SI Appendix
Model Equations

In the following equations, secondary parameters (Table S4) and the force of infection
(Eq. 1) are denoted by lower-case letters, sub-populations (Table S3) are denoted by capital
letters, and outputs from other equations are denoted by longer terms started with a capital letter.
Time-dependent parameters are denoted by (t), referring to the value at the present time step, or
(t+1) to the value at the next time step. Generic subscripts are used as follows: h = HIV status
(+, positive; —, negative), d = drug susceptibility (n, non-resistant; m, MDR; x, XDR), i =
infectivity (o, no active TB; a, highly infective; I, less infective), and t = treatment status (0 =

never treated; 1 = previously treated).

Force of infection, fy(t).

fo(t)= Z{/ldi X Zh:Z[Pthit (t)+ P (t)+ PTC g () +U g (t)]} : [1]

Flow due to HIV infection, Hivflow(t).

If h =+, then, for population X.qit(t), Hivflow, (t) = X _;, (t) xts x hiv [2]

If h = — then, for population X_git(t), Hivflow (t) = =X _ (t) xts x hiv.

Flow due to conversion from less to highly infectious TB, Infflow(t).



If i = a, then for population Xnga(t), Infflow, (t) = X, (t)xts x sc

If i =1, then for population Xn(t), Infflow, (t) = —X,, (t)xtsxsc.

Flow due to mortality and aging to 50th birthday, Mortflow(t)
For population Xngir(t), Mortflow,, (t) = X, (t)xtsxm,,.

Note that i = o for populations without an infectivity designation.

Number of susceptible patients, S(t)

S, (t+1)=S,(t)+ a{(l— 0.98'° )x 2. 2.2 > Mortflow,g, (t)}
—S, (t)xtsx [Z f, (t)j — Mortflow, (t)+ Hivflow, (t),

wherea=1forS_anda =0 for S,

Number of latently infected patients, L(t).

[3]

[4]

[5]

L (t+1)=L,, (t)+a{0.9815 <T T3 mortow,, (t)}r[sh(t)x (O -rp, )]

{ thxtsx 3Ly (1) ps, <L~ rph)]}

— Ly (t)xtsx {erh + Ps, X [Zd: f, (t)}} — Mortflow,, (t)+ Hivflow, (t),

where a =1 for L_gand a = 0 for L.q.

Number of patients with active TB before presenting for diagnosis, PD(t).

[6]



Pthit(t +1) = Pthit(t)+ [Sh(t)x fa (t)x rph]+ (1_ b)x {Z[Lhd (t)]XtS xipy,; x [erh + ps, xrp, x fy (t)]}

+(bxtsxip,; )x {[rel x F o (t)x (1—dr)]+[rel x R, (t)x dr]+[rp, x f,(t)]x {Ch(t)jt ps, X ; F. (t)}}

—[PD,; (t)xts/ pd |- Mortflow, (t)+ Hivflow, (t)+ Infflow (t),
[7]
where b = 0 for PDngio and b = 1 for PDhgj1.

Number of active TB patients awaiting treatment based on diagnosis not involving culture,
PT(t).

PT, (t +1) = PT, (t)+ {PD, (t)x ts x cdr, x tx/ pd |+ {(ts x redx, )x (U ,; x cdr, x tx)} 5]
—[PT, (t)xts/dd ]— Mortflow,, (t)+ Hivflow, (t)+ Infflow, (t).

Number of active TB patients awaiting treatment based on culture result, PTC(t).

PTC,,, (t+1)=PTC,,, (t)+ {PD,,, (t)xts x cx, x (cdrc, —cdr, )x tx x (1—Itf )/ pd }
+{(ts x redx,, ) x [U . x (cdre, —cdr, )x cx, x txx (1— Itf )]} [9]
—[PTC, (t)xts/ ddc]— Mortflow,, (t)+ Hivflow, (t)+ Infflow, (t).



Number of patients with untreated active TB, U(t).

Ui (t+1) = U () + {PD, 4 (t) x ts x [ - tx x [(cdrc, —cdr, )x cx, x (1—Itf )+cdr, ])/ pd }
> [PT (t)x (1 —excx, xdst, x g)x (L-act, )/ dd]
+(bxts ‘
(bxts)~ +Z[PTChdit(t)x(l—aCtd)x(l—exdsttxg)/ddc] [10]
t

—U g (t)x ts x redx,, x {(cdr, xtx)+ [(cdre, —cdr, )x cx, x (1—Itf )x tx]}
— Mortflow,, (t)+ Hivflow, (t)+ Infflow, (t),

where b = 0 for Upgip and b = 1 for Upgir. € = 0 for Uppit, € = 1 for Upmit Or Upxir; and g = 1 for Uppit

or Unmit, 9 = q for Unyit.

Number of patients cured of prior active TB, C(t).

C,(t+1)=C,([t)+ > > > {[PTu (t)xtsxact, xcr/dd]+[PTC,y, (t)xts x acty x cr/ddc]f
d i t

[11]
+{DST,, (t)xtsxcr/dstd}—C, (t)xts {rph x z i ( } Mortflow,, (t)+ Hivflow, (t ).
Number of patients receiving inactive therapy that will be changed on the basis of DST
result, DST(t).
DST,, (t+1)= DSThd( )
+tsx (1—act, ) ZZ PT, (t)xcx, xdst, x g/dd]+[PTC,, (t)x dst, x g / ddc]} [12]

—DST, , (t )xts/dstd — Mortflow, (t)xip,, — Mortflow,, (t)xip,, + Hivflow, (t)

where g = 1 for DSTn and g = g for DSTyy; note that DSTy, does not exist.



Number of patients treated for active TB but not cured, F(t)

Frg (t+1)= Fog (t)+ zz {[PThgie (t)xtsx acty x (1 —cr)/ dd ]+ [PTC gy (t)xts x acty x (1—cr)/ ddc]}
+[DSTyg (t)xtsx (L—cr)x(1—g)/ dstd ]+{ fa (t)xtsx )" [psy, x (L—1py )x Fig (t)]} [13]

— Frg (t)xtsx {rel J{ pSy, Z f, (t)}} — Mortflowy,, (t)+ Hivflow,, (t),

where g = 0 for Fp, or Frm, and g = g for Fpx.

Number of patients under respiratory isolation for XDR-TB, Q(t).

Q, (t+1)=Q, (t)+[qxDST, (t)xip,; xts/dstd |- Mortflow, (t)+ Infflow, (t). [14]



