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Abstract
Background Podoconiosis, a non-infectious disease originating from long-term exposure of bare feet to irritant 
red clay soil is a lifelong, disabling disease with no specific diagnostic tool, classified into 5 stages based on the 
severity of leg swelling (lymphoedema). Secondary bacterial infections have been suggested to cause acute 
dermatolymphangioadenitis (ADLA) attacks and drive disease progression. Although the North West Region of 
Cameroon has a proven history of podoconiosis endemicity, the bacterial composition of lymphoedema due to this 
condition has not been studied. Thus, this study investigated the leg bacterial diversity of patients who suffered from 
the lymphoedema and their susceptibility pattern to selected antibiotics.

Methods A cross-sectional study was carried out in which podoconiosis affected and non-lymphoedema individuals 
living in the same community were purposively selected. Samples were collected by swabbing the skin between the 
toes and around the anklebone, then cultured and sub-cultured on nutrient agar to obtain pure isolates. The cultured 
isolates were then morphologically and biochemically classified using microscopy and analytic profile index test kits, 
respectively. The disk diffusion technique was used to determine antibiotic susceptibility.

Results Thirty-three participants were recruited, and 249 bacterial isolates were characterized into 29 genera, 60 
species; with 30 (50%) being gram positive rods, 19 (31.7%) gram positive cocci, and 11 (18.3%) gram negative rods. 
Thirteen gram positive rods, fifteen gram positive cocci, and eight gram negative rods of bacterial species were found 
only in podoconiosis individuals among which Cellulomonas spp / Microbacterium spp. (2.8%), Staphylococcus lentus 
(3.3%), and Burkholderia cepacia (4.0%) dominated. 90% (90%) of the bacterial isolates were sensitive to doxycycline, 
whereas ampicillin had a high level of intermediate resistance, and penicillin G had the greatest resistant profile.
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Introduction
Podoconiosis is a non-infectious disease originating 
from long term exposure of barefoot to irritant red clay 
soil in areas of high altitude [1]. The term podoconiosis, 
established by Price in the 1970s, derived from the Greek 
words “podos” and “konio” which mean “foot” and “dust”, 
respectively [2]. Globally, podoconiosis affects an esti-
mated 4 million people in over 32 countries, 18 of which 
are in Africa, with highest prevalence values reported 
in Tanzania (2.5%), Kenya (3.9%), Uganda (4.5%), Ethio-
pia (7.5%), and Cameroon (8.1%) [3, 4]. In 2017, at least 
one case of podoconiosis was reported in each of the 
10 Regions in Cameroon and the highest prevalence 
(1.7%) was in the North West Region, followed by the 
North Region with 1.0% [5]. The disease is asymptom-
atic in the early teens and can affect several individuals 
from the same family, and nocturnal leg and foot pain is 
a classic feature in young person’s [6]. Symptoms usually 
start with itching and a burning sensation, followed by a 
sign such as swelling in the sole [2]. The disease is char-
acterised by massive bilateral asymmetrical swelling of 
the lower legs and feet [7] and is classified into 5 stages 
based on the severity of the swelling [8]. Thus, podoco-
niosis-driven lymphedema and consequently elephantia-
sis is a developmental challenge since it affects the active 
population, thereby reducing productivity and bringing 
about disability-adjusted life years [9]. Thus, early, and 
accurate diagnosis of lymphoedema is very important 
as it significantly increases the success of treatment and 
prevention [10]. This corroborates findings from three 
studies that have reported podoconiosis to be curable 
at the pre-elephantiasis phase [11-13] and that hygiene-
based management, using soap, clean water, and antisep-
tics, significantly improves the morbidity of the disease 
[14, 15]. In addition, prevention has been shown to be 
achieved by avoiding direct contact of bare feet with irri-
tant red clay soil [16].

To date, there is no recommended diagnostic test for 
podoconiosis, though clinical examination and medi-
cal history found in the algorithm of podoconiosis man-
agement remain the corner stone of diagnosis [9]. This 
poses a major challenge not just in the case of the man-
agement of the disease but also in understanding the 
etiology, epidemiology, and disease burden in endemic 
areas [17]. Currently, podoconiosis can only be screened 
clinically by excluding hereditary, as well as infectious 
causes of lymphoedema [18], including lymphatic fila-
riasis (LF) and leprosy, must be distinguished during 
physical examination and clinical history [19]. Despite 

the availability of treatment and management options 
for other forms of lower limb lymphoedema (such as LF 
and leprosy), there is no treatment for podoconiosis. It 
is hypothesised that the disease develops when mineral 
particles of elements (such as aluminium, silicon, magne-
sium, and iron) common in clay soils penetrate the sole 
of the leg and are taken up by macrophages into the lym-
phatic system, leading to an inflammatory response [20]. 
However, the distinct source and mechanism of disease 
progression remain uncertain. Most individuals suffer-
ing from podoconiosis do not know the best way to care 
for their legs, thereby accumulating dirt, which may cre-
ate a new microenvironment favourable for coloniza-
tion by microbes, leading to worsening of the disease 
[21]. To support this fact, it has been shown that patients 
with lymphoedema are susceptible to cellulitis, which is 
mainly caused by group A Streptococcus [22]. In addi-
tion, secondary bacterial and/or fungal infections have 
been suggested as a major outcome of podoconiosis [23]. 
Despite the fact that podoconiosis is not classified as an 
infectious disease, inflammatory episodes, called acute 
dermatolymphangioadenitis (ADLA) attacks have been 
found to be associated with the penetration of bacteria 
into the dry cracked skin on the feet, which cause inflam-
mation and the development of lymphoedema [24–26], 
similar to what occurs in LF [27–30]. ADLA is one of 
the most serious complications of podoconiosis, and 
the dermatological life quality index (DLQI) in podoco-
niosis is like LF and has been associated with ADLA [31, 
32]. Thus, it is strongly thought that microbe’s may be 
important contributing elements driving lymphoedema 
progression due to podoconiosis, but the bacterial com-
position of podoconiosis has not yet been characterised. 
Therefore, this study characterised the bacterial compo-
sition on podoconiosis-driven lymphoedema legs and 
determined their susceptibility pattern to selected antibi-
otics in the North West Region (NWR) of Cameroon.

Methods
Study area
This study was conducted at the Bamenda Clinical Trial 
Centre (BCTC), or Podoconiosis Treatment Centre, situ-
ated at Foncha Street Nkwen, Bamenda, head-quarter of 
the NWR of Cameroon, within the TAKeOFF/LE-doxy 
trial. The presence of podoconiosis had previously been 
demonstrated in the NWR by Deribe et al., during a 
nationwide mapping campaign in 2018 [3], highlighting 
it as the region with the highest prevalence of podoco-
niosis among the 10 regions of the country. The NWR 

Conclusion Our findings show that 94 (37.8%) out of 249 described bacterial isolates were exclusively found in the 
legs of podoconiosis individuals, and their susceptibility pattern to antibiotics was similar to that of others.
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is composed of mostly hilly land with a mean altitude of 
1403 m above sea level. It has two seasons, the dry and 
the wet, with an average annual rainfall of 2500 mm3. 
Because of the extremely fertile soil of this region which 
favours the growth of a variety of cash crops and other 
vegetables, farming is the primary occupation of the 
inhabitants [33].

Study design and sampling method
A cross-sectional study was conducted in which podo-
coniosis patients with one or both affected legs and 
non-lymphoedema control individuals living in the same 
communities as the patients visiting the BCTC or Podo-
coniosis Treatment Centre were purposively selected. 
The eligible participants who agreed to participate in the 
study were given information about the background and 
objectives of the study, and the possible benefits and dis-
comforts that may occur with their involvement.

Study population and selection criteria
The study population consisted of clinically confirmed 
males or non-pregnant females with podoconiosis of 
stages 1 to 5, classified according to the de novo clinical 
staging system by Tekola and colleagues [8], and con-
trols, who reside in the same area but do not have lymph-
edema. All study participants were 18 years of age and 
older and had lived in the NWR for at least 2 years. Those 
who had severe or systematic co-morbidities were not 
included. Each participant signed or provided a thumb-
print on informed consent forms.

Laboratory procedures
Sample collection
Following identification of eligible individuals who visited 
the BCTC, a questionnaire-based survey was used to col-
lect their socio-demographic data like gender, age, occu-
pation, duration in the community, educational level, and 
podoconiosis stages (Additional file 1). Individual codes 
were generated and assigned to each participant who had 
given consent, then used throughout the study. Samples 
were collected from both legs of each participant using 
separate, pre-labelled sterile cotton swabs (Jeanne, LOT: 
200,615) by swabbing the skin areas between toes, in skin 
folds when applicable, and around the anklebone follow-
ing rigorous aseptic techniques to avoid contamination.

Culture and pure culture isolation
Samples were inoculated and sub-cultured based on 
their morphological presentations on prepared nutrient 
agar (Oxoid Ltd, Basingstoke, UK, REF: CM0003) plates 
by quadrant streaking and incubated at 37oC for 24 h to 
obtain pure isolates. Each pure colony was allocated a 
code and serial number. Pure isolates were characterized 

phenotypically and stored in peptone water containing 
15% glycerol at -20oC.

Morphological characterization of bacterial cultures and 
isolates
Cultures were examined macroscopically for colony 
colour, colony texture, elevation, shape, and margin, 
while stained smears of the isolates were examined 
microscopically for the gram reaction, shape, arrange-
ment, and position of spores using a Humanscope light 
microscope (Human, City, Germany) under the 40x and 
100x objectives, respectively. The motility test was car-
ried out for gram positive and negative rod-shaped bacte-
rial isolates using the 40x objective.

Biochemical characterisation of bacteria isolates using the 
Analytic Profile Index (API)
To biochemically differentiate those bacteria that pro-
duce the enzyme catalase, such as staphylococci, from 
non-catalase producing bacteria, such as streptococci, the 
catalase test was performed as previously described [34].

The, oxidase test strips (Biolife Italiana Srl, Milan, Italy) 
were used according to the manufacturer’s instructions 
to assist in the identification of Enterobacteriaceae and 
non-Enterobacteriaceae bacteria, which all produce the 
enzyme cytochrome oxidase.

Carbohydrate fermentation and hydrogen sulphide 
production tests were performed on gram negative rods 
cultured on Kliger iron agar (Oxoid Ltd, Basingstoke, 
UK) to exclude/include bacterial isolates of the family 
Enterobacteriaceae. Manitol Salt Agar (MSA) Tests using 
Manitol salt agar (Oxoid Ltd) to culture gram positive 
cocci to decipher salt tolerance grows (e.g. Staphylococ-
cus spp.), which is indicated by the conversion of phenol 
red to yellow in comparison to salt intolerance gram pos-
itive cocci (e.g. Streptococci spp.). Finally, Analytical Pro-
file Index (API) tests were used to discriminate among 
Bacillus spp. (API 50 CH, REF: 50,300), Staphylococcus 
spp. (API STAPH, REF: 20,500), Streptococcus spp. (API 
STREP, REF: 20,600), Corynebacterium spp. (API Coryne, 
REF: 20,900), Enterobacteriaceae (API 20 E, REF: 20,160) 
and non-Enterobacteriaceae (API 20 NE, REF: 20,050) 
according to the manufacture. API test kits and reagents 
were purchased from BioMerieux SA, Marcy-I’Etoile, 
France.

Susceptibility of bacterial isolates to antimicrobial agents
The antimicrobial susceptibility test was performed 
using the Kirby Bauer disk diffusion method, following 
the norms set by the Clinical Laboratory Standard Insti-
tute (CLSI) guidelines [35]. The antibiotic-impregnated 
discs were selected based on their classes, spectrum of 
activity, topical usages, and availability in the study area. 
The antibiotics used were Ampicillin-10  µg (AM-10), 
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Amoxicillin-10  µg (AX-10), Penicillin G-10U (P-10), 
Ceftriazone-5  µg (CRO-5), Cefuroxime-5  µg (CXM-5), 
Nalidixic acid-30  µg (NA-30), Ofloxacin-5  µg (OFX-5), 
Nitrofurantoin-300  µg (F-300), Trimethoprim/Sulfa-
methoxazole 1.25/23.75 µg (SXT-25), Doxycycline-30 µg 
(DO-30), Tetracycline-30 µg (TE-30), Gentamycin-30 µg 
(CN-30), Erthromycin-15  µg (E-15), and Vancomy-
cin-30  µg (VA-30).All antibiotics were obtained from 
Bioanalyse, Yenimahalle-Ankara, Turkey.

Data Processing
Data was registered into a logbook and further entered 
into Microsoft Excel 2016 for descriptive analysis. Results 
were presented using frequency tables and bar charts.

Results
Socio-demographic characteristics and stage distribution
Thirty-three (33) participants were enrolled in the study, 
comprising 26 podoconiosis cases and 7 controls. The 
distribution of participants according to their socio-
demographic characteristics and lymphedema stages 
is shown in Table  1. More than 2/3 of the total partici-
pants were females (75.8%). Their mean age was 43 years 
(range: 18–60) and most of them were farmers (36.4%). 
Main occupation was farming Twenty-seven (81.8%) of 
the participants had lived within the endemic commu-
nity, for more than 20 years. Five (15.2%) participants had 
no education. This study had seven stage 0, six and seven 
stages 2 and 3 participants respectively, who had bilateral 
symmetrical podoconiosis, and the rest of the partici-
pants presented with bilateral asymmetrical podoconio-
sis (Table 1).

Description of the characterized bacterial populations
A total of 249 isolates, including 215 from podoconio-
sis, and 34 from controls, were identified upon culture 
(Table 2). Apart from the calculations in Table 2, all cal-
culations concerning bacterial isolates are based on 249 
(the total number of isolates identified).

Table 1 Socio-demographic characteristics and stage 
distribution
Variable Class Frequency Percentage
Gender Female 25 75.8

Male 8 24.2

Age (years) 18–30 9 27.3

31–40 7 21.2

41–50 5 15.2

51–60 12 36.3

Occupation Business 2 6.1

Farmer 12 36.4

Farmer/business 1 3

Hair dresser 2 6.1

Nurse 2 6.1

Seamstress 2 6.1

Student 4 12.1

Others 8 24.1

Duration in the 
community
(Years)

2–10 1 3.0

11–20 5 15.2

21–30 7 21.2

31–40 7 21.2

41–50 4 12.1

51–60 9 27.3

Years of 
education

0 5 15.1

1–7 12 36.4

8–15 12 36.4

16–22 4 12.1

Stage distribution 
of participants

Stage 0 or controls 7 21.3

Stage 2 both legs 6 18.2

Stage 3 both legs 7 21.3

L0R3 3 9.0

L1R4 1 3.0

L2R0 1 3.0

L3R0 2 6.1

L3R4 2 6.1

L4R2 1 3.0

L4R3 1 3.0

L4R4 1 3.0

L4R5 1 3.0
L = Left leg, R = Right leg.

Table 2 Description of bacterial population isolated from participants
Gram presentation Isolates from Podoco-

niosis n (%)
Isolates from Con-
trols n (%)

Isolates from both 
groups
n (%)

Isolates from podoco-
niosis only
n (%)

Isolates 
from con-
trols only 
n (%)

G+cocci 88 (40.9) 8 (23.5) 69 (46.6) 27 (29.7) 0 (0.0)

G+rods 92 (42.8) 24 (70.6) 79 (53.4) 29 (31.8) 8 (80.0)

G−rods 35 (16.3) 2 (5.9) 0 (0.0) 35 (38.5) 2 (20.0)

Total 215 (100.0) 34 (100.0) 148 (100.0) 91 (100.0) 10 (100.0)
n = number of isolates, G+ = gram positive and G− = gram negative. Isolate from Podoconiosis: number of various isolates that were analyzed from all podoconiosis 
individuals, ragrless of their presence in control group. Isolates from Controls: number of various isolates that were analyzed from all controls, regardless of their 
presence in podoconiosis individuals. Isolates from both groups: number of various isolates that were found in podoconiosis and control groups. Isolates from 
podoconiosis only: number of various isolates that were found in podoconiosis cases but not found in control group. Isolates from controls only: number of various 
isolates that were found only in control, but not found in podoconiosis group.
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In total, 116 (46.6%) gram positive rods, 96 (38.5%) 
gram positive cocci and 37 (14.9%) gram negative rods 
were identified from the bacteria cultures of podoco-
niosis individuals and controls. A total of sixty (60) spe-
cies were identified, consisting of 30 (50%) gram positive 
rods, 19 (31.7%) gram positive cocci and 11 (18.3%) gram 
negative rodsThirteen gram positive rod species, fif-
teen species of gram positive cocci, and eight species of 
gram negative rods were isolated only from podoconiosis 
patients, among which Cellulomonas spp / Microbacte-
rium spp. (2.8%), Staphylococcus lentus (3.3%), and Bur-
kholderia cepacia (4.0%) dominated respectively (Fig. 1).

Podoconiosis stage-specific distribution of bacterial 
species
To investigate which leg stages harbour distinct bacteria 
spp., we compared their composition on leg stages 2 − 5 
and observed that Arthrobacter spp. (0.8%), Actinomy-
ces neuii ssp. Anitratus (0.4%), Bacillus cereus 2 (0.4%) 
and Enterococcus faecium spp. (0.4%) were specific for 
stage 2 legs. Stage 3 legs specifically harbour Serratia 
odorifera 1, Staphylococcus cohnii ssp. Urealyticus, and 
Staphylococcus epidermidis (0.8% each), followed by 
Aerococcus viridans 1, Brevundimonas vesicularis, Cor-
nebacterium glucuronolyticum, Ewingella Americana, 
Methylobactrium mesophilicum, Micrococcus sp., Staphy-
lococcus capitis, Staphylococcus chromogenes, and Staph-
ylococcus saprophyticus (0.4% each). Finally, on stage 4, 
we specifically identified three distinct bacteria species, 
including Aneurinibacillus aneurinilyticus, Corynebac-
terium propinquum, and Staphylococcus caprae (0.4% 
each), whereas for stage 5, only Enterococcus durans 
(0.4%) could be specifically identified.

Antibiotic susceptibility profile of characterized bacteria 
species
To test the antibiotics susceptibility of the obtained iso-
lates, the Kirby Bauer disk diffusion method was applied, 
which revealed that most of the bacteria were sensitive 
to Doxycycline, Gentamycin, and Ofloxacin. A high rate 
of intermediate was recorded with Ampicillin while high 
resistance was recorded with Penicillin G. Bacteria spe-
cies that were specific to podoconiosis did not exhibit 
different antibiotic pattern to those that were not (Fig. 2).

Discussion
Despite the fact that podoconiosis causes lifelong disabil-
ity, stigmatization, and reduces economic productivity, 
especially in the agricultural sector, recognizing podo-
coniosis as an important public health concern remains 
a challenge [36]. The high proportion of females suffer-
ing from podoconiosis-driven leg lymphoedema, with 
farming being their most predominant occupation, is in 
line with research conducted by Wanji et al. [37] in the 

NWR of Cameroon, which is probably due to their high 
involvement in bare feet agricultural activity. Here, the 
majority 17 (> 51.6%) of participants were aged 40 years 
and above, with similar observations by Deribe et al. [3]. 
during the nationwide mapping of podoconiosis in Cam-
eroon, and this is because the disease is asymptomatic in 
the early decades of life. A good number (26) of our study 
participants had lived in an endemic area for more than 
20 years, confirming previous studies showing that dura-
tion in the community is an important factor to detect 
podoconiosis [1].

In regards to the composition of bacteria spp. on the 
skin of lymphedema legs, we could observe that Staph-
ylococcus (36.9%) dominated, which is in line with the 
work by Grice and Serge [38] and Costello et al. [39]., 
who reported it as one that dominates in moist areas 
(toe web) of the skin with super-antigens responsible for 
recurrent skin inflammation. Indeed, Staphylococcus and 
Bacillus have been isolated as one of the bacteria that 
provoke ADLA in lymphatic filariasis [29], which is also a 
serious clinical manifestation of podoconiosis, suggesting 
that Staphylococcus and Bacillus species could possibly 
provoke the worsening of lymphoedema and disease pro-
gression. In addition, as the third most dominant genus, 
Burkholderia is a significant resident bacterium in soil 
and water, causing muscle or joint pain, localized swell-
ing, skin infection and respiratory tract infection [40, 41]. 
Moreover, Burkholderia was not found in control legs, 
confirming that it is not present on normal skin micro-
biota [38] and thus, may be implicated in podoconiosis 
since the leg is compromised [8]. In addition, we also 
obtained Staphylococcus sciuri (12.8%) on lymphoedema 
legs, which is mostly associated with soil and water and 
could be isolated from a variety of animals [42]. It rarely 
causes infection, though a case report has shown that it 
causes inflammation and wound infections [43]. These 
are also some of the features of podoconiosis that partici-
pants expressed, especially wound infections in the late 
stage of the disease. Staphylococcus xylosu was the sec-
ond most abundant gram-positive coccus s (6%). This is a 
commensal bacterium that rarely causes infection though 
it has been reported to cause redness (erythema) and skin 
lesions on the legs [44], with clinical presentations simi-
lar to those of ADLA caused by secondary bacteria [27, 
45]. Moreover, Staphylococcus lentus has been reported 
to rarely cause disease, though it has been reported to 
cause peritonitis, which is a form of inflammation of the 
peritoneum [46]. Staphylococcus aureus is a bacterial 
specie reported to cause a lot of diseases, most especially 
skin lesions such as inter-digital lesions in toe webs [47] 
and cellulitis. Indeed, podoconiosis disease also shows 
cracks or breaches in the skin in the late form of the dis-
ease that gives an entry portal for such bacteria [24, 48]. 
Toe-web lesions a clinical manifestation of podoconiosis, 
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Fig. 1 Prevalence of bacterial population isolated from study participants. a: gram positive rods, b: gram positive cocci, c: gram negative rods
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particularly during an ADLA attack, and Staphylococcus 
simulans has been identified as an emerging pathogen 
of skin and soft tissue infection [49]. Also, Staphylococ-
cus lugdunensis has been reported to be a culprit in skin 
and soft tissue infection [50]. Given that podoconiosis 
develops from soft tissue to hard keratinised forms [51], 
it is reasonable to believe that the soft or fluid forms may 
facilitate colonization by these bacteria species, which 
are not harmful to healthy legs [16].

With respect to the gram-positive rods found in the 
study, Bacillus cereus 1 showed a high relative abundance 
(11.6%). Although this bacterial specie is not a frequent 
causative agent of cutaneous infection, we are bound to 
have a high index of suspicion in certain circumstances 
due to its high distribution in the environment. Indeed, 
it has been reported that patients with compromised 
skin are vulnerable to cutaneous infection by Bacillus 
cereus [52]. In the case of podoconiosis, the legs are com-
promised by moss formation, folding, and wounds, and 
this may pave a good path for these bacteria to enter and 
cause more damage. Bacillus pumilus is a rare opportu-
nistic pathogen that has been link to sepsis and the sever-
ity of LF in a case study [29, 53]. Thus, the identification 
of these bacteria in podoconiosis may possibly indicate 
their participation in the severity of the disease. Also, 
Bacillus megaterium is a bacterium that rarely causes dis-
ease but has been reported to infiltrate injured wounds 
and cause disease [54]. Since higher stages of podoconi-
osis often appear with present wounds [8], it is possible 

that this bacterium may infiltrate these wounds, thereby 
worsening the state of the disease. Moreover, Cellu-
lomonas/Microbacterium causes infections in immune-
compromised patients [55]; in podoconiosis, the legs are 
compromised, which may facilitate bacterial colonization 
[14]. Although Bacillus mycoides has been reported to be 
non-pathogenic, a case report of the frequent isolation 
of spores in blood incriminated the organism as a cause 
of bacteraemia [56], which is also a clinical presentation 
of podoconiosis. Therefore, the isolation of this bacterial 
specie in our participants is an indication that it may play 
a role in the development of podoconiosis. In addition, 
Bacillus licheniformis is a bacterium that is increasingly 
being recognized as a human pathogen and causes seri-
ous infections, including sepsis, mainly in immune-com-
promised patients [57].

In regards to the gram negative rods found in the study, 
Burkholderia cepacia was identified in 30.3% of our study 
participants making up 4.0% of the total bacteria isolated. 
It was identified only in podoconiosis participants and 
is not present in the normal flora of the skin. This bacte-
rium has been reported to cause serious respiratory tract 
infections, bacteraemia, peritonitis and even spontane-
ous septic arthritis [58]. The demonstration of inflamma-
tory properties in arthritis coupled with the fact that it is 
not reported as a normal flora of the skin suggests that 
this bacterium may be playing a key role in increasing the 
severity and progression of podoconiosis.

Fig. 2 Antibiotic susceptibility profile of bacteria groups.(AM; Ampicillin, AX; Amoxicillin, P; Penicillin G, CRO; Ceftriazone, CXM; Cefuroxime, NA; Nalidixic 
acid, OFX; Ofloxacin, F; Nitrofurantoin, SXT; Trimethoprim/Sulfamethoxazole, DO; Doxycycline, TE; Tetracycline, CN; Gentamycin, E; Erthromycin, and VA; 
Vancomycin)
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In addition, Sphingomonas paucimobilis is an oppor-
tunistic pathogen that has been isolated from wounds, 
sputum, and blood [59], which may easily affect the com-
promised legs in podoconiosis and cause further damage 
to the leg. Furthermore, Aeromonas hydrophila/caviae 
can cause serious wound infection that progresses rap-
idly [60], whereas Pseudomonas stutzeri is a low virulent 
pathogenic bacterium that infects wounds, soft tissue 
and causes endocarditis [61]. Ochrobactrum anthropi 
and Enterobacter cloacea colonize the respiratory tract 
and wound and subsequently cause a variety of oppor-
tunistic infections such as endocarditis, septic arthritis, 
osteomyelitis, and peritonitis. More so, Enterobacter has 
been reported to colonized legs and causes infections 
[62]. Indeed, this bacterium was obtained from podoco-
niosis legs and it has been shown that Enterobacter might 
be able to penetrate the skin, especially in the presence of 
predisposition factors, and migrate into the lymph node, 
which contained lypmphatic fluid rich in nutrient favour-
able to growth [4].

Bacterial species specific to podoconiosis participants 
were Burkholderia cepacia, Cellulomonas/Microbacte-
rium, Aeromonas hydrophila/carviae, Bacillus mycoides, 
Staphylococcus simulans, Staphylococcus haemolyticus, 
and Staphylococcus hominis. Most of these bacterial have 
been reported to be opportunistic pathogens which can 
cause inflammation and wound infection; and thus, these 
bacteria may play an important role in the worsening of 
lymphoedema due to podoconiosis. In addition, more 
than 90% of the bacteria isolates were sensitive to doxy-
cycline, gentamycin, and ofloxacin, and those specific to 
podoconiosis did not show a different pattern of suscep-
tibility. Gentamycin and doxycycline are broad-spectrum 
antibiotics that have a strong bactericidal and bacterio-
static effect, respectively [63], whereas ofloxacin is not a 
broad-spectrum antibiotic but has a bacteriostatic prop-
erty [64].

Limitations
Although, we assessed the bacteria diversity and could 
associate distinct bacteria and their antibiotic susceptibil-
ity patterns of individuals that suffer from lympheodema 
due to podoconiosis, we could not analyse the full spec-
trum of bacteria since anaerobic cultures could not be 
performed due to the missing equipment. Moreover, 
detailed analysis of bacteria isolates like Streptococcus or 
Corynebacterium spp. was not possible, since cultivation 
of these bacteria requires enriched media which was also 
not available during this initial study. However, we aim to 
analyse bacteria patterns on podoconiosis legs using next 
generation 16s rRNA gene sequencing to get a detailed 
picture of the bacteria diversity and associate distinct 
bacterial taxa with lymphedema stages.

Conclusions
This study identified 94 (37.8%) bacterial isolates out of 
249 characterized phenotypically belonging to thirty-six 
(36) species to be specific to podoconiosis. Even though, 
their susceptibility pattern to antibiotics was not excep-
tional, these findings support the hypothesis of contribu-
tion of microbial species in the severity of podoconiosis 
lymphedema. However, large scale molecular character-
ization of microbiodata of these patients including both 
bacteria and fungi, as well as their response to morbid-
ity management might trough more light on their pos-
sible contribution to disease progression, and provides 
basis for improve diagnosis and management of podo-
coniosis-driven lymphoedema podoconiosis-driven 
lymphoedema.
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