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1 Supplementary Methods

In this study, we implemented a to-scale model of the murine alveolus following our previous work
on the implementation of the human alveolus. For details on the hybrid agent-based model (ABM),
the reader is referred to the extended description of this model in the work by Pollmécher et
al.(Pollmacher and Figge, 2014, 2015). This Supplementary Information presents essential aspects of
the algorithmic implementation that are important in view of the current study.

1.1 Alveolus Setup

In close analogy to our previous work(Pollmécher and Figge, 2014, 2015), the human and murine
alveoli were modeled as three-dimensional three-quarter spheres, with radius rf}, = 116.5 um and
ral, = 26.2 um , respectively. The polyhedral shape of the alveolus was approximated by a spherical
representation with surface points ¥ = c(r,;,,,9, @) and an entrance ring at the lower threshold value
of the polar angle 9, <9 < . Alveolar epithelial cells (AEC) of realistic dimensions were placed at
the inner surface of the alveolus as follows: Centroids of type 1 AEC were placed in an equidistant
fashion using a VVoronoi tessellation to project cells on the curved geometry of the alveolus. Type 2
AEC were placed randomly on the border between two neighboring type 1 AEC. The same procedure
was applied for the positioning of Pores of Kohn. All cells were represented with realistic cell sizes
and in realistic amounts as obtained from an in-depth literature search (see Table 1 and
Supplementary Table S1).

1.2 Chemokine Secretion and Diffusion

The hybrid ABM(Pollmacher and Figge, 2014, 2015) was used to simulate chemokine secretion and
diffusion on an equidistant grid of points on the surface of the alveolus. Placing n points uniformly
on a spherical surface is known as the Thompson problem(Thomson, 1904) and we used established
algorithms(MacWilliam and Cecka, 2013) to generate a near-equidistant solution of a grid with
10000 points and 513 points, respectively, for the human and murine alveolus, i.e. keeping the same
spatial resolution in both systems. Chemokine diffusion was modeled solving the reaction-diffusion
equation on the grid. The reaction-diffusion equation
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describes molecule diffusion with diffusion coefficient D and molecule degradation with degradation
rate A of the concentration ¢(#, t) at position # and time point t. Furthermore, the terms S(#,t) and
Q(#,t) describe chemokine secretion and consumption at position 7 and time point t, where
molecule consumption involves molecule-receptor binding by alveolar macrophages. Chemokine
secretion was induced at all grid points on the surface of the AEC associated with a conidium. The
reaction-diffusion equation was numerically integrated in time using a finite difference method for
unstructured grids, as described by Sukumar(Sukumar, 2003). When multiple conidia were present in
the alveolus, all associated cells secrete chemokines with the same secretion rate. When a conidium
was found by an alveolar macrophage (AM) the associated cell stopped chemokine secretion.

1.3 AM Migration

Migration of AM was realized along surface vectors of length vAt, where v denotes the macrophage
speed and At refers to the time step of the simulation. A new migration direction was chosen after
persistence time t,,, either randomly to simulate random walk migration or biased by chemotactic
signals to simulate directed AM migration. AM sensing of the chemokine concentration was realized
by the receptor-ligand model that was previously introduced by Guo and Tay (2008)(Guo et al.,
2008) and Guo et al.(Guo and Tay, 2008) and applied here to the spherical alveolar surface. This
model consisted of an independent system of three differential equations reflecting the state of
ligands and receptors on the AM surface. In short, the chemokine receptors were able to bind free
chemokines with binding rate k;,, building a receptor-ligand complex, which was internalized by the
AM with rate k; and finally recycled and re-expressed on the cellular surface with rate k,.. The most
favorable direction of migrating AM was determined by computing the sum of weighted gradients
over one period of directional persistence. Then, after each period of directional persistence, the
respective AM migrates in the direction of the weighted cumulative gradient g,,, with probability
Pairectea = Min(||gam|loam, 1), where the sensitivity factor a4,, was determined by Tranquillo et

um

al.(Tranquillo et al., 1988). For all simulations we assumed that AM migrate at speed of v = 4—
and with persistence time t,, = 1 min.

1.4 Agent Distribution

AM were placed randomly on the inner surface of the alveolus. Placing n,,, AM uniformly over ny;,
alveoli leads to the binomial distribution By (nay, p, k) = ("4*)p* (1 — p)™am~*, where the
probability p = 1/n,;, refers to the probability to have k AM per alveolus. In close analogy, the
probability to have j conidia present in one alveolus is By, (1con, P, j). The alveolar system was
implemented with absorbing boundaries, i.e. each agent that crosses a system boundary was taken out
of the system. To account for these randomly exiting AM and to preserve the binomial distribution
By (nap, 0, k), new AM were inserted into the system with exponentially distributed waiting time

twait = ﬁln(i), where w is uniformly distributed in (0,1]. The input rate A;, is calibrated for each

set of migration parameters (v and t,,) and alveolar system (murine and human). The entry point of
newly entering macrophages was modeled to depend on gradient of the local chemokine
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maximum gradient of all boundary points. The acceptance-rejection method is applied in the
following way: An entry point is accepted if p; < [ with a randomly chosen [ in [0,1] from a uniform

concentration, ||§Q’M,i||, with probability p; = at entry point i and ||§2M,max|| is the



distribution for each candidate position; otherwise a new position is chosen randomly over all
boundary points of the alveolus as the next candidate entry point.

1.5 Implementation

The simulation framework was implemented in C++ to provide maximum expandability. Model
dynamics as agent migration, interaction handling and diffusion were realized by asynchronous
random-order updating for each time step independently. Two agents interact if their associated
spheres were overlapping. In case of contact between an AM and a conidium, the conidium was
assumed to be phagocytosed by the AM.

1.6 Simulation Result Robustness

We provide a statistical estimate on how reliable our results are. As explained before, we run each
simulation for a particular set of model parameters 10° times. One option to estimate the robustness
of the resulting readouts would be to repeat these 10° simulations multiple times and to calculate
statistical measures. Since this would be very time consuming, we decided to bootstrap(Efron and
Tibshirani, 1986) the simulation results as follows: We randomly chose a set of 10° simulations out
of the 10° computed simulations with replacement and computed readouts like the infection score IS
for a number B of repetitions. From the resulting IS distribution we calculated the 95%-confidence
interval as an estimation of the real quantiles. We here chose B = 300 to produce stable results.

To evaluate the results of the bootstrapping procedure, we compared it to an estimated standard
deviation, which we received from 10 repetitions of 10° simulations for the human and mouse system
with 1 conidium for all parameter combinations of chemotactic signaling. The standard deviation in
these 72 simulations differed on average by 6% between the bootstrapped and the repetition
estimates, indicating that our bootstrapping procedure produced valid results.
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2 Supplementary Videos

2.1 Video S1 — Human Alveolus Model Video

The video shows one exemplary simulation in the to-scale hybrid ABM for the human alveolus. The
video starts with a rotation of the alveolus. The simulation of an infection scenario with one
conidium starts when the time stamp is visible. AM (green) migrating towards the conidium (red)
along the chemokine gradient (white isolines) produced by the source AEC. The conidium is found
by an AM after 55 minutes in this simulation.

2.2  Video S2 — Mouse Alveolus Model Video

The video shows one exemplary simulation in the to-scale hybrid ABM for the murine alveolus. The
video starts with a rotation of the alveolus. The simulation of an infection scenario with one
conidium starts when the time stamp is visible. AM (green) migrating towards the conidium (red)
along the chemokine gradient (white isolines) produced by the source AEC. The conidium is found
by an AM after 21 minutes in this simulation.

2.3 Video S3 - Infection scores and parameter optima

The video provides a slide show of simulation results for increasing alveolar occupation number
comparing the human (left) and mouse (right) system. The infection score is represented in a color-
coded fashion as a function of all chemokine parameter combinations. Small grey dots represent all
those data points that did not exceed the minimal upper limit of all 95%-confidence intervals. Gold
points indicate their respective weighted mean. A black border around a data point indicates an
infection score below the threshold IS; = 5%.
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Supplementary Fig. S1: Infection scores for all scanned alveolar occupation numbers and all
combinations of chemokine parameters in the human (dashed line) and mouse (dotted line) alveolus.
Black dashed-dotted line indicates an infection score of IS, = 5%. Error bars represent the 95%-confidence
interval.
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Supplementary Fig. S2: Optimal chemokine parameters for alveolar occupation numbers AON =
[1,6] in the human and mouse system. For the respective mean with standard deviations across the six

data points, we the values D,,," = 26 + 6.6 pm?*min~* and SfEcopt =1.1x10* £6x

10° min~* for the human host and D,,;" = 74 + 22.4 ym?min~! and SllquCopt =8.0x 10* +
4,1 x 10* min~? for the murine host.
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Supplementary Fig. S3: Infection scores for all scanned fungal burdens and all combinations of
chemokine parameters in the human (dashed line) and mouse (dotted line) alveolus. Black dashed-
dotted line indicates an infection score of IS; = 5%. Error bars represent the 95%-confidence
interval.
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4 Supplementary Tables

Supplementary Table 1: Average characteristics derived per alveolus for the human and murine
system.

Parameter Human Mouse Mouse/Human [%)]
Surface area 127 x 103 um? 6.5 x 103 um? 5.1
Volume 5588 x 103 um3 64 x 103 um3 1.1
Length of boundary 743.2 um 128.2 um 17.2
Surface to boundary ratio 170.1 um 50.7 um 29.8
Mean AM number 4.38 0.74 16.9
Surface area per AM 28.9 x 103 um? 8.8 x 103 um? 30.4
Mean distance to boundary* 95.4 um 21.3 um 22.3
Surface grid points 10 000 513 5.13

*The mean distance to boundary was computed for random points in the respective alveolar systems
measuring their distance to the closest border point from 1000 random realizations.



