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1. Foreword!
!
U?".! -.&' ! /-"0&! 0&.>'";&.! ?9: ! <9! I&'N9'# ! <?&! #">'9.>9I">"9;.&'1$<"9=! 0'-/ ".-.>&I<";"@"<D!
[)*+,\ !$..$D!"=!0&<$"@J!N'9#!<?&!I'&I$'$<"9=!9N!'&$/&=<.!$=0!0&>9=<$#"=$<"9=!9N!<?&!;"9@9/">$@!
.I&>"#&=J! <9! <?&! 0&<&><"9=! 9N! #D>9;$><&'"$@! /'9:<? ! $=0! "=<&'I'&<$<"9=! 9N! <?&! 0"'&><! 0'-/ !
.-.>&I<";"@"<D!'&.-@<.4!U?&!$II&=0">&.!>9=<$"=!$=>"@@$'D!"=N9'#$<"9=!$=0!I'9>&0-'&.4!
!
U?&! >-''&=<! 1&'."9=! []&'."9= ! 23 !̂ SI'"@! 3667\! ?$.! -=0&'/9=&! &W<&=."1&! -I0$<"=/ ! $=0!
'&N9'#$<<"=/!<9!#$M&!<?&! I'&.&=<&0! "=N9'#$<"9=!$.!>@&$'J!>9#I'&?&=."1&!$=0! -I !<9!0$<&!$.!
I9..";@&4!_& !?9I&!<?$<!<?&! /-"0&! :"@@! ;& ! -.&N-@! ;9<?!<9! I$'<">"I$=<.! "=!<?&!>9-'.& !X)*+,` !
#">'9.>9I">!9;.&'1$<"9=!0'-/ ! .-.>&I<";"@"<D!$..$D!N9'!<?&!0"$/=9.".!9N!UC!$=0! )+HUC!0"'&><@D!
N'9#!.I-<-#Y !$=0!<9!<?9.&!"#I@&#&=<"=/!)*+, !"=0&I&=0&=<@D4!!
!
_& ! :".? !<9!<?$=M!<?&!#D>9;$><&'"-#! /'9-I !$=0! .<$NN!9N!<?&!Laboratorio!de! Investigación!en!
Enfermedades! Infecciosas!9N!a="1&'."0$0!%&'-$=$!T$D&<$=9!P&'&0"$J!@&0! ;D!+'4!C9;!b"@#$=J!
:?9 !?$1&!;'9-/?< !<?&"'!>9=."0&'$;@&!&WI&'"&=>&!<9!>9=<'";-<"9=.!$=0!.-//&.<"9=. !N9'!<?&!#$=D!
"<&'$<"9=.!<?$<!?$1&!@&0!<9!<?&!>-''&=<!1&'."9=!9N!<?&!/-"0&4!
!

2. Substantive!changes!since!last!version!
!
U?".!1&'."9=!'&I@$>&.!]&'."9= !22![+&>&#;&'!366Q\4!!,-;.<$=<"1&!>?$=/&.!"=!<?&!@$D9-<!$=0!
I'9>&0-'& !0&.>'"I<"9=.!"=>@-0&`!

! H&F-"'&0!&F-"I#&=<J!#$<&'"$@.!$=0!'&$/&=<.!-I0$<&0!

! S=<";"9<">!.<9>M!$=0!:9'M"=/ !.9@-<"9=!>9=<&=<.!$=0!I'&I$'$<"9=!I'9>&0-'&. !'&1".&0!

! %9."<"1&!UC!>9=<'9@!.<'$"=!I'&I$'$<"9=!'&1".&0!

! S=<";"9<">!0"@-<"9=!.<&I.!'&1".&0!

! 8"=$@!0&>9=<$#"=$<&0!.$#I@&!I'&I$'$<"9=!$=0!I@$<"=/!I'9>&0-'&. !'&1".&0!

! %@$<&!'&$0"=/!$=0!:&@@!'&.-@<!"=<&'I'&<$<"9=!'&1".&0!$=0!&WI$=0&0!

! ,-II@"&'.!$=0!>$<$@9/-&!=-#;&'. !N9'!.&1&'$@!>9=.-#$;@&.!-I0$<&0!

! %'9>&0-'&.!N9'!'&>91&'D!$=0!>'D9I'&.&'1$<"9=!9N!I9."<"1&!)*+, !>-@<-'&.!$00&0!

U?".!1&'."9=!$@.9!-I0$<&.!]&'."9= !23![SI'"@!3667\J!:"<?!.9#& !#"=9' !>?$=/&.!$=0!>@$'"N">$<"9=.!
"0&=<"N"&0!$.!=&>&..$'D!0-'"=/ !<'$"="=/!!

! B=!<?&!@"/?<!9N!0".>-.."9=. !"=!9I&'$<"9=$@!.&<<"=/.J!I@$<&!'&$0"=/!$=0!"=<&'I'&<$<"9=!<$;@&.!
?$1&!;&&=!."#I@"N"&0!

! %SOUS!.&><"9=![L4G\!=9: !#9'& !>@&$'@D!0&<$"@.!'&>9=.<"<-<"9=!I'9>&0-'& !

! U:&&=!I'&I$'$<"9=!.&><"9=![L4Q\!=9: !&WI@">"<@D!0&.>'";&.!>9=>&=<'$<"9=!'&F-"'&0!

! OS!T!>9=>&=<'$<"9=!"=!0&>9=<$#"=$=<!.9@-<"9=!>9''&><&0!N'9#!Gc!<9!64Gc![Q4A42\!

! O&/$<"1&!>9=<'9@!#&0"$!>9''&><&0!N'9#!QPR"*S+T !<9!QPR"*S+T "%SOUS![Q4G\!

! %@$<"=/!I'9>&0-'& !#90"N"&0![Q4G\!<9!'&0->&!9II9'<-="<D!N9'!>'9.. ">9=<$#"=$<"9=!
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3. Introduction!
!
)*+, ! [)">'9.>9I"> ! *;.&'1$<"9=!+'-/ ! ,-.>&I<";"@"<D!$..$D\! ".!$!@"F-"0">-@<-'&! ;$.&0 !<&.<!<?$<!
0&<&><.!Mycobacterium!tuberculosis!$=0!$..&..&. !".9="$d"0!$=0!'"N$#I">"=!.-.>&I<";"@"<D!0"'&><@D!
N'9#!.I-<-# !.$#I@&.4!U?&!#&<?90!#$M&.!-.& !9N!<:9 !"#I9'<$=<!I'9I&'<"&. !9N!M.!tuberculosis !̀
[2\!#$'M&0@D!N$.<&'!/'9:<? !"=!@"F-"0!#&0"$!<?$=!9=!.9@"0!#&0"$J!$=0![3\!$=!&$."@D! '&>9/="d$;@&!
$=0!>?$'$><&'".<">!#">'9.>9I">! cording!$II&$'$=>&!9N!<?$<! /'9:<? ! "=!@"F-"0!#&0"$4!a."=/ !$=!
"=1&'<&0! @"/?<! #">'9.>9I&J! 35":&@@! I@$<&.! "=9>-@$<&0! :"<?! 0&>9=<$#"=$<&0! .I-<-# ! .$#I@&.!
.-.I&=0&0 !"=!.-II@&#&=<&0!)"00@&;'99M!QPR!#&0"-# !$'&!&W$#"=&0!N9'!#">'9>9@9="&.!:?">? !
>$=! ;& !0&<&><&0!"=!$!#&0"$=!9N!Q!0$D.J!#->? !&$'@"&'!<?$=!#$>'9.>9I">!>9@9=D! /'9:<? !>$=! ;& !
.&&=! 9=! .9@"0! #&0"-#4!U?&! "=>9'I9'$<"9=! 9N! ".9="$d"0! $=0! '"N$#I">"=! "=! <?&! <&.<"=/! I'9>&.. !
&=$;@&.!&F-$@@D!'$I"0 !)+H !UC!0&<&><"9=4!
!
U?&!."#I@">"<D!9N!<?&!<&>?="F-&J!<?&!/'&$<&'!.&=."<"1"<D!9N!@"F-"0!91&'!.9@"0!#&0"$!>-@<-'&!N9'!UC!
0&<&><"9=J!<?&!.I&>"N">"<D!9N!<?&!>?$'$><&'".<">!/'9:<? !9N!M.!tuberculosisJ!<?&!&1$@-$<"9=!9N!0'-/ !
.-.>&I<";"@"<D!"=!$!.?9'<!<"#&.>$@&J!$=0!<?&!@9:!>9.<!9N!'&$/&=<.!$'&!<?&!#$e9'!$01$=<$/&.!9N!<?&!
#&<?904!
!

4. Biosecurity!–!minimum!requirements!
!
,$N&! )*+, ! -.& ! '&F-"'&.!C"9.$N&<D! !&1&@!3! [%3\!@$;9'$<9'D!N$>"@"<"&.4! ,I&>"N">! ;"9.&>-'"<D!#&$.-'&. !
=&>&..$'D!N9'! :9'M"=/ ! :"<?! )*+, ! N$@@! "=<9! <:9 ! >$<&/9'"&.`! $II'9I'"$<& ! "=N'$.<'-><-'&! $=0! .$N&!
@$;9'$<9'D!I'$><">&.4!K..&=<"$@!&@&#&=<.!$'& !̀

! B=N'$.<'-><-'&!

! $! :&@@"#$"=<$"=&0! >@$..! BB! ;"9.$N&<D! >$;"=&<! [C,T\J! "=! :?">? ! $@@! '&>"'>-@$<&0! $"'!
I$..&. !<?'9-/? !$!PK%S!N"@<&'!!

! $!@$;9'$<9'D!.I$>&!:?">? !".!.&I$'$<&0!N'9#!<?&!'&.<!9N!<?&!@$;9'$<9'D!:"<?!:&@@"
.&$@&0! :"=09:. ! $=0! @9>M$;@&! 099'. ! <9! I'&1&=<! &=<'D! 9N! I&'.9==&@! $=0! $"'!
<-';-@&=>&!:?"@.<!.$#I@&.!$'&!;&"=/ !?$=0@&0!!

! .9@"0!N-'="<-'&!:?">? !'&.".<.!0&<&'"9'$<"9=!:?&= !0"."=N&><$=<.!$'&!$II@"&0!

! !$;9'$<9'D!I'$><">&!

! .<$NN!<'$"=&0! "=! ;"9.&>-'"<D! I'9>&0-'&. !$=0!<?&! "#I9'<$=>&!9N! ;"9.$N&<D! "=!<?&!
@$;9'$<9'D!

! -.& !9N!$0&F-$<&!I'9<&><"1&!>@9<?"=/![/9:=J !/@91&.\!!

! -.& !9N!$II'9I'"$<& !I&'.9=$@!'&.I"'$<9'D!I'9<&><"9=!$<!$@@!<"#&.![ORG!'&.I"'$<9'.\ !!

! I'9I&' !)*+, !I@$<&!?$=0@"=/!$=0!0".I9.$@!$.!0&.>'";&0!;&@9:!
!
89'!$00"<"9=$@!0&<$"@J!>9=.-@<`!!
!

U?&!)*+, !:&;."<& !$<!! :::4#90.I&'-49'/fC"9.$N&<Dg8SV.4I0N!

T+Th.!XC"9.$N&<D!"=!)">'9;"9@9/">$@!$=0!C"9#&0">$@!!$;9'$<9'"&. ![G<?!&0"<"9=\!
:::4>0>4/91f*+f*P,f;"9.N<Df;#;@Gf;#;@G<9>4?<#!!!!!

_P*h. !X!$;9'$<9'D!.&'1">&.!"=!<-;&'>-@9.".!>9=<'9@4!%$'<!BBB`!T-@<-'&Y!
?<<I`ff:?F@";09>4:?94"=<f?Ff2RR7f_P*gUCgR743G7g[I$'<A\4I0N!
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5. Required!equipment,!supplies!and!reagents!

5.1. Equipment!

C$@$=>&! ! ! ! <9!:&"/? !".9="$d"0J!'"N$#I">"=!$=0!OS!T!

H&N'"/&'$<9'fN'&&d&'! <9!.<9'&!I'& "I'&I$'&0 !;'9<? !Z !$=<";"9<">!.<9>M.

S-<9>@$1&! <9!.<&'"@"d&!#&0"-#J !;-NN&'!$=0!-.&0 !I@$<&.

]9'<&W! <9!$"0!.$#I@&!?9#9/&="d$<"9=!

T&=<'"N-/&!['&N'"/&'$<"9=!=9<!=&&0&0\! N9'!.I-<-# !>9=>&=<'$<"9=["=!2G#@!>9=">$@!;$.& !<-;&.\

B=>-;$<9'![T* 3!&='">?#&=<!=9<!=&&0&0\! N9'!>-@<-'&!"=>-;$<"9=

B=1&'<&0!@"/?<!#">'9.>9I& ![5W!Z !26W!9;e&><"1&!@&=.\ <9!'&$0!)*+, !I@$<&.

S-<9#$<">!#">'9I"I&<<&.![2666#@J366#@!$=0!36#@\ <9!0".I&=.&!*S+TJ!%SOUS!$=0!0'-/. !

)-@<">?$==&@!I"I&<<&! <9!.I&&0!-I !I@$<"=/!9-<!9N!$=<";"9<">!.9@-<"9=

5.2. Supplies*!
b@$..!<-;&. ![2LW266!##\ !! ! <9!.<9'&!$@"F-9<.!9N!I'&I$'&0 !;'9<? !

643## !N"@<&'.![N9'!$F-&9-. !.9@1&=<.\! <9!N"@<&'!$=<";"9<">!.<9>M.!

643## !N"@<&'.![N9'!9'/$=">!.9@1&=<.\! ! <9!N"@<&'!$=<";"9<">!.<9>M.!

)">'9>&=<'"N-/&!<-;&. ! ! <9!.<9'&!$@"F-9<.!9N!$=<";"9<">!.<9>M.!

2G#@!I9@DI'9ID@&=&!>&=<'"N-/&!<-;&. ![>9=">$@!;$.&\ ! N9'!.I-<-# !0&>9=<$#"=$<"9=!$=0!>9=>&=<'$<"9=!

G6#@!<-;&. ! <9!$@"F-9<!0&>9=<$#"=$<"9=!.9@-<"9=!

26#@!.&'9@9/">$@!I"I&<<&.! <9!$@"F-9<!QPR!$=0!0".I&=.&!*S+T !

%$.<&-'!I"I&<<&.! <9!#"W!%SOUS!:"<?!#&0"-# !

)">'9I"I&<<&!<"I.![366#@J!2666#@^:"<?f:"<?9-<!N"@<&'.\! <9!0"@-<&!$=<";"9<">.J!0".I&=.&!#&0"$!

U-;&'>-@"=!.D'"=/&.!["N!#">'9I"I&<<&.!-=$1$"@$;@&\!! <9!0"@-<&!$=<";"9<">.J!0".I&=.&!#&0"$!

35!:&@@!I@$<&.! N9'!>-@<-'&!$=0!'&$0"=/!

,&$@$;@&![d"I@9>M"<DI&\!I9@D<?&=&!;$/. ! N9'!;"9.&>-'"<D!<9!>9=<$"=!35!:&@@!I@$<&!

i$@@!.-II@"&.!#-.< !;& !.<&'"@&![&W>&I<!I9@D<?&=&!;$/.\ ! ! !

5.3. Reagents!
)"00@&;'99M!QPR!;'9<? ! >-@<-'&!#&0"-# !;$.& !
T$."<9=&![I$=>'&$<">!0"/&.<!>$.&"=\! >-@<-'&!#&0"-# !;$.& !
b@D>&'9@! >-@<-'&!#&0"-# !;$.& !
%SOUS! $=<";"9<">!#&0"-# !.-II@&#&=<!
*S+T ! =-<'"<"9=$@!#&0"-# !.-II@&#&=<!
S=<";"9<">!.<9>M.![BOP"HB8\! 0"'&><!.-.>&I<";"@"<D!<&.<"=/!
+),* ![+"#&<?D@!.-@I?9W"0&\! <9!I'&I$'& !'"N$#I">"=!.<9>M!
,90"-# !?D0'9W"0&J!I&@@&<.! .I-<-# !0&>9=<$#"=$<"9=!
,90"-# !>"<'$<&!<'";$.">J!0"?D0'$<&! .I-<-# !0&>9=<$#"=$<"9=!
O"$>&<D@"! ">D.<&"=&![OS!T\! .I-<-# !0&>9=<$#"=$<"9=!E!#->9@D<">!$/&=<!
,90"-# !!I?9.I?$<&!0";$.">!$=?D0'9-.![O$3P%*5\J .I-<-# !0&>9=<$#"=$<"9=!
%9<$.."-#!I?9.I?$<&!#9=9;$.">J!>'D.<$@![jP 3%*5\ .I-<-# !0&>9=<$#"=$<"9=!
26c !.90"-# !?DI9>?@9'"<&! <9!0".>$'0!>9=<$#"=$<&0!:$.<&!
+"."=N&><$=<! <9!0"."=N&><!>9=<$#"=$<&0!#$<&'"$@!9' !.-'N$>&.
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6. Stock!solutions!
!

,<9>M! .9@-<"9=.! .?9-@0! ;& ! I'&I$'&0 !"=!$01$=>&4!U?&!<9<$@!19@-#&.! I'&I$'&0 !$<!9=&!<"#&J!$=0!
<?&!19@-#&.!9N!$@"F-9<.!<?$<!$'&!.<9'&0!>$=!;& !$0e-.<&0!<9!.-"<!@$;9'$<9'D!=&&0.!

!

6.1. Phosphate!buffer!–!pH!6.8,!0.067M!!

! Ingredients!
,90"-# !I?9.I?$<&!0";$.">J!$=?D0'9-.!! O$3P%*5! R45Q!/ !!
%9<$.."-#!I?9.I?$<&!#9=9;$.">J!>'D.<$@!! jP 3%*5!! R46Q!/ !!
+".<"@@&0!:$<&' ! ! ! ! ! !!!!!!!!!!!3666#@!

! Preparation!

Solution!A:!O$3P%*5!(Sodium!phosphate!dibasic)!
+"..9@1&!R45Q/!9N!.90"-# !I?9.I?$<&!0";$.">!"=!2666#@!0".<"@@&0!:$<&' !!

Solution!B:!jP 3%*5!(Potassium!phosphate!monobasic)!!
+"..9@1&!R46Q/!9N!I9<$.."-# !I?9.I?$<&!#9=9;$."> !"=!2666#@!0".<"@@&0!:$<&' !!
!
!

6.1.1. Final!phosphate!buffer!solution!(pH!6.8)! !

[k2R66#@!E!.-NN">"&=<!N9'!k2R6!.$#I@&.\!

! Procedure!

1. )"W!RG6#@!9N! ,9@-<"9=!S! :"<?!RG6#@!9N! ,9@-<"9=!C!$=0! .<"' !̂M&&I! ;$>M!G6#@!9N!&$>?!
.9@-<"9=!<9!$0e-.<!IP !"N!=&>&..$'D!!

2. )&$.-'& !IP !"!.?9-@0!;& !IP !L47!l !6434!!U9!$0e-.<!̀!

!! $00!.9@-<"9=!S!<9!'$".&!IP !

!! $00!.9@-<"9=!C!<9!@9:&'!IP !

3. S-<9>@$1&!$<!232"235mT!N9'!2G!#"=-<&.!<9!.<&'"@"d&4!

4. %@$<&!$!266#@!$@"F-9<!9N!<?&! I?9.I?$<&! ;-NN&'! .9@-<"9=!9=!=-<'"&=<!$/$' !#&0"-# ! "=!$!
%&<'"!0".?!$=0!"=>-;$<&!$<!AQmT!N9'!57!?9-'. !<9!>9=N"'#!.<&'"@"<D4!

5. ,<9'&!"=!'&N'"/&'$<9'!$<!3"7mT!N9'!-I !<9!9=&!#9=<?4!
!!

! Notes!

K$>?!.I-<-# !.$#I@&!'&F-"'&. !26#@!9N!I?9.I?$<&!;-NN&'!.9@-<"9=!IP !L47!

U?&!.<&'"@&!;-NN&'!.9@-<"9=!>$=!;& !.<9'&0!"=!.<&'"@&!;9<<@&.!>9=<$"="=/!G6"366#@!N9'!-.& !"=!$!
."=/@&!0$DJ!9' !"=!@$'/&'!19@-#&.4!BN!@$'/&! .<9'$/&! ;9<<@&.!$'&!-.&0J!<?&!$#9-=<!=&&0&0!N9'!
.$#I@&!I'9>&.."=/ !>$=!;& !I9-'&0 !9-<!-."=/ !.<&'"@&!<&>?="F-&!9=!<?&!0$D!9N!I'9>&.."=/4!

!
!
!
!
!
!
!
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6.2. NaOH–Na! citrate! stock! solution! (4%! NaOH! /! 2.9%! Na! citrate! for! sputum!
decontamination)!

[566#@!E!.-NN">"&=<!N9'!366!.$#I@&.\!
!

! Ingredients!
,90"-# !?D0'9W"0&!! ! 746!/ !
,90"-# !>"<'$<&! ! ! G47!/ !
+".<"@@&0!:$<&' ! ! ! 566#@!!

! Procedure!!

1. +"..9@1&!746/!9N!.90"-# !?D0'9W"0&!"=!366#@!.<&'"@&!0".<"@@&0!:$<&' !

2. +"..9@1&!G47/!9N!.90"-# !>"<'$<&!"=!$=9<?&'!366#@!.<&'"@&!0".<"@@&0!:$<&' !

3. T9#;"=&!<?&!.90"-# !?D0'9W"0&!$=0!.90"-# !>"<'$<&!.9@-<"9=.![&F-$@!19@-#&.\!

4. )"W!$=0!$-<9>@$1&!$<!232"235mT!N9'!2G!#"=-<&.!

5. ,<9'&!"=!'&N'"/&'$<9'!$<!3"7mT!N9'!-I !<9!9=&!#9=<?!
!

! Notes!
K$>?!.I-<-# !.$#I@&!'&F-"'&. !3#@4!!

S@"F-9<.!9N!.#$@@&'!19@-#&.!>$=!;& !.<9'&0!"=!.>'&: !<9I!<-;&. !̂<?&!$II'9I'"$<& !19@-#&!:"@@!
0&I&=0! -I9= ! <?&! -.-$@! F-$=<"<D! 9N! .$#I@&.! I'9>&..&0 ! I&' ! 0$D! [.&&! XO$*P"OS!T!
0&>9=<$#"=$<"9=!.9@-<"9=J!I25\ !

! !

6.3. Middlebrook!7H9!liquid!medium!with!casitone!and!glycerol!(7H9)!

[R66#@!"!.-NN">"&=<!N9'!366!.$#I@&.\!
!

! Ingredients!!
)"00@&;'99M!QPR!;'9<? !;$.& ! G4R!/ !
b@D>&'9@! ! ! ! A42#@!
T$."<9=&! ! ! ! 243G!/ !
,<&'"@&!0".<"@@&0!:$<&' ! !!!!!!!!!!! R66#@!!

! Procedure!

24 +"..9@1&! G4R/! 9N! QPR! #&0"-# ! I9:0&' ! "=! R66#@! 9N! .<&'"@&! 0".<"@@&0! :$<&' ! >9=<$"="=/!!!!!!!!!
A42#@!9N!/@D>&'9@!$=0!243G/!9N!>$."<9=&4!

34 )"W! :"<?! >9=.<$=<! $/"<$<"9=! -=<"@! >9#I@&<&@D! 0"..9@1&0! [-.& ! #$/=&<">! ;&$0! .<"'! "N!
$1$"@$;@&\4!

A4 S-<9>@$1&!$<!232"235mT!N9'!2G!#"=-<&.4!

54 T99@!$=0!0"1"0&!<?&!.<&'"@&!#&0"-# !"=<9!54G#@!$@"F-9<.!"=!.<&'"@&!2LW!266!## !/@$..!<-;&. !
N9'!.$#I@&!I'&I$'$<"9=J!$=0!2647#@!$@"F-9<.!N9'!I'&I$'$<"9=!9N!$=<";"9<">!.9@-<"9=.!$=0!
"=<&'=$@!>9=<'9@.4!

G4 B=>-;$<&!$<!AQmT!N9'!57!?9-'. !<9!1&'"ND!.<&'"@"<D![@$>M!9N!<-';"0"<D\4!

L4 ,<9'&!$<!3"7mT!:"<?!>$I!<"/?<@D!>@9.&0!N9'!-I !<9!9=&!#9=<?4!
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! Notes!
K$>?! .I-<-# ! .$#I@&! $=0! "=<&'=$@! >9=<'9@.! '&F-"'&! 9=&! <-;&! >9=<$"="=/! 54G#@! 9N! QPR!
#&0"-#4!

K$>?!<-;&!9N!2647#@!QPR!#&0"-# !".!.-NN">"&=<!N9'!$=<";"9<">!.9@-<"9=.!$=0!"=<&'=$@!>9=<'9@.!N9'!
2G!.I-<-# !.$#I@&.4!!U?&!=-#;&' !I'&I$'&0 !.?9-@0!;& !;$.&0 !9=!-.-$@!@$;9'$<9'D!=&&0.4!!!!!

BN!@$'/&! ;9<<@&.!$'&! .<9'&0J! .#$@@&'!19@-#&.!>$=! ;& ! I9-'&0 !9-<!-."=/ ! .<&'"@&!<&>?="F-&!9=!<?&!
0$D!9N!.$#I@&!I'9>&.."=/4!

!

6.4. OADC!
K='">?#&=<! .-II@&#&=<! [9@&">!$>"0J!$@;-#"=J!0&W<'9.&!$=0!>$<$@$.&\`!>9##&'>"$@! I'&I$'$<"9=!
>9#&.!'&$0D!N9'!-.&4!
!

6.5. PANTA!
S=<";"9<">! .-II@&#&=<! -.&0 !<9!#"="#"d&!>9=<$#"=$<"9=!9N! )*+, !>-@<-'&! ;D!9'$@!N@9'$!#">'9"
9'/$=".#. !=9<!M"@@&0!0-'"=/ !<?&!0&>9=<$#"=$<"9=!I'9>&..4!U?&!CC!!)bBU!%SOUS!1"$@!>9=<$"=.!$!
@D9I?"@"d&0!#"W<-'&!9N!$=<"#">'9;"$@!$/&=<.4!
!
H&>9=.<"<-<&!$!@D9I?"@"d&0!1"$@!9N!CC!!)bBU!%SOUS!:"<?!A!#@!9N!.<&'"@&!0".<"@@&0!:$<&'4!
!
S=<";"9<">! 89'#-@$<"9=!

I&' !1"$@!
T9=>&=<'$<"9=!I&' !#@!$N<&'!

'&>9=.<"<-<"9=!:"<?!A#@!.<&'"@&!
0".<"@@&0!:$<&' !

8"=$@!>9=>&=<'$<"9=!"=!
<?&!:&@@!:"<?!.$#I@&!$=0!

QPR"*S+T !#&0"$!
%9@"#"W"=!C! L666!-="<.! 3666f#@! 56!a="<.f#@!
S#I?9<&'">"=!C! L66#/ ! 366f#@! 5#/f#@!
O$@"0"W">!$>"0! 3J566#/ ! 766f#@! 2L#/f#@!
U'"#&<?9I'"# ! L66#/ ! 366f#@! 5#/f#@!
Sd@9>"@@"=! L66#/ ! 366f#@! 5#/f#@!
!
!

6.6. Antibiotic!stock!solutions!
!
6.6.1. Isoniazid!stock!(8!mg/ml)!

!
! Ingredients!

B.9="$d"0! ! ! !36!#/ !
,<&'"@&!0".<"@@&0!:$<&' ! !34G#@!

!
! Procedure!

24 +"..9@1&!36!#/ !".9="$d"0!>9#I@&<&@D!"=!34G#@!.<&'"@&!0".<"@@&0!:$<&'4!

34 8"@<&'!:"<?!643## !.D'"=/&!N"@<&'!for!aqueous!solvent.!

A4 ,<9'&!"=!36#@!$@"F-9<.!"=!.<&'"@&!#">'9 !>&=<'"N-/$<"9=!<-;&. !$<!"36mT!N9'!-I !<9!L!#9=<?.4!
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! Note!
K$>?!.<9'&0!36#@!$@"F-9<!".!.-NN">"&=<!N9'!-I !<9!266!.$#I@&.!["=>@-0"=/!:$.<$/&\4!

!
6.6.2. Rifampicin!stock!(8!mg/ml)!

!
! Ingredients!

H"N$#I">"=!! ! ! 36!#/ !
+"#&<?D@!.-@I?9W"0&![+),*\ ! 243G#@!
,<&'"@&!0".<"@@&0!:$<&' ! !! 243G#@!

!
! Procedure!

24 +"..9@1&!36#/ !'"N$#I">"=!>9#I@&<&@D!"=!243G#@!+),*4 !

34 S00!243G#@!.<&'"@&!0".<"@@&0!:$<&' !$=0!#"W4!

A4 8"@<&'!:"<?!643## !.D'"=/&!N"@<&'!for!organic!solvent.!

54 ,<9'&!"=!36#@!$@"F-9<.!"=!.<&'"@&!#">'9>&=<'"N-/&!<-;&. !$<!"36mT!N9'!-I !<9!L!#9=<?.!

! Note! !
K$>?!.<9'&0!36#@!$@"F-9<!".!.-NN">"&=<!N9'!-I !<9!266!.$#I@&.!["=>@-0"=/!:$.<$/&\ !
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6.7. Positive!TB!control!strains!
_&@@">?$'$><&'"d&0!I9."<"1&!UC!>9=<'9@!.<'$"=.![9=&!N-@@D!.-.>&I<";@&!.<'$"=!$=0!9=&!)+H !.<'$"=\!$'&!
I@$<&0! 9-<! &$>?! 0$D! <?$<! >@"=">$@! .$#I@&.! $'&! I'9>&..&0 ! N9'! )*+,4 ! U?&! I9."<"1&! >9=<'9@.! <&.<!
#&0"-# ! $=0! $=<";"9<">! .9@-<"9=! F-$@"<D4! U9! 0&>'&$.&! '".M! 9N! >'9.. ">9=<$#"=$<"9=J! <?&! I9."<"1&!
>9=<'9@!.<'$"=.!$'&!I'9>&..&0 !$=0!I@$>&0!"=!$!.&I$'$<&!I@$<&!$N<&'!>@"=">$@!.$#I@&.!?$1&!;&&=!I@$<&0!
$=0!.&$@&04!!

! Requirements!
PAQH14!M.!tuberculosis!.<'$"=!"!SUTT!3Q3R5![.-.>&I<";@&!>9=<'9@\!!
)+H !>9=<'9@!.<'$"=![@9>$@!.<'$"=!+)RQ!".!-.&0 !$<!a%TP\!
)"00@&;'99M!QP22!S/$' !E!Gc!*S+T !"=!%&<'"!0".?&.!
26c !.<&'"@&!U:&&=!76! 56#@!
,<&'"@&!0".<"@@&0!:$<&' ! 26#@!

! Procedure!

24 H&>9=.<"<-<&!>9##&'>"$@@D!I'&I$'&0 !>9=<'9@!.<'$"=!:"<?!$>>9#I$=D"=/!.9@-<"9=4!

34 %@$<&! .<'$"=! .9@-<"9=!"=!%&<'"!0".?! :"<?! )"00@&;'99M!QP22!$/$' ! [.&&!SII&=0"W!LJ!XH&>91&'D!Z!
>'D9I'&.&'1$<"9=!9N!I9."<"1&!)*+, !>-@<-'&.Y\4!

A4 B=>-;$<&!$<!AQnT!N9'!2G"36!0$D.4!

54 *= !<?&!0$D!9N! .<'$"=! .9@-<"9=! I'&I$'$<"9=J!#"W!26#@! .<&'"@&!0".<"@@&0! :$<&' !$=0!56o@!9N!
26c !.<&'"@&!U:&&=!76!"=!$!.<&'"@&!<-;&![N"=$@!U:&&=!>9=>&=<'$<"9=!p!6465c\4!

G4 a."=/ ! $! .<&'"@&! @99IJ! ?$'1&.<! .&1&'$@! >9@9="&.! 9N! #D>9;$><&'"$! $=0! I@$>&! "=! $! .<&'"@&! <-;&!
>9=<$"="=/!266#@!:$<&' "U:&&=!.9@-<"9=!$=0!.<&'"@&!/@$..!;&$0.4!

L4 T$I !<-;&!<"/?<@D!$=0!19'<&W!N9'!3"A!#"=-<&. !̂@&<!.<$=0!G!#"=-<&.4!

Q4 *I&= !<-;&!$=0!$00!A#@!9N!:$<&' "U:&&= !̂>$I!<"/?<@D!$=0!19'<&W!$/$"=!N9'!36!.&>9=0.4!

74 !&<!.<$=0!N9'!A6!#"=4!

R4 U'$=.N&'!<?&!.-I&'=$<$=<!<9!$=9<?&'!.<&'"@&!<-;&!-."=/ !$!<'$=.N&'!I"I&<<&4!

264 S0e-.<!<?&!<-';"0"<D!<9!)$>8$'@$=0!.>$@&!2![$II'9W4!AW267!T8af#@\!:"<?!:$<&' "U:&&=4!

224 U?&!)$>8$'@$=0!2!.-.I&=."9= !>$=!;& !M&I<!<"/?<@D!.&$@&0!$<!3"7mT!N9'!'&I&$<&0!-.& !N9'!2G!
0$D.4! !

234 H&#$"="=/!>9@9="&.!"=!<?&!%&<'"!0".?!>$=!;&`!

- H&I@$<&0!"=!$!=&: !%&<'"!0".?!:"<?!QP22!$/$' !<9!#$"=<$"=!$!>9=<"=-9-.!.-II@D4!

- %'&I$'&0!N9'!N'&&d"=/!N9'!@9=/!<&'#!.<9'$/&![.&&!SII&=0"W!L\!

! Notes!
%'&I$'$<"9=!9N!)$>8$'@$=0!2!.-.I&=."9=. !"=19@1&.!#$="I-@$<"9=!9N!>9=>&=<'$<&0!
.-.I&=."9=. !9N!#D>9;$><&'"$!$=0!.?9-@0!9=@D!;& !>$''"&0!9-<!"=!$!;"9@9/">$@!.$N&<D!>$;"=&<4!

!
BN!>9##&'>"$@!>9=<'9@!.<'$"=.!$'&!=9<!$1$"@$;@&J!@9>$@!.<'$"=.!:"<?!M=9:=!0'-/ !'&.".<$=>&!
I'9N"@&.![N-@@D!.-.>&I<";@&J!$=0!)+H !9' !".9="$d"0!$=0!'"N$#I">"=!#9=9'&.".<$=<\!>$=!;& !
-<"@"d&0!N9@@9:"=/!<?&!I'9>&0-'&. !0&.>'";&0!$;91&!$=0!"=!SII&=0"W!L4!BN!I'&N&''&0J!<?&!
."=/@&!I9."<"1&!>9=<'9@!)+H !.<'$"=!>$=!;& !'&I@$>&0!:"<?!<:9 !#9=9'&.".<$=<!.<'$"=. !̀9=&!
".9="$d"0"'&.".<$=<f'"N$#I">"=".-.>&I<";@&!.<'$"=!$=0!9=&!".9="$d"0".-.>&I<";@&f'"N$#I">"="
'&.".<$=<!.<'$"=4!



7. MODS!method!–!setting!up!the!plates!
!

*-<@"=&!9N!.<&I. !9=!0$D!9N!.$#I@&!I'9>&.."=/ !
!

In! a! “clean”! room! (or! the! biosafety! cabinet! before! bringing! out! samples),! using! sterile!
technique:!

24 S00!*S+T !<9!QPR!#&0"-# ![7H9"OADC\4!!

34 H&>9=.<"<-<&!%SOUS!$=0!$00!<9!<-;&. !:"<?!QPR"*S+T ![7H9"OADC"PANTA\4!

A4 %'&I$'&!$=<";"9<">!:9'M"=/ !.9@-<"9=.!"=!$!35":&@@!I@$<&4!

54 %9-'! 9-<! '&F-"'&0! 19@-#&.! 9N! .<9>M! O$*P"O$! T"<'$<&! $=0! I?9.I?$<&! ;-NN&'!
.9@-<"9=.!["N!.<9'&0!"=!@$'/&!;9<<@&.\4!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

G4 _&"/? !9-<!'&F-"'&0!$#9-=<!9N!OS!T!$=0!$00!<9!O$*P"O$!T"<'$<&!.9@-<"9=4!
!
In!the!biosafety!cabinet!used!for!TB!sample!processing:!

24 %'&I$'&!.$#I@&.!N9'!0&>9=<$#"=$<"9=!$=0!N9@@9:!0&>9=<$#"=$<"9=!I'9>&0-'&4!

34 H&.-.I&=0!.$#I@&!I&@@&<.!:"<?!QPR"*S+T "%SOUS4!!!

A4 S00!$=<";"9<">!:9'M"=/ !.9@-<"9=.!<9!I@$<&0!.$#I@&.4!

54 89@@9:!I'9> &0-'&. !N9'!;$>M-I !I'&I$'$<"9=!$=0!.$#I@&!I@$<"=/4!

G4 T@9.&!.$#I@&!I@$<&.!:"<?!@"0.J!.&$@!&$>?!"=!$!d"I@9>M!;$/J !I@$>&!"=!"=>-;$<9'4!

L4 %@$<&!I9."<"1&!>9=<'9@.!"=!<?&!-=-.&0 !>9@-#=.!9N!<?&!I@$<&!-. &0!N9'!I'&I $'$<"9=!9N!
$=<";"9<">!:9'M"=/ !.9@-<"9=. !̂>@9.&!$=0!.&$@^!I@$>&!"=!"=>-;$<9'!.&<!$<!AQmT4!

Q4 ,<$'<!'&$0"=/ !I@$<&.!9=!0$D!G!9N!"=>-;$<"9=4!

!
Figure!1.!!!MODS!assay!flowchart:!
!
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7.1. Final!7H9"OADC!and!7H9"OADC"PANTA!media!preparation!!

8"=$@!#&0"$!I'&I$'$<"9=!.?9-@0!9=@D!;& !I&'N9'#&0!9=!<?&!0$D!9N!-.&4!

!
! Ingredients!

QPR!#&0"-# ! ["=!<-;&. !>9=<$"="=/!54G#@J!2647#@\!
*S+T !
%SOUS!

! Procedure!

1. ,&<!9-< !̀

$4 2! <-;&! :"<?! QPR! #&0"-# ! N9'! &1&'D! .I-<-# ! .$#I@&! <9! ;& ! I'9>&..&0J! I@-.!!!!!!!!!!!!!!!! !!!!!!!
2!$00"<"9=$@!<-;&!N9'!&1&'D!I@$<&![N9'!<?&!=&/$<"1&!>9=<'9@!>9@-#=\J!I@-.!

;4 3!<-;&. !9N!QPR!#&0"-# !N9'!<?&!I9."<"1&!>9=<'9@.![A!"N!#9=9'&.".<$=<!.<'$"=.!$'&!
-.&0\J!I@-.!

>4 2"3!<-;&. !:"<?!2647#@!QPR!N9'!$=<";"9<">!.9@-<"9=!I'&I$'$<"9=4!!

2. S00!64G#@!*S+T !<9!<?&!54G#@!9N!QPR! "=!&$>?! .$#I@&!<-;&!<9!D"&@0!26c !*S+T ! "=!QPR!
#&0"-# ![7H9"OADC !̀<9<$@!19@-#&pG#@\4!

3. S00!243#@!*S+T !<9!<-;&. !:"<?!2647#@!QPR![7H9"OADC:!<9<$@!19@-#&p23#@\4!

4. ,&<!$."0&!3!<-;&. !:"<?!G#@!QPR"*S+T !N9'!I9."<"1&!>9=<'9@.J!$=0!<-;&[.\ !:"<?!23#@!QPR"
*S+T !<9!;& !-.&0 !N9'!$=<";"9<">!.9@-<"9=!I'&I$'$<"9=![<?&.&!09!=9<!'&F-"'&!%SOUS\4!

5. H&>9=.<"<-<&!%SOUS!$=0!$00!642#@!<9!&$>?! .$#I@&!<-;&!$=0!<9!<?&!=&/$<"1&!>9=<'9@!
<-;&. ![7H9"OADC"PANTA !̀<9<$@!19@-#&pG42#@\4!!

! !
! Note!

T9#I@&<&! #&0"-# ! :"<?! %SOUS! [QPR"*S+T "%SOUS\! ".! -.&0 ! N9'! .I-<-# ! .$#I@&.! $=0!
=&/$<"1&!>9=<'9@.4!a.&!QPR"*S+T ! :"<?9-<!%SOUS!N9'! I9."<"1&!>9=<'9@.!$=0!N9'!$=<";"9<">!
.9@-<"9=!I'&I$'$<"9=4!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



7.2. Antibiotic!working!solutions!
!

For! accurate! susceptibility! results,! the! final! antibiotic! concentrations! are! critical.! U?&!
N9@@9:"=/! I' 9>&0-'&!".! .-"<$;@&!N9'!@$;9'$<9'"&.!&F-"II&0 ! :"<?!#">'9I"I&<<&.4!BN!#">'9I"I&<<&.!
$'&!=9<!$1$"@$;@&J!<-;&'>-@"=!.D'"=/&.!>$=!;& !-.&0 !:"<?!$!0"NN&'&=<!.&'"&.!9N!0"@-<"9=.!0&.>'";&0!
"=!SII&=0"W!AJ!XS@<&'=$<"1&!#&<?90!N9'!I'&I$'"=/ !$=<";"9<">!.9@-<"9=.Y4!

!
!

_9'M"=/ ! .9@- <"9=.!9N!&$>?!0'-/ !$'&! I'&I$' &0!9=!<?&!0$D!9N! -.& !N'9#! .<9'&0!$@"F-9<.!9N!<?&!!!!!!!!!!!!!!!!!
7!#/f#@!.<9>M!.9@-<"9=.4!B=<&'#&0"$<&!0"@-<"9=.!$'&!I&'N9'#&0!-."=/ !$!35":&@@!I@$<&![8"/-'& !3\4!!
U?&!'&#$"="=/ !-=-.&0 !>9@-#=.!9N!<?$<!I@$<&!>$=!;& !-.&0 !@$<&'!N9'!I9."<"1&!>9=<'9@.4!!!
!

Working 
Solutions

200 µl

200 µl

2) Remove 5 µl 7H9-OADC
Add 5 µl INH stock

3) Remove 12.5 µl 7H9-OADC
Add 12.5 µl RIF stock

40 
µg/ml

100   
µg/ml

1

4) Remove 200 µl 7H9-OADC from wells 2C & 2D
Add 200 µl Stock 2 of  INH & RIF
to respective wells (1 in 10 dilution)

A – drug-free 

B – drug-free 

C – Isoniazid

D - Rifampicin

4 
µg/ml

10   
µg/ml

Use for 
Positive Controls

Stock 2

2 3

1) Add 1 ml 7H9-OADC to  
wells C and D in column 1

and
2 ml to all wells in column 2

4 5 6

Working 
Solutions

200 µl

200 µl

2) Remove 5 µl 7H9-OADC
Add 5 µl INH stock

3) Remove 12.5 µl 7H9-OADC
Add 12.5 µl RIF stock

40 
µg/ml

100   
µg/ml

1

4) Remove 200 µl 7H9-OADC from wells 2C & 2D
Add 200 µl Stock 2 of  INH & RIF
to respective wells (1 in 10 dilution)

A – drug-free 

B – drug-free 

C – Isoniazid

D - Rifampicin

4 
µg/ml

10   
µg/ml

Use for 
Positive Controls

Stock 2

2 3

1) Add 1 ml 7H9-OADC to  
wells C and D in column 1

and
2 ml to all wells in column 2

4 5 6

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

7.2.1. Preparation!of!24"well!plate!for!antibiotic!dilutions!(Figure!–!step!1):!
1. S00!2#@!QPR"*S+T !<9!:&@@.!2T!$=0!2+4!

2. S00! 3#@! QPR"*S+T ! <9! $@@! 5! :&@@.! "=! >9@-#=! 3! [:&@@.! 3SJ! 3CJ! 3TJ! 3+\!!!!!!!! !!!!!!!!!!!!!!!
[&=9-/? !N9'!2G!.I-<-# !.$#I@&.!I@-.!A!=&/$<"1&!>9=<'9@.!$=0!3!I9."<"1&!>9=<'9@.\4!

7.2.2. Preparation!of!Stock!2!solutions!(Figure!–!steps!2!&!3):!
1. U?$: !$@"F-9<.!9N!;9 <?!$=<"; "9<">!7!#/f#@!.<9>M!.9@-<"9=.4!

2. a."=/ ! $! #">'9I"I&<<&J! '&#91&! G#@! 9N! #&0"-# ! N'9#! <?&! BOP! :&@@! [2T\! $=0! <?&=!!!!!!!!!!!!!!!!!
$00!G#@!9N!BOP!.<9>M^!#"W!:&@@![0.04!mg/ml=40!µg/ml!INH!stock!2).!

3. a."=/ !$!#">'9I"I&<<&J!'&#91&!234G#@!9N!#&0"-# !N'9#!<?&!'"N$#I">"=!:& @@![2+\!$=0!<?&=!
$00!234G#@!9N!HB8!.<9>M^!#"W!:&@@![0.1!mg/ml!=100!µg/ml!RIF!stock!2).!

7.2.3. Preparation!of!working!solutions!(Figure!–!step!4):!
1. a."=/ !$!#">'9I"I&<<&J!'&#91&!366#@!N'9#!:&@@.!3T!$=0!3+!!"!!!!!

2. S00!366#@!9N!BOP!.<9>M!3!.9@-<"9=!<9!:&@@!3T !̂#"W!:&@@![4!µg/ml!INH!working!solution).!

3. S00!366#@!9N!HB8!.<9>M!3!.9@-<"9=!<9!:&@@!3+ !̂#"W!:&@@![10!µg/ml!RIF!working!solution).!

4. U?&! :&@@.! "=! >9@-#=! 3! =9: ! >9=<$"=! <?&! .9@-<"9=.! <?$<! :"@@! ;& ! $00&0! <9! <?&!
0&>9=<$#"=$<&0!.$#I@&!.-.I&=."9= . !"!.&&!X8"=$@!)*+, !I@$<&!I'&I$'$<"9=YJ!I42G4!

)*+, !-.&' !/-"0&!12342!25673667!13
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! Notes!
K$>?!N'9d&=!$@"F-9<!9N!7!#/f#@!$=<";"9<">!.<9>M!.9@-<"9=!".!.-NN">"&=<!N9'!-I !<9!266!".9="$d"0"!
9' !'"N$#I">"="!>9=<$"="=/!:&@@.4!

U?&!3#@!F-$=<"<"&.!9N!#&0"-# !$=0!$=<";"9<">! :9'M"=/ ! .9@-<"9=.! I'&I$'&0 !"=!>9@-#=!3!$'&!
.-NN">"&=<!N9'!A!N-@@!)*+, !I@$<&.![2G!.I-<-# !.$#I@&.!I@-.!A!=&/$<"1&!>9=<'9@!>9@-#=.!I@-.!3!
I9."<"1&!>9=<'9@.^!<?&.&!@$<<&'!.$#I@&.!9=!$!.&I$'$<&!I@$<&\4!BN!@$'/&'!F-$=<"<"&.!$'&!'&F-"'&0!
>9@-#=!A! [$=0!>9@-#=!5! "N!=&>&..$'D\!#$D! ;& ! -.&0 ! "=!&W$><@D!<?&! .$#& ! :$D !$.!>9@-#=!3!
[I@$>&!3#@!QPR"*S+T !"=!>9@-#=!A!$=0!N9@@9:!<?&!.$#& !I'9>&0-'&\ !

_?&= !>$@>-@$<"=/!<?&!$#9-=<. !9N!$=<";"9<">!:9'M"=/ !.9@-<"9=.!=&&0&0J!'&#&#;&' !<9!"=>@-0&!
<?&! =&/$<"1&! >9=<'9@! :&@@.! 9=!&$>?! I@$<&! $=0! <?&! I9."<"1&! >9=<'9@! .<'$"=.! $=0! $@@9:!N9'!
:$.<$/&4!
!

Do!not!re"freeze!or!re"use!antibiotic!working!or!stock!solutions!as!drug!activity!may!be!
lost.!+".>$'0!$@@!-=-.&0 !$=<";"9<">!.9@-<"9=.!$<!<?&!&=0!9N!<?&!I'9>&.."=/ !0$D4!
!
!
!

Table!1.!!!Dilution!of!antibiotic!working!solutions!

S=<";"9<">!
.<9>M!.9@-<"9=!

+"@-<"9=!9N!.<9>M!"=!
QPR"*S+T !<9!

/&=&'$<&!.<9>M!3!

+"@-<"9=!9N!.<9>M!3!"=!
QPR"*S+T !<9!/&=&'$<&!

:9'M"=/ !.9@-<"9=!

8"=$@!>9=>&=<'$<"9=!"=!
:&@@!:?&= !$00&0!<9!

.$#I@&!["/f#@\!

B.9="$d"0!
8!mg/ml!

G!"@!.<9>MfRRG!"@! !!!!!!
QPR"*S+T !
(40!"g/ml)!

2f26!
!

4!µg/ml!
BOP! 645!

H"N$#I">"=!
8!mg/ml!

234G!"@!.<9>MfR7Q4G!"@!
QPR"*S+T !
(100!"g/ml)!

2f26!
!

10!µg/ml!
HB8! 246!

!
!
!
!
!
!
!
!
!
!



7.3. Sputum!decontamination!
!

,I-<-# ! 0&>9=<$#"=$<"9=! ".! I&'N9'#&0! :"<?! the! sodium! hydroxide–N"Acetyl"L"Cysteine!
(NaOH"NALC)!method!0&.>'";&0!"=!X%-;@">!P&$@<?!)D>9;$><&'"9@9/D`!S! /-"0&!N9'!<?&! !&1&@!BBB!
!$;9'$<9'D4!2R7GY4!!OS!T!".!$!#->9@D<">!$/&=<̂!"<!#-.< !;& !$00&0!<9!<?&!.<&'"@&!O$*P"O$!T"<'$<&!
.9@-<"9=!9=!<?&!0$D!9N!-. &J!$.!$><"1"<D!:$=&. !"N!.<9'&04!U?&!.90"-# !>"<'$<&!"=!<?&!O$*P!.9@-<"9=!
I'&1&=<.!?&$1D!#&<$@!"9=.!<?$<!#$D!;& !I'&.&=<!N'9# !0&$><"1$<"=/!<?&!OS!T4!!!

!

7.3.1. NaOH"NALC!decontamination!solution!
K$>?!.I-<-# !.$#I@&!'&F-"'&. !3#@!0&>9=<$#"=$<"9=!.9@-<"9=4!!!
!
! Ingredients!

O$*P"O$!>"<'$<&!.<9>M!.9@-<"9=! !
O"$>&<D@"! ">D.<&"=&![OS!T\! !
!

,&&!<$;@&!3!N9'!$#9-=<.

! Procedure!
+"..9@1&! 642/! 9N! OS!T! >'D.<$@.! "=! &1&'D! 36#@! 9N! 0&>9=<$#"=$<"9=! .9@-<"9=! '&F-"'&04!!!!!!!!!!!!!!!
[64Gc!OS!T!"=!O$*P"O$!>"<'$<&!p!NaOH"NALC!0&>9=<$#"=$<"9=!.9@-<"9=\4!

!
Table!2.!! Decontamination!solution!preparation!
!

 

 

! )"W !̀
O-#;&' !9N!,$#I @&.! O$*P"O$!T"<'$<&!,<9>M![#@\! OS!T![/ \!

26! 36 642
36! 56 643
G6! 266 64G
266! 366 246

 

! Note!
Discard!any!NaOH"NALC!decontamination!solution!that!remains!unused!after!24!hours!as!
NALC!loses!its!mucolytic!activity!over!time.!

7.3.2. Decontamination!Procedure!
!

24 %@$>&!3#@!9N!.I-<-# !.$#I@&!"=<9!$!2G#@!>&=<'"N- /&!<-;&4!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

["N!@&..J!#$M&!-I !<9!3#@!:"<?!I?9.I?$<&!;-NN&'!̂"N!#9'&J!-.& !9=@D!3#@\!

34 S00!3#@!O$*P"OS!T!.9@-<"9=4!

A4 T$I !<-;&!<"/?<@D!$=0!19'<&W!N9'!36!.&>9=0. !̂"=1&'<!<-;&!<9!&=.-'&!O$*P"OS!T!.9@-<"9=!
>9=<$><.!<?&!&=<"'&!"=<&'"9'!.-'N$>&!9N!<?&!<-;&!$=0!@"0!

54 !&<!.<$=0!N9'!$!#"="#-# !9N!2G!#"=-<&.!E!>$=!I'9@9=/!;D!$!N&:!#"=-<&.!"N!<?&!.$#I@&!".!
I$'<">-@$'@D!1".>9-.4!!U9!$19"0!91&'!<'&$<#&=<J!should!not!exceed!20!minutes4!

G4 8"@@!<?&!<-;&!<9!25#@!:"<?!I?9.I?$< &!;-NN&'![IP !L47\!<9!=&-<'$@".&!$@M$@"!$=0!<&'#"=$<&!
<?&!0&>9=<$#"=$<"9=!I'9>&..J!$=0!#"W!:&@@!;D!"=1&' <"=/!<?&!<-;&!5!<"#&.4!

L4 T&=<'"N-/&!$<!A666!/ !N9' !2G!#"=-<&.4!!

Q4 T$'&N-@@D! I9-' ! 9NN! .-I&'=$<$=<! "=<9! $! @"F-"0! :$.<&! >9=<$"=&'! :"<?! 26c ! .90"-# !
?DI9>?@9'"<&!9' !9<?&'!.-"<$;@&!0"."=N&><$=<!$=0!'&<$"=!<?&!I &@@&<4!

)*+, !-.&' !/-"0&!12342!25673667!15
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!

! Notes!

OS!T!#->9@D<">!$><"1"<D!#$D!;& ! '&0->&0!;D!&W>&.."1&!$/"<$<"9=4!S19"0!I'9@9=/&0!19'<&W"=/!
9' !N9'>&N-@@D!.?$M"=/!9N!<?&!O$*P"OS!T!0&>9=<$#"=$<"9=!.9@-<"9=4!!!!

T&=<'"N-/&! / "N9'>&!1$'"&.! :"<?!<?&!@&=/<?!9N!<?&!>&=<'"N-/&! '9<9' !̂<?-.!0"NN&'&=<!>&=<'"N-/&!
#90&@.! '&F-"'&!0"NN&'&=<! 'I# !.I&&0. !<9!9;<$"=!<?&! '&>9##&=0&0!A666/4! !,&&!SII&=0"W!3!
N9'!<?&!>$@>-@$<"9=!9N!'I# !'&F-"'&0!<9!9;<$"=!A666/!;$.&0 !9=!>&=<'"N-/&!'9<9'!@&=/<?4!

*1&'@D! ?$'.? ! 0&>9=<$#"=$<"9=! '&.-@<.! "=! &W>&.."1&! M"@@"=/! 9N! #D>9;$><&'"$@! ;$>"@@"4! BN!
>9=<$#"=$<"9=!'$<&.!9N!)*+, !>-@<-'&.!$'&!@&..!<?$=!3cJ!9' !.$#I@&.!&WI&><&0!<9!;& !>-@<-'&!
I9."<"1&!N$"@!<9!/'9:J !<?&!I9..";"@"<D!9N!&W>&.."1&!0&>9=<$#"=$<"9=!.?9-@0!;& !>9=."0&'&04!
!

7.4. Preparation!of!final!sample!suspension!and!back!up!(also!see!Appendix!4)!

! Procedure!

24 a."=/ !QPR"*S+T "%SOUS![N'9#!<?&!<-;&!>9=<$"="=/!G42#@\J!'&.-.I&=0 !<?&!.$#I@&!I&@@&<!
"=!$!<9<$@!19@-#&!9N!3#@!"=!<?&!>&=<'"N-/&!<-;&!:"<?!$!%$.<&-'!I"I&<<&^!#"W!:&@@4!

34 H&#91&!2#@!9N! .$#I@&! .-.I&=."9= !$=0! .<9'&! "=!$!#">'9>&=<'"N-/&!<-;&!$<!3"7mT!$.!$!
;$>M-I4!

A4 S00!<?&! .&>9=0!2#@!9N! .$#I@&! .-.I&=."9= !<9!<?&!<-;&! :"<?!<?&! '&#$"="=/!QPR"*S+T "
%SOUS^!#"W!:&@@4!!U?".!".!<?&!N"=$@!.$#I@&!.9@-<"9=!'&$0D!N9'!I@$<"=/4!

!

7.5. Final!MODS!plate!preparation!!

! Procedure!

1. a."=/ !$!#-@<"">?$==&@! I"I&<<&J!>$'&N-@@D!N"@@!5!<"I.! :"<?!266#@!N'9#!<?&! :&@@.! :"<?!QPR"
*S+T !$=0!$=<";"9<">!:9'M"=/ !.9@-<"9=.![T9@-#=!3!"=!$=<";"9<">!0"@-<"9=!I@$<&\4!

2. S00!<?&!266#@!$@"F-9<.!<9!<?&!>9@-#=!2!:&@@.!"=!<?&!35":&@@!I@$<&4!

3. H&I&$<! -=<"@! $@@! >9@-#=.! ?$1&! '&>&"1&0! <?&! 266#@! 9N! #&0"-# ! [0'-/ "N'&&! :&@@.\! 9' !
$=<";"9<">!.9@-<"9=.!["=>@-0"=/!=&/$<"1&!>9=<'9@!>9@-#=!A\4!

4. %@$>&!R66#@!9N!<?&!N"=$@!.$#I@&!.-.I&=."9= !"=<9!&$>?!9N!<?&!5!:&@@.!9N!$!."=/@&!>9@-#=!!

5. H&I&$<! :"<?!$00"<"9=$@! .$#I@&.! -=<"@!$@@!>9@-#=.!9N!<?&! I@$<&J!&W>&I<!T9@-#=!AJ! $'&!
N"@@&0![9' !-=<"@!$@@!.$#I@&.!$'&!I@$<&0\4!

6. %@$>&!R66#@!9N!QPR"*S+T "%SOUS!#&0"-# !without!sample!"=!<?&!5!:&@@.!9N!T9@-#=!A!9N!
&$>?!.$#I@&!I@$<&![=&/$<"1&!"=<&'=$@!>9=<'9@.\4!

7. T@9.&!<?&! I@$<&! :"<?! "<.!@"0! $=0! I@$>&! "=! $! .&$@$;@&! I9@D<?&=&! [q"I@9>M\! ;$/ ! $=0! .&$@!!!!!!!!!
(bag!is!not!opened!again!from!this!point!onwards).!

8. B=>-;$<&!$<!AQmT![T* 3!&='">?#&=<!".!=9<!=&>&..$'D\4!!!!
!

! Notes!

,&&!N"/-'&!2![I22J!)*+, !$..$D!N@9:>?$'<\!N9'!@$D9-<!
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7.6. Plating!out!the!positive!internal!quality!control!strains!
!

U:9 !I9."<"1&!>9=<'9@!.<'$"=.!#-.< !;& ! '-= !&$>?!I'9>&.."=/ !0$DJ!9=&!N-@@D!.-.>&I<";@&!.<'$"=!$=0!
9=&!)+H !.<'$"=!"!"N!@$;9'$<9'"&.!I'&N&'!<9!$19"0!?$=0@"=/!)+H !.<'$"=.!<?&=!<:9 !.&I$'$<&!.<'$"=.!
>$=! ;& ! -.&0J! 9=&! ".9="$d"0! #9=9'&.".<$=<! $=0! <?&! 9<?&'! '"N$#I">"=! #9=9'&.".<$=<4!%9."<"1&!
>9=<'9@.!<&.<!<?&!#&0"-# !$=0!$=<";"9<">!.9@-<"9=!F-$@"<D!-.&0 !9=!<?&!0$D!9N!.$#I@&!I'9>&.."=/4!!
BN!I9."<"1&!>9=<'9@.!09!=9<!/'9: !"=!<?&!&WI&><&0!I$<<&'=J!<?&! '&.-@<.!9N!.$#I@&.!I@$<&0!9=!<?&!
.$#& !0$D!are!not!valid.!!,&&!.&><"9=!74A!"!B=<&'=$@!T9=<'9@.4!!
!

U9!#"="#"d&!<?&!'".M!9N!>'9.. ">9=<$#"=$<"9=J!<?&!I9."<"1&!>9=<'9@.!$'&!.&<!-I !"=!$!.&I$'$<&!I@$<&!
$N<&'!$@@!I@$<&.!:"<?!.$#I@&.!?$1&!;&&=!.&$@&0!$=0!I@$>&0!"=!$=!"=>-;$<9'4!U?&!-=-.&0 !>9@-#=.!
9N!:&@@.!"=!<?&!$=<";"9<">!0"@-<"9=!I@$<&!>$=!;& !-.&0 !N9'!<?".!I-'I9.&4 !

!
! Procedure!

24 )"W!G#@!9N!&$>?!)>8$'@$=0!2!>9=<'9@!.<'$"=!.-.I&=."9= !:"<?!G#@!9N!QPR"*S+T !#&0"-#4!

34 %@$>&! R66#@! 9N! &$>?! I9."<"1&! >9=<'9@! .-.I&=."9= ! "=! <?&! 5! :&@@.! 9N! $! >9@-#=! 9=! <?&!
.&I$'$<&!I9."<"1&!>9=<'9@!I@$<&4!

A4 a."=/ !<?&!#-@<"">?$==&@!I"I&<<&J!$00!<?&!N9-'!266#@!$@"F-9<.!9N!#&0"-# !$=0!$=<";"9<">!
:9'M"=/ !.9@-<"9=.!$.!:$. !09=&!N9'!.$#I@&.4!

54 T$I ! I@$<&! :"<?! @"0! $=0! .&$@! "=! $! d"I@9>M! ;$/^ ! "=>-;$<&! $<! AQmT! :"<?! 9<?&'! I@$<&.!
I'9>&..&0 !<?&!.$#& !0$D4! !

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!
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8. Plate!reading!1!

8.1. TB!detection!
!

S!I9."<"1&!'&.-@<!".!0&N"=&0!$.!<:9 !9' !#9'& !>9@9=D!N9'#"=/!-="<.![r 3!>N-\!"=!KSTP!*8 !UPK!U_* !
0'-/ "N'&&!:&@@.4!!,&&!U$;@&!A!$=0!SII&=0"W!G!N9'!#9'& !0&<$"@!9=!'&.-@<!"=<&'I'&<$<"9=!
!

! Procedure!

24 %@$<&.!$'&!'&#91&0!N'9#!<?&!"=>-;$<9'!N9'!&W$#"=$<"9=!-=0&' !$=!"=1&'<&0!#">'9.>9I& !

34 %@$<&.!$'&!&W$#"=&0!:"<?"=!<?&!<'$=.I$'&=<J!.&$@&0!d"I@9>M!;$/.J !:?">? !$'&!not!opened4!

A4 ,<$'<!&W$#"="=/!0'-/ "N'&&!:&@@.!9=!0$D!G4!!

K$'@D!#D>9;$><&'"$@!/'9:<? !@99M.!@"M&!.#$@@!>-'1&0!>9##$. !9' !.I"'$@.![0$D.!G"R\4!

T9@9=D!N9'#$<"9=!-.-$@@D!I'9/'&..&. !<9!>9'0.J!$=0!@$<&'!#9'& !"''&/-@$'!<$=/@&0!/'9:<? !

BN!<:9 !9' !#9'& !>9@9="&.! [r 3!>N-\!$'&!0&<&><&0! "=!&$>?!9N!<?&!<:9 ! :&@@.J!<?&! '&.-@<! ".!
I9."<"1&4!

54 BN! '&.-@<.!$'&!=&/$<"1&!9=!0$D!GJ!>9=<"=-&! '&$0"=/!0'-/ "N'&&!:&@@.!0$"@D![9' !9=!$@<&'=$<&!
0$D.!$>>9'0"=/!<9!@$;9'$<9'D! :9'M@9$0\! -=<"@! r 3!>N-!$'&!9;.&'1&0! "=!&$>?!9N!<?&!<:9 !
:&@@.4!!!

G4 _?&= !$! I9."<"1&! '&.-@<!".!9;.&'1&0J! '&$0!<?&!".9="$d"0"!$=0! '"N$#I">"=">9=<$"="=/! :&@@.!
on!the!same!day!"!.&&!.&><"9=!X+'-/ !H&.".<$=>&!+&<&><"9=Y!;&@9:4!

L4 BN!=9!/'9:<? !".!9;.&'1&0!;D!0$D!2GJ! '&I&$<!'&$0"=/!9=!0$D!27!$=0!0$D!324!BN!'&.-@<.!$'&!
.<"@@!=&/$<"1&!9=!0$D!32!<?&!N"=$@!'&.-@<!".!=&/$<"1&4!

Q4 BN!9=@D!2!>N-!$II&$'. !"=!&"<?&'!0'-/ "N'&&!:&@@J!9' !"=!;9<?J!<?&!'&.-@<!".!X"=0&<&'#"=$<&Y4!

74 +'-/ ">9=<$"="=/!:&@@.![.&&!743!;&@9:\!.?9-@0!=9<!;& ! '&$0!"N!<?&!0&<&><"9=!:&@@! '&.-@<!".!
=&/$<"1&!9' !"=0&<&'#"=$<&4!

R4 BN! ;$><&'"$@! 9' ! N-=/$@! >9=<$#"=$<"9=! $II&$'.J ! ;$>M-I ! .$#I@&.! .?9-@0! ;& ! '&"
0&>9=<$#"=$<&0! $=0! '&"I'9>&..&0J! 9' ! $! =&: ! .$#I@&! '&F-&.<&04! BN! >9=<$#"=$<"9=! ".!
I'&.&=<J!'&.-@<.!$'&!-="=<&'I'&<$;@&4!!

Before!final!results!can!be!considered!valid,!the! internal!negative!and!positive!control!wells!
must!be!examined!and!interpreted!–!see!section!8.3!"!Internal!Controls.!

! Notes!

89'! "="<"$@! '&$0"=/.J!&W$#"=&! :&@@.! :"<?!<?&!26s!#">'9.>9I& !9;e&><"1&!<9! .&$'>?!N9'!&$'@D!
>9@9=D!N9'#.![266s!<9<$@!#$/="N">$<"9=\4!89'!.-;.&F-&=< !'&$0"=/.J!-.& !<?&!5s!9;e&><"1&![56s!
<9<$@!#$/="N">$<"9=\!<9!&W$#"=&!<?&!&=<"'&!>9=<&=<.!9N!&$>?!:&@@4!!!!

C$><&'"$@!9' !N-=/$@!>9=<$#"=$<"9=! ".! -=>9##9= ! ;-< ! ".! -.-$@@D!$II$'&=<! ;D!0$D!G! [>@9-0D!
#&0"-#J !N@9'"0!/'9:<?\4 !BN!>9=<$#"=$<"9=!0&1&@9I.J!;$>M-I !.$#I@&.J!"N!$1$"@$;@&J!.?9-@0!;& !
'&"0&>9=<$#"=$<&0!$=0!'&">-@<-'&0J!9' !'&I&$<!I$<"&=<!.$#I@&.!'&F-&.<&0![.&&!SII&=0"W!5\4!

U?&!>-@<-'&!#&0"-# !does!not!become!cloudy!:"<?!/'9:<? !9N!M.!tuberculosis4!

P&$1D!0&;'". !>$=!#$M&!0&<&><"9=!9N!&$'@D!#D>9;$><&'"$@!N9'#.!0"NN">-@<4!_"<?!<"#&J!#9'& !
#$<-'& !#D>9;$><&'"$@!>9@9="&.!>$=!;& !0&<&><&0J!I$'<">-@$'@D!$<!<?&!I&'"I?&'D!9N!<?&!:&@@.4!

                                                 
1 See photo library at www.modsperu.org  
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b'9:<? !"=!9=@D!9=&!:&@@J!9' !@&..!<?$=!3!>N-!"=!&$>?!9N!<?&!<:9 !:&@@.J!.?9-@0!;& !>9=."0&'&0!
$=!indeterminate!'&.-@<J!$=0!.?9-@0!I'9#I< !$!'&F-&.<!N9'!$!'&I&$<!.$#I@&!$=0!$!.&$'>?!N9'!
&1"0&=>&!9N!>'9.. ">9=<$#"=$<"9=4!!

B=<&'1$@.!;&<:&&=!'&$0"=/.!>$=!;& !N@&W";@&!<9!.-"<!@$;9'$<9'D!:9'M@9$0!$=0!.>?&0-@&4!)9'& !
N'&F-&=<!'&$0"=/.!D"&@0!N$.<&'!'&.-@<.4!!!!!

!

Table!3.!Reading!and!interpreting!drug"free!wells!!
!
Reading! !

Observation!in!single!drug"free!well!(A!or!B)! Interpretation!of!well!findings!

#!3!>9@9=D!N9'#"=/!-="<.![>N-\! %9."<"1&!
=9!/'9:<? ![6!>N-\! O&/$<"1&!
2!>N-! B=0&<&'#"=$<&!
;$><&'"$@!f !!N-=/$@!91&'/'9:<? ! T9=<$#"=$<&0!
! !
Interpretation! !

Combined!well!findings!(A!&!B)! Overall!culture!interpretation!

C9<?!:&@@.!I9."<"1&! %9."<"1&!
C9<?!:&@@.!=&/$<"1&! O&/$<"1&!
K"<?&'!:&@@!"=0&<&'#"=$<&! B=0&<&'#"=$<&!
*=&!:&@@!I9."<"1&J!9<?&'!:&@@!=&/$<"1&! B=0&<&'#"=$<&!
*=&!:&@@!I9."<"1&J!9<?&'!:&@@!"=0&<&'#"=$<&! B=0&<&'#"=$<&!
K"<?&'!:&@@!>9=<$#"=$<&0! T9=<$#"=$<&0!

!
!

8.2. Drug!resistance!detection! !

S=<";"9<">">9=<$"="=/!:&@@.!.?9-@0!9=@D!;& !&W$#"=&0!"N!$=0!:?&= !0'-/ "N'&&!:&@@.!$'&!I9."<"1&![r 3!>N-\4!

H&.".<$=>&!".!0&N"=&0!$.!#D>9;$><&'"$@!/'9:<? !9N!r 3!>N-!"=!0'-/ ">9=<$"="=/!:&@@.!9=!<?&!.$#& !0$D!<?$<!
;9<?!0'-/ "N'&&!:&@@.!$'&!I9."<"1&4!!,&&!U$;@&!5!$=0!SII&=0"W!G!N9'!#9'& !0&<$"@!9=!'&.-@<!"=<&'I'&<$<"9=4!

! Procedure! !

24 On!the!same!day!<?$<!;9<?!0'-/ "N'&&!:&@@.!?$1&!0&N"="<&!#D>9;$><&'"$@!/'9:<? !9N!r 3!>N-J!
&W$#"=&!<?&!".9="$d"0"!$=0!'"N$#I">"=">9=<$"="=/!:&@@.4!!

34 BN!<?&'&!".!$=D!/'9:<? !9N!r 3!>N-!"=!$!0'-/ ">9=<$"="=/!:&@@J!<?&!.$#I@&!".!'&.".<$=<!<9!<?$<!
0'-/ ! [$<!<?&!>9=>&=<'$<"9=! I'&.&=<\ !̂=9! /'9:<? !#&$=.!<?&! .$#I@&! ".! .&=."<"1&!<9!<?&!
0'-/4 !

A4 BN!<?&'&!".!I9."<"1&!/'9:<? !"=!;9<?!".9="$d"0"!$=0!'"N$#I"=">9=<$"="=/!:&@@.J!<?&!.$#I@&!".!
#-@<""0'-/ !'&.".<$=<![)+H\4 !

54 +'-/ ">9=<$"="=/!:&@@.!.?9-@0!O*U! ;& ! '&"&W$#"=&0!$N<&'!<?&! '&$0"=/!I&'N9'#&0!9=!<?&!
0$D! <?$<! 0'-/ "N'&&! >9=<$"="=/! :&@@.! $'&! "0&=<"N"&0! $.! I9."<"1&4! ,>$=<! ;'&$M<?'9-/?!
/'9:<? ! "=! 0'-/ ">9=<$"="=/! :&@@.! $N<&'! I'9@9=/&0! "=>-;$<"9=! ".! =9<! "=0">$<"1&! 9N!
'&.".<$=>&4!

!
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! Notes!

b'9:<? ! 9N! 0'-/ ! '&.".<$=<! M.! tuberculosis! "=! 0'-/ ">9=<$"="=/! :&@@.! ".! -.-$@@D! '&$0"@D!
"0&=<"N"$;@&!:?&= !0'-/ "N'&&!:&@@.!$'&!I9."<"1&4!!

b'9:<? !#$D!;& !@&..!N@9'"0!"=!<?&!0'-/ ">9=<$"="=/!:&@@!;-< !<?&!I'&.&=>&!9N!#!2!cfu!"=0">$<&.!
'&.".<$=>&![<?".!".!=9<!$!I'9I9'<"9=. "<DI&!<&.<\4!!

*=@D! 1&'D! '$'&@D! ".! $! ."=/@&! >N-! 0&<&><&0! "=! 0'-/ ">9=<$"="=/! :&@@.! ['&$0! $<! <?&! >9''&><!
<"#&I9"=<\J!?9:&1&' !"N!<?".!".!&=>9-=<&'&0!<?&!"=<&'I'&<$<"9=!".!"=0&<&'#"=$<&4!

b'9:<? !"=!0'-/ ">9=<$"="=/!:&@@.!.?9-@0!9=@D!;& !>9=."0&'&0!$.!"=0">$<"=/!'&.".<$=>&!"N!0'-/ "
N'&&!:&@@.!N9'!<?&!.$#& !.$#I@&!?$1&!$@.9!.?9:= !/'9:<? !

!
Table!4.!!Reading!and!interpreting!wells!containing!isoniazid!and!rifampicin!
!

Reading! !

Observation!in!antibiotic!containing!well!(C!or!D)! Interpretation!of!well!findings!
O9!/'9:<? ![6!>N-\! ,-.>&I<";@&!
b'9:<? !9N!#!3!>N-! H&.".<$=<!
b'9:<? !9N!9=@D!2!>N-! B=0&<&'#"=$<&!
C$><&'"$@!f !!N-=/$@!91&'/'9:<? ! T9=<$#"=$<&0!
! !

Interpretation! !

Combined!well!findings!(C!&!D)! Overall!drug!susceptibility!interpretation!

O9!/'9:<? !"=!&"<?&'!0'-/ ">9=<$"="=/!:&@@! ,-.>&I<";@&![=9=")+H\ !
b'9:<? !"=!".9="$d"0!:&@@!9=@D! B.9="$d"0!'&.".<$=<![=9=")+H\ !
b'9:<? !"=!'"N$#I">"=!:&@@!9=@D! H"N$#I">"=!'&.".<$=<![=9=")+H\ !
b'9:<? !"=!;9<?!0'-/ ">9=<$"="=/!:&@@.! )-@<"0'-/"'&.".<$=<![)+H\ !
K"<?&'!0'-/ ">9=<$"="=/!:&@@!:"<?!9=@D!2!>N-! B=0&<&'#"=$<&!N9'!<?$<!0'-/ !
K"<?&'!0'-/ ">9=<$"="=/!:&@@!>9=<$#"=$<&0! B=0&<&'#"=$<&!N9'!<?$<!0'-/ !

!

8.3. Internal!controls!!

a.&!9N!<?&!"=<&'=$@!=&/$<"1&!>9=<'9@.![&1&'D!.$#I@&!I@$<&\!$=0!I9."<"1&!>9=<'9@.![&1&'D!I@$<"=/!
.&.."9=\!$'&!&..&=<"$@!N9'!&=.-'"=/ !1$@"0!)*+, !'&.-@<.4!U?&!"=<&'=$@!>9=<'9@.!)a,U !;& !&W$#"=&0!
$=0!>9''&><@D!"=<&'I'&<&0!;&N9'&!.$#I@&!'&.-@<.!>$=!;& !>9=."0&'&0!1$@"04!!,&&!U$;@&!G4!

B=<&'=$@!>9=<'9@!:&@@.!$'&!'&$0!$=0!"=<&'I'&<&0!"=!<?&!.$#& !#$==&'!$.!.$#I@&!:&@@.4!
!

8.3.1. Negative!controls!!
U?&.&!$'&!<?&!:&@@.!:"<?!>-@<-'&!#&0"-# !;-< !=9!.$#I@&!:?">? !$'&!'-= !9=!&1&'D!I@$<&\4!
!

S@@!5!:&@@.!"=!>9@-#=!A![ASJ!ACJ!AT!Z !A+\!.?9-@0!?$1&!=9!/'9:<?4 !!!
!
BN!$=D!#D>9;$><&'"$@!>9@9="&.!$'&!9;.&'1&0! "=!$=D! :&@@J!<?&'&!?$.! ;&&=!>'9.. ">9=<$#"=$<"9=4!!
U?&!&=<"'&! I@$<&! .?9-@0! ;& ! 0".>$'0&0! $=0! ;$>M-I ! .$#I@&.! '&I'9>&..&0! "N! $1$"@$;@&J! 9' ! =&: !
.$#I@&.! '&F-&.<&04!S! .&$'>?!N9'! I9<&=<"$@! .9-'>&. !9N!>'9.. ">9=<$#"=$<"9=! .?9-@0!9>>-'!$=0!"N!
<?&!.9-'>& !".!"0&=<"N"&0!$II'9I'"$<& !'&#&0"$@!$><"9=!.?9-@0!;& !<$M&=4!
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8.3.2. Positive!M.!tuberculosis!controls!!

U?&.&!$'&!<?&!:&@@.!>9=<$"="=/!0'-/ ".-.>&I<";@&!$=0!0'-/ "'&.".<$=<!>9=<'9@!.<'$"=.!<?$<!$'&! '-= !
9=!$!.&I$'$<&!I@$<&!&1&'D!I'9>&.."=/ !0$D4!!

8.3.2.1. Drug"free!wells!

S@@! 5! 0'-/ "N'&&! :&@@.! [3! :"<?! .&=."<"1&! .<'$"=J! 3! :"<?! )+H ! .<'$"=\! .?9-@0! ?$1&! I9."<"1&!
#D>9;$><&'"$@!/'9:<? ![r 3>N-\4!!!

S;.&=>&!9N!/'9:<? !"=!$@@!0'-/ "N'&&!:&@@.!.-//&.<. !<?$<!<?&!#&0"-# !09&.!=9<!.-II9'< !/'9:<? !
$=0! .$#I@&! '&.-@<.!$'&!=9<!1$@"04! !S@@! .$#I@&.! I@$<&0!9-<!9=!<?&! .$#& !0$D! .?9-@0! ;& ! '&"
I'9>&..&0 !:"<?!$!=&: !;$<>?!9N!#&0"-#4!

BN!9=@D!9=&!9N!<?&!<:9 ! I9."<"1&!>9=<'9@!.<'$"=.!/'9:. !"=!0'-/ "N'&&!:&@@.J!<?&!.<'$"=!<?$<!0"0!
=9<!/'9: !#$D!=9<!;& !1"$;@&4!!S!N'&.?!.<'$"=!.-.I&=."9= !.?9-@0!;& !-.&0 !:"<?!'&"<&.<"=/4!

8.3.2.2. Antibiotic"containing!wells!!

S.!:"<?!.I-<-# !.$#I@&.!<?&!0'-/ ">9=<$"="=/!:&@@.!.?9-@0!9=@D!;& !'&$0!"N!0'-/ "N'&&!>9=<'9@!
:&@@.!$'&!I9."<"1&4!

U?&!0'-/ ".-.>&I<";@&!>9=<'9@!.<'$"=![PAQH1!9' !9<?&'\!.?9-@0!=9<!/'9: !"=!&"<?&'!9N!<?&!0'-/ "
>9=<$"="=/! :&@@.4!b'9:<? !"=0">$<&.!"=>9''&><! [@9:\!$=<";"9<">!>9=>&=<'$<"9=.!9' !"=$0&F-$<&!
".9="$d"0!$=0f9' !'"N$#I">"=!$><"1"<D4!!!

U?&!0'-/ "'&.".<$=<!>9=<'9@!.<'$"=![2!)+H !.<'$"=J!9' !3!#9=9 "'&.".<$=<!.<'$"=.\!.?9-@0!/'9: !"=!
<?&! 0'-/ ">9=<$"="=/! :&@@.4! S;.&=>&! 9N! /'9:<? ! "=0">$<&.! <?$<! <?&! N"=$@! ".9="$d"0! $=0f9' !
'"N$#I">"=!>9=>&=<'$<"9=.!$'&!<99!?"/?4!

BN! I9."<"1&! >9=<'9@.! 09! =9<! I&'N9'# ! $.! &WI&><&0! "=! $=<";"9<">">9=<$"="=/! :&@@.J! <?&!
.-.>&I<";"@"<D! '&.-@<.!N9'! .$#I@&.! I@$<&0! $<! <?&! .$#& ! <"#&! $'&! invalid! ["=0&<&'#"=$<&\!E!
0".>$'0!$@@!I@$<&.!$=0!'&"I'9>&.. !;$>M-I !9' !'&I&$<!.$#I@&.!-."=/ !N'&.?@D!I'&I$'&0 !$=<";"9<">!
.<9>M!$=0!:9'M"=/ !.9@-<"9=.4!

! Notes!

S;.&=>&!9N!>9=<'9@!.<'$"=!/'9:<? !"=!$@@!0'-/ "N'&&!:&@@.!#$D!$@.9!"=0">$<&!.<'$"=!=9="1"$;"@"<D4!!
T9=."0&'!-.& !9N!N'&.?!>9=<'9@!.<'$"=!I'&I$'$<"9=. !N9'!'&"<&.<"=/4!

H&0->&0!0'-/ !$><"1"<D!#$D!;& !0-&!<9!"=>9''&><!>9=>&=<'$<"9=.J!9' !'&0->&0!I9<&=>D!'&@$<&0!
<9!"#I'9I&' !?$=0@"=/!9' !.<9'$/&!9N!9'"/"=$@![-=0"..9@1&0\!0'-/ !9' !0'-/ !.<9>M!.9@-<"9=4!

Table!5.!!!Expected!Internal!Control!Results!!
!

Control!Type! Strain! Medium! Expected!Result!

O&/$<"1&! =9=&! 5":&@@!>9@-#=!![3!0'-/ "N'&&^!2"BOPJ!2"HB8\! O9!/'9:<? !

0'-/ "N'&&!:&@@.! b'9:<? !
N-@@D!.&=."<"1&!

BOP"!$=0!HB8">9=<$"="=/!:&@@.! O9!/'9:<? !

0'-/ "N'&&!:&@@.! b'9:<? !
)+H *!

BOP"!$=0!HB8">9=<$"="=/!:&@@.! b'9:<? !

%9."<"1&!

*9' !BOP"!Z !HB8!#9=9'&.".<$=<!.<'$"=.! !
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9. Plate!disposal!
! Procedure!

24 j&&I !$@@!I@$<&.!.&$@&0!"=."0&!<?&"'!9'"/"=$@!d"I@9>M!I@$.<">!;$/. !$=0!.&$@!"=!$=!$-<9>@$1&!
;$/4!!!

34 S-<9>@$1&!$<!232"235nT!N9'!5G"L6!#"=-<&.4!

A4 +".>$'0!<?&!.&$@&0!.<&'"@"d&0!;$/. !"=!<?&!."<&!0&."/=$<&0!N9'!<?".!I-'I9.&4 !

!

! Notes!

*=>&!)*+, ! I@$<&.!$'&!@9$0&0! :"<?! .$#I@&.J!<?&D!#-.< ! '&#$"=! .&$@&0! :"<?"=!<?&"'!d"I@9>M!
;$/. !:?&<?&'!<?&D!>9=<$"=!I9."<"1&!>-@<-'&.!9' !=9<4!!

!!
!

10. !Quality!assurance!
!

U?&! )*+, ! #&<?90! 0&.>'";&0! "=! <?".! /-"0&! "=>@-0&.! .<&'"@"<D! >?&>M.!N9'! .<9>M! .9@-<"9=.! $=0!
#&0"-#4! U?&! I9."<"1&! "=<&'=$@! >9=<'9@.! <&.<! #&0"-# ! $=0! $=<";"9<">! .9@-<"9=! N-=><"9=^! <?&!
=&/$<"1&!"=<&'=$@!>9=<'9@.!<&.<!N9'!>'9.. ">9=<$#"=$<"9=4!
!
S! .D.<&#$<">!VS! I@$=! "=>@-0"=/! F-$@"<D! >9=<'9@! [VT\! $=0!&W<&'=$@! F-$@"<D! $..&..#&=<! [KVS\!
I'9>&0-'&. !".!-=0&' !&1$@-$<"9=!$=0!:"@@!;& !$00&0!:?&= !1$@"0$<&04!S!0'$N<!1&'."9=!>$=!;& !N9-=0!
$<!:::4#90.I&'-49'/ 4!,-//&.<"9=. !$=0!>9=<'";-<"9=.!$'&!:&@>9#&04!!

! !
!

!
!
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11. !References!

11.1. MODS! ! !
:::4#90.I&'-49'/ !!

!
Ke"/-!b,J!_9@0&$#$=-&@!tJ!,?$?!O,!&<!$@4!
)">'9.>9I"> "9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D!$..$D!I'91"0&.!'$I"0 !$=0!'&@"$;@&!"0&=<"N">$<"9=!9N!)+H "UC4!!!!!!!!!!!!!!!!
Int!J!Tuber!Lung!Dis!2008;!12(3):332"337.!
!
U91$'!)J !,"&0=&'!)uJ!b"@#$=!HP!&<!$@4!
B#I'91&0!0"$/=9.".!9N!I@&-'$@!<-;&'>-@9.".!-."=/ !<?&!#">'9.>9I">!9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D!<&>?="F-&!
Clin!Infect!Dis!2008;!46:!909"12!
!
T$:. !)J !P$!)+UJ!U9'9M!K!&<!$@4!
K1$@-$<"9=!9N!<?&!)*+, !>-@<-'&!<&>?="F-&!N9'!<?&!0"$/=9.".!9N!<-;&'>-@9-.!#&="=/"<".4!
PLoS!ONE!2007;!11:!e1173!
!
)99'& !+SuJ!H9I&'!)P !
+"$/=9.".!9N!.#&$' "=&/$<"1&!<-;&'>-@9.".!"=!I&9I@&!:"<?!PB]fSB+,4!!
Lancet!2007;!370:!1033!
!
)99'& !+Su4!!
8-<-'&!I'9.I&><. !N9'!<?&!)*+, !$..$D!"=!#-@<"0'-/!'&.".<$=<!<-;&'>-@9.".!0"$/=9.".4!!
Future!Microbiol!2007;!2:!97"101!
!
T$1"&0&.!!J!)99'& !+Su4!!
B=<'90->"=/!)*+, !E!$!@9:">9.<J!@9:"<&>?!<99@!N9'!?"/?"I&'N9'#$=>&!0&<&><"9=!9N!<-;&'>-@9.".!$=0!#-@<"0'-/!
'&.".<$=<!<-;&'>-@9.".4!!
Ind!J!Med!Micro!2007;!25!(2):!87"8!
!
)&@@9!8TVJ!S'"$.!),J !H9.$@&.!, !&<!$@4!
T@"=">$@!&1$@-$<"9=!9N!<?&!#">'9.>9I">!9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D![)*+,\ !$..$D!N9'!0&<&><"9=!9N!
)D>9;$><&'"-# !<-;&'>-@9.".!'&.".<$=<!<9!".9="$d"0!9' !'"N$#I">"=4!!
J!Clin!Microbiol!2007;!45!(10):!3387"9!
!
,?"N&'$:!bJ!_9@0&$#$=-&@!tJ!b&;&D&?-!) !&<!$@4!!
K1$@-$<"9=!9N!#">'9.>9I">!9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D!$..$D!N9'!0&<&><"9=!9N!#-@<"0'-/"'&.".<$=<!
)D>9;$><&'"-# !<-;&'>-@9.".4!!
J!Clin!Microbiol!2007;!45!(4):!1093"1097!
!
S'"$.!)J !)&@@9!8TVJ!%$1v=!S!&<4!$@!
T@"=">$@!&1$@-$<"9=!9N!<?&!#">'9.>9I">!9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D!$..$D!N9'!0&<&><"9=!9N!<-;&'>-@9.".4!!
Clin!Infect!Dis!2007;!44:!674"80!
!
)99'& !+SuJ!b"@#$=!HPJ!8'"&0@$=0!u,4!!
)*+, !$..$D!N9'!<?&!0"$/=9.".!9N!UC4!!
N!Engl!J!Med!2007;!356!(2):!189!
!
)99'& !+SuJ!K1$=.!TSJ!b"@#$=!HP!&<4!$@4!!
)">'9.>9I"> "*;.&'1$<"9=!+'-/ ",-.>&I<";"@"<D!S..$D!N9'!<?&!+"$/=9.".!9N!UC4!!
N!Engl!J!Med!2006;!355:!1539"50!
!
)99'& !+SuJ!T$1"&0&.!!J!T9'9=&@!u!&<4!$@4!
!9: !'$<&.!9N!)D>9;$><&'"-# !<-;&'>-@9.".!@"F-"0!>-@<-'&!>'9.. ">9=<$#"=$<"9=!"=!<?&!#">'9.>9I">!9;.&'1$<"9=!0'-/ !!
.-.>&I<";"@"<D!$..$D![)*+,\4 !!
Diagn!Micro!Infect!Dis!2006;!56:!35"43!
!
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*;&'?&@#$=!HSJ!,9<9"T$.<&@@$'&.!bJ!T$1"&0&.!&<!$@4!!
B#I'91&0!'&>91&'D!9N!)D>9;$><&'"-# !<-;&'>-@9.".!N'9#!>?"@0'&=!-."=/ !<?&!#">'9.>9I">!9;.&'1$<"9=!0'-/ !
.-.>&I<";"@"<D!#&<?904!!
Pediatrics!2006;!118!(1):!100"106!
!
)99'& !+SuJ!)&=09d$!+J!b"@#$=!HP!&<!$@J!!
)">'9.>9I"> !9;.&'1$<"9=!0'-/ !.-.>&I<";"@"<D!$..$D!E!$!'$I"0J!'&@"$;@&!0"$/=9.<">!<&.<!N9'!#-@<"0'-/"'&.".<$=<!
<-;&'>-@9.".!.-"<$;@&!N9'!-.& !"=!'&.9-'>&"I99' !.&<<"=/.4!!
J!Clin!Microbiol!2004;!42!(10):!4432"7!
!
T$1"&0&.!!J!!&&!U,J!b"@#$=!HP!&<!$@4!!
H$I"0J!&NN">"&=<!0&<&><"9=!$=0!0'-/ !.-.>&I<";"@"<D!<&.<"=/!9N!)D>9;$><&'"-# !<-;&'>-@9.".!"=!.I-<-# !;D!#">'9.>9I">!!
9;.&'1$<"9=!9N!;'9<? !>-@<-'&.4!U?&!U-;&'>-@9.".!_9'M"=/ !b'9-I !"=!%&'-4!!
J!Clin!Microbiol!2000;!38(3):!1203"8.!
!

11.2. Biosafety!and!laboratory!methods!

CDC!
!
C"9.$N&<D!"=!)">'9;"9@9/">$@!$=0!C"9#&0">$@!!$;9'$<9'"&.![C)C!\ !G<?!K0"<"9=4!
?<<I`ff:::4>0>4/91f90f9?.f;"9.N<Df;#;@Gf;#;@G<9>4?<#!

!

j&=<J!C4+4!$=0!j-;">$J !b4%4!%-;@">!?&$@<?!#D>9;$><&'"9@9/D4!!
S!/-"0&!N9'!<?&!@&1&@!BBB!@$;9'$<9'D!2R7G!I4AL"ARJ!5Q"LRJ!$=0!27G"27Q4!a,4!+&I$'<#&=<!9N!P&$@<?!
$=0!P-#$= !,&'1">&.J!T&=<&'.!N9'!+".&$.&!T9=<'9@J!S<@$=<$J!b$4!

!

WHO!
!$;9'$<9'D!,&'1">&.!"=!U-;&'>-@9.".!T9=<'9@!,&'"&.![%$'<!BBB`!T-@<-'&\4!b&=&1$J!2RR74!!
?<<I`ff:?F@";09>4:?94"=<f?Ff2RR7f_P*gUCgR743G7g[I$'<A\4I0N!

!
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Appendix!1!–!Possible!suppliers!of!reagents!and!consumables!

U?&! N9@@9:"=/! <$;@&! "=0">$<&.! .9#& ! .-II@"&'.! $=0! I'90->< ! >90&.! N9'! <?&! '&$/&=<.! $=0!
>9=.-#$;@&.! '&F-"'&0!N9'! )*+,4 !U?&!@".<! ".!=&"<?&'!&W?$-.<"1&!=9' !=&>&..$'"@D! "=<&=0&0!$.!$!
'&>9##&=0$<"9=^!9<?&'! .-II@"&'.!#$D! ;& !$;@&!<9! I'91"0&!<?&! .$#& !9' ! ."#"@$'! I'90-><. !$<!$!
;&<<&'! I'">&! "=! .9#& ! '&/"9=.4! P9:&1&'J! :& ! $'&! 9N<&=! $.M&0! :?&'& ! <?&! #$<&'"$@.! >$=! ;& !
I-'>?$.&0 !.9 !<?".!@".<!".!"=<&=0&0!<9!$00'&.. !<?$<!=&&0!$=0!"=>@-0&.!#9.< !9N!<?&!.-II@"&'.!<?$<!
:& !/&=&'$@@D!-.& !9' !?$1&!-.&04!
!

Item! Supplier! Product!code! Unit!
)"00@&;'99M!QPR!;'9<? ![+"N>9\! 8".?&'! +86Q2A"2Q"R! G66/'f;9<<@&!
T$."<9=&![I$=>'&$<">!0"/&.<!>$.&"=\! 8".?&'! +863GR"2Q"R! G66/'f;9<<@&!
b@D>&'9@![/@D>&'"=\!! ,"/#$ ! b"AA"G66! G66#@f;9<<@&!
%SOUS![S=<";"9<">!#"W<-'&!@D9I?"@"d&0!C+\!! 8".?&'! C5A5G225! L!;9<<@&.fI$>M!
*S+T ![)"00@&;'99M!*S+T !&='">?#&=<!C+\!!! 8".?&'! C2277L! 26!W!36#@fI$>M!
+"#&<?D@!.-@I?9W"0&![P";'" ")$W\! ,"/#$ ! +"3LG6! 266#@f;9<<@&!
S=<";"9<">!.<9>M.!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!".9="$d"0!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!'"N$#I">"=!

,"/#$ !
B"AAQQ!
H"AG62!

G6!/'f;9<<@&!
2/'f;9<<@&!

,90"-# !?D0'9W"0&![I&@@&<.\! ,"/#$ ! 3325LG! G66/'f;9<<@&!
,90"-# !>"<'$<&![<'".90"-# !.$@<!0"?D0'$<&\! ,"/#$ ! , "5L52! G66/'f;9<<@&!
O"$>&<D@"! ">D.<&"=&!!!! ,"/#$ ! S"Q3G6! G6/'f;9<<@&!
%9<$.."-#!%?9.I?$<&!)9=9;$."> !>'D.<$@4!
jP 3%*5

,"/#$ ! %6LL3! G66/'f;9<<@&!

,90"-# !%?9.I?$<&!+";$.">J!$=?D0'9-.4!
O$3P%*5

,"/#$ ! ,67QL! G66/'f;9<<@&!

,90"-# !?DI9>?@9'"<&! ?9-.&?9@0!
;@&$>?!

! !

2G#@!>&=<'"N-/&!<-;&. !!
[I9@DI'9ID@&=&!2G#@!8$@>9=!AG"36RL\!

8".?&'! 25"RGR"5RC! G66&$f>$.&!

35!:&@@!I@$<&.!
[%@$<&.!U"..-&!35!:&@@.!C+!8$@>9=!AG"A65Q\!

8".?&'! 67"QQ3"2! G6!I@$<&.f>$.&!

,&$@$;@&!I9@D<?&=&!;$/. !L!s!L!X![d"I@9>M\! ! ! ! !
b@$..!<-;&. !:"<?!@"0![2L!W!266##\ ! 8".?&'! 25RA3"2C! 255!<-;&.fI$>M$/&!
,>'&: !>$I!#">'9>&=<'"N-/&!<-;&. !![24G#@\! !! 8".?&'! 6G"LLR"33! 2666&$f>$.&!
6433## !N"@<&'.![$F-&9-. !.9@1&=<.\!
,D'"=/&!N"@<&'!)"@@&W!;@-&! ! !

8".?&'! ,!b! !63G!*, ! G6!-="<.f>$.&!

6433## !N"@<&'.![9'/$=">!.9@1&=<.\!
,D'"=/&!N"@<&'!)"@@&W!D&@@9:!

8".?&'! ,!b] !6AA!H,! G6!-="<.f>$.&!

+".I9.$;@&!%$.<&-'!I"I&<<&.!
;9'9."@">$<&!/@$..!R$!

8".?&'! 2A"LQ7"36T! Q36&$f>$.&!

S&'9.9@!;$''"&' !<"I.!2666"2A66#@!! 8".?&'! 63"Q6Q"G2! 2666&$fIM!
a,S !,>"&=<"N">!U"I.!*=&!2"366#@!D&@@9:!<"I.! 8".?&'! 2222"666L! 2666!<"I.f;$/ !

!
!
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Appendix!2!–!Calculating!“g”!from!centrifuge!rotor!length!&!rpm!
!

g!=!(1.118x10!"5)!x!(rotor!radius!in!cm)!x!(rpm2)!
!

U9!>$@>-@$<&!<?&!'I# !=&&0&0!<9!$>?"&1&!<?&!'&>9##&=0&0!A666/J!
!

rpm!=!#!(!3000!/!((1.118x10!"5)!x!(rotor!radius)))!
!

H&#&#;&'` !A666/!".!O*U!<?&!.$#& !$.!A666'I# !['&19@-<"9=.!I&' !#"=-<&\!
!

Appendix!3!–!Alternative!method!for!preparing!antibiotic!solutions!
U?".!$@<&'=$<"1&!#&<?90!".!0&."/=&0!<9! I'&I$'& !$>>-'$<&!>9=>&=<'$<"9=.!9N!$=<";"9<">! :9'M"=/ !
.9@-<"9=.!-."=/ !<-;&'>-@"=!.D'"=/&.!"N!#">'9I"I&<<&.!$'&!-=$1$"@$;@&4!
!
1. Antibiotic!stock!solutions!

1.1. Isoniazid!stock!(0.4!mg/ml)!

! Ingredients!
B.9="$d"0! ! ! 5!#/ !
,<&'"@&!0".<"@@&0!:$<&' ! 26#@!

! Procedure!
24 0"..9@1&!5#/ !".9="$d"0!>9#I@&<&@D!"=!26#@!.<&'"@&!0".<"@@&0!:$<&' !
34 N"@<&'!:"<?!643## !.D'"=/&!N"@<&'!for!aqueous!solvent!
A4 .<9'&!"=!236#@!$@"F-9<.!"=!.<&'"@&!#">'9 !>&=<'"N-/$<"9=!<-;&. !$<!"36mT!N9'!-I !<9!L!#9=<?.!

! Note!
K$>?!236#@!$@"F-9<!".!.-NN">"&=<!N9'!266!.$#I@&.!

1.2. Rifampicin!stock!(1!mg/ml)!

! Ingredients!
H"N$#I">"=!! ! 26!#/ !
+"#&<?D@!.-@I?9W"0&! !!G#@!
,<&'"@&!0".<"@@&0!:$<&' ! !!G#@!

! Procedure!

24 0"..9@1&!26#/ !'"N$#I">"=!>9#I@&<&@D!"=!G#@!+"#&<?D@!.-@I?9W"0&![+),*\J !<?&=!$00!G#@!
.<&'"@&!0".<"@@&0!:$<&' !$=0!#"W!

34 N"@<&'!:"<?!643## !.D'"=/&!N"@<&'!for!organic!solvent!

A4 .<9'&!"=!236#@!$@"F-9<.!"=!.<&'"@&!#">'9 !>&=<'"N-/$<"9=!<-;&. !$<!"36mT!N9'!-I !<9!L!#9=<?.!

! Note!
K$>?!236#@!$@"F-9<!".!.-NN">"&=<!N9'!266!.$#I@&.!
!

Do!not!re"freeze!or!re"use!antibiotic!solutions!as!drug!activity!may!be!lost.!+".>$'0!$@@!-=-.&0 !
$=<";"9<">!.9@-<"9=.!$<!<?&!&=0!9N!<?&!I'9>&.."=/ !0$D4!
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2. Dilutions!for!antibiotic!working!solutions!
!

_9'M"=/ ! .9@-<"9=.! 9N! &$>?! 0'-/ ! $'&! I'&I$'&0 ! on! the! day! of! use! N'9#! <?&! .<9'$/&! .<9>M4!
+"@-<"9=.!$'&!#$0&!-."=/ !QPR!:"<?!26c !*S+T ![QPR"*S+T\ !

2.1. Isoniazid!4µg!/ml!working!solution!

! Ingredients!
B.9="$d"0!645!#/f#@!.<9>M!$@"F-9<!! !236o@!!
QPR"*S+T !#&0"-# ! ! ! !

! Procedure!

1. a."=/ ! $! <-;&'>-@"=! .D'"=/&J! $00! 266#@! 9N! <?$:&0! .<9>M! .9@-<"9=! [566o/f#@\! <9!R66#@!
QPR"*S+T ![D"&@0.!INH!Stock!2,!40!µg/ml\4!

2. S00! 266#@! 9N! BOP! ,<9>M! 3! <9! &1&'D! R66#@! QPR"*S+T ! '&F-"'&0! [D"&@0.! 4! µg/ml! INH!
working!solution)4!

! Notes!

U?&!<9<$@!$#9-=<!I'&I$'&0 !:"@@!0&I&=0!9=!<?&!=-#;&' !9N!.$#I@&.!<9!;& !I'9>&..&04!

K$>?!.$#I@&!'&F-"'&. !266o@!9N!BOP!:9'M"=/ !.9@-<"9=4!S=!$00"<"9=$@!366o@!$'&!=&>&..$'D!N9'!
<?&!<:9 !I9."<"1&!>9=<'9@!.$#I@&.4! ! !

2.2. Rifampicin!10µg!/ml!working!solution!

! Ingredients!
H"N$#I">"=!246!#/f#@!.<9>M!$@"F-9<! !236o@!!
QPR"*S+T !#&0"-# ! !

! Procedure!

1. a."=/ !$!<-;&'>-@"=!.D'"=/&J!$00!266#@!9N!<?&!<?$:&0!.<9>M!.9@-<"9=![2!#/f#@\!<9!R66#@!
QPR"*S+T ![D"&@0.!RIF!Stock!2,!100µg/ml\4!

2. S00!266o@!HB8!,<9>M!3!<9!&1&'D!R66#@!QPR"*S+T ! '&F-"'&0![D"&@0.!10µg/ml!RIF!working!
solution)4!

! Notes!

U?&!<9<$@!$#9-=<!I'&I$'&0 !:"@@!0&I&=0!9=!<?&!=-#;&' !9N!.$#I@&.!<9!;& !I'9>&..&04!

K$>?!.$#I@&! '&F-"'&. !266o@!9N!HB8!:9'M"=/ !.9@-<"9=4!S=!$00"<"9=$@!366o@!$'&!=&>&..$'D!N9'!
<?&!<:9 !I9."<"1&!>9=<'9@!.$#I@&.4!!

Dilution!of!antibiotic!working!solutions!–!alternative!method!
!

S=<";"9<">!,<9>M!
+"@-<"9=!9N!.<9>M!"=!QPR"*S+T ! !!

<9!/&=&'$<&!,<9>M!3!
+"@-<"9=!9N!.<9>M!3!"=!QPR"*S+T !

<9!/&=&'$<&!:9'M"=/ !.9@-<"9=!
8"=$@!>9=>&=<'$<"9=!"=!:&@@!:?&= !

$00&0!<9!.$#I@&!["/f#@\!

B.9="$d"0!
400!µg/ml!

266"@!.<9>M!f !R66"@!QPR"*S+T !
[56"/f#@\!

2f26!
4µg/ml!

BOP! 645!

H"N$#I">"=!
1000!µg/ml!

266"@!.<9>M!f !R66"@!QPR"*S+T !
[266"/f#@\!

2f26!
!

10µg/ml!
HB8! 246!
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x!4 spension!a ackups!

!.9@-<"9=. !;& !I'&I$'&0 !&$>?! #I@&!".!I'9>&..&04!U?&!;$>M-I. !>$=!
;& ! -.&0 !N9'! '&I'9>&.."=/ ! "N! ;$><&'"$@!9' !N-=/$@!>9=<$#"=$<"9=!9>>-'.J!N9'! ;@"=0! '&>?&>M"=/!$.!
I$'< !9N!$=!&W<&'=$@!F-$@"<D!>9=<'9@!I'9/'$#J !9' !N9'!$00"<"9=$@!<&.<"=/4!
!
U?&!N9@@9:"=/!"@@-.<'$<&.!'&>9##&=0&0!;$>M-I !I'&I$'$<"9=!$=0!'&"I'9>&.."=/ !I'9>&0-'&.` !
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

1ml

1ml

Appendi !–!Preparing!sample!su nd!b
!

C$>M-I!.$#I@& !.?9-@0 <"#&!$!.$

Using back-up if culture is contaminated
add 1ml decontamination solution to 1ml back-up;                      

close cap and vortex (20 seconds); leave to stand 15 minutes;   
add phosphate buffer to 14ml; centrifuge at 3000g for 15 minutes; 

process pellet as in Step 1

Using back-up for QA or lab accreditation
prepare 5.1 ml 7H9-OADC-PANTA and discard 1ml;                    

from remaining 4.1ml, add 1ml to 1ml back-up;                         
mix well and divide as in Step 2, and continue

Remove 1ml of sample 
and add to remaining 

3.1ml 7H9-OADC-PANTA 

2
Remove 1ml of sample 
and add to remaining 

3.1ml 7H9-OADC-PANTA 

2

5.1 ml 7H9-OADC-PANTA
4.5ml 7H9 

0.5ml OADC 
0.1ml PANTA

1
Resuspend pellet to 2ml 
with 7H9-OADC-PANTA; 

mix well

1
Resuspend pellet to 2ml 
with 7H9-OADC-PANTA; 

mix well

3.1ml 7H9-OADC-PANTA
= 5.1ml less 2ml for pellet

Plate out 
sample

4
Plate out 
sample

4

Pellet in 15ml Falcon
(post-decontamination)

Fill to 
2ml

Pellet in 15ml Falcon
(post-decontamination)
Pellet in 15ml Falcon

(post-decontamination)

Fill to 
2ml 3

Save 2nd 1ml 
as back-up; 

store at 2-8°C

3
Save 2nd 1ml 
as back-up; 

store at 2-8°C

4.1ml 7H9-OADC-PANTA    
(4 x 900µl for wells; 0.5ml wastage)



Appendix!5!–!Reading!and!interpreting!results!
!

H&.-@<.!N9'!<?&!#$e9'"<D!9N!.$#I@&.!I'9>&..&0 !"=!)*+, !$'&!>@&$'@D!I9."<"1&![#$=D!>9@9="&. \!9' !
>@&$'@D!=&/$<"1&![=9!/'9:<? !$<!$@@\4!+"NN">-@<D!$'".&. !'$'&@D!$=0!9=@D!:?&= !/'9:<? !".!#"="#$ @J!9' !"N!
>9=<$#"=$<"9=!".!I'&.&=<4!!
!

TB!detection!
Well!!A! Well!B! Interpretation!

w! w! %*,BUB]K!
"! "! OKbSUB]K!
w! T! T*OUS)BOSUK+!
T! w! T*OUS)BOSUK+!
"! T! T*OUS)BOSUK+!
T! "! T*OUS)BOSUK+!
T! T! T*OUS)BOSUK+!

wf"! T! T*OUS)BOSUK+!
T! wf"! T*OUS)BOSUK+!
w! "! BO+KUKH)BOSUK!
"! w! BO+KUKH)BOSUK!
w! wf"! BO+KUKH)BOSUK!

wf"! w! BO+KUKH)BOSUK!
"! wf"! BO+KUKH)BOSUK!

wf"! "! BO+KUKH)BOSUK!
wf"! wf"! BO+KUKH)BOSUK!

w!!!!!!#&$=.!#!3>N-!"=!<?&!:&@@!
wf"!!!#&$=.!2>N-!"=!<?&!:&@@!
"!!!!!!!#&$=.!=9!/'9:<? !"=!<?&!:&@@!
T!!!!!!#&$=.!>9=<$#"=$<"9=!"=!<?&!:&@@!$=0!=9!1".";@&!UC!/'9:<? !

!
!

Isoniazid!and!rifampicin!susceptibility!
Well!C!

INH!0.4$g/ml!
Well!D!

RIF!1.0!$g/ml
Interpretation!

w! w! )+H !
"! "! ,-.>&I<";@&!<9!'"N$#I">"=!$=0!".9="$d"0!
w! "! H&.".<$=<!<9!".9="$d"0J!.- .>&I<";@&!<9!'"N$#I">"=!
w! T! H&.".<$=<!<9!".9="$d"0J!'"N$#I">"=!"=0&<&'#"=$<&!
w! wf"! H&.".<$=<!<9!".9="$d"0J!'"N$#I">"=!"=0&<&'#"=$<&!
"! w! H&.".<$=<!<9!'"N$#I">"=J!. - .>&I<";@&!<9!".9="$d"0!
T! w! H&.".<$=<!<9!'"N$#I">"=J!".9="$d"0!"=0&<&'#"=$<&!

wf"! w! H&.".<$=<!<9!'"N$#I">"=J!".9="$d"0!"=0&<&'#"=$<&!
w!!!!!!!#&$=.!#!3>N-!"=!<?&!:&@@!
wf"!!!!#&$=.!2>N-!"=!<?&!:&@@!
"!!!!!!!!#&$=.!=9!/'9:<? !"=!<?&!:&@@!
T!!!!!!!#&$=.!>9=<$#"=$<"9=!"=!<?&!:&@@!$=0!=9!1".";@&!#D>9;$><&'"$@!/'9:<? !

!
!
!
!

)*+, !-.&' !/-"0&!12342!25673667!29



)*+, !-.&' !/-"0&!12342!25673667!30

ositive!MODS!cultures!

>91&'!<?&!.<'$"=.!N'9#!I9."<"1&!>-@<-'&.!"=!)*+, !I@$<&.!$=0!?9: !<9!
'D9I'&.&'1&!<?&#4!U?&!.$#& !>-@<-'&!&WI$=."9=!$=0!>'D9I'&.&'1$<"9=!<&>?="F-&.!>$=!;& !-.&0 !

N9'!I'&I$'$<"9=!9N!I9."<"1&!>9=<'9@!.$#I@&
!
1. Recovery!of!MODS!positive! lture!strains!
!

1.1. Preparation !Middlebrook!7H11!Agar!"
!

! Ingredients!
)"00@&;'99M!QP2 !;$.& !! 32!/ !
b@D>&'9@!! ! !!!!!!!!! !
+".<"@@&0!:$<&' !! !!!!!!!!! !!
*S+T !! ! ! 6#@!!!

!

! Procedure!

24 +"..9@1&!32/ !9 !$/$' ! "-# !;$.& !"=!R5 <&'4!

34 S00!G#@!9N!/@D>&'9@4!

A4 P&$<!$=0! .<"' "<?!>9=.<$ /"<$<"9=! -=<"@!N /=&<">! .<"''&'! .?9-@0! ;& !
-.&0\4!U?&!#&0"-# !.?9-@0! !<'$=.@->&= &'?&$<!<?&!#&0"-#4!!

54 S-<9>@$1&!$< 235m!T!N9 !#"=-<&.4!

G4 T99@!09 9N! *S+T ! -."=/ ! .<&'"@&!<&>?="F-&4! )"W! :&@@!N9'!G!
#"=-<&. !I&' !0".?\4!!

L4 !&$1&!<9

Q4 ]&'"ND!#&0"-# !.<&'"@"<D!;D!"=>-;$<"=/!$<!AQm!T!N9'!35"57!?9-'.4 !!

74 ,<9'&!$<!3"7nT4!
!

1.2. Rec !strain !positive!MODS!cu
!
! Procedure

24 %@$>&! ! )*+, ! I@$< >9=<$"= 0&! <?&!
C"9.$N& T$;"=&<4!*I& <?&! I@$ 1&!<?&!
I@$<&!>91&'!$.&I<">$@@D4

34 _"<?0'$: !<?&!>9=<&= !<?&! I"I&<<&!
[9=@D!- I9."<"1&!>-@<- .!N'9#! \4!!

A4 B=9>-@ "266o@!9N!<?&!'&>91& / !$!
. <?'9-/?9-< !<?&!.-'N$>&!9N!<?&!$/$'^!<?&=!>91&'!<?&!%&<'"!
0

54 % <&'"@&! /@$..!<-;&!<9!M&&I!$<! '99# !<&#I&'$<-'&!N9'!
$

G4 B=>-;$<&!<?&!"=9>-@$<&0!%&<'"!0".?!$<!AQ%T!N9'!2G"36!0$D.!<9!9;<$"=!&=9-/? !/'9:<? !N9'!
>'D9I'&.&'1$<"9=4!!

Appendix!6!–!Recovery!&!cryopreservation!of!p

_?&= !$00"<"9=$@!<&.<.!9=!I9."<"1&!)*+, !>-@<-'&.!$'&!=&&0&0J!9' !@9=/!<&'#!.<9'$/&!9N!.$#I@&.!
".!0&."'&0J!<?&!.<'$"=.!#-.< !;& !".9@$<&0!N"'.<4!!

P&'&!:& !&WI@$"=!?9: !<9!'&
>

!.<9'&.4!

cu

!of !5%!OADC!!

2!$/$'
! !!!!G#@
! !!! R5G#@
! G

N!QP22 #&0 G#@!9N!0".<"@@&0!:$

! : =<!$ -@@D!0"..9@1&0! [#$
$II&$' <4!+9!=9<!;9"@!9' !91

!232" ' !2G

:= !<9!G6"GG%T!$=0!$00!G6#@!
!$=0!I9-' !"=<9!%&<'"!0".?&.![3G"A6#@

!.9@"0"ND![I'9<&><!$/$"=.<!0"'&><!&WI9.-'&!<9!@"/?<\4!

overy!of !from!a lture!

!

<?&
<D!

&!
=!

"=/! <?&! I9."<"1&! >-@<-'&! <9! ;& ! '&>91&'&0! "=."
.<">! ;$/ !$=0!>$'&N-@@D! :"<?0'$: !<?&! I@$<&4!H&#9

!!

<. ! 9N 3! I9."<"1&!>9=<'9@! :&@@.! :"<?! $! .<&'"@&!%$.<&-'!
.&! '& :&@@.!:?">? !09!=9<!>9=<$"=!".9="$d"0!9' !'"N$#I">"=

$<&!G6 '&0!.$#I@&!9=<9!QP22!$/$' !I'&I$'&0 !$.!$;91&4!!a."=
<&'"@&!@99IJ!.<'&$M!<?&!.$#I@&!
".?4!

@$>&!<?&! '&#$"="=/! .$#I@&! "=!$! .
00"<"9=$@!-.& !9' !"=!>$.&!9N!>9=<$#"=$<"9=4!!
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th!
! !

 Procedure!

0".<"@@&0! :$<&' !$=0!$00!36#@!!!!!!!!
@4!

![#$/=&<">!.<"''&'\ !-=<"@!>9#I@&<&@D!0"..9@1&04!

!232"235m !

I@&#&=<!S+T4!

!$=0!1&'"ND!#&0"-# !.<&'"@"<D!;D!"=>-;$<"=/!$<!AQm!T!N9'!35"57!?9-'.4 !

!.&$@!<"/?<@D!$=0!

! 

24 !9N!.<'$"=.!9;<$"=&0!N'9#!)*+, !

.<&'"@&!@99I4!S00!9=&!N-@@!

A4 ,&$@!<? 1"$@!<"/?<@D!$=0!19'<&W!N9'!26"2G!.&>9=0.!<9!?9#9/&="d&!<?&!.<'$"=.4!

&\4!

! >9@9="&.! >$=! ;& ! -.&0 ! N9'! $00"<"9=$@! <&.<.! [#9@&>-@$'! <&.<.J! "=0"'&><! 0'-/ !
";"@"<D!<&.<.J!&<>4\!

L4

Q4 !5G"L6!#"=-<&.4!

!

Luz!Caviedes!

!!

August!2008!

2. Cryopreservation!of!strains!from!MODS!cultures!in!Middlebrook!7H9!bro

2.1. Preparation!of!Middlebrook!7H9!broth!with!10%!Glycerol!for!strain!cryopreservation!
!

! Ingredients!
)"00@&;'99M!QPR!;$.& ! 64R5!/ !
b@D>&'9@!! ! ! 36#@!
,<&'"@&!0".<"@@&0!:$<&' !! 2L6#@!
S+T!.-II@&#&=<!!!!!!!!!!!!!!!!!36#@!!!

!
!

24 +"..9@1!64R5/!9N!QPR!#&0"-# ! ;$.& ! "=!2L6#@!9N! .<&'"@&!&
9N!/@D>&'9

34 ,<"'!:"<?!>9=.<$=<!$/"<$<"9=

A4 S-<9>@$1&!$< !T!N9'!2G!#"=-<&.4

54 !&<!>99@!$=0!$00!<?&!&='">?#&=<!.-I

G4 )"W!:&@@

L4 %@$>&!64R#@!$@"F-9<.!9N!<?&!#&0"-# !"=!>'D91"$@.!-."=/ !.<&'"@&!<&>?="F-&^
.<9'&!$<!3"7mT4!

Note!

S+T!$=0!not!OADC!".!-.&0 !N9'!<?".!I'9>&0-'& !
!

2.2. Cryopreservation!of!strains!
!

%@$>&!<?&!QP22!$/$' !%&<'"!0".?&.!>9=<$"="=/!<?&!>-@<-'&.
"=."0&!<?&!C"9.$N&<D!T$;"=&<4!

34 *I&= !<?&!%&<'"!0".?&.!>$'&N-@@D!$=0!?$'1&.<!<?&!>9@9="&.!:"<?!$!
@99I!<9!&$>?!>'D91"$@!>9=<$"="=/!QPR!;'9<? !:"<?!26c !/@D>&'9@4!

&!

54 ,<9'&!$<!"Q6%T!["36%T!>$=!;& !-.&0 !"N!"Q6%T!".!=9<!$1$"@$;@

G4 H&#$"="=/
.-.>&I<

 %@$>&!$@@!@&N<91&'!"=N&><"9-.!#$<&'"$@.!"=!$=!$-<9>@$1&!;$/ !$=0!.&$@4!

S-<9>@$1&!$<!232"235%T!N9'
!

!
Jorge!Coronel!
Martha!Roper!
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