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Abstract:

Blood cryptococcal antigen (CrAg) titres >160 are associated with
concurrent subclinical cryptococcal meningitis (CM). When lumbar
puncture (LP) is not immediately available in a CrAg screening
programme, semi-quantitative CrAg assays may provide risk
stratification for CM. Two semi-quantitative assays (SQ [Immuno-
Mycologics, Norman, OK, USA] and CryptoPS [Biosynex, Strasbourg,
France]) were evaluated against a qualitative lateral flow assay (LFA)
using 194 plasma samples from a cohort of HIV-seropositive individuals
with CD4 counts <100 cells/pL. We compared SQ and CryptoPS results
to titres for LFA-positive samples. Among patients with LP, we examined
the association between semi-quantitative CrAg results and CM. We used
a Cox proportional hazards model to determine the association between
SQ score and mortality. Of 194 participants, 60 (31%) had positive LFA
results, of whom 41 (68%) had a titre of <160 and 19 (32%) a titre
>160. Fifty individuals with antigenaemia had an LP; a clinically-useful
SQ score that identified all ten cases of subclinical CM was =3 (100%
sensitivity, 55% specificity). Patients with an SQ score of 3 or 4 also had
a 2.2-fold increased adjusted hazards of 6-month mortality (95% CI,
0.79-6.34; p=0.13) versus those with score of <3. Nine of ten patients
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with subclinical CM had a strong-positive CryptoPS result versus 10/40
without subclinical CM (p<0.001). Semi-quantitative assays offered a
sensitive though not specific means of gauging the risk of concurrent CM
in this patient population.
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Abstract

Blood cryptococcal antigen (CrAg) titres >160 are associated with concurrent
subclinical cryptococcal meningitis (CM). When lumbar puncture (LP) is not
immediately available in a CrAg screening programme, semi-quantitative CrAg
assays may provide risk stratification for CM. Two semi-quantitative assays (SQ
[Immuno-Mycologics, Norman, OK, USA] and CryptoPS [Biosynex, Strasbourg,
France]) were evaluated against a qualitative lateral flow assay (LFA) using 194
plasma samples from a cohort of HIV-seropositive individuals with CD4 counts <100
cells/uL. We compared SQ and CryptoPS results to titres for LFA-positive samples.
Among patients with LP, we examined the association between semi-quantitative
CrAg results and CM. We used a Cox proportional hazards model to determine the
association between SQ score and mortality. Of 194 participants, 60 (31%) had
positive LFA results, of whom 41 (68%) had a titre of <160 and 19 (32%) a titre >160.
Fifty individuals with antigenaemia had an LP; a clinically-useful SQ score that
identified all ten cases of subclinical CM was 23 (100% sensitivity, 55% specificity).
Patients with an SQ score of 3 or 4 also had a 2.2-fold increased adjusted hazards of
6-month mortality (95% CI, 0.79-6.34; p=0.13) versus those with score of <3. Nine of
ten patients with subclinical CM had a strong-positive CryptoPS result versus 10/40
without subclinical CM (p<0.001). Semi-quantitative assays offered a sensitive
though not specific means of gauging the risk of concurrent CM in this patient

population.

Lay summary: We evaluated two single-step laboratory tests that can quantify the

amount of cryptococcal antigen in plasma of patients with advanced HIV disease and
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could thus gauge the risk of concurrent cryptococcal meningitis and subsequent

mortality. These tests are not a substitute for a lumbar puncture.

oNOYTULT D WN =

http://mc.manuscriptcentral.com/tmmy



oNOYTULT D WN =

Medical Mycology Page 6 of 50

Semi-quantitative CrAg assays and subclinical cryptococcal meningitis

Introduction

HIV-associated cryptococcal meningitis (CM), caused by Cryptococcus neoformans
in the vast majority of cases and less frequently by Cryptococcus gattii, accounts for
an estimated 15% of AIDS-related deaths in sub-Saharan Africa . A lateral flow
assay (LFA) (Immuno-Mycologics Inc. [IMMY], Norman, OK, USA) can detect
cryptococcal antigen (CrAg) in plasma, serum, whole blood and cerebrospinal fluid
(CSF) very accurately %3, Reflex laboratory CrAg screening using this LFA to test
remnant blood samples with a CD4+ T-cell count of <100 cells/uL has been routinely
performed across a national network of CD4 laboratories in South Africa since 2016
45 Patients with cryptococcal antigenaemia are recommended to be routinely
investigated for CM since up to 40% may have subclinical CM 5. Pre-emptive
fluconazole therapy is offered to asymptomatic patients with no microbiological
evidence of CM 67, Despite pre-emptive fluconazole, CrAg-positive patients have a
2- to 3-fold increased risk of mortality compared to CrAg-negative patients with
similar CD4 counts, suggesting that this treatment regimen may be inadequate 8.
Combination treatment regimens are being compared to fluconazole monotherapy
for people with antigenaemia in the ongoing EFFECT and ACACIA clinical trials.0-11
Furthermore, lumbar punctures for all CrAg-positive individuals are not possible in
many low-resource settings in sub-Saharan Africa and the rate of refusal among
asymptomatic patients is high %212 |n addition, contraindications to lumbar puncture
include significant coagulopathy and a suspected space-occupying lesion based on
recurrent seizures or focal central nervous system signs. Therefore, an enhanced
CrAg-screening strategy involving risk-stratification using antigen quantification
needs to be evaluated. A CrAg LFA titre in blood can stratify the risk of subclinical

CM prior to lumbar puncture. A blood titre of >160 had 88.2% sensitivity and 82.1%
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specificity to predict concurrent subclinical CM in a cohort of CrAg-screened adults
with a CD4 count of <100 cells/pL '3. However, measuring CrAg titres using serial
dilutions of CrAg-positive blood samples is costly and challenging to implement in
high-volume pathology laboratories. Approximately 10 LFA strips were required for
serial dilutions and an experienced technician took approximately 20 minutes to
obtain a single CrAg titre result (unpublished data, National Institute for
Communicable Diseases). Semi-quantitative CrAg assays could provide a simple
single-step alternative, assisting clinicians to gauge the probability of subclinical CM
among people with antigenaemia prior to lumbar puncture. We evaluated the
accuracy of the SQ (Immy) and CryptoPS assays (Biosynex, Strasbourg, France)
compared to the currently-used LFA in stored samples from a cohort of CrAg-
screened HIV-seropositive patients with a CD4 count of <100 cells/uL. We also

determined the association of SQ assay results with subclinical CM and mortality.

Materials and methods

A prospective cohort study was conducted at Helen Joseph and Tambo Memorial
hospitals in Johannesburg, South Africa from June 2015 through to October 2017
913 HIV-seropositive adults aged 218 years with a CD4 count of <100 cells/uL and
no symptoms or signs of CM, who were identified during routine reflex laboratory
CrAg screening, were recruited. For each CrAg-positive participant, two CrAg-
negative participants were concurrently enrolled with a similar CD4 count. Lumbar
punctures were performed for a subset of asymptomatic CrAg-positive patients to
investigate for subclinical CM at enrolment and all participants were followed up for 6
months. CrAg LFA titres were determined using ethylene diamine tetra acetic acid

(EDTA)-plasma samples stored at -70°C. Concurrent subclinical CM was defined as
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a positive CSF India ink microscopy, CrAg test or culture for Cryptococcus at the
time of study enrollment, when the patient was attending for the result of their
screening CrAg test. The full details of the study methods, participants and
relationship between titres, subclinical CM and mortality have been published

elsewhere 13.

For this sub-study, we retrieved stored EDTA-plasma samples from 201 study
participants and re-tested 194 samples (60 CrAg-positive; 134 CrAg-negative) at an
ISO 15189-accredited reference medical laboratory. Seven samples were excluded
after they were visually assessed and found not suitable for re-testing due to a high
lipid content, insufficient volume or high viscosity. All additional CrAg testing was
performed as per the manufacturers’ instructions. Trained laboratory personnel
(N.P.B. and I.R.) performing the SQ and CryptoPS assays were blinded to
previously-recorded LFA qualitative and titre results. All samples were tested once
with SQ and CryptoPS assays; repeat testing was later performed if the qualitative
result yielded by the semi-quantitative assays was found to be different to those of
the LFA. SQ testing was performed by mixing 40 pl of plasma and 1 drop of diluent
in a test tube, inserting a test strip into the mixture and reading the results at 10
minutes. For SQ-positive specimens, the SQ interpretation card was used as an aid
to scoring from 1 to 5 based on the presence or absence of T1 and T2 lines. For the
CryptoPS assay, 20 ul of plasma and 3 drops of diluent were added to the sample
well of the cassette and results were read after 10 minutes. The presence of a T1
line was interpreted as a positive result and both T1 and T2 lines recorded as a
strong-positive result. All samples were also tested using a CrAg enzyme
immunoassay (EIA) (Immy), for which results were obtained using an absorbance

microplate reader at 450nm and 630nm wavelengths, BioTek EL808 (BioTek
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instruments, Inc., Winooski, VT). Samples with optical density (OD) readings of

<0.265 were interpreted as negative, and positive if the OD reading was >0.265.

We calculated the sensitivity and specificity (with 95% confidence intervals [CI]) of
qualitative results yielded by the SQ and CryptoPS assays compared to those of the
LFA. We used the LFA as the primary reference method because this assay has
been validated for use in the national CrAg screening programme. We used EIA
results to resolve discrepancies. We also calculated diagnostic likelihood odds
ratios. For LFA-positive samples, we compared SQ scores and CryptoPS results to
titres. For the sub-set of patients with CSF CrAg results, a receiver operating
characteristic (ROC) curve was used to assess cut-off SQ scores for detecting
subclinical CM. A chi-square test was used to assess the association between
CryptoPS results and subclinical CM. We used a Cox proportional hazards model to
determine the association between plasma SQ scores and mortality. A high SQ
score was defined as 3 or 4 and a low score as 1 or 2. We plotted Kaplan-Meier

survival curves over 6 months of follow-up for the cohort by SQ score category.

Ethics approval was obtained for the cohort study from the University of the
Witwatersrand and the London School of Hygiene and Tropical Medicine. Additional
ethics approval was granted by Cape Peninsula University of Technology to use the

archived plasma samples to evaluate the SQ and CryptoPS assays.

Results

Of the 194 study participants included in this analysis, the routinely-performed
standard CrAg LFA results were positive for 60 and negative for 134. Of the 60 with

antigenaemia, 41 (68%) had a titre of <160 and 19 (32%) a titre >160.
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The sensitivity and specificity of qualitative results from the SQ assay was 98.3%
(59/60 95% CI1 91.1- 100) and 100% (134/134 95% CI 95.97-100) compared to the
LFA (Table 1). A single LFA-positive/SQ-negative sample had a CrAg titre of 20 and
was also ElA-negative. Of 41 participants with a CrAg titre of <160, 40 had SQ
scores of 1, 2 or 3 and 1 had a negative SQ result. Of the 19 with titres of >160, 18
had SQ scores of 23 and 1 had an SQ score of 2 (Figure 1). Of 60 participants with
antigenaemia, 50 had a lumbar puncture performed (Table 2). Of 10 who were
diagnosed with subclinical CM, 5 had titres ranging from 1280 to 163840 and an SQ
score of 4. The other 5 had titres that ranged from 80 to 327680 with an SQ score of
3. Of the 40 without subclinical CM, 22 (55%) had an SQ score of <3 and 18 (45%)
had a score of 23. The area under the ROC curve for the association between SQ
score and subclinical CM was 0.85 (95% ClI, 0.75-0.95) (Figure 2). A cut-off SQ
score of 23 had 100% sensitivity and 55% specificity (Table 3 and Figure 2). Patients
with a plasma SQ score of 23 also had a hazard ratio for death within 6 months of
2.20 (95%Cl, 0.79-6.34; p=0.13) compared to those with a low score, after adjusting

for CD4 count (Figure 3 and 4).

In contrast, the CryptoPS assay had 90% sensitivity (54/60; 95%Cl, 79.49-96.24) and
94.8% specificity (127/134; 95%Cl, 88.66-97.41) compared to LFA for qualitative
results (Table 1). Thirteen samples had discordant LFA and CryptoPS qualitative
results. Of the 6 CryptoPS-negative/LFA-positive samples, 3 had titres of 10, 1 had a
titre of 5 and 2 had titres of <5. The EIA confirmed 5 of these samples as CrAg
positive. The sixth sample was EIA-negative and had a titre of <5. Of the 7
CryptoPS-positive/LFA-negative samples, all sample dilutions were LFA-negative
and the EIA was negative. Of 41 participants with a positive LFA result and a titre of

<160, 6 had negative CryptoPS results, 29 had positive results and 6 had strong

http://mc.manuscriptcentral.com/tmmy

Page 10 of 50



Page 11 of 50

oNOYTULT D WN =

Medical Mycology

Semi-quantitative CrAg assays and subclinical cryptococcal meningitis

positive results. Of the 19 with a positive LFA result and a titre of >160, 15 (78%) had
strong positive CryptoPS results; the other 4 had positive CryptoPS results (Table 4).
Nine of ten patients with subclinical CM had a strong-positive CryptoPS result versus
10/40 without subclinical CM (p<0.001). Compared to a lumbar puncture diagnosis of
subclinical CM, the sensitivity and specificity of a strong-positive CryptoPS result

was 90% (9/10; 95% ClI, 55.5-99.7) and 75% (30/40; 95%CI, 58.8-87.3) respectively.

Discussion

In this re-evaluation of stored plasma samples from a prospective cohort study, the
SQ assay was simple and rapid to perform with identical testing steps to a single-
strip qualitative LFA and an equivalent accuracy for CrAg detection in stored plasma.
Using a cut-off score of 23, the SQ assay detected all cases of subclinical CM but
had low specificity. A cut-off score of 24 reduced the sensitivity of this assay
substantially but was much more specific for CM. For the purposes of risk
stratification for subclinical CM among patients with antigenaemia, a more sensitive
cut-off (i.e. a score of 23) is preferable and specificity is a far less important
consideration, given that lumbar puncture is now universally recommended.
Although the CryptoPS assay did not perform well as a qualitative assay compared
to the LFA, a strong-positive result was a relatively sensitive screening test for

subclinical CM, though this was also not specific.

As previously reported, the SQ assay accurately detected CrAg compared to the
LFA 415 In our study, only one low-titre sample had a negative SQ result. In
contrast, the CryptoPS assay incorrectly classified a higher proportion (5/33; 15%) of
low-titre samples as negative and also yielded 7 false-positive results. All 7
participants with false-positive CryptoPS results did not receive antifungal treatment

10
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and none progressed to CM during 6 months of follow-up. In an evaluation of the
same assay in Botswana, a lower sensitivity (61%) but higher specificity (97%) was
reported. In this study, 29 patients with false-positive CryptoPS results were followed

up for 3 months and none developed CM 16,

Since a blood CrAg titre cut-off of >160 had previously been identified as a threshold
for subclinical CM 313, we evaluated the accuracy of the two semi-quantitative
assays in categorising plasma samples with a titre <160 and >160. All samples but
one with an SQ score of <3 had a titre of <160. All samples with a score of >3 had a
titre of >160. However, a score of 3 did not clearly distinguish between these two titre
categories. Although a strong-positive CryptoPS result identified 76% of samples
with a CrAg titre of >160, 18% of samples with a titre of <160 also had strong-
positive results. In their evaluation, Tenforde et al also reported a single LFA-

negative plasma sample with a strong-positive CryptoPS result.'®

We went on to investigate the relationship between plasma semi-quantitative assay
results and subclinical CM. Semi-quantitative CrAg assays performed on blood are
not a substitute for lumbar puncture which is universally recommended for all
patients with a new diagnosis of antigenaemia. However, such assays could be used
to refine the pre-test probability of subclinical meningitis, especially at the primary
healthcare level where patients need to be referred to hospital for a lumbar puncture
or in settings where a high proportion of patients decline lumbar puncture. A score of
=24 was highly specific for concurrent CM, though half of the cases in our study were
missed at this threshold. A lower threshold (score 23) included all cases of CM and
would thus be a more clinically useful risk prediction cut-off, despite also including

18/40 (45%) of cases without subclinical CM. Based on a sample of 189 screened

11
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patients, approximately one third of whom had lumbar punctures, the
aforementioned Botswana study reported a strong association between plasma SQ
score and central nervous system involvement at baseline (a composite endpoint of
microbiologically-confirmed CM and/or clinical signs of meningitis).™ Individuals with
SQ scores of 2 or 3 were classified as being at moderate risk of central nervous
system involvement and mortality, with a preliminary recommendation for more
intensive evaluation including lumbar puncture. In our study, a strong-positive
CryptoPS result was relatively sensitive and picked up 9 of 10 cases of subclinical
CM but also 10/40 (25%) of those without CM. The lack of a clearer association
between the semi-quantitative CrAg results and subclinical CM in our study might be
explained by a smaller sample size since we restricted our analysis to patients who
had a lumbar puncture. We found that CrAg-positive patients with an SQ score of 23
had a more than two-fold increase in mortality though the 95% CI spanned 1. In
contrast to Jarvis et al, we did not find that the hazards of death increased with each

step-wise increase in SQ score. Again, this may be related to a smaller sample size.

Compared to testing serial sample dilutions to obtain LFA titres, the SQ assay was a
much less laborious method of obtaining a semi-quantitative CrAg result using a
single test strip. SQ testing was easy to perform but reading the SQ test strip was
more complex and the result interpretation card was needed to obtain an SQ score.
For instance, for a CrAg-negative result, only a control line is positive with the LFA,
whereas with the SQ assay, both the control and the T2 lines are positive. Moreover,
grading of scores 1, 2 and 3 is determined by comparing the intensity of the T1 and
T2 bands. Through an inter-laboratory comparison, we have identified reading and
interpretation errors for the LFA in the national CrAg screening programme and
expect that the complexity of reading the SQ test strips would increase the

12
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proportion of erroneous readings. Using automated readers to read the SQ test
strips could be considered to prevent such errors. Automated readers may also offer
an advantage of interfacing CrAg results to the laboratory information system, and
therefore reduce transcription errors. In contrast, the CryptoPS cassette design
provided a simple method of semi-quantitative CrAg testing without using tubes.

Results were available within 10 minutes and interpretation was very simple.

The strengths of this study included a prospective cohort design and enrolment of
consecutive eligible CrAg-positive individuals. Patients with asymptomatic
antigenaemia were enrolled after excluding those with clear symptoms and signs of
CM and a relatively large proportion of patients (25%) had a baseline lumbar
puncture. The main limitation was a relatively small sample size. In addition, at the
time that the cohort study was conducted, the South African guideline recommended
that lumbar puncture should be considered for patients with cryptococcal
antigenaemia if this procedure was available. Ten of 60 CrAg-positive patients (17%)
did not have a lumbar puncture. When we compared age, sex, CD4 count and
proportion with a mild, non-persistent headache among those who had a lumbar
puncture versus those who did not, we found no differences. We also tested stored
rather than fresh plasma. To determine if freezing and thawing of plasma had an
effect on SQ scores, fresh plasma samples that were tested using the SQ assay
were stored in a -70°C freezer for >6 months. The samples were re-tested after 6
months and fresh and frozen-thawed plasma SQ results were compared. There was
excellent result concordance between fresh plasma SQ scores and frozen-thawed

SQ scores (unpublished data, NICD).

Conclusions

13
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We found that two semi-quantitative assays offered a simple rapid means of
estimating plasma CrAg concentrations. While not a substitute for lumbar puncture,
using these semi-quantitative assays for risk stratification could be applied to
patients with antigenaemia for whom lumbar puncture is not immediately available,
those who decline a lumbar puncture, even after careful counselling and those in
whom lumbar puncture is contraindicated. The association between the semi-

guantitative assay results and mortality was not clear in our study. These assays

should not be implemented in routine screening programmes until more prospective

data have accumulated from diagnostic intervention studies.
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Table 1: Sensitivity and specificity of the SQ and CryptoPS assays for detection of
CrAg in frozen-thawed plasma from HIV-seropositive patients with a CD4 count of

<100 cells/uL compared to a reference lateral flow assay

Statistic SQ assay CryptoPS assay

95% ClI 95% CI
Sensitivity (%) 98.33 91.06- 99.99 90 79.49-96.24
Specificity (%) 100 97.28-100 94.1 89.5-97.9
Positive likelihood ratio  >100 15.19 7.71-29.90
Negative likelihood ratio  0.02 0.00-0.12 0.11 0.05-0.23

Note: Cryptococcal antigen (CrAg) enzyme immune-assay (EIA) results for the 194 participants were
positive for 58 and negative for 136. Compared to the EIA, the sensitivity and specificity of the semi-
quantitative (SQ) qualitative results were 100% (58/58) and 99% (135/136) whilst Crypto PS had 91.4
% (53/58) sensitivity and 93.4% (127/136) specificity.
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Table 2: Association between SQ assay scores, lateral flow assay titres and

subclinical cryptococcal meningitis (CM) for 50 patients with antigenaemia and

oNOYTULT D WN =

lumbar puncture results

n SQ Samples  CrAg LFA titre CrAg LFA titre Subclinical No
13 assay n=50 <160 (n=33) >160 (n=17) CM (n=10) subclinical

16 score CM (n=40)

19 Negative O 0 0 0 0

22 1 14 (28 %) 14 (42%) 0 0 14 (35%)
%6 2 8 (16%) 7 (21%) 1 (6%) 0 8 (20%)
29 3 20 (40%) 12 (37%) 8 (47%) 5 (50%) 15 (37%)

32 4 8(16%) 0 8 (47%) 5 (50%) 3 (8%)
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Table 3: Sensitivity and specificity of SQ assay score cut-offs from =1 to 24 for

detecting subclinical cryptococcal meningitis among asymptomatic CrAg-positive

patients with lumbar puncture results (n=50)

Cut point Sensitivity  Specificity Positive

Negative

% Likelihood Ratio Likelihood Ratio
>1 100 0 1.0000
=2 100 35 1.5385 0.0000
23 100 55 2.2222 0.0000
24 50 92.5 6.6667 0.5405
5 0 100 1.0000

Receiver Operating Characteristic area = 0.85 (95% CI 0.75-0.95)

http://mc.manuscriptcentral.com/tmmy
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Table 4: Association between CryptoPS, lateral flow assay titres and subclinical CM

for 50 patients with antigenaemia and lumbar puncture results.

oNOYTULT D WN =

9 CryptoPS Samples CrAg LFA titre <160 CrAg LFA titre >160 Subclinical CM  No subclinical
assay (n=50) (n=33) (n=17) (n=10) CM (n=40)

14 results

17 Negative 5 (10%) 5 (15%) 0 0 5(12%)

22 Positive 26 (52%) 22 (67%) 4 (24%) 1(10%) 25 (63%)

27 Strong 19 (38%) 6 (18%) 13 (76%) 9 (90%) 10 (25%)

positive
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Figure legends

Figure 1: SQ assay scores compared to lateral flow assay (LFA) log2 titres from HIV-

seropositive patients with a CD4 count of <100 cells/pl

Figure 2: A receiver operative characteristic curve for plasma semi-quantitative (SQ)
scores and subclinical cryptococcal meningitis among 50 asymptomatic

cryptococcal-antigen positive patients.

Figure 3: Kaplan-Meier survival estimates in 58 CrAg-positive patients by plasma SQ

assay score category (0: score of 23 and 1: score of <3)

Figure 4: Kaplan-Meier survival curve in 58 CrAg-positive patients by plasma SQ
score category, adjusted for CD4 count (hazards ratio of mortality for SQ score of 2
versus 1: 0.45 (95%CI 0.05-4.07); SQ score of 3 versus 1: 2.04 (95%CI 0.63-6.61);

SQ score of 4 versus 1: 1.00 (95%CI 0.28-5.85))
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Abstract

Blood cryptococcal antigen (CrAg) titres >160 are associated with concurrent
subclinical cryptococcal meningitis (CM). When lumbar puncture (LP) is not
immediately available in a CrAg screening programme, semi-quantitative CrAg
assays may provide risk stratification for CM. Two semi-quantitative assays (SQ
[Immuno-Mycologics, Norman, OK, USA] and CryptoPS [Biosynex, Strasbourg,
France]) were evaluated against a qualitative lateral flow assay (LFA) using 194
plasma samples from a cohort of HIV-seropositive individuals with CD4 counts <100
cells/uL. We compared SQ and CryptoPS results to titres for LFA-positive samples.
Among patients with LP, we examined the association between semi-quantitative
CrAg results and CM. We used a Cox proportional hazards model to determine the
association between SQ score and mortality. Of 194 participants, 60 (31%) had
positive LFA results, of whom 41 (68%) had a titre of <160 and 19 (32%) a titre >160.
Fifty individuals with antigenaemia had an LP; a clinically-useful SQ score that
identified all ten cases of subclinical CM was 23 (100% sensitivity, 55% specificity).
Patients with an SQ score of 3 or 4 also had a 2.2-fold increased adjusted hazards of
6-month mortality (95% CI, 0.79-6.34; p=0.13) versus those with score of <3. Nine of
ten patients with subclinical CM had a strong-positive CryptoPS result versus 10/40
without subclinical CM (p<0.001). Semi-quantitative assays offered a sensitive
though not specific means of gauging the risk of concurrent CM in this patient

population.

Lay summary: We evaluated two single-step laboratory tests that can quantify the

amount of cryptococcal antigen in plasma of patients with advanced HIV disease and
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could thus gauge the risk of concurrent cryptococcal meningitis and subsequent

mortality. These tests are not a substitute for a lumbar puncture.
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Introduction

HIV-associated cryptococcal meningitis (CM), caused eemmenly-by Cryptococcus

neoformans in the vast majority of cases and less frequently rarehy-by Cryptococcus

gattii, accounts for an estimated 15% of AIDS-related deaths in sub-Saharan Africa
1. A lateral flow assay (LFA) (Immuno-Mycologics Inc. [[IMMY], Norman, OK, USA)
can detect cryptococcal antigen (CrAg) in plasma, serum, whole blood and
cerebrospinal fluid (CSF) very accurately 2-3. Reflex laboratory CrAg screening using
this LFA to test remnant blood samples with a CD4+ T-cell count of <100 cells/pL
has been routinely performed across a national network of CD4 laboratories in South
Africa since 2016 #5. Patients with cryptococcal antigenaemia are recommended to
be routinely investigated for CM since up to 40% may have subclinical CM °. Pre-
emptive fluconazole therapy is offered to asymptomatic patients with no
microbiological evidence of CM 6-7. Despite pre-emptive fluconazole, CrAg-positive
patients have a 2- to 3-fold increased risk of mortality compared to CrAg-negative
patients with similar CD4 counts, suggesting that this treatment regimen may be
inadequate &2°. Combination treatment regimens are being compared to fluconazole
monotherapy for people with antigenaemia in the ongoing EFFECT and ACACIA
clinical trials.'%-1" Furthermore, lumbar punctures for all CrAg-positive individuals are
not possible in many low-resource settings in sub-Saharan Africa and the rate of
refusal among asymptomatic patients is high 812 |n addition, contraindications to
lumbar puncture include significant coagulopathy and a suspected space-occupying
lesion based on recurrent seizures or focal central nervous system signs. Therefore,
an enhanced CrAg-screening strategy involving risk-stratification using antigen
quantification needs to be evaluated. A CrAg LFA titre in blood can stratify the risk of

subclinical CM prior to lumbar puncture. A blood titre of >160 had 88.2% sensitivity

http://mc.manuscriptcentral.com/tmmy



oNOYTULT D WN =

Medical Mycology Page 30 of 50

Semi-quantitative CrAg assays and subclinical cryptococcal meningitis

and 82.1% specificity to predict concurrent subclinical CM in a cohort of CrAg-
screened adults with a CD4 count of <100 cells/pL 3. However, measuring CrAg
titres using serial dilutions of CrAg-positive blood samples is costly and challenging
to implement in high-volume pathology laboratories. Approximately 10 LFA strips
were required for serial dilutions and an experienced technician took approximately
20 minutes to obtain a single CrAg titre result (unpublished data, National Institute
for Communicable Diseases). Semi-quantitative CrAg assays could provide a simple
single-step alternative, assisting clinicians to gauge the probability of subclinical CM
among people with antigenaemia prior to lumbar puncture. We evaluated the
accuracy of the SQ (Immy) and CryptoPS assays (Biosynex, Strasbourg, France)
compared to the currently-used LFA in stored samples from a cohort of CrAg-
screened HIV-seropositive patients with a CD4 count of <100 cells/uL. We also

determined the association of SQ assay results with subclinical CM and mortality.

Materials and methods

A prospective cohort study was conducted at Helen Joseph and Tambo Memorial
hospitals in Johannesburg, South Africa from June 2015 through to October 2017
913 HIV-seropositive adults aged 218 years with a CD4 count of <100 cells/uL and
no symptoms or signs of CM, who were identified during routine reflex laboratory
CrAg screening, were recruited. For each CrAg-positive participant, two CrAg-
negative participants were concurrently enrolled with a similar CD4 count. Lumbar
punctures were performed for a subset of asymptomatic CrAg-positive patients to
investigate for subclinical CM at enrolment and all participants were followed up for 6
months. CrAg LFA titres were determined using ethylene diamine tetra acetic acid

(EDTA)-plasma samples stored at -70°C. Concurrent subclinical CM was defined as

http://mc.manuscriptcentral.com/tmmy
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a positive CSF India ink microscopy, CrAg test or culture for Cryptococcus at the
time of study enrollment, when the patient was attending for the result of their
screening CrAg test. The full details of the study methods, participants and
relationship between titres, subclinical CM and mortality have been published

elsewhere 13.

For this sub-study, we retrieved stored EDTA-plasma samples from 201 study
participants and re-tested 194 samples (60 CrAg-positive; 134 CrAg-negative) at an
ISO 15189-accredited reference medical laboratory. Seven samples were excluded
after they were visually assessed and found not suitable for re-testing due to a high
lipid content, insufficient volume or high viscosity. All additional CrAg testing was
performed as per the manufacturers’ instructions. Trained laboratory personnel
(N.P.B. and I.R.) performing the SQ and CryptoPS assays were blinded to
previously-recorded LFA qualitative and titre results. All samples were tested once
with SQ and CryptoPS assays; repeat testing was later performed if the qualitative
result yielded by the semi-quantitative assays was found to be different to those of
the LFA. SQ testing was performed by mixing 40 pl of plasma and 1 drop of diluent
in a test tube, inserting a test strip into the mixture and reading the results at 10
minutes. For SQ-positive specimens, the SQ interpretation card was used as an aid
to scoring from 1 to 5 based on the presence or absence of T1 and T2 lines. For the
CryptoPS assay, 20 ul of plasma and 3 drops of diluent were added to the sample
well of the cassette and results were read after 10 minutes. The presence of a T1
line was interpreted as a positive result and both T1 and T2 lines recorded as a
strong-positive result. All samples were also tested using a CrAg enzyme
immunoassay (EIA) (Immy), for which results were obtained using an absorbance

microplate reader at 450nm and 630nm wavelengths, BioTek EL808 (BioTek
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instruments, Inc., Winooski, VT). Samples with optical density (OD) readings of

<0.265 were interpreted as negative, and positive if the OD reading was >0.265.

We calculated the sensitivity and specificity (with 95% confidence intervals [CI]) of
qualitative results yielded by the SQ and CryptoPS assays compared to those of the
LFA. We used the LFA as the primary reference method because this assay has
been validated for use in the national CrAg screening programme. We used EIA
results to resolve discrepancies. We also calculated diagnostic likelihood odds
ratios. For LFA-positive samples, we compared SQ scores and CryptoPS results to
titres. For the sub-set of patients with CSF CrAg results, a receiver operating
characteristic (ROC) curve was used to assess cut-off SQ scores for detecting
subclinical CM. A chi-square test was used to assess the association between
CryptoPS results and subclinical CM. We used a Cox proportional hazards model to
determine the association between plasma SQ scores and mortality. A high SQ
score was defined as 3 or 4 and a low score as 1 or 2. We plotted Kaplan-Meier

survival curves over 6 months of follow-up for the cohort by SQ score category.

Ethics approval was obtained for the cohort study from the University of the
Witwatersrand and the London School of Hygiene and Tropical Medicine. Additional
ethics approval was granted by Cape Peninsula University of Technology to use the

archived plasma samples to evaluate the SQ and CryptoPS assays.

Results

Of the 194 study participants included in this analysis, the routinely-performed
standard CrAg LFA results were positive for 60 and negative for 134. Of the 60 with

antigenaemia, 41 (68%) had a titre of <160 and 19 (32%) a titre >160.
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The sensitivity and specificity of qualitative results from the SQ assay was 98.3%
(59/60 95% CI1 91.1- 100) and 100% (134/134 95% CI 95.97-100) compared to the
LFA (Table 1). A single LFA-positive/SQ-negative sample had a CrAg titre of 20 and
was also ElA-negative. Of 41 participants with a CrAg titre of <160, 40 had SQ
scores of 1, 2 or 3 and 1 had a negative SQ result. Of the 19 with titres of >160, 18
had SQ scores of 23 and 1 had an SQ score of 2 (Figure 1). Of 60 participants with
antigenaemia, 50 had a lumbar puncture performed (Table 2). Of 10 who were
diagnosed with subclinical CM, 5 had titres ranging from 1280 to 163840 and an SQ
score of 4. The other 5 had titres that ranged from 80 to 327680 with an SQ score of
3. Of the 40 without subclinical CM, 22 (55%) had an SQ score of <3 and 18 (45%)
had a score of 23. The area under the ROC curve for the association between SQ
score and subclinical CM was 0.85 (95% ClI, 0.75-0.95) (Figure 2). A cut-off SQ
score of 23 had 100% sensitivity and 55% specificity (Table 3 and Figure 2). Patients
with a plasma SQ score of 23 also had a hazard ratio for death within 6 months of
2.20 (95%Cl, 0.79-6.34; p=0.13) compared to those with a low score, after adjusting

for CD4 count (Figure 3 and 4).

In contrast, the CryptoPS assay had 90% sensitivity (54/60; 95%Cl, 79.49-96.24) and
94.8% specificity (127/134; 95%Cl, 88.66-97.41) compared to LFA for qualitative
results (Table 1). Thirteen samples had discordant LFA and CryptoPS qualitative
results. Of the 6 CryptoPS-negative/LFA-positive samples, 3 had titres of 10, 1 had a
titre of 5 and 2 had titres of <5. The EIA confirmed 5 of these samples as CrAg
positive. The sixth sample was EIA-negative and had a titre of <5. Of the 7
CryptoPS-positive/LFA-negative samples, all sample dilutions were LFA-negative
and the EIA was negative. Of 41 participants with a positive LFA result and a titre of

<160, 6 had negative CryptoPS results, 29 had positive results and 6 had strong
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positive results. Of the 19 with a positive LFA result and a titre of >160, 15 (78%) had
strong positive CryptoPS results; the other 4 had positive CryptoPS results (Table 4).
Nine of ten patients with subclinical CM had a strong-positive CryptoPS result versus
10/40 without subclinical CM (p<0.001). Compared to a lumbar puncture diagnosis of
subclinical CM, the sensitivity and specificity of a strong-positive CryptoPS result

was 90% (9/10; 95% ClI, 55.5-99.7) and 75% (30/40; 95%CI, 58.8-87.3) respectively.

Discussion

In this re-evaluation of stored plasma samples from a prospective cohort study, the
SQ assay was simple and rapid to perform with identical testing steps to a single-
strip qualitative LFA and an equivalent accuracy for CrAg detection in stored plasma.
Using a cut-off score of 23, the SQ assay detected all cases of subclinical CM but
had low specificity. A cut-off score of 24 reduced the sensitivity of this assay
substantially but was much more specific for CM. For the purposes of risk
stratification for subclinical CM among patients with antigenaemia, a more sensitive
cut-off (i.e. a score of 23) is preferable and specificity is a far less important
consideration, given that lumbar puncture is now universally recommended.
Although the CryptoPS assay did not perform well as a qualitative assay compared
to the LFA, a strong-positive result was a relatively sensitive screening test for

subclinical CM, though this was also not specific.

As previously reported, the SQ assay accurately detected CrAg compared to the
LFA 415 In our study, only one low-titre sample had a negative SQ result. In
contrast, the CryptoPS assay incorrectly classified a higher proportion (5/33; 15%) of
low-titre samples as negative and also yielded 7 false-positive results. All 7
participants with false-positive CryptoPS results did not receive antifungal treatment

10
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and none progressed to CM during 6 months of follow-up. In an evaluation of the
same assay in Botswana, a lower sensitivity (61%) but higher specificity (97%) was
reported. In this study, 29 patients with false-positive CryptoPS results were followed

up for 3 months and none developed CM 16,

Since a blood CrAg titre cut-off of >160 had previously been identified as a threshold
for subclinical CM 313, we evaluated the accuracy of the two semi-quantitative
assays in categorising plasma samples with a titre <160 and >160. All samples but
one with an SQ score of <3 had a titre of <160. All samples with a score of >3 had a
titre of >160. However, a score of 3 did not clearly distinguish between these two titre
categories. Although a strong-positive CryptoPS result identified 76% of samples
with a CrAg titre of >160, 18% of samples with a titre of <160 also had strong-
positive results. In their evaluation, Tenforde et al also reported a single LFA-

negative plasma sample with a strong-positive CryptoPS result.'®

We went on to investigate the relationship between plasma semi-quantitative assay
results and subclinical CM. Semi-quantitative CrAg assays performed on blood are
not a substitute for lumbar puncture which is universally recommended for all
patients with a new diagnosis of antigenaemia. However, such assays could be used
to refine the pre-test probability of subclinical meningitis, especially at the primary
healthcare level where patients need to be referred to hospital for a lumbar puncture
or in settings where a high proportion of patients decline lumbar puncture. A score of
=24 was highly specific for concurrent CM, though half of the cases in our study were
missed at this threshold. A lower threshold (score 23) included all cases of CM and
would thus be a more clinically useful risk prediction cut-off, despite also including

18/40 (45%) of cases without subclinical CM. Based on a sample of 189 screened

11
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patients, approximately one third of whom had lumbar punctures, the
aforementioned Botswana study reported a strong association between plasma SQ
score and central nervous system involvement at baseline (a composite endpoint of
microbiologically-confirmed CM and/or clinical signs of meningitis).™ Individuals with
SQ scores of 2 or 3 were classified as being at moderate risk of central nervous
system involvement and mortality, with a preliminary recommendation for more
intensive evaluation including lumbar puncture. In our study, a strong-positive
CryptoPS result was relatively sensitive and picked up 9 of 10 cases of subclinical
CM but also 10/40 (25%) of those without CM. The lack of a clearer association
between the semi-quantitative CrAg results and subclinical CM in our study might be
explained by a smaller sample size since we restricted our analysis to patients who
had a lumbar puncture. We found that CrAg-positive patients with an SQ score of 23
had a more than two-fold increase in mortality though the 95% CI spanned 1. In
contrast to Jarvis et al, we did not find that the hazards of death increased with each

step-wise increase in SQ score. Again, this may be related to a smaller sample size.

Compared to testing serial sample dilutions to obtain LFA titres, the SQ assay was a
much less laborious method of obtaining a semi-quantitative CrAg result using a
single test strip. SQ testing was easy to perform but reading the SQ test strip was
more complex and the result interpretation card was needed to obtain an SQ score.
For instance, for a CrAg-negative result, only a control line is positive with the LFA,
whereas with the SQ assay, both the control and the T2 lines are positive. Moreover,
grading of scores 1, 2 and 3 is determined by comparing the intensity of the T1 and
T2 bands. Through an inter-laboratory comparison, we have identified reading and
interpretation errors for the LFA in the national CrAg screening programme and
expect that the complexity of reading the SQ test strips would increase the

12
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proportion of erroneous readings. Using automated readers to read the SQ test
strips could be considered to prevent such errors. Automated readers may also offer
an advantage of interfacing CrAg results to the laboratory information system, and
therefore reduce transcription errors. In contrast, the CryptoPS cassette design
provided a simple method of semi-quantitative CrAg testing without using tubes.

Results were available within 10 minutes and interpretation was very simple.

The strengths of this study included a prospective cohort design and enrolment of
consecutive eligible CrAg-positive individuals. Patients with asymptomatic
antigenaemia were enrolled after excluding those with clear symptoms and signs of
CM and a relatively large proportion of patients (25%) had a baseline lumbar
puncture. The main limitation was a relatively small sample size. In addition, at the
time that the cohort study was conducted, the South African guideline recommended
that lumbar puncture should be considered for patients with cryptococcal
antigenaemia if this procedure was available. Ten of 60 CrAg-positive patients (17%)
did not have a lumbar puncture. When we compared age, sex, CD4 count and
proportion with a mild, non-persistent headache among those who had a lumbar
puncture versus those who did not, we found no differences. We also tested stored
rather than fresh plasma. To determine if freezing and thawing of plasma had an
effect on SQ scores, fresh plasma samples that were tested using the SQ assay
were stored in a -70°C freezer for >6 months. The samples were re-tested after 6
months and fresh and frozen-thawed plasma SQ results were compared. There was
excellent result concordance between fresh plasma SQ scores and frozen-thawed

SQ scores (unpublished data, NICD).

Conclusions

13
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We found that two semi-quantitative assays offered a simple rapid means of
estimating plasma CrAg concentrations. While not a substitute for lumbar puncture,
using these semi-quantitative assays for risk stratification could be applied to
patients with antigenaemia for whom lumbar puncture is not immediately available,
those who decline a lumbar puncture, even after careful counselling and those in
whom lumbar puncture is contraindicated. The association between the semi-
guantitative assay results and mortality was not clear in our study. These assays
should not be implemented in routine screening programmes until more prospective

data have accumulated from diagnostic intervention studies.
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Table 1: Sensitivity and specificity of the SQ and CryptoPS assays for detection of

CrAg in frozen-thawed plasma from HIV-seropositive patients with a CD4 count of

oNOYTULT D WN =

<100 cells/uL compared to a reference lateral flow assay

- O
o

—_
—_

Statistic SQ assay CryptoPS assay

—_
w N

95% CI 95% Cl

—_
(S N

—_
[e))

Sensitivity (%) 98.33 91.06- 99.99 90 79.49-96.24

NN = =
— O O 00

Specificity (%) 100 97.28-100 94.1 89.5-97.9

N NDNDN
v b wN

Positive likelihood ratio >100 15.19 7.71-29.90

W NDNNN
O OV 00N

Negative likelihood ratio 0.02 0.00-0.12 0.11 0.05-0.23

w w www
o bdh WN =

Note: Cryptococcal antigen (CrAg) enzyme immune-assay (EIA) results for the 194 participants were
positive for 58 and negative for 136. Compared to the EIA, the sensitivity and specificity of the semi-
quantitative (SQ) qualitative results were 100% (58/58) and 99% (135/136) whilst Crypto PS had 91.4
% (53/58) sensitivity and 93.4% (127/136) specificity.
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Table 2: Association between SQ assay scores, lateral flow assay titres and
subclinical cryptococcal meningitis (CM) for 50 patients with antigenaemia and

lumbar puncture results

SQ Samples  CrAg LFA titre CrAg LFA titre Subclinical No
assay n=50 <160 (n=33) >160 (n=17) CM (n=10) subclinical
score CM (n=40)
Negative O 0 0 0 0
1 14 (28 %) 14 (42%) 0 0 14 (35%)
2 8 (16%) 7 (21%) 1(6%) 0 8 (20%)
3 20 (40%) 12 (37%) 8 (47%) 5 (50%) 15 (37%)
4 8 (16%) 0 8 (47%) 5 (50%) 3 (8%)
20
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Table 3: Sensitivity and specificity of SQ assay score cut-offs from =1 to 24 for

detecting subclinical cryptococcal meningitis among asymptomatic CrAg-positive

patients with lumbar puncture results (n=50)

Cut point Sensitivity  Specificity Positive

Negative

% Likelihood Ratio Likelihood Ratio
>1 100 0 1.0000
=2 100 35 1.5385 0.0000
23 100 55 2.2222 0.0000
24 50 92.5 6.6667 0.5405
5 0 100 1.0000

Receiver Operating Characteristic area = 0.85 (95% CI 0.75-0.95)
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Table 4: Association between CryptoPS, lateral flow assay titres and subclinical CM

for 50 patients with antigenaemia and lumbar puncture results.

CryptoPS Samples CrAg LFA titre <160 CrAg LFA titre >160 Subclinical CM  No subclinical

assay (n=50) (n=33) (n=17) (n=10) CM (n=40)
results
Negative 5(10%) 5 (15%) 0 0 5(12%)
Positive 26 (52%) 22 (67%) 4 (24%) 1 (10%) 25 (63%)
Strong 19 (38%) 6 (18%) 13 (76%) 9 (90%) 10 (25%)
positive
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Figure legends

Figure 1: SQ assay scores compared to lateral flow assay (LFA) log2 titres from HIV-

seropositive patients with a CD4 count of <100 cells/pl

Figure 2: A receiver operative characteristic curve for plasma semi-quantitative (SQ)
scores and subclinical cryptococcal meningitis among 50 asymptomatic

cryptococcal-antigen positive patients.

Figure 3: Kaplan-Meier survival estimates in 58 CrAg-positive patients by plasma SQ

assay score category (0: score of 23 and 1: score of <3)

Figure 4: Kaplan-Meier survival curve in 58 CrAg-positive patients by plasma SQ
score category, adjusted for CD4 count (hazards ratio of mortality for SQ score of 2
versus 1: 0.45 (95%CI 0.05-4.07); SQ score of 3 versus 1: 2.04 (95%CI 0.63-6.61);

SQ score of 4 versus 1: 1.00 (95%CI 0.28-5.85))
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Figure 1: SQ assay scores compared to lateral flow assay (LFA) log2 titres from HIV-seropositive patients
with a CD4 count of <100 cells/pl
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31 Figure 2: A receiver operative characteristic curve for plasma semi-quantitative (SQ) scores and subclinical
32 cryptococcal meningitis among 50 asymptomatic cryptococcal-antigen positive patients
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Figure 3: Kaplan-Meier survival estimates in 58 CrAg-positive patients by plasma SQ assay score category
(0: score of 23 and 1: score of <3)
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31 Figure 4: Kaplan-Meier survival curve in 58 CrAg-positive patients by plasma SQ score category, adjusted
32 for CD4 count (hazards ratio of mortality for SQ score of 2 versus 1: 0.45 (95%CI 0.05-4.07); SQ score of 3
33 versus 1: 2.04 (95%CI 0.63-6.61); SQ score of 4 versus 1: 1.00 (95%CI 0.28-5.85))
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