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Comparative simulations of fungal infection dynamics
in the human and murine lung
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Virtual infection model of Aspergillus fumigatus in the human and murine alveolus Virtual Experiments
« Hybrid modeling approach [1, 2] « Large-scale experiments: High (up to

 Cells asinteracting agents 5000) number of runs per set of

 Chemokines as molecule concentrations parameters
 Parameters obtained from literature search [4]:
Measurement:
Human Mouse -
Radius alveolus 116.5 um 26.2 um * Infection Score (IS) - empirical
Area alveolus 1.3-10% um? 6.5-10% um? B o probability of an infection
Radius Alveolar 10.6 um 9.5 1y & Alveolsr * Onset of hyphal growth 6 hours post
Macrophages (AM) e =K —Sonilitinn : . : L
® rPoresofkohn Y oo infection under certain conditions:
Number of AM n 2.1-10° 2.4-10° -
T . 8 . 6 .
Alveoliinlung +6-10 33+ 10 Realistic to-scale model of the murine (left) and the #run‘?d”_”th uztgie;ltected
AEC (D) 45 (84) 4 (4) human alveolus (right) represented as a 3/4 - Sphere IS = ComTlOutrgl C;tmnsours
Pores of Kohn (PoK) 24 7
Study about role of Pores of Kohn [3] Results: Infection scores of parameter optima for ssgc, , and Doy,
» Different parameter optima
Aim: Investigate the role of PoK in human alveolus. Three models were designed 3000-
to measure significant differences in infection clearance: - * InPoK+/-andPoK-/-, AM

Model

« PoK+/+,Chemokines flow out at PoK, AM enter and exit there (standard) : n o pouns aggregate at entrancering

« PoK+/-,Chemokines flow out at PoK, AM cannot enter or exit there g . o « Spatial advantage in PoK +/+
 PoK -/-, PoK serve neither as chemokine outflow nor as AM migration path - * ISpok+/+ <ISpok+/— = ISpok—/-
> Determined: nyy = 4.375,ncpn = 1, Sugc and D were scanned I e o0 0000 > PoK beneficial for clearance
Infection dynamics for varying numbers of AM Study about infection clearance in human and mouse [4]

* More than 10 million simulations were performed to observe parameters Aim: Investigate the differences in infection clearance in human and mouse

» Determined: Humanny,, = 4.375, Mouse ny,, = 0.727, suzc and D were scanned

Parameter ranges to scan Human Mouse
Number of AM n,, per alveolus 2,4,6, ..., 50 0.1,0.2,0.3, ..., 2.5 Results:
Number of conidia ng,, 1,2 1,23 * Infection score lower in murine alveolus

. . molecules - . . I fficientl lear for higher INn Murin lveol
Secretion rate spc in "2 1500, 5000, 15000, 50000, 150000, 500000 Infections still more efficiently cleared for higher nc,, in murine alveolus
. , 2  Directed migration of AM more likely in human For optimal parameters sz, , Dopt
Diffusion constant D in=— 20, 60,200, 600, 2000, 6000 5 Y
1.00-
. . . 0.8- "
Simulation results (human): BB Fena s SECTEtiONTatE (5350 ] i
{}?0'75 Sl ~ Random walk £ T
-0 n 1 nam literature -0 n -1 nam literature EJ/ 5° ’ ~+ 5000 % | ! “ Human
Low infection scores for p=200 | 2Cil0 | e e 3050 ' £ = so000 TR B Mouse
b Saec = 15000 b Saec = 15000 5 L Pt ] '
5 ) $  Saec = 50000 ) $  Saec = 50000 w ¥
. 0.6 0.6 < 0.25- ? ==* Human |
Highnay : - = ., 4w Mouse 0.0
*Low n¢on 0.00 Wbl e | . |
- = 20 60 200 600 2000 6000 OD. . Wfo 300t_ Agéo[ ]
° —Iigh SAEC Q2 0.2 Diffusion constant (D) Istance from secreting Hm
¢ —OW D 0.0 AMioveragge;)eralév.eolusli‘?w% 12 14 0.00 ' AM ’coveragge;)e‘r;lév‘eolusli'g% 12 H
Curve properties along ng: e | e . 3 - - - s e
Prop & am oo | | § § Predictions for various infection scenarios in human and mouse
. — ¢ Saec = 15000 ¢ Saec = 15000
« Exponential decay e~? "am . } emsim|| @ | |
. §o° §o° Conclusions for equal n,4,,: Surrogate model predicts IS in human and mouse:
» Different shape forng,,, > — e
— * |S humanlower under optimal | — 15 human | — tshuman s,
— - AM 0.2 0.2 g . S 50-8 Nam human r:iterature 50-8 Nam human fiterature
9 IS(nAM) e Condltlons (hlgh IZEC ) 30.6 \ ______ rs,q,,,,:n[;oou;e [[Literature]] 30.6 ______ rs,qp/;:n[;oou;e [[Literature]]
Fit: Distributions b o0 : AMAA T 6 ‘?‘ Al-ljo ] 2 1 %% 2 AMA 6 ‘fls- -| o 2 14 204 \ 204
and c are obtained overege peralveclus in coveTmaE PR AR * |S mouse lower for random walk 202 ) 202
Snapshot of simulation data (low =4E€) 00 e
Surrogate Model D e
Fit analytical functions f, g to distributions b and c: Outlook: \ — 15 human: 5, . B [
) \\ Nam human [Literature] n) Nam human [Literature]
. . . ‘é 06 ‘\ Nam Mouse [Literature] ‘é 0.6 Nam Mouse [Literature]
e baf ( n. . SAEC . g ) Generalized surrogate model for infection score IS: ’ N.arr.OW d?Wn relnz=s of parameters ¢ \'MOS N 5005
ey g 0 (7 e.identify min/max nyy,) ~__ \
~ SAEC SAEC g(nCon S[})ECiBZ) ~ H th 1 b t : t f i N T N N
* C= g ncon, — 02 1S SAEC , 0. 0 _ —f(ncon, D ;91) Nam ypO eSIS apbou ImpOF ance o 0.0 0.0
D Nam, nCOTUT' 1,0 ) =€ . . 0 2 4 6 8 10 12 14 0 2 4 6 8 012 1
pa ra mete rS for Infectlon Clea ra nce . 10AM cove;&:)ge per al;rzolus in /:0 - . 10AM cove;&:)ge per al\;olusm A:4O -
for functions f and g and parameter vectors 6, 6, ¢ o5 1o 1s 20 35 30 6 a5 10 15 30 25 30

nam per murine alveolus nam per murine alveolus
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