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I N TRODUC TION

Mycetoma is a chronic subcutaneous neglected tropical dis-
ease (NTD), recognized by WHO as a skin NTD in 2016. It is 
characterized by the formation of tumorous lesions and the 
presence of multiple sinuses from which grains are secreted. 
Mycetoma is caused by bacteria (actinomycetoma) or fungi 
(eumycetoma),1 which are found embedded in the grains.2 
The colour and substance of the grain are dependent on the 

etiologic agent.1 Within the fungal hyphae inside the grain, cell 
wall components such as chitin and beta- glucan are found.2 
In bacterial grains, L-  and meso- isomers of diaminopimelic 
acid can be found.3 To ensure proper patient management, 
discrimination of the two types is needed.4 Currently, the gold 
standard diagnosis relies on histology and culture.5 However, 
this has low diagnostic accuracy, is time- consuming and in-
vasive as a deep surgical biopsy is needed. Molecular assays 
have been developed to solve some of these issues,5 however, 
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Abstract
Background: Eumycetoma is a neglected tropical infection of the subcutaneous tis-
sue commonly caused by the fungus Madurella mycetomatis. Previously, we demon-
strated that β- D- glucan was present in the serum of eumycetoma patients.
Objective: To compare the performance of the recently approved easy- to- use Wako 
β- D- glucan assay to that of the Fungitell assay in eumycetoma patients.
Methods: Using sera obtained from 41 eumycetoma, 12 actinomycetoma and 29 
healthy endemic controls, we measured the β- glucan serum concentrations using the 
Wako assay and compared the performance to that of the Fungitell assay.
Results: With the Fungitell assay, median β- glucan serum concentrations of 208, 70 
and 27 pg/ml were obtained for the 41 eumycetoma patients, the 12 actinomycetoma 
patients and the 29 healthy endemic controls, respectively. With the Wako assay these 
concentrations were 14.45, 11.57 and 2.5 pg/ml, respectively. We demonstrated that 
when using the optimized cut- off value (5.5 pg/ml) for the Wako assay, the Wako and 
Fungitell assays had comparable performance in terms of sensitivity and specificity.
Conclusion: The Wako assay is comparable to the Fungitell assay for measurement 
of serum β- glucan in mycetoma patients and hence can be used in combination with 
current diagnostic tools. However, this test should be used in combination with other 
tests to differentiate actinomycetoma from eumycetoma.
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WAKO β-D-GLUCANASSAY CAN BE USED TO MEASURE SERUM β-D-GLUCAN IN SUDANESE 

PATIENTS TO AID WITHDIAGNOSIS OF EUMYCETOMA CAUSED BY MADURELLA MYCETOMATIS

they still depend on the availability of grains. A less invasive 
serological assay, able to detect even sub- clinical cases, would 
be ideal. However, the antigens identified for Madurella my-
cetomatis, the main causative agent of eumycetoma, were not 
discriminative between patients and endemic controls.6

The fungal cell wall component (1– 3)- β- D- glucan  
(β- glucan) is a broad- based marker for invasive and subcu-
taneous fungal infections, which can be detected in serum.7 
Using the Fungitell assay, β- glucan was also demonstrated 
in the sera of eumycetoma patients.8 However, this assay re-
quires costly and specialist equipment which can measure 
kinetically, is labour- intensive, time- consuming and requires 
large sample sizes to be cost- effective.8 On the contrary, the 
recently approved Wako assay is easy- to- use, rapid and al-
lows testing of single samples per run, making it more user- 
friendly in endemic or peripheral settings.9 Here, we compare 
the performance of the Wako assay with that of the Fungitell 
assay in serum of a selected group of eumycetoma patients, 
actinomycetoma patients and healthy endemic controls.

M ATER I A L S A N D M ETHODS

In this study, 41 eumycetoma (caused by M. mycetomatis), 
12 actinomycetoma patients (caused by Streptomyces soma-
liensis and Actinomadura madurae six each) and 29 healthy 
endemic controls attending the Mycetoma Research Center, 
Khartoum from a previously reported study were included.8 
The mean age was 29.7 (14– 70 years), 36 (17– 62 years) and 
29 (16– 58 years) for eumycetoma, actinomycetoma and 

controls, respectively. The mean duration of the disease was 
7.3 years (6  months to 28 years) for patients with eumyce-
toma and the lesion size varied, with 13, 13 and 15 patients 
having small (<5 cm), moderate (5– 10 cm) and large (>10 cm) 
lesions, respectively. For actinomycetoma, the lesion size 
equally varied with three patients having a small lesion, 
three patients having a moderate lesion and six patients hav-
ing a large lesion. After informed consent, serum was col-
lected and kept at −80°C. The part of the serum was tested in 
2016 with the Fungitell assay in the research laboratories of 
Associates of Cape Cod, Inc.8 For the Wako- β- glucan assay, 
100 μl of the archived serum was processed according to the 
manufacturer's protocol and measured in the MT- 6500 toxi-
nometer for 90 min at 37°C. The β- glucan concentration (pg/
ml) was obtained by comparing the gelation time to that of 
an internal calibration curve provided by the manufacturer.

R E SU LTS A N D DISCUSSION

The absolute β- glucan concentrations obtained with the 
Fungitell and Wako assays differ due to the different meth-
odologies and different β- glucan standards used.10 Using the 
Fungitell assay, median concentrations of 208, 70 and 27 pg/
ml were obtained for the 41 eumycetoma patients, the 12 ac-
tinomycetoma patients and the 29 healthy endemic controls, 
respectively (Table  1). For the Wako assay this was 14.45, 
11.57 and 2.5 pg/ml, respectively (Table 1, Figure 1a). In both 
β- glucan assays, β- glucan was also detected in sera of actino-
mycetoma patients (4 out of 12 patients and 9 out 12 patients 

T A B L E  1  Diagnostic performance of the Fungitell and Wako β- glucan assays using different cut- offs

Parameter

Fungitell Wako Wako Wako

Manufacturer's 
recommended 
cut- off

Manufacturer's 
recommended cut- off

Cut- off with in which similar 
sensitivity is obtained as in 
fungitell assay

Cut- off based on Youden's 
index

Cut- off (pg/ml) ≥80 ≥7 ≥5.5 ≥3.5

Eumycetoma Median β- glucan 
concentration (pg/ml)

208 14.45 14.45 14.45

Actinomycetoma Median β- glucan 
concentration (pg/ml)

70 11.57 11.57 11.57

Healthy Control Median β- glucan 
concentration (pg/ml)

27 2.5 2.5 2.5

Sensitivity, % (95% CI) 74.6 (61%– 85%) 72 (58.5%– 83%) 74.6 (58.46%– 83.3%) 78.9 (65.3%– 88.94%)

Specificity, % (95% CI) 90.6 (75%– 98.02%) 96.7 (82.8%– 99.9%) 96.7 (82.8%– 99.9%) 93.6 (78.6%– 99.21%)

Positive likelihood ratio (95% 
CI)

7.95 (2.68%– 23.61%) 21.58 (3.12%– 149.2%) 22.36 (3.24%– 154.57%) 12.2 (3.18%– 47%)

Negative likelihood ratio (95% 
CI)

0.28 (0.18%– 0.45%) 0.29 (0.19%– 0.44%) 0.29 (0.19%– 0.44%) 0.23 (0.13%– 0.37%)

Positive Predictive Value (95% 
CI)a

93.2 (82.2%– 97.6%) 97.6 (85.6%– 99.7%) 97.6 (85.6%– 99.7%) 95.4 (84.2%– 98.8%)

Negative Predictive Value 
(95%CI)a

68 (56.5%– 76.8%) 64.4 (54.3%– 73.4%) 67.4 (56.8%– 76.6%) 72.5 (60.7%– 81.8%)

Accuracya 80.5 (70.6%– 88.2%) 80.5 (70.6%– 88.2%) 82.4 (89.8%– 99.2%) 84.3.37 (74.7%– 91.4%)

aBased on the study population prevalence.
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for Fungitell and Wako assays, respectively) confirming that 
β- glucan detection, irrespective of the assay used cannot be 
used to discriminate actinomycetoma from eumycetoma. 
Actinomycetoma is not the only bacterial infection which 
demonstrated to be responsible for false- positive results. 
Also, blood and lung infections by other actinomycetes 
such as Nocardia farcinica and Gram- negative bacteria such 
Pseudomonas aeruginosa as well as the administration of an-
tibiotics such as piperacillin/tazobactam, penicillin G and 
ampicillin- sulbactam are known to cause false- positive re-
sults in the Fungitell β- glucan assay.11– 15 Although, in both 
the Fungitell and Wako assays, archived serum samples 
were used, and archived samples could lead to some degra-
dation, a significant Spearman's correlation was found be-
tween the two assays (r = 0.78; p < 0.0001 (CI 0.6744– 0.8554); 
Figure 1b). The strong correlation observed in this study was 
similar to what was observed in other studies.9,16

Based on the manufacturers' cut- offs, 27 out of 41 eumyce-
toma patients were considered positive with the Fungitell assay 
and 25 out of 41 patients for the Wako assay (Table 1), result-
ing in a comparable sensitivity between the Fungitell (74.6%) 
and Wako (72%) assays (McNemar's test, p = 0.6) and a higher, 

although not statistically significant specificity (96.7%) of the 
Wako assay compared to the Fungitell assay (90.6%). This was 
in agreement with previous studies in other invasive fungal in-
fections in which the Fungitell assay demonstrated better sen-
sitivity and the Wako assay better specificity.9,10,16,17

In our study, the sensitivity obtained for both assays was 
low compared to similar studies performed for other fungal 
infections.9,10 Since mycetoma is a localized infection, char-
acterized by the formation of grains in which the causative 
agent is embedded in cement material and surrounded by a 
collagen capsule, secretion/diffusion of fungal β- glucan into 
serum could be obstructed.18 Although in general, higher 
β- glucan concentrations in serum were observed in larger 
lesions (Figure  1a),8 still four out of 15 patients with large 
lesions had no detectable β- glucan in their sera.

Since we, like others, observed that the Wako assay was more 
conservative than the Fungitell assay, we determined if alterna-
tive cut- off values would improve the diagnostic value. For this, 
two different cut- off values were assessed. First, we determined 
the cut- off value which would result in a sensitivity equal to 
that of the Fungitell assay. Second, we determined the cut- off 
value based on the Youden's index from the ROC curve in 

F I G U R E  1  (a) β- Glucan concentration in sera of mycetoma patients and endemic controls measured with the Wako assay. Each dot indicates the  
β- glucan concentration for each participant, and the horizontal lines represent the median for each group. The red line represents the cut- off value proposed 
by the manufacturer, the dotted line represents the cut- off value comparable to the Fungitell while the dashed line represents the cut- off value determined 
from the ROC curve. The black lines represent the median β- glucan concentration for each group, 14.5 pg/ml (black), 16.73 pg/ml (dark grey), 9.73 pg/
ml (grey), 8.93 pg/ml (light grey) and 2.5 pg/ml (white) for eumycetoma, large, moderate, small lesions and healthy controls, respectively while diamonds 
represent actinomycetoma. (b) Spearman's correlation between the β- glucan concentrations (pg/ml) was determined using the concentrations measured with 
the Fungitell and Wako assays (r = 0.78, p < 0.0001). The vertical red, dotted, dashed vertical lines represent the cut- off from the manufacturer (7 pg/ml), with 
similar sensitivity to Fungitell (5.5 pg/ml) and Youden's index (3.5 pg/ml), respectively, while the horizontal dotted line represented cut- off for the Fungitell 
assay. (c) Receiver operating characteristic (ROC) curves of the Wako (c) and the Fungitell (d) assays. The thresholds for positivity in both assays (7 and 80 pg/
ml, respectively) are highlighted with a red dot.
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Figure 1c. Youden's index is calculated by adding the sensitivity 
of a diagnostic test to the specificity of the same diagnostic test 
and then subtracting 100 from that value. At 5.5 pg/ml, 27 pa-
tients were positive for β- glucan in the Wako assay, identical to 
the number of patients positive in the Fungitell assay. Therefore, 
an identical sensitivity (74.6%) was obtained. Furthermore, this 
cut- off value did not lower the specificity of the Wako assay 
(96.7%). Based on Youden's index, the optimal cut- off for the 
Wako assay was 3.5 pg/ml. At this cut- off, the sensitivity of the 
Wako assay was raised to 78.9% but the specificity was low-
ered to 93.6%. The assay did not distinguish actinomycetoma 
from eumycetoma, suggesting it may only be useful as an ac-
companying aid in diagnosis and more useful for therapeutic 
monitoring as with other fungal infections.19 Since at 5.5 pg/
ml, the specificity did not change, we recommend using a cut- 
off of 5.5 pg/ml when using the Wako assay for determining 
β- glucan in sera from eumycetoma patients. With the high 
specificity at this cut- off and the high positive predictive value 
in patients suspected of mycetoma, the Wako assay can be used 
in the diagnosis of mycetoma together with standard diagnostic 
protocol in this population. However, when positive, additional 
tests are needed to differentiate between actinomycetoma and 
eumycetoma. Furthermore, it should be noted that test perfor-
mance may differ in areas that are also endemic for other agents 
causing mycetoma or for other deep mycoses such as chromo-
blastomycosis or sporotrichosis.
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