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Evaluation of TB diagnostic test accuracy using Bayesian latent class analysis in the presence of conditional
dependence between the diagnostic tests used in a community-based TB screening study

Supplementary material
1. Model

Let the random variable ¥;,j = 1,2, ..., ] denote the jt* diagnostic test and the random variable D denote the latent
disease status such that ¥; = 0(1) if the jt" diagnostic test result is negative (positive) and D = 0(1) if the true
disease status is negative (positive). Under the assumption of conditional independence, the joint probability of a

combination of test results from a set of J diagnostic tests Y = (Yl, Yy, e, Y]) is given by [1]

1 J
Pr(y) = Z Pr(D = d) npr(yj = YiD =d) e e e e e e e (1)
d=0 j=1

However, for | dependent diagnostic tests, Pr(Y) can be expressed using the chain rule of conditional probability

as follows
1 J j-1
Pr(Y) = ZPr(D = d)HPr Y, =yj|D=d ﬂ Yoy,
d=0 j=1 j'=1]j>1 !
1 ]
. 1-y;
d=0 j=1
where

j-1
paj=Pr|Y,=1D=d ﬂ Y-rzyj, and6,; = Pr(D =d),d € {0,1}
j'=1l>1

The probabilities pgjand 8; = Pr(D = d),d € {0,1} can be calculated using regression methods.

Consequently,

Pr(Y,=1p=4d) = Z Z ﬂpdk DDURERENI )|

Yj_1€(0,1) Y,€(0,1) Y1€(0,1) k=1
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and Pr(Y; =0|D =d) =1-Pr(¥; = 1|D = d).

The model can be extended to include covariates known to affect the diagnostic accuracy and/or prevalence such

that for a binary variable X, Pr(Y) can be re-expressed as

1 1

] j-1
Pr(Y) = Z Pr(X =x)Pr(D =d|X = x)l_[Pr Y=yl X = xﬂD =d ﬂ Yisy,,
J
0 j=1

d=0x= j'=1]j>1
For a vector X of p covariates, Pr(X) = Pr(Xl,XZ, ...,Xp) = Pr(X)Pr(X;|X,) ...Pr(Xp|X1,X2, ...Xp_l).
1.1. Bayesian Inference

Since the likelihood function of y; = (}’u.yiz. ,yi]) depends on the (latent) disease status d;,i = 1,2,3,:+-, N, we
have

d; 1-d;

J J
Pr(y;, di|9,Pdij) =16 Hp;:j(l - pdij)l_y” 1-96) Hp;/g(l - pdij)l_yij N ()
j=1 j=1

We will only focus on the case where we have data on J diagnostic tests. Extension to incorporate covariates is
straight forward. From (4) we have J conditional probability models to fit to determine pg,;,j = 1,2, ...]. Since the
outcome is Bernoulli distributed and Pa;jis related to a set of (binary) independent variables we can define a binary
regression model as p;q,; = H(y,-Tij), where yI' = (yio,yil, ---,yl-j) isa (j + 1) x 1 vector of observed variables
(or diagnostic tests) with y;o = 1, Bg;isa (j + 1) X 1 vector of unknown parameters to be estimated, and H(.) is
a known cumulative distribution function (CDF) linking the probabilities p;4,; with the linear component yl-TBd]- [2].
The unknown parameters B4; were assigned g(ﬁdj) = N(ud]-, aﬁjljﬂ) priors, where ;.4 is an identity matrix of
dimension (j + 1) and aﬁj isa (j + 1) x 1 vector of variances among subjects whose true PTB status is d. The
variances may not necessarily be the same (Tables S1 — S5). Similarly, the unobserved PTB status is a Bernoulli
distributed latent variable. Therefore, the probability 8; that the it" subject has PTB is related to a constant or a (set
of) covariate(s) as follows: 8; = H(x,-Tw), where xT = (xio,xiz,m,xip) is a (p+1)x1 vector of observed

covariates (x;p = 1), w is a (p + 1) X 1 vector of unknown parameters to be estimated, and H(.) is a known CDF
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linking the probabilities 6; with the linear component x,—Tw . The unknown parameter(s) @ were assigned g(w) =
N(ug, aglpﬂ) priors, where I, is anidentity matrix of dimension p + 1 and o5isa(p + 1) X 1vector of variances

(for now we are working with p + 1 = 1). Thus, the posterior distribution g(w, Baj | yi d) is proportional to

9(@) U (H (xiTw)di (1 - H(xiT“’))l_di) X U 9(B4j) U (H(yiTﬁu))yUdi (1 - H(yiTﬁ1j))(1_YU)di

J N
X 1_[ 9(Boj) 1_[ (H(yiTﬂo]'))yU(l_di) (1 - H(yiTBOj))(l_yij)(l_di) N ()
j=1 i=1

1—

Vij Vij Yij
where [ g(B4) Ty (H(YTB4)) ~ (1-H(By))  dBaj.def0,1}and [ g(w) I, (H(xTw)) ™ (1-
H(xiTw))l_yij dw are not easy to determine analytically. Thus, the unknown parameters w, and ﬁ'd]-,j =123, ..,J

will be estimated using Markov Chain Monte Carlo (MCMC) approach.
2. Prior distributions

Table S1 presents the models and the prior distributions for the parameters in the probit regression models for the
analysis of CPTB study. Similarly, Tables S4 — S5 present the models and the prior distributions for the parameters in
the probit regression models for the analysis of Vukuzazi study. The assumptions made on the potential

dependencies for all the models were presented in the analysis section of the main document.

2.1. CPTB Data

In the analysis of CPTB data, we allowed TST (Y;), radiography (Y;), microscopy (Y3), Xpert (¥,) and culture (¥s) as

the possible ordering of the diagnostic tests.
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Table S1: Prior distributions for the parameters in the probit regression models for childhood pulmonary TB data

Response  Model structure Model 0 Model 1 Model 2 Model 3 Model 4
D Pr(D =1) = ¢(w) g(w)~N(0,1) g(w)~N(0,1) g(w)~N(0,1) g(w)~N(0,1) g(w)~N(0,1)
Y Pr(Yy =1|D; = 1) = @(B11) 9g(B11)~N(0,10) 9g(B11)~N(0,10)  g(B;11)~N(0,10) g(B11)~N(0,10) g(B11)~N(0,10)
Pr(Yy =1ID; = 0) = @(aq1) g(a;1)~N(0,10) g(a;1)~N(0,10) g(a;1)~N(0,10)  g(a;11)~N(0,10) g(a;;)~N(0,10)
Y, Pr (Y, = 1|Y;y, Di=1) = @(B12 + B22Yi1) 9(B12)~N(0,10) 9(B12)~N(0,10) g(B12)~N(0,10)  g(B12)~N(0,10)  g(B12)~N(0,10)
- - - 9(B22)~N(0,10)  g(B22)~N(0,10)
Pr (Y;; = 1]Y;;, D;=0) = @(ay, + a3,Y;1) g(a;2)~N(0,10) g(a;2)~N(0,10)  g(a;3)~N(0,10) g(a;,)~N(0,10) g(a;,)~N(0,10)
- - g(az2)~N(0,10)  g(a3,)~N(0,10) -
Y3 Pr(Y;; = 11Yy, Y, Di=1) 9(B13)~N(0,10) 9g(B13)~N(0,10)  g(B13)~N(0,10) g(B13)~N(0,10) g(B;13)~N(0,10)
= @(B13+ BasYirt P33Yiz) - 9g(B23)~N(0,10)  g(B3)~N(0,10) g(B23)~N(0,10) g(f,3)~N(0,10)
- - - 9(B33)~N(0,10)  g(B33)~N(0,10)
Pr (Y3 = 1|1D;=0) = @(ay3) g(a;3)~N(-3,0.1)  g(a;3)~N(-3,0.1) g(a;3)~N(-3,0.1) g(a;3)~N(-3,0.1) g(a;3)~N(-3,0.1)
Y, Pr(Yy = 1Yy, Y, Vi3, Di=1) 9(B14)~N(0,10) 9(B14)~N(0,10) 9(B14)~N(0,10)  g(B14)~N(0,10) g(B14)~N(0,10)
= @(Brat BoaYir* B3aYizt BaaViz) - g(B24)~N(0,10)  g(B24)~N(0,10) g(B4)~N(0,10) g(B,4)~N(0,10)
- - - 9(B34)~N(0,10)  g(B34)~N(0,10)
- 9(B44a)~N(0,10) 9(B44a)~N(0,10) 9(Baa)~N(0,10)  g(Bsa)~N(0,10)
Pr (Yis = 1|D;=0) = @(ay4) g(a14)~N(-3,0.1)  g(a;4)~N(-3,0.1) g(a;4)~N(-3,0.1) g(a;4)~N(-3,0.1) g(as4)~N(-3,0.1)
Y5 Pr(Y;s = 11Yyy, Yi, Yis, Yia, D;=1) 9(B15)~N(0,10) 9g(B15)~N(0,10)  g(B;15)~N(0,10) g(B15)~N(0,10) g(B15)~N(0,10)

= @(B1s+ BosYirt PasYizt PasYist BssVia)

Pr(Y;s = 1|D;=0) = @(a;s)

9(a15)~N(-3,0.1)

9(B25)~N(0,10)

9(B4s)~N(0,10)
9(Bss5)~N(0,10)

g(a15)~N(-3,0.1)

9(B25)~N(0,10)

9(B4s)~N(0,10)
9(Bss5)~N(0,10)

g(a15)~N(-3,0.1)

9(B25)~N(0,10)
9(B35)~N(0,10)
9(Bas)~N(0,10)
9(Bss)~N(0,10)

9(a15)~N(-3,0.1)

9(B25)~N(0,10)
9(B35)~N(0,10)
9(Bas)~N(0,10)
9(Bss)~N(0,10)

9(a15)~N(-3,0.1)

D — Disease (CPTB), Y; —TST, Y, — Radiography, Y; — Smear microscopy, Y, — Xpert MTB/RIF, Y — Culture, “-“ implies the parameter is not included (i.e set to

zero) in the model, Model 0 was based on the assumption of conditional independence, Model 1 was based on expert opinion [3], Model 2 adds dependency
between TST and radiography in non-CPTB cases to Model 1, Model 3 additionally allows dependency of all diagnostic tests with radiography among the true
CPTB cases. Model 4 is the reduced version of Model 3 that omits the dependence between TST and radiography in non-CPTB cases
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Table S2: Prior distributions for the parameters in the probit regression models for Vukuzazi data

Model structure Model 0 Model 1 Model 2
D Pr(D =1) = 8(w) g(w)~N(-3,0.1) g(w)~N(-3,0.1) g(w)~N(-3,0.1)
Y Pr(Yy =1|D; =1) g(B11)~N(0,0.1) 9(B11)~N(0,0.1) 9(B11)~N(0,0.1)
= (3(311)
Pr(Yy = 1|D; = 0) g(ay11)~N(0,10) g(ay1)~N(0,10) g(ay11)~N(0,10)
= 0(ai1)
Y, Pr(Y; = 1|D;=1) = 8(B;2) g(B12)~N(0,0.1) 9(B12)~N(0,0.1) 9(B12)~N(0,0.1)
Pr(Y;, = 1|Y;;,D;=0) = g(a;12)~N(0,10) g(a12)~N(0,10) g(a;12)~N(0,10)
P(a12 + a22i1) - - g(a32)~N(0,10)
Y3 Pr(Y;3 = 1|Y;,, D;=1) 9(B13)~N(0,0.1) 9(B13)~N(0,0.1) 9(B13)~N(0,0.1)
= O(B13+ P23Vi2) - 9(B23)~N(0,0.1) 9(B23)~N(0,0.1)
Pr(Yz = 1|Y;y, Y2, D;=0) g(ay3)~N(0,10) g(ay13)~N(0,10) g(a;13)~N(0,10)
= @(ay3 + Aa3Yir+ A33Yi2) - g(a33)~N(0,10)
g(a33)~N(0,10)
Y, Pr(Yy, = 1|Y;,, Y3, Di=1) 9(B14)~N(0,0.1) 9(B14)~N(0,0.1) 9(B14)~N(0,0.1)
= O(Bra* Br2aYiz* B34Yis) - 9(B24)~N(0,0.1) 9(B24)~N(0,0.1)
9(B34)~N(0,0.1) 9(B34)~N(0,0.1)
Pr(Yi = 11Yyy, Y3, Vi3, D;=0) g(a14)~N(0,10) g(a14)~N(0,10) g(a14)~N(0,10)
_ (0-’14 +d24Yi1 +) - - g(a,4)~N(0,10)
A34Yi2% A44Yi3 g(a34)~N(0,10)
g(a44)~N(0,10)
Y5 Pr(Y;s = 1|1D;=1) = 8(Bys) 9(B15)~N(0,0.1) 9(B15)~N(0,0.1) 9(B15)~N(0,0.1)
Pr(Y,s = 1|D;=0) g(ays)~N(-1.88,0.01)  g(a;s)~N(-1.88,0.01)  g(ays)~N(-1.88,0.01)
= 0(ass) - - -
Ye Pr(Y; = 1|D;=1) 9(B16)~N(0,0.1) 9 (B16)~N(0.84,0.1) 9(B16)~N(0.84,0.1)
= @(B16+P26Yis) - 9(B26)~N(0,0.1) 9(B26)~N(0,0.1)
Pr(Y;s = 1|D;=0) g(@1)~N(-3.09,0.01)  g(ae)~N(-3.09,0.01)  g(a;e)~N(-3.09,0.01)
= 0(as6)

D — Disease (PTB), ¥; —any TB symptom, Y, — Radiologist conclusion, Y; — CADATBv5>53 Y, — CADATBv6>53, Y; —
Xpert Ultra, Yy — Culture, “-“ implies the parameter is not included (i.e set to zero) in the model, Model 0 — Based
on the assumption of conditional independence, Model 1 — Accounts for conditional dependence between
radiologist conclusion, CAD4TBv5>53 and CAD4TBv6253 and between Xpert Ultra and culture among the PTB cases
and allows conditional independence between all the diagnostic tests among non-PTB cases, Model 2 — Accounts
for conditional dependence between radiologist conclusion, CAD4TBv5>53 and CAD4TBv6>53 and between Xpert
Ultra and culture among the PTB cases and conditional dependence between any TB symptom, radiologist

conclusion, CAD4TBv5>53 and CAD4TBv62>53 among non-PTB cases
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Table S3: Prior distributions for the parameters in the probit regression models for Vukuzazi data

Model structure Model 3
D Pr(D =1) = ¢(w) g(w)~N(-3,0.1)
Y Pr(Y;; = 1|D; = 1) = 8(11) 9(B11)~N(0,0.1)
Pr(Y;; = 1|D; = 0) = B(aq4) g(a11)~N(0,10)
Y, Pr(Y;, = 1Yy, D;=1) = 0(B12) g(B12)~N(0,0.1)
Pr(Y;, = 1Yy, D;=0) = @(a1, + a23¥i1) g(a;12)~N(0,10)
g(a32)~N(0,10)
Y3 Pr(Yz = 1Y, D;=1) = @(Bi3+ B23Viz) 9(B13)~N(0,0.1)
9(B23)~N(0,0.1)
Pr(Yiz = 1|Y;q, Yi2, D;=0) = @(ay3 + 231+ A33Yi2) g(a;13)~N(0,10)
g(a33)~N(0,10)
g(a33)~N(0,10)
Y, Pr(Yyy = 11Y;3,Yi3, D;=1) = @(B14+ BraYiz* B34Yis) 9(B14)~N(0,0.1)
9(B24)~N(0,0.1)
9(B34)~N(0,0.1)
Pr(Yiy = 1|Y;1, Vi, Vi3, D;=0) = @(@14+Q24Yi1+ A34Yiz+ XsaYi3) g(a14)~N(0,10)
g(az4)~N(0,10)
g(a34)~N(0,10)
g(aa4)~N(0,10)
Y5 Pr(Ys = 1Yy, Vi3, Yig, D;=1) = @(B15+ B25Viz+ PasVis* PasVia) 9(B15)~N(0,0.1)
9(B25)~N(0,0.1)
9(B35)~N(0,0.1)
9(Bas)~N(0,0.1)
Pr(Y;s = 1|D;=0) = @(ays5) g(a;5)~N(-1.88,0.01)
Ye Pr(Yi = 11Yip, Vi3, Yia, Yis, Di=1) = @(B16+ Bo6Yiz+ BseYis+ BasYiat PseYis) (B16)~N(0.84,0.1)

Pr(Y;e = 1|1D;=0) = @(as6)

9(B26)~N(0,0.1)
9(B36)~N(0,0.1)
9(Bas)~N(0,0.1)
8(Bse)~N(0,0.1)

g(a16)~N(-3.09,0.01)

D — Disease (PTB), ¥; —any TB symptom, Y, — Radiologist conclusion, Y; — CADATBv5>53 Y, — CADATBv6>53, Y; —
Xpert Ultra, Yy — Culture, Model 3 — Accounts for conditional dependence between all the diagnostic tests except

any TB symptom among the PTB cases and dependence between any TB symptom, radiologist conclusion,
CAD4TBv5253 and CAD4TBv6253 among non-PTB cases.
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Table S4: Prior distributions for the parameters in the probit regression models for Vukuzazi data

Model structure

Model 4

Y

Pr(D = 1) = ¢(w)

Pr(Y;; = 1|D; = 1) = 8(11)
Pr(Y;; = 1|D; = 0) = @(aq4)

Pr(Yy, = 1Yy, Di=1) = @(B12+ B22Yi1)

Pr(Y;, = 1|Y;y, D;=0) = @(ay, + a22Y;1)

Pr(Yz = 1Yy, Yz, Di=1) = B(B13+ B23Vir+ P33 Viz)

Pr(Yiz = 1|Y;q, Yi2, D;=0) = @(ay3 + a23Yi1+ A33Yi2)

Pr(Yiy = 11Yi1, Y2, Vi3, D;=1) = @(Bra+ BraVir+ P3aYiz* Paayiz)

Pr(Yy, = 1|Y;4, Yiz, Yis, D;=0) = B(@14+Q24Yi1+ A34Yin* AasYis)

Pr(Y;s = 11Yyy, Yip, Yiz, Yia, Di=1) = O(Byis+ BosYir+ BssYia+ BasVist PssVia)

Pr(Y;s = 1|1D;=0) = @(as5)

Pr(Yie = 1Yy, Y2, Vi3, Yia, Vs, Di=1)
= O(B16+ B26Yirt PasVizt PacYizt BseYiat PecVis)

Pr(Y;s = 1|1D;=0) = @(a16)

g(w)~N(-3,0.1)

g(B11)~N(0,0.1)
g(a;1)~N(0,10)

g(B12)~N(0,0.1)
9(B22)~N(0,0.1)

g(a;2)~N(0,10)
g(az;)~N(0,10)

9(B13)~N(0,0.1)
9(B23)~N(0,0.1)
9(B33)~N(0,0.1)

9(a13)~N(0,10)
9(az3)~N(0,10)
9(a33)~N(0,10)

9(B14)~N(0,0.1)
9(B24)~N(0,0.1)
9(B34)~N(0,0.1)
9(Bas)~N(0,0.1)

9(a14)~N(0,10)
9(a24)~N(0,10)
9(a34)~N(0,10)
9(a44)~N(0,10)

9(B15)~N(0,0.1)
9(B25)~N(0,0.1)
9(B35)~N(0,0.1)
9(Bas)~N(0,0.1)
9(Bs5)~N(0,0.1)

g(a;5)~N(-1.88,0.01)

9(B16)~N(0.84,0.1)

9(B26)~N(0,0.1)
9(B36)~N(0,0.1)
9(Bas)~N(0,0.1)
g(Bss)~N(0,0.1)
9(Bss)~N(0,0.1)

g(a16)~N(-3.09,0.01)

D — Disease (PTB), ¥; — any TB symptom, Y, — Radiologist conclusion, Y; — CAD4TBv5253 Y, — CADATBvV6253, Y5 —
Xpert Ultra, Yy — Culture, Model 4 — Accounts for conditional dependence between all the diagnostic tests among
the PTB cases and conditional dependence between any TB symptom, radiologist conclusion, CAD4TBv5>53 and

CADATBv6253 among non-PTB cases
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Table S5: Prior distributions for the parameters in the probit regression models for Vukuzazi data

Model structure Model 2 with covariates
D [Oh) + w1Xi3 + WXy + (l)31(x,:1 = 2) +> g(w0)~N(-5,0.l)
Pr(D = 1|X;1, X;», Xi3)=
r( 1Xi1, X1z, Xi3) ®< wyl(x;1 =3) + wsl(x; = 4) g(w1)~N(0,0.01), ...,
9(ws)~N(0,0.01)
Y Pr(Yy = 11Xy, Xiz, Xi3, Dy = 1) 9(P11)~N(0,10)
-0 (ﬁn + Bo1%Xiz + BarXiz + Barl(xiq = 2) +) 9(B21) - g(Be1)~N(0,1)
Bs1l(xip = 3) + Bl (x;1 = 4)
Pr(Yy = 11X, Xiz, Xi3, D; = 0) g(ay1)~N(0,10)
- <a’11 + 1 X3 + A31 X + Aar (X1 = 2)) g(azq) ... g(ae1)~N(0,1)
tasI(x;; = 3) + agl(xy =4)
Y, Pr(Yi; = 1|Xiy, Xiz, Xi3, Di=1) = 9(B12) - 9(Bs2)~N(0,1)
¢ <ﬁ12 + Baaxiz + BazXiz + Pazl (X1 = 2) +>
Bs21(xi1 = 3) + Beal (X1 = 4)
Pr(Yiz = 11Yiy, Xi1, Xiz, Xi3, D;=0) = g(ay2), g(az2)~N(0,10)
@ (0512 + Y1 T A3pXiz + AapXip + a5 (X = 2)) g(asy) ... g(a;2)~N(0,1)
+agl(xip = 3) + az20(xy = 4)
Y3 Pr(Yz = 1Yy, Xi1, Xiz, Xi3, D;=1) = 9(B13) .. g(B73)~N(0,1)
@ (,313*' B23Yiz + BazXis + PazXiz + Ps3l (X1 = 2))
+Be3l(xi1 = 3) + B3l (x;y = 4)
Pr(Yiz = 1|Y;1, Yiz, Xi1, Xi2, Xi3, D;=0) = g(ay3) ... g(az3)~N(0,10)
< Q3+ Ap3Yi1t A33Yiz + Ay43Xi3 + As3X; ) g(as3) ... g(ag3)~N(0,1)
+aesl (xjy = 2) + a731(xy = 3)+agsl(x;; = 4)
Y, Pr(Yy = 1lY;, Vi3, Xin, Xip, Xi3, Di=1) = 9(B14) ... 9(Bsa)~N(0,1)
( Bia+ B2aYizt BaaYiz + PaaXiz + Psaxiz )
+Beal (xi1 = 2) + Bral(xyg = 3) + Bgal (x;1 = 4)
Pr(Yy, = 1|V, Yz, Yia, X1, Xi2, Xi3, D;=0) = g(a1s) ... g(as4)~N(0,10)
< Q14+ A4 Y1+ A34Yint Hgq)i3 + AsgXi3 + AeaXi2 ) g(ass) ... g(@gs)~N(0,1)
Fazad (X = 2) + agal (xi1 = 3) + agal(x1 = 4)
Y5 Pr(Ys = 11X;1, Xz, Xi3, Di=1) = g(B1s) ... 9(Bes)~N(0,1)
o <ﬁ15+ Basxiz + BasXiz + Pasl (xiy = 2) + [”55)
I(x;1 = 3) + BesI(xiy = 4)
Pr(Y;s = 1|D;=0) = @(a;5) g(ay5)~N(-1.88,0.01)
Ye Pr(Yie = 11Yi5, Xi1, Xiz, X3, Di=1) = 9(B16)~N(0.84,0.1)

o (ﬁ16+ B26Yis + BaeXiz *+ PagXiz + Bsel (xi1 = 2) +> 9(B26) - g(B76)~N(0,1)
Besl (xi1 = 3) + Brel (i1 = 4)

Pr(Y;s = 1|D;=0) = @(a16) g(a16)~N(-3.09,0.01)

D — Disease (PTB), ¥; —any TB symptom, Y, — Radiologist conclusion, Y; — CADATBV5 253 Y, — CADATBv6 253, Y; —
Xpert Ultra, Yy — Culture; Model 2 — Accounts for conditional dependence between radiologist conclusion,
CADA4TBv5>53 and CAD4TBv6253 and between Xpert Ultra and culture among the PTB cases and conditional
dependence between any TB symptom, radiologist conclusion, CAD4TBv5>53 and CAD4TBv6>53 among non-PTB
cases, adjusted for covariates (age, sex and HIV status).
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In Table S5, D denotes disease (PTB), Y3, Y, Y3, Y4, Y5 and Y denotes any TB symptom , Radiologist conclusion,
CADATBVS >53, CADATBV6 253, Xpert Ultra and Culture respectively. X; denotes age (categorical variable), X,

denotes sex (Male/Female) and X5 denotes HIV status (+/-)

The choice of the informative prior for the parameters of the probit regression models was adapted based on the
expert opinion and previously published material. This was chosen in order to yield a posterior distribution that

spans the range of plausible values for the parameter.

The joint probability of random variables Y and X, X,, X5 given by Pr(Y, X;, X,, X3) can be expressed using chain
rule of conditional probabilities as Pr(X,) Pr(X,|X,;)Pr(X3|X1, X,)Pr(Y|X,, X,, X35). Where Y is either the disease
status or diagnostic test and X; — Age ( four level categorical variable: 15-19 years, 30-49 years, 50-69 years, 270
years) with reference category as 15-19 years, X, - Sex (Male/Female), X5 — HIV status (+/-). The conditional
probabilities were computed using probit regression models with priors from Gaussian distribution. The unknown
parameters ofX;, X, and X in the model Pr(Y|X;, X,, X3) are assigned priors from N(0,10) (Table S5). The
unknown parameters of X; and X, in the models Pr(X,|X;) and Pr(X;3|X;, X,) are assigned priors from N(0,10).
To model Pr(X;) we assigned non-informative dirichlet prior, Dir(9; = 1,9, = 1,93 = 1,9, = 1), to the

parameters of the multinomial distribution.

3. Computer-Aided Detection for TB (CAD4TB) Threshold

Given all the diagnostic tests in use are imperfect, the true TB status is unknown. This is the complexity in diagnostic
studies without a perfect reference standard. However, as alluded to in the background of the abstract and in the
introduction, this problem can be handled using latent class analysis, a statistical methodology that has been in use
over the past four decades in many disciplines but scarcely used in the field of infectious diseases, including the field
of TB. This method identifies unobserved mutually exclusive subgroups in the population using information from the
measured subject characteristics. In our case, using the information (test results) from all the imperfect diagnostic
tests the model can stochastically tease out the TB and non-TB cases. Consequently, using the derived subgroups,

the sensitivity and specificity of the tests can be calculated.
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CADATB thresholds were determined based on secondary analysis of data from the community-based multi-
morbidity survey in KwaZulu-Natal, South Africa (“Vukuzazi” study) using Bayesian latent class analysis. In this survey,
the digital chest X-ray images were interpreted using CAD4TB version 5 (CAD4TBv5) and CAD4TBv6. The thresholds
for both CAD4TBv5 and CAD4ATBv6 were determined by performing LCA to estimate the sensitivity and specificity of
CADATB at integer thresholds Sy, k =2, 3, ..., K-1, for K distinct CADATB scores. Thus, there were K-2 models fit and
for each model, the estimates of pulmonary TB prevalence and diagnostic test sensitivity and specificity were
obtained. The estimates of sensitivity and specificity for CADATB were used to construct a receiver operating

characteristic (ROC) curve to help identify a plausible CAD4TB cut-off score.

Determination of CAD4TB cut-off scores proceeded by first fitting a two-class latent class model with any TB
symptom, radiologist interpretation (chest X-ray abnormality suggestive of active TB), CAD4TBv52S,,, Xpert Ultra
(excluding trace) and culture. Using the estimates of sensitivity and specificity for CAD4TBV5 obtained from the fitted
models we constructed a ROC curve and determined CAD4TBVS5 threshold, say S;;. Next, we fitted a two-class latent
class model with any TB symptom, radiologist interpretation (chest X-ray abnormality suggestive of active TB),
CADATBV52S,,, CADATBV62S;,, Xpert Ultra (excluding trace) and culture, where we now set threshold for CAD4TBv5
at ;1. Again, using the same approach, we determined the threshold for CAD4ATBV6, say S;,. For both CAD4ATBV5 and
CADATBvV6, we aimed at a threshold score that produced sensitivity and specificity estimates close to 80%. The cut-
off values were 53 for CADATBvV5 and 52 for CAD4TBv6 (Fig S1). Nonetheless, we opted for the same cut-off of 53 for
both CAD4TBv5 and CAD4TBv6 based on the lowess smoother that revealed overlap of the two curves at around
80% for both the sensitivity and specificity for CADATBvV5 and CADATBv6. The cut-off score of 53 yielded a sensitivity
of 83% and a specificity of 80% for CAD4TBV5. In the model that included CAD4TBv5253 and CAD4TBvV6 the threshold
score of 52 for CAD4TBvV6 yielded a sensitivity of 84% and a specificity of 81% While a threshold score of 53 for
CADATBv6 yielded a sensitivity and specificity of 80% and 83% respectively (Fig S1). This is no surprise given the
distribution of the difference in scores between the two versions of CAD4TB that is centered around zero (Fig S2).
Fig S1 shows the receiver operating characteristic (ROC) curves of the estimates of sensitivity and specificity for

CADATBvV5 and CAD4TBV6.
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ROC curve for CAD4TB version 5 and version 6
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Fig S1: Receiver operating characteristic curves depicting the cut-off values used in the final latent class models

With these CAD4TB thresholds defined, we fitted a final model with any TB symptom, radiologist interpretation
(chest X-ray abnormality suggestive of active TB), CADATBv5>S;;, CAD4TBv62S;,, Xpert Ultra (excluding trace) and
culture to estimate PTB prevalence, and diagnostic test sensitivity and specificity of the six diagnostic tests. We
repeated the same analysis with chest X-ray abnormality suggestive of active TB replaced by any chest X-ray

abnormality.
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Fig S2: Distribution of difference in CAD4TB scores between version 6 and version 5

Fig S3 shows a scatter plot of CAD4TBv5 and CAD4TBvV6 scores. The scatter plot reveals some trend in the scores.
However, it is imperative to understand that the two devices are used to evaluate chest X-ray images of the same
person. Therefore, they are paired. From the scatter plot, the positive correlation between version 6 and version 5

is not sufficiently strong to result in strong dependencies between the two versions in the model.
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4. Supplementary Tables

Table S7 presents results of four models. The results of Model 1, Model 2 and Model 3 were already presented in
the main document but shown here to aid comparison with Model 4. These findings suggest that conditional

dependence between TST and radiography among the children without CPTB cannot be ignored.
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Table S6: Posterior median and 95% credible intervals (95% Crl) of the prevalence and diagnostic test accuracy of the parameters of childhood pulmonary

tuberculosis dataset

Model 0 Model 1 Model 2 Model 3 Model 4
Test Parameter Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl)
Prevalence 16.3 (13.6, 19.3) 21.6 (15.6, 28.6) 18.4 (14.7, 26.4) 18.9 (15.1, 27.0) 19.9 (15.4, 29.7)
TST Sensitivity 69.2 (60.5, 76.9) 73.2 (61.8, 82.4) 68.3 (58.5, 79.9) 69.5 (59.4, 81.5) 70.5 (60.2, 83.0)
Specificity 62.3 (58.4, 66.1) 65.2 (59.6, 71.8) 62.7 (58.5, 69.6) 63.1(58.8, 70.4) 63.7 (59.2, 72.8)
Rad. Sensitivity 66.0 (57.1, 74.1) 65.1(56.1, 73.8) 64.5 (55.5, 73.3) 60.1(42.5,72.2) 62.7 (51.8, 76.8)
Specificity 73.1(69.5, 76.5) 74.8 (70.5, 79.2) 73.2 (69.4, 77.9) 72.2 (67.8, 76.5) 73.7 (69.4, 79.9)
SMM Sensitivity 33.8 (25.5, 42.5) 24.3 (16.7, 34.8) 28.4 (18.7,37.6) 28.4(19.0, 37.2) 26.7 (16.7, 36.4)
Specificity 99.9 (99.5, 100) 99.9 (99.5, 100) 99.9 (99.5, 100) 99.9 (99.5, 100) 99.9 (99.5, 100)
Xpert Sensitivity 74.8 (66.3, 82.5) 59.1 (44.2,75.7) 69.4 (47.8,78.4) 70.3 (47.9, 79.5) 66.3 (43.2,79.1)
Specificity 98.2 (97.0, 99.3) 98.7 (97.1, 99.9) 98.7 (97.2, 99.9) 99.2 (97.5, 100) 99.0 (97.2, 100)
Culture Sensitivity 99.9 (91.0, 100) 75.3 (56.9, 97.2) 88.0(61.8,98.4) 86.4 (60.3, 98.5) 82.7 (55.1, 98.2)
Specificity 99.8 (99.0, 100) 99.8 (99.2, 100) 99.8 (99.2, 100) 99.8 (99.2, 100) 99.8 (99.2, 100)
Deviance 183.7 104.7 102.1 101.7 107.8
RMSE 42.4 38.0 12.0 9.1 329

Model 0 — Based on the assumption of conditional independence

Model 1 — Based on the expert opinion as detailed in [3]. The model accounts for conditional dependence between all the diagnostic tests except radiography
among children with CPTB and conditional independence between all the diagnostic tests among children without CPTB

Model 2 — The model accounts for conditional dependence between all the diagnostic tests except radiography among children with CPTB and conditional
dependence between TST and radiography among children without CPTB

Model 3 — Accounts for conditional dependence between all the diagnostic tests among children with CPTB and conditional dependence between TST and
radiography among children without CPTB

Model 4 — Accounts for conditional dependence between all the diagnostic tests among children with CPTB and allows conditional independence between all
the diagnostic tests among children without CPTB

TST — Tuberculin skin test, Rad. — Radiography, SMM — Sputum smear microscopy, Xpert — Xpert MTB/RIF

RMSE — Root mean squared error deviations. This is calculated as the square root of the sum of squared differences between the observed frequencies and the
predicted frequencies. It shows how good the model is in explaining the variability in the data

Note model 3 seems to do better prediction compared to model 1 although model 1 seems to best fit the data. This may be explained by the fact that model 3
accounts for dependence between radiography and other diagnostic tests among the true CPTB cases. Hence extra penalty

Crl — Credible Intervals
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Table S7: Distribution of the number of participants included in LCA by age, sex and HIV status

Age (Years)
15-29years | 30—49 years | 50-69 years > 70 years Total
Male HIV + 56 (8.9%) 235 (48.4%) 148 (29.0%) 18 (9.6%) 457 (25.2%)
HIV - 573 (91.1%) 251 (51.6%) 363 (71.0%) 169 (90.4%) | 1356 (74.8%)
Total 629 (34.7%) 486 (26.8%) 511 (28.2%) 187 (10.3%) 1813 (100%)
Female HIV + 140 (26.6%) 507 (63.0%) 355 (29.3%) 37 (6.1%) 1039 (33.0%)
HIV - 387 (73.4%) 298 (37.0%) 857 (70.7%) 566 (93.9%) | 2108 (67.0%)
Total 527 (16.7%) 805 (25.6%) 1212 (38.5%) | 603 (19.2%) 3147 (100%)
Total HIV + 196 (17.0%) 742 (57.5%) 503 (29.2%) 55 (7.0%) 1496 (30.2%)
HIV - 960 (83.0%) 549 (42.5%) 1220(70.8%) | 735(93.0%) | 3464 (69.8%)
Total 1156 (23.3%) | 1291 (26.0%) | 1723 (34.7%) | 790 (15.9%) | 4960 (100%)
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Table S8: Posterior median and 95% credible intervals (95% Crl) of the age, sex and HIV adjusted PTB prevalence and diagnostic test sensitivity and specificity

among male individuals in Vukuzazi dataset

15 - 29 years

30 —49 years

50 — 69 years

270 years

Group

Test

Parameter

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

HIV+ Male

Any TB
symptom
Radiologist
conclusion®
CADA4TBvV5253

CADA4TBv6253
Xpert Ultra*

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

1.5 (0.8, 2.4)
28.1(12.0, 51.2)
82.3(78.8, 85.4)
90.2 (72.9, 97.7)
77.8 (74.1, 81.4)
86.4 (67.3, 96.2)
87.3 (84.0, 90.2)
83.3 (63.7, 94.7)
89.8 (86.7, 92.3)
65.1 (40.6, 85.3)
99.4 (99.1, 99.6)
76.7 (52.0, 94.1)
99.8 (99.7, 99.9)

1.6 (0.9, 2.7)
22.2 (7.2, 46.0)
84.4 (81.6, 87.0)
90.8 (72.8, 98.3)
54.8 (51.1, 58.6)
88.2 (67.5, 97.6)
68.7 (65.1, 72.4)
83.7 (60.8, 96.0)
69.9 (66.2, 73.5)
70.1 (42.7, 89.5)
99.4 (99.1, 99.6)
76.7 (47.7, 95.8)
99.8 (99.7, 99.9)

1.9 (1.1, 3.2)
27.8 (11.0, 50.1)
84.4 (81.3, 87.2)
94.9 (82.0, 99.2)
44.3 (40.2, 48.5)
88.6 (70.1, 97.3)
56.3 (51.7, 60.7)
86.6 (66.8, 96.6)
57.0 (52.5, 61.6)
69.9 (45.5, 88.0)
99.4 (99.1, 99.6)
71.1 (44.8, 92.9)
99.8 (99.7, 99.9)

1.6 (0.8, 3.0)
26.7 (7.6, 55.3)
83.9 (79.7, 87.6)
93.2 (74.0, 99.1)
37.2 (32.0, 42.6)
88.6 (65.8, 97.9)
37.5(32.0, 43.3)
85.3 (59.9, 96.9)
41.2 (35.7, 47.0)
62.5 (31.9, 87.1)
99.4 (99.1, 99.6)
81.4 (52.8, 96.8)
99.8 (99.7, 99.9)

HIV- Male

Any TB
symptom
Radiologist
conclusion?
CAD4TBv5>53

CADA4TBv62>53

Xpert Ultra®

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

0.9 (0.5, 1.4)
26.1(12.0, 44.6)
81.9 (79.2, 84.3)
83.4 (66.8, 93.8)
85.9 (83.6, 88.1)
82.5 (64.9, 93.7)
91.2 (89.2, 93.1)
80.8 (62.5, 92.7)
94.4 (92.8, 95.8)
69.3 (48.8, 85.3)
99.4 (99.1, 99.6)
78.2 (58.4, 92.9)
99.8 (99.7, 99.9)

1.0 (0.6, 1.7)
20.2 (6.4, 42.3)
84.0 (81.1, 86.6)
84.2 (63.2, 95.8)
66.6 (63.0, 70.1)
84.8 (63.0, 96.2)
76.2 (72.7, 79.5)
81.5 (58.3, 94.7)
80.0 (76.7, 83.0)
73.7 (49.0, 90.7)
99.4 (99.1, 99.6)
78.1 (51.6, 95.2)
99.8 (99.7, 99.9)

1.2 (0.7, 2.0)
25.5(10.5, 47.1)
84.0 (81.6, 86.3)
90.5 (74.7, 97.7)
56.6 (53.3, 60.0)
85.5 (65.4, 96.1)
64.8 (61.4, 68.2)
84.8 (65.2, 95.6)
69.0 (65.6, 72.2)
73.5 (51.5, 89.6)
99.4 (99.1, 99.6)
72.6 (48.6, 92.5)
99.8 (99.7, 99.9)

P P S [P [ S G PG [ S S

1.0 (0.5, 1.8)
24.8 (7.9, 49.7)
83.5(80.1, 86.3
88.1(67.3,97.3
49.3 (45.0, 53.6
85.2 (63.2, 96.6
46.2 (41.7, 50.7)
83.2 (60.0, 95.7)
53.9 (49.4, 58.3)
66.8 (39.2, 87.8)
99.4 (99.1, 99.6)
82.6 (58.1, 96.2)
99.8 (99.7, 99.9)

)
)
)
)

¥ - Any chest X-ray abnormality, T - Excluding trace
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Table S9: Posterior median and 95% credible intervals (95% Crl) of the age, sex and HIV adjusted PTB prevalence and diagnostic test sensitivity and specificity

among female individuals in Vukuzazi dataset

15 - 29 years 30 —49 years 50 — 69 years 270 years
Group Test Parameter Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl)
HIV+ Female Prevalence 0.9 (0.5, 1.5) 1.0(0.5,1.7) 1.2 (0.6, 2.0) 1.0(0.5, 1.8)
Any TB Sensitivity 30.2 (14.8, 51.4) 24.1(9.1, 46.8) 29.8 (12.5, 52.3) 28.9 (9.5, 55.7)
symptom Specificity 81.4 (77.8, 84.5) 83.6 (81.1, 85.9) 83.6 (80.9, 85.9) 83.0(79.3, 86.4)
Radiologist Sensitivity 84.9 (67.3, 94.8) 85.7 (65.7, 96.3) 91.6 (74.8, 98.2) 89.2 (67.6, 97.9)
conclusion® Specificity 84.2 (81.1, 86.9) 63.8 (60.7, 66.9) 53.6 (50.2, 57.1) 46.3 (41.5, 51.0)
CAD4TBV5253  Sensitivity 79.5 (60.4, 92.4) 81.8 (59.8, 95.3) 82.6 (61.5, 94.8) 82.4 (57.6, 95.8)
Specificity 96.1 (94.7, 97.3) 86.8 (84.5, 88.9) 78.4 (75.4, 81.2) 62.1(57.1, 66.9)
CAD4TBv6>53 Sensitivity 80.8 (61.9, 92.7) 81.5(59.2,94.7) 84.7 (65.1, 95.4) 83.2 (58.1, 95.8)
Specificity 96.8 (95.5, 97.9) 86.9 (84.7, 89.0) 78.3 (75.3, 81.2) 64.8 (59.9, 69.5)
Xpert Ultra® Sensitivity 52.2 (31.4, 72.4) 57.4 (33.2,79.8) 57.3(32.8,78.7) 49.3 (23.5, 76.3)
Specificity 99.4 (99.1, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6)
Culture Sensitivity 76.9 (55.5, 92.6) 77.1(50.6, 94.5) 71.4 (45.6, 92.0) 81.5 (55.5, 96.1)
Specificity 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)
HIV- Female Prevalence 0.5(0.3,0.9) 0.6 (0.3,1.0) 0.7(0.4,1.2) 0.6 (0.3,1.1)
Any TB Sensitivity 28.1(15.4, 44.0) 22.2 (8.2,43.4) 27.4 (11.9, 49.1) 26.6 (9.9, 50.5)
symptom Specificity 80.9 (78.1, 83.6) 83.2 (80.3, 85.8) 83.1(81.0, 85.1) 82.6 (79.8, 85.2)
Radiologist Sensitivity 76.4 (60.8, 87.8) 77.5(54.9, 91.6) 85.5 (66.8, 95.5) 82.1(59.7,94.7)
conclusion? Specificity 90.5 (88.6, 92.2) 74.6 (71.4,77.7) 65.6 (62.9, 68.1) 58.5 (54.8, 62.0)
CAD4TBv5253 Sensitivity 74.6 (57.5, 87.3) 77.4 (54.7,92.5) 78.5 (56.6, 92.5) 78.1 (55.0, 93.0)
Specificity 97.6 (96.8, 98.3) 91.0 (89.0, 92.7) 84.3 (82.3, 86.2) 70.2 (66.9, 73.3)
CAD4TBV6253  Sensitivity 77.9 (61.8, 89.8) 78.8 (56.4, 93.0) 82.4 (62.4,94.1) 80.7 (58.3, 94.0)
Specificity 98.5 (97.9, 99.0) 92.5(90.8, 94.1) 86.4 (84.5, 88.2) 75.7 (72.7, 78.5)
Xpert Ultra® Sensitivity 56.5 (40.0, 72.6) 61.9 (37.6, 82.3) 61.4 (38.5, 81.6) 53.7 (30.1, 77.2)
Specificity 99.4 (99.1, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6)
Culture Sensitivity 78.5 (61.9, 90.6) 78.5 (54.7, 93.8) 73.0 (48.8,91.7) 82.8 (60.8, 95.2)
Specificity 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)

¥ - Any chest X-ray abnormality, T - Excluding trace
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192 5. Supplementary Figures

193 Model Diagnostics

194 Trace plots for assessing mixing in the chains
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197 Fig S4: Trace plots of parameters on the probit scale corresponding to prevalence (w) and parameters of the probit
198 regression models for conditional probabilities of diagnostic tests in the childhood pulmonary TB data analyzed
199 using Model 2 presented in Table S1
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258 6. Analysis scripts

259 Below is the Rjags script for model 2 used for analyzing childhood pulmonary TB data. The other models can be
260 adapted from this model.

261 model2 <- function(){

262 #K is the number of columns iny
263 #The first column of y is 1s

264 #We have K-1 tests

265 ##t likelihood
266 Freqobs[1:J] ~ dmulti(p[1:J],N)

267 for (jin1:J){ # Prob. of a combination of J test results

268 plil <- pi*prod(cpl(j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)1)A(1-y[j,2:K])) +

269 (1-pi)*prod(cpO[j, 1:(K-1)]*(y[j,2:K])*(1-cpO[j, 1:(K-1)])*(1-y[j,2:K]))

270

271 cpl[j,1] = phi(inprod(y[j,c(1:1)], beta[1:1,1] ) ) #Modeling pr(y_1 =+ | D=+)

272 cpl[j,2] = phi(inprod(y[j,c(1:2)], beta[1:2,2] ) ) #Modeling pr(y_2 =+ | y_1, D=+)

273 cpl[j,3] = phi(inprod(y[j,c(1:3)], beta[1:3,3] ) ) #Modeling pr(y_ 3=+ |y_1,y_2, D=+)
274 cpl[j,4] = phi(inprod(y[j,c(1:4)], beta[1:4,4] ) ) #Modeling pr(y_4=+|y_1,y 2,y_3, D=+)
275 cpl[j,5] = phi(inprod( y[j,c(1:5)], beta[1:5,5] ) ) #Modeling pr(y_ 5=+ |vy_1,y 2,y_3,y_4, D=+)
276

277 #Predict conditional probabilities

278 ipx[j,1] = y[j,2]*cp1[j,1] + (1-y[j,2])*(1-cp1[j,1])

279 ip1x[j,2] = y[j,3]*cpllj,2] + (1-y[i,3]1)*(1-cp1[j,2])

280 ip1x[j,3] = y[j,41*cpllj,3] + (1-y[j,4])*(1-cp1[j,3])

281 ip1x[j,4] = y[j,51*cpl[j,4] + (1-y[j,51)*(1-cp1[j,4])

282 ip1x[j,5] = y[i,6]*cp1l[j,5] + (1-ylj,6])*(1-cp1[j,5])

283

284 cp0[j,1] = phi(inprod(y[j,c(1:1)], alpha[1:1,1])) # Modeling pr(y_1 =+ | D=-)

285 cp0[j,2] = phi(inprod(y[j,c(1:2)], alpha[1:2,2])) # Modeling priy_ 2=+ |y_1, D=-)
286 cp0[j,3] = phi(inprod(y[j,c(1:1)], alpha[1:1,3]) ) # Modelingpriy 3=+ ]vy_1,y 2, D=-)
287 cp0l[j,4] = phi(inprod(y[j,c(1:1)], alpha[1:1,4] ) ) # Modelingpr(y_4=+|y_1,y 2,y _3, D=-)
288 ¢cp0[j,5] = phi(inprod( y[j,c(1:1)], alpha[1:1,5] ) ) #Modeling pr(y_ 5=+ |y_1,y_2,y_3,y_4, D=-)
289

290 #Predict conditional probabilities

201 jpOxIj,1] = y[j,2]*cpO[j, 1] + (1-y[j,21)*(1 - cpO[j,1])

292 jpOx[j,2] = yIj,31*cpO[j,2] + (1-y[j,31)*(1 - cpO[j,2])

293 ipOx[j,3] = y[j,41*cpOlj,3] + (1-y[j,41)*(1 - cpO[j,3])

294 jpOx[j,4] = y[j,5]*cp0lj,4] + (1-y[j,51)*(1 - cpOl[j,4])

295 ipOx[j,5] = y[j,6]*cpOlj,5] + (1-y[j,61)*(1 - cpO[j,5])

296

297 jp1[j,1] = prod( jp1x[j,1])

298 jp1[j,2] = prod( jp1x[j,1:2])

299 jp1lj,3] = prod( jp1x[j,1:3] )

300 jpllj,4] = prod( jp1x[j,1:4] )

301 jpllj,5] = prod( jp1x[j,1:5] )

302

303 jpO[j,1] = prod( jp0x[j,1] )

304 jpO[j,2] = prod( jp0Ox[j,1:2] )

305 jpO[j,3] = prod( jp0x[j,3] )

306 jpO[j,4] = prod( jp0x[j,4] )

307 jpO[j,5] = prod( jp0x[j,5] )
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

}

#calculate the sensitivity and specificity
se[1]= sum(jpl[c(1:1), 1])
se[2] = sum(jpl[c(1:2),2])
se[3]= sum(jpl[c(1:4),3])
se[4] = sum(jpl[c(1:8),4])
se[5] = sum(jpl[c(1:16),5])

sp[1] =1 - sum(jpO[c(1:1), 1])
sp[2] =1 - sum(jp0[c(1:2), 2] )
sp[3]=1-sum(jpO[c(1:1), 3])
sp[4] =1 - sum(jpO[c(1:1), 4] )
sp[5] =1 - sum( jpO[c(1:1), 5])

pi <- phi(omega)

## priors

for(g in 1:(K-1)){
for(rin 1:g1[g]){
beta[r,g] ~ dnorm(mul[r,g], s1[r,g])
}
}
for(gin 1:(K-1)){
for(rin 1:g0[g]){
alpha[r,g] ~ dnorm(mu0[r,g], sO[r,gl)
}
}

# Prior for prevalence
omega ~ dnorm( mu.prev, s.prev )

}

#Choice of priors (Determined outside jags and issued as part of the data)
gl=c(1,2,3,4,5) # Number of parameters in models for CPTB cases
g0=c¢(1,2,1,1,1) # Number of parameters in models for non-CPTB cases

mul = matrix(NA, nrow = max(gl), ncol = K) #Mean among CPTB cases
s1 = matrix(NA, nrow = max(gl), ncol = K) # Precision for mean among the CPTB cases

for(cin 1:ncol(mul)){
for(rin 1:c){
mulfr,c] =0
}

}

for(cin 1:ncol(s1)){
for(rin 1:c){
slifr,c]=0.1
}
}
for(c in 1:ncol(s1)){
for(rin 1:1){
sifr,c]=1
}

26



361 }

362

363 s1[1,c(3,4,5)] <- 10

364

365 mu0 = matrix(NA, nrow = max(g0), ncol = K) #Mean among non CPTB cases

366 s0 = matrix(NA, nrow = max(g0), ncol = K) # Precision for mean among the non CPTB cases
367

368 for(cin 1:ncol(mu0)){

369 for(rin 1:2){

370 muO[r,c] =0
371 }

372 }

373 mu0[1,3:5] <- -3
374

375 for(cin 1:ncol(s0)){
376 for(rin 1:2){

377 sO[r,c]=1

378 }

379 }

380 for(c in 1:ncol(s0)){
381 for(rin 1:1){

382 sO[r,c] =10

383 }

384 }

385 #mean and precision for the prior distribution of CPTB prevalence
386 mu.prev =0

387 s.prev=1

388

389

390

391
392
393
394
395
396
397
398
399
400
401
402
403
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404
405

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

Below is the Rjags script for model 2 used for analyzing Vukuzazi data. The other models can be adapted from this
model.

cond.prob.jags.modell_11_2 <- function(){
#K is the number of columns iny
#The first column of y is 1s
#We have K-1 tests
## likelihood
Freqobs[1:)] ~ dmulti(p[1:J],N)
for (jin 1:)) { # Prob. of test j yielding +ve result given disease status
pli] <- ( pal1]*(psijil*((gammaj[j]*(pij[i]*prod(cpl[j,1:(K-1)1*y[j,2:K]*(1-cpl[j, 1:(K-1)])(1-y[j,2:K])) +
(1-pij[jl)*prod(cpOlj, 1:(K-1)]*(y[j, 2:K1) *(1-cpOlj, 1:(K-1))M1-y[j,2:KD))) v [j,81*
((1-gammajj])*(pij[jl*prod(cpl[j,1:(K-1)]1*y[j,2:K]*(1-cp1[j, 1:(K-1)1)*(1-y[j,2:K])) +
(1-pij[il)*prod(cpOlj, 1:(K-1)]1*(yL[j,2:K1) *(1-cpO[j, 1:(K-1)1)M(1-y[j, 2:K]))) (1~

y0i,81)))*yli, 9T
((1-psijlil)*((gammaj[jl*(pij[j]*prod(cp1[j,1:(K-1)]*y[j,2:K]*(1-cpl[j,1:(K-1)1)A(1-y[j,2:K])) +
(1-pijj])*prod(cpO[j, 1:(K-1)]*(y[j,2:K])*(1-cpO[j, 1:(K-1)])M(1-y[, 2:K]))))*y [}, 8] *
((1-gammaijj])*(pijljl*prod(cp1(j,1:(K-1)]*y[j,2:K]*(1-cpl[j, 1:(K-1)])A(1-y[j,2:K])) +
(1-pij[j])*prod(cpOlj, 1:(K-1)]* (y[j,2:K]) *(1-cpO[j, 1:(K-1)1)(1-y [j, 2: KN (1-y[;,8])) A (1-
yli,91) )M((yli,10]==1)*1)*
( pal2]*(psij[jI*((gammaj[jl*(pijlil*prod(cpl[j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)])M(1-y[j,2:K])) +
(1-pij[j])*prod(cpOI[j,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)))A(1-y[j,2:K]))))*yLj, 81*
((1-gammaijj])*(pij[jl*prod(cp1[j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)1)M(1-y[j,2:K])) +
(1-pij[j])*prod(cpO[j, 1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)])M(1-y[j, 2:K])))~(1-y[j,8]))) Av[j, 91
((1-psij[jl) *((gammaj[jl*(pij[i]*prod(cp1[j,1:(K-1)]*y[j, 2:K]*(1-cpl[j, 1:(K-1)1)A(1-y[j,2:K])) +
(1-pij[j])*prod(cpO[j,1:(K-1)]*(y[j,2:K]) *(1-cpOl[j,1:(K-1)1)(1-y[j,2:KI))) (), 81*
((1-gammaijj])*(pijli] *prod(cp1(j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)])A(1-y[j,2:K])) +
(1-pij[j]) *prod(cpOIj,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)1)A(1-y[j,2:K])))~(1-y[;,81)) A(1-yLi,91)
)M(y[,10]==2)*1)*
( pa[31*(psij[jI*((gammaj[j1*(pijli*prod(cpl[j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)])M(1-y[j,2:K])) +
(1-pij[jl) *prod(cpOI[j,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)1)A(1-y[j,2:K]))))*y[j, 8]*
((1-gammaijj])*(pijli] *prod(cp1[j,1:(K-1)]*y[j,2:K]*(1-cp1[j, 1:(K-1)])A(1-y[j,2:K])) +
(1-pij[j])*prod(cpO[j, 1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)])M(1-y[j, 2:K])))~(1-y[j,8]))) Av[j, 91
((1-psij[j])*((gammaj[j]*(pijli]*prod(cp1[j,1:(K-1)]*y [, 2:K]*(1-cpl[j, 1:(K-1)])A(1-y[j,2:K])) +
(1-pij[jl) *prod(cpOI[j,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)))A(1-y[j,2:K]))))*yLj, 8]*
((1-gammaijj])*(pij[jI*prod(cpl[j,1:(K-1)]1*y[j,2:K*(1-cp1[j, 1:(K-1)1)M(1-y[j,2:K])) +
(1-pij[jl) *prod(cpOIj,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)1)A(1-y[j,2:K])))~(1-y[;,81))) A(1-yL[i,91)
)M(y[,10]==3)*1)*
( (pal4])*(psiiljl* ((gammaj[j]*(pij[j]*prod(cpl[j,1:(K-1)]*y[j,2:K]*(1-cp1[j,1:(K-1)[)M(1-y[j,2:K])) +
(1-pij[j])*prod(cpO[j,1:(K-1)]*(y[j,2:K]) *(1-cpOl[j,1:(K-1)])(1-y[j,2:KI))) (), 81*
((1-gammaijj])*(pij[j]*prod(cp1[j,1:(K-1)]y[j,2:K]*(1-cp1[j, 1:(K-1)])A(1-y[j,2:K])) +
(1-pij[j])*prod(cpO[j, 1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)])M(1-y[j, 2:K])))~(1-y[j,8]))) Av[j, 91
((1-psijlil)*((gammaj[j]* (pij[j]*prod(cp1[j,1:(K-1)]*y[j,2:K]*(1-cpl[j,1:(K-1)1)A(1-y[j,2:K])) +
(1-pij[j])*prod(cpOI[j,1:(K-1)]*(y[j,2:K]) *(1-cpO[j, 1:(K-1)))A(1-y[j,2:K])))) *y[i, 8]*
((1-gammaij[j])*(pij[jI*prod(cpl[j,1:(K-1)]*y[j,2:K*(1-cp1[j, 1:(K-1)1)M(1-y[j,2:K])) +
(1-pij[i])*prod(cpO[j, 1:(K-1)]*(y[j,2:K])*(1-cpO[j, 1:(K-1)])M(1-y[j, 2:K]))))*(1-y[j,8]))) A(1-y[},9])
)M((y[j,10]==4)*1)
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456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508

#Modeling pr(y_j=+ | y_j-1...y_1, D=4)

cplfj,1] = phi(inprod( y[j,c(1,8,9,11:13)], beta[1:6,1] ) )
cplfj,2] = phi(inprod(y[j,c(1,8,9,11:13)], beta[1:6,2] ) )
cplfj,3] = phi(inprod(yl[j,c(1,3,8,9,11:13)], beta[1:7,3] ) )
cplfj,4] = phi(inprod(yl[j,c(1,3:4,8,9,11:13)], beta[1:8,4] ) )
cpl[j,5] = phi(inprod(y[j,c(1,8,9,11:13)], beta[1:6,5] ) )
cpl[j,6] = phi(inprod(y[j,c(1,6,8,9,11:13)], beta[1:7,6] ) )
#Conditional probabilities
ip1x[j,1] = y[j,2]*cpl[j,1] +
ip1x[j,2] = y[j,3]*cpl[j,2] +
ip1xlj,3] = y[j,4]*cpl[j,3] +
ip1x[j,4] = y[j,5]*cpl[j,4] +
ip1xIj,5] = y[j,6]*cp1[j,5] +
ip1xIj,6] = y[j,71*cp1[j,6] +

1-y[j,2])*(1-cp1fj,1])
1-y[j,31)*(1-cp1[j,2])
1-y[j,41)*(1-cp1[j,3])
1-y[j,51)*(1-cp1[j,4])
1-y[j,6])*(1-cp1(j,5])
1-y[j,7])*(1-cp1[j,6])

— o~~~ o~ —

#Modeling pr(y_j=+|vy_j-1..y_1,D=)
cp0[j,1] = phi( inprod( y[j,c(1,8,9,11:13)], alpha[1:6,1] ) )
cp0[j,2] = phi( inprod( y[j,c(1:2,8,9,11:13)], alpha[1:7,2] ) )
cp0[j,3] = phi( inprod( y[j,c(1:3,8,9,11:13)], alpha[1:8,3] ) )
cp0[j,4] = phi( inprod( y[j,c(1:4,8,9,11:13)], alpha[1:9,4] ) )
cp0[j,5] = phi(inprod( y[j,c(1)], alpha[1:1,5]))

cp0[j,6] = phi(inprod( y[j,c(1)], alpha[1:1,6]))
#Conditional probabilities

ipOx[j,1] = y[i,21*cpOlj, 1] + (1-y[j,2])*(1 - cpO[j,1])

ip0x[j,2] = yli,31*cpOlj,2] + (1-y[j,3])*(1 - cpO[j,2])

ip0x[j,3] = y[i,41*cpOlj,3] + (1-y[j,4])*(1 - cpO[j,3])

ipOx[j,4] = y[j,5]*cpOlj,4] + (1-y[j,51)*(1 - cpOIj,4]1)

jpOX[j,5] = y[},6]*cpOlj,5] + (1-y[j,6])*(1 - cpO[j,5])

jpOX[j,6] = y[},71*cpOlj,6] + (1-y[j,71)*(1 - cpO[j,6])

ip1[j,1] = prod( jp1x[j,c(
ip1[j,2] = prod( jp1xj,c(
ip1[j,3] = prod( jp1xj,cl
jp1[j,4] = prod( jp1xj,c(
jp1[j,5] = prod( jp1x]j,c(5:
jp1[j,6] = prod( jp1xlj,c(5:6)

1:1)])
2:2)])
2:3)])
2:4)])
5)1)
1)

ip0[j,1] = prod( jpOx(j,c(
ip0I[j,2] = prod( jpOx(j,c(
ip0I[j,3] = prod( jpOx(j,c(
jp0[j,4] = prod( jpOx[j,c(
jp0[j,5] = prod( jpOx[j,c(

(

)
)
)
)
)
jpO0[j,6] = prod( jpOx[j,c(6:6)

1:1)])
1:2)1)
1:3)1)
1:4)])
5:5)])
6:6)] )

#Cond. prob of TB given HIV, sex, age

pij[j] <- phi( a_prev[1] + a_prev[2]*y[],8] + a_prev[3]*y[j,9] + a_prev[4]*y[j,11] +
a_prev([5]*y[j,12] + a_prev[6]*y[j,13])

#Cond. prob. of HIV+ given sex, age

gammaj[j] = phi( b.x[1] + b.x[2]*y[j,9] + b.x[3]*y[j,11] + b.x[4]*y[j,12] + b.x[5]*y[j,13] )

#Cond. prob of male given age

psijlj] = phi( z.x[1] + z.x[2]*y[},11] + z.x[3]*y[]j,12] + z.x[4]*y[},13])
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509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560

pi[1] = phi( sum( a_prev[c(1,2,3)])) #TB+, HIV+ male aged 15-29
pi[2] = phi( sum( a_prev[c(1,3)])) #TB+, HIV- male aged 15-29
pi[3] = phi( sum( a_prev[c(1,2)] )) #TB+, HIV+ female aged 15-29
pi[4] = phi( sum( a_prev[c(1)] )) #TB+, HIV- female aged 15-29
pi[5] = phi( sum( a_prev([c(1,2,3,4)])) #TB+, HIV+ male aged 30-49
pi[6] = phi( sum( a_prev[c(1,3,4)])) #TB+, HIV- male aged 30-49
pi[7] = phi( sum( a_prev[c(1,2,4)])) #TB+, HIV+ female aged 30-49
pi[8] = phi( sum( a_prev[c(1,4)])) #TB+, HIV- female aged 30-49

pi[9] = phi( sum( a_prev([c(1,2,3,5)] )) #TB+, HIV+ male aged 50-69
pi[10] = phi( sum( a_prev[c(1,3,5)] )) #TB+, HIV- male aged 50-69
pi[11] = phi( sum( a_prev[c(1,2,5)] )) #TB+, HIV+ female aged 50-69
pi[12] = phi( sum( a_prev[c(1,5)] ))  #TB+, HIV- female aged 50-69

pi[13] = phi( sum( a_prev[c(1,2,3,6)] )) #TB+, HIV+ male aged 70+
pi[14] = phi( sum( a_prev[c(1,3,6)] )) #TB+, HIV- male aged 70+
pi[15] = phi( sum( a_prev[c(1,2,6)] )) #TB+, HIV+female aged 70+
pi[16] = phi( sum( a_prev[c(1,6)] ))  #TB+, HIV- female aged 70+

gammal1] = phi( sum
gammal2] = phi( sum
gammal3] = phi( sum
gammal4] = phi( sum
gamma(5] = phi( sum
gamma(6] = phi( sum
gamma(7] = phi( sum
gammal8] = phi( sum

b.x[c(1,2)] )) #HIV+ male aged 15-29
b.x[c(1)] )) #HIV+female aged 15-29
b.x[c(1,2,3)] )) #HIV+ male aged 30-49
b.x[c(1,3)] )) #HIV+female aged 30-49
b.x[c(1,2,4)] )) #HIV+ male aged 50-69
b.x[c(1,4)] )) #HIV+female aged 50-69
b.x[c(1,2,5)] )) #HIV+ male aged 70+
b.x[c(1,5)] )) #HIV+female aged 70+

P —

psi[1] = phi( z.x[1]) #Male aged 15-29
psi[2] = phi( sum( z.x[c(1,2)])) #Male aged 30-49
psi[3] = phi( sum( z.x[c(1,3)])) #Male aged 50-69
psi[4] = phi( sum( z.x[c(1,4)])) #Male aged 70+

# Total/Overall TB prevalence
pit[1] =(pi[1]*gamma[1]*psi[1]*pa[1] + pi[2]*(1-gammal[1])*psi[1]*pa[1] + pi[3]*gamma[2]*(1-psi[1])*pa[l] +
pi[4]*(1-gamma[2])*(1-psi[1])*pa[1] +
pi[5]*gamma[3]*psi[2]*pa[2] + pi[6]*(1-gammal3])*psi[2]*pa[2] + pi[7]*gamma[4]*(1-psi[2])*pal2] +
pi[8]*(1-gammal[4])*(1-psi[2])*pa[2] +
pi[9]*gammal[5]*psi[3]*pa[3] + pi[10]*(1-gammal[5])*psi[3]*pa[3] + pi[11]*gammal[6]*(1-psi[3])*pa[3] +
pi[12]*(1-gammal[6])*(1-psi[3])*pal3] +
pi[13]*gammal7]*psi[4]*pal4] + pi[14]*(1-gamma[7])*psi[4]*pa[4] + pi[15]*gammal[8]*(1-psi[4])*pal4] +
pi[16]*(1-gammal[8])*(1-psi[4])*pal4]) /
(gammal[1]*psi[1]*pa[1] + (1-gammal[1])*psi[1]*pa[l] + gamma[2]*(1-psi[1])*pa[l] + (1-gamma[2])*(1-
psi[1])*pa[1] +
gamma(3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pa[2] + (1-gamma[4])*(1-
psi[2])*pal2] +
gammal5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gammal[6]*(1-psi[3])*pa[3] + (1-gammal[6])*(1-
psi[3])*pa[3] +
gammal(7]*psi[4]*pal4] + (1-gamma[7])*psi[4]*pa[4] + gamma[8]*(1-psi[4])*pa[4] + (1-gamma[8])*(1-
psi[4])*pa[4])
H#TB in HIV+
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561 pit[2] = (pi[1]*gamma[1]*psi[1]*pa[1] + pi[3]*gamma[2]*(1-psi[1])*pa[l] + pi[5]*gammal[3]*psi[2]*pa[2] +
562 pi[7]*gammal4]*(1-psi[2])*pa[2] +

563 pi[9]*gammal5]*psi[3]*pa[3] + pi[11]*gamma[6]*(1-psi[3])*pa[3] + pi[13]*gammal[7]*psi[4]*pal4] +
564 pi[15]*gamma[8]*(1-psi[4])*pal4])/

565 (gammal1]*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + gamma[3]*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pa[2] +
566 gammal5]*psi[3]*pa[3] + gamma[6]*(1-psi[3])*pal3] + gamma[7]*psi[4]*pa[4] + gammal[8]*(1-psi[4])*pa[4])

567 #TB in HIV-
568 pit[3] =(pi[2]*(1-gammal[1])*psi[1]*pa[1] + pi[4]*(1-gamma[2])*(1-psi[1])*pa[l] + pi[6]*(1-
569 gammal3])*psi[2]*pa[2] + pi[8]*(1-gamma[4])*(1-psi[2])*pa[2] +

570 pi[10]*(1-gammal5])*psi[3]*pal3] + pi[12]*(1-gammal6])*(1-psi[3])*pal3] + pi[14]*(1-

571  gamma[7])*psi[4]*pal4] + pi[16]*(1-gamma[8])*(1-psi[4])*pa[4])/

572 ((1-gamma[1])*psi[1]*pa[l] + (1-gamma[2])*(1-psi[1])*pa[l] + (1-gamma[3])*psi[2]*pa[2] + (1-gammal[4])*(1-
573 psi[2])*pal2] +

574 (1-gammal5])*psi[3]*pal3] + (1-gammal[6])*(1-psi[3])*pa[3] + (1-gamma[7])*psi[4]*pa[4] + (1-gamma[8])*(1-
575 psi[4])*pa[4])

576

577 #TB in male
578 pit[4] =(pi[1]*gammal[1]*psi[1]*pa[1] + pi[2]*(1-gamma[1])*psi[1]*pa[1] + pi[5]*gamma[3]*psi[2]*pa[2] +
579 pi[6]*(1-gammal3])*psi[2]*pa[2] +

580 pi[9]*gammal[5]*psi[3]*pa[3] + pi[10]*(1-gammal[5])*psi[3]*pa[3] + pi[13]*gamma[7]*psi[4]*pal4] +

581 pi[14]*(1-gammal7])*psi[4]*pal4] )/

582 (gammal1]*psi[1]*pa[1] + (1-gammal[l])*psi[1]*pall] + gamma[3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] +
583 gammal5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gamma[7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4])

584 #TB in female
585 pit[5] = (pi[3]*gamma[2]*(1-psi[1])*pa[l] + pi[4]*(1-gamma[2])*(1-psi[1])*pa[l] + pi[7]*gamma[4]*(1-
586 psi[2])*pal2] + pi[8]*(1-gamma[4])*(1-psi[2])*pa[2] +

587 pi[11]*gamma[6]*(1-psi[3])*pal3] + pi[12]*(1-gamma[6])*(1-psi[3])*pa[3] + pi[15]*gamma[8]*(1-

588  psil4])*pal4] + pi[16]*(1-gammal[8])*(1-psi[4])*pal4])/

589 (gammal2]*(1-psi[1])*pa[1] + (1-gamma[2])*(1-psi[1])*pa[l] + gamma[4]*(1-psi[2])*pa[2] + (1-gamma[4])*(1-
590 psi[2])*pal2] +

591 gamma[6]*(1-psi[3])*pal3] + (1-gamma[6])*(1-psi[3])*pa[3] + gamma[8]*(1-psi[4])*pa[4] + (1-gamma[8])*(1-

592 psi[4])*pa(4])

593 #TB in each age group

594 pit[6] = (pi[1]*gamma[1]*psi[1]*pa[1] + pi[2]*(1-gamma[1])*psi[1]*pa[l] + pi[3]*gamma[2]*(1-psi[1])*pa[1] +
595  pi[4]*(1-gamma[2])*(1-psi[1])*pa[1])/

596 (gammal[1]*psi[1]*pa[1] + (1-gammal[1])*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + (1-gamma[2])*(1-

597  psi[1])*pa[1])

598 pit[7] = (pi[5]*gammal[3]*psi[2]*pa[2] + pi[6]*(1-gamma[3])*psi[2]*pa[2] + pi[7]*gammal[4]*(1-psi[2])*pa[2] +
599  pi[8]*(1-gammal[4])*(1-psi[2])*pa[2])/

600 (gamma(3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pa[2] + (1-gamma[4])*(1-

601  psi[2])*pa[2])

602 pit[8] = (pi[9]*gammal[5]*psi[3]*pa[3] + pi[10]*(1-gamma[5])*psi[3]*pa[3] + pi[11]*gammal[6]*(1-psi[3])*pa[3] +
603  pi[12]*(1-gammal6])*(1-psi[3])*pal3])/

604 (gamma[5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pal3] + gamma[6]*(1-psi[3])*pa[3] + (1-gammal[6])*(1-

605  psi[3])*pa(3])

606 pit[9] = (pi[13]*gammal7]*psi[4]*pal4] + pi[14]*(1-gammal[7])*psi[4]*pa[4] + pi[15]*gamma[8]*(1-psi[4])*pa[4] +
607  pi[16]*(1-gammal[8])*(1-psi[4])*pa[4])/

608 (gammal7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4] + gamma[8]*(1-psi[4])*pa[4] + (1-gamma[8])*(1-
609  psi[4])*pa(4])
610

611 se[1,1] = sum( jpl[c(1:1), 1] )
612 se[2,1] = sum( jpl[c(1:1), 2] )
613 se[3,1] = sum( jp1[c(1,3), 3] )
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614 se[4,1] = sum(jpl[c(1,3,5,7), 4] )
615 se[5,1] = sum( jp1[c(1:1), 5] )
616 se[6,1] = sum( jp1[c(1,17), 6])
617

618 sp[1,1] =1 - sum( jpO[c(1:1), 1])

619 sp[2,1] =1 - sum( jpO[c(1:2), 2])

620 sp[3,1] =1 - sum( jpO[c(1:4), 3])

621 sp[4,1] =1 - sum( jpO[c(1:8), 4])

622 sp[5,1] =1 - sum( jpO[c(1:1), 5])

623 sp[6,1] =1 - sum( jpO[c(1:1), 6])

624 for(g in c(1:15)){

625 se[1,g+1] = sum( jpl[c(1:1)+g*2~(K-1), 1] )

626 se[2,g+1] = sum( jpl[c(1:1)+g*27(K-1), 2] )

627 se[3,g+1] = sum( jpl[c(1,3)+g*2~(K-1), 3] )

628 se[4,g+1] = sum( jp1[c(1,3,5,7)+g*2"(K-1), 4] )

629 se[5,g+1] = sum( jpl[c(1)+g*2~(K-1), 5])

630 se[6,g+1] = sum( jpl[c(1,17)+g*2~(K-1), 6] )

631

632 sp[l,g+1] =1 - sum( jpO[c(1:1)+g*2~(K-1), 1])

633 sp[2,g+1] =1 - sum( jpO[c(1:2)+g*2~(K-1), 2])

634 sp[3,g+1] =1 - sum( jpO[c(1:4)+g*2~(K-1), 3])

635 sp[4,g+1] =1 - sum( jpO[c(1:8)+g*2/(K-1), 4] )

636 sp[5,g+1] =1 - sum( jpO[c(1:1)+g*2~(K-1), 5])

637 sp[6,g+1] =1 - sum( jpO[c(1:1)+g*2~(K-1), 6] )

638 }

639

640 for(gin 1:6){

641 # Total/Overall sensitivity

642 set[g,1] =(se[g,1]*gammal[1]*psi[1]*pa[1] + se[g,2]*(1-gammal1])*psi[1]*pa[l] + se[g,3]*gamma[2]*(1-
643 psi[1])*pa[1] + se[g,4]*(1-gammal[2])*(1-psi[1])*pa[l] +

644 se[g,5]1*gammal[3]*psi[2]*pa[2] + se[g,6]*(1-gammal3])*psi[2]*pa[2] + se[g,7]*gammal[4]*(1-

645 psi[2])*pal2] + se[g,8]*(1-gamma[4])*(1-psi[2])*pa[2] +

646 se[g,9]*gammal[5]*psi[3]*pa[3] + se[g,10]*(1-gamma[5])*psi[3]*pa[3] + se[g,11]*gamma[6]*(1-
647 psi[3])*pa[3] + se[g,12]*(1-gammal6])*(1-psi[3])*pa[3] +

648 se[g,13]*gammal[7]*psi[4]*pa[4] + se[g,14]*(1-gamma[7])*psi[4]*pal4] + se[g,15]*gammal[8]*(1-
649  psi[4])*pal4] + se[g,16]*(1-gammal[8])*(1-psi[4])*pal4]) /

650 (gammal[1]*psi[1]*pa[1] + (1-gammal[1])*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + (1-gamma[2])*(1-
651 psi[1])*pal1] +

652 gamma[3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] + gammal[4]*(1-psi[2])*pa[2] + (1-gammal[4])*(1-
653 psi[2])*pa[2] +

654 gamma[5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gammal[6]*(1-psi[3])*pa[3] + (1-gammal[6])*(1-
655 psi[3])*pa[3] +

656 gammal7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4] + gamma[8]*(1-psi[4])*pal4] + (1-gamma[8])*(1-
657  psi[4])*pal4])

658

659 #sensitivity in HIV+

660 set[g,2] = (se[g,1]*gamma[1]*psi[1]*pa[1] + se[g,3]*gamma[2]*(1-psi[1])*pa[1] +

661 se[g,5]*gamma(3]*psi[2]*pa[2] + se[g,7]*gammal[4]*(1-psi[2])*pa[2] +

662 se[g,9]*gamma[5]*psi[3]*pa[3] + se[g,11]*gamma[6]*(1-psi[3])*pa[3] + se[g,13]*gamma[7]*psi[4]*pa[4]
663 + se[g,15]*gammal[8]*(1-psi[4])*pal4])/

664 (gammal1]*psi[1]*pa[1] + gammal[2]*(1-psi[1])*pa[l] + gamma[3]*psi[2]*pa[2] + gammal[4]*(1-psi[2])*pa[2] +
665 gammal[5]*psi[3]*pa[3] + gamma[6]*(1-psi[3])*pa[3] + gamma[7]*psi[4]*pa[4] + gamma[8]*(1-psi[4])*pa[4])
666 #sensitivity in HIV-
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set[g,3] =(se[g,2]*(1-gamma[1])*psi[1]*pa[1] + se[g,4]*(1-gamma[2])*(1-psi[1])*pa[l] + se[g,6]*(1-
gamma(3])*psi[2]*pa[2] + se[g,8]*(1-gammal[4])*(1-psi[2])*pa[2] +
se[g,10]1*(1-gamma[5])*psi[3]*pa[3] + selg,12]*(1-gamma[6])*(1-psi[3])*pa[3] + se[g,14]*(1-
gamma([7])*psi[4]*pa[4] + se[g,16]*(1-gamma[8])*(1-psi[4])*pa[4])/
((1-gamma[1])*psi[1]*pa[l] + (1-gammal[2])*(1-psi[1])*pa[1] + (1-gamma[3])*psi[2]*pa[2] + (1-gamma[4])*(1-
psi[2])*pal2] +
(1-gammal5])*psi[3]*pa[3] + (1-gammal[6])*(1-psi[3])*pa[3] + (1-gamma[7])*psi[4]*pa[4] + (1-gamma[8])*(1-
psi[4])*pal4])

#sensitivity in male
set[g,4] =(se[g,1]*gammal[1]*psi[1]*pa[l] + se[g,2]*(1-gamma[1])*psi[1]*pa[l] + se[g,5]*gamma[3]*psi[2]*pa[2]
+ se[g,6]*(1-gamma[3])*psi[2]*pa[2] +
se[g,9]*gamma[5]*psi[3]*pa[3] + se[g,10]*(1-gammal5])*psi[3]*pa[3] + se[g,13]*gamma[7]*psi[4]*pa[4]
+ se[g,14]*(1-gammal7])*psi[4]*pal4] )/
(gammal1]*psi[1]*pa[1] + (1-gamma[1])*psi[1]*pa[1] + gamma[3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] +
gammal5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gamma[7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4])
#TB in female
set[g,5] = (se[g,3]*gamma[2]*(1-psi[1])*pa[1] + se[g,4]*(1-gammal[2])*(1-psi[1])*pa[l] + se[g,7]*gammal4]*(1-
psi[2])*pal2] + se[g,8]*(1-gamma[4])*(1-psi[2])*pal2] +
se[g,11]1*gammal[6]*(1-psi[3])*pal3] + se[g,12]*(1-gamma[6])*(1-psi[3])*pa[3] + se[g,15]*gamma[8]*(1-
psi[4])*pal4] + se[g,16]*(1-gammal[8])*(1-psi[4])*pa[4])/
(gamma[2]*(1-psi[1])*pall] + (1-gamma[2])*(1-psi[1])*pa[l] + gamma[4]*(1-psi[2])*pa[2] + (1-gammal[4])*(1-
psi[2])*pa[2] +
gamma[6]*(1-psi[3])*pa[3] + (1-gamma[6])*(1-psi[3])*pa[3] + gamma[8]*(1-psi[4])*pa[4] + (1-gamma[8])*(1-
psi[4])*pal4])
# sensitivity in each age group
set[g,6] = (se[g,1]*gamma[1]*psi[1]*pa[1] + se[g,2]*(1-gamma[1])*psi[1]*pa[1] + se[g,3]*gamma[2]*(1-
psi[1])*pa[1] + se[g,4]*(1-gammal[2])*(1-psi[1])*pa[1])/
(gamma[1]*psi[1]*pa[l1] + (1-gamma[1])*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + (1-gammal[2])*(1-
psi[1])*pal[1])
set[g,7] = (se[g,5]*gammal[3]*psi[2]*pa[2] + se[g,6]*(1-gamma[3])*psi[2]*pa[2] + se[g,7]*gamma[4]*(1-
psi[2])*pa[2] + se[g,8]*(1-gamma[4])*(1-psi[2])*pa[2])/
(gamma(3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pal2] + gamma[4]*(1-psi[2])*pal2] + (1-gammal[4])*(1-
psi[2])*pa[2])
set[g,8] = (se[g,9]*gamma[5]*psi[3]*pa[3] + se[g,10]*(1-gammal5])*psi[3]*pa[3] + se[g,11]*gammal[6]*(1-
psi[3])*pa[3] + se[g,12]*(1-gammal6])*(1-psi[3])*pa[3])/
(gamma[5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gammal[6]*(1-psi[3])*pa[3] + (1-gammal[6])*(1-
psi[3])*pal3])
set[g,9] = (se[g,13]*gammal7]*psi[4]*pal4] + se[g,14]*(1-gamma[7])*psi[4]*pa[4] + se[g,15]*gamma[8]*(1-
psi[4])*pal4] + se[g,16]*(1-gamma[8])*(1-psi[4])*pal4])/
(gamma[7]*psi[4]*pal4] + (1-gamma[7])*psi[4]*pal4] + gamma[8]*(1-psi[4])*pa[4] + (1-gammal[8])*(1-
psi[4])*pa[4])

# Total/Overall specificity
sptlg,1] =(sp[g,1]*gammal1]*psi[1]*pa[1] + sp[g,2]*(1-gamma[1])*psi[1]*pa[1] + sp[g,3]*gamma[2]*(1-
psi[1])*pa[1] + sp[g,4]*(1-gamma[2])*(1-psi[1])*pa[l] +
splg,51*gamma(3]*psi[2]*pa[2] + sp[g,6]*(1-gamma[3])*psi[2] *pal2] + sp[g,7]*gamma[4]*(1-
psi[2])*pal2] + sp[g,8]*(1-gammal[4])*(1-psi[2])*pa[2] +
splg,9]*gamma[5]*psi[3]*pa[3] + splg,10]*(1-gammal5])*psi[3]*pa[3] + splg,11]*gamma[6]*(1-
psi[3])*pa[3] + sp[g,12]*(1-gamma[6])*(1-psi[3])*pal3] +
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720 splg,13]*gamma(7]*psi[4]*pa[4] + sp[g,14]*(1-gamma[7])*psi[4]*pa[4] + sp[g,15]*gamma[8]*(1-
721  psi[4])*pa[4] + sp[g,16]*(1-gamma(8])*(1-psi[4])*pa[4]) /

722 (gammal[1]*psi[1]*pa[1] + (1-gammal[1])*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + (1-gamma[2])*(1-

723 psi[1])*pa[1] +

724 gammal3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pal2] + (1-gamma[4])*(1-

725 psi[2])*pal2] +

726 gammal5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gamma[6]*(1-psi[3])*pal3] + (1-gammal[6])*(1-

727 psi[3])*pa[3] +

728 gammal7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4] + gamma[8]*(1-psi[4])*pal4] + (1-gamma[8])*(1-

729 psi[4])*pa(4])

730

731

732 #specificity in HIV+

733 sptlg,2] = (splg,11*gammal[1]*psi[1]*pa[1] + sp[g,3]*gamma[2]*(1-psi[1])*pal1] +

734 splg,51*gammal[3]*psi[2]*pal2] + sp[g,7]*gamma[4]*(1-psi[2])*pa[2] +

735 splg,9]*gammal5]*psi[3]*pa[3] + splg,11]*gammal[6]*(1-psi[3])*pa[3] + sp[g,13]*gammal[7]*psi[4]*pa[4]
736 + sp[g,15]*gamma[8]*(1-psi[4])*pa[4])/

737 (gammal1]*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + gamma[3]*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pa[2] +
738 gammal5]*psi[3]*pa[3] + gammal[6]*(1-psi[3])*pa[3] + gamma[7]*psi[4]*pa[4] + gammal[8]*(1-psi[4])*pal4])
739 #specificity in HIV-

740 sptlg,3] =(splg,2]*(1-gamma[1])*psi[1]*pa[l] + sp[g,4]*(1-gamma[2])*(1-psi[1])*pa[1] + splg,6]*(1-

741 gammal3])*psi[2]*pa[2] + sp[g,8]*(1-gamma[4])*(1-psi[2])*pa[2] +

742 sp[g,10]*(1-gammal5])*psi[3]*pal3] + sp[g,12]*(1-gammal[6])*(1-psi[3])*pa[3] + sp[g,14]*(1-

743 gamma(7])*psi[4]*pal4] + sp[g,16]*(1-gammal[8])*(1-psi[4])*pa[4])/

744 ((1-gammal[1])*psi[1]*pa[1] + (1-gamma[2])*(1-psi[1])*pa[l] + (1-gamma[3])*psi[2]*pa[2] + (1-gammal[4])*(1-
745 psi[2])*pa[2] +

746 (1-gammal5])*psi[3]*pa[3] + (1-gamma[6])*(1-psi[3])*pa[3] + (1-gamma[7])*psi[4]*pa[4] + (1-gammal[8])*(1-
747 psi[4])*pa[4])

748

749 #specificity in male

750 spt(g,4] =(sp(g,1]*gammal[1]*psi[1]*pa[1] + sp[g,2]*(1-gamma[1])*psi[1]*pa[l] + sp[g,5]*gamma[3]*psi[2] *pa[2]
751 + sp[g,6]*(1-gamma[3])*psi[2]*pal2] +

752 splg,9]*gamma[5]*psi[3]*pa[3] + sp[g,10]*(1-gammal[5])*psi[3]*pa[3] + splg,13]*gamma[7]*psi[4]*pa[4]
753 +splg,14]*(1-gammal7])*psi[4]*pal4] )/

754 (gammal1]*psi[1]*pa[l] + (1-gamma[1])*psi[1]*pa[l] + gamma[3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] +
755 gammal5]*psi[3]*pa[3] + (1-gamma[5])*psi[3]*pa[3] + gamma[7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pa[4])
756 #specificity in female

757 sptlg,5] = (splg,3]*gammal[2]*(1-psi[1])*pa[1] + sp[g,4]*(1-gamma[2])*(1-psi[1])*pa[l] + splg,7]*gammal4]*(1-
758  psi[2])*pa[2] + sp[g,8]*(1-gamma[4])*(1-psi[2])*pal2] +

759 splg,11]1*gammal6]*(1-psi[3])*pa[3] + sp[g,12]*(1-gammal6])*(1-psi[3])*pa[3] + sp[g,15]*gamma[8]*(1-
760  psi[4])*pa[4] + sp[g,16]*(1-gamma(8])*(1-psi[4])*pa[4])/

761 (gammal2]*(1-psi[1])*pa[1] + (1-gamma[2])*(1-psi[1])*pa[l] + gamma[4]*(1-psi[2])*pa[2] + (1-gamma[4])*(1-
762 psi[2])*pal2] +

763 gammal6]*(1-psi[3])*pa[3] + (1-gamma[6])*(1-psi[3])*pa[3] + gamma[8]*(1-psi[4])*pal4] + (1-gammal8])*(1-
764 psi[4])*pa[4])

765 # specificity in each age group

766 spt[g,6] = (splg,1]*gammal[1]*psi[1]*pa[l] + sp[g,2]*(1-gammal1])*psi[1]*pa[1] + sp[g,3]*gamma[2]*(1-

767  psi[1])*pa[1] + splg,4]*(1-gamma(2])*(1-psi[1])*pa[1])/

768 (gamma[1]*psi[1]*pa[1] + (1-gamma[1])*psi[1]*pa[1] + gamma[2]*(1-psi[1])*pa[1] + (1-gammal[2])*(1-

769 psi[1])*pa[1])

770 sptlg,7] = (splg,5]*gammal[3]*psi[2]*pa[2] + sp[g,6]*(1-gamma([3])*psi[2]*pa[2] + sp[g, 7]*gamma[4]*(1-

771 psi[2])*pa[2] + sp[g,8]*(1-gammal[4])*(1-psi[2])*pa[2])/
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(gamma(3]*psi[2]*pa[2] + (1-gamma[3])*psi[2]*pa[2] + gamma[4]*(1-psi[2])*pal2] + (1-gammal[4])*(1-
psi[2])*pa[2])
spt(g,8] = (sp[g,9]*gammal[5]*psi[3] *pa[3] + splg,10]*(1-gamma[5])*psi[3]*pa[3] + sp[g,11]*gammal[6]*(1-
psi[3])*pal[3] + sp(g,12]*(1-gammal6])*(1-psi[3])*pal3])/
(gamma[5]*psi[3]*pal3] + (1-gamma[5])*psi[3]*pal3] + gammal[6]*(1-psi[3])*pa[3] + (1-gammal[6])*(1-
psi[3])*pal3])
spt[g,9] = (splg,13]*gamma[7]*psi[4]*pa[4] + splg,14]*(1-gamma[7])*psi[4]*pa[4] + sp[g,15]*gamma[8]*(1-
psi[4])*pal4] + sp[g,16]*(1-gammal[8])*(1-psi[4])*pa[4])/
(gamma(7]*psi[4]*pa[4] + (1-gamma[7])*psi[4]*pal4] + gamma[8]*(1-psi[4])*pal4] + (1-gammal[8])*(1-
psi[4])*pa[4])
}

## priors
for(gin 1:(K-1)){
for(rin 1:g1[g]){
beta[r,g] ~ dnorm(mull[r,g], s1[r,g])
}
}
for(g in 1:(K-1)){
for(rin 1:g0[g]){
alphalr,g] ~ dnorm(mu0lr,g], sO[r,g])
}
}

# Prior for prevalence

a_prev[1] ~ dnorm( mu.prev[1], s.prev[1] )
a_prev[2] ~ dnorm( mu.prev[2], s.prev[2] )
a_prev[3] ~ dnorm( mu.prev[3], s.prev[3] )
a_prev[4] ~ dnorm( mu.prev[4], s.prev[4] )
a_prev[5] ~ dnorm( mu.prev[5], s.prev[5] )
a_prev[6] ~ dnorm( mu.prev[6], s.prev[6] )

b.x[1] ~ dnorm( mu.x[1], s.x[1] )
b.x[2] ~ dnorm( mu.x[2], s.x[2] )
b.x[3] ~ dnorm( mu.x[3], s.x[3])
b.x[4] ~ dnorm( mu.x[4], s.x[4] )
b.x[5] ~ dnorm( mu.x[5], s.x[5])

z.x[1] ~ dnorm( mu.z[1], s.z[1] )
z.X[2] ~ dnorm( mu.z[2], s.z[2] )
z.X[3] ~ dnorm( mu.z[3], s.z[3])
z.x[4] ~ dnorm( mu.z[4], s.z[4] )

pa[1:4] ~ ddirch( mu.a[1:4] )
}

#

#Choice of priors (Determined outside jags and issued as part of the data)
gl =¢(6,6,7,8,6,7) # Number of parameters in models for non-PTB cases
g0=1¢(6,7,8,9,1,1) # Number of parameters in models for non-PTB cases

mul = matrix(NA, nrow = max(gl), ncol = 6) #Mean among PTB cases
s1 = matrix(NA, nrow = max(gl), ncol =6) # Precision for mean among the PTB cases
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825 for(cin 1:ncol(mul)){

826 for(rin 1:g1[c]){

827 mulfr,c]=0

828 }

829 }

830 mul[1,6] = gnorm(0.8) # Informative prior of the parameter corresponding to Pr(culture =+ | Xpert ultra = -, D+)
831

832 for(cin 1:ncol(s1)){

833 for(rin 1:g1[c]){

834 sl[r,c]=1

835 }

836 }

837  s1[1,1]=10

838 s1[1,6] = 10 #precision for the informative prior of the parameter corresponding to Pr(cult =+ | Xpert ultra = -, D+)
839

840 muO0 = matrix(NA, nrow = max(g0), ncol = 6) #Mean among non PTB cases
841 s0 = matrix(NA, nrow = max(g0), ncol = 6) # Precision for mean among the non PTB cases
842

843 for(c in 1:ncol(mu0)){

844 for(r in 1:g0[c]){

845 muO[r,c] =0

846 }

847 }

848 mu0[1,5] <- -gnorm(0.97) # prior for Pr(Xpert Ultra=+ | D=-)
849 muO0[1,6] <- -gnorm(0.999) # prior for Pr(culture =+ | D = -)
850

851 for(c in 1:ncol(s0)){

852 for(r in 1:g0[c]){

853 sO[r,c]=.1

854 }

855 }

856 s0[1,5:6] <- 100 # precision for prior for Pr(Xpert Ultra =+ | D = -) and prior for Pr(culture =+ | D = -) resp.
857

858 mu.prev = numeric(6)

859 s.prev = numeric(6)

860 mu.prev = ¢(-5,0,0,0,0,0)

861 s.prev = ¢(10,100,100,100,100,100)

862

863 #Prior for covariates in the models

864 mu.x = humeric(5)

865 s.X = numeric(5)

866 mu.x = ¢(0,0,0,0,0)

867 s.x=¢(1,1,1,1,1)

868 mu.z = ¢(0,0,0,0)

869 s.z=c¢(1,1,1,1)

870

871 mu.a =c(1,1,1,1) # Dirichlet prior for age groups

872

873

874

875

876

877
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878 Analysis that replaces any chest X-ray abnormality with chest X-ray abnormality suggestive of active TB

879

880 Tables S10 — S14 present the results obtained following the alternative analysis that replaces any chest X-ray

881 abnormality with chest X-ray abnormality suggestive of active TB. Table S15 presents a side-by-side comparison of
882 the overall results from the two alternative analyses.
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883 Table S10: Posterior median and 95% credible intervals (95% Crl) of the prevalence and diagnostic test sensitivity and specificity of Vukuzazi dataset
Model 0 Model 1 Model 2 Model 3 Model 4
Test Parameter Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl)
Prevalence 15.0(13.9, 16.2) 16.6 (15.1, 18.5) 1.1 (0.8, 1.5) 1.1 (0.8, 1.5) 1.1(0.8,1.6)
Any TB Sensitivity 22.1(19.1, 25.1) 21.8(18.9, 24.8) 27.4 (17.7, 39.5) 27.1(17.1, 39.3) 27.7 (17.2, 40.1)
symptom Specificity 83.7 (82.6, 84.8) 83.8 (82.6, 84.9) 83.0(81.9, 84.0) 83.0(81.9, 84.0) 83.0(81.9, 84.0)
Radiologist Sensitivity 23.1(20.1, 26.2) 21.2(18.2, 24.5) 44.1 (32.0, 57.0) 43.6 (31.5, 56.4) 43.7 (31.5, 56.6)
conclusion ¥ Specificity 99.9 (99.7, 100) 99.9 (99.7, 100) 96.9 (96.4, 97.4) 96.9 (96.4, 97.4) 96.9 (96.4, 97.4)
CADATBV5>53 Sensitivity 95.0(92.3,97.1) 88.9(82.7,93.7) 80.6 (69.1, 89.3) 80.0 (67.9, 89.0) 80.3 (68.5, 89.1)
Specificity 92.9(92.1, 93.8) 93.3(92.3,94.5) 80.2 (79.0, 81.3) 80.2 (79.0, 81.3) 80.2(79.0, 81.3)
CADATBV62>53 Sensitivity 95.1(92.4,97.2) 90.5 (84.6, 94.8) 81.4 (70.1, 89.9) 81.3 (69.8, 89.9) 80.9 (69.1, 89.6)
Specificity 96.0 (95.2, 96.7) 96.6 (95.7, 97.7) 82.7 (81.6, 83.8) 82.7 (81.7, 83.7) 82.8 (81.6, 83.8)
Xpert Ultra® Sensitivity 13.7 (11.5, 16.0) 6.2 (4.7, 8.0) 62.4 (48.9, 75.3) 60.0 (45.6, 73.7) 62.3 (47.5,76.1)
Specificity 99.9 (99.8, 100) 99.4 (99.2, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6) 99.4 (99.1, 99.6)
Culture Sensitivity 13.3(11.2, 15.6) 6.6 (5.0, 8.6) 74.1(60.2, 86.6) 71.4 (56.4, 85.4) 71.6 (55.8, 85.6)
Specificity 99.7 (99.5, 99.8) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)
Deviance 4823.3 4640.3 4614.7 4610.4 4609.7
RMSE 126.2 50.8 31.0 30.1 29.8

884 Model 0 — Based on the assumption of conditional independence

885 Model 1 — Accounts for conditional dependence between radiologist conclusion, CAD4TBv5253 and CAD4TBv62>53 and between Xpert Ultra and culture among
886 the PTB cases and allows conditional independence between all the diagnostic tests among non-PTB cases

887 Model 2 — Accounts for conditional dependence between radiologist conclusion, CAD4TBv5>53 and CAD4TBv6>53 and between Xpert Ultra and culture among
888 the PTB cases and conditional dependence between any TB symptom, radiologist conclusion, CAD4TBv5253 and CAD4TBv6>53 among non-PTB cases

889 Model 3 — Accounts for conditional dependence between all the diagnostic tests except any TB symptom among the PTB cases and conditional dependence
890 between any TB symptom, radiologist conclusion, CAD4TBv5253 and CAD4TBv6>53 among non-PTB cases

891 Model 4 — Accounts for conditional dependence between all the diagnostic tests among the PTB cases and conditional dependence between any TB symptom,
892 radiologist conclusion, CAD4TBv5253 and CAD4TBv6=53 among non-PTB cases

893 RMSE — Root mean square error. This is calculated as the square root of the sum of squared differences between the observed frequencies and the predicted
894 frequencies. It shows how good the model is in explaining the variability in the data (smaller is better)

895 Crl — Credible Intervals

896 T - Chest X-ray abnormality suggestive of active PTB, T - Excluding trace

897 Note: The estimates presented in the table are percentages
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Table S11: Posterior median and 95% credible intervals (95% Crl) of PTB prevalence and diagnostic test sensitivity and specificity for Vukuzazi dataset adjusted
for HIV status, sex and age, by HIV status adjusted for age and sex and by sex adjusted for HIV status and age

Overall

HIV+

HIV-

Male

Female

N

4960 (100%)

1496 (30.2%)

3464 (69.8%)

1813 (36.6%)

3147 (63.4%)

Test

Parameter

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Any TB
symptom
Radiologist
conclusion ¥
CAD4TBv5253

CAD4TBvV62>53

Xpert Ultra*

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

0.9 (0.6, 1.3)
25.8 (15.9, 38.0)
83.0 (81.9, 84.0)
44.1(32.0, 56.8)
96.9 (96.3, 97.4)
81.5(70.2, 90.2)
80.1(78.9, 81.2)
82.5(71.3, 90.8)
82.6 (81.6, 83.7)
64.0 (50.6, 76.5)
99.4 (99.1, 99.5)
75.2 (61.6, 88.0)
99.8 (99.7, 99.9)

1.2(0.8,1.9)
26.3 (13.5, 43.4)
83.5 (81.5, 85.3)
44.2 (27.9, 62.1)
95.3 (94.1, 96.3)
84.9 (69.9, 94.5)
78.7 (76.6, 80.8)
84.3 (69.2, 93.8)
79.2 (77.1, 81.3)
61.9 (43.7, 78.9)
99.4 (99.1, 99.5)
73.4 (53.4, 89.9)
99.8 (99.7, 99.9)

0.8 (0.5, 1.1)
25.4 (14.8, 39.0)
82.7 (81.4, 83.9)
43.9 (30.4, 57.9)
97.6 (97.0, 98.1)
80.3 (67.5, 89.8)
80.6 (79.3, 82.0)
82.1(69.3, 91.0)
84.1(82.9, 85.3)
65.0 (50.1, 78.5)
99.4 (99.1, 99.5)
76.3 (61.5, 89.1)
99.8 (99.7, 99.9)

1.1(0.7,1.7)
23.8(11.5,39.9
83.3 (81.5,84.9
50.0 (33.5, 66.6
95.3(94.3, 96.3
85.8 (72.0,94.5
72.8(70.7,74.9
84.4 (69.8, 93.7
76.2 (74.1,78.1
72.2 (55.8, 86.2
99.4 (99.1, 99.5
76.7 (59.3,91.0

(
(
(
(
(
(
(
(
(
(
(
99.8(99.7, 99.9

)
)
)
)
)
)
)
)
)
)
)
)

0.8 (0.5, 1.1)
26.7 (15.7, 40.5)
82.8 (81.4, 84.1)
40.6 (27.2, 55.2)
97.8(97.2, 98.3)
79.4 (65.9, 89.6)
84.2 (82.9, 85.4)
81.8 (69.0, 90.7)
86.4 (85.1, 87.5)
59.4 (43.8, 74.0)
99.4 (99.1, 99.5)
74.7 (59.2, 88.2)
99.8 (99.7, 99.9)

Crl - Credible Intervals
T - Chest X-ray abnormality suggestive of active PTB

T - Excluding trace

Note: The estimates presented in the table are percentages
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Table S12: Age, sex and HIV adjusted posterior median and 95% credible intervals (95% Crl) of PTB prevalence and diagnostic test sensitivity and specificity for
Vukuzazi dataset presented by age groups

15 - 29 years

30 —-49 years

50 - 69 years

270 years

N

1156 (23.3%)

1291 (26.0%)

1723 (34.7%)

790 (15.9%)

Test

Parameter

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Any TB
symptom
Radiologist
conclusion®
CAD4TBv5253

CAD4TBvV62>53

Xpert Ultra*

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

0.8(0.5,1.2)
26.5 (15.1, 41.4)
81.5(79.1, 83.7)
44.3 (30.1, 59.1)
98.4 (97.5, 99.0)
80.0 (66.4, 90.0)
93.8(92.3, 95.1)
81.1(67.2, 90.7)
95.6 (94.3, 96.7)
64.5 (48.4, 78.3)
99.4 (99.1, 99.5)
77.7 (62.5, 89.6)
99.8 (99.7, 99.9)

1.0 (0.6, 1.6)
23.1(9.7,42.3)
83.7 (81.7, 85.7)
39.7 (21.5, 60.0)
96.3 (95.2, 97.2)
83.3(66.2, 94.3)
82.2 (80.0, 84.3)
82.0 (64.1, 93.2)
83.5(81.4, 85.5)
65.2 (4.2, 83.2)
99.4 (99.1, 99.5)
77.3 (54.0, 93.4)
99.8 (99.7, 99.9)

1.0 (0.6, 1.6)
26.9 (12.8, 45.1)
83.5 (81.6, 85.2)
51.5(33.1, 70.5)
96.1 (95.2, 97.0)
83.3 (66.5, 93.7)
76.6 (74.5, 78.6)
85.2 (69.2, 94.6)
78.9 (76.9, 80.8)
65.7 (45.9, 82.1)
99.4 (99.1, 99.5)
70.4 (50.3, 88.3)
99.8 (99.7, 99.9)

0.7 (0.4,1.2)
24.9 (9.0, 47.8)
82.8 (80.0, 85.4)
33.5(15.2, 56.7)
97.4 (96.1, 98.4)
79.6 (57.8, 93.2)
64.1 (60.7, 67.4)
82.5 (61.5, 94.5)
70.4 (67.2, 73.4)
58.9 (35.2, 81.7)
99.4 (99.1, 99.5)
81.5 (59.9, 95.0)
99.8 (99.7, 99.9)

Crl — Credible Intervals

T - Chest X-ray abnormality suggestive of active PTB

T - Excluding trace

Note: The estimates presented in the table are percentages
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Table S13: Posterior median and 95% credible intervals (95% Crl) of the age, sex and HIV adjusted PTB prevalence and diagnostic test sensitivity and specificity

among male individuals in Vukuzazi dataset

15 - 29 years 30 —49 years 50 — 69 years 270 years
Group Test Parameter Median (95% Crl) Median (95% Crl) Median (95% Crl) Median (95% Crl)
HIV+ Male Prevalence 1.4(0.8,2.4) 1.5(0.8, 2.6) 1.9(1.0,3.1) 1.6 (0.8, 2.9)
Any TB Sensitivity 26.5(10.2, 49.6) 21.7 (6.8, 46.4) 25.9 (9.5, 48.5) 23.9 (6.4, 53.4)
symptom Specificity 82.2 (78.7, 85.5) 84.4 (81.6, 86.9) 84.3 (81.2,87.1) 83.8 (79.6, 87.4)
Radiologist Sensitivity 49.8 (27.6, 72.9) 46.4 (22.3,71.5) 59.8 (36.4, 80.7) 42.0(16.2,72.1)
conclusion ¥ Specificity 95.9 (93.4, 97.6) 92.6 (90.0, 94.6) 90.2 (86.8,92.9) 91.3 (86.5, 94.8)
CADATBv52>53 Sensitivity 87.6 (69.3, 96.9) 89.7 (70.6, 98.0) 90.9 (73.9, 98.2) 89.6 (64.9, 98.3)
Specificity 86.8 (83.3, 89.7) 67.8 (63.9, 71.5) 55.1 (50.4, 59.7) 37.1(31.4, 43.1)
CADATBvV6>53 Sensitivity 85.7 (65.6, 95.8) 85.8 (63.7, 96.5) 89.2 (71.3,97.6) 87.7 (62.8, 97.8)
Specificity 88.9(85.7,91.8) 68.6 (64.7,72.3) 55.6 (50.8, 60.2) 39.9(34.1, 46.0)
Xpert Ultra* Sensitivity 67.9 (43.8, 86.6) 72.2 (46.1,90.7) 72.5(48.9, 90.0) 66.3 (36.2, 89.8)
Specificity 99.4 (99.1, 99.5) 99.4 (99.1, 99.5) 99.4 (99.1, 99.5) 99.4 (99.1, 99.5)
Culture Sensitivity 76.7 (51.1, 93.5) 77.5(48.3, 95.5) 70.0 (44.1, 91.2) 81.0(50.7, 96.5)
Specificity 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)
HIV- Male Prevalence 0.9 (0.5, 1.4) 0.9 (0.5, 1.6) 1.2 (0.7, 1.9) 1.0(0.5,1.7)
Any TB Sensitivity 24.5(10.7, 43.8) 19.7 (6.4, 42.9) 23.8 (9.2, 45.0) 22.3(6.3,47.9)
symptom Specificity 81.8(79.2, 84.3) 84.1(81.2, 86.6) 83.9(81.5, 86.2) 83.4(80.1, 86.4)
Radiologist Sensitivity 48.6 (30.1, 67.6) 44.8 (22.6, 69.2) 58.4(36.1, 78.6) 40.8 (17.6, 67.5)
conclusion® Specificity 98.0(96.9, 98.8) 96.1(94.4,97.4) 94.7 (92.9, 96.1) 95.3(93.0, 97.1)
CADA4TBvV52>53 Sensitivity 83.2(66.2,93.9) 85.9 (65.6, 96.3) 87.4 (69.4, 96.6) 85.5 (62.4, 96.6)
Specificity 91.3(89.3,93.2) 75.7 (72.2,79.2) 64.2 (60.7, 67.7) 45.6 (41.1, 50.0)
CAD4TBv62>53 Sensitivity 82.7 (65.0, 93.5) 83.0(61.3,95.1) 87.0 (68.8, 96.4) 85.2 (62.6, 96.5)
Specificity 94.3 (92.5, 95.8) 79.6 (76.2, 82.7) 68.6 (65.1, 71.9) 53.1(48.4, 57.6)
Xpert Ultra* Sensitivity 71.4 (51.6, 86.9) 75.4 (51.1, 92.1) 75.9 (54.7, 90.8) 69.6 (42.8, 90.4)
Specificity 99.4 (99.1, 99.5) 99.4 (99.1, 99.5) 99.4 (99.1, 99.5) 99.4 (99.1, 99.5)
Culture Sensitivity 79.0(59.2, 93.0) 79.9 (54.3, 95.6) 72.6 (49.4, 91.4) 82.9 (57.9, 96.3)
Specificity 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)

¥ - Chest X-ray abnormality suggestive of active PTB, 1 - Excluding trace
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Table S14: Posterior median and 95% credible intervals (95% Crl) of the age, sex and HIV adjusted PTB prevalence and diagnostic test sensitivity and specificity

among female individuals in Vukuzazi dataset

15 - 29 years

30 —49 years

50 — 69 years

270 years

Group

Test

Parameter

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

Median (95% Crl)

HIV+ Female

Any TB
symptom
Radiologist
conclusion®
CADA4TBvV5253

CADA4TBv6253
Xpert Ultra*

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

0.9 (0.5, 1.5)
29.8 (14.1, 49.7)
81.4 (77.9, 84.6)
39.7 (21.5, 60.8)
98.5 (97.3, 99.2)
80.6 (61.0, 93.0)
96.1(94.7, 97.3)
82.1(63.8, 93.2)
96.6 (95.2, 97.7)
53.8 (32.9, 74.1)
99.4 (99.1, 99.5)
75.2 (53.5, 91.3)
99.8 (99.7, 99.9)

1.0 (0.5,1.7)
24.7 (9.4, 47.5)
83.6 (81.2, 86.0)
36.3 (16.7, 60.3)
96.9 (95.7, 97.9)
83.4 (62.1, 95.6)
86.9 (84.7, 88.9)
82.5 (60.9, 94.6)
87.0 (84.7, 88.9)
59.0 (33.9, 81.3)
99.4 (99.1, 99.5)
76.2 (49.4, 93.8)
99.8 (99.7, 99.9)

1.2 (0.6, 2.0)
29.2 (11.9, 51.9)
83.5 (80.9, 85.9)
49.6 (27.9, 72.6)
95.7 (94.1, 97.0)
85.1 (64.6, 95.8)
78.6 (75.6, 81.5)
86.5 (67.5, 96.4)
78.8 (75.7, 81.7)
59.2 (34.8, 80.7)
99.4 (99.1, 99.5)
68.1 (43.8, 89.8)
99.8 (99.7, 99.9)

1.0 (0.5, 1.8)
26.9 (8.8, 54.7)
83.0(79.1, 86.4)
32.2 (12.0, 60.5)
96.3 (93.9, 97.9)
83.0 (57.0, 96.1)
63.0 (57.8, 67.9)
84.8 (60.6, 96.4)
65.9 (61.0, 70.6)
52.3 (25.0, 80.1)
99.4 (99.1, 99.5)
79.6 (51.4, 95.4)
99.8 (99.7, 99.9)

HIV- Female

Any TB
symptom
Radiologist
conclusion®
CAD4TBv5>53

CADA4TBv62>53

Xpert Ultra®

Culture

Prevalence
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity
Sensitivity
Specificity

0.5(0.3,0.8)
27.8(15.1, 43.8)
81.0 (78.2, 83.6)
38.5 (23.6, 55.0)
99.3 (98.8, 99.7)
74.7 (59.0, 87.2)
97.8 (97.0, 98.4)
78.7 (63.2, 89.5)
98.5 (97.9, 99.0)
57.9 (40.4, 73.9)
99.4 (99.1, 99.5)
77.6 (61.3, 89.9)
99.8 (99.7, 99.9)

0.6 (0.3, 1.0)
22.8 (8.6, 44.2)
83.2 (80.4, 85.8)
34.9 (16.8, 58.1)
98.6 (97.7, 99.1)
78.2 (56.3, 92.3)
91.2 (89.2, 92.9)
79.2 (57.8, 92.4)
92.9 (91.1, 94.3)
62.7 (38.7, 82.9)
99.4 (99.1, 99.5)
78.6 (54.8, 93.9)
99.8 (99.7, 99.9)

0.7 (0.4, 1.2)
27.0 (11.3, 48.7)
83.1(81.0, 85.1)
48.4 (27.0, 70.4)
97.9(97.1, 98.6)
80.2 (59.5, 93.0)
84.6 (82.6, 86.5)
83.8 (64.4, 94.6)
87.2 (85.4, 88.9)
63.2 (40.2, 82.2)
99.4 (99.1, 99.5)
71.1 (47.3, 89.6)
99.8 (99.7, 99.9)

P PR G [T [ S R PG G (R S

0.6 (0.3, 1.0)
25.3 (8.9, 49.0)
82.6 (79.7, 85.3
31.1(13.0, 55.1
98.2 (97.2,99.0
77.5 (54.3,92.5
70.6 (67.3, 73.7)
81.6 (59.6, 94.3)
76.9 (73.8, 79.6)
56.1 (31.4, 80.1)
99.4 (99.1, 99.5)
81.7 (59.0, 95.2)
99.8 (99.7, 99.9)

)
)
)
)

¥ - Chest X-ray abnormality suggestive of active PTB, 1 - Excluding trace
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Table S15: Posterior median and 95% credible intervals (95% Crl) of PTB prevalence and diagnostic test sensitivity

and specificity for Vukuzazi dataset adjusted for HIV status, sex and age

Overall* Overall* Overall Overall*
N 4960 4960 4960 4960
Test Parameter Median (95% Crl)  Median (95% Crl) Median (95% Crl) Median (95% Crl)
Prevalence 0.9 (0.6, 1.3) 0.9 (0.6, 1.3) 1.1(0.8,1.5) 0.9 (0.6, 1.3)
Any TB Sensitivity ~ 26.7 (16.6,38.6)  25.8 (15.9, 38.0) 24.2 (14.8, 35.8) 21.9(12.1, 34.0)
symptom Specificity ~ 83.0(81.9,84.0)  83.0(81.9, 84.0) 83.0(81.9, 84.0) 82.9(81.8, 84.0)
Radiologist Sensitivity ~ 84.4(74.0,91.9)  44.1(32.0,56.8) 93.2(83.5, 98.6) 39.9(27.1, 54.7)
conclusion Specificity ~ 66.7 (65.3,68.0)  96.9 (96.3, 97.4) 66.8 (65.4, 68.1) 96.9 (96.4, 97.4)
CADA4TBvV5253  Sensitivity  80.4 (68.4,89.7)  81.5(70.2,90.2) 85.6(72.3,94.4) 86.7 (73.5, 95.4)
Specificity ~ 80.0(78.9,81.2)  80.1(78.9, 81.2) 80.1(79.0, 81.2) 80.1(78.9, 81.2)
CAD4TBV6>53  Sensitivity — 81.1(69.2,90.1)  82.5(71.3, 90.8) 84.0(70.3,93.3) 85.0(72.1, 93.9)
Specificity ~ 82.5(81.4,83.6)  82.6(81.6, 83.7) 82.6 (81.5, 83.7) 82.6 (81.5, 83.7)
Xpert Ultra Sensitivity ~ 62.2 (48.7,74.4)  64.0 (50.6, 76.5) 77.2(60.9, 89.5) 79.8 (63.8,92.1)
Specificity ~ 99.4(99.1,99.6)  99.4 (99.1, 99.5) 99.1(98.8,99.4) 99.0(98.7,99.3)
Culture Sensitivity ~ 75.9 (61.9,89.2)  75.2 (61.6, 88.0) 68.7 (54.5, 82.0) 71.7 (56.9, 85.5)
Specificity ~ 99.8(99.7,99.9)  99.8 (99.7, 99.9) 99.8 (99.7, 99.9) 99.8 (99.7, 99.9)
Deviance 1656.8 1358.5 1692.0 1402.9

Crl - Credible Intervals
¥ - Model evaluating any TB symptom, any chest X-ray abnormality, CAD4TBv5>53, CAD4TBv62>53, Xpert Ultra
(excluding trace) and culture
T - Model evaluating any TB symptom, chest X-ray abnormality suggestive of active PTB, CAD4TBv5>53,
CADATBv6253, Xpert Ultra (excluding trace) and culture
T - Model evaluating any TB symptom, any chest X-ray abnormality, CAD4TBv5253, CAD4TBv6>53, Xpert Ultra
(including trace) and culture
1 - Model evaluating any TB symptom, chest X-ray abnormality suggestive of active PTB, CAD4TBv5253,
CADA4TBvV6253, Xpert Ultra (including trace) and culture

Note: The estimates presented in the table are percentages
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