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ABSTRACT: 

Buruli ulcer is a neglected emerging disease that has recently been reported in some countries as the second 

most frequent mycobacterial disease in humans after tuberculosis. Cases have been reported from at least 32 

countries in Africa (mainly west), Australia, Southeast Asia, China, Central and South America, and the 

Western Pacific. Large lesions often result in scarring, contractual deformities, amputations, and disabilities, 

and in Africa, most cases of the disease occur in children between the ages of 4–15 years. This environmental 

mycobacterium, Mycobacterium ulcerans, is found in communities associated with rivers, swamps, wetlands, 

and human-linked changes in the aquatic environment, particularly those created as a result of environmental 

disturbance such as deforestation, dam construction, and agriculture. Buruli ulcer disease is often referred to 

as the “mysterious disease” because the mode of transmission remains unclear, although several hypotheses 

have been proposed. The above review reveals that various routes of transmission may occur, varying 

amongst epidemiological setting and geographic region, and that there may be some role for living agents as 

reservoirs and as vectors of M. ulcerans, in particular aquatic insects, adult mosquitoes or other biting 

arthropods. We discuss traditional and non-traditional methods for indicting the roles of living agents as 

biologically significant reservoirs and/or vectors of pathogens, and suggest an intellectual framework for 

establishing criteria for transmission. The application of these criteria to the transmission of M. ulcerans 

presents a significant challenge. 

SUMMARY: 

Buruli ulcer (BU) is a serious necrotizing cutaneous infection caused by Mycobacterium ulcerans. It is a 

neglected emerging disease that has recently been reported in some countries as the second most frequent 

mycobacterial disease in humans after tuberculosis (TB). Cases have been reported from at least 32 countries 

in Africa (mainly west), Australia, Southeast Asia, China, Central and South America, and the Western 

Pacific. BU is a disease found in rural areas located near wetlands (ponds, swamps, marshes, impoundments, 

backwaters) and slow-moving rivers, especially in areas prone to human-made disturbance and flooding. 

Despite considerable research on this disease in recent years, the mode of transmission remains unclear, 

although several hypotheses have been proposed. In this article we review the current state of knowledge on 

the ecology and transmission of M. ulcerans in Africa and Australia, discuss traditional and non-traditional 

methods for investigating transmission, and suggest an intellectual framework for establishing criteria for 

transmission. 
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INTRODUCTION: 

Buruli ulcer is caused by pathogenic bacterium where infection often leads to extensive destruction of skin 

and soft tissue through the formation of large ulcers usually on the legs or arms. It is a devastating disease 

caused by Mycobacterium ulcerans. The ulcer is fast becoming a debilitating affliction in many countries. It 

is named after a region called Buruli, near the Nile River in Uganda, where in 1961 the first large number of 

cases was reported. In Africa, close to 30,000 cases were reported between 2005 and 2010. Cote d’Ivoire, 

with the highest incidence, reported 2533 cases in 2010. This disease has dramatically emerged in several 

west African countries, such as Ghana, Cote d’Ivoire, Benin, and Togo in recent years. 

 

The transmission mode of the ulcer is not well understood, however residence near an aquatic environment 

has been identified as a risk factor for the ulcer in Africa. Transmission is thus likely to occur through contact 

with the environment. Recent studies in West Africa have implicated aquatic bugs as transmission vectors 

for the ulcer. An attractive hypothesis for a possible mode of transmission to humans was proposed by 

Portaels et al. water-filtering hosts (fish, mollusks) concentrate the Mycobacterium ulcerans bacteria present 

in water or mud and discharge them again to this environment, where they are then ingested by aquatic 

predators such as beetles and water bugs. These insects, in turn, may transmit the disease to humans by biting. 

Person to person transmission is less likely. Aquatic bugs are insects found throughout temperate and tropical 

environments with abundant freshwater. They prey, according to their size, on mollusks, snails, young fishes, 

and the adults and larvae of other insects that they capture with their raptorial front legs and bite with their 

rostrum. These insects can inflict painful bites on humans as well. In Ghana, where Buruli ulcer is endemic, 

the water bugs are present in swamps and rivers, where human activities such as farming, fishing, and bathing 

take place. 

Buruli ulcer is caused by M. ulcerans, whose ancestor is M. marinum. M. ulcerans grows at temperature 

between 28°C and 33°C and its main virulence factor is the plasmid-encoded toxin mycolactone that 

downregulates host innate and Th1 response and induces tissue damage determining host cell apoptosis. 

Foulon et al. emphasized the pro-inflammatory activity of the toxin in later stages of the infection that leads 

to destructing lesions. 

West Africa and Australia are endemic regions for Buruli ulcer. Sepulcri et al. described recently the first 

case of the disease in a traveller returning from Madagascar. Surveillance of Buruli ulcer cases is a main 

target for WHO. 
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Risk Factors for Buruli Ulcer:  

In addition to living in proximity of potentially contaminated water sources, other postulated risk factors for 

acquiring BU are related to aquatic environment; for instance, receiving insect bites near a river, swimming 

in or wading through a river, bathing with water from open borehole, and farming. Younger age (< 15 years), 

poor pre-existing wound care, and failure to wear protective clothing are other presumed risk factors, as well 

as lack of use of mosquito nets. A study in Australia demonstrated the use of insect repellent was associated 

with reduced risk while reporting of mosquito bites was associated with increased risk. Seasonality is also 

suspected, and some studies report the risk of acquiring the disease increases during the wet season. However, 

not all infected persons manifest the disease, and spontaneous healing has been observed to occur. 

 

Besides these socio-demographic, environmental, or behavioral factors, there may also be some genetic host 

susceptibility factors to BU. Some genetic host susceptibility factors are observed in other mycobacterial 

diseases including natural resistance-associated macrophage protein-1 (NRAMP-1), HLA-DR, vitamin D3 

receptor, mannose-binding protein, interferon-gamma (IFN-Γ) receptor, tumor necrosis factor alpha (TNF-

ɑ), interleukin (IL)-1ɑ and IL-1β and their receptor antagonists, and IL-12. A study in Benin revealed history 

of BU in a family member was associated with increased risk (OR, 5.5 (95% CI, 3.0–10.0), p < 0.001). A 

similar observation has been made in other studies. However, data on possible genetic host factors is still 

limited. One study from Ghana has shown a genetic polymorphism in the SLC11A1 gene to play a role in 

susceptibility to develop BU, with an estimated 13% population attributable risk. Currently, preventative 

measures for BU are not exactly known and a better understanding of these genetic risk factors may enable 

the development of effective and efficient measures in the future. 
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EPIDIMOLOGY:  

In the late 1800s, Sir Albert Cook described cases of chronic disfiguring skin ulcers in Uganda. In 1948, 

MacCallum et al. linked these chronic skin ulcers to a mycobacterium in six cases from rural Australia. These 

skin ulcers are known by many names (Buruli ulcer, Bairnsdale ulcer, Daintree ulcer, Mossman ulcer, 

Kumasi ulcer, or Searls ulcer), mostly depending on the geographic area where they are found. “Buruli ulcer,” 

the most frequently known name, refers to a Ugandan region in the southern bank of the Victoria Nile River. 

Until now, cases have been found in at least 33 countries in tropical, subtropical, and temperate climates in 

Asia (Malaysia, Papua New Guinea, and Sri Lanka), Western Pacific regions (Australia), the Americas 

(Guyana, Mexico, and Peru), and Africa, where the highest concentrations of cases occur in Benin, 

Cameroon, Cote d'Ivoire, Democratic Republic of the Congo, and Ghana. In 2015, 13 countries reported a 

total of 2,037 new cases. However, not all countries have health care systems that can detect and diagnose 

BU, so underreporting of cases is likely. For example, the sharp increase in the number of BU cases in Japan 

around 2009 to 2010 was mostly secondary to increased physician awareness and availability of diagnostic 

techniques. 

The exact mode of transmission of BU is not known; however, cases occur in areas around bodies of water 

that are stagnant or slow moving, with many cases occurring during the rainy season. Many of these bodies 

of water have been subject to environmental changes such as floods, building of dams, or irrigation for 

agricultural purposes, as well as surrounding deforestation. During an outbreak in Australia, a PCR study of 

environmental sources found M. ulcerans in swamp water that was used for irrigation of a golf course. 

 

 In areas of endemicity, reservoirs of the mycobacterium appear to be in biofilms in water sources, aquatic 

insects, mollusks, and fish. Mosquito bites have been suggested as a mode of transmission based on 

epidemiologic research on Australian outbreaks as well as animal studies. The disease has been observed in 

mammals such as koalas and opossums, but the question of how animals and humans acquire the infection 

remains. It is still not known whether this is by insect bites, by injuries that occur in water sources that have 

M. ulcerans, or even by aerosols. 

In Africa, around 50% of the infections occur in exposed body areas (arms or legs) of children under 15 years 

of age. In Australia and Japan, the majority of infections occur in adults. There is equal distribution between 

males and females, and the disease can cluster in families. However, there has been no documentation of 

human-to-human transmission, and thus BU is not considered a contagious disease. Finally, several studies 

have documented lower odds of acquiring the disease when using cloth barriers (long pants and long-sleeved 

shirts), using rubbing alcohol or washing minor wounds immediately after these occur, and using insect 

repellents. 
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HISTOPATHOLOGY: 

 It is possible to divide BU into four histopathological stages of evolution: 

• Non-ulcerated necrotic stage: the epidermis is intact, but it is often hyperplastic. The upper dermis is usually 

preserved, but it can show various degrees of collagen degeneration, edema, and discreet infiltration of 

inflammatory cells. Vasculitis, with occlusion of vessels by thrombus, can also be observed. In this stage and 

in the initial ulcerative phases, coagulation necrosis in the lower portion of the dermis, subcutaneous tissue, 

and fascia is easily identified. In these areas, predominantly extracellular BAAR form clusters that are easily 

detected in the center of the lesion in the deep layers of the dermis and in the adipose paniculus. Calcification 

can also be detected. Another finding is the presence of denucleated adipose cells, called “ghost cells”. 

• Ulcerated necrotic stage: there is loss of epidermis and reepitalization attempt in the borders of the ulcer. 

The adjacent epidermis is often hyperplastic (pseudoepitheliomatous hyperplasia). The base of the ulcer 

exposes the dermis with necrotic material and fibrosis. Necrosis of the subcutaneous tissue and dermal 

collagen, with formation of “ghost” cells, is accompanied by edema, minimal inflammation, and presence of 

numerous, predominantly extracellular BAAR in clusters. Necrosis by coagulation affects the subcutaneous 

cellular tissue and fascia similarly to the non-ulcerative phase. Vasculitis and extensive areas of calcification 

in the lower portion of the dermis are frequently observed (Figures 4 A, B, C, and D). 

 

FIGURE 4: A. HE 100X. Denucleated adipose cells - “ghost cells' - accompanied by discreet mononucleate inflammatory infiltrate; 

B. HE 100X. Presence of coagulation necrosis with calcification areas; C. ZN 200X. BAAR grouped in extracellular environment 

forming clusters; D. ZN 400X. Grouped BAAR 

• Initial healing stage (of organization and granulomatous): it is characterized by the start of a granulomatous 

response in the dermis and subcutaneous cellular tissue. Epithelioid cells, Langhans giant cells and 

lymphocytes are present in this phase. Eventually, these cells rearrange to form tuberculoid granulomas. 

Foamy macrophages, lymphocytes, and plasmatic cells are sometimes seen in the margins of necrotic tissue. 

The appearance of granulous tissue indicates the beginning of the ulcer healing process. In this stage, BAAR 

are rarely found in the histopathological examination.  
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 • Late healing stage - fibrosis and atrophic epidermis. Histopathological findings are considered unspecific; 

however, considering the different findings altogether, it is estimated that the sensitivity of the 

anatomopathological exam is around 90%. The sensitivity of the Ziehl-Neelsen staining procedure is between 

40 to 80%. In conclusion, the most characteristic findings of a histopathological study of BU lesions are 

necrosis of the subcutaneous tissue and of the dermal collagen accompanied by minimal inflammation 

(despite the extensive necrosis observed), and predominantly extracellular acid-alcohol resistant bacilli 

(BAAR). Neutrophils can be found in the necrotic material. This mild inflammation could be explained by 

the action of exotoxin, which causes necrosis of adipose cells and of the inflammatory infiltrate. 

  

CLINICAL PROFILE: 

Non-tuberculoid mycobacteria are present in the environment and are in permanent contact with humans and 

animals. Therefore, the colonization of clinically healthy individuals by these bacteria is very common.  

Contact with M. ulcerans may result in the colonization of healthy tissue without infection. Evolution to the 

clinical manifestation of the disease depends primarily upon the host’s defenses. Another hypothesis is the 

self-resolution of the primary infection, being thus never noticed. The disease may cause subclinical 

symptoms or even develop an asymptomatic profile, remaining latent, as shown in figure 5. Later, the patient 

may have the latent focus activated and manifest the clinical symptoms and signs of the disease. Sometimes, 

only a superficial trauma is necessary for the reactivation of the infection focus, with a shorter incubation 

period (about 15 days) than the typical one, between 2 and 3 months. Australian authors have reported the 

case of a patient, most likely carrying the latent disease, who after immunosuppressive therapy with 

corticosteroids developed disseminated BU.  

 

FIGURE 5: Buruli ulcer. Clinical Profile. Flowcharts of the clinical presentations of the disease Modified source: Portaels F et 

al.  
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 The disease caused by M. ulcerans has a spectrum of clinical forms mostly associated with the time between 

the onset of the disease and when the patient seeks a health center for diagnosis. The average incubation 

period is from two to three months. After primary infection, the disease can remain localized or disseminate. 

Many factors contribute to the evolution of the disease, such as the immunological status of the host, the size 

and depth of the inoculation site, and the virulence of the strain. The preulcerative form of the disease often 

does not make the patient seek medical assistance and this period may vary from a few weeks to months.  

 Clinically, BU can be divided into pre-ulcerative stage (papule, nodule, plaque, and diffuse edema) and 

ulcerative stage, which may be represented by small ulcers (smaller than 5 cm) and large ulcers (larger than 

5 cm). It can also be classified into localized disease (papule, nodule, and ulcer) and disseminated disease 

(plaques, diffuse edema, and metastasis).  

  The initial stage of Buruli ulcer often starts with a painless and mobile skin nodule, with less than 5 cm of 

diameter, that ulcerates usually after a few weeks. It forms an ulcer with poorly demarcated borders, making 

it appear smaller than it really is (Figure 6A). In the Australian population, it is more common for patients to 

notice a small pustule or papule, often attributed to insect bites, without the nodular phase. This papule often 

has less than 1 cm of diameter and is accompanied by erythema in the adjacent skin. This form of the disease 

has not been reported in Africa. The ulcer develops due to perforation of the necrosis above the epidermis 

There is no pain or, if present, it is reported as very mild. Borders are characteristically poorly demarcated, 

undermined, and there is edema in the adjacent skin. The ulcer may remain small, with 1 to 2 cm of diameter, 

and it is more susceptible to self-resolution (Figure 6B). However, ulcers frequently become larger and 

destroy the skin around them. They may affect bone tissue and develop into disseminated disease (Figure 

6C). Their borders are hyperpigmented and their background, necrotic. The disease can also present with a 

large area of marked induration, diffuse edema in the legs and arms or a well-demarcated plaque (Figure 

7A). Plaques are raised, hard, painless and with a certain degree of depigmentation or spotted erythema. They 

can have more than 2 cm of diameter, possibly reaching 15 cm. They can develop into large ulcers with 

irregular borders. When there is only one edema, the profile is more diffuse, without a Godet sign, and with 

poorly demarcated borders. Edematous lesions can affect an entire limb and a large portion of the trunk. 

After a few days or weeks exulcerations are formed in these areas.  
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FIGURE 6: A. Initial nodular lesion of Buruli Ulcer; B. Small ulcerated lesions; C. (old10) Large ulcerated lesion with 

undermined borders 

   Lesions can develop in new areas, distant from the original lesion, which characterizes a metastatic form 

of the disease. This evolution of the clinical condition can be explained by the lymphatic or blood system, 

especially in relation to the disseminated form of the disease. 
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   Strains of M. ulcerans isolated from different clinical forms of the disease in a particular geographical 

region appear identical, suggesting that host factors may play an important role in the establishment of the 

various clinical presentations. Due to the local immunossupressive properties of mycolactone or, perhaps as 

a consequence of other unknown mechanisms, the disease evolves without pain, fever or systemic 

inflammatory response. This may partly explain why affected individuals do not seek immediate treatment. 

Nevertheless, without treatment, large ulcers develop. The base of the initial ulcer often contains a whitish, 

frothy-like secretion; sometimes it can form crusts. The skin surrounding the lesion becomes increasingly 

pigmented.  When ulcers are large, they may affect an entire extremety or a large portion of the trunk (Figure 

7B).  

 

FIGURE 7: A. Edematous area affecting the entire upper limb; B. Large ulcerated lesion affecting the entire lower limb 

 One of the consequences of an extensive ulcer is the fact that it may affect bone tissue, increasing the risk 

of osteomyelitis, and later lead to deformities and even amputations. Involvement of other organs is 

extremely rare. Metastatic osteomyelitis has also been reported and it can affect approximately 10% of the 

patients with BU. It is directly proportional to the number of skin lesions.  
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  Involution of lesions may result in atrophic sequelae or symmetrical scars, sometimes hypotrophic or 

keloid-like, with contractures and impairment of the function of limbs when localized near or over joints. 

Scars may restrict limb movement, limiting the patient’s ability to perform daily activities and making 

participation in work activities difficult (Figure 8). The cosmetic aspect of a scar may also cause social 

problems, withdrawing the patient from routine activities. Permanent disabilities affect around one fourth of 

the patients. The disease may affect any part of the as poor living conditions or lack of sewage and medical 

resources, little access to health services, risky cultural practices, poor nutrition, and general poverty increase 

the risk of contact with and infection by aggressive pathogens. 

The Mode of Transmission:  

The mode of transmission of BU remains poorly understood. As cases are concentrated in areas with 

proximity to slow moving or stagnant bodies of water (ponds, swamps, marshes, backwaters, dams, artificial 

lakes), the current hypothesis is that the disease is transmitted from these environments to humans. This is 

further supported by the clinical presentation of the disease: the lesions are often distributed on the exposed 

areas of the body including the limbs and the face. There is no evidence to support the possibility of human-

to-human transmission of BU. 

Investigation on potential reservoirs of M. ulcerans is ongoing. The slow growth rate of M. ulcerans 

(doubling time > 48 h) coupled with its low density poses special difficulties in the recovery of the bacteria 

in culture from environmental samples. Ideal decontamination protocols capable of inhibiting all 

contaminating fast-growing bacteria and fungi existing with M. ulcerans is required. However, an improved 

culture technique has recently been proposed that may overcome this. Currently, real-time PCR targeting M. 

ulcerans-specific DNA sequences (the insertion sequences IS2404 and IS2406, and genes present on the 

mycolactone-encoding plasmid such as KR-B and ER) is the technique used most frequently in surveys of 

environmental specimens. Although the presence of DNA does not provide definite proof of the presence of 

living bacteria, identification of M. ulcerans DNA has been successful in environmental samples ranging 

from water filtrates, soil, biofilms, fish, frogs, snails, crayfish, insects, to other invertebrates. Reports of 

successful culture of live bacteria from environmental samples are much rarer but have been reported from 

samples of an aquatic insect (Hemiptera or water strider) as well as from moss and aulacode (greater cane 

rat) feces. 

Remarkably, evidence from West African countries and Australia suggest that the mode of transmission may 

be different in tropical and temperate climates. For instance, while there is some evidence for mosquitoes as 

a potential passive vector for M. ulcerans in Australia, there is less consistent support from studies in Benin, 

which did not detect M. ulcerans DNA in mosquito species whereas a study in Cameroon did. A few 

experimental laboratory studies also failed to confirm the implication of mosquitoes as biological agents for 

the transmission of M. ulcerans. In a study by Djouaka et al., ingestion of M. ulcerans was observed during 

the larvae stage of the mosquitoes but not during both pupae and adult stages, revealing the low ability of 

infected or colonized mosquitoes to vertically transmit M. ulcerans to their offspring. Interestingly, a recent 

study by Wallace et al. demonstrated and proposed that a micro-puncture in the skin from any cause, whether 

from insect bites, injuries, or other natural means, has the potential to inject M. ulcerans from the environment 

into the skin and generate ulcers. Such a mechanism would also be sufficient to explain the potential role of 

biting water insects such as Naucoridae and Belostomatidae, which have received a lot of attention as 

potential vectors in West African countries. There may be several routes of trankikmsmission in BU as the 

disease occurs in a range of different epidemiological settings and geographic regions, as well as some role 

for various living organisms acting as reservoirs and as vectors. 

 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                         © 2022 IJCSPUB | Volume 12, Issue 3 August 2022 | ISSN: 2250-1770 

IJCSP22C1162 International Journal of Current Science (IJCSPUB) www.ijcspub.org 332 
 

Signs and symptoms: 

Buruli ulcer often starts as a painless swelling (nodule), a large painless area of induration (plaque) or a 

diffuse painless swelling of the legs, arms or face (oedema). The disease may progress with no pain and 

fever. Without treatment or sometimes during antibiotics treatment, the nodule, plaque or oedema will 

ulcerate within 4 weeks. Bone is occasionally affected, causing deformities. 

The disease has been classified into three categories of severity: Category I single small lesion (32%), 

Category II non-ulcerative and ulcerative plaque and oedematous forms (35%) and Category III disseminated 

and mixed forms such as osteitis, osteomyelitis and joint involvement (33%). 

Lesions frequently occur in the limbs: 35% on the upper limbs, 55% on the lower limbs, and 10% on the 

other parts of the body. Health workers should be careful in the diagnosis of Buruli ulcer in patients with 

lower leg lesions to avoid confusion with other causes of ulceration such as diabetes, arterial and venous 

insufficiency lesion. 

Pathogenesis: 

Pathogenesis of BU relies on mycolactone, a polyketide-derived macrolide that is synthesized by the M. 

ulcerans bacteria. It is synthesized by giant polyketide synthetases coded in a 174-kb plasmid pMUM001, 

with possible involvement of other genes on the bacterial chromosome. Three major biological functions of 

mycolactone have been identified including cytotoxicity, immunosuppression, and analgesic effects, which 

correspond well to the characteristic features of the disease, i.e., extensive deep ulceration with thick 

yellowish necrotic tissue and undermining, paucity of local inflammatory response, and no or limited pain. 

 

Inhibition of Sec61 also explains mycolactone’s cellular toxicity. Single amino acid substitutions in the 

Sec61A1 gene (encoding the α subunit of the translocon) have been shown to confer resistance to the 

cytotoxic effects of mycolactone. Furthermore, an unbiased screen for resistance mutations in the human 

genome identified Sec61A1 substitutions alone. Recently, the molecular mechanism linking this to cell death 

was shown to involve the misvocalization of Sec61 substrates into the cytosol, leading to uncontrolled 

cellular stress and Bim/Bcl2-mediated apoptosis. 

 

Mycolactone has also been shown to inhibit mTOR activity, and causes hyper-activation of WASP, members 

of a family of scaffold proteins transducing variety of signals into dynamic remodeling of the cell’s actin 

cytoskeleton. Furthermore, it activates type 2 angiotensin II receptors, resulting in hypoesthesia through 

potassium-dependent hyperpolarization of neurons. This may explain the painlessness or minimal pain 

associated with BU lesions, yet other studies suggest that other functions, including potential cytotoxity effect 

against the Schwann cells, account for this phenomenon. It is not surprising that several pathways are present, 

making mycolactone a multifunctional cytotoxin given the pathological features of BU. Mycolactone is 

indeed an interesting molecule, and further understanding of its function may extend beyond understanding 

of BU pathogenesis. 

 

It is important to note that mycolactone production is not limited to M. ulcerans. Indeed, there is a whole 

family of mycolactone-producing mycobacteria (MPM) including certain strains of M. marinum, M. 

pseudoshottsii, M. liflandii, and M. xenopi. Slight differences in the modular arrangement of genes on 

pMUM001 mean that they each produce different congeners of mycolactone. 
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DIAGNOSTIC TESTS: 

 

Confirmation of BU is done with four main methods: microscopic detection of acid-fast bacilli (AFB), 

cultures, PCR targeting specific M. ulcerans genes, and histopathology. Table 1 presents the advantages and 

disadvantages of the different methods. Since the mycobacteria are unevenly distributed in the lesions, the 

manner in which samples are collected is of paramount importance to obtaining an adequate result: To 

maximize the possibility of positive results when using swabs, the person obtaining the sample should swab 

the entire undermined edge of the ulcer (as this is where bacilli are usually present) and preferably take two 

collections per lesion. When obtaining material with fine-needle aspirates (FNA), these should be done from 

the least indurated portion of the lesion. Finally, when obtaining biopsy specimens, these should be taken 

below the undermined edge and include necrotic material. In the case of nodules, the biopsy specimen should 

be obtained from the center of the lesion and should include adipose tissue. 
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Microscopic study of smears made from swabs or FNA specimens that have been stained with Ziehl-Neelsen 

stain (an acid-fast stain), similar to what is used for tuberculosis, is used in many parts of Africa. A study in 

Ghana showed that this technique has a diagnostic sensitivity of 40% for nodules, which decreases to 30% 

for ulcers. Fluorescence microscopy after auramine staining of these smears has also been used to detect the 

mycobacterium. Of note, other mycobacteria such as M. marinum can cause skin lesions, and this diagnostic 

method will not be able differentiate between the diverse mycobacteria. The Australian consensus on 

 

Method Advantages Disadvantages 

Acid-fast stain 

microscopy 

1. Performed in many 

countries in the world for 

diagnosis of tuberculosis 

1. Least sensitive and specific of the methods 

(around 30–40%); however, in patients with 

classic presentation in an area with high 

prevalence, a positive result is strongly 

suggestive of Buruli ulcer 
2. Can be performed in 

swabs and fine needle 

aspirates 

3. Requires minimal 

equipment and reagents 

4. Requires the least amt of 

technical expertise 

compared to the other 

methods 

Culture 1. Reference standard with 

highest specificity 

1. Takes 9 to 12 wk. to grow even under optimal 

conditions (temp, 29–33°C; oxygen concn, 2.5–

5%) 2. Can be performed with 

swabs, fine-needle aspirates, 

and tissue 

3. Used in cases that do not 

respond to treatment or when 

there is a relapse 

2. Once growth is present, there is need for use 

of PCR or MALDI-TOF MS for identification 

PCR 1. Most sensitive method for 

Buruli ulcer cases (detects 

54–84% of cases depending 

on the series) 

1. No standardized protocols (mostly laboratory-

developed assays) 

2. Can be performed with 

swabs, fine-needle aspirates, 

and tissue 

2. Requires specialized equipment and, for the 

most part, a cold chain for reagents 

3. Very specific when 

targeting the IS2404 gene 

3. Requires trained personnel performing the 

assays 

4. May detect nonviable organisms 

Histopathology 1. Best at finding other 

potential causes of nodules 

and ulcers (differential 

diagnosis) 

1. Requires obtaining tissue (biopsy or resection) 

2. Requires a pathology laboratory (ability to 

paraffin embed, cut, and stain the tissue) 

 3. Needs highly trained personnel (physician 

trained in pathology) to read the biopsy result 
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diagnosis suggests that the presence of acid-fast bacilli in a microscopic study when the clinical picture is 

concordant with BU is strongly in favor of the diagnosis. 

 

(A) Category 3 ulcer in the upper extremity, revealing the patient's tendons and muscle. (B) Ziehl-Neelsen stain demonstrating abundant clusters 

of acid-fast bacilli in the necrotic adipose tissue. This was a tissue sample from a nodule. The photograph was taken under oil immersion. (C) 

Histopathology of an ulcer, showing hyperplastic epidermis (arrow), necrosis (*), and inflammation (i). The photograph was taken at low 

magnification (4× objective). (All photographs were obtained while the author worked for the Centers for Disease Control and Prevention.) 

Cultures are the reference standard for diagnosis of many infectious diseases, including BU. However, their 

use for diagnostic and treatment purposes is complicated, as M. ulcerans requires 9 to 12 weeks of incubation 

under optimal conditions (temperature of 29 to 33°C and 2.5 to 5% oxygen concentration) to grow. M. 

ulcerans grows in Lowenstein-Jensen, Middlebrook 7H10, and Middlebrook 7H11 with oleic acid-albumin-

dextrose-catalase enrichment agars and in Middlebrook 7H9 broth. Sample decontamination methods have 

shown detrimental effects on the recovery of this mycobacterium, particularly for environmental specimens. 

Cultures are of use when there are relapses or the ulcer does not heal. Once the mycobacterium has grown in 

culture, PCR is useful to define the species. Matrix-assisted laser desorption ionization–time of flight mass 

spectrometry (MALDI-TOF MS) has been successfully used to differentiate colonies of M. marinum from 

those of M. ulcerans. 

 

Real-time or single-step gel-based PCRs using the IS2404, 16S rRNA, or hsp-65 gene have been developed 

for diagnosis of M. ulcerans. The IS2404 gene is present in at least 50 copies per genome and it has become 

the standard for detection in environmental and animal samples. Upon review of multiple series from diverse 

world regions, the number of PCR-positive cases is found to vary from 54 to 84%. The variability depends 

on many factors, including the type of lesion, where in the lesion and how the sample was obtained, how the 

sample was sent to the laboratory, the amount and preparation of the sample, and the type of PCR assay, as 

these are mostly laboratory-developed assays. The consensus council in Australia on diagnosis and treatment 

states that testing a swab by using PCR targeting IS2404 approaches 100% sensitivity. Thus, when the PCR 

is negative but the smear is AFB positive, this should prompt alternative diagnoses. Also, both PCR and AFB 

microscopy being negative makes the diagnosis of BU extremely unlikely. Since most of BU cases are in 

Africa, methods that use stable reagents for M. ulcerans PCR need to be developed and tested. A pilot of a 

PCR assay with dry (lyophilized) reagents has taken place in Ghana, though further standardization for 

reliable use needs to occur. Similarly, loop-mediated isothermal amplification has been used as an alternative. 

Finally, it needs to be realized that DNA can persist in lesions, and detection does not necessarily indicate 

that there are live mycobacteria; thus, PCR cannot be used for follow-up of patients with recurrences. 
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Clancey et al. were the first to describe the histopathology of BU in human cases. Although this diagnostic 

modality requires specialized trained personnel (a pathologist) and is often not available in Africa, it has the 

advantage of providing alternative diagnoses when the lesions biopsied are not BU (some examples of 

diagnoses for nodules are keratin cysts, subcutaneous fungal infections, filarial nodules, or abscess, and 

diagnoses for ulcers include squamous cell carcinoma). With the routine stain (hematoxylin and eosin), 

nodules show a characteristic necrotic center that involves deep dermis and subcutaneous adipose tissue, 

with little inflammation and psoriasiform hyperplasia of the epidermis. Ziehl-Neelsen stain or other stains 

for acid-fast bacilli stain show extracellular clusters of bacilli in the necrotic material and rare macrophages 

with intracellular mycobacteria in the periphery. When ulcers are sampled, similar changes are observed 

(necrosis of deep dermis and subcutaneous fat as well as epidermal hyperplasia) however, granulomatous 

inflammation is more frequent in the advancing ulcer border. In general, bacilli are present in ulcerated 

lesions but usually in lower numbers than in preulcerative lesions (nodules and plaques). Inflammation 

around blood vessels accompanied by thrombosis is a frequent occurrence in both ulcerative and 

preulcerative lesions. A study of 4 cases in which histopathology and PCR were performed in different 

regions of the lesion showed the presence of bacterial DNA beyond the area where bacilli were observed 

with acid-fast stains. 

 

Alternative methods such as serology and chromatography have been studied. Serologic detection of 

antibodies to specific M. ulcerans antigens has shown mixed results, as in addition to detecting BU patients, 

the tests have been positive in healthy household contacts. Fluorescent thin-layer chromatography for 

mycolactone using a variety of samples from the lesions (swabs, FNA, and biopsy specimens) has shown a 

sensitivity of 73% and a specificity of 86%; however, this method is in early stages of development as a 

diagnostic tool. 

 

 

TREATMENT:  
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Medical treatment using daily oral rifampin and intramuscular streptomycin for 8 weeks was introduced in 

the early 2000s and is recommended by the WHO. A review of treatment studies performed in eight African 

countries and one in Australia showed that this regimen achieved on average a 50% cure rate. This antibiotic 

regimen is highly effective for lesions that are less than 10 cm in diameter, as these patients may not require 

surgery. A retrospective study of Ghanaian patients who did not complete treatment demonstrated that shorter 

regimens (4 weeks) can be effective. The combination of rifampin plus clarithromycin, ciprofloxacin, or 

moxifloxacin for 3 months has been used in Australia and is endorsed by WHO. In settings where rifampin 

is contraindicated, clarithromycin and moxifloxacin have been used. Oral combination treatment is 

advantageous in many parts of the world where obtaining antibiotic injections may be difficult. Intravenous 

treatment using amikacin for 4 to 8 weeks with oral rifampin is reserved for patients with severe, extensive 

disease, disease that involves tendons, nerves, joints, bone (osteomyelitis), major relapses, or areas such as 

the face in order to minimize surgery. In many parts of the world, tuberculosis, HIV, and BU are prevalent 

in the same population. When treating these infections, drug interactions and responses to treatment of each 

of these infections have to be taken into consideration to define the best order in which to treat these 

concurrent infections and which medications to use. As a general rule, screening for these infections should 

be performed, preventive treatment with co-trimoxazole should be given, and treatment for BU should be 

started before that for HIV. 

 

In addition to antibiotic treatment, patients with ulcers should receive wound care, which may be needed 

daily for severe lesions. Physiotherapy should also be included to promote healing and prevent disabilities. 

Continuous rehabilitation is usually needed for those patients with disabilities. A study in Ghana that looked 

into patients' experiences regarding treatment showed the difficulties patients have in reaching health care 

centers to get antibiotic injections and in changing dressings and that it is important to explain consequences 

of treatment, such as the urine turning red with use of rifampin. 

 

In approximately 20% of patients, transient clinical deterioration occurs 3 to 12 weeks after medical treatment 

has started. In some instances, lesions in other parts of the body are noted. Although paradoxical reactions 

can occur for all patients independent of stage, they tend to be more frequent in patients who have large 

lesions, lesions found in the trunk, and edematous lesions and in adults. These paradoxical reactions are 

thought to be an exaggerated immune response to mycobacterial antigens that remain in the tissues after 

mycolactone with its immunosuppressive effects is no longer present. Since polymorphisms in the gene 

SLC11A1 increase susceptibility to BU, these same polymorphisms are hypothesized to be associated with 

increases in paradoxical reactions after treatment. 

 

The second mainstay of BU treatment is surgery as debridement with wide margins and grafting continue to 

be performed for large lesions. Surgery is also used to treat complications such as releasing contractures. The 

primary role of surgery is to prevent disability. Surgery has been recommended after 4 weeks of treatment 

with antibiotics, though currently, there are no set guidelines for surgical interventions. Debridement should 

spare important deep structures such as nerves, blood vessels, tendons, and joint capsules. The consensus 

council conference in Australia suggested surgical treatment for small lesions. They recommend removing 

all necrotic tissue and a small margin of normal tissue and closing either primarily or by grafting. The 

histopathologic presence of granulomas and acid-fast bacilli in the margin predicts recurrence and requires 

antibiotic treatment. 
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Common side effects Probable causative drug Conduct 

Anorexia, nausea, abdominal 

pain 

Rifampicin Continue treatment with 

administration of the drug 

with small meals or at bedtime 

Jaundice and hepatitis Rifampicin Suspend treatment 

Shock, purpura, acute renal 

failure 

Rifampicin Suspend treatment 

Hypoacusis (in the absence of 

ear wax confirmed by 

otoscopy) 

Streptomycin Suspend treatment 

Dizziness with vertigo and 

nystagmus 

Streptomycin Suspend treatment 

 

Chart: Main side effects associated with the drugs recommended to treat Buruli ulcer 

 

 

PREVENTION AND CONTROL: 

Some prevention against BU has been observed with Mycobacterium bovis bacillus Calmette-Guérin (BCG) 

vaccination, but the results are controversial. Vaccines specific to M. ulcerans, targeting a mycolyl 

transferase (antigen 85A) of the bacteria, are also being tested, but there is as yet no established definite 

measure for preventing the disease. At present, the only preventative measures that can be taken are to avoid 

risky behaviors (swimming, fishing, agricultural works, etc.) and environmental contacts in endemic areas. 

Thermotherapy is highly effective, easy to apply, cheap, well tolerated, free of relevant adverse effects and 

has nonspecific positive effects on wound healing. 

For decades surgical excision has been the standard therapy for Buruli ulcer (BU) with several drawbacks, 

however. Surgery is traumatizing with extensive soft tissue excisions required to prevent relapse. Long 

hospitalization is expensive for both health services and patient families. Since 2004 an antibiotic regimen 

consisting of rifampicin and streptomycin for 8 weeks is recommended by WHO. Its efficacy has been 

demonstrated in various studies including a randomized controlled trial. The parenteral application of 

streptomycin over 8 weeks is a substantial disadvantage in settings with limited resources and particularly in 

children who are mostly affected by BU in Africa. Ototoxicity has additionally been identified as a critical 
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and prohibitive side effect. In 2017 the WHO Technical Advisory Group on BU decided that the WHO 

recommendation for treatment should be changed to rifampicin and oral clarithromycin pending the 

publication of the full results of a recently completed clinical trial. On a national level, this combination has 

already been introduced in various countries. 

CONCLUSION: 

As stated in the beginning of this review, Buruli ulcer disease has been referred to as the “mysterious disease” 

because the exact mode(s) of transmission, in the strictest sense, remain unclear, although several hypotheses 

have been proposed. We have reviewed the hypotheses and reported on studies that provide good evidence 

of probable reservoirs for the disease, particularly in Australia. An intellectual framework for establishing 

criteria for transmission followed this. Z 

Finally, we recommend that the following research studies be conducted to help better understand 

transmission of M. ulcerans in nature: 1) in depth studies of human behavior patterns in African endemic 

villages to better understand exposure to the pathogen in the environment; 2) a search for mammalian and/or 

other animal reservoirs and potential arthropod vectors in Africa; 3) understanding the relationship between 

mosquitoes, humans and infected possums who frequently share the same habitats in Australia; 4) laboratory 

competency studies with Australian mosquitoes using local strains of MU to determine whether transmission 

could occur vertically (larvae to adult) or horizontally (adult feeds on possum and then on humans); 5) further 

field and laboratory experiments on vector transmission and vector competence to confirm current 

hypotheses and experimental evidence on arthropod transmission; and 6) the development of new and 

innovative studies aimed at satisfying Hill's Criteria to provide strong and logically defendable evidence 

about the true mode, or modes, of Buruli ulcer transmission in nature. 
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