
Simulate Patient

Ordering of Patient Simulation in CEPAC 

Begin Month Updater

10a

End Month Updater

140a/b/c

CD4 Test Updater

110a/b

HIV Infection Updater

20a

HVL Test Updater

120a/b

Clinic Visit Updater

130a

Drug Toxicity Updater

30a

Return

If Death Occurs

If Patient 

Still Alive

TB Disease Updater

50a

Acute OI Updater

40a

Mortality Updater

60a

If HIV

Negative

CD4/HVL Updater

70a

HIV Testing Updater

80a

Behavior Updater

90a/b

Drug Efficacy Updater

100a

If HIV Negative

If HIV Negative

Disease

Clinical

CHRMs Updater

25a

TB Diagnostics/Clinical Updater

135a



Begin Month Updater – 10a 

Return

Is this the first month? Yes

No

Is HIV Positive?

Yes

Update State:

Set QOL Multiplier (1.0)

Set NonAIDS Death Rate Mult (1.0)

Set Curr True OI (none)

Clear Mortality Risks

Begin Month Updater

10a

Tracing:

Initial Patient State

(gender, age, visit type, HIV state)

Tracing:

Initial Disease State

(CD4, HVL, OI history)

No

Update State:

Update Initial Distributions



HIV Infection Updater – 20a

Is HIV Positive?

Is in Acute HIV

Positive State?

Is Month of 

Acute to Chronic? Yes

No

Return

No

No

Yes

Yes

HIV Negative Subroutine

20b

Acute To Chronic HIV Subroutine

20b

HIV Infection Updater

20a

Is Month of Transition 

from Early to Late 

Childhood?

No

Update State:

Convert and set CD4 Perc to Absolute CD4

Convert and set HVL setpoint to adult setpoint

Yes

Is On Suppresive 

ART?

Is Month of Transition 

from Late Childhood 

to Adult

No
Roll and Update State:

Set Regimen CD4 Slope (roll)

Yes

No

Yes



Tracing:

Infection and Initial State

(HVL, CD4)

Roll for Infection

No

Update State:

Set Infected HIV State (acute)

Roll and Update State:

Set True CD4 (roll)

Set True HVL (roll)

Set Target HVL (true HVL)

Set Setpoint HVL (true HVL)

Update State:

Update Initial Distributions

Yes

HIV Negative Subroutine and

Acute to Chronic HIV Subroutine – 20b

Return

HIV Negative Subroutine

20b

Return

Tracing:

Acute To Chronic HIV (CD4, HVL)

Update State:

Set Infected HIV State 

(chronic symptomatic)

Has history of OIs?

Yes

Yes No

Acute To Chronic HIV Subroutine

20b

Update State:

Set Infected HIV State 

(chronic asymptomatic)

Roll and Update State:

Set True CD4 (curr + roll)

Set Setpoint HVL (roll)

Is on ART?

Yes

Update State:

Set True HVL (setpoint)

Set Target HVL (setpoint)

No

Update State:

Set Detected HIV State (false)



CHRMs Updater – 25a

CHRMs Updater

25a

For each CHRM: 

Set:

Modify prob of CHRM incidence 

by CHRM specific, heterogeneity 

based on ART rate multiplier 

Has

CHRM?

Yes

No

Roll for

CHRM incidence

Update State:

Set True CHRM State

(CHRM, true)

Yes

No

For each CHRM: 
Has

CHRM?

Set:

Calculate stage of CHRM from 

months since occurrence

Yes

Update State:

Incr Costs Misc

(monthly CHRM costs)

Accum QOL Mult

(monthly CHRM QOL)

No

Return

Set:

Convert prob of CHRM to a logit, 

add generic risk factor and history 

of CHRMs logit adjustments, 

convert back tp a probability 

Is HIV positive?

Set:

Set prob of CHRM incidence for 

HIV-negative patient

(age, sex)

Set:

Set prob of CHRM incidence for 

HIV-positive patient

(CD4, age, sex)

Yes

No

Set:

Max prob of CHRMs Death

Update State:

Add Mortality Risk

(CHRM, maxProbDeath)

Is CHRM max prob of 

death

Yes

Death from CHRMs?

(Prob of specific CHRM 

relative ratios of prob 

deaths)

Yes

No



Drug Toxicity Updater – 30a

Drug Toxicity Updater

30a

Has taken

ART?

ART Toxicity Subroutine

30b
Yes

Is on at least

one proph?

Proph Toxicity Subroutine

30c
Yes

Is on TB proph?
TB Proph Toxicity Subroutine

30d
Yes

Is on TB

treatment?

TB Treatment Toxicity Subroutine

30e
Yes

No

No

No

Return

No



ART Toxicity Subroutine

30b

ART Toxicity Subroutine – 30b

For each active 

toxicity effect: 

Check month 

of toxicityBefore

Still on

ART subreg causing

tox?

Update State:

Remove Toxicty Effect

Initial

No

Tracing:

ART Toxicity

(name, severity, reg, subreg)

Yes

Update State:

Set ART Toxicity (tox effect)

Schedule Emergency Clinic 

Visit (curr month)

Toxicity has risk 

of acute mortality?

Update State:

Add Mortality Risk

(ART tox, prob death)

QOL effects

still occur

After

Update State:

Accum QOL Mult (tox QOL)

Cost effects

still occur

Update State:

Incrt Costs Toxicity (tox cost)

Chronic death

effects still occur

Update State:

Accum Non-AIDS Death Rate 

(tox chronic death incr)

All effects

have stopped

Update State:

Remove Toxicity Effect

Yes

Yes

Yes

Yes

Yes

No

No

No

Return

Tracing:

ART Toxicity Effect

(name, severity, reg, subreg, 

useQOL, useCost, useChr)

No

No



Proph Toxicity Subroutine – 30c

Proph Toxicity Subroutine

30c

For each OI: 
Is on

Proph for OI?

No

Is month

of toxicity?
Yes

No

Roll for

toxicity being

major

Yes

Update State:

Set Proph Toxicity (major, OI)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox cost)

Yes

Tracing:

Major Toxicity (OI, type, num)

Update State:

Set Proph Toxicity (minor, OI)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox cost)

Tracing:

Minor Toxicity (OI, type, num)

Return

Update State:

Schedule Emergency Clinic Visit 

(curr month)

Set:

Calculate prob of neither a major 

or minor toxicity occurring

Roll for

no toxicity

Set:

Calculate prob of each tox type 

occurring and not the other, 

normalize to get a distribution

No

No

Yes

Switch proph

for major tox?

Switch proph

for minor tox?

Update State:

Schedule Emergency Clinic Visit 

(curr month)

Yes Yes

Toxicity has

mortality risk?

Update State:

Add Mortality Risk

(proph tox, prob death)

No

Yes

No No



TB Proph Toxicity Subroutine and

TB Treatment Toxicity Subroutine – 30d/30e
TB Proph Toxicity Subroutine

30d

Is month

of toxicity?
Yes

Update State:

Set TB Proph Toxicity (major)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox costs)

Update State:

Set TB Proph Toxicity (minor)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox costs)

Tracing:

Major Toxicity (num)

Tracing:

Minor Toxicity  (num)

Return

Return

No

Is month

of toxicity?
Yes

Tracing:

Major Toxicity (num)

Tracing:

Minor Toxicity  (num)

Return

Return

No

TB Treatment Toxicity Subroutine

30e

Update State:

Set TB Treatment Toxicity (major)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox costs)

Update State:

Set TB Treatment Toxicity (minor)

Accum QOL Mult (tox QOL)

Incr Costs Toxicity (tox costs)

Update State:

Schedule Emergency Clinic Visit 

(curr month)

Roll for

toxicity being

major

Set:

Calculate prob of major and minor

toxicity, modify by heterogeneity 

based on ART rate multipliers

Roll for

no toxicity

Set:

Calculate prob of each tox type 

occurring and not the other, 

normalize to get a distribution

Set:

Calculate prob of neither a major 

or minor toxicity occurring

Yes No

Yes No

Roll for

toxicity being

major

Set:

Calculate prob of major and minor

toxicity, modify by heterogeneity 

based on ART rate multipliers

Roll for

no toxicity

Set:

Calculate prob of each tox type 

occurring and not the other, 

normalize to get a distribution

Set:

Calculate prob of neither a major 

or minor toxicity occurring

NoYes

Yes No

Toxicity has

mortality risk?

Update State:

Add Mortality Risk

(TB proph tox, prob death)

Yes

No

Toxicity has

mortality risk?

Update State:

Add Mortality Risk

(TB treatment tox, prob death)

Yes

No



Acute OI Updater – 40a 

Update State:

Incr Misc Costs (untreated OI)

Set:

Set cost factor of treatment

if on resistant proph

Acute OI Updater

40a

Determine Acute OI Subroutine

40b

Determine Death By OI Subroutine

40c

Update State:

Set Curr True OI (OI)

Set Infected HIV State 

(chronic symptomatic)

Return

Tracing:

Acute OI

(Primary/Secondary, OI)

If lost to

follow up?

If attend clinic

for acute OIs?

Roll for 

acute OI 

treatment

Tracing:

Acute OI Treatment while LTFU

Yes

No

Yes

Update State:

Incr Misc Costs 

(treated OI, cost factor)

Return

Yes

No

No

Yes

No

Is detected

HIV positive?
Yes

Roll for

HIV detection

Update State:

Set Detected HIV State

(true. OI detection)

Schedule Initial Clinic Visit

150a

No

Yes

Tracing:

Detected HIV Positive By OI

Update State:

Schedule Emergency Clinic 

Visit (curr month) 

No

Is CD4 test available?

No

Had Prev Clinic Visit?

Yes

NoYes

Update State:

Set Linked HIV State

(true. OI detection)



Roll for

No OIs

For each OI (x)

Set:

Max efficacy for OI y

Determine Acute OI Subroutine

40b

Determine Death By OI Subroutine

40c

Determine Acute OI Subroutine and

Determine Death By OI Subroutine – 40b/c

If on proph

for OI x?

If efficacy

for OI y is > prev

max

Yes

Yes
No

For each OI

Set:

Modify prob of OI by

max efficacy, proph non-

compliance, proph resistance

Set:

Multiply prob of No OIs by

(1 – prob OI)

Return

none

Yes

For each OI

Set:

Calculate prob of only this OI 

as prob of this OI multiplied by

(1 – prob OI) of each other OI

Set:

Add prob of only this OI

to sum of probs

Set:

Calculate prob of OI,

modify by fraction of benefit 

and ART effect if on ART

No

Set:

Normalize probs of each OI 

only by sum of probs 

Roll and Set:

Type of OI from 

calculated distribution

Return

OI type

Set:

Calculate prob of death by OI,

modify by fraction of benefit

Set:

Modify prob of death by OI,

modify by proph resistance

mortality factor

OI has risk 

of mortality?

Return

For each OI (y) No

Update State:

Add Mortality Risk

(OI type, prob death)

No

Yes



TB Disease Updater – 50a

Is TB Uninfected?
Uninfected TB Subroutine

50b
Yes

Latent TB Subroutine

50c

No

TB Disease Updater

50a

Treat Default TB Subroutine

50d’

Update State:

Add Mortality Risk

(TB, prob death)

No

Yes

Return

Is on TB

proph?

Roll for 

increased

resistance

Update State:

Increase TB Drug Resistance

Tracing:

TB Proph Increase Resistance

Yes

Yes

No

No

TB Enabled? No Return

Has successfully 

treated TB?

No

Prev Treated TB Subroutine

50d
Yes

Has TB treatment 

default?
Yes

No

Has Active (Pulm or 

extra Pulm) TB?

Roll for TB Symptoms Subroutine

50e

No

Has Latent

TB?
Yes

Has Active TB?
Active TB Subroutine

50c’
Yes

Is Month 0?

Yes



Uninfected TB Subroutine and

Latent TB Subroutine – 50b/c

Uninfected TB Subroutine

50b
Return

Latent TB Subroutine

50c

Return

Roll for TB Infection Subroutine

50f

Roll for TB Infection Subroutine

50f
Has Active TB? ReturnYes

No

Roll for

Activation

No

Roll for

Extra Pulm TB
Yes

Roll for

Sputum Load Hi

Update State:

Set TB Tracker (Sputum HI)
No Yes

Update State:

Set TB Disease State (Active Pulm)

No

Update State:

Set TB Disease State 

(Active Extra Pulm)

Yes

Tracing:

TB Activation (state, strain, 

trackers)

Active TB Subroutine

50c’
Is month for self 

cure?

TB Self Cure Subroutine

50h
Yes

Return



Prev Treated TB Subroutine and

Treatment Default TB Subroutine – 50d/50d’

Prev Treated TB Subroutine

50d

Roll for TB Infection Subroutine

50f
In Active TB State?

Return

Yes

Roll for TB Relapse Subroutine

50g

Treatment Default TB Subroutine

50d’

Roll for TB Infection Subroutine

50f
In Active TB State?

Return

Yes

Roll for TB Relapse Subroutine

50g



TB Disease Updater – 50e/50f/50g/50h

Roll for TB Infection Subroutine

50f

Roll for TB Relapse Subroutine

50g

Roll for TB Symptoms Subroutine

50e

In Active TB State?
Update State:

Remove TB Tracker (TB Symptoms)
No

Roll for getting TB 

symptoms this month

Yes

Return

No

Update State:

Set TB Tracker (TB Symptoms)
Yes

Roll for if TB infection/

reinfection occurs
Yes Roll for TB Strain

Update State:

Set TB Strain

Set TB State(Latent)

Roll for Immune 

Reactive

Update State:

Set TB Tracker(Immune React)
Yes

Tracing:

TB Infection (state, strain, 

trackers)

No

Return

No

Roll for if TB Relapse 

occurs
Yes

Roll for

Extra Pulm TB

Roll for

Sputum Load Hi

Update State:

Set TB Tracker (Sputum HI)
No Yes

Update State:

Set TB Disease State (Active Pulm)

No

Update State:

Set TB Disease State 

(Active Extra Pulm)

Yes

Tracing:

TB Relapse (state, strain, 

trackers)
Return

No

Roll for

increased 

resistance

Update State:

Increase TB Drug Resistance
Yes

No

TB Self Cure Subroutine

50h

Update State:

SetTBCareState(unlinked)

In Active TB State?

Return

Update State:

Set TB State(Prev 

Treated)

Yes

Update State:

Reset TB Testing

Stop Empiric Treatment

Stop TB Treatment

Unschedule TB Proph

Stop TB Proph



General Mortality Updater – 60a 

Mortality Updater

60a

Set:

Calculate prob of non-AIDS death,

modify by non-AIDS death increase

Update State:

Add Mortality Risk

(non-AIDS, prob death)

If HIV

Negative?

Set:

Calculate prob of chronic AIDS 

death, modify by fraction of benefit 

and ART effect if on ART

No

Update State:

Add Mortality Risk

(cronic AIDS, prob death)

Yes

For each 

mortality risk

Set:

Calculate prob of this mortality 

risk causing death by 

converting it to a rate

Set:

Add rate of this mortality risk to 

sum of rates

Roll and Set:

Roll for cause of death from 

calculated distribution

Set:

Multiply prob of No Death by 

(1 – prob mortality risk)

For each 

mortality risk

Return
Roll for

No Death
Yes

No

Set:

Normalize each mortality rate 

by the sum of rates

For each 

mortality risk

Update State:

Set Cause of Death (cause)

Is death from

ART toxicity?

Update State:

Incr Misc Costs

(ART toxicity death)

Yes

Return

No



CD4/HVL Updater – 70a 

Return

CD4/HVL Updater

70a

If 

Curr HVL = Target

HVL?

Is on

ART?

Set:

Calculate prob of HVL change

from effiacy of current regimen

Set:

Calculate prob of HVL change

from failure of prev regimen

Yes

No

Roll for HVL

change

If

Target HVL < Curr 

HVL

Update State:

Set True HVL Strata

(curr HVL – HVL change)

Yes

Yes

Yes

Update State:

Set True HVL Strata

(curr HVL + HVL change)

No

Has set overall

CD4 envelope?

Update State:

Incr Overall CD4 Envelope 

(slope)

Yes

No

Is on

ART?

Has previously

been on ART?

Update State:

Set True CD4 

(curr CD4 + slope)

No

No

No

Roll and Set:

Set slope as curr regimen CD4 

slope plus monthly std dev (roll)

Set:

Set slope as natural history monthly 

CD4 decline times off-ART 

multiplier

Set:

Set slope as natural history monthly 

CD4 decline

Yes

Is 

curr CD4 + slope <

bound? 

Update State:

Set True CD4 

(CD4 bound)

Yes

No

Roll and Set:

Set CD4 bound as minimum CD4 minus natural 

history monthly CD4 decline (roll) minus patient 

specific CD4 decline increment

No

Is suppressed or 

partial suppress?

Yes

Yes

Roll and Set:

Set slope as natural history monthly 

CD4 decline times failed ART 

multiplier plus monthly std dev (roll)

No

Has set regimen

CD4 envelope?

Update State:

Incr Regiemn CD4 

Envelope (slope)

Yes

No

Has drawn patient 

specific CD4 decline 

increment?

Set:

Set Patient Specific CD4 

decline increment

No

Yes

Using End Life HVL 

adjustment and at 

End of Life?

No

Update State:

Set HVL Setpoint 

(HVLVHI)

Yes



HIV Testing Updater and

HIV Background Screening Subroutine – 80a

Set Linked State

(true, background)

Return

HIV Testing Updater

80a

HIV Regular Screening Subroutine

80b

HIV Background Screening Subroutine

80a

Return

Is patient

detected HIV

positive?

Is patient

detected HIV

positive?

No

No

Yes

HIV Background Screening Subroutine

80a

No

Schedule Initial Clinic Visit

150a

Lab Staging 

Avaliable?

Had Prev Clinic Visit?

Yes

Yes

No

Return

Yes

Roll for 

test accept

Is old enough for 

background testing?

No

Yes

Update State:

Incr HIV Test Costs 

(startup cost) 

Yes

Roll for 

Result Return
Yes

Update State:

Incr HIV Misc Costs 

(non-return cost)

Roll for positive result

Update State:

Incr HIV Misc Costs 

(neg result) 

No

Is True HIV Pos

No

Update State:

Set Detected HIV State

(true. background)

Yes

Roll for linkage

No



HIV Regular Screening Subroutine – 80b

Tracing:

HIV Screening Startup

Is month of

next HIV test?

Roll for 

test accept

Update State:

Update HIV Testing Stats

(refuse)

Return

Update State:

Incr HIV Test Costs 

(startup cost) 

Yes

Tracing:

HIV Test Refused

(cost)

No

Update State:

Schedule HIV Test

(curr + interval)

Roll for 

return for results

Roll for 

positive result

Update State:

Incr HIV Misc Costs 

(non-return cost)

Update HIV Testing Stats

(accept, non-return)

No Yes

Tracing:

HIV Test Non-Return

(cost)

Update State:

Accum QOL Multiplier

(negative result QOL)

Tracing:

HIV Test Return Negative

(true/false neg, cost)

Tracing:

HIV Test Return Pos

(true/false pos, costs)

No

Yes

HIV Regular Screening Subroutine

80b

Is it the

first month?

Return

No

Yes

Update State:

Incr HIV Test Costs 

(test cost) 

No

Update State:

Incr HIV Misc Costs 

(negative result cost)

Update HIV Testing Stats

(accept, return, negative)

Update State:

Incr HIV Misc Costs 

(positive result cost)

Update HIV Testing Stats

(accept, return, positive)

Update State:

Accum QOL Multiplier

(positive result QOL)

Is a true

positive result?

Update State:

Set Detected HIV State

(true. screening)

Incr HIV Misc Costs

(detection cost)

Schedule Initial Clinic Visit

150a

No

Yes

Yes

Lab Staging 

Available?

No

Lab Staging Subroutine

80c

Yes

Update State:

Set Linked State

(true. screening)

Is Patient too old for 

Regular Testing?
YesNo



Lab Staging Subroutine– 80c

Tracing:

Lab Staging Startup

Roll for 

test accept

Update State:

Update Lab Staging Stats

(refuse)

Return

Update State:

Incr Lab Staging Costs 

(startup cost) 

Yes

Tracing:

Lab Staging Refused

(cost)

No

Update State:

Schedule HIV Test

(curr + interval)

Roll for 

return for results

Roll for 

Linkage to Care

Update State:

Incr Lab Staging Misc Costs 

(non-return cost)

Update Lab Staging Testing Stats

(accept, non-return)

No

Yes

Tracing:

Lab Staging Non-Return

(cost)

Tracing:

Lab Staging Non-Link

(cost, obs cd4)

Tracing:

Lab Staging Link

(costs, obs cd4)

No

Yes

Lab Staging Subroutine

80c

Is it the

first month?
Yes

Update State:

Incr Lab Staging 

(test cost) 

No

Update State:

Update Lab Staging Testing 

Stats

(accept, non-return, non-link)

Update State:

Update Lab Staging Stats

(accept, return, link)

Set Linked State

(true, Screening)

Schedule Initial Clinic Visit

150a

Yes

Roll and Set:

Roll for CD4 testing error using 

specified % of curr CD4 as std dev

Update State:

Set Observed CD4 (true CD4 + error, 

labstaging)

Incr Lab Staging Misc (Return cost)



Behavior Updater – 90a
Behavior Updater

90a/b

Use LTFU?

Update State:

Set Curr LTFU State (returned)

Schedule Regular Clinic Visit 

(curr)

Yes

Is lost to

follow up?

No

Is past 

min months to remain

lost?

Yes

Set:

Calculate logit and prob 

for return to care 

Yes

Roll for

return to care

Yes

Tracing:

Returned To Care

Return

No

No

Set:

Calculate logit and prob 

for loss to follow up 

Roll for

loss to follow up
ReturnNo

Yes

Yes

For each 

generic risk factor

Already has

risk factor?

Yes

Roll for

risk factor

Update State:

Set Risk Factor

(risk factor, true) 

No Yes

No

No

Next

Page

Update State:

Set Curr LTFU State (lost)

Time to end 

adherence bump from 

regimen?

Update State:

Set currARTResponse

(base response logit) 

Yes

Had Prev Clinic Visit?No

No

TB/HIV integrated?
Roll for

Resume TB Regimen
Yes

Update State:

Set Curr TB LTFU State 

(returned)

Set Curr TB Treatment

Yes

No

Time to end 

intervention?

Update State:

Set currARTResponse

(previous response) 

Yes

Roll for start 

intervention

Update State:

Set currARTResponse

(previous + bump) 

Roll for

Resume intervention



Behavior Updater – 90b

Is on ART?

Update State:

Set Curr STI State (none)

Stop Curr ART Regimen (LTFU)

Set Target HVL Strata (setpoint)

Was on

failing regimen?

Had 

observed failure?

Roll for

restart prev

regimen

Below max

months from obsv fail

to restart?

Yes

Yes

Tracing:

Stop ART Regimen

(reg num, LTFU)

No

Roll for

remaining on

prophs

No

Is on proph

for OI?
No

Update State:

Stop Curr Proph (OI)

Tracing:

Stop Proph

(type, num, OI)

Yes

No

Is on proph

for TB?

Update State:

Stop Curr TB Proph

Tracing:

Stop TB Proph

(num)

Update State:

Schedule Regular Clinic Visit

(never)

Schedule Emergency Clinic 

Visit (never)

Tracing:

Lost to Follow Up
Return

Yes

Yes

Has an

available next

regimen?

Update State:

Set Next ART Regimen (prev)

No

Yes

Yes

No

Prev

Page

Update State:

Set Next ART Regimen (prev)

Update State:

Set Next ART Regimen (prev)

No

No Yes

Yes

For each OI

Has TB Treatment?

Update State:

Stop Curr TB  

Treatment

Tracing:

Stop TB Treatment

(num)

Yes

TB/HIV integrated? Yes

No

Update State:

Set TB State (TB Treat 

Default)

Patient on Failed 

TB Treatment?

Yes

Roll for treatment 

Failure

No Fail

No Fail

Update State:

Set TB LTFU 

State(LTFU)

No



Drug Efficacy Updater – 100a

Drug Efficacy Updater

100a

Is on ART?
ART Efficacy Subroutine

100b
Yes

Is on at least

one proph?

Proph Efficacy Subroutine

100c
Yes

Is on TB proph?
TB Proph Efficacy Subroutine

100c
Yes

Is on TB

treatment?

TB Treatment Efficacy Subroutine

100d
Yes

No

No

Return

No

Has established

CD4 envelope?

ART Envelope Efficacy Subroutine

100b
Yes

No

No



ART Efficacy Subroutine and

ART Envelope Efficacy Subroutine – 100b 

Update State:

Incr Months On 

Unsuccessful ART

Is partially 

suppressed or 

failing?

Is month

of forced failure?

Is past 

efficacy horizon or 

is RTC?

Return

Yes

Yes

No

Return

Curr 

ART efficacy

state?

Yes

Roll for

late failure

Partially

Suppressed

Roll for 

late partial 

suppression

Suppressed

No

Yes

Return

Yes

Failed

No

ART Efficacy Subroutine

100b

Roll and Update State:

Set Curr ART Efficacy (failed)

Set Target HVL (setpoint)

Set CD4 Slope (roll)

Tracing:

ART Late Failure

Roll and Update State:

Set Curr ART Efficacy (partial supp)

Set Target HVL (new target)

Set CD4 Slope (roll)

Tracing:

ART Late Partial Suppression

Get Partial Suppress Target HVL

150b

ART Envelope Efficacy Subroutine

100b

Is start

of new CD4 slope

period?

Roll and Update State:

Set CD4 Slope (roll)

No

No

Yes

Is start of 

period for overall 

envelope?

Yes

Return

No

Past max

months on ART?

Update State:

Schedule Emergency Clinic Visit

(curr month)

Past months

to switch subreg?

No

No

Yes

Yes

Is an ART

non-responder?
No

Yes

Currently setting

the envelope?

Yes

Update State:

Set CD4 Overall Envelope 

Slope (curr slope)

Roll and Update State:

Set CD4 Overall Envelope 

Slope (roll)

No

Currently setting

the envelope?

Yes

ReturnNo

Update State:

Set CD4 Envelope Slope 

(curr slope)

Roll and Update State:

Set CD4 Envelope Slope 

(roll)

No

Yes

No

Is start of 

period for regimen 

envelope?



Proph Efficacy Subroutine and

TB Proph Efficacy Subroutine – 100c 

Is on 

proph and not 

resistant?

For each OI

Set:

Set resistance time 

for proph

Is patient proph 

non-compliant?

Yes

Calculate:

Modify resistance time

by degree of non-compliance 

Yes

On proph 

past resistance

time?

Roll for

Resistance

Update State:

Set Proph Resistance (OI)

Yes

Yes

No

Return

Proph Efficacy Subroutine

100c

No

No

No

TB Proph Efficacy Subroutine

100c

Roll for

TB proph dropout

Update State:

Stop Curr TB Proph

Tracing:

TB Proph Dropout (num)
Yes

Return

No

Past months

to switch proph?

Update State:

Schedule Emergency Clinic Visit

(curr month)

Yes

No

Past  max

months on proph?
Yes

No



TB Treatment Efficacy Subroutine – 100d

Before 

month of treatment

completion?

Roll 

for treatment

dropout

Tracing:

TB Treatment Dropout (stage)

Set:

Calculate prob of cure,

use percentage of treatment 

completed

Roll 

for TB cured

Update State:

Stop Curr TB Treatment

(dropout, cured)

Set TB Disease State (hist active)

Update State:

Stop Curr TB Treatment

(dropout, not cured)

Set TB Disease State (active)

Tracing:

TB Cured at Dropout

Return No

Yes

Yes No

Return

TB Treatment Efficacy Subroutine

100d

Yes

No



CD4 Test Updater – 110a

Is past month

of next CD4 test?

Update State:

Set Observed CD4 (true CD4 + error)

Incr CD4 Test Costs (test cost)

Confirm 

ART failure outside 

regular visit?

Needs CD4 test

for num failed?

Yes

Months on 

ART < num init

CD4 tests

Return

Tracing:

CD4 Test

(observed CD4, cost)

Is on ART?

No

Yes

No

Yes

No

No

CD4 Test Updater

110a/b

Yes

Roll and Set:

Roll for CD4 testing error using 

specified % of curr CD4 as std dev

And using test bias

Had CD4 test

this month? ReturnYes

No

Update State:

Schedule Emergency Clinic 

Visit (curr month)

Yes

Needs CD4 

test confirm clinical

failure?

No

Yes

No

Next 

Page

Has observed failure?

No

Yes

CD4 Test Availible?

Yes

No

Stop CD4 Monitoring 

Enabled? No

Patient meets criteria 

to stop cd4 

monitoring?

Yes

Set:

CD4 Test Unavailable

yes

No



CD4 Test Updater – 110b

Is on ART and 

not month of init?

Is regular

CD4 test?

Return

No

Set:

Calculate testing interval from

CD4 strata and ART state
Yes

Will have

next test?

Update State:

Schedule CD4 Test

(never)

Update State:

Schedule CD4 Test if avail

(curr + interval)

No Yes

Failed test

by % drop?

Failed test

by CD4 (OR) 

bounds?

Update State:

Incr ART Failed CD4 Tests

No

Failed test

by below pre-ART

nadir?

Also failed

by CD4 (AND)

bounds?

Past 

months on ART for

fail?

No

Yes

Yes

Yes

Yes

Update State:

Reset ART Failed CD4 Tests

No

No

Yes

No

Failed previous

CD4 tests?

Test was

to confirm clinical

failure?

No

Update State:

Reset ART Failed OIs

Yes

Yes

Needs 

HVL test to confirm

failure?

HVL Test Updater

120a/b

At num

tests for immun

failure?

At num 

tests confirm clinical

failure?

Update State:

Schedule Emergency Clinic 

Visit (curr month)

Yes

No

No

Yes

Yes

Prev 

Page

Yes

No No

No



HVL Test Updater – 120a

Is past month

of next HVL test?

Roll and Set:

Roll for observed HVL with testing 

error of either one strata below, one 

above, or correct value

Confirm 

ART failure outside 

regular visit?

Need HVL test

for num failed?

Yes

Months on 

ART < num init

HVL tests
Return

Tracing:

HVL Test

(observed HVL, cost)

Is on ART?No

Yes

No

No

Yes

No

No

HVL Test Updater

120a/b

Needs HVL

test confirm immun

failure?

Yes

Yes

Update State:

Set Observed HVL (obsv HVL)

Incr HVL Test Costs (test cost)

Had HVL test

this month?
ReturnYes

Update State:

Schedule Emergency Clinic 

Visit (curr month)

No

Yes

Needs HVL

test confirm clincial

failure?

No

Yes

No

Next 

Page



HVL Test Updater – 120b

Is regular

HVL test?

Return

No

Set:

Calculate testing interval from

CD4 strata and ART state
Yes

Will have 

next test?

Update State:

Set Month Of Next HVL Test

(never)

Update State:

Set Month Of Next HVL Test

(curr + interval)

No Yes

Update State:

Incr ART Failed HVL Tests

Failed test 

by num HVL strata 

increase?

No

Failed test by 

HVL bounds?

Failed test 

by HVL strata above

initial?

No

Yes

Yes

Yes

Past 

month on ART for

fail?

No

No

Prev 

Page

Is on ART and 

not month of init?
Yes

No

Failed previous

HVL tests?

Test was

to confirm immun

failure?

Test was

to confirm clinical

failure?

Update State:

Reset ART Failed CD4 Tests

Update State:

Reset ART Failed OIs

Update State:

Reset ART Failed HVL Tests
Yes

No

No

Yes

Yes

No

Yes

At num

tests for virologic

failure?

At num 

tests confirm immun

failure?

Update State:

Schedule Emergency Clinic 

Visit (curr month)

At num 

tests confirm clinical

failure?

No

No

Yes

Yes

Yes

No



Clinic Visit Updater – 130a



Clinic Visit Updater – 130a

Return
Will Attend Clinic This Month

150a
No

OI Detection Subroutine

130b

Update State:

Incr Clinic Visit Costs (visit cost)

Incr Num Clinic Visits

Tracing:

Clinic Visit

(cost)

Treat emergency 

visits as regular?

This visit

was schdeuled?

ART Program Subroutine

130c/d/e

Proph Program Subroutine

130h

Update State:

Reset Clinic Visit State

(had visit, num OIs, etc.)

Yes

Clinic Visit Updater

130a

Update State:

Schedule Regular Clinic Visit

(curr + interval)

TB Treatment Program Subroutine

130l

TB Proph Program Subroutine

130j

Visit was an

emergency one?

No

Yes
Yes

No

Update State:

Schedule Emergency Clinic 

Visit (never)

Yes

No

Has regular visit this 

month?
Yes

No



Update State:

Reset Clinic Visit State

(had visit, num OIs, etc.)

Return



OI Detection Subroutine – 130b

Has acute OI?

Yes

Had true OI

since last visit?

Roll for prob

of OI detection

Is on ART?

Update State:

Incr Num ART failed OIs

Return

Yes

For each OI
Is first visit and

has history of OI?

Roll for prob

of OI detection

Update State:

Incr Num Observed OIs

(OI, 1)

Tracing:

Observed OI (OI)

No No

Yes

Yes Yes

Past month to 

count for ART fail?

OI type matches 

ART fail at OI?

Yes

Yes

Yes

No

No

No

No

No

No

OI Detection Subroutine

130b

Needs 

CD4 test to confirm

failure?

CD4 Test Updater

110a/b
Yes

Needs 

HVL test to confirm

failure?

HVL Test Updater

120a/b
Yes

No

No



ART Program Subroutine – 130c

May receive ART? ReturnNo

Is on ART 

and failure not yet

observed?

Yes

Yes

No

Is on ART?

ART Program Subroutine

130c/d/e

Has begun STI

for this regimen?

Evaluate Fail ART Subroutine

130f/130fp

Evaluate STI Endpoint Subroutine

130g

No

Yes

Tracing:

ART Observed Failure

(fail type)

Update State:

Set Curr STI State 

(endpoint)

Fail

Fail

No Fail

Update State:

Set ART Observed Failure 

(fail type)

Tracing:

STI Endpoint

(fail type)

No Fail

Has begun STI

for this regimen?

Evaluate Stop ART Subroutine

130f/130fp

Evaluate STI Init Stop Subroutine

130g

Evaluate STI Sec Stop Subroutine

130g

Yes

No

Yes

Set:

Stop Curr ART = stop type

Set:

Stop Curr ART = stop type

STI Interrupt = true

No Stop

Stop

Stop

Set:

Stop Curr ART = stop type

STI Interrupt = true

StopNo Stop No Stop

No

Should stop

current ART?

Is STI

interruption?
Yes

Update State:

Set Curr STI State 

(interrupt)

Set Next ART Regimen

(curr reg)

Update State:

Stop Curr ART (stop type)

Set Target HVL (setpoint)

Tracing:

Stop Curr ART (stop type)

Yes

No

Has available

next regimen?

Update State:

Set Month Of Next CD4 Test if avail

(curr month + post-ART interval)

Set Month Of Next HVL Test if avail

(curr month + post-ART interval)

No

Next 

Page

Yes

Roll for should

restart regimen?

Update State:

Set Next ART Regimen

(curr reg)

Yes

No

Next 

Page

Next 

Page

No



ART Program Subroutine – 130d

Should start

next ART?

Is STI

restart?

Update State:

Set Curr STI State 

(restart)

Yes

Update State:

Start Next ART

Initial efficacy?

Get Partial Suppress Target HVL

150b

Partially Suppressed

Roll and Update State:

Set Target HVL (VLO)

Set CD4 Slope (roll)

Roll and Update State:

Set Target HVL

(new target)

Set CD4 Slope (roll)

Roll and Update State:

Set Target HVL (setpoint)

Suppressed Failed

Has overall 

CD4 envelope?

Update State:

Set Overall CD4 Envelope

(curr reg, slope) 

Yes

No

Update State:

Incr Costs ART 

(startup cost)

Set:

If returning to care on prev regimen, 

use overriding prob of suppression  

based on the regimen and the 

efficacy at time of LTFU 

Is not on ART? Returning to care

and was on ART?

On STI

interruption?

Yes
No

Set:

Start Next ART = true

RTC Start = true

Set:

Start Next ART = true

STI Restart = true

Evaluate STI Restart Subroutine

130g

Yes

Yes

No

Yes

Evaluate Start ART Subroutine

130f/130fp

No

No

Set:

Start Next ART = true

Yes

Prev 

Page

Next 

Page

No

Has an

available next

regimen?

Update State:

Set Next ART Regimen (none)

Update State:

Set Next ART Regimen 

(next reg)

No

Yes

Update State:

Set Month Of Next CD4 Test

(curr month + on ART interval)

Set Month Of Next HVL Test

(curr month + on ART interval)

Next 

Page

Need CD4 test

at ART init?

CD4 Test Updater

110a

Need HVL test

at ART init?

HVL Test Updater

120a

No

Yes

Yes

No

Set:

Calculate logit for 

propensity to respond

Roll and Update State:

Set ART Response (roll)

Has regimen 

CD4 envelope?

Update State:

Set Regimen CD4 Envelope

(curr reg, slope) 

Yes

No

Yes

No

Has passed max 

month for next line?
Next Regimen Avail? Yes

Set:

Next Regimen = next next 

Line

Yes
No

No

Roll and Set:

Set duration of propensity 

bump from regimen.

CD4 Test Avaliable?

Yes

Patient has obsv fail, 

or is stopping ART?

No

Set:

CD4 Monitoring Available

Yes

No



Roll and Update State:

Set ART Efficacy (roll)

Tracing:

Start Next ART (reg, cost)

Initial ART Efficacy

Set:

Calculate prob of suppression: 

multiply prob by (1 – resist) for each 

month on each prev unsuccessful 

ART and HVL strata

If returning to care on prev regimen, 

use overriding prob of suppression  

based on the regimen and the 

efficacy at time of LTFU 

Evaluate Start ART Subroutine

true

Test

on ART interval)

Set Month Of Next HVL Test

on ART interval)

No

No

Has passed max 

month for next line?

= next next 

Line

Yes





ART Program Subroutine – 130e

Return

Prev 

Page

Update State:

Add Toxicity Effect

(severity, tox id, time to tox)

For each possible 

toxicity: 

Roll for

future toxicity

occurring

Yes

No

Is on ART?

Started

new regimen this 

month?

Yes

Set:

Start Subreg = true

Next Subreg = 0

Yes

Has 

toxicity causing 

subreg switch?

No

Set:

Start Subreg = true

Next Subreg = next from tox

Past time 

for regular subreg 

switch?

No

Set:

Start Subreg = true

Next Subreg = next from tox

Yes

Yes

Update State:

Start Next ART Subregimen

(next subreg)

Start Subreg? Yes

Tracing:

Start ART Subregimen

(reg, subreg)

No

Return

No

No

Is an ART

non-responder?

No

Yes

On Adherence 

Intervention?

Eligible for Adherence 

Intervention?

Tracing:

Init Adherence Intervention

Update State:

Increment response for 

current regimen

No

Yes

Yes

No



Exceed num 

failed HVL tests?

Past min month

# for ART start?

Past months

since prev stop for

ART start?

Within CD4

bounds?

Within HVL

bounds?

Within CD4 

and HVL bounds?

Exceed num 

OIs since prev fail or

stop?

Within CD4 

bounds and OI

histories?

Exceed max

Months on ART?

Has observed

ART failure?

Stop immediately

on obsv failure?

Exceed max

months since

Failure?

Exceed min

CD4 threshold?

Observed 

severe OI?

Evaluate Start ART Subroutine and

Evaluate Fail ART Subroutine and

Evaluate Stop ART Subroutine – 130fEvaluate Start ART Subroutine

130f

Has available

next regimen?

Return

false

Yes

Yes

No

No

No

Return

true

Return

false

Yes

Yes

Yes

Evaluate Fail ART Subroutine

130f

Evaluate Stop ART Subroutine

130f

Return

fail

virol

Return

stop max

months

Return

no

stop

Yes

No

No

Return

stop

fail

Return

stop fail 

months

Return

stop 

CD4

Return

stop 

OI

Yes Yes

Yes

Yes

Also use 

confirmatory HVL

tests?

Exceed num 

confirm HVL tests?

Return

fail

immun

Return

fail

clinic

Yes

No

No

No

Return

true

Yes

Yes

No

No

Past min month

# for stop?

Past months

on ART for stop?

Yes

No

Yes

Yes

Return

no

stop

No

Return

no

stop

No

No

No

Return

no

stop

No

Return

no

fail

Exceed num 

failed CD4 tests?

Exceed 

num Ois for ART

failure?

Also use 

confirmatory CD4

tests?

Yes

Exceed num 

confirm CD4 tests?

Also use 

confirmatory HVL

tests?

Exceed num 

confirm HVL tests?

No

Yes No

No

Yes

No Yes

Yes

Yes

No

Yes

No

Yes

No

No

Return

fail

clinic

Yes

No

Has major 

toxicity causing

stop?

Return

stop maj 

tox

Yes

No



Exceed num 

failed HVL tests?

Past min month

# for ART start?

Past months

since prev stop for

ART start?

Within CD4%

bounds?

Within HVL

bounds?

Exceed num 

OIs since prev fail or

stop?

Exceed max

Months on ART?

Has observed

ART failure?

Stop immediately

on obsv failure?

Exceed max

months since

Failure?

Exceed min

CD4% threshold?

Observed 

severe OI?

Evaluate Peds Start ART Subroutine and

Evaluate Peds Fail ART Subroutine and

Evaluate Peds Stop ART Subroutine – 130fpEvaluate Peds Start ART Subroutine

130fp

Has available

next regimen?

Return

false

Yes

Yes

No

No

No

Return

true

Return

false

Yes

Yes

Evaluate Peds Fail ART Subroutine

130fp

Evaluate Peds Stop ART Subroutine

130fp

Return

fail

virol

Return

stop max

months

Return

no

stop

Yes

No

No

Return

stop

fail

Return

stop fail 

months

Return

stop 

CD4

Return

stop 

OI

Yes Yes

Yes

Yes

Also use 

confirmatory HVL

tests?

Exceed num 

confirm HVL tests?

Return

fail

immun

Return

fail

clinic

Yes

No

No

Return

true

Yes

No

Past min month

# for stop?

Past months

on ART for stop?

Yes

No

Yes

Yes

Return

no

stop

No

Return

no

stop

No

No

No

Return

no

stop

No

Return

no

fail

Exceed num 

failed CD4 tests?

Exceed 

num Ois for ART

failure?

Also use 

confirmatory CD4

tests?

Yes

Exceed num 

confirm CD4 tests?

Also use 

confirmatory HVL

tests?

Exceed num 

confirm HVL tests?

No

Yes No

No

Yes

No Yes

Yes

Yes

No

Yes

No

Yes

No

No

Return

fail

clinic

Yes

No

Has major 

toxicity causing

stop?

Return

stop maj 

tox

Yes

No



Evaluate STI Init Stop Subroutine and

Evaluate STI Restart Subroutine and

Evaluate STI Sec Stop Subroutine and

Evaluate STI Enpoint Subroutine– 130g

Evaluate STI Restart Subroutine

130g

Evaluate STI Init Stop Subroutine

130g

Is STI

enabled for this

regimen?

Return

false

Past min month

# for first STI?

Past months

since ART start for

first STI?

No

No

No

Yes

Yes

Within CD4

bounds?

Within HVL

bounds?

Within CD4 

and HVL bounds?

Exceed num 

OIs since prev fail or

stop?

Within CD4 

bounds and OI

histories?

No

No

No

No

Return

true

Return

false

Yes

Yes

Yes

Yes

Yes

No

Yes

Within CD4

bounds?

Within HVL

bounds?

No

Return

false

Return

true

No

Yes

Yes

Evaluate STI Endpoint Subroutine

130g

Past months

since STI start for

endpoint?

No

Yes

Within CD4

bounds?

Within HVL

bounds?

Within CD4 

and HVL bounds?

Exceed num 

OIs since prev fail or

stop?

Within CD4 

bounds and OI

histories?

No

No

No

No

Yes

Yes

Yes

Yes

Yes

No

Evaluate STI Sec Stop Subroutine

130g

Outside CD4

bounds?

Outside HVL

bounds?

No

Return

false

Return

true

No

Yes

Yes

Return

no

fail

Return

fail

CD4

Return

fail

HVL

Return

fail

OI

Return

fail

CD4

Return

no

fail



Proph Program Subroutine – 130h

Proph Program Subroutine

130h
May receive proph? ReturnNo

For each OI
If observed

OI since last visit?

If using 

or set to use primary

proph?

Yes

Yes
Roll for switch

to secondary

No No No

Yes

If on proph for

this OI?

Yes

Update State:

Stop Curr Proph (OI)

Tracing:

Stop Curr Proph (OI)
Yes

Has secondary

proph available?

Update State:

Set Next Proph

(OI, secondary, num)

Update State:

Set Next Proph (none)

Yes

No

No

For each OI
If on proph for

this OI?

Evaluate Start Proph Subroutine

130i/130ip

Evaluate Stop Proph Subroutine

130i/130ip

Update State:

Start Next Proph (OI)

Update State:

Stop Curr Proph (OI)
Yes

Tracing:

Start Next Proph 

(OI, type, num)

Tracing:

Stop Curr Proph 

(OI, type, num)

Return

For each OI
Has toxicity

causing switch?

Update State:

Stop Curr Proph (OI)

Tracing:

Stop Curr Proph (OI)

Has next

proph available?

Update State:

Set Next Proph

(OI, type, num)

Start Next Proph (OI)

Update State:

Set Next Proph (none)

Tracing:

Switch Proph (OI)

No Yes

Yes

No

Evaluate Stop Proph Subroutine

130i/130ip

Is month to

switch proph?

No

No

Yes

Yes

No

For each OI
If not on proph 

for this OI?
Yes

No No

Yes

No

Yes



Evaluate Start Proph Subroutine and

Evaluate Stop Proph Subroutine – 130i

Has available

next proph?

Return

false

Evaluate Start Proph Subroutine

130i

Evaluate Stop Proph Subroutine

130i

Past min month

# for proph start?

No

No

Yes

Within current

CD4 bounds?

Yes

Yes No

Within minimum

CD4 bounds?
Yes No

History 

of at least one w/ 

hist OI?

Yes No

Using OR

eval and passed at 

least one?

Past max month # 

for proph stop?

Return

true

No

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

No history 

of all w/o hist

OIs?Yes

No

Using AND

eval and failed 

none?

No

Return

true

Return

false
No Yes

Yes

Outside current

CD4 bounds?
Yes No

Outside minimum

CD4 bounds?
Yes No

History 

of at least one w/ 

hist OI?

Yes No

Using OR

eval and passed at 

least one?

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

No history 

of all w/o hist

OIs?Yes

No

Using AND

eval and failed 

none?

No

Return

true

Return

false
No Yes

Yes

Past max months 

on proph for stop?

Yes

Yes

No



Evaluate Peds Start Proph Subroutine and

Evaluate Peds Stop Proph Subroutine – 130ip

Has available

next proph?

Return

false

Evaluate Peds Start Proph Subroutine

130ip

Evaluate Peds Stop Proph Subroutine

130ip

No

Yes

Within Age Bounds?Yes No

Within curr

CD4% bounds?
Yes No

History 

of at least one w/ 

hist OI?

Yes No

Matches And/Or Criteria 

for start proph?

Return

true

No

Set:

Passed First Criteria = true

Set:

Passed First Criteria = false

Set:

Passed Second Criteria = true

Set:

Passed Second Criteria = false

Set:

Passed Third Criteria = true

Set:

Passed Third Criteria = false

No history 

of all w/o hist

OIs?Yes

No

Return

true

Return

false
No

Yes

Above Age 

Threshold?
Yes No

Above

CD4% threshold?
Yes No

History 

of at least one w/ 

hist OI?

Yes No

Matches And/Or Criteria 

for start proph?

Set:

Passed First Criteria = true

Set:

Passed First Criteria = false

Set:

Passed Second Criteria = true

Set:

Passed Second Criteria = false

Set:

Passed Third Criteria = true

Set:

Passed Third Criteria = 

false

No history 

of all w/o hist

OIs?Yes

No

Return

true

Return

false
No

Yes

Past max months 

on proph for stop?
Yes



TB Diagnostics/Clinical Updater – 135a

TB Testing Subroutine

135b/c

TB Diagnostics/Clinical Updater

135a

TB Enabled? No Return

Yes

TB LTFU Subroutine

135d

TB Treatment Subroutine

135g

TB Proph Subroutine

135e/f

Return



TB Testing Subroutine

135b

TB Testing Subroutine – 135b

TB Diagnostics 

Enabled?

Return

Yes

Patient has ongoing 

tests or has TB 

symptoms this 

month?

Evaluate Start TB Testing Subroutine

135c
No

No

No Start

Yes

Is month for result 

pickup?
Finished Testing 

Chain?
Yes Is Diagnosed TB?Yes Yes

Roll for TB Care 

Linkage

Perform TB Test Subroutine (Next Test Num)

135c’

No

Return

Waiting for test 

result?

Yes

No

Start

Patient LTFU from TB 

Care?

No

Yes

Yes

Roll and Update State:

Schedule Next TB Treatment

(treatment Line, 

roll for lag + curr month)

Is Month 0?
Roll for start in TB 

Care

Update State:

Set TB Care State(In Care)

Set Observed Strain(true strain)

Set Linkage and Detection for HIV if 

integrated

Yes Yes



TB Testing Subroutine – 135c

Evaluate Start TB Testing Subroutine

135c

Perform TB Test Subroutine

135c’

Patient Detected HIV 

this month?

Patient Meets CD4 

Criteria?

Patient Using OI 

Criteria?

Patient Using Months 

Since Entry Criteria?

Patient Using 

Detected HIV criteria?

Patient Using CD4 

Criteria?

Patient has OI this 

month?

Meets Months Since 

Entry Critera?

Patient Using Testing 

Interval Criteria?
Is Month of Interval?

No

No

No

No

Return

Yes

Yes

Yes

Yes

Yes

Yes

Return

No

Roll for Test Accept?
Roll for Result 

Pickup?
Yes

Return

No

Roll and Set:

(Test Num, Month 

of Result Pickup, 

Result) 

Yes
No

Roll for test Result

Do DST?

No

Roll for DST Result

Roll and Set:

(Test Num, Month 

of Result Pickup, 

Result) 

Roll for start empiric 

on offer

Update State:

Start Empiric Treat
Yes

Allow incomplete 

diagnosis

No

Update State:

Interpret TB Test 

results

Yes



TB LTFU Subroutine – 135d

Return

TB LTFU Subroutine

135d

Use TB LTFU?

Patient On TB 

Treatment?

Is LTFU for TB?

No

Roll for RTC TB

Yes

Yes

Update State:

Set Curr TB LTFU State 

(returned)

Yes

NoHIV/TB Integration 

and Patient HIV+? Yes

No

Roll for Resume/

Restart TB Treatment

No

Yes

No

Return

No

Is on proph

for TB?

Update State:

Stop Curr TB Proph

Tracing:

Stop TB Proph

(num)

Yes

Update State:

Stop Curr TB  

Treatment

Tracing:

Stop TB Treatment

(num)

Update State:

Set TB State (TB Treat 

Default)

Patient on Failed 

TB Treatment?

Roll for treatment 

Failure
No Fail

Update State:

Set TB LTFU 

State(LTFU)

Roll for TB LTFUYes Yes

No

Yes

No Fail

Roll for Sputum Hi

Update State:

Set TB Tracker (Sputum HI)

Yes

No

Roll and Update State:

Schedule Next TB Treatment

(next or curr Line, 

roll for lag + curr month)

Yes



TB Proph Program Subroutine

135e

TB Proph Program Subroutine – 135e

Is on proph?

Evaluate Stop TB Proph Subroutine

135f’
Update State:

Stop Curr TB Proph
Yes

Tracing:

Stop Curr TB Proph (num)

Yes

Has next proph

available?

No

No

Evaluate Start TB Proph Subroutine

135f
Yes

Roll for 

receiving proph
Yes

Roll and Update State:

Schedule Next TB Proph

(roll for lag + curr month)

Tracing:

Lag to Start TB Proph

(months lag)

Yes
No No

No

If scheduled 

to start TB proph?

Update State:

Unschedule Next TB Proph
Yes

If scheduled 

to start TB proph this

month?

No

Update State:

Start Next TB Proph

Tracing:

Start Next TB Proph (num)
Yes

Return

No

Is not scheduled

to start proph?

Has major 

proph toxicity and 

move onto next line?

No

Update State:

Stop Curr TB Proph
Yes

Tracing:

Stop Curr TB Proph (num)

Has next proph

available?

Update State:

Set Next TB Proph 

(next proph)

Update State:

Set Next TB Proph 

(none)

Yes

No

Roll for Default from 

TB Proph?
Yes

No



Evaluate Start TB Proph Subroutine and

Evaluate Stop TB Proph Subroutine – 135f

Evaluate Start TB Proph Subroutine

135f

Has available

next proph?

Return

false

Has Known active 

TB?

Is on TB treatment?

No

Yes

Yes

Yes

No

Evaluate Stop TB Proph Subroutine

135f’

Within current

CD4 bounds?
Yes No

All on Proph?Yes No

Immune Reactive?Yes No

No

Known History of 

Active TB?
Yes No

If acute 

TB occurred this 

month?

Return

true

Yes

Within current

CD4 bounds?
Yes No

Major Toxicity this 

month
Yes No

Past months 

on proph for proph 

stop?

Yes No

No

Using OR

eval and passed at 

least one?

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Using AND

eval and failed 

none?

No

Return

true

Return

false
No Yes

Yes

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Passed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Failed One Criteria = true

Using OR

eval and passed at 

least one?

Using AND

eval and failed 

none?

Return

true

Return

false
No Yes

Yes

Set:

Passed One Criteria = true

Set:

Passed One Criteria = true

Set:

Passed One Criteria = true

Set:

Failed One Criteria = true

Set:

Failed One Criteria = true

Set:

Failed One Criteria = true

No



TB Treatment Program Subroutine

135g

TB Treatment Program Subroutine – 135g

Scheduled 

to Start TB treatment 

this

month?
Yes

Return

No

Finished

TB treatment?

No

Treatment Success?Yes
Was in Active Tb 

State?
Yes

Update State:

Stop Curr TB Treatment

(finished, cured)

Set Curr TB State(Treated)

Yes

Update State:

Stop Curr TB Treatment

(finished, not cured)

Set TB Disease State (active)

No

Return

No

Roll for

increased 

resistance

Update State:

Increase TB Drug Resistance
Yes

Restart Regimen?

Roll and Update State:

Schedule TB Treatment

Curr Regimen, roll for time lag)

Yes

Has Next Regimen?

No

Roll and Update State:

Schedule TB Treatment

Next Regimen, roll for time lag)

Yes

Is On Failed TB 

Treatment?

No

Roll for Observed 

Early Failure?
Yes

Update State:

Observed Early Failure TB
Yes

Has Observed Early 

Failure?

No

Roll for Switch LinesYes

Roll and Update State:

Schedule TB Treatment

(next line, roll for time lag)

Yes

No

Update State:

Set TB Treatment Line

Set Month of treatment finish

Roll and Set:

Treatment Success/Fail

Update State:

Add Cost for TB Treatment



End Month Updater – 140a 

End Month Updater

140a/b

Is HIV positive? Is detected

HIV positive?

Update State:

Incr Misc Costs 

(HIV undetected month, percent)

Update State:

Incr Misc Costs 

(routine care, cd4 strata, 

gender, percent)

Yes

No No

Yes

Is on ART?

Update State:

Incr ART Costs 

(ART monthly cost)

Is taking at 

least one proph?
For each OI

Is on proph

for this OI?

Update State:

Incr Proph Costs 

(proph monthly cost)

Yes

Yes Yes

No

Set:

Set monthly cost, modify by

prob of fill Rx for non-resonders

Incur full cost if month of regimen start

Set:

Set percent of month to 50% if 

death occurs, 100% otherwise

Is on TB proph?

Update State:

Incr TB Proph Costs 

(TB proph monthly cost)

Yes

Is on TB

treatment?

Update State:

Incr TB Treatment Costs 

(TB treatment monthly cost,

ART mult)

No

Yes

No

No

Using Simplified

Peds Model?

Set:

Calculate peds cost based 

on HIV status, infection 

method, and ART status

Yes

Update State:

Incr Misc Costs 

(peds, percent)

Is on Adherence 

Intervention?

Update State:

Incr Intervention Cost

(Intervention monthly cost)

No

Yes
Is past intervention 

cost duration?
No

Yes

Update State:

Incr Misc Costs 

(general medicine, percent, ltfu mult)

Next

Page

No

Is below age 

threshold for HIV Neg 

costs?

Update State:

Incr Misc Costs 

(HIV Negative month, percent)

Yes

No

Is below age 

threshold for 

Undetected costs?

Yes

No



Next

Page

Death occurred?

Death from OI?

Update State:

Incr Misc Costs 

(OI death cost)

Death from

chronic AIDS?

Is detected 

HIV positive?Yes

Update State:

Incr Misc Costs 

(chrAIDS death cost)

Update State:

Incr Misc Costs 

(chrAIDS death undetected cost)

Death from

non AIDS?

Is detected 

HIV positive?

Is HIV positive?

Update State:

Incr Misc Costs 

(nonAIDS death HIV neg cost)

Update State:

Incr Misc Costs 

(nonAIDS death cost)

Update State:

Incr Misc Costs 

(nonAIDS death undetected cost)

No

No

Yes

Death from

CHRMs?

No

No

No

No

Yes

No

Yes

Yes

Yes
No

Yes

Update State:

Incr Misc Costs 

(CHRMs death cost)

Yes

No

Prev

Page
End Month Updater – 140b 



End Month Updater – 140c

Return

Prev

Page

Update State:

Update Patient Survival (percent)

Update Overall Survival (percent)

Update Longitudinal Survival

Update State:

Update Population Stats

Add Patient Summary

Tracing:

Patient Death (cause)

Patient Stats (LM, QALM, cost)

Update State:

Set OI History

Update OI History Logging

Update ART Efficacy Stats

Tracing:

Patient Health (CD4, HVL)

Patient Stats (LM, QALM, cost)

Update State:

Increment Month

Increment Discount Factor

Death occurred?

Has acute OI?

Update State:

Accum QOL Mult 

(Acute OI month) 

Update State:

Accum QOL Mult 

(Acute OI death) 

Is detected

HIV positive?

Set:

Calculate routine care QOL as 

minimum QOL of care from all 

OIs that patient has a history of

Update State:

Accum QOL Mult 

(routine care) 

Has history of

two or more OIs?

Update State:

Accum QOL Mult 

(0.8) 

Yes

Update State:

Accum QOL Mult 

(age/gender base QOL) 

No

Update State:

Accum QOL Mult 

(HIV undetected month) 

Update State:

Accum QOL Mult 

(nonAIDS death HIV neg) 

No

Yes

No

Yes

Death from OI?

Death from

chronic AIDS?

Is detected 

HIV positive?

Death from

non AIDS?

Is detected 

HIV positive?

Is HIV positive?

Death from

CHRMs?

No

No

No

Yes

Yes

Yes

Yes

Update State:

Accum QOL Mult 

(chrAIDS death undetected) 

Update State:

Accum QOL Mult 

(chrAIDS death) 

Update State:

Accum QOL Mult 

(nonAIDS death undetected) 

Update State:

Accum QOL Mult 

(nonAIDS death) 

Update State:

Accum QOL Mult 

(CHRMs death) 

Yes

No

Yes

No

No

Yes

Yes

Death occurred?

Update State:

Update Patient Survival (percent)

Update Overall Survival (percent)

No

Yes

No



Set Month Of Initial Clinic Visit and

Will Attend Clinic This Month – 150a

At or past 

month of regular clinic 

visit?

Is Initial Visit?

Is on ART or

prophs?

Patient always

goes if scheduled?

Return

True

Yes

No

No

Yes

Yes

YesNo

No

Return

False

Return

True

Will Attend Clinic This Month

150a

Is LTFU?

No

Return

False

Yes

Schedule Initial Clinic Visit

150a

Update State:

Schedule Regular Clinic Visit

(curr month)

Set:

Calculate CD4 testing interval 

from CD4 strata and ART state

Has a real

interval?

Update State:

Set Month Of Next CD4 Test

(never)

Update State:

Set Month Of Next CD4 Test

(curr month)

No Yes

Set:

Calculate HVL testing interval 

from CD4 strata and ART state

Has a real

interval?

Update State:

Set Month Of Next HVL Test

(never)

Update State:

Set Month Of Next HVL Test

(curr month)

No Yes

Return

Is detected

HIV positive?

Yes

No

At or past 

month of emergency 

clinic visit?

Yes

No

Is after Lag to CD4 

Testing?

Yes

Is after Lag to HVL 

Testing?

Yes

No



Get Partial Suppress Target HVL – 150b 

Set:

numStrata = 

Setpoint HVL - Suppress HVL - 1

numStrata < 1
Return

Setpoint HVL
True

numStrata > 3
Set:

numStrata = 3

False

True

For each i: 

1 .. numStrata

Roll for 

HVL drop of i

Return
Setpoint 

HVL - i

Yes

False

No

Get Partial Suppress Target HVL

150b


