Extending EpiModel

How to use EpiModel to address your unique research questions
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When you run netsim

netsim(est, param, init, control)
t1 1nitialization module

for (t in 2 to tn) {
module 1
module 2
network re-simulation module
transmission module

module 5
}

tn, Clean up and save output




What are Modules?

Perform one core process within the system

Module = concept; module function = realization

Inputs are data structure and parameters

Outputs are revised data structure

Standardized programming interface (API) for building modules

“Plug and play” with EpiModel



Concept = Code
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Concept = Code
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Concept = Code

Flow diagrams help with
mapping necessary conceptual
changes

Adding an latent E state has
two clear implications for
transitions:

Infection

Disease progression
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sti_recov <- function(dat, at) {

# Parameters

rgc.dur.asympt <- dat$param$rgc.dur.asympt
ugc.dur.asympt <- dat$param$ugc.dur.asympt
gc.dur.tx <- dat$param$gc.dur.tx
gc.dur.ntx <- dat$param$gc.dur.ntx

rct.dur.asympt <- dat$param$rct.dur.asympt
uct.dur.asympt <- dat$param$uct.dur.asympt
ct.dur.tx <- dat$param$ct.dur.tx
ct.dur.ntx <- dat$param$ct.dur.ntx

# GC recovery
idsRGC_asympt <- which(dat$attr$rGC == 1 & dat$attr$rGC.infTime < at &
dat$attr$rGC.sympt == 0)
idsUGC_asympt <- which(dat$attr$uGC == 1 & dat$attr$uGC.infTime < at &
dat$attr$uGC.sympt == @)
1dsRGC_tx <- which(dat$attr$rGC == 1 & dat$attr$rGC.infTime < at &
dat$attr$rGC.sympt == 1 & dat$attr$rGC.tx == 1)
1dsUGC_tx <- which(dat$attr$uGC == 1 & dat$attr$uGC.infTime < at &
dat$attr$uGC.sympt == 1 & dat$attr$uGC.tx == 1)
idsRGC_ntx <- which(dat$attr$rGC == 1 & dat$attr$rGC.infTime < at &
dat$attr$rGC.sympt == 1 & dat$attr$rGC.tx == 0)
1dsUGC_ntx <- which(dat$attr$uGC == 1 & dat$attr$uGC.infTime < at &
dat$attr$uGC.sympt == 1 & dat$attr$uGC.tx == @)

recovRGC_asympt <- idsRGC_asympt[which(rbinom(length(idsRGC_asympt), 1,
1/rgc.dur.asympt) == 1)]
recovlUGC_asympt <- idsUGC_asympt[which(rbinom(length(idsUGC_asympt), 1,
1/ugc.dur.asympt) == 1)]

recovRGC_tx <- idsRGC_tx[which(rbinom(length(idsRGC_tx), 1,
1/gc.dur.tx) == 1)]

recovUGC_tx <- idsUGC_tx[which(rbinom(length(idsUGC_tx), 1,
1/gc.dur.tx) == 1)]

if (Mis.null(gc.dur.ntx)) {
recovRGC_ntx <- idsRGC_ntx[which(rbinom(length(idsRGC_ntx), 1,
1/gc.dur.ntx) == 1)]
recovlGC_ntx <- idsUGC_ntx[which(rbinom(length(idsUGC_ntx), 1,
1/gc.dur.ntx) == 1)]
} else {
recovRGC_ntx <- idsRGC_ntx[which(rbinom(length(idsRGC_ntx), 1,
1/rgc.dur.asympt) == 1)]
recovlUGC_ntx <- idsUGC_ntx[which(rbinom(length(idsUGC_ntx), 1,
1/ugc.dur.asympt) == 1)]

recovRGC <- c(recovRGC_asympt, recovRGC_tx, recovRGC_ntx)
recovUGC <- c(recovUGC_asympt, recovUGC_tx, recovUGC_ntx)

dat$attr$rGCLrecovRGC] <- 0
dat$attr$rGC.sympt[recovRGC] <- NA
dat$attr$rGC.infTime[recovRGC] <- NA
dat$attr$rGC.tx[recovRGC] <- NA

dat$attr$uGC[recovUGC] <- O
dat$attr$uGC.sympt[recovUGC] <- NA
dat$attr$uGC.infTime[recovUGC] <- NA
dat$attr$uGC.tx[recovUGC] <- NA

dat$attr$GC. cease[c(recovkRGC, recovUGC)] <- NA

# CT recovery
i1dsRCT_asympt <- which(dat$attr$rCT == 1 & dat$attr$rCT.infTime < at &
dat$attr$rCT.sympt == 0)
idsUCT_asympt <- which(dat$attr$uCT == 1 & dat$attr$uCT.infTime < at &
dat$attr$uCT.sympt == @)
idsRCT_tx <- which(dat$attr$rCT == 1 & dat$attr$rCT.infTime < at &
dat$attr$rCT.sympt == 1 & dat$attr$rCT.tx == 1)
1dsUCT_tx <- which(dat$attr$uCT == 1 & dat$attr$uCT.infTime < at &
dat$attr$uCT.sympt == 1 & dat$attr$uCT.tx == 1)
idsRCT_ntx <- which(dat$attr$rCT == 1 & dat$attr$rCT.infTime < at &
dat$attr$rCT.sympt == 1 & dat$attr$rlT.tx == 0)
idsUCT_ntx <- which(dat$attr$uCT == 1 & dat$attr$uCT.infTime < at &
dat$attr$uCT.sympt == 1 & dat$attr$uCT.tx == 0)

recovRCT_asympt <- idsRCT_asympt[which(rbinom(length(idsRCT_asympt),

1, 1/rct.dur.asympt) == 1)]
recovUCT_asympt <- idsUCT_asympt[which(rbinom(length(idsUCT_asympt),

1, 1/uct.dur.asympt) == 1)]

recovRCT_tx <- 1dsRCT_tx[which(rbinom(length(idsRCT_tx),

1, 1/ct.dur.tx) == 1)]
recovUCT_tx <- 1dsUCT_tx[which(rbinom(length(idsUCT_tx),

1, 1/ct.dur.tx) == 1)]

if (Mis.nullCct.dur.ntx)) {
recovRCT_ntx <- idsRCT_ntx[which(rbinom(length(idsRCT_ntx),
1, 1/ct.dur.ntx) == 1)]
recovUCT_ntx <- idsUCT_ntx[which(rbinom(length(idsUCT_ntx),
1, 1/ct.dur.ntx) == 1)]
} else {
recovRCT_ntx <- idsRCT_ntx[which(rbinom(length(idsRCT_ntx),
1, 1/rct.dur.asympt) == 1)]
recovUCT_ntx <- idsUCT_ntx[which(rbinom(length(idsUCT_ntx),
1, 1/uct.dur.asympt) == 1)]



Built-In Modules

help("control.net")

initialize.FUN

departures.FUN

arrivals.FUN

recovery.FUN

resim_nets.FUN

infection.FUN

prevalence.FUN

verbose.FUN

Module to initialize the model at time 1, with the default function of initialize.net.

Module to simulate death or exit, with the default function of deaths.net.

Module to simulate births or entries, with the default function of births.net.

Module to simulate disease recovery, with the default function of recovery.net.

Module to resimulate the network at each time step, with the default function of
resim_nets.

Module to simulate disease infection, with the default function of infection.net.

Module to calculate disease prevalence at each time step, with the default function of
get_prev.net.

Module to print simulation progress to screen, with the default function of verbose.net.



http://param.net
http://127.0.0.1:39397/help/library/EpiModel/help/initialize.net
http://127.0.0.1:39397/help/library/EpiModel/help/deaths.net
http://127.0.0.1:39397/help/library/EpiModel/help/births.net
http://127.0.0.1:39397/help/library/EpiModel/help/recovery.net
http://127.0.0.1:39397/help/library/EpiModel/help/resim_nets
http://127.0.0.1:39397/help/library/EpiModel/help/infection.net
http://127.0.0.1:39397/help/library/EpiModel/help/get_prev.net
http://127.0.0.1:39397/help/library/EpiModel/help/verbose.net

Modular Approach Allows for Incremental Design of
Complex System, with TERGM Machinery Central
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Module Complexity Should Reflect Research Question

N

™ Acute HIV syndrome Symptoms of

E 1700 Primary Wide dissemination of virus AIDS 107

E infection Seeding of lymphoid organs | | L

m 1100 L / Death— <<

— | | J
1000 isti

Q Opgo'ortunlstlc 108 2

L 900 Clinical latency ISeases >

N

+— O

C 800 ®)

8 200 Constitutional 10° O,

O symptoms D

n

0 60 l

S, 500 10* -8

O =
400

)= =

Q. 300 -

= 10° O

> o
100

+ 3

<t o 10

0 0 3 6 9 12 1 2 3 4 5 6 7 8 9 10 11

@,

Weeks Years

10



EpiModelHIV

Extension modules for EpiModel specifically for modeling HIV
infection

Modules geared towards heterosexual transmission in Sub-Saharan Africa and
MSM in the United States

Modules include:

Natural disease progression impact on CD4 and HIV viral load trajectories
Inter-host transmission risk dependent on disease stage and VL

Anti-retroviral therapy treatment

https://github.com/statnet/EpiModelHIV
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EpiModelHIV Modules

aging.FUN Module function for aging.

deaths.FUN Module function for general and disease-realted deaths.

births.FUN Module function for births or entries into the population.

test. FUN Module function for diagnostic disease testing.

tx.FUN Module function for ART initiation and adherence.

prep.FUN Module function for PrEP initiation and utilization.

progress.FUN Module function for HIV disease progression.

vl.FUN Module function for HIV viral load evolution.

aiclass.FUN Module function for one-off Al risk class transitions.

roleclass.FUN Module function for transitions in sexual roles.

edgescorr.FUN Module function for the edges coefficient adjustment to preserve mean degree
resimnets.FUN Module function for network resimulation at each time step.

disclose.FUN Module function for HIV status disclosure.

acts.FUN Module function to simulate the number of sexual acts within partnerships.
condoms.FUN Module function to simulate condom use within acts.

riskhist.FUN Module function to calculate risk history for uninfected persons in the population.
position.FUN Module function to simulate sexual position within acts.

trans.FUN Module function to stochastically simulate disease transmission
getprev.FUN Module function to calculate prevalence summary statistics.

verbose.FUN Module function to print model progress to the console or external text files.
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The EpiModel Extension API

1. Modules have associated function with standard inputs and outputs

Inputs are dat and at, outputs are dat

2. Modules use the accessor get /set functions to read and write
sublist data to the dat object; See help("net-accessor")

epi summary stats updated with single value defined for current time step

nodal attributes updated, with entry for all nodes on network

3. Modules defined and called into EpiModel :: netsim through
control.net settings

Each defined module parameter ends in .FUN

type control setting should be set to NULL for any extension models

Standard modules — handling dat initialization, network resimulation, and network
data updates — are not intended to be edited by end users (but may be as necessary)
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http://control.net

The EpiModel Extension API

4. Nodal attributes may be initialized on the network as prior to
TERGM estimation with set vertex attribute

Applies even if attributes are not called during TERGM estimation

5. Models with departures (e.g., mortality) must update nodal
attributes
active must be setto 0 for all departing nodes

ex1tTime must be set to at for all departing nodes

6. Models with arrivals (e.g., births) must append nodal
attributes for incoming nodes

append_attr used in arrival module to set new nodal attributes
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