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Appendix 3. Target Product Profile - Detection of resistance 
associated mutations in Mycobacterium tuberculosis complex 
utilizing Next Generation Sequencing

Definitions and clarifications

•  Characteristic – refers to a specific requirement 
or attribute that is measurable

•  Minimal – for a specific characteristic refers 
to the lowest acceptable output for that 
characteristic. For clarification, solutions 
must meet the ‘Minimal’ standard in order 
to be acceptable (CAVEAT: a test may still 
be acceptable if shortcomings pertain to the 
soft targets or if hard targets are only missed 
marginally)

•  Optimal – for a specific characteristic, provides 
an output for that characteristic which is 
considered a ‘stretch’ from a performance 
characteristic. Meeting or exceeding the 
‘Optimal’ characteristics provides the greatest 
differentiation and the greatest impact for the 
end users, clinicians and patients. Developers 

would ideally design and develop their 
solutions to meet ‘Optimal’ characteristic for 
as many cases as possible.

Note: The optimal and minimal requirements/
characteristics/attributes define a range for the 
performance output.

Abbreviations: DST - Drug susceptibility 
testing, RIF – Rifampin, FQ – Fluoroquinolones, 
MOX-Moxifloxacin, LVX-levofloxacin, PZA – 
Pyrazinamide, INH – Isoniazid, AMK-amikacin, 
EMB-ethambutol, BDQ-bedaquiline, DLD-
delamanid, LZD-linezolid, CLF- Clofazimine, 
CYC – Cycloserine, ETH-ethionamide, XDR-
extensively drug resistant TB (INH, RIF, FQ, 
AMK,), NGS – Next-Generation Sequencing, 
WGS – Whole Genome Sequencing, Xpert 
MTB/RIF-GeneXpert MTB & RIF, Mtb – 
Mycobacterium tuberculosis, NTM - non-
tuberculous mycobacteria.
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
C

ha
ra

ct
er

is
tic

O
pt

im
al

M
in

im
al

Ex
pl

an
at

io
ns

/L
im

ita
tio

ns
Re

f

Sc
op

e

Ke
y 

as
su

m
pt

io
ns

• 
 Th

is 
TP

P 
is 

in
te

nd
ed

 to
 p

ro
vi

de
 g

ui
da

nc
e 

fo
r d

ev
el

op
m

en
t o

f a
ss

ay
s 

w
hi

ch
 w

ill 
ut

ili
ze

 N
ex

t G
en

er
at

io
n 

Se
qu

en
ci

ng
 

(N
G

S)
 a

s 
th

e 
pl

at
fo

rm
 fo

r t
he

 d
et

ec
tio

n 
of

 m
ut

at
io

ns
 in

 th
e 

M
. t

ub
er

cu
lo

sis
 c

om
pl

ex
 (M

TB
C

) g
en

om
es

 fo
r d

ru
g 

re
sis

ta
nc

e 
de

te
rm

in
at

io
n.

 M
TB

C
 a

s 
pe

r r
ef

er
en

ce
: M

. t
ub

er
cu

lo
sis

, M
. b

ov
is,

 M
. a

fri
ca

nu
m

, M
. c

an
et

ti,
 M

. m
ic

ro
ti,

 M
. c

ap
ra

e,
 

M
. p

in
ni

pe
di

, M
. m

un
gi

 a
nd

 M
. o

ry
gi

s.
• 

 Th
is 

TP
P 

w
ill 

on
ly

 p
ro

vi
de

 g
ui

da
nc

e 
on

 th
e 

se
qu

en
ci

ng
 a

ss
ay

 c
om

po
ne

nt
 o

f f
ar

 m
or

e 
re

ac
hi

ng
 o

ve
ra

ll 
so

lu
tio

ns
.  

Th
e 

as
su

m
ed

 in
pu

t i
nt

o 
th

e 
as

sa
y 

is 
D

N
A

/
nu

cl
ei

c 
ac

id
 m

at
er

ia
l e

xt
ra

ct
ed

 d
ire

ct
ly

 fr
om

 p
rim

ar
y 

pa
tie

nt
 s

am
pl

es
  

(e
.g

. s
pu

tu
m

), 
an

d 
ou

tp
ut

 is
 d

at
a 

to
 b

e 
fe

d 
in

to
 a

n 
an

al
ys

is 
ba

ck
en

d 
so

lu
tio

n.
 S

ep
ar

at
e 

TP
Ps

 fo
r D

N
A

 e
xt

ra
ct

io
n 

an
d 

ba
ck

-e
nd

 a
na

ly
sis

 a
nd

 a
rc

hi
vi

ng
 w

ill 
gu

id
e 

th
ei

r d
es

ig
n.

• 
 Th

e 
m

in
im

al
 a

nd
 o

pt
im

al
 c

ha
ra

ct
er

ist
ic

s 
ar

e 
br

oa
d 

ra
ng

es
 to

 e
nc

om
pa

ss
 a

ll 
ty

pe
s 

of
 n

ex
t g

en
er

at
io

n 
se

qu
en

ci
ng

  
(e

.g
. W

G
S,

 ta
rg

et
ed

 N
G

S)
• 

 Th
ou

gh
 th

e 
te

st 
fo

r w
hi

ch
 th

is 
TP

P 
is 

pr
ov

id
in

g 
ch

ar
ac

te
ris

tic
s 

co
ul

d 
be

 u
til

iz
ed

 fo
r c

lin
ic

al
 m

an
ag

em
en

t a
nd

 o
th

er
 n

ee
ds

, 
th

e 
TP

P 
w

ill 
fo

cu
s 

pr
im

ar
ily

 o
n 

th
e 

ch
ar

ac
te

ris
tic

s 
re

qu
ire

d 
fo

r a
 s

ur
ve

illa
nc

e 
se

qu
en

ci
ng

 te
st 

fo
r t

he
 d

et
er

m
in

at
io

n 
of

 th
e 

pr
es

en
ce

 o
f r

es
ist

an
ce

 a
ss

oc
ia

te
d 

m
ut

at
io

ns
 fo

r s
pe

ci
fie

d 
an

ti-m
yc

ob
ac

te
ria

l d
ru

gs
• 

 Ti
m

el
in

e 
co

ns
id

er
ed

 5
 y

ea
rs

 to
 im

pl
em

en
ta

tio
n 

an
d 

im
pa

ct
 a

na
ly

sis

(1
)

Ra
tio

na
le

In
 th

e 
sh

or
t-te

rm
, t

he
 a

ss
ay

 w
ill 

pr
ov

id
e 

su
pp

or
t f

or
 th

e 
id

en
tifi

ca
tio

n 
of

 o
p
ti
m

a
l, 

in
di

vi
du

al
iz

ed
 T

B 
re

gi
m

en
 a

nd
 /

or
 d

ru
g 

se
le

ct
io

n 
fo

r t
re

at
m

en
t a

t t
he

 re
fe

re
nc

e 
ce

nt
er

 le
ve

l f
or

 p
at

ie
nt

 p
op

ul
at

io
ns

 id
en

tifi
ed

 in
 in

te
nd

ed
 u

se
 s

ec
tio

n.
In

 th
e 

lo
ng

er
 te

rm
, t

he
 a

ss
ay

 w
ill 

pr
ov

id
e 

su
pp

or
t f

or
 g

ui
di

ng
 e

ff
ec

ti
ve

 fi
rs

t-
lin

e 
TB

 t
h
er

a
p
y

 in
 th

e 
co

nt
ex

t o
f t

he
 ro

ll-
ou

t o
f n

ew
 T

B 
tre

at
m

en
t r

eg
im

en
s 

po
st 

20
18

Th
e 

as
sa

y 
ca

n 
al

so
 b

e 
us

ed
 fo

r c
ul

tu
re

-fr
ee

 s
ur

ve
illa

nc
e 

of
 d

ru
g 

re
sis

ta
nt

 T
B 

di
re

ct
 fr

om
 p

rim
ar

y 
pa

tie
nt

 s
am

pl
es

 a
t a

 
na

tio
na

l l
ev

el
Th

e 
as

sa
y 

in
 c

on
ju

nc
tio

n 
w

ith
 fo

llo
w

 u
p 

stu
di

es
 c

an
 e

xa
m

in
e 

cl
in

ic
al

 re
le

va
nc

e 
of

 d
ru

g 
re

sis
ta

nc
e 

al
le

le
 a

nd
 w

ild
 ty

pe
 

al
le

le
 m

ix
tu

re
s

In
te

nd
ed

 U
se

Th
e 

in
te

nd
ed

 u
se

 o
f t

hi
s 

as
sa

y 
an

d 
as

so
ci

at
ed

 s
ys

te
m

 is
 to

 te
st 

pr
im

ar
y 

sa
m

pl
es

 (i
.e

. s
pu

tu
m

) f
ro

m
 c

on
fir

m
ed

 T
B 

pa
tie

nt
s 

at
 ri

sk
 fo

r D
R-

TB
 fo

r t
he

 p
re

se
nc

e 
of

 re
sis

ta
nc

e 
as

so
ci

at
ed

 m
ut

at
io

ns
 o

f h
ig

h 
co

nfi
de

nc
e 

in
 p

re
-id

en
tifi

ed
 lo

ci
 o

f i
nt

er
es

t. 
Th

e 
as

sa
y 

ai
ds

 in
 th

e 
de

te
rm

in
at

io
n 

of
 th

e 
pr

es
en

ce
 o

f r
es

ist
an

ce
 a

ss
oc

ia
te

d 
m

ut
at

io
ns

 a
nd

 c
an

 a
dd

 to
 e

pi
de

m
io

lo
gi

c 
in

ve
sti

ga
tio

ns
. T

hi
s 

as
sa

y 
is 

no
t i

nd
ic

at
ed

 fo
r u

se
 a

s 
a 

sta
nd

-a
lo

ne
 d

ia
gn

os
tic

 fo
r d

et
er

m
in

in
g 

th
e 

pr
es

en
ce

 o
f M

TB
C

.
Pa

tie
nt

 p
op

ul
at

io
ns

:
Pa

tie
nt

s 
w

ith
 b

ac
te

rio
lo

gi
ca

lly
 c

on
fir

m
ed

 ri
fa

m
pi

ci
n-

re
sis

ta
nt

 M
TB

C
 a

s 
de

te
rm

in
ed

 b
y 

a 
va

lid
at

ed
 m

ol
ec

ul
ar

 o
r p

he
no

ty
pi

c 
as

sa
y

Pa
tie

nt
s 

in
 w

ho
m

 d
ru

g 
re

sis
ta

nc
e 

is 
su

sp
ec

te
d

Pa
tie

nt
s 

w
he

re
 fi

rs
t l

in
e 

th
er

ap
y(

ie
s) 

ha
s 

fa
ile

d
Pa

tie
nt

s 
w

er
e 

se
co

nd
 li

ne
 th

er
ap

y(
ie

s) 
ha

s 
fa

ile
d



THE USE OF NEXT-GENERATION SEQUENCING TECHNOLOGIES FOR THE DETECTION OF MUTATIONS ASSOCIATED WITH DRUG RESISTANCE IN MYCOBACTERIUM TUBERCULOSIS COMPLEX

96

C
ha

ra
ct

er
is

tic
O

pt
im

al
M

in
im

al
Ex

pl
an

at
io

ns
/L

im
ita

tio
ns

Re
f

Pa
tie

nt
s 

w
he

re
 re

la
ps

e 
of

 M
TB

C
 in

fe
ct

io
n 

ha
s 

oc
cu

rre
d

Pa
tie

nt
s 

w
ho

 in
iti

at
ed

 fi
rs

t- 
lin

e 
an

ti-m
yc

ob
ac

te
ria

l t
he

ra
py

, t
he

ra
py

 w
as

 d
isc

on
tin

ue
d 

an
d 

ar
e 

no
w

 a
bo

ut
 to

 re
-in

iti
at

e 
an

ti-
m

yc
ob

ac
te

ria
l t

he
ra

py
Pa

tie
nt

s 
w

ho
 h

av
e 

an
 u

nd
er

ly
in

g 
pr

ed
isp

os
iti

on
 th

at
 m

ak
es

 tr
ea

tm
en

t d
iffi

cu
lt 

(e
.g

. H
IV

, d
ia

be
te

s)
Pa

tie
nt

s 
w

ho
 h

av
e 

cl
os

e 
co

nt
ac

t w
ith

 k
no

w
n 

M
/

XD
R 

pa
tie

nt
al

l c
lin

ic
al

 s
am

pl
es

 c
ol

le
ct

ed
 u

nd
er

 a
 d

efi
ne

d 
pr

ot
oc

ol
 fo

r s
ur

ve
illa

nc
e 

ef
fo

rts
G

oa
l o

f T
es

t
To

 d
et

ec
t a

nd
 id

en
tif

y 
a 

pr
ed

efi
ne

d 
se

t o
f M

TB
C

 re
sis

ta
nc

e-
as

so
ci

at
ed

 m
ut

at
io

ns
 in

 D
N

A
 e

xt
ra

ct
ed

 d
ire

ct
ly

 fr
om

 p
rim

ar
y 

pa
tie

nt
 s

pe
ci

m
en

s 
(e

.g
. s

pu
tu

m
)

Th
e 

so
lu

tio
n 

w
ill 

se
rv

e 
as

 a
 re

fle
x 

te
st 

an
d 

w
ill 

be
 p

er
fo

rm
ed

 
on

ly
 a

fte
r a

 p
at

ie
nt

 is
 c

on
fir

m
ed

 to
 b

e 
in

fe
ct

ed
 w

ith
 M

TB
C

 
an

d 
to

 b
e 

at
 ri

sk
 fo

r d
ru

g-
re

sis
ta

nt
 T

B 
(b

as
ed

 o
n 

cl
in

ic
al

, 
ph

en
ot

yp
ic

, a
nd

/
or

 g
en

ot
yp

ic
 e

va
lu

at
io

ns
)

D
ru

g 
re

si
sta

nc
e 

te
ste

d*
A

ll 
an

ti-m
yc

ob
ac

te
ria

l d
ru

gs
 

fo
r w

hi
ch

 th
er

e 
is 

ev
id

en
ce

 
of

 a
ss

oc
ia

tio
n 

w
ith

 re
sis

ta
nc

e 
an

d 
th

e 
co

rre
la

tio
n 

of
 

ge
no

ty
pi

c 
to

 p
he

no
ty

pi
c 

pr
es

en
ta

tio
n 

is 
kn

ow
n 

(e
.g

. 
al

l d
ru

gs
 u

se
d 

fo
r t

re
at

in
g 

TB
 

pa
tie

nt
s)

RI
F, 

IN
H

, F
Q

, A
K,

 P
ZA

FQ
, A

K 
an

d 
PZ

A
 h

av
e 

w
el

l-d
oc

um
en

te
d,

 a
nd

 m
od

er
at

el
y 

to
 

hi
gh

ly
 s

en
sit

iv
e 

an
d 

sp
ec

ifi
c,

 k
no

w
n 

ge
no

m
ic

 ta
rg

et
s.

C
ur

re
nt

ly,
 E

M
B,

 B
D

Q
, D

LD
, L

ZD
, E

TH
, C

FZ
, C

YC
 d

o 
no

t 
ye

t h
av

e 
w

el
l-d

efi
ne

d 
m

ec
ha

ni
sm

 o
f r

es
ist

an
ce

 o
r w

el
l-

do
cu

m
en

te
d 

ge
no

m
ic

 ta
rg

et
s.

 A
s 

m
or

e 
in

fo
rm

at
io

n 
is 

ga
th

er
ed

, g
en

om
ic

 ta
rg

et
s 

fo
r a

dd
iti

on
al

 re
sis

ta
nc

e 
m

ak
er

s 
w

ill 
ne

ed
 to

 b
e 

in
cl

ud
ed

. C
on

sid
er

in
g 

th
e 

5 
ye

ar
 ti

m
ef

ra
m

e,
 

w
e 

ex
pe

ct
 m

aj
or

 im
pr

ov
em

en
ts 

in
 th

e 
kn

ow
le

dg
e 

of
 d

ru
g 

re
sis

ta
nc

e 
m

ec
ha

ni
sm

s.

(2
-8

)

A
ss

ay
 D

es
ig

n
Th

e 
as

sa
y 

sh
al

l b
e 

de
sig

ne
d 

in
 s

uc
h 

a 
m

an
ne

r t
ha

t t
he

 
ad

di
tio

n 
of

 o
r r

em
ov

al
 o

f g
en

om
e 

ta
rg

et
s 

or
 e

nh
an

ce
d 

pe
rfo

rm
an

ce
 c

ha
ra

ct
er

ist
ic

s 
of

 th
e 

as
sa

y 
do

es
 n

ot
 re

qu
ire

 
ex

te
ns

iv
e 

an
al

yt
ic

al
 a

nd
 c

lin
ic

al
 re

-ve
rifi

ca
tio

n 
an

d 
re

-
va

lid
at

io
n 

of
 th

e 
as

sa
y 

as
 a

 w
ho

le
.

Th
e 

as
sa

y 
sh

ou
ld

 b
e 

de
sig

ne
d 

in
 s

uc
h 

a 
m

an
ne

r t
ha

t i
t c

an
 

be
 u

pd
at

ed
 w

ith
 n

ew
 d

ru
g 

re
sis

ta
nc

e 
ge

no
m

ic
 ta

rg
et

s 
as

 
ne

ed
s 

ar
ise

 w
ith

 m
in

im
al

 re
-d

ev
el

op
m

en
t, 

re
-va

lid
at

io
n 

an
d 

re
-re

gi
str

at
io

n 
re

qu
ire

d.
 T

he
 k

no
w

le
dg

e 
of

 n
ew

 g
en

om
ic

 
ta

rg
et

s 
th

at
 s

er
ve

 a
s 

ad
di

tio
na

l r
es

ist
an

ce
 m

ar
ke

rs
 is

 
ex

pa
nd

in
g 

an
d 

w
ill 

ne
ed

 to
 b

e 
in

co
rp

or
at

ed
 in

to
 th

e 
as

sa
y 

ov
er

 th
e 

lif
e 

of
 th

e 
as

sa
y.

Ta
rg

et
 

Po
pu

la
tio

n
C

ou
nt

rie
s 

w
ith

 m
ed

iu
m

 to
 h

ig
h 

TB
 p

re
va

le
nc

e 
by

 W
H

O
 

ca
te

go
riz

at
io

n.
 S

ee
 in

te
nd

ed
 u

se
 fo

r p
at

ie
nt

 p
op

ul
at

io
n.

 
Th

is 
te

st 
m

ay
 h

av
e 

ad
di

tio
na

l v
al

ue
 fo

r c
lin

ic
al

 m
on

ito
rin

g 
of

 
pa

tie
nt

s 
un

de
r t

re
at

m
en

t.

C
hi

ld
re

n 
< 

11
 y

ea
rs

 o
f a

ge
 h

av
e 

lim
ite

d 
ab

ili
ty

 to
 p

ro
du

ce
 

la
rg

e 
sp

ut
um

 v
ol

um
es

 w
ith

 s
uf

fic
ie

nt
 b

ac
te

ria
l l

oa
ds

. T
hi

s 
m

ak
es

 te
sti

ng
 w

ith
 s

eq
ue

nc
in

g 
m

et
ho

ds
 c

ha
lle

ng
in

g.
 

Th
er

ef
or

e,
 in

iti
al

 v
al

id
at

io
n 

stu
di

es
 a

nd
 in

te
nd

ed
 u

se
 c

la
im

s 
w

ill 
fo

cu
s 

on
 p

at
ie

nt
s 

>1
1 

ye
ar

s 
ol

d,
 w

ith
 th

e 
ca

ve
at

 
th

at
 o

pt
im

al
 s

ol
ut

io
ns

 s
ho

ul
d 

in
cl

ud
e 

ev
al

ua
tio

ns
 o

f a
ss

ay
 

pe
rfo

rm
an

ce
 o

n 
pr

im
ar

y 
sa

m
pl

es
 fr

om
 y

ou
ng

 c
hi

ld
re

n 
(<

 1
1 

ye
ar

s) 
w

ith
 p

ul
m

on
ar

y 
an

d 
ex

tra
 p

ul
m

on
ar

y 
TB

 a
nd

 D
R-

TB
.

(8
, 9

)



97

Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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Appendix 3. Target Product Profile - Detection of resistance associated mutations in Mycobacterium tuberculosis complex
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