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Abstract 

Background: 

Left untreated invasive fungal infections (IFI) carry a high mortality rate. The broad fungal 

biomarker 1,3 beta-D-glucan (BDG) has become increasingly recognized as an adjunct 

diagnostic test, with the capability of producing results earlier than gold standard culture and 

is useful in directing clinicians to appropriate initiation of therapy. The Associates of Cape 

Cod Fungitell® is a widely used BDG assay however it serves predominantly larger 

laboratories. Alternative options should be sought to implement at lower throughput 

laboratories to avoid a delay in diagnosis. 

 

Objectives: 

We aimed to evaluate the performance of Dynamiker® Fungus assay in comparison to 

Fungitell® and to assess its precision in our setting. 

 

Methods: 

In this prospective laboratory-based study 100 patient serum samples were analysed on both 

Fungitell® and Dynamiker®. Quantitative and qualitative results were compared to 

Fungitell®. Additionally, both assays were assessed against gold standard culture and/ or 

Pneumocystis jirovecii PCR (PJP PCR) (60/100). The Dynamiker® precision was determined 

over 5 days, using the manufacturer’s standard material.   

 

Results: 

The observed agreement was 74% (80% with a cut-off of 96 pg/ml), with a moderate 

categorical agreement (Kappa= 0.582, P < 0.05). Sensitivity and specificity were 63.64% and 

92.86% respectively when compared to Fungitell®, and 75% and 69% for fungal culture 

respectively. Dynamiker® had excellent repeatability and reproducibility with no significant 

difference to the manufacturer’s means. 

 

Conclusion: 

Although Dynamiker® was found to be less sensitive than Fungitell®, it is precise with 

moderate overall categorical agreement. Further clinical studies are warranted. 
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CHAPTER 1 1 

 2 

1. Introduction: 3 

The incidence of invasive fungal infections (IFI) has increased worldwide1–3. The true burden 4 

of IFI in South Africa is likely underestimated due to lack of access of relevant diagnostic 5 

tests to clinicians based in peripheral hospitals4. IFI in South Africa are largely due to the 6 

relationship with HIV co-infection, tuberculosis (TB) and immune suppression secondary to 7 

malnutrition as result of poverty5. Invasive fungal infections (IFI) secondary to Candida 8 

species, Pneumocystis jirovecii (causing Pneumocystis jirovecii pneumonia or PJP), 9 

Cryptococcus species and opportunistic mould infection including Aspergillus species are 10 

among the commonest causative organisms in South Africa5. Risk factors include long-term 11 

steroid use, immunosuppressive drugs or radiotherapy, haematopoietic stem cell transplant, 12 

solid organ transplant, diabetes mellitus and HIV1,5,6. 13 

 14 

 15 

Currently, the diagnosis of IFI remains challenging. The clinical features and radiological 16 

signs may be non-specific or absent depending on the stage of disease, the immune response 17 

mounted by the patient and site of infection. In addition, the gold standard, culture-based 18 

diagnostics, are associated with a long turn-around-time (TAT) and fungal cultures may only 19 

be positive in ~50% of cases of candidiasis and aspergillosis1,7. Although histological 20 

diagnosis by means of invasive procedures has improved sensitivity, it is often technically 21 

difficult and thus only performed by trained individuals2,8 . 22 

 23 

 24 

If left untreated, IFI may be associated with an increase in mortality. Delays in reaching a 25 

diagnosis has been shown to impact the time to appropriate initiation of therapy ultimately 26 

leading to an increase in mortality rates1,2,9. Clinicians may therefore have a lower threshold 27 

to institute or de-escalate empiric antifungal therapy in high risk patients whilst awaiting 28 

fungal culture results, contributing towards the global increase seen in antifungal 29 

resistance2,9, collateral damage9, increase in hospital care costs9 and possible delay in 30 

establishing the true diagnosis. 31 

 32 
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 33 

The landscape of the diagnostic microbiology laboratory is ever evolving, and non-culture-34 

based diagnostic tests have grown in favour by offering an alternative less invasive sampling 35 

method with favourable diagnostic accuracy and rapid TAT. They have been shown to 36 

improve patient management and antimicrobial stewardship3,10. Fungal diagnostics have 37 

moved towards this advancement, with the emergence of molecular tests and biomarkers such 38 

as the 1,3 beta-D-glucan (BDG). In a local South African study assessing the sensitivity of 39 

BDG for candidaemia, the investigators also established the tests earlier time to positivity 40 

(averaging 2.5 days) when compared to culture-based diagnostic tests11, elucidating one of 41 

the test’s major advantages in promoting antifungal stewardship in the critical care setting10. 42 

 43 

 44 

BDG test is a broad fungal biomarker used as an adjunct in the diagnostic workup of IFI, and 45 

has been included in the European organization for research and treatment of cancer/ invasive 46 

fungal infections cooperative group and the national institute of allergy and infectious disease 47 

mycoses study group (EORTC/ MSG) revised definitions for probable IFI.12  48 

 49 

 50 

The fungal cell wall is comprised of polysaccharides, of which glucan is the most abundant. 51 

The principle of the BDG test exploits the coagulation cascade of the North American horse-52 

shoe crab amoebocyte. Glucan present in the test sample initiates the clotting pathway by 53 

activating coagulation factors. The rate of production of the chromogen released downstream 54 

is directly proportionate to concentration of BDG in the specimen 8.  Beta-D glucan levels 55 

may be elevated in invasive candida infection (with highest sensitivities for C. albicans and 56 

lowest for C. parapsilosis)13, aspergillosis, Pneumocystis jirovecii (PJP), but due to the lack 57 

of BDG in the cell walls of some fungi, is not diagnostically useful in Zygomycetes, 58 

Blastomyces dermatitidis and cryptococcosis8. Caveats of BDG include false positive results 59 

due to antibiotics (beta-lactam/ beta-lactamase inhibitor combinations such as piperacillin-60 

tazobactam and amoxicillin-clavulanate), bacteraemia caused by S. pneumoniae, BDG 61 

containing surgical gauze, blood tubes, cellulose-containing haemodialysis membranes and 62 

blood products such as immunoglobulin and plasma8; and false negatives may occur 63 

secondary to interferences (haemolysis, icterus or lipaemia)14, low fungal load in the case of 64 
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early infection and concurrent use of antifungal therapy14, and candidaemia secondary to C. 65 

parapsilosis13. 66 

 67 

 68 

The first BDG glucan assay to be Food and Drug Administration (FDA) approved was the 69 

Fungitell® 1,3 beta-D glucan assay (Associates of Cape Cod, Massachusetts, USA) 70 

(Fungitell), which has the capability to run 96 well plates in a single run (21 patient samples).  71 

 72 

 73 

One alternative BDG, the Dynamiker® Fungus assay (Dynamiker Biotechnology, Tianjin, 74 

China) (Dynamiker) is Chinese Food and Drug Administration (CFDA) approved, and works 75 

on a similar test principle as Fungitell, with the additional advantage of a positive control 76 

with each batch, the ability to run smaller sample numbers on 12 x 8 well breakable plates15 77 

and improved cost per test.  78 

 79 

 80 

In a local study at a tertiary public-sector laboratory, BDG testing had increased 6-fold from 81 

2009 to 201716. Increasing the availability of the test at peripheral sites may be valuable for 82 

patient care as well as reduce the need for transport of specimens to referral laboratories, the 83 

backlog of testing and batching of samples, which ultimately compromises TAT. The 84 

introduction of the single patient BDG test Fungitell STAT™ (Associates of Cape Cod)17, 85 

has been a reminder of the continued vested interest in seeking alternative diagnostic assays 86 

which can improve TAT (Fungitell STAT™ TAT of 70 minutes). 87 

 88 

  89 

There have been two previous studies comparing the performance of Dynamiker to Fungitell. 90 

In a clinical and method comparison study, White et al found that Dynamiker correlated well 91 

with Fungitell with an overall sensitivity and specificity of 81.4% and 78.1% respectively for 92 

cases of proven and probable invasive fungal disease18. In a second laboratory-based study 93 

conducted in China, 72 clinical serum samples were evaluated on both Dynamiker and 94 

Fungitell assessing the former to have a sensitivity of 82.9% and specificity of 94.6%19.  95 

 96 

 97 
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To our knowledge, there had been no published data from Southern Africa evaluating the 98 

Dynamiker assay. In view of this we aimed to evaluate the analytical performance of the 99 

Dynamiker in comparison to the Fungitell assay in our laboratory setting as well as assessing  100 

the diagnostic accuracy by comparing both assays to blood culture, fungal culture and 101 

Pneumocystis jirovecii PCR (PJP PCR) as crude surrogate clinical performance estimates.  102 

 103 

 104 

CHAPTER 2 105 

 106 

2. Materials and methods: 107 

2.1 Study design: 108 

This was a prospective laboratory-based study conducted over five days (from 28 May to 01 109 

June 2018) at the National Health Laboratory Service (NHLS) Microbiology Laboratory 110 

based at Charlotte Maxeke Johannesburg Academic Hospital, a 1088-bed tertiary level 111 

institute in Gauteng province. The Fungitell was validated for use upon introduction in 2009. 112 

Majority of the BDG specimens seen are referred from within the province as well from 113 

centres across the country. A study conducted at the same centre reported majority of samples 114 

referred from paediatric and adult medical and high-care wards11. 115 

 116 

 117 

Training involved only 2 technologists (who were previously deemed competent on the 118 

Fungitell bench), to reduce disruption to routine workflow within the laboratory, and was 119 

based on the standard operating procedure provided by Dynamiker Biotechnology. The 120 

training encompassed preparing of reagents, controls and clinical samples for test runs. The 121 

user was deemed competent to participate in the study once quality control had passed on the 122 

test run and was required to rotate on the bench on alternative days. Patient specimens and 123 

quality control materials were then prepared according to the respective manufacturers 124 

instructions 15,20.  125 

 126 

 127 
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Dynamiker shared the same principle as Fungitell as a kinetic colorimetric assay, therefore, 128 

integrated with the existing platform (no new instrumentation was required) apart from 129 

having to install reader software. The patient sample volume differed slightly. Fungitell 130 

required 5ul of patient serum, whereas Dynamiker required 20ul. Both methods run a five-131 

point standard curve as well as patient samples in duplicate, therefore a 96-well plate may 132 

allow maximum 41 patients (routine average of 21 patients per batch). The time taken from 133 

reagent preparation, specimen incubation (40 minutes), plate reading up until result reporting 134 

was approximately 80 minutes for both methods depending on the user. Reagent and standard 135 

material could be reconstituted and stored at -20ºC for up to 30 days according to the insert 136 

package. 137 

 138 

 139 

The run was accepted if the standard curve was linear, the negative control was less than the 140 

lower standard optical density (OD) value, the R2 value close to 1 (> 0.98), and the positive 141 

control was within acceptable range (batch specific)15,20. Qualitative results were interpreted 142 

based on manufacturer cut-off values (Table 1).  143 

 144 

 145 

Table 1. Cut-off levels as determined by the manufacturers in pg/ml. 146 

 Fungitell Dynamiker 

Negative  < 60 < 70 

Positive  >= 80 >= 96 

Indeterminate  60 - 79 70 - 95 

 147 

 148 

2.2 Diagnostic accuracy:   149 

To evaluate the diagnostic performance of the Dynamiker assay, we analysed 105 150 

consecutive patient serum specimens. The samples were run in parallel on both assays 151 

(initially on the Fungitell assay and thereafter on the Dynamiker assay) within two hours of 152 

each other, so as to avoid interferences introduced through freeze-thaw cycles of samples in 153 

storage. The specimens were capped and stored on the bench in between runs. Each clinical 154 

sample was run in duplicate on both assays, with only the means and categorical 155 

classification used in the comparison analysis. Categorically discordant samples (between the 156 

duplicate results on Fungitell) or those with CV of >20% were excluded (n = 5) from the 157 
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analysis, as they required retesting according to the local laboratory protocol. As a result, 158 

only 100 samples were reported for the purpose of this evaluation (Figure 1). 159 

 160 

 161 

 162 

Figure 1. Study design. 163 

 164 

 165 

To determine the diagnostic accuracy, we compared both the quantitative results as well as 166 

the categorical correlation between the two assays.  We also compared each assay with blood 167 
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culture, fungal culture (blood) or qualitative PJP PCR (specimen type information unknown) 168 

results for each of the patients, if these had been submitted at the time of or within 10 days of 169 

sample collection for BDG analysis. The samples were identified with a laboratory accession 170 

number and additional microbiological data linked to the medical record number of that 171 

sample was accessed via. the laboratory information system (TrakCare® Intersystems). 172 

Dynamiker results were not reported to the clinician, even in the instance of discordant 173 

results with Fungitell, as the assay had not completed verification. 174 

 175 

  176 

2.3 Precision experiment: 177 

To assess the reliability of Dynamiker in our local setting, standard material provided by the 178 

manufacturer was used to establish a five-point calibration curve, inclusive of medical 179 

decision points. The experiment was run over five days. Repeatability and reproducibility 180 

were reported for each of the standards over each day, and across different days and separate 181 

users respectively. Linearity and correlation were reported. 182 

 183 

 184 

2.4 User-friendliness: 185 

This was determined crudely based on user experience communicated verbally with the 186 

investigator and through a written survey. 187 

 188 

 189 

3. Statistical analysis: 190 

The data was captured in Microsoft Excel for Mac version 16.25 (2019) and exported into 191 

IBM SPSS statistics version 24.0 (2019) for analysis.  192 

 193 

 194 

The diagnostic comparison samples were not preselected, therefore the values obtained were 195 

random and non-parametric in distribution. We therefore described the median, interquartile 196 

ranges and Wilcoxon rank sum test for quantitative data (where a Z score close to 0 indicates 197 

no difference in data being compared), and the percentage agreement and Cohen’s kappa for 198 

categorical data. We assessed 3 variables (negative, positive and indeterminate) and 2 199 
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variables (i.e., by adopting a higher cut-off viz. 80 pg/mL and 96 pg/mL on the Fungitell and 200 

Dynamiker respectively, the indeterminate results were interpreted as negative). 201 

 202 

 203 

Sensitivity and specificity and the 95% confidence intervals (95% CI) were determined using 204 

2-by-2 tables. The diagnostic accuracy of the Dynamiker was assessed in comparison to 205 

Fungitell and both assays were evaluated against blood culture and PJP PCR. For the 206 

precision study we reported the standard deviation (SD), CV and student paired t-test. We 207 

accepted a CV of <20% as reliable and a P value of <= 0.05 was considered significant.  208 

 209 

 210 

For the purpose of the comparison study all mean values were converted to whole numbers 211 

and values outside the reliable linear range (according to the manufacturers recommendation) 212 

were converted to upper/ lower most reliable value. 213 

 214 

 215 

4. Ethics statement: 216 

As this was primarily a laboratory-based study, no patient clinical details were obtained. The 217 

laboratory information system was utilised to extract blood culture, fungal culture or PJP 218 

PCR results for each of the patients, if these had been submitted. Permission to conduct the 219 

study was granted by the University of Witwatersrand Human Research Ethics Committee 220 

(Clearance Certificate M171025). 221 

 222 

 223 

CHAPTER 3 224 

 225 

5. Results: 226 

5.1 Diagnostic accuracy:  227 

Descriptive data: 228 

The quantitative results descriptive statistics are summarised in Table 2 including the median 229 

and interquartile ranges for each category (positive, negative and indeterminate). 230 
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Majority of samples fell within the negative category (n = 48 on Fungitell, n = 61 on 231 

Dynamiker), with the indeterminate category being the least well represented (n < 10 for both 232 

Fungitell and Dynamiker). Wilcoxon rank sum test showed no significant difference when 233 

comparing each category (P > 0.05) with Z scores < 0 (Table 3). 234 

 235 

 236 

Table 2. Quantitative descriptive statistics for each category on Fungitell and Dynamiker. 237 

Categories Fungitell 

negative 

Fungitell 

positive 

Fungitell 

indeterminate 

Dynamiker 

negative 

Dynamiker 

positive 

Dynamiker 

indeterminate 

Total  48 44 8 61 32 7 

Median 35 380 69 32 378 70 

IQR  18,48-

42,43 

147,83-

524,00 

63,55-74,73 17,30-47,00 180,25-

629,00 

58,80-79,30 

 238 

 239 

Table 3. Wilcoxon rank sum test results comparing Dynamiker and Fungitell quantitative 240 

results for the 3 categories. 241 

 Z score P value 

Negative  - 0.636 0.525 

Positive  - 0.860 0.390 

Indeterminate  - 0.338 0.735 

 242 

 243 

Quantitative agreement:  244 

The relationship between the quantitative results is represented graphically in scattergram 245 

(Figure 2). Data is concentrated towards the negative values in a non-linear distribution. 246 

There were scanty discordant results between the two assays, mirroring qualitative agreement 247 

(described below).  248 

 249 

 250 
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 251 

Figure 2. Scatterplot of quantitative values (pg/ml).  252 

 253 

 254 

Qualitative agreement: 255 

Categorical correlation using the manufacturer recommended cut-off for the 3 categories 256 

(negative, positive and indeterminate) was 74%, showing improvement to 80% when 257 

comparing 2 categories viz., positive and negative (indeterminates were considered as 258 

negative). Cohen’s kappa assessing categorical agreement demonstrated a moderate 259 

agreement (K= 0.582, P value < 0.001).  260 

 261 

 262 

 263 

Sensitivity and specificity: 264 

Based on the 2-by-2 (Table 4), the sensitivity and specificity of Dynamiker compared to 265 

Fungitell qualitative results (positive and negative categories) were 63.64% (95% CI: 63.18 - 266 

64.09) and 92.86% (95% CI: 92.64 – 93.07) respectively. 267 

 268 

 269 
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Table 4. 2-by-2 table Dynamiker categorical results compared to Fungitell (n = 100) 270 

  Fungitell 

  Positive Negative 

Dynamiker 
Positive  28 4 

Negative  16 52 

 271 

 272 

Comparison of Fungitell and Dynamiker to blood culture and PJP PCR: 273 

60/100 samples had additional paired samples or recent results for blood culture/ fungal 274 

culture (n = 58) and/ or PJP PCR (n = 11) and were evaluated further. Results of the 275 

assessment can be seen in Table 5a and 5b. Of the 58 samples with culture, 54 were negative 276 

for fungi, of which 41 had no growth of an organism (Fungitell 15 positives, 26 negatives; 277 

Dynamiker 11 positives, 30 negatives), 11 had growth of bacterial species (Fungitell 7 278 

positives, 4 negatives; Dynamiker 6 positives, 5 negatives) and 2 samples were positive for 279 

Mycobacterium tuberculosis (Fungitell and Dynamiker were negative on both occasions) (see 280 

Figure 1). When compared to blood cultures positive for fungal growth the sensitivity and 281 

specificity for Fungitell were 100% and 59.26% (95% CI: 58.84 – 59.68) respectively, and 282 

75% (95% CI: 73.64 – 76.36) and 68.52% (95% CI: 68.12 – 68.92) for Dynamiker 283 

respectively. The 4 samples positive for fungi included 1 Candida famata and 3 Candida 284 

albicans. Of those 4 samples, Dynamiker was associated with 1 indeterminate result which 285 

had been interpreted as negative (for Candida albicans) and Fungitell was positive for all 4 286 

cases.  287 

 288 

Of the 11/100 samples with additional qualitative PJP PCR, 6 were positive and 5 were 289 

negative (Figure 1).  The Dynamiker was associated with 2 indeterminate results which was 290 

interpreted as negative (wherein the Fungitell read positive) and 1 negative result (wherein 291 

the Fungitell was in agreement and also read negative). The sensitivity and specificity for PJP 292 

PCR was 83.33% (95% CI: 82.38 – 84.29) and 80% (95% CI: 78.88 – 81.12) for Fungitell 293 

respectively, and 50% (95% CI: 48.72 – 51.28) and 60% (95% CI: 58.63 – 61.37) for 294 

Dynamiker respectively.  295 

 296 

 297 

Table 5. 2-by-2 table Fungitell and Dynamiker compared to (5a) blood culture positive for 298 

fungal growth and (5b) PJP PCR. 299 
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 300 

Table 5a 301 

  Fungitell Dynamiker 

  Positive Negative Positive Negative 

Blood culture 

(n = 58) 

Positive 4 22 3 17 

Negative 0 32 1 37 

 302 

 303 

Table 5b 304 

  Fungitell Dynamiker 

  Positive Negative Positive Negative 

PJP PCR  

(n = 11) 

Positive 5 1 3 2 

Negative 1 4 3 3 

 305 

 306 

5.2 Precision experiment: 307 

The overall mean, standard deviation and CVs are summarised in Table 6 for the Dynamiker 308 

precision study. The CVs were acceptable for all 4 levels, across the different days and 309 

operators. The lowest standard material having a poor overall CV of >20%. When comparing 310 

the overall means with the manufacturers expected values, student paired t-test shows no 311 

significant difference (P values > 0.05). The standard curves were found to be linear with R2 312 

close to 1. 313 

 314 

 315 

Table 6. Dynamiker precision study. Overall mean, SD and CV over 5 days. 316 

 Manufacturer’s mean Mean (P value) SD CV % 

Standard A 600 597,99 (0,65) 20,46 3,42 

Standard B 300 300,55 (0,86) 13,38 4,45 

Standard C 150 154,87 (0,19) 11,42 7,37 

Standard D 75 74,68 (0,75) 4,48 5,99 

Standard E 38 34,90 (0,20) 8,75 25,06 

 317 

 318 

5.3 User-friendliness: 319 

Users reported no overall difference in experience between Fungitell and Dynamiker.  320 

 321 
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 322 

6. Discussion: 323 

The Dynamiker BDG assay performed diagnostically well in comparison to Fungitell, with 324 

an observed agreement of 74% comparable to that described in previous evaluations (75.5% 325 

reported by White et al using a higher cut-off and 89% by Wang et al using a lower cut-326 

off)18,19. We noted an improvement in observed agreement to 80% when optimising the cut-327 

off to 96 pg/ml (i.e., indeterminate results re-classified as negative). In our study we chose a 328 

higher cut-off because of the doubtful significance of an indeterminate result in clinical 329 

practice, prompting further investigation and serial monitoring of patient’s BDG levels. The 330 

previous studies do not report on the agreement using alternative cut-off levels, however, 331 

White et al had described an improvement in sensitivity at a lower cut-off of 70 pg/ml at the 332 

expense of specificity18. 333 

 334 

 335 

When compared to Fungitell, the Dynamiker showed a moderate categorical agreement with 336 

a Kappa of 0.582, less than that reported by Wang et al (K = 0.77)19. White et al had noted a 337 

similar finding (moderate agreement K = 0.5)18. The authors attributed this to possible 338 

sampling handling and storage between the sequential runs on Fungitell and Dynamiker, and 339 

this shortcoming may have contributed to the discrepancies seen in our study as well.  340 

 341 

 342 

Wilcoxon rank sum test results show that quantitatively the 2 assays are comparable within 343 

each category with P values > 0.05. The Z scores were < 0 suggesting the median values on 344 

Fungitell were numerically smaller than the Dynamiker, however their linear range is known 345 

to be smaller, therefore a direct quantitative comparison between the two assays is of 346 

questionable significance. 347 

 348 

 349 

The sensitivity and specificity of the Dynamiker were 63.64% and 92.86% respectively when 350 

evaluated against the Fungitell. The specificity was higher than that described by White et al 351 
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(78.1%)18, and similar to the Wang study group (94.6%)19, but sensitivity was noted to be 352 

lower than both studies (81.4% and 82.9% reported by White and Wang respectively)18,19.   353 

 354 

 355 

There are numerous factors which may have contributed to the discrepancy (lower sensitivity 356 

and higher specificity) reported in our study. Firstly, White et al study cohort included 357 

intensive care units (ICU), post-abdominal surgery and haemoncology patients, all of which 358 

are associated with a higher false positive rate therefore lowering BDG specificity18. 359 

Secondly, the sensitivity of the test has been found to be better in high risk patients1,6–8. We, 360 

however, did not restrict sampling to critical care wards, which may have resulted in the 361 

lower sensitivity we report in our analysis. Lastly, and most importantly, there is no single 362 

conclusive cause for the differences seen in diagnostic accuracy observed among many 363 

previous study groups analysing different BDG assays. In a recent Cochrane review assessing 364 

the diagnostic accuracy of BDG assays, the authors report large differences among statistical 365 

results likely due to differences in study design, study populations chosen, sample handling, 366 

possible interfering factors, fungal species included and differences in optimal cut-off 367 

levels21.  368 

 369 

 370 

A large metanalysis assessing different BDG platforms had reported a pooled sensitivity of 371 

76.8% and specificity of 85.3% for IFI 14. We report the sensitivity and specificity for  372 

Dynamiker for candidaemia as 75% and 68.52% respectively. The sensitivity and specificity 373 

for Fungitell were 100% and 59.26% respectively as assessed in this study but was found to 374 

be 79% and 71-100% respectively in a study conducted at the same institute in 201911.  375 

 376 

 377 

The Dynamiker was found to have a better specificity for candidaemia compared to 378 

specificity for PJP (60%). This phenomenon was also reported in the White et al paper  with 379 

a sensitivity of 93.3% for candidaemia vs 50% for PJP, although the PJP cohort was 380 

admittedly small18. The sensitivity and specificity did improve to 87% and 70% in a follow-381 

up study by the same author22 but not sufficiently to reliably exclude Pneumocystis 382 

pneumonia.  383 

 384 
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 385 

Dynamiker did have a slightly higher number of false negative results than Fungitell, 386 

however the number of cases with fungal growth on culture (4 candidaemia) and PJP PCR 387 

(11)  samples were too small to draw any reliable conclusions. We did not have clinical 388 

information to exclude concurrent use of antifungal therapy which may have contributed 389 

towards false negative BDG2,14. Additional confounding factors to consider would be the low 390 

yield of fungal culture for candida7 and the lack of a gold standard microscopy, quantitative 391 

PJP PCR results (cycle threshold) and clinical or radiological information to assess if the 392 

patients with positive PCR did have disease viz., Pneumocystis pneumonia. The latter may 393 

explain why both Fungitell and Dynamiker were negative for 1/6 sample in which the PCR 394 

was found to be positive. We also did not have access to patient HIV results, which is 395 

important to factor in, as the sensitivity of the test for PJP is lowered in HIV-negative 396 

populations22. 397 

 398 

 399 

We report the Dynamiker to have a higher specificity with lower sensitivity for candidaemia 400 

(based on fungal culture) when compared with the Fungitell. Our study also demonstrated 401 

poor diagnostic accuracy for Pneumocystis pneumonia (using surrogate marker PJP PCR), 402 

which concurs with both studies conducted by White et al18,22. Although the findings of this 403 

report suggests that Dynamiker is a good rule-in test, especially for candidaemia, our sample 404 

numbers were small, and further clinical studies including long-term studies assessing serial 405 

BDG tests are warranted.  406 

 407 

 408 

In the context of South Africa’s high incidence of tuberculosis, it is worthwhile to note that 409 

neither assays were associated with false positive BDG results for patients with 410 

Mycobacterium tuberculosis infection. To our knowledge this is the first study to comment 411 

on this finding. However, our case numbers were small (2) and further prospective studies 412 

would be of value in the South African context. 413 

 414 

 415 
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We proved the Dynamiker assay to be precise over the 5-day period, observing excellent 416 

repeatability (no significant difference between our average daily means and the 417 

manufacturers means (student paired t-test P values > 0.05)) and reproducibility (CV over the  418 

study period reported as <20% for the higher values). The variability was >20% for Standard 419 

E, due to one outlier, however higher CVs can be expected at the lower levels.  420 

 421 

 422 

The Dynamiker kit allows technical flexibility of running smaller batches of tests on the 423 

breakable plate. The reagent and standard material are stable at 2-8ºC for 12 months and can 424 

be reconstituted and stored at -20ºC for up to 30 days. These features may be advantageous to 425 

laboratories in reducing medical waste and financial pressure to perform large test batches, 426 

thus improving TAT. Although the manufacturer has claimed to be less expensive than other 427 

assays, we did not find a great difference between the 2 assays cost per test. However, the 428 

study was conducted over 5 days, and the overall expense to the laboratory may only be 429 

appreciated if followed up long-term. The inclusion of positive control material with every 430 

new batch added further quality assurance that each run would be precise. In addition, we 431 

found Dynamiker to be user-friendly with sufficient reagent material in each test kit to run 432 

over the course of the experiment, and ease of transition between both assays.  433 

 434 

 435 

Strengths: 436 

Our study was performed prospectively, thus eliminating interferences introduced during the 437 

freeze-thaw cycles of stored serum samples. We did not preselect patient populations and we 438 

correlated with blood culture and PJP PCR results to assess diagnostic accuracy. Our BDG 439 

laboratory is partitioned away from routine benches and airflow, and the temperature was 440 

regulated over the study period. 441 

 442 

 443 

Study limitations: 444 

1. We do acknowledge that in the absence of relevant clinical and radiological 445 

information, we could not classify our samples into proven, probable or suspected IFI 446 

based on the EORTC/ MSG definitions12 in which case the Dynamiker was compared 447 

to an imperfect gold standard (culture) and the current in-use assay (Fungitell).  448 



 

17 

 

 

2. Not every patient had additional specimens submitted for culture or PJP PCR. 449 

3. Serum samples were not paired, and patients were not followed up longitudinally, 450 

therefore discrepant categorical results (between the 2 assays) were not assessed for 451 

trends in the BDG level. A clinical study would be required to assess if kinetics of 452 

BDG would change with time, and correlate with culture results. 453 

4. Values outside of the reliable measurable range (according to manufacturers’ 454 

specifications) were not diluted. These results were converted to the highest/ lowest 455 

reliable value, thus introducing potential bias.  456 

5. Other causes for potential bias- we did not deduplicate samples, and discordant 457 

Fungitell samples that were subjected to reruns were not included in the study.  458 

6. Quantitative PJP PCR (cycle threshold) data unavailable, and specimen type, would 459 

have been useful in assessing whether patients had true disease rather than false 460 

positives due to commensal fungi.  461 

7. Prevalence studies were not conducted. 462 

8. Small samples volumes with only 2 cases of TB and 4 fungi. Further studies would be 463 

recommended to assess clinical diagnostic accuracy in the South African setting. 464 

 465 

 466 

CHAPTER 4 467 

 468 

7. Conclusion: 469 

The BDG is a rapid non-culture based broad fungal marker that has established a role as an 470 

adjunctive test in the management of critically ill patients evidenced by the increasing test 471 

volumes seen in the last decade at our tertiary centre16. There is sufficient evidence of the 472 

positive impact it has on patient care, reducing overall cost and improving anti-fungal 473 

stewardship10. 474 

 475 

 476 

 We found the Dynamiker to be a reasonable alternative to the more commonly used 477 

Fungitell, with the potential of being implemented in laboratories with lower sample 478 

throughput. This would enable near point of care testing and offer clinicians a guide to the 479 
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early initiation of appropriate therapy. Our study serves as a baseline evaluation for other 480 

laboratory-based studies, however the poorer sensitivity for candidaemia compared to 481 

Fungitell and diagnostic accuracy for Pneumocystis pneumonia requires further clinical 482 

investigation.  483 

 484 

 485 

Future unanswered questions: 486 

There are insufficient case-controlled clinical studies evaluating the performance of the 487 

Dynamiker in specific patient populations with specific pathologies (candidaemia, 488 

Pneumocystis pneumonia, and in cases of TB), or to establish population-specific cut-off 489 

levels and the effect on batched samples subject to non-optimal environmental conditions and 490 

storage. BDG cut-off levels should be optimized for the specific population in which is 491 

intended for use, which may improve test sensitivity. 492 

 493 

 494 

 495 

 496 

 497 
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1. TITLE: 652 

 653 

An evaluation of the analytical performance of the Dynamiker® Fungus (1-3)-β-D-Glucan 654 

assay in comparison to the Cape Cod Fungitell® 1,3 beta-D glucan assay for the diagnosis of 655 

invasive fungal infections.  656 

 657 

2. INVESTIGATORS: 658 

 659 

The principle investigator is Dr Shalini Pillay, a fourth year registrar in clinical pathology 660 

currently rotating in microbiology at the National Health Laboratory Service (NHLS). 661 

The supervisor is Dr Vindana Chibabhai, a consultant clinical microbiologist at the 662 

department of clinical microbiology and infectious diseases. 663 

 664 

3. BACKGROUND LITERATURE REVIEW AND CRITIQUE: 665 

 666 

Invasive fungal infections contribute significantly to the disease burden in southern Africa, 667 

largely due to the relationship with HIV infection and immune suppression. Invasive fungal 668 

infection (IFD) secondary to Candida species, Pneumocystis jirovecii (causing Pneumocystis 669 

jirovecii pneumonia or PJP) and opportunistic mould infection including Aspergillus species 670 

are among the commonest causative organisms in South Africa. Risk factors include long-671 

term steroid use, immunosuppressive drugs or radiotherapy, haematopoietic stem cell 672 

transplant recipients, solid organ transplant recipients, diabetes mellitus and HIV (1).  673 

Currently, the diagnosis of IFD remains challenging. The clinical features and radiological 674 

signs may be non-specific or absent depending on the stage of disease, the immune response 675 

mounted by the patient and site of infection. In addition, culture based diagnosis can be 676 

delayed and fungal blood cultures may only be positive in ~50% of cases of candidiasis and 677 

aspergillosis (2). Although  histological diagnosis by means of invasive procedures has 678 

improved sensitivity, it is often technically difficult and thus only performed by trained 679 

individuals (2). 680 

 681 

Non-culture based diagnostics have grown in favour by offering an alternative less invasive 682 

sampling method with favourable sensitivity, such as the 1,3 beta-D glucan (BDG) assay. 683 
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This test is used as an adjunct in the diagnostic workup of IFD. The fungal cell wall is 684 

comprised of polysaccharides, of which glucan is the most abundant. The principle of the 685 

BDG test exploits the coagulation cascade of the North American horse-shoe crab. Glucan 686 

present in the test sample initiates the clotting pathway by activating coagulation factors, the 687 

end result of which is the detection of chromogenic substance by spectrophotometry at a 688 

specific wavelength (3).  This method has the added advantage of compatibility with 689 

numerous sample types for analysis (including serum, pleural fluid and bronchoalveolar 690 

lavage) (4), and is sensitive in most patients including solid organ transplant recipients and 691 

neonates  (5, 6). Beta-D glucan levels may be elevated in invasive candida infection (with 692 

highest sensitivities for C. albicans and lowest for C. parapsilosis), aspergillosis, PJP, but 693 

due to the lack of BDG in the cells walls of some fungi, is not diagnostically useful in 694 

Zygomycetes, Blastomyces dermatitidis and cryptococcosis. Caveats of this test method 695 

include false positive results due to antibiotics (beta-lactam/ beta-lactamase inhibitor 696 

combinations such as piperacillin-tazobactam and amoxicillin-clavulanate), bacteraemia due 697 

to S. pneumoniae, BDG containing surgical gauze, blood tubes, cellulose-containing 698 

haemodialysis membranes and blood products such as immunoglobulin and plasma; and false 699 

negatives may occur secondary to interference (haemolysis, icterus or lipaemia) (7).  700 

 701 

The NHLS Microbiology Laboratory based at the Charlotte Maxeke Johannesburg Academic 702 

hospital is currently the only laboratory serving the public sector that runs the BDG assay and 703 

patient samples are transported from across the country for analysis. The test is performed on 704 

the Food and Drug Administration (FDA) approved Cape Cod Fungitell ® 1,3 beta-D glucan 705 

assay (F-BDG), which has the capability to run 96 well plates in a single run (21 patient 706 

samples, 5 standards and negative controls run in duplicate) and costs R700 per test. Other 707 

manufacturers of this assay include Endosafe-PTS (Charles River Laboratories), Fungitec-G 708 

(Seikagaku Biobusiness), beta-Glucan Test (Waco Pure Chemical Industries), Dynamiker ® 709 

Fungus (Biotechnology) and BGSTAR β-Glucan Test (Maruha).  710 

 711 

The F-BDG is the only available platform in southern Africa, and although this in itself is an 712 

advantage in that results are comparable across medical laboratories, newer automated testing 713 

platforms exist that may offer increased output capacity and reduced cost. The Dynamiker ® 714 

Fungus is one such instrument which has the advantage of running smaller volumes of 715 

samples (12 x 8 well breakable plates) at R331.00 per test. This may be appealing especially 716 
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to smaller laboratories which would no longer have to batch samples and specimen transport 717 

and logistics would be obviated.  718 

To date, there are two studies comparing the Dynamiker ® Fungus and Cape Cod Fungitell ® 719 

1,3 beta-D glucan assays. In a clinical and method comparison study, White et al found that 720 

Dynamiker ® Fungus (1-3)-β-D-Glucan assay (D-BDG) correlated with the F-BDG, with an 721 

overall sensitivity and specificity of 81.4% and 78.1% respectively when assessed on clinical 722 

samples (8). In a second study conducted in China, when 72 clinical serum samples were 723 

compared on both instruments, results showed the Dynamiker ® Fungus to have a sensitivity 724 

of 82.9%, specificity of 94.6%, a positive predictive value of 93.5% and negative predictive 725 

value of 94.6% (9).  726 

 727 

In light of this we hypothesize that the Dynamiker ® Fungus (1-3)-β-D-Glucan assay will be 728 

comparable to the Cape Cod Fungitell ® 1,3 beta-D glucan assay when evaluated in the 729 

African setting.   730 

 731 

 732 

4. STUDY OBJECTIVES: 733 

To evaluate the performance of the Dynamiker ® Fungus (1-3)-β-D-Glucan assay in 734 

comparison to the Cape Cod Fungitell ® 1,3 beta-D glucan assay, the following parameters 735 

will be investigated: 736 

a) Accuracy- categorical correlation 737 

b) Precision including reproducibility and repeatability 738 

c) Linearity 739 

 740 

5. METHODS: 741 

 742 

This laboratory-based study will be run prospectively as an evaluation study as both 743 

instruments are IVD (in vitro diagnostics) marked. Procedures will be based on the 744 

Clinical and Laboratory Standards Institute (CLSI) EP9 A3E and EP10 A3E guidelines 745 

on the evaluation of quantitative measures using patient samples (10, 11) and the 746 

manufacturer’s instructions (12, 13). 747 

 748 
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 Firstly, standard material provided by the supplier will be run on the Dynamiker ® 749 

Fungus to assess analytical competency. Standard material will be serially diluted out five 750 

times in order to obtain values at critical cut-offs and will be run twice daily, viz. in the 751 

morning and evening. In addition, positive control sample will be run neat and in dilution 752 

twice daily. This will be repeated over a period of 5 days (Table 1). We will assess 753 

precision, including within run repeatability, reproducibility (within day, between day, 754 

between user and between batch) and linearity at medical decision limits. The precision 755 

study will be performed by two operators, thereby allowing us to assess inter-user 756 

reproducibility.   757 

 758 

Reproducibility:  759 

 Within day (between morning and afternoon runs on the same day).  760 

 Between day (assess runs comparing each day’s analysis over different days). 761 

 Between-user (user to be changed on alternate days) 762 

 Between batch (change in reagent on day 4).  763 

 764 

Repeatability: standards will be run in duplicate on day 2 (morning or afternoon) to 765 

assess within run repeatability. 766 

 767 

Linearity: as the standard material is diluted out (standard 1 to 5), the BDG value should 768 

expectedly decrease. 769 

 770 

Secondly, in a correlation study, clinical samples will be run in parallel on the Cape Cod 771 

Fungitell ®, which is the current method in use, and on the Dynamiker ® Fungus. A sample 772 

number of 100 (5 batches) will be run in duplicate on both instruments, within the space of 2 773 

hours. The test will be conducted on consecutive routine samples as to avoid contamination 774 

that may occur with the storage and freeze-thaw cycles of samples. We will assess the 775 

correlation of the Dynamiker ® Fungus to Cape Cod Fungitell ® by comparing the results of 776 

each into clinically relevant categories as per the manufacturer’s package insert (Table 2). 777 

 778 

 779 

 780 
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Table 1. Precision study to be run over 5 days (n=50).  781 

 782 

Day Standard 1 Standard 2 Standard 3  Standard 4 Standard 5 

1          AM      

             PM      

2          AM      

             PM      

3          AM      

             PM      

4          AM      

             PM      

5          AM      

             PM      

 783 

 784 

Table 2. Categorical ranges 785 

 Negative  Indeterminate  Positive  

Cape Cod Fungitell ® <60 pg/ml 60-79 pg/ml ≥80 pg/ml 

Dynamiker ® Fungus <70 pg/ml 70-95 pg/ml ≥96 pg/ml 

 786 

 787 

6. DATA ANALYSIS: 788 

Data will be analysed on Stata data analysis and statistical software (version13), where 789 

precision variables will be assessed using the student’s t-test (assess the mean, standard 790 
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deviation, coefficient of variation), and accuracy will be determined by calculating Pearson’s 791 

correlation coefficient. 792 

 793 

7. ETHICS: 794 

 795 

An application for ethics approval has been submitted to the Wits Human Research Ethics 796 

Committee (HREC). Processing of samples will only commence once ethics has been 797 

approved. 798 

 799 

8. STUDY PERIOD: 800 

 801 

 

TASK 

MONTHS (2017 – 2018) 
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review 

          

Preparing 
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Protocol 

assessment, 

Ethics approval 

          

Training 

and  R&D 

          

Data collection 

and processing 
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Analysis 

          

Write up &  

manuscript 

          

 802 

 803 

 804 

 805 

 806 
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9. FUNDING: 807 

All costs including that of consumables (e.g. reagents, QC material, sample trays) will be 808 

covered by the supplier, Reliable Diagnostic Supplies. Other items, e.g. stationary will be 809 

purchased on the principle investigator’s cost centre (NHLS, Haematology department).   810 

 811 

10.  LIMITATIONS: 812 

a) Small sample size 813 

b) Reproducibility of the comparative instrument may be variable due to fluctuations in the 814 

laboratory environment (e.g. temperature) 815 

c) Range of samples may not be representative of all medically important categories 816 

(running consecutive samples to avoid freeze-thawing and contamination) 817 

d) Lack of clinical samples to assess precision  818 

 819 

11.  DEFINITIONS (10, 11): 820 

Precision- closeness of agreement between measured values obtained by repeated 821 

measurements. 822 

Accuracy- closeness of a measured value to its true value. 823 

Linearity- ability to obtain measurements within a certain range that are directly proportional 824 

to concentrations in the measurand. 825 

Verification- procedure of obtaining evidence to support manufacturer’s claim or to specified 826 

requirements. 827 

Reproducibility- ability to obtain closeness of repeated measurements despite changes in a set 828 

of conditions. 829 

Repeatability- closeness of the agreement of repeated consecutive measurements (of the same 830 

measurand) obtained under the same conditions. 831 

Correlation coefficient- measure of the linear relationship between two random variables. 832 

 833 

 834 

 835 

 836 

 837 
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