» Figure 3 indicates the distribution of study
samples according to diagnosis

» Table 4 illustrates the correlation of diagnosis
in relation to gender, age and host tissue
reaction.

Table 1. Distribution of study sample according to age group.

Age groups Number Percent
Less than 20 years 8 13.5%
20-40 years 42 71.2%
More than 40 years 9 15.3%
Total 59 100%
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Table 2. Correlation between distribution of study sample according to gender and according to age.

Gender
Variables Male Female Total
7 1 8
Less than 20 years 87.50% 12.50% 100.00%
31 11 42
20-40 years 73.80% 26.20% 100.00%
Age 5 4 9
groups More than 40 years 55.60% 44.40% 100.00%
43 16 59
Total 72.90% 27.10% 100.00%

Table 3. The staining reaction of special stains.

Staining techniques No reaction Fungal hyphae Fungal hyphae and yeast
2 4 53

PAS stain 3.4% 6.8% 89.8%
2 0 57

GMS stain 3.4% 0% 96.6%
2 57 0

Gridley stain 3.4% 96.6% 0%

n=59

Table 4. Correlation between diagnosis in relation to gender, age and host tissue reaction.

Diagnosis
Black
eumycetoma Madurella Fisher's
Variables grains mycetomatis Eumycetoma | exact p value
23 13 7
Male 53.50% 30.20% 16.30%
8 5 3
Gender | Female 50.00% 31.30% 18.80% 0.999*
Less than 20 5 2 1
years 62.50% 25.00% 12.50%
22 13 7
20-40 years 52.40% 31.00% 16.70%
Age More  than 4 3 2
groups | 40 years 44.40% 33.30% 22.20% 0.975*
7 3 1
Type | 63.60% 27.30% 9.10%
21 6 5
Type land Il 65.60% 18.80% 15.60%
Type |, 1l 3 5 3
and 1l 27.30% 45.50% 27.30%
Tissue Type Il and 0 4 1
reaction | Il 0.00% 80.00% 20.00% 0.027**

. **p value <0.05 that’s considered as statistically significant.

e *pvalue >0.05 that’s considered as statistically insignificant.
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Figure 1. Distribution of study sample according to gender.
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Figure 3. Distribution of study samples according to diagnosis.
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Discussion

Mycetoma, being a relatively painless
condition, is often diagnosed at an advanced stage
where permanent deformity of affected part has
already occurred, so there is a need for correct
diagnosis of mycetoma after clinical examination,
assisted by histological and microbiological studies
along with the use of special stains and hence proper
treatment.

Fifty-nine (59) cases of previously
diagnosed patients with eumycetoma were selected
from the year of 2017 up to 2021. Forty-three of
cases were males and the remaining 16 cases were
females. The age groups of patients ranged from 9
years to 77 years. The most frequent age group
affected by the disease was from 20 to 40 years
which represent 71.2% of cases, while the other age
group of less than 20 years represent 13.6%, and
remaining age group of more than 40 years represent
15.3%. This findings showed agreement with study
done by Fahal et al., and LépezMartinez et al.,
concluded that mycetoma is more commonly
reported in males than females [3:1]. The condition
is most common in young adults ([16-40 years
old) and is uncommon in children [13,14].

In the present study, we assessed the utility
of special stains (PAS, GMS, and Gridley’s stain) in
identification of fungi in eumycetoma patients; we
observed that all these three special stains can stain
the fungi with variations in color of stained
background structure. PAS and GMS had stained
both fungal hyphae and yeast very clear. While
Gridley’s stain had a limitation for identifying the
fungal structures.

One advantage of GMS s that it produces
better staining contrast in tissues sections, and
detects even degenerated and dead fungi that may
not be detected by PAS stain. This makes GMS a
better, study conducted by D’Hue et al. concluded
that GMS is superior to PAS for the diagnosis of
onychomycosis, being both more sensitive and
qualitatively better [15].

In the present study, a hypothetical
relationship was tested between diagnosis and
patient gender and age. No significant relationship
was demonstrated between diagnosis and variables
(gender, age) with p value 0.999 and 0.975
respectively that’s considered as statistically
insignificant. But there was significant relationship
between diagnosis and the host tissue reaction with
p.value 0.027 that’s considered as statistically

significant. (No literature review found correlate
these variables).

The study concluded that the use of special
stains especially periodic acid Schiff’s and Grocott
methenamine-silver (GMS) stain are of value
(specific and sensitive) in identifying the fungal
hyphae and yeast of eumycetoma.
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