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Supplementary Material

Patient demographics and self-report of symptoms

Table S1 shows the self-reported demographics and symptoms that were gathered from each
subject. The COVID-19 positive subjects (denoted by a 1 in the CovidStatus column) reported a
greater number of symptoms than the COVID-19 negative subjects did. Only two subjects
reported a history of smoking (denoted by a 2 in the Smoking column), while all others had no
history of smoking.

Table S1. Patient demographics. Information for each subject analyzed in this study is
provided in the following table. Age and gender were provided by the subject and COVID status
was verified by a PCR test. All other symptoms were also reported by the subject, and the total
number of symptoms reported per patient is provided in Symptom Count.
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Split of data for training and testing of models

Figure S1 provides a description of how the bootstrapping procedure was completed with train-
test splits of subjects. Each bootstrap iteration selected three subjects in the COVID-19 positive
group and three subjects in the COVID-19 negative group to hold out completely as test subjects.
This was done in both the case where the models were trained and tested on just the first day of
data collection as well as the case where models were trained on Day 1 data and tested on Day 2
or Day 3 data. This ensured that there was no overlap in subject data between the train and test
data, and therefore, there was no risk of subject identification in the models.

Train Test
All Subjects
+
Inner bootstrap to determine optimal

number of principal components (PCs) COVID-19+ CovVID-19-

l \/
S Score is ratio of log-likelihood of test
Universal Background Model subject belonging to COVID-19+
Adapt %A ensemble or COVID-19- ensemble
COVID-19+ COVID-19-
N . COVID-19+ COVID-19-
Repeat split 100 times

Repeated for every task and feature combination
Figure S1. Depiction of model building. This describes how train/test splits were generated
from the full dataset for each bootstrap iteration. No subject appeared in both the train and test
splits, to avoid any speaker identification. The training set was used to determine an optimal
number of principal components for dimensionality reduction and to generate an ensemble of
GMMs as a universal background model, which were then adapted into COVID-19 positive and
COVID-19 negative GMMSs. These ensembles were used to determine the final likelihood of
each held-out test subject belonging to each group, which was used to calculate the final AUC.



Computation of significance given multiple comparisons:

In this study, multiple models were compared across tasks, feature sets, and days of recording.
To account for this, a harmonic mean p-value correction was utilized to determine which
comparisons were significant. Wilcoxon rank-sum one-sided tests were computed across the
bootstrap distributions of the AUCs all of the models generated to see whether one model’s AUC
was greater than another model’s AUC. Using all of the p-values and comparisons across 606
models, the harmonic p-value was calculated. Any p-values that were less than the significant
value of 0.05 and the harmonic p-value of 1.11x10°'® was considered significant, and therefore
the AUCs of the two models were significantly different.

Table S2 shows the p-values of the models generated from acoustic features across all tasks by
training and testing using the data from session one of recording. The cells in green are
highlighted as those that are significant given the harmonic p-value. The p-values represent
whether the model created from the task listed in the row is greater than that listed in the
columns. For example, the model generated from univariate statistics of acoustic features derived
from the Rainbow task had an AUC that was greater than that of the model generated from
univariate statistics of acoustic features generated by Free Speech with a p-value of 3.60E-02.

Table S2. P-values for acoustic feature models for day one. The p-values for the one-sided
Wilcoxon rank-sum tests for the models generated using univariate statistics of acoustic features,
trained and tested on session one’s data, are shown here. The ones that are significant given the
calculated harmonic p-value are highlighted in green.

Free Speech Count Vowel Rainbow DDK
Free Speech 0.941252 7.65E-05 0.964025 1.43E-07
Count 5.87E-02 8.22E-08 0.507369 1.80E-10
Vowel 1.00E+00 1 1 7.99E-02
Rainbow 3.60E-02 0.492631 1.82E-07 1.09E-10
DDK 1.00E+00 1 9.20E-01 1




Table S3 shows an expanded version of Table S2, including the models trained on session one

and tested on days 2 and 3 of collection. The cells in green are highlighted as those that are

significant given the harmonic p-value. The p-values represent whether the model created from
the task listed in the row is greater than that listed in the columns.

Table S3. P-values for all models based on acoustic feature time series. The p-values for the
one-sided Wilcoxon rank-sum tests for all of the models generated using univariate statistics of
acoustic feature time series are shown here. The ones that are significant given the calculated

harmonic p-value are highlighted in green.
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Tables S4-S7 show the p-values for the phoneme-based models, utilizing various combinations
of the phoneme-based features.

Table S4. P-values for phoneme models with all features. The p-values for the one-sided
Wilcoxon rank-sum tests for all of the models generated using all of the phoneme-based features
are shown here. The ones that are significant given the calculated harmonic p-value are
highlighted in green.
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5.10E- | 7.06E- | 3.60E- | 1.95E- | 1.41E- | 5.97E- | 1.09E- | 0.999

Free Speech 02 12 03 02 01 02 01 991
Free Speech 0.948 6.25E- | 1.01E- | 2.47E- | 8.21E- | 2.62E- | 6.92E-

Day 2 975 16 02 01 01 01 01 1
Free Speech 1.00E 1.00E| 1.00E| 1.00E| 1.00E| 1.00E

Day 3 1 +00 +00 +00 +00 +00 +00 1
0.996 | 9.90E- | 6.70E- 9.60E- | 9.87E- | 8.74E- | 9.91E-

Count 396 01 11 01 01 01 01 1
0.980 | 7.53E- | 6.56E- | 4.05E- 9.30E- | 4.58E- | 8.25E-

Count Day 2 475 01 14 02 01 01 01 1
0.859 | 1.79E- | 4.84E- | 1.26E- | 7.01E- 1.94E- | 3.08E-

Count Day 3 097 01 16 02 02 01 01 1
0.940 | 7.38E- | 3.48E- | 1.26E- | 5.42E- | 8.06E- 8.75E-

Rainbow 297 01 09 01 01 01 01 1

Rainbow Day | 0.891 | 3.08E- | 1.69E- | 9.34E- | 1.75E- | 6.92E- | 1.25E-

2 041 01 14 03 01 01 01 1
Rainbow Day | 0.000 | 1.33E- | 1.23E- | 3.80E- | 4.92E- | 2.26E- | 3.19E- | 6.08E-
3 009 12 17 12 11 10 10 09




Table S5. P-values for phoneme models using mean durations. The p-values for the one-sided
Wilcoxon rank-sum tests for all of the models generated using the mean duration phoneme-based
features are shown here. The ones that are significant given the calculated harmonic p-value are
highlighted in green.
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0.9778 | 3.63E- | 1.52E- | 1.58E- | 0.7536 | 1.56E- | 2.58E- | 0.3532

Free Speech 63 08 03 03 42 04 07 37

Free Speech | 0.0221 8.05E- | 1.26E- | 1.55E- | 0.1007 | 9.56E- | 3.21E- | 0.0002

Day 2 37 16 08 12 08 10 14 61
Free Speech 1.00E | 1.00E 9.95E- | 6.47E-

Day 3 1 1 +00 +00 1 01 01 1

0.9984 3.76E- 5.50E- | 0.9997 | 1.40E- | 1.42E- | 0.9984

Count 78 1 04 01 6 01 03 33

0.9984 7.05E- | 4.50E- 0.9999 | 1.22E- | 3.51E- | 0.9999

Count Day 2 17 1 05 01 24 01 05 91

0.2463 | 0.8992 | 1.17E- | 2.40E- | 7.55E- 1.76E- | 3.49E- | 0.1615

Count Day 3 58 92 08 04 05 04 08 95

0.9998 5.34E- | 8.60E- | 8.78E- | 0.9998 2.29E- | 0.9999

Rainbow 44 1 03 01 01 24 02 96

Rainbow Day 3.53E- | 9.99E- | 1.00E 9.77E-

2 1 1 01 01 +00 1 01 1
Rainbow Day | 0.6467 | 0.9997 | 8.74E- | 1.57E- | 8.68E- | 0.8384 | 4.03E- | 2.51E-
3 63 39 12 03 06 05 06 11




Table S6. P-values for phoneme-based models using phoneme rate. The p-values for the one-
sided Wilcoxon rank-sum tests for all of the models generated using the phoneme rate features
are shown here. The ones that are significant given the calculated harmonic p-value are
highlighted in green.
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1.00E | 9.83E- | 9.29E- | 1.00E | 1.00E | 0.9999
Free Speech +00 01 01 +00 +00 23 1 1
Free Speech | 1.61E- 1.62E- | 4.32E- | 1.42E- | 1.20E- | 0.0549 0.6371
Day 2 09 04 07 04 01 51 1 57
Free Speech | 1.74E- | 1.00E 1.47E- | 7.55E- | 9.86E- | 0.9592 0.9998
Day 3 02 +00 01 01 01 1 1 29
7.11E-| 1.00E | 8.53E- 9.99E- | 1.00E | 0.9939 0.9999
Count 02 +00 01 01 +00 17 1 99
2.82E- | 1.00E | 2.45E- | 1.18E- 9.70E- | 0.9053 0.9997
Count Day 2 04 +00 01 03 01 97 1 71
9.39E- | 8.80E- | 1.39E- | 2.85E- | 3.04E- 0.2928 0.8837
Count Day 3 07 01 02 04 02 69 1 82
7.67E- | 9.45E- | 4.08E- | 6.08E- | 9.46E- | 7.07E- 0.9999 | 0.9651
Rainbow 05 01 02 03 02 01 99 54
Rainbow Day | 9.84E- | 1.42E- | 1.36E- | 3.98E- | 2.15E- | 4.72E- | 0.0000 0.0000
2 15 07 11 13 12 07 01 05
Rainbow Day | 4.61E- | 3.63E- | 1.71E- | 1.22E- | 2.29E- | 1.16E- | 0.0348 | 0.9999
3 09 01 04 06 04 01 46 95




Table S7. P-values for phoneme models using summary statistics. The p-values for the one-

sided Wilcoxon rank-sum tests for all of the models generated using six summary statistic

features are shown here. The ones that are significant given the calculated harmonic p-value are

highlighted in green.
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8.99E- | 0.9999 | 4.77E- 8.48E- | 8.47E- | 1.70E- | 8.27E-
Free Speech 01 32 01 1 01 03 02 01
Free Speech | 1.01E- 0.9999 | 1.27E- 1.93E- | 2.81E- | 3.07E- | 8.16E-
Day 2 01 53 01 1 01 05 05 02
Free Speech | 6.83E- | 4.73E- 7.13E- | 0.8717 | 1.14E- | 2.78E- | 1.41E- | 7.85E-
Day 3 05 05 05 01 05 08 08 06
5.23E- | 8.73E- | 0.9999 7.24E- | 2.35E- | 7.34E- | 8.27E-
Count 01 01 29 1 01 03 03 01
3.27E- | 9.28E- | 0.1282 | 7.48E- 1.08E- | 1.28E- | 2.60E- | 5.64E-
Count Day 2 09 13 99 12 10 13 13 12
1.52E- | 8.07E- | 0.9999 | 2.76E- 8.88E- | 4.16E- | 2.94E-
Count Day 3 01 01 89 01 1 05 04 01
9.92E-| 1.00E 9.98E- 1.00E 1.89E- | 1.00E
Rainbow 01 +00 1 01 1 +00 01 +00
Rainbow Day | 9.83E- | 1.00E 9.93E- 1.00E | 8.11E- 1.00E
2 01 +00 1 01 1 +00 01 +00
Rainbow Day | 1.73E- | 9.18E- | 0.9999 | 1.73E- 7.06E- | 6.78E- | 6.31E-
3 01 01 92 01 1 01 06 09




Model performance represented in accuracy and F1 scores:

In addition to the area under the receiver operating characteristic (ROC) curve (AUC), the
average accuracy and F1 scores of the models were calculated. These scores were determined by
taking the optimal threshold on the ROC curve generated by the training data, and evaluating the
confusion matrix at that optimal threshold using the test data. The following figures depict the
accuracy and F1 scores for the categories of models generated. The trends in the accuracy and F1
scores generally mirrored the trends seen in the AUCs across different groups of models.

(a) Univariate Statistics Accuracy (b) Univariate Statistics F1 Score
T T T T T T T T T T
1 4 _
of o L] I | bl |
g 5 I
™
8 0.6 ‘ 8
Q ol
< 'R
0.4
0.2
0
FreeSpeech Count Vowel Rainbow DDK FreeSpeech Count Vowel Rainbow DDK
I session1 [ Session 2 Session 3

Figure S2. Model performance as accuracy and F1 score using low-level acoustic features.
(a) Accuracy from models created using univariate statistics of acoustic and articulatory features.
(b) F1 score from models created using univariate statistics of acoustic and articulatory features.
The different bars in each task represent which of the recording days was used in the test data
set. Error bars are the standard deviation of the statistic across all bootstrap iterations.
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Figure S3. Fused model performance as accuracy and F1 score using correlation-based
features. (a) Accuracy from a fused model utilizing all correlation-based features. (b) F1 score
from a fused model utilizing all correlation-based features. The different bars in each task
represent which of the recording days was used in the test data set. Error bars are the standard
deviation of the statistic across all bootstrap iterations.
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Figure S4. Model performance as accuracy and F1 score utilizing all phoneme-based
features. (a) Accuracy from a fused model utilizing all phoneme-based features. (b) F1 score
from a fused model utilizing all phoneme-based features. The different bars in each task
represent which of the recording days was used in the test data set. Error bars are the standard
deviation of the statistic across all bootstrap iterations.



(a) Mean Phoneme Features Accuracy (b) Mean Phoneme Features F1 Score
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Figure S5. Model performance as accuracy and F1 score utilizing mean durations of
phonemes. (a) Accuracy from a fused model utilizing the mean durations of all phonemes. (b)
F1 score from a fused model utilizing the mean durations of all phonemes. The different bars in
each task represent which of the recording days was used in the test data set. Error bars are the
standard deviation of the statistic across all bootstrap iterations.
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Figure S6. Model performance as accuracy and F1 score utilizing rates of phonemes. (a)
Accuracy from a fused model utilizing the rates of all phonemes. (b) F1 score from a fused
model utilizing the rates of all phonemes. The different bars in each task represent which of the
recording days was used in the test data set. Error bars are the standard deviation of the statistic
across all bootstrap iterations.
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Figure S7. Model performance as accuracy and F1 score utilizing summary statistics of
phonemes. (a) Accuracy from a fused model utilizing a set of six summary statistics of
phoneme-based features. (b) F1 score from a fused model utilizing a set of six summary statistics
of phoneme-based features. The different bars in each task represent which of the recording days
was used in the test data set. Error bars are the standard deviation of the statistic across all

bootstrap iterations.
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