AUTOMATED GATING STRATEGIES

The purpose of this study is to evaluate different algorithms for automated data analysis of the BAT. Degranulating
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Introduction: The Flow CAST® as a Standardized BAT

The basophil activation test (BAT) is a unique allergy diagnostic test, in which live blood cells of the patient are
directly exposed to different allergens in a test tube. If an allergic reaction is triggered, basophils become
activated and degranulate. In BUHLMANN's Flow CAST® BAT, this activation is quantified as the percentage of
(D63+ basophils using flow cytometry, as (D63 is exposed on the cell surface upon degranulation. For each
allergen, there i1s a diagnostically relevant cut-off value, ranging from 5 to 15 % (CD63+ cells.
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Computations have been performed with R, version 4.2.3, using the packages flowCore, randomForest, and ggplot2. Cell (D63
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(2) Measure basophil activation

The activation threshold i1s determined based on the unstimulated patient background
sample and applied to the stimulated sample (allergen or positive control). The
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Basophils are identified as the
CCR3+ / SSClow subpopulation.
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background activation is set to 2 to 2.5%.
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The algorithm 1dentifies minima in SSC and CCR3
signals. Boundaries are set based on the
basophil peak maximum + 2.5xSD.
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K-Means Clustering Algorithm

2 step process:
« 1st clustering to identify CCR3Mieh subpopulation
« 2nd clustering to identify SSClow subpopulation

Clustering is performed on logl0-transformed, centered, and scaled data.
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Comparison

The two hard-coded gating algorithms (MinMax and k-means) are compared to manual
gating based on a dataset with 442 unstimulated and 442 stimulated BAT experiments.

Note: The majority of the runtime
for the automated data analyses is

needed for loading and opening of
the fcs files.

Basophil identification error rates
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Basophil identification: Example

(TR .
Q. = green: manual gating ! k-means
o .
oc
e MinMax
) *
®
\ 075
1e+03 4
o
o
‘E'é 0.50
(1N
i ;
res00. triangles: . !
- k- luster | '
orange lines: means cluste : .
MinMax borders s : § 0 1.3% (2527%' ' B 1.3%
1.3% 3% : 3%
oo, il Ip— .
0 25[}IDDD EDDIUUU ?EDIDDD 1 DD[I}UUU F ai Se F ai Se
SSC-A Negatives Positives

Basophil activation results
(fraction of CD63+)

% k-means: R2 = 0.9944 »
- MinMax: R? = 0.9996 .
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Random Forest Tree Classification

Machine Learning Procedure:

« Training set built on 40 randomly selected BAT measurements with manual
annotation.

 Non-basophils downsampled to 2000 per BAT for training Random Forest

« Random Forest function is applied to 884 BAT datasets and compared to

manual gating
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Misclassification Rates
(compared to manual gating)
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CONCLUSIONS:

 Automated gating of basophils 3 -
1s highly comparable to manual
gating and has very little effect
on the result of the BAT.
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