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ABSTRACT:Mycetoma is a chronic, catastrophic
infection of the subcutaneous tissue. In thatpus,
blood, and fungus grains are drained from the
sinuses. It's composed of 60% bacteria and 40%
fungi.lt is classified etiologically as either
actinomycetoma, which is brought on by bacteria,
or eumycetoma, which is brought on by fungus.The
clinical presentation and etiological agent in the
tissue as determined by
mycological/bacteriological,  histological, and
immunohistochemical testing serve as the basis for
the diagnosis. The etiology must be identified in
order to determine the appropriate treatment, which
might be either bacterial or fungal.The foundation
for treating these conditions entails early
identification,  systemic  administration  of
antibiotics or antifungal medicines, as well as
surgical removal of lesions.The most frequently
employed diagnostic procedures and therapeutic
measures will be covered in this overview.
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I. INTRODUCTION

Mycetoma is a chronic, catastrophic
infection of the subcutaneous tissue (1, 2).
Madurella mycetomatis is a common disease of
Mycetoma. It mostly spreads disease to South
America, Africa, and India. Madurella
mycetomatis is the primary cause of mycetoma.
Typically, pus, blood, and fungus grains are
drained from the sinuses. In isolated rural areas, it
usually affects teenagers and kids. Those who work
in the fields or in the herb industry and come into
contact with the soil most frequently are affected.
Hence, the foot is the most frequently infected area
(3, 4). The left foot is slightly more frequently
damaged than the right, and the majority of lesions
are found on the dorsal part of the forefoot. The

second most frequent place is the hand, with the
right hand being more impacted (5).

Mycetoma can be brought on by a variety
of microorganisms, including fungus and bacteria
(actinomycetoma and eumycetoma, respectively)
(6, 7, 8) refer to Table no. 1 (26-35). It's composed
of 60% bacteria and 40% fungi. Across the world,
the fungus Madurella mycetomatis is the most
frequent cause of disease (9, 10, 11). Combined
bacterial and fungal infections are possible, but
they are quite uncommon. Since Madurella
mycetomatis is weakly proteolytic and amylolytic,
it can absorb glucose, galactose, lactose, and
maltose but not sucrose. The presence of grains
within the tissue is a distinguishing trait of
mycetoma. As microbes infect the human body,
they generate these grains, perhaps as a protection
against the human immune system. It can be caused
by a wide range of organisms, and different forms
of grains can occur. These grains can have a variety
of colors, sizes, and textures (1, 12, 13).

Madurella mycetomatis, Trematosphaeria
grisea, Exophiala jeanselmei, and Curvularia are
geniculate are all black grains of eumycetoma. The
most prevalent pathogen M. mycetomatis has
grains brown or black, 0.5-1.0 pum in size, round or
lobed, stiff and brittle, and made of hyphae that are
2-5 pum in diameter, and terminal cells that have
been enlarged to 12-15 pum in diameter. At 37°C,
colony growth is quicker than at 25 or 30°C, and
growth continues up to 40°C (14, 15, 16). Colonies
start out being white before changing over time to
yellow, brown, or olivaceous; they can also create a
brown diffusible pigment. This brown color
indicates the presence of melanin. It can be
produced through various biochemical pathways. A
precursor to the extracellular protein melanin, 1,8-
dihydroxy naphthalene is produced by Madurella
mycetomatis. Both molecules are responsible for
the distinctive dark color of the grain(17).

The chemical content of these grains is
unknown, but lipids, proteins, DHN-melanin, Cu,
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Zn, and Ca are known to be present in the grain(23,
24, 25). Due to their close proximity to the host,
these elements may have a significant impact on
the fungal pathogenicity as well as the development
of antifungal agent resistance. In general, it is
understood that fungal melanins have significant
protective roles for the fungus against UV light
when it is in the soil and against host immune
responses and antifungal medications when it is in
the host. A massive granuloma formation with a
sizable neutrophil zone surrounds the grain (18, 19,
20, 21, 22).

Although conidiation (conidium), an
asexual reproduction method, is infrequent in M.
mycetomatis, two primary forms may be
distinguished in-vitro. Conidia of the first type
range in size from 3 to 5 um and are oval to

pyriform. On the tips of simple or branched
conidiophores, the conidia have truncated bases.
In-vitro, 50% of cultures on soil extract, hay
infusion, or water agar show this form of
conidiation. The second type of conidiation is seen
when cultured on cornmeal agar or potato carrot
agar.

Mycetoma infection progresses slowly and
steadily. The mycetoma lesion may eventually
spread to deeper tissues and bones, resulting in
deformity of the afflicted spot and impairment for
the patient. Mycetoma infection does not heal on its
own and, if left untreated, causes enormous lesions
that demand surgical amputation. And the
condition is very debilitating, particularly due to
lesions that develop in the limbs. The sickness has
serious socioeconomic effects (26,1, 2).

Table no.1 Difference Between Eumycetoma and Actinomycetoma (26-35)

Sr.no | Eumycetoma

Actinomycetoma

1. Eumycetoma, also known as fungal | Actinomycetoma, also known as
mycetoma, bacterial mycetoma

2. It is a chronic infection caused by | is a chronic infection caused by
various fungi, most commonly | bacteria, most commonly
Madurella mycetomatis, i Actinomyces species.

3. Available in tropical and subtropical | Available in rural areas of
regions developing countries

4, It typically presents as a painless, | It typically presents as a painless,

slow-growing subcutaneous
usually in the foot, that can spread to | lower extremities, with draining
the bone and joints over time.

mass,

firm swelling, usually in the

sinuses that discharge small,
yellow or white grains, which are
aggregates of bacterial filaments.

or biopsy samples.

5. Diagnosis is made by identifying the | Diagnosis is made by identifying
characteristic grains in the discharge | the bacteria in discharge or biopsy

samples.

tissue.

6. Treatment involves a long-term | Treatment involves a long-term
course of antifungal medications and | course of antibiotics and surgical
surgical removal of the affected | removal of the affected tissue.

EPIDEMIOLOGY

The most prevalent form of eumycetoma
in Africa is black grain, which is mostly brought on
by Madurella mycetomatis. Despite being
widespread, mycetoma is indigenous to tropical
and subtropical regions, particularly in the
"mycetoma belt," or the region between latitudes
15° south and 30° north (36).

Actinomycetoma and eumycetoma
incidence vary from country to country and from
region to region on a worldwide scale. While
eumycetoma is more common in humid locations,
actinomycetoma is more common in dry areas.

In South and Central America,
actinomycetes (bacterial agents) are more frequent
than eumycetomas (fungal agents), which are more
prevalent in Africa. The world's mycetoma
epidemiology is thought to be most prevalent in
Sudan. More than 7000 mycetoma patients have
received treatment in Khartoum, the capital of
Sudan, and the fungus Madurella mycetomatis has
been identified as the primary culprit in 70% of
those cases. Actinomycetoma are more common in
Mexico and Brazil, and the primary causative agent
is Nocardia brasiliensis(37, 38).
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Some of the disease-causing microbes are
located in the soil and can enter the body by a stone
cut, thorn prick, or wood splinter. Mycetomas are
regarded as occupational illnesses that affect
people who work in rural settings, such as farmers
and shepherds, or who are involved in
environmental activities. Although mycetomas may
affect people of any age, young males between the
ages of 20 and 40 are more frequently affected. As
the male-to-female ratio ranges from 3:1 to 5:1,
men are more likely than women to be harmed (39,
40).

CLINICAL PRESENTATION
Initial symptoms of mycetoma include a
slowly growing, mild subcutaneous swell, which

occasionally coexists with a history of prior trauma.

Even so, it is unclear how long it takes for the
initial symptoms to manifest before the
characteristic indicators appear; they might take
months or even years. Investigations are made
more difficult by the fact that most patients arrive
late, don't exhibit any clinical symptoms, can't even
access health services, or are afraid of having their
limbs amputated (41, 42, 43, 44).

Mycetoma's clinical appearance might
vary depending on the severity of the condition, the
kind of pathogenic organism, the infection location,
and even the host's immunological response. Those
with a recent illness history, however, may exhibit
large lesions and significant deep tissue and bone
loss. Others may exhibit modest localized
infections that have been present for some years
without showing any signs of significant ongoing
tissue deterioration. The subcutaneous swelling
might be smooth and lobular or generally solid and
spherical.

Usually cystic, it is frequently migrating.
The size of the subcutaneous nodules grows, and
additional nodules may form as well. During the
active phase of the illness, the sinuses that the
nodules may drain via may suppurate and
temporarily shut following discharge. Even though
certain older sinuses might totally heal, new
sinuses next to them might emerge. Depth-
sterilized abscesses as well as the skin's layer link
the nodules to one another. Lesions from

mycetoma are not just seen in the limbs; they can
occur across the entire body.

The majority of instances are often seen in
the feet (70%), hands (12%), legs, as well as knee
joints. In locations where the disease is very
prevalent, additional body parts may also be
impacted. The arm, head and neck, thighs, and
perineum are a few of them. Occasionally, the
eyelid, vulva, orbit, scrotum, chest and abdominal
walls, facial bones, mandible, para nasal sinuses,
and ancient injuries may also be impacted. Locally,
through the lymphatic system, or very rarely, into
the bloodstream, mycetoma can spread. In
particularly severe cases, secondary nodules might
develop in the afflicted location along with more
distant lymphatic metastases. Actinomycetoma
exhibits secondary sites more frequently than
eumycetoma, suggesting that bacteria may spread
more rapidly. The mycetoma lesion is thought to
release chemicals that have an aesthetic effect, thus
mycetoma is often painless. When the condition is
advanced, the lack of pain may be brought on by
endarteritis obliterans or tight fibrous tissue
response, or it may be the result of inadequate
nerve vascularization. The invasion of the bone or a
subsequent  bacterial infection may cause
discomfort in the disease's later stages (43,45, 46,
47, 48, 49).

PATHOGENESIS

Since mycetoma predominantly affects
subcutaneous tissue and the dermis and very rarely
causes mild systemic illness, it is classified as a
subcutaneous infection(). All  subcutaneous
mycoses are brought on by bacteria or fungus that
penetrate the skin through an injury, frequently a
thorn puncture or splinter. Recent case reports
lacking a trauma history have cast doubt on this
strategy. The disease's incubation time varies and is
not clearly understood; some people arrive with
symptoms that continue for several weeks while
others do so for years. The patient's precise
memory of the trauma is  frequently
unreliable. Furthermore, due to patients' delayed
presentation (after visible swelling or drainage), a
lack of readily available medical facilities, and
patients' dread of amputation, these aspects are
difficult to study(50-54).

DOI: 10.35629/7781-080420252035 | Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 2027



International Journal of Pharmaceutical Research and Applications

W

) Volume 8, Issue 4 July-Aug 2023, pp: 2025-2035 www.ijprajournal.com

UPRA Journal
Mycetoma Pathogenesis
=
o e Entry of
- . ative \ — o microorganism
Agent @ due to Trauma,
= Thorn,
O e Wood splinter
S Swelling of
leg
. . : 2 Draining sinuses
*at y u . Ppus contain
. *  granule
o 0 : o -0 :
m #- Granules
] ] colors
DIAGNOSIS periodic, severe pain episodes, these

A technique to help a doctor solve a
suspected case of mycetoma is provided, along
with a thorough discussion of the characteristics of
the condition Fig no.2. Patients from endemic areas
who appear with papules, nodules, induration,
edema, or scarred feet need to be closely examined,
and their age, sex, and employment need to be
taken into consideration about its
incidence. Unlike elephantiasis, which causes

Although chronic bacterial osteomyelitis
can imitate it, it is typically accompanied by fever
and discomfort at the afflicted locations, unlike
mycetoma, unless a bacterial infection is also
present. Mycetoma is closely related to fungi
illnesses such as botryomycosis, sporotrichosis,

patients .seldom ever report of pain(55, 56). Yaws
mimics mycetoma, but because it is infectious,
close contacts are more likely to get it easily. It
often affects children, with 70% of cases occurring
before the age of 15, and 70% of cases are infants.
The lesions in Yaws are painful and itchy, in
contrast to mycetoma. Malighancy must be ruled
out when illness progression is rapid, followed by
significant weight loss and systemic involvement.

blastomycosis, chromoblastomycosis,
coccidioidomycosis, phaeohyphomycosis,
lobomycosis, and paracoccidioidomycosis. The
doctor can make a presumptive diagnosis with the
help of knowledge about their epidemiology and
clinical course. Focused inquiry at various levels
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of the facility also aids the doctor in making the
correct diagnosis as indicated by the algorithm Fig
no. 2. A medical condition that results in
persistently swollen and misshapen feet that are

characterised by draining sinuses should be taken
into consideration. Furthermore, several crucial
diagnostic instruments, their drawbacks, and the
level of the healthcare system(57-61).
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Actinomycetoma

Eumycetoma

MYCOLOGIC/BACTERIOLOGIC
DIAGNOSIS
Macroscopic and microscopic features of the
grains

The proper diagnosis depends greatly on
mycological as well as bacteriological tests. The
size, color, and structure of the grains removed
vary; upon close inspection, grains are employed
for quick but transient identification of the
causative agents. Mycetoma's causing factors have
been traced to more than 30 species, but because
many of these pathogens' grains have similar
physical traits, it is still necessary to identify the
causative agent using cultures Refer Table no. 2
(62-66). The diameter of the grains differs based on
the type of eumycetoma they develop by
the Actinomadura madurae, Actinomadura
pelletieri, and members of the genus Madurella
(particularly Madurella mycetomatis).
Actinomycetoma causes tiny, almost perceptible
grains. Color of the greatest prevalent species'

Created in BioRender.com bio
grains. For finding the mycetoma-causing
organisms, culture is crucial. To remove impurities,
the purulent discharge material must be
centrifuged, settled, and washed many times with
saline.

To quickly identify the causative agents,
colony development should be monitored every
day, and questionable colonies should be
reproduced in novel medium. Fungal cultures
should be preserved for up to six weeks before
being dismissed as negative since eumycetoma
develop more slowly than actinomycetoma. The
most frequent causes of illness identified in Brazil's
macroscopic and microscopic characteristics are
discussed here:

Nocardia  brasiliensis  (an  aerobic
actinomycete) grains are uneven in form, soft in
substance, and white to yellow in color. Upon
visual inspection, clubs are frequently not visible.
At the room temperature and at 37°C, grains are
cultivated in media such Sabouraud agar, chocolate
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agar, and Czapeck-dox agar. Small white colonies
can be seen after the initial week; in rare occasions,
colonies are coated with a thin, brief, and white
aerial mycelium associated with the breaking up of
bacterial filaments. Colonies emit a pungent "wet
soil" odor. According to the Kinyoun technique, N.
brasiliensis  exhibits gram-positive, branching
bacterial threads that break apart into coccoid and
bacillary structures in Gram-stained smears.

On Sabouraud agar, chocolate agar, and
Czapeck-dox agar at 25-37°C, Nocardia asteroids
grows well. The colonies are initially raised,
glabrous, ridged, and granular in appearance; their
color is often orange, however, it can also be
yellow or pink. Branching, fragile, and twisted
filaments of 1 mm are seen breaking up into
bacillary and coccoid formations on Gram-stained
smears. Actinomadura madurae has round or oval,
white-yellow granules that are insoluble in acetic
acid and KOH 20% under close inspection. It
develops best at 37 °C and grows at room
temperature. Colonies are projecting, circular, and
white-yellow at first before becoming pink or red-
raw. Cultures are produced in vegetable broth,
glycerol-gelatin, and the Lowenstein-Jensen
medium.

The grains of Madurella grisea are black,
oval or irregular in shape, and they are around 1-2
mm long. They develop slowly, but at temperatures
between 26 and 30 oC, they can grow to be 17 to
25 mm in diameter in about 30 days. Colonies have
a velvety appear, are ridged and cerebriform, and
have uneven, rigid edges. Their colour ranges from
grey to olive green. The microculture of colonies
reveals septate and sterile mycelia with few
chlamydospores and massive moniliform hyphae
(3-5 m), approximately 1-3 m in diameter. It
thrives in potato and Sabouraud agar.

Black, large grains of Madurella
mycetomatis range in size from 5mm to more.
Initially, colonies have a ridged surface, are yellow
or brown in color, and are frequently coated in
abrief aerial grey mycelium. On potato agar,
cornmeal agar, Sabouraud agar, and Czapeck-dox
agar at 370C, colonies thrive. Colonies feature
moniliform dematiaceous hyphae and 25-m
chlamydospores. Two months later, 1m-diameter
black sclerotia made of polygonal mycelia are seen.
It produces two different types of spores: many
chlamydospores as well as simple and branching
conidiophores. Lactose but not saccharose was
discovered to be assimilable by Madurella
mycetomatis.

Acremonium Kiliense contains broken
hyphae and 20 mm white-yellow unevenly formed
grains. In Czapeck-dox agar, potato agar, and
cornmeal agar at 26 to 30 °C, colony formation is
rapid; colonies exhibit a velvety appearance and a
white-grey hue. Hyaline, single-celled, and straight
conidia are located in the apical section of the
conidiophores, having smooth walls, and are held
together by a mucilaginous material.

Scedosporium  apiospermum  poSsesses
hyaline white grains that are 2-4 mm in width and
have a variety of shapes. Chlamydospores and
septate hyphae are seen in soft grains. Their
colonies thrive in cornmeal agar, potato agar,
Sabouraud agar, and Czapeck-dox agar at room
temperature as well as at 37 °C. Dark grey colonies
contain pyriform aeciospores that are dispersed in
the apices of simple or branching conidiophores, as
well as single annelloconidia that were generated at
the apex of the annellophores. The asexual or
anamorphic type of the Pseudallescheria boydii
species is called S. apiospermum(1,13, 67).

Table no. 2 Etiologic agents, macroscopic and microscopic features and culture media for the colonies

Sr Etiological Macroscopic Culture Medium Microscopic
no. Agent Culture Characteristic of
Characteristics Colonies
of Medium
colonies
1. Nocardia It is white in | Chocolate agar 1 mm fine filaments that
brasiliensis color, and the | Sabouraud agar break apart to form
wrinkled on the | Czapeck-dox agar bacillary structures
upper surface,
odor is wet soil
2. Actinomadura It is a flat- | Vegetable broth less than 1 mm in width,
madurae bordered colony | Glycerol-gelatin branched, lengthy, and
that is Glabrous, | Lowenstein-Jensen twisted fibres. Gram
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serous, and (+)ve
wrinkled.
3. Acremonium short, slow- | Czapeck-dox agar | Simple conidiophore,
kiliense growing, pink to | with Sabouraud agar | apical  conidia, and
white aerial | Pork agar hyaline  hyphae  are
mycelium with a | Cornmeal gelatin grouped together as a
violet reverse circle and held together
by mucins.
4. Scedosporium Quickly growing | Sabouraud agar At the tip of
apiospermum filaments and | Chocolate agar annellospores, isolated
cottony, dark- | Czapeck-dox agar annelloconidia developed.
grey mycelium Pyriform  aleuriospores
are dispersed in the apices
of conidiospores that are
simple or  branching.
Coremia is made up of
conidiospore strands.
5. Madurella Darkness reverse, | Sabouraud agar Dematiaceous septate
grisea ridged surfaces, | Potato agar mycelia with rare
uneven edges, and chlamydospores; presence
shades of grey to of sclerotia (AB)
olive-green.
6. Madurella It is Yellow or | Sabouraud agar Simple and branching
mycetomatis brown, ridged | Potato agar conidiophores, 25 m in
surfaces Cornmeal agar diameter moniliform
Czapeck-dox agar dematiaceous hyphae, and
many chlamydospores.
TREATMENT In the 1940s and 1950s, sulphonamides

A proper diagnosis is necessary for
mycetoma therapy. Because the therapies change
depending on whether the root cause is bacterial or
fungal, it is crucial to specify. Depending on the
degree, extent, and location of the infections,
antibiotics may be taken alone or in various
combinations to treat actinomycetoma. However,
we think the optimum treatment response comes
from combining antibiotics with  surgical
operations. Systemic antifungal medications and
surgical excision are used for the treatment of
eumycetoma.

Lower tissues may be affected by
eumycetomas, necessitating extensive surgical
excisions and occasionally amputations. Each 150—
180 days, stepwise surgical operations are
performed in our office to remove the contaminated
tissue while continuing the therapeutic therapy.
This has prevented 42 incidences of limb
amputation in the people we serve. In order to
control for recurrent lesions by laboratory and
radiographic studies, patient follow-up is ongoing.
It occurs every four months over the first two years
until a complete clinical and radiological cure is
established ((1, 13, 62, 68, ).).

and diamino diphenyl sulfone (Dapsone - DDS)
were used for treating actinomycetoma effectively,
and in a few instances, they were successful in
curing the condition. Actinomycetoma was first
treated with trimethoprim/sulfamethoxazole (TMP-
SMX) in the 1960s. Streptomycin, isoniazid,
rifampicin, and minocycline were administered
instead in individuals who were resistant to TMP-
SMX(1, 69).

Actinomycetoma is now treated with
TMP-SMX (40/8mg/kg/day) every 12 hours for a
period of five weeks together with amikacin
(15mg/kg/day) for three weeks. It is advised to use
one to four 5-week cycles. Renal and audiometric
monitoring is required prior to, during, and
following the cycles.

AS well as TMP-SMX and amikacin
should be swapped out in instances that are
resistant or in those who have allergies to the drug
combination. Instead, amoxicillin-clavulanate and
netilmicin should be used instead. Amoxicillin-
clavulanate monotherapy is advised during
pregnancy. Amikacin is paired with a carbapenem
drug, such as imipenem or meropenem, in instances
when TMP-SMX is resistant(1).
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Since there are few studies focusing on the
treatment of eumycetoma, prospective clinical
trials are required to assess the therapeutic potential
of the available antifungals. The most often
prescribed medication for the treatment of
eumycetoma is itraconazole. Its bioavailability
varies, and digestion is influenced by food
consumption and stomach acidity. Current findings
show that its extended usage has a positive
therapeutic effect, especially when it is followed by
surgical excision

The most effective course of therapy, in
our opinion, combines itraconazole 200mg/VO
every 12 hours for two years with surgical
operations every 150-180 days. For 8-10 years,
maintenance should be carried out at 200 mg per
day with radiological and laboratory controls.

Amphotericin B was the sole systemic
antifungal on the market for approximately 30
years. Due to its toxicity and requirement to be
supplied parenterally for extended periods of time,
it was not commonly utilized for eumycetoma.
There is a report of its unsuccessful usage in a case
series in Sudan. With dosages ranging from 200 to
400 mg per day for 8 to 24 months of continuous
usage, ketoconazole shows a modest therapeutic
effect in eumycetomas. Due to its negative effects,
ketoconazole is not advised as a first-line therapy,
and usage for extended periods of time should be
avoided.

Additionally, eumycetomas have been
observed to be unresponsive to fluconazole
therapy. New medications in the azole class feature
minimal toxicity, a broad therapeutic range, and
high absorption. They work well for the extended
outpatient therapy of mycetoma. There are,
however, just a few in vivo and in vitro research. In
a small number of patients, voriconazole and
posaconazole were evaluated, and the findings
were encouraging. Nevertheless, a lengthy course
of therapy appears to be necessary despite the
positive in vitro activity. Despite having no reports
of use in vivo, isavuconazole and fosravuconazole
have great in vitro outcomes. Prospective research
is required to assess these antifungals.

Exophiala jeanselmei caused
eumycetomas, and high dosage terbinafine
(1000mg/day) for durations of 24-48 weeks proved
effective against them: 25% of patients were cured,
while 55% of people significantly improved.
Terbinafine, however, proved ineffective against
deep infections brought on by S. apiospermum(1,
62, 70).

II. CONCLUSION

Since mycetoma is an extremely painless
disorder, it is frequently discovered when the
affected portion has already undergone permanent
deformation. Due to the illness's chronic nature,
there is a significant chance that a bacterial
infection will develop on top of it, worsening the
condition.infection that might make the condition
worse. Increased discomfort, weakness, and
septicemia, which can be lethal if left untreated,
can all result from this.Therefore, a proper
mycetoma diagnosis is necessary.
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