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Foreword

The World Health Assembly formally recognised mycetoma on 28th May 2016
as a Neglected Tropical Disease (NTD), the 18th disease added to the WHO'’s
official NTD list, following years of advocacy led by mycetoma experts, includ-
ing the Mycetoma Research Centre.

This chronic, progressive, and destructive subcutaneous infection remains
one of the most neglected clinical conditions worldwide, disproportionate-
ly afflicting impoverished, agricultural, and rural communities across low-re-
source tropical and subtropical regions, particularly within the so-called ‘my-
cetoma belt’ between latitudes 15°S and 30°N.

Since its establishment in 1991, the Mycetoma Research Center (MRC) at the
University of Khartoum has served at the forefront of global efforts to com-
bat this disease. Drawing upon more than three decades of frontline clinical
experience, the MRC provides holistic patient care spanning early diagnosis,
complex medical and surgical management, physical rehabilitation, and so-
cio-economic reintegration for recovered individuals. Designated as a WHO
Collaborating Centre on Mycetoma and Skin NTDs, the MRC contributes to
the international research agenda on disease pathogenesis, translational di-
agnostics, novel therapeutic protocols, and public health surveillance.

This technical laboratory manual synthesises institutional expertise and cur-
rent published evidence into a unified diagnostic framework intended to stan-
dardise laboratory operations from peripheral primary-care clinics to national
reference centres. By setting out step-by-step Standard Operating Procedures
(SOPs) spanning biosafety, specimen collection, microscopic identification,
culture, and advanced molecular diagnostics, this manual aims to reduce di-
agnostic latency, prevent iatrogenic harm and unnecessary limb amputations,
and support evidence-based care for mycetoma patients.

The Authoring Committee

August 2026
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ABBREVIATIONS

—
[ Acid-Fast Bacill AFB
l. Antimicrobial Susceptibility Testing AST
| Biosafety Cabinet BSC
[ Biosafety Level 2 BSL-2
' Brain Heart Infusion agar BHI
l Cation-Adjusted Mueller-Hinton Broth CAMHB
l Clinical and Laboratory Standards Institute cLsI
| Cryoprotective Agent CPA
l Formalin-Fixed Paraffin-Embedded FFPE
l Fine Needle Aspiration Cytology FNAC
' Grocott's Methenamine Silver stain GMS
l Haematoxylin and Eosin stain H&E
l Internal Transcribed Spacer ITS
l Laboratory Information Management System LIMS
l Laboratory Safety Officer LSO
l Loop-mediated Isothermal Amplification LAMP
l Matrix-Assisted Laser Desorption/lonization Time-of-Flight MALDI-TOF
{ Minimum Inhibitory Concentration MIC
l Multilocus Sequence Typing MLST
[ Neglected Tropical Disease NTD
' Neutral Buffered Formalin NBF
[ Periodic Acid-Schiff stain PAS
l Personal Protective Equipment PPE
l Polymerase Chain Reaction PCR
l Sabouraud Dextrose Agar SDA
l Standard Operating Procedure SOP
l Ultra-Low Temperature (freezer) ULt
l Whole Genome Sequencing WGS
l World Health Organization WHO
' Ziehl-Neelsen stain ZN



The Document Control

This technical manual serves as an operational reference for healthcare pro-
fessionals, clinical microbiologists, pathologists, and laboratory scientists con-
ducting mycetoma diagnostics. It is intended for use at peripheral, district,
and reference-laboratory levels within endemic settings. Read it alongside in-
stitutional biosafety policy, national diagnostic guidelines, and manufacturer
instructions for specific reagents and equipment.

Mycetoma remains one of the world’s most neglected and debilitating chron-
icinflammatory diseases. These standardised protocols were compiled in line
with the WHO mandate for the MRC and are intended to synthesise clinical
experience, translational research, and field-tested diagnostic methodologies
into a single framework.

The manual bridges the gap between high-resource laboratory innovation
and the realities of low-resource, field-level healthcare settings, covering bio-
safety, deep-tissue biopsy collection, microscopic grain identification, cytolo-
gy, histopathology, culture, molecular profiling, and antimicrobial susceptibil-
ity testing to support evidence-based, actionable diagnostic practice.

Field Detail

i Mycetoma Laboratory Diagnosis — An Advanced
Document Title o
Laboratory Training Manual

Mycetoma Research Center (MRC), University of
Document Owner

Khartoum
Version 1.0
Effective Date September 2026

. Every 2 years, or upon major diagnostic/technical
Review Cycle
change

o Reference laboratories, district hospitals, training
Distribution
centres




Section |
Mycetoma Epidemiology, Clinical Presentation and Treatment

Mycetoma is a chronic, progressive, granulomatous inflammatory disease
affecting the subcutaneous tissues, skin, underlying fascia, and bone. It fol-
lows an indolent clinical course, classically presenting as a triad of painless
subcutaneous swelling, multiple discharging sinus tracts, and purulent exu-
date containing characteristic grains. The infection is endemic in tropical and
subtropical regions within the global ‘mycetoma belt’ (approximately 15°S to
30°N), with the largest documented case series from Sudan, Mexico, and In-
dia, and substantial burdens also reported in Somalia, Ethiopia, Chad, Sene-
gal, Mauritania, Yemen, and Venezuela. Because population-level surveillance
is limited, true global incidence and prevalence remain unknown; despite this,
and despite its severe physical, social, and economic consequences, the World
Health Assembly recognised mycetoma as a neglected tropical disease (NTD)
on 28th May 2016.

Massive foot eumycetoma



Aetiological Classification

The disease is broadly classified into two aetiological groups based on the

causative microorganism:

« Eumycetoma: caused by true fungi, most frequently Madurella (M.) my-
cetomatis, the single most common global cause, together with the re-
lated species M. tropicana, M. fahalii, and M. pseudomycetomatis, as well
as Falciformispora senegalensis, Trematosphaeria grisea, and Scedosporium
(Pseudallescheria) apiospermum.

« Actinomycetoma: caused by aerobic actinomycetes (filamentous bac-
teria), primarily Actinomadura madurae, Actinomadura pelletierii, Strep-
tomyces somaliensis, Nocardia brasiliensis, and members of the Nocardia
abscessus species complex.

Definitive laboratory diagnosis is a prerequisite before initiating therapy,
since treatment and outcomes differ fundamentally between the two forms.
Eumycetoma requires prolonged antifungal therapy, usually combined with
surgical excision, whereas actinomycetoma is managed with combination,
prolonged antibacterial chemotherapy. Misdiagnosis leads to inappropriate
treatment, disease progression, unnecessary amputation, and avoidable drug
toxicity.

Clinical Presentation and Differential Diagnosis

The classical presentation is a firm, painless subcutaneous swelling that grad-
ually expands over months to years. As the disease advances, it breaches deep
fascial planes, creating multiple interconnected sinus tracts that intermittent-

ly discharge purulent or serosanguineous fluid containing coloured grains.

Clinical Feature Eumycetoma Actinomycetoma
Disease progression Slow, well encapsulated, localised | Rapid, aggressive, extensive tracking
Sinus tracts Few, localised, late breakdown Multiple, active, inflammatory

Bone involvement Few, large, well-sclerotic cavities Numerous small, ill-defined cavities
Primary management | Antifungals + surgical excision Combination antibacterial therapy
Role of surgery Essential adjunct Reserved for biopsy/complications




Anatomical Distribution and Atypical Variants

Pedal involvement accounts for the majority of cases (commonly cited at over
70% in large African and Sudanese series) due to direct inoculation via thorn
pricks or minor trauma during barefoot agricultural work, but mycetoma may
affect any anatomical site. Extra-pedal involvement of the hands, knees, but-
tocks, chest wall, head, and spine presents diagnostic challenges, particularly
because discharging sinuses are often absent early on, leading to misdiagno-
sis as a benign soft-tissue tumour, osteosarcoma, cutaneous tuberculosis, or
other deep fungal infections such as chromoblastomycosis.

Back mycetoma presented as a painless lump

The Case for Definitive Laboratory Confirmation

Medical management cannot be empirical. Administering an antibacterial
regimen (e.g. amikacin or co-trimoxazole) to a patient with fungal disease
caused by Madurella mycetomatis provides no benefit while exposing the pa-
tient to nephrotoxicity, ototoxicity, and haematological risk. Conversely, treat-
ing actinomycetoma with prolonged, costly antifungal therapy allows bacte-
rial infection to progress unchecked through fascial planes into bone, risking
irreversible skeletal destruction.



Surgery and Toxicity Considerations

«  Ineumycetoma, wide local excision or debulking is an established adjunct
to antifungal therapy to reduce fungal burden and remove encapsulated
fibrous masses.

+ In actinomycetoma, management is primarily conservative and chemo-
therapy-driven; surgery is generally reserved for diagnostic biopsy, emer-
gency spinal decompression, or salvage procedures, since the disease is
potentially curable with targeted antimicrobials.

«  Cyclic intravenous amikacin used for actinomycetoma requires monitor-
ing to prevent irreversible ototoxicity and acute kidney injury.

- Extended azole therapy for eumycetoma carries hepatotoxicity risk and a
substantial financial burden for patients and the health system in low-re-
source, endemic settings.

Current Treatment Landscape

Standard-of-care for eumycetoma remains oral itraconazole (typically 400
mg/day) for at least 12 months, combined with surgery, though itraconazole is
estimated to be effective in only a minority of patients and requires twice-dai-
ly dosing with food, which limits adherence.

A phase 2 randomised, double-blind trial conducted at the Mycetoma Re-
search Centre in Khartoum (published in The Lancet Infectious Diseases, 2024)
compared once-weekly fosravuconazole (a repurposed triazole, at 200 mg
or 300 mg) against daily itraconazole, both combined with surgery. Neither
fosravuconazole dose was superior to itraconazole in complete-cure rate, but
fosravuconazole showed no new safety signals and offers a markedly lower pill
burden, fewer drug-drug interactions, and no food requirement, potentially
improving adherence in field settings. Companion pharmacokinetic-phar-
macodynamic modelling (2025) is being used to inform dose selection for a
planned phase II/1ll superiority trial.

Actinomycetoma is treated with prolonged combination antibacterial regi-



mens (e.g. amikacin plus co-trimoxazole, the ‘Welsh regimen, or other com-
binations guided by susceptibility results), typically for a minimum of 5-12
months depending on response.

Clinical note

Treatment protocols evolve as new trial data emerge. Laboratories
should coordinate with treating clinicians and refer to current national
or WHO treatment guidance rather than relying solely on this manual
for therapeutic decisions.




Section i

Laboratory Biosafety Standards and Decontamination

Given the chronic infectious nature of mycetoma agents and the potential for
opportunistic secondary pathogens in tissue and grain specimens, process all
clinical specimens using Biosafety Level 2 (BSL-2) practices. Neither M. myce-
tomatis nor the common actinomycetoma agents are classified as high-conse-
quence pathogens, but aerosol-generating steps (vortexing, homogenisation,
centrifugation) and sharps handling carry genuine occupational risk and must
be controlled.

Part of the MRC laboratory setup

BSL-2 Requirement Detail

Class Il Biological Safety Cabinet (BSC) for all specimen

Equipment . .
manipulation.
. Nitrile gloves, fluid-resistant lab coat, face shield or safe-
ty goggles.
Aerosol generation during vortexing, tissue homogeni-
Key hazard

sation, or centrifugation.

. Freshly prepared 10% sodium hypochlorite (0.5% free
Decontaminant .
chlorine) or 70% ethanol.




Class Il Biological Safety Cabinet

Aerosol Minimisation

«  All tissue mincing and vortexing must be performed inside a certified
Class Il Type A2 BSC.

«  Centrifuge aspirates in sealed safety cups, loaded and unloaded exclu-
sively within the BSC.

Sharps and Waste Management

«  Handle scalpels and biopsy punches with forceps; never manipulate ex-

posed blades by hand.

« Dispose of all sharps immediately into puncture-resistant biohazard



sharps containers; never recap needles.

«  Autoclave solid biological waste (culture plates, contaminated tubes) at
121°C for 30 minutes before final disposal.

Surface Decontamination

Decontaminate the BSC and bench surfaces before and after each shift: ap-
ply freshly prepared 10% household bleach (0.5% sodium hypochlorite) with
a minimum 15-minute contact time, then wipe with 70% ethanol to remove
corrosive chloride residues from stainless steel.

Mandatory Biosafety Documentation

Document/Log Maintenance Frequency Responsible Personnel

BSC maintenance & ) . . . )
. . Annual / post-repair Certified biomedical engineer
certification
Autoclave sterilisation ) Laboratory technician/quality
Daily / per cycle
log officer
Staff training & com- .
Annual / onboarding Laboratory Safety Officer (LSO)
petency
Incident & exposure o
| Per event, within 24 h Affected staff & LSO
og
Equipment calibration .
| Monthly / quarterly Quality manager
09
Waste disposal Biohazardous waste manage-
. Weekly
chain-of-custody ment lead

Incident & Exposure Reporting

« Immediately wash the affected skin area with water and antiseptic soap
for at least 15 minutes.

+  Flush eyes or mucous membranes at an eyewash station for 15 minutes.
«  Notify the Laboratory Safety Officer (LSO) immediately.

«  Complete a biohazard incident and exposure report within 24 hours of
the event (see Section XVI form templates).



Working within the Class Il Biological Safety Cabinet



Section il
Clinical Specimen Collection & Transportation

The accuracy of laboratory diagnosis depends fundamentally on the quality
and integrity of the collected specimen. Grains obtained aseptically during
surgical procedures or deep biopsy are the primary source material for identifi-
cation; superficial material from open sinus tracts is frequently non-viable and
heavily contaminated with secondary bacterial flora, and should be avoided
as the sole diagnostic specimen wherever a deeper sample can be obtained.

Grain Extraction Principles

Surgical biopsy: take grains from deep-seated tissue during standard
surgical procedures or deep biopsy rather than from superficial sinus dis-
charge.

«  Aseptic technique: use sterile forceps, scalpels, or curettes to extract
grains from clean tissue margins, avoiding contact with surrounding skin
flora.

«  Immediate stabilisation: place collected grains into a labelled sterile con-
tainer with 1.0-2.0 mL of sterile physiological (0.9%) saline or PBS to pre-
vent desiccation during transport.

«  Transport promptly to the reference laboratory; if delayed, store at 4°C.
Do not freeze microbiology specimens prior to culture; freezing damag-
es fungal hyphae and delicate bacterial filaments and renders cultures
non-viable.



Grain extraction from an open deep sinus

Deep Tissue Surgical Biopsy (Gold Standard)
Indicated for closed masses, closed sinus tracts, or active deep lesions.

«  Clean the skin with 70% isopropyl alcohol, then 2% chlorhexidine gluco-
nate, and allow to air dry.

Provide adequate anaesthesia (general, spinal, regional, or local 1-2% li-
docaine with epinephrine where not contraindicated, e.g. avoided in dis-
tal digits).

Obtain a deep surgical biopsy extending into subcutaneous tissue, cap-
turing part of the granuloma containing grains.

Bisect the specimen with a sterile scalpel inside the BSC and divide it into
two portions:

»  Place Portion A into 10% neutral buffered formalin (1:10 tissue-to-fix-
ative ratio) for histopathology.

»  Place Portion B into 1-2 mL sterile 0.9% saline for microbiological pro-

cessing.

»  Never allow tissue to dry out.



-

Foot lesion for deep surgical biopsy

Surgical biopsy procedure



Specimen collection in normal saline
and 10% neutral buffered formalin

2. Deep Sinus Aspiration / Fine Needle Aspiration
Indicated for fluctuant, closed subcutaneous lesions or deep open sinuses.
«  Decontaminate overlying skin as above.

«  Attach a 19-21 gauge needle to a 10 mL syringe containing 1 mL sterile
normal saline.

« Insert the needle into the deep indurated base of the lesion, apply nega-
tive pressure, and gently fan through the lesion.

«  Aspirate fluid and grains into the syringe barrel and express the contents
into a sterile container for immediate macroscopic examination.



Specimen Transport Matrix

X . Transport Max Delay —
Specimen Type Container i
Temp Histology
Fresh biopsy (microbi- Sterile container with 4-8°C (ice
<4 hours N/A
ology) 0.9% saline pack)
Room
. . 10% neutral buffered
Biopsy (histopathology) . temperature N/A Stable > 72 hours
formalin
(20-25°C)
Aspirate / expressed Sterile screw-cap vial
4-8°C < 2hours N/A
grains with saline

Critical warning

Do not freeze microbiology specimens. Freezing damages fungal hyphae and delicate bacterial
filaments, rendering cultures non-viable.




Section IV
Long-Term Biobank Storage Standard Operating Procedures

This SOP defines the requirements for collection, quality verification, process-
ing, cryopreservation, database cataloguing, and long-term storage of clini-
cal mycetoma biological specimens. A centralised, internationally compliant
biobank supports downstream clinical trials, biomarker discovery, resistance
monitoring, epidemiological surveillance, and multi-centre phylogenomic
studies. Institutions establishing a biobank should align its governance with
ISO 20387 (biobanking) requirements.

Part of the MRC biobank

Safety and Compliance
« Al handling of unfixed clinical tissue, fresh grains, and primary isolates
must occur within a certified Class Il BSC under BSL-2 containment.

«  PPE:nitrile gloves, fluid-resistant lab coats, face shields/goggles, and cryo-
genic gloves/aprons when handling liquid nitrogen or accessing ultra-low
temperature (-80°C) freezers.



- All activities should adhere to the Declaration of Helsinki, ISO 20387 bio-
banking standards, local institutional ethics (IRB) approval, and docu-
mented informed patient consent.

Washing, Purity and Viability Assessment

Wash biopsy-harvested grains 3-5 times in sterile 0.9% saline supple-
mented with penicillin (100 U/mL) and streptomycin (100 pg/mL) to re-
move tissue debris and skin flora, inside the BSC.

Inspect washed grains microscopically to confirm purity, colour, integrity,
and freedom from heavy contamination.

Quantity: a minimum of ~50 pL packed grain volume (or =10 mg tissue/
mycelial mass) per cryovial is recommended for downstream resuscita-

tion.

Viability spot-check: inoculate a representative fragment onto SDA or BHI
to verify viability before archiving the primary batch.

Macroscopic logging: record grain colour, texture, dimensions, and quan-
tity in the biobank database.

Cryoprotectant Selection

isolates bouraud Dextrose Broth (SDB)

Recommended Cryopro-

Specimen Type Primary Pathogens

tectant

Madurella  mycetomatis, . .
Eumycetoma fungal . . 10-15% sterile glycerol in Sa-
Scedosporium  apiosper-

mum

10% glycerol or 10% DMSO

Actinomycetoma | Actinomadura, Streptomy- | A .
in Brain Heart Infusion (BHI)

isolates ces, Nocardia species
broth
) Native state; no additive re-
Serum & plasma Humoral IgG/biomarkers .
quired
. Pathogen / host nucleic
Genomic DNA /RNA Nuclease-free TE buffer

acids




Freezing and Storage Protocol

«  Label internally-threaded, O-ring sealed 1.8-2.0 mL polypropylene cryo-
vials rated for ultra-low temperature storage.

«  Transfer 3-5 clean, washed grains (or 1.0 mL dense cell suspension) into
each vial with 1.0 mL of prepared freezing medium.

«  Equilibrate at 4°C for 30-45 minutes inside the BSC to allow cryopro-
tectant penetration without chemical toxicity.

«  Freeze in a controlled-rate container (e.g., an isopropanol-based freezing
container) at approximately —-1°C/minute to -80°C to prevent osmotic
shock and intracellular ice formation.

«  Short-term projects (<1 year): store at -80°C. Permanent/reference ar-
chiving (>1 year): transfer to liquid-nitrogen vapour phase (-150°C to

—196°C) for indefinite preservation.

Biobank storage



LIMS Integration and Tracking

No sample is considered archived until fully logged in the Laboratory Informa-

tion Management System (LIMS).

Field Category Required Identifiers

2 e Unique barcode ID, patient registry ID, specim

Sample identifiers q, P ey P =0
matrix type

Anatomical site, clinical stage, grain colour, prelim-

inary pathology

Clinical context

Freezer ID, rack number, box number, row/column

Biobank mapping :
coordinates

QC data Collection date/time, freezing date, operator ID,
passage number (if culture)

Barcoding: use chemical-resistant, cryogenic-grade 2D matrix barcode la-
bels that withstand —196°C and organic solvents.

Anonymisation: pseudonymise patient identifiers per institutional bio-
ethics guidance; restrict re-identification to authorised biorepository
managers via an encrypted master key.

Audit trail: log every retrieval, thaw cycle, aliquot use, or relocation in real
time to maintain chain of custody.

Sample Resuscitation (Thawing)

Retrieve the cryovial using LIMS spatial mapping and transport on dry ice.

Thaw rapidly in a 37°C water bath, agitating gently for 1-2 minutes until
only a small ice sliver remains, to limit recrystallisation.

Inside the BSC, transfer contents to a sterile centrifuge tube, add 5 mL
warm nutrient broth dropwise, and centrifuge at 3,000xg for 5 minutes.

Discard the cryoprotectant-containing supernatant and inoculate the
pellet onto fresh SDA or BHI blood agar slants.



SectionV

Grains Macroscopic Examination, Frontline Preparation & Direct Micros-
copy

Before chemical digestion or staining, carefully assess collected grains macro-
scopically. Colour, size, and consistency provide vital preliminary indicators of
the aetiological agent and should always be interpreted alongside microsco-
py, culture, and (where available) molecular results. Grain colour alone is not
diagnostic.

Macroscopic Grain Identification

Place the specimen in a sterile Petri dish over a white background, then a black
background, and inspect it under a stereomicroscope or hand lens.

Grain Colour | Consistency Size Range | Suspected Agents
Black Hard, bll‘!ltle, 0.5-2.0 mm quureﬂ'a mylcem_mahs, Tre_matosphaeﬂa
cementing grisea, Exophiola jeanselmei
Soft, chalky Scedosporium (Pseudallescheria)
White/yellow . & 0.2-1.0 mm apiospermum, Acremonium falciforme,
granular : ;
Aspergillus nidulans
Yellow-green | Soft, lobulated 1.0-3.0 mm | Actinomadura madurae (actinomycetoma)
| | |
Red/pink Hard, irregular 0.1-0.5 mm Actinomadura pelletieri (actinomycetoma)

Whitish-yellow | Soft, micro-granular | 0.1-0.5 mm Neocardia b.ras.r'{i'ens:'s,l anardi‘a asteroides,
Streptomyces somaliensis

Interpretation notes

Black grains are essentially specific to eumycetoma. White/pale-yellow grains can represent either

eumycetoma (e.g. Scedosporium) or actinomycetoma (e.g. Nocardia), so further testing is mandatory.

Red or distinct yellow-green grains strongly suggest actinomycetoma. Hard, cementing grains typically

contain a melanised matrix; soft grains are typically non-cemented mycelial or bacterial aggregates.



Madurella mycetomatis black grains collected at a surgical biopsy
Frontline Specimen Washing & Mechanical Crushing

Aspirates and surgical biopsies are routinely contaminated with secondary
bacterial flora, blood, necrotic debris, and host proteins. Thorough sterile

washing is mandatory before microscopy or DNA extraction.

«  Transfer collected grains into a sterile 1.5 mL microcentrifuge tube using
a sterile pipette.

« Add 1.0 mL sterile physiological saline or PBS and cap securely.

«  Vortex for 10 seconds at moderate speed to separate host blood cells and
debris from the grain matrix.

«  Allow the tube to stand for 1-2 minutes so grains settle by gravity; aspi-
rate and discard the contaminated supernatant.

+  Repeat the wash-and-sedimentation cycle 2-3 times with fresh saline/
PBS until the supernatant is clear.



«  Place 1-2 clean grains on a glass slide, cover with a second slide, and ap-
ply firm mechanical pressure to crush and disperse the aggregate into a
thin, uniform monolayer.

KOH Wet Mount Direct Microscopy

Potassium hydroxide (KOH) wet mount is the primary rapid diagnostic tool for
immediate visualisation of fungal elements. KOH digests host protein, keratin,
and cellular debris, leaving resistant fungal chitinous walls clearly visible un-
der brightfield microscopy.

Reagents

10-20% potassium hydroxide, with or without 40% dimethyl sulfoxide (DMSO)
to speed clearing, or Calcofluor White for fluorescence enhancement.

Procedure

«  Pick 2-3 isolated grains using a sterile needle or micropipette and place
the crushed grain monolayer on a slide.

Dispense 1-2 drops of freshly prepared 10% KOH directly onto the spec-

imen.
«  Gently apply a coverslip, avoiding trapped air bubbles.

Incubate at room temperature for 15-30 minutes (up to 45 minutes for
dense black grains) to fully clear the host tissue.

«  Examine under light microscopy, beginning at low power (10x) to locate
grain fields, then high dry (40x) for structural detail.



Feature

Microscopic Interpretation

Eumycetoma Grains

Actinomycetoma Grains

Element size

Structure

Associated
finding

Broad, septate fungal hyphae,
3-6 pm diameter

Swollen chlamydospores (up to
~15 pm) embedded in a cement
matrix (black grains}

Cement matrix pigmentation

Extremely thin, delicate branching
filaments, 0.5-1.0 um diameter

Amorphous, fine-textured mass;
individual hyphae not resolvable
at 10-40x

Peripheral clubbing (Splendore-
Hoeppli phenomenon)



Gram Staining Protocol for Crushed Grains

Gram staining is the standard first-line method for classifying actinomyceto-

ma causative agents by peptidoglycan cell-wall structure.

Smear preparation: prepare a thin smear of crushed grains, air-dry, and
heat-fix by passing through a flame 3 times.

Primary stain: flood with Crystal Violet for 1 minute; rinse with slow-run-
ning distilled water.

Mordant: flood with Gram’s lodine for 1 minute; rinse.

Decolourise: apply 95% ethanol or acetone-alcohol for 5-10 seconds;
rinse immediately to stop decolourisation.

Counterstain: flood with Safranin for 30 seconds; rinse, blot, and air dry.

Examine at 100x oil immersion for Gram-positive (purple/blue), branch-
ing bacterial filaments (0.5-1 um) or radiating clubs (Splendore-Hoeppli
phenomenon) typical of Actinomadura or Streptomyces.

Interpretation

Gram-positive thin filaments (0.5-1.0 ym) support actinomycetoma
(Actinomadura, Streptomyces, Nocardia). Broad fungal elements
(3—6 pm), typically Gram-negative or irregularly Gram-positive, sup-
port eumycetoma.
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Gram staining section

Modified Ziehl-Neelsen (ZN) / Modified Kinyoun Staining

This differential stain is essential for distinguishing partially acid-fast Nocardia
species from non-acid-fast Actinomadura and Streptomyces, and from eumy-
cetoma fungal elements.

«  Prepare and heat-fix a thin smear as for Gram staining.

«  Primary stain: flood with Carbol Fuchsin and gently heat the underside of
the slide until steam rises (do not boil); maintain steaming for 5 minutes,
replenishing stain as needed.

«  Cool and rinse thoroughly with distilled water.

Decolourise with a mild acid solution (1% aqueous sulfuric acid, or 1%
acid-alcohol) for 1-2 minutes. This mild concentration is critical; standard
3% acid-alcohol will over-decolourise Nocardia and produce false nega-
tives.

«  Counterstain with Methylene Blue for 30 seconds; rinse and air-dry.



«  Examine under 100x oil immersion. Nocardia species appear as bright
pink/red, partially acid-fast, beaded branching filaments against a blue
background. Streptomyces somaliensis and Actinomadura species stain
blue (acid-fast negative).

Modified Ziehl-Neelsen staining showing acid-fast flamentous bacteria



Section VI
Cytopathological Techniques (FNAC & Cell Block)

Fine Needle Aspiration Cytology (FNAC) is a minimally invasive technique for
obtaining diagnostic cellular material from closed, deep-seated mycetoma le-
sions, avoiding the morbidity of open surgical biopsy. It is particularly useful
as a rapid triage tool at the district level, with material also directed to a cell
block for higher diagnostic yield.

Technical SOP

«  Aspiration: using a sterile 21-23 gauge needle on a 10 mL syringe, per-
form multidirectional passes into the subcutaneous lesion, aspirating cel-

lular material and micro-granular grains.

«  Smear cytology: expel a small drop onto a slide, prepare a thin smear, and
fiximmediately in 95% ethanol for Papanicolaou or H&E staining; air-dry a
second slide for Giemsa staining.

Cell block consolidation: transfer the remaining aspirate and micro-grains
into 10% neutral buffered formalin and centrifuge at 3,000 rpm for 10
minutes to form a pellet.

Tissue processing: Wrap the pellet in lens paper, place it in a tissue cas-
sette, and process it as a routine histopathological specimen.

«  Microscopic examination: H&E-stained cell block sections typically show
polymorphic granulomatous inflammation with central fungal or bacteri-
al grains surrounded by neutrophils and multinucleated giant cells.

Diagnostic role

FNAC/cell block cytology is a useful adjunct and triage tool but does not
replace histopathology or culture for definitive species-level diagnosis; a
negative FNAC does not exclude mycetoma.




The Fine Needle Aspiration procedure as described above



Section VII
Histopathological Examination of Mycetoma Lesions

Histopathological examination of surgical biopsies provides critical informa-
tion on tissue architecture, host inflammatory response, and grain morphol-
ogy, and remains a key confirmatory diagnostic pillar alongside microscopy,
culture, and molecular testing.

Biopsy Processing and Staining

Fixation: immerse the biopsy in 10% neutral buffered formalin for 24-48
hours to prevent autolysis and preserve cellular architecture.

«  Dehydration & embedding: process through graded alcohols, clear in xy-
lene, and embed in paraffin wax.

«  Sectioning: cut 4-5 um sections with a microtome and mount on clean
glass slides.

Staining: use H&E for general architecture; for eumycetoma, apply Gro-
cott’s Methenamine Silver (GMS) or Periodic Acid-Schiff (PAS) to highlight
fungal walls.



Tissue processing, sectioning and staining at the Pathology Depart-
ment, Soba University Hospital



Diagnostic Use

Haematoxylin & Eosin Evaluates background tissue reaction (suppurative granulomas, lipid-laden
(H&E) macrophages, fibrosis) and overall grain architecture.

Grocott's Methenamine Stains fungal walls and actinomycete filaments jet black against a light-green
Silver (GMS) background; essential for confirming fungal morphology.

Periodic Acid-Schiff

(PAS) Stains fungal hyphae and chlamydospores bright magenta.

Detects Mocardia in tissue sections; a xylene-peanut oil decolourisation step

ZISEEbSSR S (L) protects delicate cell walls.

Macroscopic appearance of surgical biopsy showing massive fibrosis
and black grains



SR AT VR
Photomicrograph showing A. madurae grains within the lumen of the
intact blood vessel (H&E X 200)

Madurella mycetomatis grain migrating through an open sinus (H&E X 200)



Streptomyces somaliensis grain surrounded by intense inflammatory
reaction (H&E X 200)

Microscopic Diagnostic Key

Organisim

Madurella
mycetomatis

Actinomadura
madurge

Actinomadura
pelletieri

Streptomyces
somaliensis

Nocardia
brasiliensis

H&E Grain Morphology

Large, dark brown/black grain; round-
to-oval with a vesicular/filamentous
core and peripheral chlamydospores

Large, lobulated, ivory/yellow grains;
dense deep-purple core with pale-
pink periphery

Small, dark red, round-to-crescent,
intensely basophilic grains

Round-to-oval, yellow/brown grains
with longitudinal fractures

Small, irregular, multi-lobular
yellow/white micro-grains

Matrix & Special Stains

Brown, dense cement matrix; GMS+, PAS+

Pink fringe with praminent Splendore-Hoeppli
phenomenon; Gram+, Fite-Faraco negative

Dense, fragmented appearance; Gram+,
Fite-Faraco negative

Homogeneous with parallel cement cracks;
Gram+, Fite-Faraco negative

Prominent Splendore-Hoeppli fringes;
Gram+, modified Fite-Faraco positive



Section VI

Mycetoma Causative Organisms: Isolation & Culture

In vitro culture remains important for definitive species-level identification of
the viable causative agent and for guiding antimicrobial susceptibility testing,
even though sensitivity is limited by slow growth and prior antimicrobial ex-
posure (see Section IX for comparative diagnostic performance).

Washing and Maceration

Wash isolated grains 3-5 times in sterile physiological saline containing
penicillin (100 U/mL) and streptomycin (100 pg/mL) inside a sterile tube
to eliminate contaminating skin bacteria.

« Do not pulverise fungal grains aggressively; crush gently with a sterile
glass pestle to preserve viable hyphal fragments.

Primary Isolation Media Battery

Sabouraud Dextrose Agar (SDA), no antibiotics: one tube at 28-30°C and
one at 37°C, incubated for up to 6 weeks.

«  SDA with chloramphenicol (50 mg/L): inhibits bacterial contaminants; use
for suspected eumycetoma only. Do not use cycloheximide/actidione,
which inhibits M. mycetomatis.

Brain Heart Infusion (BHI) agar with 5% sheep blood (2 tubes): incubate at
37°C aerobically for suspected actinomycetoma (Nocardia, Actinomadura,
Streptomyces).

Loéwenstein-Jensen slants: incubate at 37°C for slow-growing Actinomad-
ura and Streptomyces.

Inoculation and Growth
Wash grains as above before plate inoculation.

Fungal isolation: inoculate onto SDA with chloramphenicol, incubate at



28-37°C for 7-10 days initially (extend to 6 weeks before discarding as
negative). Watch for brown-to-black, slow-growing colonies producing a
diffusible brown pigment, characteristic of M. mycetomatis.

Bacterial isolation: Inoculate onto blood agar or BHI agar and incubate
aerobically at 37°C for 3-5 days (extend as needed for slow growers). Look
for dry, folded, chalky colonies characteristic of Actinomadura or Nocardia.

Examine colonies both macroscopically (colour, texture, pigment) and
microscopically (hyphae, spore chains, arthrospores) using a lactophenol
cotton blue or similar tape mount.

Maintaining fungal culture collections




Cultural Characteristics

Organism Growth
Rate
Madurella Slow,
mycetomatis 7-21 days
Actinomadura Moderate,
madurae 10-14 days
Actinomadura Slow,
pelletieri 14-21 days
Sireptomyces Moderate,
somaliensis 7-14 days
Nocardia Rapid, 3-7
brasiliensis days

Safety reminder

Colony Morphology
(SDA/BHI)

Dome-shaped white turning
olivaceous-brown, brown
diffusible pigment

Flat, glabrous, wrinkled; ivory,
white, or pink-red; no aerial
hyphae

Small, heap-like, wrinkled;
bright crimson/coral-red, soft
or cartilaginous

Cream to brownish-yellow,
leathery, folded:; chalky white
aerial mycelium

Chalky-white to orange,
wrinkled, dry, musty odour

Microscopic Morphology

Septate hyphae, phialides with
small conidia; sterile hyphae
common

Thin branching filaments, short
chain arthrospores, non-acid-fast

Fine branching filaments breaking
into coccoid elements; non-acid-fast

Aerial hyphae producing long,
straight chains of smooth spores

Delicate branching filaments
fragmenting into coccobacillary
rods; partially acid-fast

All culture manipulation, subculturing, and colany sampling must be performed inside a certified Class || BSC under BSL-2



Section IX

Molecular Diagnostics: DNA Extraction, PCR, Real-Time PCR, MALDI-TOF
& LAMP

Direct microscopy and culture have well-recognised limitations: incubation
periods of up to six weeks, culture negativity after prior antimicrobial expo-
sure, failure to isolate fastidious or non-viable organisms from dense fibrous
tissue, and morphologically indistinguishable species that lead to subjective
misidentification.

Molecular and physical diagnostics, gene sequencing (ITS and 16S rRNA loci),
species-specific loop-mediated isothermal amplification (LAMP), and MAL-
DI-TOF mass spectrometry offer more rapid, objective, and often more sen-
sitive alternatives, and increasingly complement rather than replace culture.

Conventional and real-time PCR machines



Comparative Diagnostic Performance

m Sensitivity Specificity Field Feasibility Infrastructure Needs

o Moderate Low . o Light m":"’s;"Pe-
o opY ours (~60-75%) (~50-60%) oint-of-care :;?”H:Ssrtamf N stains;
. Formalin fixation
Tissue Moderate Moderate : e
. 48-72 hours - 2 District hospital microtome, histology
l histopathology (~70-80%) (~75-85%) suite, pathologist
: s 3 Low- ; BSL-2 facility,
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PCR & Sanger High Very high Reference Thenmelcyelel-ad!
: 9 24-48 hours g ery hig electrophoresis, sequencer,
sequencing (~90-95%) (>99%) BbarEtoy bioinformatics
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mass spectrometry  from colony (~85-92%) (~95-98%) formic-acid extraction
- . Heat block or water bath
Isothermal 45-60 High High y 5 ; L
| LAMP assay L (~92-97%) (~95-99%) Field/peripheral :tj:c;gumteter or visual dye

On reported sensitivities

Published performance figures for mycetoma diagnostics vary between studies and reference standards; the ranges above are
indicative and should be interpreted as approximate rather than validated local performance data. Each laboratory should verify
assay performance against its own case mix wherever feasible.

Genomic DNA Extraction — Three-Tier Lysis SOP

Fungal cell walls contain complex chitin and -glucan networks, so standard
chemical lysis alone is often insufficient; a combined mechanical, enzymatic,
and chemical lysis approach improves DNA yield from grains and culture ma-
terial.

«  Mechanical lysis: place washed grains in a 1.5 mL tube with 0.5 mm sterile
glass beads and bead-beat for 3-5 minutes.

«  Enzymatic lysis: suspend in 200 pL lysis buffer with 20 mg/mL lysozyme
(actinomycetes) or 100 U/mL lyticase (fungi); incubate at 37°C for 30-60
minutes.

«  Proteinase digestion: add Proteinase K (20 mg/mL) and SDS to a final con-
centration of 1%; incubate at 56°C for 30 minutes.



«  Chemical lysis & purification: apply chaotropic lysis buffer, load onto a sil-
ica-membrane spin column, wash to remove protein contaminants, and
elute purified DNA using a standard commercial kit per manufacturer in-
structions.

DNA extraction machine

PCR Target Loci and Primers

PCR-based species identification is a gold-standard confirmatory method that
bypasses the delays of culture growth.

Eumycetoma — Internal Transcribed Spacer (ITS) region of rDNA
ITS5 (forward, pan-fungal universal): 5'-GGAAGTAAAAGTCGTAACAAGG-3’
«  ITS4 (reverse, pan-fungal universal): 5-TCCTCCGCTTATTGATATGC-3’

«  Cycling:initial denaturation at 95°C for 5 min; 35 cycles of (95°C 30 s, 55°C
30, 72°C 60 s); final extension at 72°C for 7 min.

Because the ITS4/ITS5 primer pair is pan-fungal (not Madurella-specific),
amplicons require Sanger sequencing and BLAST/MycoBank comparison
for species assignment. A Madurella mycetomatis-specific nested PCR (prim-



ers 26.1A/28.3A) is also used at reference centres, though this pair has been
shown to cross-react with the more recently described species M. pseudomy-
cetomatis; newly designed comparative-genomics-based primers (Mmy-Fw/
Mmy-Rv) have been proposed to resolve this limitation and may be consid-
ered where available.

Actinomycetoma — 16S rRNA gene
. 27F (forward, universal bacterial): 5'-AGAGTTTGATCMTGGCTCAG-3’
1492R (reverse, universal bacterial): 5'-TACGGYTACCTTGTTACGACTT-3’

Cycling: initial denaturation at 95°C for 5 min; 35 cycles of (95°C 45 s, 58°C
45 s,72°C 90 s); final extension at 72°C for 10 min.

Sequence analysis: purify PCR products and sequence by Sanger sequencing.
Compare resulting contigs against NCBI BLAST or MycoBank/EzBioCloud (for
bacteria) databases; a threshold of >99% identity is generally required for
species-level assignment, interpreted alongside colony and microscopic mor-

phology.

Real-Time PCR

Real-time PCR using fluorescent (e.g. TagMan) probes provides high sensitivity
and allows relative quantification of pathogen load directly from clinical sam-
ples, with the added advantage that reaction tubes remain closed through-
out, reducing amplicon-contamination risk compared with conventional gel-
based PCR.

Agarose Gel Electrophoresis

For conventional PCR, visualise amplicons on a 1.5% agarose gel under UV (or
blue-light) transillumination, and confirm band size against known positive
control standards and a molecular-weight ladder.

MALDI-TOF Mass Spectrometry



Matrix-Assisted Laser Desorption/lonisation-Time of Flight mass spectrome-
try enables rapid protein-fingerprint identification from primary culture ma-
terial, provided a validated mycetoma-specific spectral reference library is
available (routine clinical MALDI-TOF databases have historically had limited
coverage of filamentous fungal and actinomycete mycetoma agents so that
local library expansion may be required).

Transfer a loopful of fresh colony material into a tube with 300 pL molec-
ular-grade water.

«  Add 900 pL absolute ethanol, vortex, centrifuge at 13,000 rpm for 2 min-
utes, and discard the supernatant.

« Air-dry the pellet completely.

«  Resuspend in 20-50 uL of 70% formic acid, vortex, and incubate for 10
minutes at room temperature.

« Add an equal volume of 100% acetonitrile, incubate for 10 minutes, and
centrifuge at 13,000 rpm for 2 minutes.

Spot 1 L of supernatant onto the MALDI target plate, air-dry, and overlay
with 1 pL of a-cyano-4-hydroxycinnamic acid (HCCA) matrix.

« Acquire spectra and compare against a dedicated filamentous fungal/ac-
tinomycetal reference library.

Loop-Mediated Isothermal Amplification (LAMP)

LAMP assays provide rapid, field-adapted diagnostics by amplifying target
DNA isothermally (60-65°C) without a thermal cycler, making them attractive
for peripheral and rural endemic settings.

«  Principle: 4-6 specialised primers target a species-specific locus (e.g. M.
mycetomatis translation elongation factor 1-alpha, or intergenic spacer
regions for Actinomadura madurae).

«  Reaction: combine target DNA, primers, Bst DNA polymerase, dNTPs, and



reaction buffer; incubate in a heated water bath or block at ~63°C for 45

minutes.

Visual readout: add SYBR Green | or Calcein dye. A positive reaction shows
bright green fluorescence under ambient or UV light (or visible turbidity);
a negative reaction remains orange/clear.

Emerging methods

LAMP assays and short-tandem-repeat (STR) genotyping tools for Madu-
rella mycetomatis are active areas of research and validation; laboratories
adopting these methods should confirm analytical and clinical perfor-
mance locally before relying on them for treatment decisions.




Section X
Antimicrobial Susceptibility Testing (AST)

Standardised AST supports regimen selection, helps prevent premature treat-
ment default, and monitors emerging resistance. Testing should follow cur-
rent Clinical and Laboratory Standards Institute (CLSI) methodology; labora-
tories should consult the latest published CLSI documents, as breakpoints and
methods are periodically updated.

1. Actinomycetoma AST — CLSI Broth Microdilution (Aerobic Actinomy-
cetes)

Testing of aerobic actinomycetes (Nocardia, Actinomadura, Streptomyces) fol-
lows CLSI guidance for aerobic actinomycetes, historically published as CLSI
document M24.

«  Inoculum preparation: select 4-5 colonies from fresh growth on BHI agar,
transfer to cation-adjusted Mueller-Hinton broth (CAMHB), homogenise
to break up clumps, and adjust turbidity to a 0.5 McFarland standard
(~1.5x10% CFU/mL).

Dilution: dilute 1:100 in CAMHB for a final test inoculum of approximately
5x10°> CFU/mL.

«  Plate setup: inoculate 96-well IsuLab plates pre-loaded with two-fold
serial dilutions of the target agents (e.g. amikacin, trimethoprim-sulfa-
methoxazole, amoxicillin-clavulanate, linezolid, imipenem/meropenem,
select panel per local prescribing practice and current CLSI recommen-
dations).

« Incubation: incubate aerobically at 35-37°C; read visual endpoints at 48—
72 hours (up to 5 days for slow-growing Actinomadura).

The Minimum Inhibitory Concentration (MIC) is the lowest drug concentration
that completely inhibits visible growth compared with the drug-free growth
control well.
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2. Eumycetoma AST — Modified CLSI Broth Microdilution (Filamentous
Fungi)

Antifungal susceptibility testing for Madurella mycetomatis and related fungi
follows a modified version of the CLSI filamentous-fungi broth microdilution
methodology, historically published as CLSI document M38.

« Inoculum: because M. mycetomatis rarely sporulates in culture, mycelial
fragments are harvested and visualised in sterile saline; heavy particles
are allowed to settle, and the upper suspension turbidity is adjusted spec-
trophotometrically (commonly to 68-70% transmittance at 530 nm).

«  Medium: RPMI-1640 broth buffered with 0.165 M MOPS to pH 7.0.

« Antifungal panel: typically includes itraconazole, voriconazole, posacon-
azole, amphotericin B, and terbinafine, tested across a two-fold dilution
series per current CLSI ranges.

« Incubation: 37°C for 7 days (longer for slow growers).

Endpoint reading at 7 days: for azoles/terbinafine, the MIC is the lowest con-
centration showing prominent (commonly >=80%) growth reduction relative
to the control; for amphotericin B, the MIC is the lowest concentration show-
ing complete (100%) growth inhibition.

R

Antimicrobial Susceptibility Testing (AST)



Section XI
Patient Monitoring: Haematology & Biochemistry

Long-term pharmacological treatment of mycetoma involves prolonged, po-
tentially toxic antimicrobial regimens: azole antifungals for eumycetoma, or
aminoglycoside/sulfonamide-based combinations for actinomycetoma. Me-
ticulous clinical laboratory monitoring is essential to detect toxicity early and
avoid treatment discontinuation due to preventable adverse events.

Monitoring
Critical Markers Frequency Significance of Deviations
(indicative)

Diagnostic

Panel

ALT, AST, bilirubin, Every 2-4 weeks Azoles can cause hepatotoxicity;

Liver function alkaline initially, then less discontinue or seek specialist review
(LFT) phosphatase frequently once on significant (‘e,g. >3x upper limit of
stable normal) elevation
. o Every 2-3 weeks Aminoglycosides (amikacin,
Renal function  Urea, creatinine, during streptomycin) are nephrotoxic; monitor
(RFT) electrolytes aminoglycoside creatinine trend closely
therapy
Haematology WBC, haemoglobin,  Monthly throughout  Sulfonamides can cause bone marrow
(CBC) platelets therapy suppression, anaemia, or leukopenia

The treating clinical team should set exact monitoring intervals and action
thresholds based on the specific drug regimen, local formulary, and national
guidance; the frequencies above are indicative starting points, not fixed rules.
Audiometric assessment should also be considered periodically for patients
receiving prolonged aminoglycoside therapy, given the risk of irreversible
ototoxicity.



Haematology section



Section XII

Comprehensive Laboratory Equipment & Reagent Specifications

Establishing a dedicated mycetoma reference laboratory requires appropriate
infrastructure, instrumentation, and reagents scaled to the intended level of
service (peripheral triage vs full reference diagnostics).

1. Essential Instrumentation
Biosafety Infrastructure

«  Class Il Type A2 biological safety cabinet (certified to relevant national/
international standard).

HEPA-filtered exhaust systems with annual certification.
Microscopy Suite

«  Brightfield clinical microscope with 10x, 20x, 40x, and 100x (oil immer-
sion) objectives.

Fluorescence module with an appropriate UV filter cube for Calcofluor
White visualisation, where available.

«  Stereomicroscope with dual top/bottom illumination for grain harvesting
and macroscopic examination.

Incubation & Culture Equipment

«  Refrigerated microbiological incubator, temperature range approximate-
ly 20-45°C.

CO2-controlled incubator for fastidious actinomycetes where required.
- Vortex mixers and a refrigerated high-speed microcentrifuge.
Molecular Diagnostics Suite

«  Thermal cycler with gradient block capability.
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+  Real-time quantitative PCR system.

« Isothermal heat block or water bath for LAMP assays.

Horizontal gel electrophoresis unit with UV or blue-light transilluminator/gel

documentation system.

i
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2. Representative Media Formulations

BHI Blood Agar with Antibiotics (Actinomycetoma Isolation)
- BHlagar powder:52.0 g

- Distilled water: 1000 mL

«  Defibrinated sheep blood: 50 mL (5% v/v)

«  Colistin sulfate: ~10 mg/L (helps suppress Gram-negative bacterial over-

growth)

Preparation: autoclave BHI powder in water at 121°C for 15 minutes; cool to
48-50°C in a water bath; aseptically add defibrinated sheep blood and fil-



ter-sterilised colistin; mix gently, avoiding air bubbles and pour into sterile 90
mm Petri dishes.

Sabouraud Dextrose Agar with Chloramphenicol (Eumycetoma Isolation)
+  Peptone:10.0g
«  Dextrose (glucose): 40.0 g
« Agar:15.0g
«  Chloramphenicol: 0.05 g
Distilled water: 1000 mL

Preparation: heat with frequent agitation to dissolve completely; autoclave at
121°C for 15 minutes; final pH 5.6 + 0.2 at 25°C. Do not add cycloheximide.



Madurella mycetomatis cultures



Section XIlI

Laboratory Signpost

Diagnostic Matrix

Diagnostic -
Eumycetoma Actinomycetoma
Method

Direct Broad, septate, branched fungal Fine, delicate, branching bacterial

microscopy hyphae (2-6 pm) filaments (0.5-1 um)

Gram staining Grén?—negative or irregular Gra.mTpositive (purple/blue) filaments;
staining of hyphae radiating clubs

" 3 ) Nocardia: partially acid-fast.
Acid-fastness Non-acid-fast (stains blue) e nadlir /S ¥ent Oy nog ACkifEet

|
Molecular target ITS region, B-tubulin, RPB2 165 rRNA gene, gyrB, secAl
genes

. A with antibiotics; 28-37°C, , BHI agar; 37°C, 3-

Cromtt e SDA witl elmltl.blotlcs 28-37°C, Blood agar, BHI agar; 37°C, 3-5 days
7-10 days initial read initial read
S. aureus (Gram-+) and E. coli (Gram-)

Reagent controls Standard fungal reference culture
controls

Key Operational Benchmarks (Key Performance Indicators)

“ TarQEt Turnaround f Bencr\mark

l Direct smear / KOH result < 2 hours from receipt of specimen
I Histopathology report Within 72 hours of tissue receipt (fixation time permitting)
Contamination rate for cultures Ins._titution-deﬁned threshold (commonly targeted at <5%
of inaculated tubes)

100% documentation of batch-level controls before

Internal QC compliance ) S
releasing clinical results

Institutions should set locally appropriate numeric KPI targets based on their
own baseline performance, case volume, and resources, and review them pe-
riodically as part of the quality management system.



Section XIV
Standard Diagnostic Reporting Templates

Standardised reporting ensures clinical teams receive actionable lab-
oratory findings for timely therapeutic decision-making. Institutions
should adapt the header fields below to their own patient registry and
LIMS.

Mycetoma Reference Laboratory

Form MD-01: Grains Examination Results

Field Detail

ID No.

Patient Name

Age / Sex

Attending Physician

Clinic / Hospital

Anatomical Site

Date/Time Collected

Date/Time Received

Direct Macroscopic & Microscopic Examination

Grain Present Consistency

Black/ Yellow/ White/ | Hard-brittle/ Soft-mu-

Yes / No . .
Red/ Brown/ Other coid/ Elastic

Direct Microscopy (KOH / Calcofluor White) Present (Y/N)

Broad septate hyphae (3—6 um) with chlamydospores

Delicate branching filaments (0.5-1.0 um)

Splendore-Hoeppli phenomenon




Differential Staining Result

. Gram-positive filaments / Gram-nega-
Gram stain .
tive / Broad fungal elements
Modified Ziehl-Neelsen Partially acid-fast / Acid-fast negative

Preliminary diagnostic impression (within 2 hours): [ ] Highly suggestive of eu-
mycetoma [ ] Highly suggestive of actinomycetoma [ ] Inconclusive / re-sam-
pling required



Mycetoma Reference Laboratory

Form MD-02: Histopathological Diagnostic Report

Field Detail

ID No.
Patient Name

Age / Sex

Attending Physician

Clinic / Hospital

Anatomical Site
Date/Time Collected
Date/Time Received

Stain(s) used (H&E / GMS / PAS):

Macroscopic examination:

Microscopic examination:

Tissue reaction type:

Grain description:

Histological diagnosis:

Pathologist name and signature:




Mycetoma Reference Laboratory

Form MD-03: Grains Culture Result

Field Detail

ID No.

Patient Name

Age / Sex

Attending Physician

Clinic / Hospital

Anatomical Site

Date/Time Collected

Date/Time Received

Incubation period: day

S Temperature:

Macroscopic examination:

Microscopic examination:

Organism isolated:

Final diagnosis:

Microbiologist name and signature:

°C

Media:



Mycetoma Reference Laboratory

Form MD-04: Molecular Examination Result

Field Detail

ID No.

Patient Name

Age / Sex

Attending Physician

Clinic / Hospital

Anatomical Site
Date/Time Collected

Date/Time Received

Specimen type: Grains / Isolate
Method: [ ] 16S rRNA PCR [ ]JITS PCR [ ] MALDI-TOF MS [ ]LAMP

Confirmed species:

Match score/identity: %

Final diagnosis:

Microbiologist name and signature:




Mycetoma Reference Laboratory

Form MD-05: Antimicrobial Susceptibility Testing Result (CLSI Methodol-
ogy)
Field Detail

ID No.

Patient Name

Age / Sex

Attending Physician

Clinic / Hospital

Anatomical Site

Date/Time Collected

Date/Time Received
Interpretation

Tested Agent MIC Value /mL
g (ng/mL) (S/I/R)

Co-trimoxazole

Linezolid

Voriconazole

Amikacin

Itraconazole

Medical Microbiologist Signature:




Form BS-101 and BS-102 (Biosafety Logs)
Form BS-101: Daily BSL-2 Safety Checklist

Date: / / Shift: [ ] Morning [ 1 Afternoon Inspector:

Check Item Pass Fail Comments

Class Il BSC airflow/pressure differ-
ential normal

Eyewash station inspected and
flushed

Disinfectants freshly prepared
(10% bleach / 70% ethanol)

PPE stock adequate (nitrile gloves,
masks, face shields)

Sharps containers below 3/4 ca-
pacity

Autoclave cycle temperature/pres-
sure verified

Biohazard waste bags labelled and
sealed properly.

Laboratory access restricted to au-
thorised personnel

Supervisor Signature: Date: / /
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Form BS-102: Biohazard Incident & Exposure Report

Date of incident: / /

Time:___:  []JAM[]PM

Location/Room:

Affected person:

Role/Title:

Supervisor:

Incident category:

[ 1Percutaneous injury []Mucous membrane exposure [] Non-intact skin

exposure

[ ]1Biological spill >10 mL [ ] Equipment malfunction / loss of containment

Description of the incident:

Specimen/pathogen involved:
Specimen ID:

Suspected agent:[ ] Eumycetoma [ ] Actinomycetoma

First aid administered: [ ] Yes [ 1 No

Disinfection/decontamination performed: [ ] Yes [ ] No

Medical evaluation/follow-up scheduled: [ ] Yes [ ]1No




Corrective action plan (to be completed by Safety Officer:

Affected individual signature:

Date: / /

Laboratory Safety Officer signature:

Date: / /

Laboratory Director signature:

Date: / /




Further Reading

Key sources consulted and recommended for further study.

Readers should consult primary literature and current WHO/CLSI publications

directly, as diagnostic and treatment evidence continues to evolve.

The Mycetoma Research Center, Laboratory Standard Operating Pro-
cedure (SOP)

https://mycetoma.edu.sd/?page id=%205896

World Health Organization. Mycetoma — fact sheet and EMRO health
topic pages (who.int; emro.who.int).

van de Sande WWJ. Global burden of human mycetoma: a systematic
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