Uncovering Patterns in COVID-19 Pneumonia: Predicting
Patient Outcomes with PARAFAC2

Salina Adhanom?, Andrew Ramirez', Jackson Chin', Dr. Aaron Meyer®
'Department of Bioengineering, University of California, Los Angeles, CA 90024, USA
*BIG Summer Program, Institute for Quantitative and Computational Biosciences, UCLA

Approach: Principal Components Analysis & Logistic Regression

Introduction
® Pneumonia is an acute respiratory infection affecting the " w Samples N A 1.0
lungs, classified by the type of pathogen involved (i.e., N Pt pe e S B s o L S§e° Fio 3 princinal
.« eqye . + 4 ®® 1€. 5. PrincCipa
COVID-19, Methicillin-resistant Staphylococcus aureus, o | \ Cmp.1 ... Cmp.50 ...  covid_status smoking_status / / % e o**’ Cfmponent:Analysis
o~ ® .
or Cryptococcus) // 1 2.52 1.18 NON-COVID-19 Yes ) @ : L o = ® BxR ) - .’... Principa| Component
. : . . . 2 148 1.38 VID-1 F : ‘
e Patients with COVID-19 pneumonia spend more time in | | — — Byx 1 By, x 1 . H o decomposition vs. the
. . " P ) e gl | KN <naveolaewar | - | L X .’ ]
the ICU compared to those with pneumonia caused by | | || 237 268 218 COVIDA3 No 04 & percent variance
other pathogens. | C, X1 Cr X1 /' reconstructed (R2X). 22
e The challenge we face is understanding the underlying PARAFAC2 Components  Features 0.2 0- e Cﬁmponents captures
: : ig. 2. izati the most variance.
reasons for the extended ICU stays in COVID-19 patients. Fig. 2. Tensor factorization ona three Number of Components
dimensional data structure”.
A, .. B o o o .
Fig. 4. Loadings and 04 % ek T 10 [g b ° LY G
IVl Et h Od S scores for Pf2 55 o o " : ?fdsee .‘é.' e () @q ; ®
Cell Cell Components. N 02 ™ . & ° 5 OZB;. . éw’@@i &"?'59:. " 0
- - Scatterplots labeled s g K . E 10 [ g Zl (% S 5 i%%.'*’f?ﬁ,::)‘."‘*’ g
A% Stack into (“CD’ g Group cells by cell type, by each Pf2 O ok u % o 00 . § "o}é ® 5 X 5 0 @3;;;;(;.,3 S ( Q;:“;’é:’%.‘.’ ) S 5
Q?&\}' tensor average expression by cell type 0.0 i@:.':d e ® ¢ ”.,,". 0 @f"ga ¢ % :%5&3’ o s, o
, Cells Cells component Gl o o °%wY Y 00r: o R “¢s, COVID-19 Status 5 o”’  COVID-19 Status =10 COVID-19 Status
0 0 : : 0.1 & o %8¢ 02 o ST e g o = o thing * False * False ® False
0 0 ST measuring weights o ) . * on ® * True i i 15 TG
8 8 < > f A) I d -0.2 -10 . o 8 @
C g 5 or . .Oa Ing 0.0 0.1 0.2 0.3 -0.2 0.0 0.2 04 0 10 20 -10 0 10 20 -5 0 5 10 -5 0 5
a Patient Measurements | coefficients B) scores CHTE. 3 e Cmp.1 g Cmp. 3 Cmp. 4
s ol Types for each observation.
r Cells Cells ﬁ C )
: . Receiver Opera;t\jggu(r::: r-agtgg;tic (ROC) Curve B Receiver Operating Characteristic (ROC) Curve
/ / gahentstell Types ganentstell Types, A. R P Accuracy: 0.66%
e H |] : e 10 : Fig. 5. Receiver Operating
I . IPatients | pmp==F" Charac.terlstlc (ROF) curves
Component1 Component 2 Component 1 Component 2 o [ /// 5 /// for |0gIStIC regression
models predicting smoking
Fig. 1. PARAFAC2 (Pf2). PARAFAC2 (Pf2) applied to rank-R mode-3 tensor?>. e status. ROC curves
00 T o oo illustrating m(?del
. o _ _ ; 7 performance in the A)
® \We suggest employing PARAFAC2 (Pf2) as a multidimensional data reduction —_T : Covid-19 subset and B)
method for analyzing single-cell (SC) data, non-uniform structures. £ o4 o - £ o4 S e Y Non-Covid-19 subset. C)
® PF2 reduces data complexity, a sum of lower-dimensional tensors, by Logistic regression
o o , , o coefficients for predicting
explaining component associations across each dimension (e.g., cells, " M s O 4 mortality based on smoking
conditions, genes), preventing conflation of biological patterns. A status.
e Thus, the execution of this study advances our understanding of COVID-19 - T 65 |- - e
= ROC Curve (AUC = 0.65)
pneumonia by utilizing PARAFAC2 to uncover and track patterns of cellular 00 02 y 08 08 ¥ ..
False Positive Rate
response across different patient conditions, ultimately enhancing our ability C :
onclusion
to predict patient outcomes.
C e This study highlights the efficacy of PARAFAC2 in the analysis of
y e scRNA-seq data from patients with COVID-19 pneumonia. The distinct
. B Non- - . . .
" COVID-19 cellular profiles of COVID-19 and Non-COVID-19 patients may elucidate

Data Collection

the longer ICU stays and danger compared to other pneumonia types.

® Patients at Northwestern Memorial Hospital from June 2018 and 1.0 ® These findings underscore the imperative fOr preCiSion medicine
March 2022, : approaches tailored to the pathophysiology of COVID-19 pneumonia.
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