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ABSTRACT Cryptococcal meningitis is a leading cause of meningitis in sub-Saharan
Africa. Given the need for rapid point-of-care testing, we evaluated the diagnostic
performance of the Dynamiker cryptococcal antigen (CrAg) lateral flow assay (LFA).
We assessed the diagnostic performance of the Dynamiker CrAg LFA compared to
the IMMY CrAg LFA as the reference standard. We tested 150 serum, 115 plasma,
and 100 cerebrospinal fluid (CSF) samples from HIV patients with symptomatic men-
ingitis and 113 serum samples from patients with suspected asymptomatic crypto-
coccal antigenemia. Compared to the IMMY CrAg LFA, sensitivity of Dynamiker CrAg
LFA was 98% in serum, 100% in plasma, 100% in CSF from symptomatic patients
and 96% in serum from asymptomatic patients. Specificity was 66% in serum, 61%
in plasma, and 91% in CSF from symptomatic patients, and 86% in serum from
asymptomatic patients. The positive predictive value was 85% in serum, 82% in
plasma, and 96% in CSF from symptomatic patients, and 69% in serum from asymp-
tomatic patients. The negative predictive value was 94% in serum, 100% in plasma,
and 100% in CSF from symptomatic patients, and 99% in serum from asymptomatic
patients. The interassay reproducibility was 100% across the four sample types with
no observed discordant results when Dynamiker CrAg LFA was tested in duplicate.
However, a high number of false positives were observed on serum of symptomatic
patients (11%), serum of asymptomatic patients (11%) and plasma of symptomatic
patients (14%). The Dynamiker CrAg LFA had excellent sensitivity but poor specific-
ity, particularly when tested on serum and plasma.
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Cryptococcal meningitis (CM) is an opportunistic invasive fungal infection and the
most common cause of adult meningitis in Africa (1). Cryptococcal meningitis

accounts for approximately 15% of AIDS-related deaths (2–6). However, invasive pul-
monary disease has been reported in non-AIDS patients (7). While other invasive fungal
diseases go unrecognized in Uganda (8, 9), the index of clinical suspicion for cryptococ-
cal meningitis is not low. Diagnosis of cryptococcal infection relies on detection of
cryptococcal antigen (CrAg) in body fluids such as blood and cerebrospinal fluid (CSF).
CSF culture is the historical standard for the diagnosis of cryptococcosis; however,
CrAg tests clearly have superior sensitivity, particularly in early disease (10–12). India
ink was traditionally used among people living with HIV/AIDS (13). However, India ink
has a poor sensitivity that may lead to misdiagnosis, translating into high mortality
rates in resource-limited settings where it is still being utilized to diagnose CM (12, 14).
CrAg was also traditionally detected by latex agglutination tests and enzyme immuno-
assay (EIA) with more than 99% sensitivity (13, 15, 16) but with the major limitation of
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not being able to be performed at the point of care (POC) without laboratory facilities.
However, more recently, detection of CrAg in whole blood, plasma, serum, and CSF
using POC tests has revolutionized cryptococcal infection diagnosis with improved
diagnostic performance and rapid turnaround time (10–12, 17).

Due to the increasing shift to POC testing, several companies have manufactured
POC tests for detection of CrAg. Since 2011, the POC CrAg lateral flow assay (LFA) from
Immuno-Mycologics, Inc. (IMMY; Norman, OK), has been shown to be more sensitive
and user friendly for use with different sample types for the diagnosis if cryptococcosis
than India ink, latex agglutination, and culture (10, 12, 17–21). Other CrAg LFAs include
CryptoPS (Biosynex) and StrongStrep (Liming Bio), with suboptimal sensitivity and
specificity, respectively (22, 23). The Dynamiker CrAg LFA (Dynamiker Biotechnology
[Tianjin] Co., Ltd., China) is a dipstick sandwich immunochromatographic assay for
the detection of capsular polysaccharide antigens of Cryptococcus species complex
(Cryptococcus neoformans and Cryptococcus gattii) in human serum and CSF. However,
there are limited data published about the diagnostic performance of the Dynamiker
CrAg LFA. We therefore aimed to evaluate the diagnostic performance of the Dynamiker
CrAg LFA for the diagnosis of HIV-associated cryptococcal disease in comparison to the
FDA-approved IMMY CrAg LFA using different sample matrices.

MATERIALS ANDMETHODS
Study design and population. This was a retrospective diagnostic accuracy study, in which we eval-

uated the diagnostic performance of the Dynamiker CrAg LFA for the diagnosis of HIV-associated crypto-
coccal disease using anonymized samples from two prospective cohorts. The first cohort comprised
cryopreserved samples from HIV patients with suspected cryptococcal antigenemia and CD4 counts
of ,100ml enrolled at the Infectious Diseases Institute (IDI) outpatient HIV clinic between November
2011 and May 2013 as a substudy of the Operational Research for Cryptococcal Antigen Screening
(ORCAS) trial (ClinicalTrials.gov no. NCT01535469) (24). The second cohort included samples from con-
secutive symptomatic persons presenting in real time with suspected meningitis (e.g., fever of $38°C,
headache, stiff neck, photophobia, altered mental status, and seizures) to Mulago National Referral
Hospital in Kampala, Uganda, between November 2018 and September 2020, as a substudy of a menin-
gitis screening study.

Participants included in both cohorts were $18 years old and HIV infected, with no prior cryptococ-
cal disease. Participants in the first cohort were asymptomatic patients with suspected cryptococcal anti-
genemia, while the second cohort had symptomatic participants with suspected meningitis.

Ethics statement. Ethical approval for both studies was obtained from the Uganda National Council
of Science and Technology (UNCST) and the Mulago Hospital Research and Ethics Committee. Patients
or their caregivers provided written informed consent before study participation.

Study procedures. Using both the Dynamiker CrAg LFA and the IMMY CrAg LFA, we tested 150 se-
rum, 115 plasma, and 100 CSF samples from patients with symptomatic meningitis and 113 serum sam-
ples from HIV-positive patients with CD4 counts of ,100 cells/ml suspected of having and screened for
asymptomatic cryptococcal antigenemia.

Procedure for IMMY cryptococcal antigen LFA test. The IMMY CrAg LFA kits were purchased
from Immuno-Mycologics, Inc., Norman, OK. The IMMY CrAg LFA is a dipstick-type point-of-care lateral
flow immunochromatographic assay that uses a test strip impregnated with gold-conjugated anticryp-
tococcal monoclonal antibodies to detect cryptococcal capsular polysaccharide antigen (CrAg) of
Cryptococcus neoformans and Cryptococcus gattii. The tests were performed according to the manufac-
turer’s instructions, and results were read after 10 min at room temperature. Positive and negative
controls were run for every set (1 to 10) of samples. For this procedure, specimens were diluted at a ra-
tio of 1:1 in specimen diluent (40ml of specimen and 40ml of diluent). One trained laboratory technol-
ogist performed the tests, but two laboratory technologists read the test results to agree on the
outcome.

Procedure for Dynamiker cryptococcal antigen LFA test. The Dynamiker LFA is also a dipstick
sandwich immunochromatographic assay. The tests were performed according to the manufacturer’s
instructions, and the result was read after 15 min at room temperature. Positive and negative controls
were run for every set (1 to 10) of samples. For this procedure, 80ml of specimen was used without dilu-
tion. One trained laboratory technologist performed the tests, but two laboratory technologists read the
test results to agree on the outcome. To test for interassay reproducibility, 67 samples were tested in
duplicate before reaching saturation.

Statistical analysis. Data were analyzed using STATA version 13 (STATA, College Station, TX).
Statistical analysis was aimed at comparing the sensitivity, specificity, positive predictive value, negative
predictive value, area under the receiver operating characteristic curve (ROC-AUC), level of agreement,
McNemar’s test, and kappa test for reproducibility in the results of the Dynamiker CrAg LFA compared
to the IMMY CrAg LFA as the reference standard.
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RESULTS
Diagnostic performance of the Dynamiker CrAg LFA compared to the IMMY

CrAg LFA. For this retrospective laboratory-based interassay comparison study, we
anonymized the samples to reduce bias, and therefore, baseline demographic charac-
teristics of the population were not analyzed. However, demographics for the first
cohort are published (24), while the study with cohort 2 is ongoing. Both tests were
run concurrently for each sample.

Serum (symptomatic meningitis). For serum from 150 patients with symptomatic
meningitis, the Dynamiker CrAg LFA had a sensitivity of 98% (98/100), specificity of
66% (33/50), positive predictive value (PPV) of 85.2% (98/115), and negative predictive
value (NPV) of 94.3% (33/35). We registered 17 (11%) false positives and only 2 (1.3%)
false negatives. There was an 87.3% agreement between the two tests using serum.
There was statistical difference in performance (McNemar’s test; P, 0.001). The area
under the ROC curve for sensitivity and specificity showed moderate performance (C
statistic = 0.820; 95% confidence interval [CI], 0.752 to 0.888) for the Dynamiker CrAg
LFA (Table 1).

Plasma (symptomatic meningitis). For plasma samples from 115 patients with
symptomatic meningitis, the Dynamiker LFA had a sensitivity of 100% (74/74), specific-
ity of 60.9% (25/41), PPV of 82.2% (74/90), and NPV of 100% (25/25). We registered 16
(14%) false positives and no false negatives. There was an 86.1% agreement between
the two tests using plasma (McNemar’s test; P, 0.001). The area under the ROC curve
for sensitivity and specificity showed moderate performance (C statistic = 0.805; 95%
CI, 0.729 to 0.881) for the Dynamiker CrAg LFA.

CSF (symptomatic meningitis). For CSF samples from 100 patients with sympto-
matic meningitis, the Dynamiker LFA had a sensitivity of 100% (65/65), specificity of
91.4% (32/35), PPV of 95.6% (65/38), and NPV of 100% (32/32). We registered 3 (3%)
false positives and no false negatives. There was a 97% agreement between the two
tests using CSF (McNemar’s test; P=0.12). The area under the ROC curve for sensitivity
and specificity showed excellent performance (C statistic = 0.957; 95% CI, 0.910 to
1.000) for the Dynamiker CrAg LFA.

Serum (suspected asymptomatic cryptococcal antigenemia). Using serum sam-
ples from 113 patients with CD4 counts of ,100 cells/ml suspected of having and
screened for asymptomatic cryptococcal antigenemia, the Dynamiker LFA had a sensi-
tivity of 96.4% (27/28), specificity of 85.9% (73/85), PPV of 69.2% (27/39), and NPV of
98.7% (73/74). We registered 12 (11%) false positives and only 1 (0.9%) false negative.
There was an 88.5% agreement between the two tests using serum from asymptom-
atic patients (McNemar’s test; P=0.003). The area under the receiver-operator charac-
teristic (ROC) curve for sensitivity and specificity showed moderate performance (C sta-
tistic = 0.912; 95% CI, 0.861 to 0.963) for the Dynamiker CrAg LFA.

The interassay reproducibility was 100% across the four groups with no observed

TABLE 1 Summary of diagnostic performance of Dynamiker CrAg LFA using IMMY CrAg LFA as the reference standard

Patient population
Sample type
(n)

No. (%) of: % (95% CI)

Kappa (P)
C statistic
(95% CI)a

False
positives

False
negatives Sensitivityb Specificityc PPVd NPVe Agreementf

Symptomatic meningitis Serum (150) 17 (11) 2 (1.3) 98 [98/100]
(92.9–99.8)

66 [33/50]
(51.2–78.8)

85.2 [98/115]
(79.7–89.5)

94.3 [33/35]
(80.5–98.5)

87.3
(80.9–92.2)

0.692
(,0.001)

0.820
(0.752–0.888)

Plasma (115) 16 (14) 0 (0) 100 [74/74]
(95.1–100)

60.9 [25/41]
(44.5–75.8)

82.2 [74/90]
(75.9–87.2)

100 [25/25]
(86.3–100)

86.1
(78.4–91.8)

0.668
(,0.001)

0.805
(0.729–0.881)

CSF (100) 3 (3) 0 (0) 100 [65/65]
(94.5–100)

91.4 [32/35]
(76.9–98.2)

95.6 [65/68]
(88–98.5)

100 [32/32]
(89.1–100)

97
(91.5–99.4)

0.933
(,0.001)

0.957
(0.910–1.000)

Suspected asymptomatic
cryptococcal
antigenemia

Serum (113) 12 (11) 1 (0.9) 96.4 [27/28]
(81.7–99.9)

85.9 [73/85]
(76.6–92.5)

69.2 [27/39]
(57–79.3)

98.7 [73/74]
(91.4–99.8)

88.5
(81.1–93.7)

0.727
(,0.001)

0.912
(0.861–0.963)

aArea under the ROC curve for sensitivity and specificity.
bValues in brackets are probability that a test result will be positive when the disease is present.
cValues in brackets are probability that a test result will be negative when the disease is not present.
dValues in brackets are probability that the disease is present when the test is positive.
eValues in brackets are probability that the disease is not present when the test is negative.
fOverall probability that a patient was correctly classified.
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discordant results when Dynamiker CrAg LFA was tested in duplicate (n=67; kappa
P, 0.001).

DISCUSSION

This study determined the diagnostic performance of the Dynamiker CrAg LFA in
two populations/cohorts, i.e., (i) HIV patients with suspected cryptococcal antigenemia
and CD4 counts of ,100ml and (ii) HIV patients with symptomatic meningitis using se-
rum, plasma, and CSF. Overall, the Dynamiker assay had excellent sensitivity, but the
specificity was poor, particularly in serum or plasma. The Dynamiker CrAg LFA regis-
tered a high number of false positives in serum and plasma of symptomatic patients.
In screenings of persons with CD4 counts of ,100 cells/ml with an expected 6% CrAg
prevalence, the positive predictive value of a positive test in serum or plasma would
be 30% or less; however, in our study, the PPV was .60% (6).

When samples were tested, the Dynamiker CrAg LFA test strips often displayed
stronger bands, while the IMMY CrAg LFA displayed very weak bands. Similarly, at pre-
sumed low antigen concentrations, the Dynamiker CrAg LFA test strips displayed weak
positive bands while the IMMY CrAg LFA strips were negative. This is reflected by the
stated Dynamiker CrAg LFA limit of detection (LOD) of 1.25 ng/ml, which is lower than
the IMMY CrAg LFA LOD of 1.75 ng/ml. This “extra sensitivity” could explain the high
number of false positives observed in serum and plasma samples. Based on this obser-
vation, it is clear that the Dynamiker CrAg LFA has a sensitivity comparable to that of
IMMY CrAg LFA for all sample types but has poor specificity, particularly in serum and
plasma samples. It is possible that the Dynamiker CrAg LFA might be a better test than
IMMY CrAg LFA due to its lower LOD, and the high number of false positives might
actually be true positives. It might be wise in the future to evaluate the two tests
against a common reference standard, like culture or PCR. However, a recent poster
from the 28th ECCMID also indicated that band intensity was in general stronger for
the Dynamiker CrAg LFA, in light of which the authors (not the manufacturer) recom-
mended that a weakly positive test result (11) be regarded as negative in order not to
compromise specificity (25).

From a laboratory perspective, the Dynamiker CrAg LFA had two practical advan-
tages. First, it did not require diluting the sample, although this may be partially re-
sponsible for problems with specificity. Second, the Dynamiker CrAg LFA kits are
individually packaged, which prevents any form of deterioration or possible contam-
ination, such as may occur when a container is opened multiple times to extract a
strip whenever a CrAg test needs to be done. However, downsides of individual
packaging are higher shipping costs and greater storage space required.

The main limitation to the study was that we were unable to correlate our results to
other laboratory tests (e.g., culture) or clinical data. Second, the two tests have differ-
ent limits of detection, which could explain the observed false-positive results. Despite
these limitations, this study demonstrated acceptable sensitivity for the Dynamiker
CrAg LFA with different sample matrices but poor specificity when serum and plasma
samples are used. Further refinements are needed to improve the specificity for this
assay to have acceptable performance for use.
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