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Background: Filarial pathologies such as lymphedema may be associated with
complications such as chronic non-healing wounds. Nonetheless, the role of bacterial
population colonizing the lymphedematous legs has been posited to worsen the
conditions of those living with the infection. These bacteria are usually composed of
staphylococcal species partly because they are commensals. Thus, this present study
sought to type the methicillin-resistant Staphylococcus aureus (MRSA) prevalence among
individuals presenting with filarial lymphedema, particularly as MRSA tends to affect
treatments options.

Methods: We recruited individuals (n = 321) with stages I–VII of lymphedema in a cross-
sectional study in the Ahanta West district of the Western Region of Ghana. Swabs from
lymphedematous limb ulcers, pus, and cutaneous surfaces were cultured using standard
culture-based techniques. The culture isolates were later identified using Matrix-assisted
Laser Desorption/Ionization Time of Flight (MALDI-TOF) mass spectrometry.

Results: A total of 192 Staphylococci species were isolated, with an overall prevalence of
39.7% (95% CI: 35%–44%; N = 483). S. hominis was the most prevalent species
(23.95%), followed by S. haemolyticus (20.83%), S. epidermidis (15.10%), S. aureus
(10.41%), and S. saprophyticus (9.32%). The remaining 20.34% were distributed among
S. wanneri, S. sciuri, S. pasteuri, S. xylosus, S. simulans, S. cohnii, S. caprae, S.
lugdunensis, and S. capitis. MRSA, containing mecA gene, was detected in 21 out of
31 Staphylococci isolates tested, with an overall prevalence of 68% (95% CI: 51%–84%).
In addition, a virulent gene, Panton–Valentine leukocidin (PVL), which is usually associated
with S. aureus, was detected in 20/31 (64.5%) S. aureus in the study.
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Conclusion: These results suggest that MRSA species may pose a challenge to the
treatment of filarial lymphedema with antibiotics particularly, as doxycycline is currently
being piloted in some endemic areas to treat the infection. Thus, intensive antimicrobial
resistance surveillance should be conducted in endemic areas by health authorities to
forestall the dilemma of multidrug resistance not only against lymphatic filariasis (LF)
infection but other diseases.
Keywords: lymphatic filariasis, methicillin-resistant, lymphedema, antimicrobial resistance, methicillin resistance
Staphylococcus aureus
INTRODUCTION

Human lymphatic filariasis (LF) caused by nematode parasites,
Wuchereria bancrofti and Brugia species, presents a huge
economic burden in endemic countries. One of the most
common chronic manifestations of LF is lymphedema of the
extremities, which eventually progresses to elephantiasis.
Lymphedema occurs as a result of the inflammation of the
lymph channels and lymph nodes, coupled with a reduced
draining efficacy (1, 2). Even though lower limbs are frequently
affected, upper limbs, male genitalia, and breasts in females may
also be affected (3). The World Health Organization (WHO)
estimates that about 40 million people have filarial pathologies
due to LF, of which 26 million have hydrocele and more than 15
million have lymphedema of the extremities (4). Interestingly,
there are new incidents of filariasis disease in geographical areas
where the disease was thought to be nonexistent (5). Filarial
infections, which are widespread in developing countries, are
responsible for some of the most crippling morbidities as well as
a deadly cycle of poverty and disease (6). The disease usually
presents as asymptomatic, acute, and chronic phases (7, 8). The
causes for the development of the clinical manifestations
associated with the disease are unclear; however, many
hypotheses have been propounded including parasitic worm
factors, Wolbachia parasite endosymbiont factors, host
immune factors, host genetic factors, and secondary
bacterial infections.

Despite the number of these risk factors, secondary bacterial
infections are believed to be particularly important in
determining patient morbidity as it relates to skin lesions. Skin
wounds such as interdigital lesions (IDLs) in the affected limb
function as portals of entry for secondary bacterial infection.
Results from a study investigating the epidemiology and etiology
of IDLs of the feet of filarial lymphedema patients showed that
more than 50% had one or more IDLs in relation to controls and
that the incidence of acute-dermato-lymphangioadenitis
(ADLA) was strongly predicted by the number of lesions (9).
ADLA is a major complication of filarial lymphedema associated
with secondary bacterial infection (10) and described by severe
incidents of inflammation confined to the lymph nodes, skin,
and lymphatic vessels (11–14). A recent study by Kwarteng et al.
(14) conducted among Ghanaian patients shows that 68.3% of
the study participants experienced ADLA attacks, especially in
the rainy season. Although a comprehensive characterization of
ersin.org 2
the bacterial population colonizing the lower limbs of people
living with filarial lymphedema is yet to be carried out, some
studies have reported a high prevalence of Staphylococcus spp.,
Streptococcus spp., and Bacillus spp (15). However, for this
present study, we focused on Staphylococcus spp. due to their
role as both commensals and pathogens depending on the
immune status of the individuals specifically where LF
individuals have been studied to have compromised immune
systems (16).

Staphylococci are facultative anaerobic bacteria that are
spherical, Gram-positive, and non-motile and do not generate
spores , be long ing to the F i rmicu t e s phy lum and
Staphylococcaceae family. They are abundant in the environment
and are part of the normal skin flora (17, 18). However, different
species of Staphylococci are now documented as important sources
of human infection because of their growing importance in causing
hospital-acquired infection (19). Nonetheless, among
Staphylococcus species, methicillin-resistant Staphylococcus aureus
(MRSA) has extensively been documented to pose a serious public
health (20). In Ghana, a systematic review of MRSA colonization
studies reveals that MRSA prevalence is relatively low when
compared to that of the US A, Europe, and Saudi Arabia (21).
According to a study by Donkor et al. (201), the low level ofMRSA
prevalence in the Ghanaian population despite reports of high
misuse of antibiotics has been suggested to be due to the relatively
expensive third-generation cephalosporins and fluoroquinolones,
which are known to correlate with a high increase of MRSA
prevalence (22). Its potential to cause disease appears to be
facilitated by heavily polluted environments and a compromised
immune system (23).

Many studies have profiled staphylococcal species as a
secondary cause in various disease conditions such as atopic
dermatitis (24), but there is paucity of data regarding distribution
of staphylococcal species among filarial lymphedema patients.
Our field observations of LF patients have revealed that
antibiotics, particularly penicillin and cephalosporin, are
frequently used systemically and topically to treat chronic
wounds and skin infections. However, the efficacy of these
medications is uncertain. Their impact on the prevalence and
abundance of antimicrobial resistance genes is also unknown. To
determine the impact of frequent use of antibiotics among LF
individuals in treating the infection specifically chronic non-
healing wounds of Staphylococci species, this study, therefore,
sought to determine staphylococcal bacterial populations that
November 2021 | Volume 2 | Article 786378
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could be targeted in the morbidity management of filarial
lymphedema and their antimicrobial resistance phenotypes and
genotypes using standard culture techniques and MALDI-TOF
mass spectrometry (MS) to appreciate the enormous microbial
residents supposed to be involved in the development of the
infection and the morbidities associated with it. We hypothesized
that there could be emerging Staphylococci resistant strains
among LF individuals particularly those presenting with
chronic non-healing wounds.
MATERIALS AND METHODS

Patients’ Information
A total of 321 individuals with chronic lymphedema in stages I–
VII (the description of the stages of lymphedema is shown in
Table 1) were identified with the aid of the Ministry of Health
Disease Control program for the Lymphatic Filariasis
Elimination Unit at the Ahanta West District in Ghana. The
study participants included both gender ages 18 years and above
who have lived in the filarial-endemic communities for more
than 10 years and who gave their informed consent. Individuals
younger than 18 years and persons with edema other than that
caused by LF were not included in the study. All patients
included were carefully examined by an experienced lymphatic
filarial expert. The study was approved by the Committee for
Human Research, Publications, and Ethics (CHRPE/AP/649/19)
at the School of Medical Sciences, Kwame Nkrumah University
of Science and Technology, Kumasi, Ghana.

Bacterial Isolation
Samples were collected between January 2019 and June 2020.
Using sterile swabs, samples of pus or fluid from edema,
lymphedematous limb ulcers, and cutaneous surface of
lymphedematous limbs were collected aseptically and kept in
Amies transport medium (Copan Diagnostics Inc.). The samples
Frontiers in Tropical Diseases | www.frontiersin.org 3
(swab containers) were kept in liquid nitrogen and transported
to Kumasi Centre for Collaborative Research (KCCR) for
subsequent laboratory analysis. The swab was plated on blood
agar base and incubated at 35°C–37°C in normal environment
for 18–24 h with 5% sheep blood (in-house) and on chocolate
agar (Oxoid GmbH) (25). Species identification was done using
biochemical and serological methods (25). Based on their
morphological characteristics, all colonies suspected to be
Staphylococci were Gram stained and tested for catalase
production. Using the tube coagulase test, S. aureus was
discriminated from coagulase-negative Staphylococci (CoNS).

Bacteria Confirmation by MALDI-TOF MS
Confirmation of bacterial isolates was done by MALDI-TOF MS
[Bruker MALDI Biotyper, Server Version: 4.1.31 (SIRO) 314
2015-09-30_17-53-06] as described previously (26) at Noguchi
Memorial Institute for Medical Research, University of Ghana,
Legon. The isolates were subcultured onto a 5% sheep blood (in-
house) agar base and incubated overnight at 37°C in 5% CO2.
Two to three single colonies were suspended in 70% ethanol in
microcentrifuge tube (Eppendorf Tubes® 1.5 ml), vortexed, and
concentrated by centrifugation at 23,995.63 g force for 2 min.
The supernatant was discarded, and the cells were resuspended
in 50 µl of 70% formic acid; an equal volume of acetonitrile was
added after 30 s of incubation, vortexed, and concentrated by
centrifugation at 23,995.63 g force for 2 min. Here, 1.0 µl of the
supernatant was spotted on the 96-spot polished steel target plate
(Bruker Daltonic GmbH) and allowed to evaporate to dryness.
Each spot was overlaid with 1.0 µl saturated solution of the
matrix a-cyano-4-hydroxy-cinnamic acid and allowed to air-
dry. The target plate with the sample was loaded onto the Bruker
Biotyper MALDI-TOF MS system and then registered on the
MALDI Flex Control software system Server Version: 4.1.31 and
60 Hz Nitrogen Laser (337 nm wavelength) for automated
measurement. Sufficient spectra obtained for identification
ranging from 2,000 to 20,000 m/z were examined by means of
the automation control of the MALDI Biotyper system and the
software library (database having over 5,627 entries). Log score
value of ≥2.000 showed identification at the species level, scores
value of 1.700–1.999 showed identification at the genus level,
and <1.700 designated identification not reliable.

Antimicrobial Susceptibility Testing
Antibiotic susceptibility of all Staphylococci isolates was tested by
the disk diffusion method on Mueller–Hinton agar (Oxoid
GmbH) according to Clinical & Laboratory Standards Institute
(CLSI) guidelines (27). The following antimicrobials (Oxoid,
UK) that are prescribed routinely for LF patients in the
endemic areas were used: ampicillin 10 µg, erythromycin 15
µg, tetracycline 30 µg, gentamycin 10 µg, ciprofloxacin 30 µg,
clindamycin 30 µg, chloramphenicol 30 µg, penicillin 10 µg, and
trimethoprim/sulfamethoxazole 1.25/23.75 µg. Each set of tests
was controlled using susceptible S. aureus (ATCC 25923).

Phenotyping of Methicillin Resistance
All staphylococcal isolates were tested for methicillin resistance
by 30 µg cefoxitin disk (Oxoid, UK). Bacterial suspension of 0.5
TABLE 1 | Age and gender distribution of study participants.

Parameter Gender

Total Male Female
(n = 321) (n = 104) (n = 217) p-value

Age (years) (Mean SD) 50.72 ±
14.31

51.76 ±
16.00

0.697

Age categories
(years)

18–27 n 23 6 17
% 7.1% 5.7% 7.8%

28–37 n 27 6 21
% 8.4% 6.0% 9.6%

38–47 n 90 38 52
% 27.9% 37.0% 23.9%

48–57 n 65 25 40
% 20.1% 24.0% 18.4%

58–67 n 63 13 50
% 19.5% 12.5% 23.0%

68–77 n 38 11 27
% 11.7% 10.6% 12.4%

78–87 n 17 6 11
% 5.2% 5.8% 5.1%
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McFarland was uniformly spread onto Mueller–Hinton agar
(Oxoid GmbH), and 30 mg cefoxitin disk (Oxoid, UK) was
placed on the plate. The plate was then incubated at 35°C for
16–20 h. Isolates with zone of inhibition of ≤21 mm were MRSA.
For S. lugdunensis, the zone of inhibition was ≤21 mm (27).

Genotypic Detection of mecA and PVL
Genes by Conventional PCR
DNA Extraction
The template DNA used was prepared using extraction by heat
lysis. Cells from 24-h culture were collected and emulsified in 500
µl of DNase-RNase-free distilled water (Thermo Scientific) and
centrifuged at 23,995.63 g force for 5 min using a centrifuge
(Eppendorf Centrifuge 5427 R). The supernatant was decanted
and vortex-mixed to resuspend the pellet in 500 ml of DNase-
RNase-free distilled water (Thermo Scientific). Lysing of the cells
was done using a heating block (Eppendorf ThermoMixer® C)
for 10 min at 95°C, and debris from cells were removed by
centrifugation at 23,995.63 g force for 5 min. The supernatant
was carefully transferred to a fresh microcentrifuge tube and
stored at −20°C for PCR (28, 29).

DNA Amplification by Conventional PCR
Primers used for targeting MecA gene, which is the main
determinant of methicillin resistance, and primers for Panton–
Valentine leukocidin (PVL) are shown below:

Genes Primer sequence Size References

MecA P4
2821

TCCAGATTACAACTTACCAGG 162 bp (30)

MecA P7
2822

CCACTTCATATCTTGTAACG 83 bp (31)

PVL-F GCTGGACAAAACTTCTTGGAATAT
PVL-R GATAGGACACCAATAAATTCTGGATTG
Frontiers in
 Tropical Diseases | www.frontiersin.org
PCR reactions were carried out on each template using the
method previously described (30, 31). One reaction contained 2
ml of template DNA added to 48 ml of master mix to make a final
volume of 50 ml instead of 25 ml (primers were obtained from
Integrated DNA Technologies, USA). The 50-ml PCR master mix
was composed of 5 ml 10× buffer, 1 ml dNTPs, 4 ml MgCl2, 0.25 ml
pure Taq enzyme, and 35.75 ml nuclease-free water. An initial
denaturation at 94°C for 5 min was followed by 30 cycles of
denaturation at 94°C for 60 s, annealing at 60°C for 60 s, and
extension at 72°C for 60 s on a thermal cycler (Applied
Biosystems, USA), with a final extension step of 72°C for
7 min. PCR products were visualized on horizontal 2.0%
agarose gels in 1× TBE buffer, loaded with 10 ml of reaction
mixture and stained with ethidium bromide nucleic acid stain.
O’GeneRuler 100 bp DNA ladder (Thermo Scientific) was used
during electrophoresis to estimate the band sizes obtained. The
resulting amplicons from gel electrophoresis were observed with
ultraviolet illumination using image analysis system (UVIsave
Gel Documentation System, Tokyo).
4

Data Processing and Analysis
Continuous data were expressed asmean ± SD, whereas categorical
data were expressed as a percentage. Prevalence was estimated as
percentage, with 95%confidence intervals. Chi-square testwas used
to compare resistance proportions and the association between the
presence of Staphylococci species and stage lymphedema. A p-value
of less than 0.05 was judged significant in all circumstances. SPSS
(version 20) was used to analyze the data.

RESULTS

Sociodemographics of Study Participants
In all, 321 studyparticipants between the ages of 18 and87 yearswere
recruited from the eight communities. Out of the 321 participants,
217 (67.6%) were females and 104 (32.4%) were males (Table 1).
People in the age group of 38–47 years were the most represented
group in this study (Table 1). Majority of the study participants
(63.8%) were engaged in agrarian activities such as farming and
fishing (including fish mongering), while 21.5% of them were
unemployed (Table 2). Moreover, 28.7% of study participants
presented with stage III lymphedema, followed by 22.4% with stage
IV (Table 2). Only 2.2% presented with stage VII (Table 2).

Frequency Distribution of
Staphylococci Isolates
A total of 192 non-duplicate Staphylococci species were isolated
and identified by MALDI-TOF MS to the species level. Eighty of
these were from wounds (42%) and 112 from cutaneous surfaces
(non-wounds) (58%). The overall prevalence of Staphylococci
species was 39.7% (95% CI: 35%–44%; N = 483), with S. hominis
being the most prevalent species, 46 (23.95%). S. haemolyticus, 40
(20.83%); S. epidermidis, 29 (15.10%); S. aureus, 20 (10.41%); and
S. saprophyticus, 18 (9.32%) were the next most prevalent taxa.
The remaining 20.34% of isolates were distributed among
S. wanneri, S. sciuri, S. pasteuri, S. xylosus, S. simulans,
S. cohnii, S. caprae, S. lugdunensis, and S. capitis (Table 3).

Association Between the Presence
of Staphylococci Species and Stage
of Lymphedema
Lymphedema stages III and IV were observed to show higher
frequency of Staphylococci species followed by stage II (Table 2).
Also, patients in the late stages of lymphedema (i.e., stages VI
and VII) had few populations of Staphylococci species either in
their wounds or on their lymphedematous skin. However, a chi-
square test of independence showed no significant association
between the presence of Staphylococci and the stage of
lymphedema (X2 = 0.0731, p-value = 0.999) (Table 4).

Antimicrobial Resistance Phenotypes of
Staphylococci Species
Phenotypic testing was done to comprehend trends in local
antimicrobial resistance patterns of staphylococcal isolates. We
found a high prevalence of resistance to various antimicrobial
agents. Isolates showed highest resistance to tetracycline,
chloramphenicol, and penicillin, 131 (68.2%), 153 (79.7%), and
November 2021 | Volume 2 | Article 786378
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135 (70.3%), respectively (Table 5). The sensitivity, resistance,
and intermediate drug response of Staphylococci species are
depicted in Figure 1.

Genotypic Distribution of mecA
and PVL Genes
MRSA, containing the mecA gene, was detected in 21 out of 31
Staphylococci isolates tested, with an overall prevalence of 68%
(95% CI: 51%–84%). The mecA gene was detected in S. aureus, 14
Frontiers in Tropical Diseases | www.frontiersin.org 5
(45.2% of isolates); S. hominis and S. haemolyticus, three (9.7%)
each; and S. epidermidis, one (3.2%). In addition, the PVL gene
was detected in 20/31 (64.5%) S. aureus (Table 6).

DISCUSSION

The contribution of secondary bacterial infections to complicating
lymphedema progression remains to be comprehensively
investigated. Field observations suggest potential antimicrobial
TABLE 3 | Distribution of Staphylococcus species in wound and skin of LF patients.

Parameter Staphylococcus sp. Distribution Total (n = 192)

Skin (n = 112) Wound (n = 80)

Isolate S. aureus n 5a 15a 20
% 4.5% 18.8% 10.4%

S. capitis n 1a 0a 1
% 0.9% 0.0% 0.5%

S. epidermidis n 13a 16a 29
% 11.6% 20.0% 15.1%

S. haemolyticus n 16a 24a 40
% 14.3% 30% 20.2%

S. hominis n 29a 17a 46
% 25.9% 21.3% 23.9%

S. saprophyticus n 18a 0a 18
% 16.0% 0.0% 9.4%

S. lugdunensis n 0a 2a 2
% 0.0% 2.5% 1.0%

S. sciuri n 9a 0a 9
% 8.0% 0.0% 4.7%

S. warmer n 6a 2a 8
% 5.4% 2.5% 4.2%

S. caprae n 2a 3a 5
% 1.8% 3.8% 2.6%

S. pasteuri n 5a 0a 5
% 4.5% 0.0% 2.6%

S. xylosus n 3a 0a 3
% 2.8% 0.0% 1.6%

S. simulans n 5a 0a 5
% 4.5% 0.0% 2.6%

S. cohnii n 1a 0a 1
% 0.9% 0.0% 0.5%
November 2021 | Volume 2
LF, lymphatic filariasis.
n = frequency, % = percentage (column proportions). acomparison between column proportions.
TABLE 2 | The distribution of stage of lymphedema and occupation among study participants.

Variable n (%)

Occupation Unemployed 69 (21.5)
Farming 125 (38.9)
Fishing 55 (17.1)
Fish mongering 25 (7.8)
Trader 18 (5.6)
Hairdresser 15 (4.7)
Bartender 9 (2.8)
Driver 5 (1.6)

Stage of lymphedema I (Swelling reversible overnight) 31 (9.7)
II (Swelling not reversible overnight) 61 (19.0)
III (Shallow skin folds) 92 (28.7)
IV (Skin knobs) 72 (22.4)
V (Deep skin folds) 43 (13.4)
VI (Presence of “mossy lesions”) 15 (4.7)
VII (Unable to care for self) 7(2.2)
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resistance among individuals presenting with chronic filarial
wounds. In this study, we investigated the prevalence of
Staphylococcus spp. among individuals presenting with filarial
lymphedema and the risk of antimicrobial resistance of these
Staphylococcus spp. against commonly used antibiotics by LF
individuals in the Ahanta West District in the Western Region of
Ghana. The high prevalence of staphylococcal species (39% of all
bacterial isolates) observed in this study was not uncommon given
that Staphylococci species are reported to be the abundant bacterial
species in the phylum Firmicutes of the human skin microbiota
(32). In fact, the Staphylococci species identified in LF wounds were
not different from those observed from adjacent cutaneous surfaces,
only the prevalence and abundances were different. This finding is
in agreement with a previous observation from LF patients in India
(33). Nonetheless, previous studies have suggested staphylococcal
species to be associated with prominent human disease-causing
agents in both hospital and community settings (34, 35). Thus, there
is a need to carefully monitor these commensal bacteria, as a gain of
virulence factor could possibly worsen the plight of the individuals
living with the infection.

Also, it is worth noting that uncommon species of CoNS were
detected among the study participants including S. capitis, which
could be emerging opportunistic pathogens (36). The increased
Frontiers in Tropical Diseases | www.frontiersin.org 6
prevalence of Staphylococcus spp. in this study may be attributed to
the fact that, in LF, the underlying disease compromises the
localized immune responses of the skin, creating opportunity for
proliferation of these microbes. Bacterial products of Staphylococci
known as superantigens have been reported to be responsible for
recurrent skin inflammation, and studies have shown that these
worsen the filarial manifestations, which results in high release of
cytokine and degranulation of mast cells (37). In this study, we
showed that filarial lymphedema patients may be susceptible to
Staphylococci colonization and which collaborates the findings
previously documented (38). Furthermore, 94% of Staphylococci
spp. isolated in this present study carried the PVL virulence gene,
which is responsible for tissue necrosis in skin and soft tissue
infections and associated with community-acquired MRSA (CA-
MRSA). This is higher compared to the 27% established previously
in a community-based report in Ghana (39). The high PVL-positive
CA-MRSA distribution could pose a serious threat in the
management of disease and control of infection in the country.

Due to the incessant acute episodes of filarial attacks
characterized by headache, chills, and development of plaque-
like lesions and of which approximately 68% of the LF individuals
have been reported to experience (14), consequently, they resort to
antibiotic (either administered orally or topically) and painkillers
routinely to ameliorate these conditions that could give a rise to
antibiotic resistance. Our study finding on the antimicrobial
resistance of the Staphylococci species observed a high
prevalence of multidrug-resistant (MDR) Staphylococci species.
Antimicrobial resistance among these MDR bacterial populations
makes the treatment and management of patients extremely
challenging (40). The detection of the mecA gene, a determinant
of methicillin resistance, in 45% of S. aureus suggests a possible
horizontal gene from S. saprophyticus and S. epidermidis (41), as
the gene is not inherent in S. aureus genome.

Another important Staphylococcus of concern particularly
among immunocompromised individuals such as LF patients is
the S. haemolyticus. Among the CoNS, S. haemolyticus is graded
as the most resistant to antibiotics and with very limited options
TABLE 5 | Antimicrobial resistance pattern of isolates.

Resistant (Frequency)

Isolate CIP GMCN TET SXT P C E CCDA FOX

S. aureus (20) 2 3 12 3 17 16 1 1 16
S. capitis (2) 0 0 1 0 2 1 0 0 2
S. epidermidis (29) 3 1 24 22 21 25 7 7 7
S. haemolyticus (40) 29 23 25 31 34 31 20 20 24
S. hominis (46) 3 4 30 20 35 34 12 10 12
S. saprophyticus (18) 0 3 5 5 6 15 3 2 1
S. lugdunensis (2) 0 1 2 0 1 1 0 1 2
S. sciuri (9) 1 1 1 1 3 9 2 7 2
S. warner (8) 2 1 4 2 7 4 1 1 1
S. caprae (4) 0 0 2 1 3 2 1 1 0
S. pasteuri (5) 0 0 2 0 5 5 1 1 3
S. xylosus (3) 0 0 0 1 1 1 1 0 0
S. simulans (5) 0 0 3 2 0 1 0 1 0
S. cohnii (1) 0 0 0 0 0 1 0 1 0
Novem
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P, penicillin; FOX, cefoxitin; SXT, trimethoprim-sulphamethoxazole; E, erythromycin; GMCN, gentamycin; C, chloramphenicol; CIP, ciprofloxacin; TET, tetracycline; CCDA, clindamycin.
TABLE 4 | The association between the presence of Staphylococci spp. and
stage of lymphedema.

Presence of Staphylococci
species

Stage of lymphedema Yes No X2 p-value

I 19 12 0.0731 0.999
II 36 25
III 55 37
IV 43 29
V 26 17
VI 9 6
VII 4 3
6378
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for antibiotic therapy (42). This poses a great challenge, as there
is no standard treatment approach for LF patients presenting
with chronic non-healing wounds and hence making it difficult
for health workers and clinicians to manage LF cases particularly
during the filarial attacks.

Thus, understanding the microbial diversity and the behavior
of these microbes to existing antibiotics will be a step in the
positive direction toward the management of late lymphedema
stages with chronic wounds.
CONCLUSION

In conclusion, Staphylococci species are highly prevalent inwounds
and the immunocompromised skin of LF patients. The results from
Frontiers in Tropical Diseases | www.frontiersin.org 7
this study suggest that MRSA species may contribute to the
complication of filarial lymphedema in Ghana. More attention
should be given to the various antibiotic therapies adopted for the
management of filarial lymphedema patients presenting with
chronic non-healing wounds.
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