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Review Article

Clinical Features and Pathogenesis
of Noma: A Narrative Review
Highlighting the Emerging Strategies

for Prevention and Management

BHAGYESH SAPKALE!', SONALI CHOUDHARI?

ABSTRACT

Noma, also known as cancrum oris, is a rapidly progressive gangrenous infection that affects the oral and facial tissues of
malnourished children in impoverished regions, particularly in sub-Saharan Africa. The disease typically begins as acute necrotising
gingivitis and rapidly progresses to extensive tissue destruction, facial disfigurement, and high mortality if left untreated. This
narrative review explores the clinical progression of Noma, its World Health Orgnisation (WHO) classification and simplified staging
systems, the pathogenesis involving malnutrition, immunosuppression, and microbial dysbiosis, as well as the polymicrobial
nature of the disease. Diagnosis of Noma is primarily clinical, although emerging microbiome-based diagnostic techniques show
promise for early detection. Management requires a comprehensive approach that combines early antibiotic therapy, nutritional
rehabilitation, wound care, and delayed reconstructive surgery. Preventive strategies include adequate vaccination (particularly
against measles), community-based oral health education, and improvements in Water, Sanitation, and Hygiene (WASH) initiatives.
Strengthening local healthcare infrastructure and establishing sustainable surgical programmes are essential for long-term control
and rehabilitation of Noma. Addressing the socio-economic determinants of Noma through holistic public health efforts remains

crucial for reducing its burden and achieving global eradication.
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INTRODUCTION

Noma is a rapidly progressive, gangrenous infection of the mouth and
face that primarily affects malnourished children living in conditions
of extreme poverty [1]. It typically begins as a minor gingival ulcer
but can swiftly devastate oral and facial tissues, including bone, if
left untreated [1,2]. In the absence of prompt antibiotic therapy and
nutritional support, Noma is associated with high mortality rates. Early
intervention significantly reduces fatality and improves outcomes
through reconstructive surgery and comprehensive care [3].

The earliest descriptions of Noma date back to Hippocrates and
Galen, with the term cancrum oris, a Latinised misnomer, appearing
in mid-17" century British medical literature [4,5]. Today, the term
Noma is preferred; it is derived from the Greek word meaning
“to devour,” reflecting the destructive nature of the disease [4].
During the 19" century, Noma was commonly observed in Europe.
However, improvements in living conditions during the 20" century
led to its near disappearance in developed regions, with outbreaks
largely confined to war-torn settings, such as concentration camps
during World War Il [6]. In contrast, the disease continues to persist
in resource-limited settings, particularly within the “Noma belt” of
sub-Saharan Africa, where deep-rooted poverty, recurrent famine,
and inadequate sanitation create conditions conducive to its
occurrence [7,8].

Symptoms of Noma: From Gingival Necrosis to Facial
Disfigurement

Noma (cancrum oris) predominantly affects vulnerable,
malnourished children and often follows a predisposing illness such
as measles, malaria, or kwashiorkor [9]. The initial manifestation
is acute necrotising gingivitis, characterised by painful, bleeding
gums, ulceration of the interdental papillae, and a foul-smelling oral
cavity [9,10]. As the disease progresses to the oedematous stage,
pronounced facial swelling becomes evident, particularly involving
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the cheeks, lips, and perioral regions [11]. Additional clinical features
include halitosis, excessive salivation, difficulty in eating, and
systemic symptoms such as fever and lymphadenopathy [12,13].

Noma advances with alarming rapidity, with necrosis extending to
soft tissues and underlying bone. This process results in sharply
demarcated, greyish-black lesions that subsequently slough
off, leaving deep, often cone-shaped defects that may expose
bone and teeth [14,15]. Affected children may experience severe
dehydration, anaemia, lymphocytopenia, hypotension, and systemic
deterioration, with mortality rates remaining high in untreated cases
[16]. Survivors frequently suffer from long-term sequelae, including
extensive facial disfigurement that impairs speech, mastication,
respiration, and social integration [1,16].

WHO Classification and Emerging Simplified Models
for Noma

The WHO has outlined a six-stage clinical classification for Noma,
which describes disease progression from early gingival inflammation
to severe facial disfigurement [17]. The stages include: Stage 0
(simple gingivitis), Stage | (acute necrotising gingivitis), Stage Il (facial
oedema), Stage Il (gangrene with tissue necrosis), Stage IV (healing
with fibrosis and trismus), and Stage V (sequelae with long-term
functional and aesthetic impairments) [17]. This structured staging
system facilitates early diagnosis and timely intervention, particularly
during the initial gingival and oedematous stages, thereby potentially
preventing the extensive tissue destruction and long-term disabilities
characteristic of advanced Noma [17].

Recent studies advocate a more clinically intuitive two-stage model
for Noma: acute Noma and arrested Noma [1]. Acute Noma refers
to the rapidly necrotising phase, characterised by extensive soft-
tissue destruction, malnutrition, sepsis, and high mortality if left
untreated [1]. Arrested Noma describes the chronic, postinfectious
stage observed in survivors, characterised by scarring, trismus,
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and oral and facial deformities [1]. This simplified classification
reflects the functional burden of the disease and facilitates easier
data collection, public health planning, and rehabilitation services,
particularly in low-resource settings [1]. The clinical staging and
classification of Noma are depicted in [Table/Fig-1] [1,17].

Model Stage Description Key features References
Simple Mild gum inflammation;
Stage 0 gingivitis reversible if treated early (7]
Acute Painful gingival ulcers
Stage | necrotising with foul odour, [17]
gingivitis necrosis begins
Rapid facial swelling,
Stage I Facial oedema especially around [17]
cheeks and lips
WHO
Six-Stage Gangrene Extensive soft-tissue
Model Stage I and tissue destruction, bone [17]
necrosis exposure possible
Healing with Inflammation subsides,
Stage IV fibrosis and fibrotic healing leads to [17]
trismus jaw stiffness (trismus)
Sequelae: Facial disfigurement,
functional difficulty in eating/
Stage v and aesthetic speaking; long-term (7
impairments disability
Sudden onset, rapid
Acute Necrotising progresspn, soﬁ—pssue |
Noma phase necrosis, sepsis, 1]
malnutrition, high
Two- mortality
stage
model Chronic scarring,
Arrested | Postinfectious t”s”.“.usg faC|aIl
deformities; requires [1]
Noma sequelae .
reconstructive and
rehabilitative care

[Table/Fig-1]: Clinical staging and classification of noma [1,17].

Clinical and Emerging Diagnostic Strategies for Noma
The diagnosis of Noma is primarily clinical and relies on the rapid
progression of oral and facial manifestations observed in vulnerable
children, who are typically malnourished and immunocompromised
[18]. Noma progresses through various stages, each characterised
by hallmark features like gingival ulceration, facial swelling, foul odour,
and black necrotic lesions involving both soft and bony tissues
[8,19]. A thorough medical history —including recent ilinesses (e.g.,
measles, malaria), nutritional status, and immune compromise—is
essential for accurate staging and differential diagnosis. This helps
distinguish Noma from other conditions such as oral cancer, leprosy,
or necrotising fasciitis [20,21].

Laboratory investigations may help support clinical suspicion, although
no point-of-care diagnostic test currently exists [22]. In acute Noma,
commonly observed laboratory findings include elevated white blood
cell counts (13,500-14,500 cells/uL) ((normal: 4,000-11,000 cells/
yL)), increased C-Reactive Protein (CRP) levels (107-148 mg/L)
(normal: <5 mg/L), elevated erythrocyte sedimentation rate (65-90
mm/hour) (normal-0-20 mm/hour), and markedly raised procalcitonin
levels (>85 ng/mL) (normal-<0.05 ng/mL) [23]. Imaging studies such
as plain radiography, Computed Tomography (CT), and Magnetic
Resonance Imaging (MRI) can assist in assessing the extent of soft-
tissue destruction and the degree of bone involvement [22,24,25].

Emerging diagnostic approaches increasingly focus on molecular
and microbiome-based techniques to complement clinical diagnosis
[14]. Oral microbiota dysbiosis has been shown to be useful in
identifying shifts in microbial communities, particularly increases in
anaerobic bacteria such as Fusobacterium necrophorum, Prevotella
intermedia, and various spirochetes, which may serve as potential
biomarkers for early detection of Noma [26].

Recent studies using shotgun metagenomic sequencing have
characterised the oral microbial profile of acute Noma. These
studies demonstrated not only changes in microbial composition,
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including increased abundance of Treponema, Porphyromonas, and
Bacteroides, but also identified novel species (e.g., Treponema sp.
A) that were associated with disease but absent in healthy controls,
along with distinct antibiotic resistance gene profiles [27]. Multiplex
Polymerase Chain Reaction (PCR) panels targeting major anaerobic
genera (e.g., Fusobacterium, Prevotella, Veillonella, Clostridium, and
Bacteroides) have also been developed, allowing rapid genus-level
detection of anaerobes in clinical samples, with significantly faster
turnaround times than conventional culture methods [28].

These findings suggest that microbiome profiling using culture-
independent techniques —such as 16S rRNA gene sequencing and
shotgun metagenomic sequencing—may aid in differentiating pre-
Noma stages and detecting early lesions before overt clinical signs
become apparent [29,30]. Various diagnostic methods for Noma
are summarised in [Table/Fig-2] [8,14,18-30].

Diagnostic aspect Details References

Clinical diagnosis based on rapid [18]
progression of oral and facial signs
in vulnerable children (malnourished,
immunocompromised).

Primary mode of
diagnosis

- Gingival ulceration

- Facial swelling

- Foul odour

- Black necrotic lesions penetrating soft
and bony tissues

[8,19]

Characteristic clinical
signs

- Recent illnesses: Measles, malaria
- Nutritional status
- Immune compromise

[20,21]
Patient history

No point-of-care test available
Common markers in Acute Noma:
- WBC: 13,500-14,500 cells/uL

- CRP: 107-148 mg/L

- ESR: 65-90 mm/hr

- Procalcitonin: >85 ng/mL

[22,23]

Laboratory
investigations

X-ray, CT, MRI useful to assess extent of:
- Tissue destruction
- Bone involvement

[22,24,25]
Imaging studies

Molecular and microbiome-based
diagnostics being explored

Emerging diagnostic
methods

[14,26]

- Oral microbiota dysbiosis observed
- Increase in anaerobic bacteria:

® Fusobacterium necrophorum

® Prevotella intermedia

® Spirochetes

[26,27]

Microbiome profiling

- 16S rRNA sequencing and shotgun
metagenomic sequencing enable
detection of microbial shifts and pre-
Noma stages before overt clinical signs

- Multiplex PCR panels for major
anaerobic genera (Fusobacterium,
Prevotella, Veillonella, Clostridium,
Bacteroides) allow rapid genus-level
detection

[27-30]

Molecular techniques

[Table/Fig-2]: Various diagnostic methods for Noma [8,14,18-30].

Pathogenesis of Noma: Malnutrition,
Immunosuppression, and Microbial Dysbiosis

The pathogenesis of Noma involves a complex interplay of factors,
such as severe malnutrition, immunosuppression, poor oral
hygiene, and pre-existing ulcerative lesions like acute necrotising
ulcerative gingivitis [31,32]. Nutrient deficiencies— particularly zinc,
retinol, ascorbate, and essential amino acids—along with elevated
cortisol levels, further compromise oral mucosal immunity, creating
a permissive environment for disease progression [14,33]. Systemic
ilnesses such as measles, malaria, respiratory infections, and
Human Immunodeficiency Viruses/Acquired Immunodeficiency
Syndrome (HIV/AIDS) further weaken host defence mechanisms.
HIV infection plays a particularly important role in regions such as
southern Africa, where it contributes to immune dysregulation and
increased susceptibility to Noma [34,35].

The microbial trigger of Noma remains incompletely understood, as
no single pathogen has been definitively identified [36]. Instead, Noma
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is considered a polymicrobial infection involving various anaerobic
and commensal bacteria, including Fusobacterium necrophorum,
Prevotellaintermedia, Fusobacterium nucleatum, Bacteroides fragilis,
and Spirochetes [26,36]. However, findings across studies have
been inconsistent. A large case-control study conducted in Niger
reported reduced proportions of Fusobacterium, Capnocytophaga,
Neisseria, and Spirochetes, alongside an increased abundance of
Prevotella, highlighting the role of oral microbial dysbiosis rather
than a single causative organism [31,37,38].

Spirochetes and P, intermedia are thought to act as early triggers
during the initial dysbiotic phase, whereas F nucleatum may
contribute to later stages through biofim formation and tissue
invasion [26,36,37]. The proposed pathogenesis of Noma is
illustrated in [Table/Fig-3].
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eating, necessitating extensive reconstructive surgery [43]. Surgical
intervention, typically delayed for 6-18 months to allow disease
stabilisation, involves excising fibrotic or scar tissue, correcting
trismus, and repairing defects using local, pedicled, or free tissue
flaps. Common options include radial forearm, scapular, anterolateral
thigh, or supraclavicular flaps [43,44]. Although these procedures
can restore form and function, complications remain significant, and
improvements such as increased mouth opening (mean gain ~20
mm) may diminish over time without sustained follow-up [44]. Hence,
establishing sustainable surgical programmes with strong local
capacity and long-term postoperative care is essential to improve
outcomes for Noma survivors in resource-limited settings [45].

Vaccination programmes, particularly against measles, are crucial
because measles-induced immunosuppression can predispose

children to Noma [46]. Additionally, community-based oral health
Severe Immunosuppressive Poor education arjd tralnlng of community health Worlkers can.facmt.ate
malnutrition state oral early detection and timely treatmejntlof oral d|se§ses, Ilnlc.lucllllng
hygiene Noma [25,42]. WASH (Water, Sanitation, and Hygiene) initiatives
also play a key supportive role in preventing neglected tropical
v L 4 diseases and should be incorporated into comprehensive Noma
Zine T Ta— v prevention strategies [33,47]. Comprehensive approaches for the
- it management of Noma are illustrated in [Table/Fig- ,33,39-47].
y gement of N lustrated in [Table/Fig-4] [25,33,39-47
Retinol « MiBsSIEs Pre-existing|
ulcerative
Ascorbate » Malaria —— Category Key interventions References
Essential . Respiratory - Early identification of necrotising gingivitis (early
amino acids infections v Early stage of Noma)
acute etection an - Prompt Initiation or antibiotics etronidazole +
T detecti d |-P t initiation of antibiotics (Metronidazol (39.40]
« HIV/AIDS necrotising acute medical | Amoxicillin/Penicillin) '
ulcerative management | - Nutritional rehabilitation
v gingivitis - Wound care (antiseptic rinses, debridement)
5 I - Fluid and electrolyte replacement
Cortisol ﬁ Supportive - Multivitamin supplementation [41]
Weak Defence care - Management of concurrent infections (e.g.,
l St e TR malaria, measles)
COMPROMISED Dysregulation WHO - Emphasis on oral hygiene »
ORAL MUCOSAL adjunctive - Use ?f d)lsmfectant mouthwashes (chlorhexidine [39,42]
IMMUNITY or saline
measures - Nutritional support
y
i - Performed after 6-18 months for disease
POLYMICROBIAL INFECTION stabilisation .
i Surgical - Excision of fibrotic/scar tissue
+ Fusobacterium necrophorum management | - Correction of trismus [43,44]
= . . - Reconstruction using local, pedicled, or free flaps
Prevotella intermedia (e.g., radial forearm, scapular, anterolateral thigh,
» Fusobacterium nucleatum supraclavicular)
« Bacteroides fr. agms - Long-term follow-up to maintain surgical outcomes
H Postoperative (e.g., prevent loss of mouth opening gain)
* S-perChEtes care - Establishment of sustainable surgical [44,45]
programmes in resource-limited settings
ble/Fig-3]: Path is of Noma.
E:g eire;?ed gy ajh O(;genesws oroma Vaccination - Measles vaccination to prevent [46]
programmes immunosuppression-associated Noma
Integrated Medical, Nutritional, and Surgical Care for Community- | - Oral health education
. based - Training of community health workers for early [25,42]
Managmg Noma interventions detection and treatment
Management of Noma primarily focuses on early detection and ~ Water, Sanitation, and Hygiene (WASH)
prompt medical intervention [39]. In its acute phase, Noma often :m::ves programmes integrated into Noma prevention 33,47]
begins with necrotising gingivitis, which requires treatment involving strategies

a combination of antibiotics (typically metronidazole paired with
amoxicillin or penicillin), nutritional rehabilitation, and meticulous
wound care, including antiseptic rinses or debridement [40]. Timely
implementation of such medical interventions can dramatically
reduce the historically high mortality rates [40]. Supportive
care includes fluid and electrolyte replacement, multivitamin
supplementation, and management of concurrent infections (e.g.,
malaria or measles) to improve the patient’s overall condition [41].
The WHO also emphasises adjunctive measures like improving
oral hygiene, using disinfectant mouthwashes (e.g., chlorhexidine
or saline), and providing nutritional support to promote healing and
prevent disease progression [39,42].

Survivors of the acute phase often suffer severe sequelae, including
facial disfigurement, trismus, and difficulties with speech and
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[Table/Fig-4]: Comprehensive approaches for management of Noma [25,33,39-47].

CONCLUSION(S)

Noma remains a devastating yet preventable disease rooted in
poverty, malnutrition, and poor hygiene. Early detection and
intervention through medical, nutritional, and surgical strategies
can dramatically reduce mortality and long-term complications.
Simplified staging and emerging diagnostic techniques, such as
microbiome profiling can facilitate timely diagnosis and treatment.
Holistic public health measures —including vaccination, community
education, and WASH initiatives—are vital for prevention.
Strengthening local healthcare systems is essential for providing
sustainable care to survivors and ultimately eliminating this
neglected tropical disease.
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