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ABSTRACT A newly developed cryptococcal antigen (CrAg) semiquantitative (SQ)
lateral flow assay (LFA) provides a semiquantitative result in a rapid one-step test
instead of performing serial dilutions to determine CrAg titer. We prospectively com-
pared the diagnostic performance of the CrAgSQ assay (IMMY) with the CrAg LFA
(IMMY) on cerebrospinal fluid (CSF) samples collected from persons with HIV-associ-
ated meningitis. The CrAgSQ grades (1+ to 5+) were compared with CrAg LFA titers
and quantitative CSF fungal cultures. Among 87 participants screened for HIV-associ-
ated meningitis, 60 had cryptococcal meningitis (59 CrAg positive [CrAg*] by LFA
and 1 false negative due to prozone with CrAg LFA titer of 1:1,310,000 and culture
positivity), and 27 had no cryptococcal meningitis by CrAg LFA or culture. The
CrAgSQ on CSF had 100% (60/60) sensitivity and 100% specificity (27/27). CSF CrAg
titers ranged from 1:5 to 1:42 million. CrAgSQ grades of 1+, 2+, 3+, 4+, and 5+
corresponded to median CrAg LFA titers of 1:<10, 1:60, 1:7,680, 1:81,920, and
1:1,474,000, respectively. CSF CrAgSQ grades 3+ or higher were always CSF culture
positive. Mortality at 14 days for those with low CrAgSQ grade (1+ to 3+) was 5%
(1/22) versus 21% (8/38) with high CrAgSQ grades (4+ to 5+) (P=0.084). The
CrAgSQ demonstrates excellent diagnostic performance, maintaining both the sensi-
tivity and specificity of the CrAg LFA, and counters false-negative prozone effects.
The CrAgSQ assay reading is more complex but does provide useful clinical informa-
tion about disease burden and probability of culture positivity in a single rapid diag-
nostic test.

KEYWORDS semiquantitative assay, Cryptococcus, cryptococcal antigen, cryptococcal
meningitis, HIV, semiquantitative lateral flow assay

ryptococcal disease is a leading cause of morbidity and mortality in sub-Saharan

Africa, where an estimated 75% of global deaths occur (1, 2). Yet the index of clini-
cal suspicion for invasive fungal infections often remains low (3). Cryptococcal antigen
(CrAg), an indicator of disseminated cryptococcal infection, can be detected in both
blood and cerebrospinal fluid (CSF) using a lateral flow assay (LFA), which is more sen-
sitive and specific than latex agglutination (4). Therefore, CrAg testing is useful in the
diagnosis of both cryptococcal antigenemia (disseminated disease before meningitis
onset) and cryptococcal meningitis. Blood CrAg LFA titers of =1:160 (by the IMMY
CrAg LFA assay) are increasingly predictive of developing meningitis or death (5-8).
Further, baseline CSF CrAg titers =1:1,280 have been associated with increased 2- and
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10-week mortality in first-episode cryptococcal meningitis (9). CrAg titers can be deter-
mined using a serial dilution technique with the CrAg LFA; however, this process rap-
idly consumes supplies (adding cost), requires technical expertise, and is often delayed
relative to points of clinical decision-making. Given the important potential clinical util-
ity of real-time CrAg titers, interest exists in a rapid, point-of-care, semiquantitative
CrAg test.

The current reference standard for CrAg testing is the FDA-approved IMMY CrAg
LFA (IMMY, Norman, OK, USA). The CrAg LFA is an inexpensive and rapid diagnostic
test that demonstrates excellent performance with >99% sensitivity and >99% speci-
ficity for the diagnosis of cryptococcosis (4). Alternative assays have not performed as
well according to previously published analyses and are not FDA approved (10-12).
IMMY has now developed the CrAgSQ, an immunochromatographic LFA for the semi-
quantitative detection of CrAg in serum, plasma, whole blood, and CSF (11). The test
uses a strip with three test lines yielding 5 possible grades of increasing positivity, rep-
resenting higher concentrations of CrAg in the sample. While the CrAgSQ has been
validated in serum (11), appearing promising as an inexpensive, rapid, semiquantitative
CrAg LFA test, its diagnostic performance has not been characterized in CSF.

The goal of this diagnostic accuracy study was to assess the performance of the
new semiquantitative IMMY CrAgSQ on CSF from HIV-infected persons with suspected
meningitis compared to the FDA-approved CrAg LFA (IMMY) and culture as a compos-
ite reference standard.

MATERIALS AND METHODS

Study design. From February to September 2019, we prospectively tested 87 CSF samples from
patients with suspected HIV-associated meningitis at Kiruddu Hospital in Kampala, Uganda. CSF was col-
lected in a sterile 10-ml conical tube during standard-of-care lumbar puncture from those being investi-
gated for HIV-associated meningitis. Quantitative CSF cultures determined the number of Cryptococcus
CFU per milliliter of CSF on all samples (13). The CrAg LFA and CrAgSQ assays were performed simulta-
neously in real time on fresh specimens per the manufacturer’s instructions. We determined CrAg LFA
titers for every positive CrAg LFA independent of the CrAgSQ result. Titers were obtained using serial 2-
fold dilutions until the CrAg LFA no longer indicated a qualitatively positive result.

CrAgSQ testing is performed by adding 40 ul of CSF onto the “sample” end of the strip, followed by
one drop of the supplied diluent. The strip is an immunochromatographic lateral flow assay that wicks
the solution up the strip where gold-conjugated anti-CrAg antibodies and control antibodies bind with
anchored antibodies in the strip, results in colorimetric change (visible line formation) at the binding
sites. The CrAgSQ uses a three-line system on a wicking strip and results in negative, 1+, 2+, 3+, 4+, or
5+ grades. The assay uses an arrangement of test 1 (T1; sandwich formation), test 2 (T2; competitive in-
hibition), and control (C) lines, with T1 being the first line encountered by the wicking process and C
being the last in a vertical orientation (Fig. 1). The semiquantitative grade read is made after 10 min. For
our study, CrAgSQ grade interpretation was performed in real time by an experienced laboratory techni-
cian with manufacturer-supplied reference material available in a College of American Pathologists
(CAP)-accredited laboratory at the Infectious Diseases Institute in Kampala, Uganda. The technician was
blinded to the CrAg LFA result and future culture result.

All patients with cryptococcal meningitis were treated with amphotericin B (0.7 to 1.0 mg/kg/day)
and fluconazole (1,200 mg/day) for a 14-day induction period, consistent with WHO standard of care. All
participants in our studies additionally receive routine lab monitoring for drug-induced toxicities and
supportive care with intravenous fluids and electrolyte repletion. Patients subsequently receive consoli-
dation and maintenance therapies with fluconazole monotherapy.

Statistical analysis. We analyzed data using SPSS version 25 (IBM, Armonk, New York, USA). We cal-
culated the CrAgSQ sensitivity and specificity compared with a composite reference standard of CrAg
LFA or culture positivity in those with HIV-associated meningitis to determine “true-positive” cryptococ-
cal meningitis, while “true negatives” were determined by the CrAg LFA and culture resulting negative.
McNemar’s test was used to assess for marginal homogeneity among the paired nominal data. CrAgSQ
grades were plotted against LFA titers and CSF quantitative culture. Correlation coefficients for the ordi-
nal-ranked CrAgSQ versus CrAg LFA titer or quantitative cryptococcal culture were calculated with
Kendall's tau. We assessed associations between CrAgSQ grade and 14-day mortality using a Kaplan-
Meier survival curve with log-rank testing.

Ethics statement. Informed consent was obtained for collection of clinical data, diagnostic testing
for research purposes, and storage of specimen. Surrogate consent was obtained for those lacking the
capacity to provide informed consent themselves. Institutional review board approval was obtained
from both Uganda regulatory authorities and the University of Minnesota. CrAg LFA kits were purchased
from IMMY, and the CrAgSQ kits were donated as an experimental assay not otherwise available for pur-
chase. IMMY did not otherwise influence the study design, data analysis, or manuscript writing, nor did
they provide any financial support.
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FIG 1 Semiquantitative CrAgSQ lateral flow assay visual interpretation guide. Visual interpretation guide
provided with package insert in testing kit from IMMY [CrAgSQ package insert; IMMY], with simplified
interpretation guide under the figure. Control (C) line will always be positive on a valid test. A greater than or
lesser than sign refers to the relative line intensity on the strip. Biologic principles of assay adapted from IMMY
CrAgSQ package insert as follows. “The test uses specimen wicking to capture gold-conjugated anti-CrAg
monoclonal antibodies and gold-conjugated control antibodies deposited on the test membrane. If CrAg is
present in the specimen, it binds to the gold-conjugated anti-CrAg antibodies. The gold-labeled antibody-
antigen complex continues to wick up the membrane where it will interact with the two test lines (T1 and T2).
The T1 line is a sandwich line, which contains immobilized anti-CrAg monoclonal antibodies. The gold-labeled
antibody-antigen complex forms a sandwich at the test line causing a visible line to form. The T2 line is an
inhibition (competitive) line, which contains immobilized cryptococcal antigen. Specimens that contain a high
concentration of antigen, will inhibit the binding of the gold-conjugated anti-CrAg antibodies at the T2 line.
With the proper flow and reagent reactivity, the wicking of any specimen, positive or negative, will cause the
gold-conjugated control antibody to move to the control line (C). Immobilized antibodies at the control line
will bind to the gold-conjugated control antibody and form a visible control line. Positive test results create
either two (T1 and C) or three lines (T1, T2, and C). The presence of only a control line indicates an extremely
high positive result. Negative test results will form two lines (T2 and C).”

RESULTS

The 87-person study cohort included 59 (68%) men with a mean age of 36 (=10)
years and a median CD4 count of 32 cells/ul (interquartile range [IQR], 12 to 68). Refer
to Table S1 in the supplemental material for demographic data by group. From the 87
CSF samples from participants with suspected meningitis, 60 (69%) were confirmed to
have cryptococcal meningitis by CrAg LFA titer and culture. By CrAg LFA qualitative
testing, 59 (68%) tested positive, and 28 (32%) tested negative for cryptococcal anti-
gen. One negative CrAg LFA test was the result of the prozone effect, a known phe-
nomenon that occurs with extremely high fungal burden (LFA titer of 1:1,310,000),
which yielded a false-negative CrAg LFA result. This false-negative result had a positive
culture (175,000 Cryptococcus CFU/ml). By CrAgSQ qualitative testing, 60 (69%) tested
positive, and 27 (31%) tested negative using the CrAgSQ. Therefore, the CrAgSQ
yielded a sensitivity of 100% (60/60; 95% confidence interval [Cl], 0.94 to 1.0) and spec-
ificity of 100% (27/27; 95% Cl, 0.88 to 1.0) (McNemar's test, P=0.99) compared to the
composite reference standard (Table 1).
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TABLE 1 Contingency table for the CrAgSQ and CrAg LFA tests compared to the CrAg LFA
reference composite (by qualitative LFA titer or CSF culture)

IMMY CrAg LFA (by qualitative titer) or
CSF culture result

Assay Result No. positive No. negative
IMMY CrAgSQ No. positive 60 0

No. negative 0 27
IMMY CrAg LFA No. positive 59 0

No. negative 17 27

a0ne specimen was negative by qualitative CrAg LFA due to prozone effect but positive with a 1:2 dilution,
having a final CrAg LFA titer of 1:1,310,000. This is a true-positive specimen.

The CrAgSQ is designed to give a semiquantitative grade with each qualitatively
positive result. Among the 60 persons with cryptococcal meningitis, the frequency of
CrAgSQ grades were 1+ in 2 (3%), 2+ in 6 (10%), 3+ in 14 (23%), 4+ in 36 (60%), and
5+ in 2 (3%). We compared CSF CrAgSQ grades with LFA titers. CrAgSQ grades ranged
from 1+ to 5+, while LFA titers ranged from 1:5 to 1: 41,943,040. A CrAgSQ grade of
1+ (n=2) corresponded to a CrAg LFA range of 1:5 to 1:10. For grade 2+ (n=6), the
median LFA titer was 1:60 (IQR, 1:40 to 1:160; maximum, 1:640). For grade 3+ (n=14),
the median titer was 1:7,680 (IQR, 1:2,560 to 1:10,240; maximum, 1:10,240). For grade
4+ (n=36), the median titer was 1:81,920 (IQR, 1:20,480 to 1:245,800; maximum,
1:41,943,040). For grade 5+ (n=2), LFA titers were 1:327,700 and 1:2,621,000. CrAgSQ
grades as relating to LFA titers are summarized in Fig. 2.

CSF CrAgSQ grades were also compared to fungal burden using the quantitative
cryptococcal culture measurements. The two CrAgSQ 1+ grades had sterile cultures af-
ter 10 days of incubation. Of 6 CrAgSQ, grading of 2+ yielded a median of 28 CFU/ml
(IQR, 0 to 65), with three cultures being sterile. For grade 3+, all cultures were positive
with median growth of 10,700 CFU/ml (IQR, 590 to 190,000) and, for grade 4+, with
median of 151,000 CFU/ml (IQR, 19,800 to 500,000). The two grade 5+ results averaged
9.63 million CFU/ml. Results are summarized in Fig. 3.

We examined the association of semiquantitative grade on 14-day survival. Overall
14-day mortality was 15% (9/60). No deaths occurred in eight participants with grades
of 1+ or 2+. One death occurred with grade 3+ (7%; 1/14), seven deaths with grade
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FIG 2 Boxplot of CSF CrAg titer by LFA versus CrAgSQ grade. Boxplot of serial dilution CrAg titer for
each CrAgSQ grade (1+ to 5+) is shown. Black bars represent median titer values, with the gray box
borders representing the 25th (Q1) and 75th (Q3) percentiles (interquartile range). Whiskers represent
minimum or maximum values, which are calculated as 1.5x Q1 or 1.5x Q3, respectively. Lone solid
dots represent outliers. Increasing CrAgSQ grade trended positively with increasing CrAg LFA titer
(Kendall's tau-b [T,]=0.877, P<<0.001). Abbreviations: CSF, cerebrospinal fluid; CrAg, cryptococcal
antigen; LFA, lateral flow assay.
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FIG 3 Boxplot of quantitative Cryptococcus culture in CSF versus CrAgSQ grade. Boxplot of
quantitative cryptococcal culture for each CrAgSQ grade (1+ to 5+) is shown. Black bars represent
median titer values, with the gray box borders representing the 25th (Q1) and 75th (Q3) percentiles
(interquartile range). Whiskers represent minimum or maximum values, which are calculated as 1.5x
Q1 or 1.5x Q3, respectively. Lone solid dots represent outliers. Increasing CrAgSQ grade trended
positively with increasing higher fungal burden in cerebrospinal fluid (Kendall's tau-b [T,]=0.723,
P < 0.001). Abbreviations: CSF, cerebrospinal fluid.

4+ (19%; 7/36), and one death with grade 5+ (50%; 1/2). Mortality at 14 days for those
grouped with lower CrAgSQ grade (1+ to 3+) was 5% (1/22) versus 21% (8/38) with
higher CrAgSQ grades (4+ to 5+). High CrAgSQ grade trended positively with higher
mortality but was underpowered in a Kaplan-Meier model and did not reach statistical
significance (P=0.083) (Fig. 4).

DISCUSSION

The CrAgSQ has previously demonstrated good diagnostic performance on serum and
plasma for the detection of disseminated cryptococcosis compared to the CrAg LFA, with
sensitivity of 98% and specificity ranging from 95.8 to 97.6% (11, 14). However, CrAgSQ per-
formance on CSF has not yet been published. Our prospective diagnostic accuracy study
demonstrates excellent sensitivity (100%) and specificity (100%) of the IMMY CrAgSQ in
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FIG 4 Kaplan-Meier Curve for survival at 14 days by CrAgSQ grade. Kaplan-Meier curve demonstrates
a nonsignificant increased risk of death at 14 days in those with a high CrAgSQ grade (4+ to 5+)
versus those with a low CrAgSQ grade (1+ to 3+).
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detecting cryptococcal antigen in the CSF from persons with suspected HIV-associated
meningitis.

An important advantage of the CrAgSQ over the LFA is its ability to detect the previ-
ously described prozone effect (15), as highlighted by a case in our study. The prozone
effect occurs when an overwhelming burden of cryptococcal antigen prevents the bind-
ing of the preformed antibody-antigen complex to the strip-anchored antibody, prevent-
ing antibody-antigen-antibody sandwich formation. Without the sandwich formation
anchored on the strip, no visible line appears, resulting in a false negative on the CrAg
LFA. The CrAgSQ works around this by using a different binding modality at each line. In
the case of potential prozone antigen burden, antibody-antigen-antibody sandwich for-
mation is still blocked at line T1, resulting in no visible line formation. T2 is a competitive
inhibition line where anchored cryptococcal antigen binds unbound antibody, which
also fails to form in prozone situations, as all free antibody is saturated with excessive
cryptococcal antigen. Lastly, the C (control) line uses anchored antibody to bind control
antibody, which does not interact with cryptococcal antigen and allows line formation in
cases of extreme antigen burden. The result is a CrAgSQ assay with no line at T1 or T2,
but a visible line at C only, resulting in a 5+ grade (Fig. 1). Of note, this is different than
a negative result where a line forms at T2 and C. Thus, the CrAgSQ is specifically
designed to detect the prozone effect and successfully did so in our study.

Increasing CrAgSQ semiquantitative grades predicted greater CrAg LFA titer and quanti-
tative cryptococcal culture results. With data suggesting CSF CrAg LFA titers =1:1,280 are
associated with increased 2-week and 10-week mortality (9), the CrAgSQ provides important
point-of-care prognostic information, where grades =3+ suggest a patient may be at higher
risk for poor outcome. Indeed, our study demonstrated increased proportions of participants
who died within 14 days as CrAgSQ grade increased (5% [1/22] in grades 1 to 3+ versus
21% [8/38] in grades 4 to 5+). Performing CrAg titers, although simple, is labor intensive,
and each dilution increases cost. The highest CrAg titer in this study required 24 dilutions,
and the average CrAg-positive sample required 13 dilutions, including a final negative dilu-
tion. The CrAgSQ provides a semiquantitative result in a single step test, which provides im-
mediate risk stratification for patients with cryptococcal meningitis.

While the diagnostic performance of the CrAgSQ was excellent, one limitation is its
interpretation system is complicated, requiring trained and proficient laboratory staff.
While CrAg LFA is a simple test that can be performed at the bedside and requires minimal
training, the CrAg is a moderately complex test, which may be challenging for nontrained
staff to interpret. Our study used a single-blinded reader to evaluate CrAgSQ grades, and
while this individual is highly experienced with this assay, previous studies have shown
interreader variability complicates this assay (11). We had a relatively short follow-up pe-
riod of 14 days for survival outcome and thus cannot comment on how CrAgSQ might pre-
dict longer-term survival in cryptococcal meningitis patients. Additionally, the time-to-
event survival analysis was underpowered to detect a statistically significant difference. We
did not have prespecified power calculations for either diagnostic accuracy or survival, as
our study cohort was dictated by availability of novel test supplies over a limited enroll-
ment period.

The CrAgSQ is an improved diagnostic test for cryptococcosis compared to the cur-
rent FDA-approved CrAg LFA (IMMY). By giving a semiquantitative test result in a sin-
gle step test, the CrAgSQ is more economical, saving the use of additional test strips.
The CrAgSQ may also prevent false-negative results by overcoming the prozone phe-
nomenon, yet the CrAgSQ LFA maintained sensitivity in low-antigen concentrations,
which other semiquantitative CrAg assays have not maintained (11). Overall, the
CrAgSQ should be implemented for the diagnosis of cryptococcosis from the CSF and
provides the benefit of additional prognostic clinical information at the point of care.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.1 MB.
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