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ABSTRACT

This study is to improve the detection technique of C. perfringens in drinking water and ice
by the addition of the reducing agents, L-Cysteine hydrochloride and Sodium thioglycolate into
Tryptose-sulfite-cycloserine agar (TSC). This allows the modified media to be an anaerobic
condition without using the anaerobic jar. ISO 7937 (2004) were used to validate the method. The
concentrations o‘f C. perfringens used in this study were 1-9 cfu/l ml, 10-99 cfu/l1 ml and 100-999
cfu/l ml. The results revealed that the modified method has a potential for the detection of
C. perfringens in drinking water and ice. When compared to the analysis method of ISO 7937,
relative detection level of this modified method was >1 to <5 cfi/l ml. To validate this modified
method with the analysis method for drinking water from Environment agency (2004) for 3 levels
of C. perfringens contamination (1-9 c¢fu/100 ml, 10-99 cfu/100 ml and 100-999 cfu/100 ml), the
results indicated that the modified method has not a potential for the detection of C. perfringens
in drinking water and ice by using membrane filtration technique of 100 ml sample. When adjusted the
modified medium to quadruple strength in 25 ml for C. perfringens detection of 100 ml of drinking
water or ice and compared to the analysis method of drinking water and ice from Department of Medical
Science, the results showed that this quadruple strength of modified TSC medium could be used as
presumptive method for C. perfringens detection in drinking water and ice.
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lumsiteiifsdesmsdauasgasemisauenedmsumsangzd  C. perfringens
4 ¥ v
Wosdulumihaumaniuds Taofnuinsld sodium thioglycolate anvandiau luomisaausn
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e vl hidesiimsinlugdnseiniuguanng1ieondiou  delinnumuiaziigunind
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f10019 1 Naaans MEUAUITINTIZHYEY ISO MINUAY 1S0:7937 (ISO, 2004) uaL
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2.1  dugIUved C. perfringens

2.1.1 dnyaia i

= 1 o 1 A ﬂ‘
C. perfringens Lﬂmmﬂﬁﬁugﬂmuﬂmum (blunt ends) luinaeun Hvuia 8.0-1.5
[ t F 4 o

Tulnswas o3 244 Tulnswas eaansueiyluemsideade lmivziigliedunionay

— Sl 1 ny - ! 1 T a o
Tuvaziadmivis Buueeizlinemniuazewdefmilume (iunun agugny, 2538)

L ) A -
wadues C.  perfringens  aalnaiiumlgaduaadiu  polysaccharides  atiAv0
A A a o 4 o :

polysaccharides mﬁuumJqan:xmnmqnumumuwuﬁ sazfimiusadeznuiing galactose,

glucose 11ag rhamnose ANANIAUAWEOWUT (strain) 1A% FTIA (type) (Holt oy AN, 1994)

oo luennsiouiei annseaaumlyaldudiin bicdmled Sadumlosozeg
| doudiaTmainoad (subterminal) Tavmlofasnusemsdunsandenasiia onidu
formaldehyde 1122 glutaraldehyde Ul vegetative cell iin TaanrnFounazasdumsan
‘ a.‘gﬂ 18un penicillin, erythromycin, cephalosporins, metronidazole, clindamycin mifﬁamﬂfju

aminoglycosides dmMivdnyatzvouvaduazalesves C. perfringens naaalugii 1

j'l]‘?l 2.1 waduazaeives C perfringens

7117 : Sacks LAY Tompson (1978)



2.1.2 mlesvea C. perfringens

2121 iliuimitdeathenles

Tasindnmsadramlodezifialugaalaieues logarithmic phase 1104910M3
mﬂuﬂaumﬁmmsﬁi‘iuﬂuﬁiannm?wm%mmzﬂuwﬁmﬁm«ﬁa‘fnm Tusavesmsnlaoy
nnanMEadlnd (vegetative cell) Tifumlesrzifamsazauunaidonlosounaziinig
@314 dipicolinic acid (DPA) (33178l A4, 2538)

msmnszuumsadumosueadelungy  Clostidium  hlden
iffesnindeniiminanssluannizfoendiny  azmsemsdesauysaianunnudeanis
voudo @1 Clostridium  azi03g 8o nmisdamsieiuaionfiozadramled faiu
Long uazAme (1982) 'lﬁ'ﬁnmﬂszmuﬂ‘ﬁﬁgmﬂ511841%8114@11 Clostridium  Tag14
C. acetobutylicum Wusaumivesdelunguil Amnnssuaumsathemleiuazaiudluns
wavuuasdasmstioudiazdesrhundosganssmisidnnson wuhnszuumsaimles
Sunnaadimiovaduaedssiimsaraudandaualig (grunulose) wionafumadog
waaijjuﬁ’nym:ﬂ%uﬁuqﬂ‘ﬁicﬁﬂ% Sl 22 () namsuada forespore septum (FS) Aagilit
22 (3) madtinnunldounla swWanudioEued spore coat noufiny adrsa 1 szneunuly
ﬁ’dgﬂ‘ﬁ 2.774) \as kts) a4y C acetobutylicum ﬂiﬂﬁs‘l‘d%‘ﬂ exosporium Lﬂu';‘ﬂuﬁﬁw:
s 1wl ﬁ'agﬂﬁ 2.2 (6) W C. acetobutylicum 92114 spore coat Fanuanoluuas

mouen AegIi 2.2 (7)



qifi22(1)  @adindnouunssuoumsaiteaes

@) wadwosduuazimsazaudiautlevinalng (G Ao granulose)

(3) wanaia forespore septum (FS)

(4) 19 A forespore (F) 118% spore coat (C)

(5) wadBuatuminfuaied (cortex) nazman3giiauysoiveamod
(6) ﬁﬂﬂi'm?tgaﬁuﬁ (S) wagiiuiany (E)

(7 dnvazamolusazaiousnailes

1 : Long Hag At (1982)



2.1.22 waveamsnlaouilumled

aofuns C. perfringens nudeduadond limuzaudemsindy 14un

- musomsIiauFous (moist heat)

- nugearniiunsa-a ussduesd Tudnd limuzay

- Pro-longed frozen storage

- mmﬁ'u'laﬂ"'qu (Akhtar HAZAME , 2009)

mnanaosi i C. perfringens ﬁmmwumuaq"lﬁ”lmmﬁu’iymsmanﬁﬁ
flannz limuzay Ysznoudio gungild anudunsanioaralimmeay uazaszuaums
siudo Wy masidedonaedi mniRtIY C perfringens ﬁ'lu%mnqﬁuw‘%ﬁﬁ'yumu‘lu
#14 Wdldnunasdadifongqunail € perfiingens og3otaz 13 §1 35 veagdunid
ﬁfugmv'igwuﬂ‘lﬂs'mqﬁuﬂ‘iﬁﬁwﬁ’ﬂiuqmsz 1% E. coli “luﬁymﬂﬂszmw C. perfringens &
Tiindan Soh ¥ ¢ perfringens ﬁmmﬁumzqﬂum‘srfluﬁﬁﬁﬂﬁ;nﬁﬁuannzmnms
ﬂu;ﬁﬂuQﬂ1ﬁz (WHO, 2006)

uaﬂ-n1n&uqm’duﬁﬁiums'nuviaﬂm'as"lu'mmzem“lm‘.iymnzwwiaﬂ'ssmu
mssindouenled C perfringens W C. perfringens udwiiniagnisthution enteric
viruses uaz 115 Tad Tunssurumsmaniay s ¢ perfringens mangaudmiunInge
ithseSalnd ileasin

- mlofuos € perfringens ﬂdsan'lé'unmuﬁﬂﬁsswmﬁuma%ria'[mé"uq
swiehfauas Tl Tadadaw

= mosuea C. perfringens HUMAAANT protozone (00) cysts 11117 lai
mu13ﬁulumsu’q%vf;mmwn'szmumsnsm

=Y

¥
L-3 o ‘; o
- “mlefvea C. perfringens HinnuroslnihnnalsznnilFiiuiagay
¥

AU C. perfringens Vuvingy dmiu1Flunmsiguinaldldveanszuu
M5nN1IM 35233 (WHO, 2006)

9INMSANYIUDY Paredes-Sabja LAg AL (2007) WUNANUNUNMUABAIY
$ouveaales C. perfringens fiHaa1an

- Tnseada cortex peptidoglycan

-~ - ) :‘ o
- Spore’s core HiBUAUNANYBIN DT HiTianinioy
o' N b T =
- upunanvesalesi dipicolinic acid SIEFTRETETR T
v A o . - A:'t 9
ugiomlos 145D L-asparagine uaz InunmFva looouszildouiuaaduas

' a ﬂ o ' o o
TEUIN ﬂ']'jlﬂﬂ AR 1) ut‘ﬂﬂﬁﬁgqﬂﬂ aN1ININ wﬁ"wﬂ’nu%’ﬂuuﬁzﬂ')‘INﬂu



2.1.3 M1

AINHVOY C. perfringens wrioonily 5 ¥ila Ao A 69 E awguauifves
anuannsalumInanasiy @uasei 2.1) Taof alpha-toxin  WARTAEYN type untiu
type Al strain ‘ﬁ'lliﬂ%"la alpha-toxin 11.1'1J'I\1ﬂ§,:~1 alpha-toxin i ca™* wie Mg2+-dependent
phospholipase M50 lecithinase-C wﬁm"lﬁ"lwmzﬁﬁ Ca’ %30 Mg2+ a“ﬂizﬂ?aﬂmm?tguu egg
yolk agar wazannsodudamsadumsin 8 TaououAfionduduiiufugives Nagler test

(fumu a3mgnY, 2538)

M9 2.1 MIRENHAA 1A C. perfringens ¥TIA (type) #1499

Toxins Biological activity Toxin type

MNE € D BE

Major (lethal)
oL Lethal, lecithinase (phospholipaseC) RS, U YR
B Lethal, necrotizing trypsin labile A +.. AV - -
€ Lethal, permease, trypsin activatable s\ Fform -+ -
1 Lethal, dermonecrotic, binary, ADP-ribosylating -3L-%-1F- +
Minor
Y Not defined, existence questionable - i gl - -
0 Hemolysin -t EFE = =
n Not defined, existence questionable - AL - - -
8 Hemolysin (O,-labile), eytolysin £+ + 4+ 4
K Collagenase, gelatinase & 0 r bt
7\, Protease FERERHESEE w7 ] < o
18 Hyaluronidase + + + + +
V Deoxyribonuclease + + + + =+
Neuraminidase  N-acetylneuraminic acid glycohydrolase RN R I S
Other
Enterotoxin Enterotoxic, cytotoxic il L

131 : Borriello LagnM (2005)



2.1.3.1 Major toxin (Borriello LAY, 2005)
' - a . 1 & da
f. OL- Toxin C. perfringens type A 92HAR OL- Toxin 1A¥IN H4NAD
phospholipase C lecithinase uamﬂummquﬁ'ﬂummi ({NABINTS gas gangrene Tavasnuria
Ed
fagiidang@iludauilsznounazdoans calcium ions FMFUMITUAY substrate AOUAUDA
' et - [y ; Ju T [ -
A0 lecithinase reaction UUOIMITAAUONAONH TuuauTluaIM5ENOY LAZNMIIAA hazy zone
904 hemolysis VU blood agar
a a a’ ° o A o g A 1
mstna lsanannyemaiodadoauadiaziyadiiiows laonstoy
Lee ) b ' A 9 7y I o7 (S e o q v 4 A
@a1w lecithin Fuiludinlsznevvesteuwaadismsisiigoad iy finailidome
4
mo Wuiededuuazndnuieiale vlinaeims Tavadhluau
9. B-Toxin N30 necrotizing Tav C, perfringens type B 1122 C 12HAN
: = ¥ & o a = -
B- Toxin ldwin Tumsnanesfiadhnassiieadivesy nysziinoinisniwazaiofion
NUA
- N - o " oa = a .;
Nercrotizing Enteritis ¥301snd11duidnioy ToinsAaidoguuss
- o A a o = 3 A - & s A A
RouwdunyInaudiniiesies oudududen 01000 GMsAMETD C. perfringens typeA
' - ar elle 1 0 o A f "
v lifimseuten masmauid Idgenaraazd 1dan Weideadis o toxin uag P-toxin
= ° 4 Y o = s o
YamannneziTierames wann B- toxin vt lfifaemsdumavesdrld daeims
° g & ¥ ’u - J o
oavenlud 18 1ioiBeme(necrosis) Tsnibindadulanian
fl. €-Toxin WUWIN prototoxin ﬂ$ﬁ1ﬂﬁﬁ? 0 lay proteolytic enzyme
wanTay type B uaz D Wummaveseims lnuaw Tuloauazitoyalefivoavaafu uas
v '
mlfinan1z lavadunund 1d enterotoxemia) i filoidonin
3. 1=Toxin MW lab C. perfringens AR 1-Toxin NHan 1aw
£
C. spiroforme N lumsnagou serological biological LI1A¥ enzymatic activities
: a oA = &£ 4 a
9. Enterotoxin iumsnudnyianilainaalas . perfringens type
A Uz C. perfringens enterotoxin (CPE) fnlvinaoinisemsitiuiinluau Tau gene (cpe)
Y03 C. perfringens type A Wu'ldvuuInTuTwuuaznanaiia udnnmMIAATIEH cpe gene u
omnfneldfanmsemnduivnui cpe gene  oguulnlulauuazlumendudiu
cpe gene vunmaiia nulumsimsizinne s e liiAaeimsomsidluns luau
s ] = 3 d A o ' a
Aurulums1en 2.2 vennntiuwadnieaosnil cpe gene aguulns Tulaudimunimiou
e 1 o A o = ] ~ a -
TAdnduraaneatoinil cpe gene vunaIaila 15y figamgil 100 eswnwaFon a0
o’ M ot ' s A ol
uonaansealoinil cpe gene Yulnslulwy ldunniursadnSoaosii cpe gene wvu

WaaiiA 4 60 1M1 (Li e McClane, 2006)



MmN 2.2 ﬁ'mtinmuﬁ'uﬁ C. perfringens i cpe gene ﬂ;juuTﬂTu'Imu cpe gene

vunwaaiia uaz il cpe gene VUNAHIIA

Isolate Source Genotype
NB16 Human antibiotic-associated diarrhea, Europe, 1980s  Plasmid cpe, IS1151
T34058 Human antibiotic-associated diarrhea, North America, Plasmid cpe, IS1470-like

late 1990s
F4969 Human sporadic diarrhea, Europe, 1990s Plasmid cpe, 1S1470-like
F5603 Human sporadic diarrhea, Europe, 1990s Plasmid cpe, 1IS1151
153 Pig enteritis, Scotland, 1990s Plasmid cpe, 1S1470-like
222 Dog diarthea, United States, 1990s Plasmid cpe, 1S1470-like
458 Dog diarrhea, North America, early 1990s Plasmid cpe, 1S1470-like
NCTC8239  Food poisoning outbreak, Europe, 1950s Chromosomal cpe
NCTC10239 - Food poisoning outbreak, Europe, 1950s Chromosomal cpe
C-1841 Vermont food poisoning outbreak, 1980s Chromosomal ¢pe
FD1041 North American food poisoning outbreak, 1980s Chromosomal cpe
E13 Food poisoning outbreak, North America, 1960s Chromosomal cpe
191-10 Food poisoning outbreak, Hawaii, 1980s Chromosomal cpe
01E809 Food poisoning outbreak, Oklahoma, 1999 Chromosomal cpe
Pork-1 American retail food, 2003 Chromosomal cpe
Sausage-1 American retail food, 2003 cpe negative
Fish-2 American retail food, 2003 cpe negative
Steak American retail food, 2003 cpe negative
ATCC 3624 Control cpe negative

W7 : Liuag McClane (2006)
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1InMsAny1TAv Li 1Az McClane (2006) uiSouiiivunmsnudsguungiidives
¢ o o @ o
waanioaosiC. perfringens type A il cpe gene vUTATINTwuRUAAWTOA 0T
Ao a A 1 g o = - |
C. perfringens type A U cpe gene UUWAIAUA NYNUBIUYUNNY 4 DIAUFDUNU LATUFIV
qunil 20 esruwalud WU Nguugil 4 esrnalun waduazmles C. perfringens
et asa ' 4 '
type A Nl cpe gene VU I3 luTan awsalFiaseauinniusanauazailes C. perfringens
type A Nl cpe gene VUWAIAIADY 8 i1 wazfguugil 20 ssrnAFua Wwaduazalos
e A T o o
C. perfringens type A N cpe gene UUIAT 1oy aunsallFinseauinniusaauazailes
C. perfringens type A i cpe gene yunaaiang 3 w1 Weszeznawlyl 6 oy veams
¥ ]
UzFeNguugl 4 ssraiFea 1az 20 ol waduazales C perfringens
type A nij cpe gene vunaaila apdaInnuvaauazales ¢ perfringens type A il cpe
gene UM A3 TuTasudla 4 M1 nag 3 i1 awdwy uazfawuuaaduazaes  C perfringens
A . 1 1 o oA oo ' 9 A
type A Nl cpe gene U lnyTulyy Werumsnyuduuaznyudanguvgiainanuds e
¥ ] [
dnnunmziseNgungil 25 37 uaz 43 earuwamed 1938 19ANIY C. perfringens type A il
cpe gene VWA ativaddy MInaassdnamivayud 9vishaoldiAneIns
omsiufyluauenn ¢ perfringens enterotoxin Aanonla C. perfringens type A i cpe
é 1 Qo' — (= 1
gene UM 13 T Ty iileemnmumiuaeguvin quugigs uasedy 14Ana1 C. perfringens
type A il cpe gene VUNAALA
. At ¢4 7 et v ¢
Enterotoxin 111 T/ s@ungndunsisivunnaaailnszuiumsainamles
] a - ' s 5
Tumawhevesnisadreaes msnda enterotoxin gagafionountsaavfvosganiadie
' o —
mlesuazgnidovesnumioumled sagilin 2.3

HR.S
100 a->==n AES

/

40

20

TOXIC CONC
by
\.\.

o)

é"é:s»\
F-9

LOG,, HEAT-RESISTANT SPORES/ML

2
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5 10 15
= e ¢ :
31]11 2.3 Kinetics ¥93m3a319e1/a51a2 enterotoxin Tav C. perfringens type A
111 ; Li 1182 McClane (2006)
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o o ' a 2
22 Yoduniinanems3Iyues C perfringens
2.2.1 edumeluniinanensiwiaues C. perfringens
2.2.1.1 Anaerobiosis
o d. _ d. (e} - ed )
C. perfringens {WunuanGonnsyluannzn lifleondiou Tifdsznoy
A o @& @ - an W a Yo [ ] (]
wiou lmidmivigisndueengion  Tavsgld5undsaudiulngninminszuau
o - ad 4 = = d o e o 9 a
msninasseneudunid Fmsdseneudunideilud lididnasoulunoudy uazsu
dianasouluAouMOUeINTTLIUMT  (Bomiello  LAZAME, 2005) WAASmMN 149N
nszuaumsnininidiunsadunid uazusanssadnnms Tulamsanienly Ty (Lederberg,
2000) 9INNISANHIVOL Shimizu 1AZAME (2001) NUIT C. perfringens HTNAWUTATTUNUAAL
-~ = o o Y ~ ad A o 1w
famsiiou lmidmivanslnalalada  wazlralawuwmuedduiiauysel  lifisva
wugnssuveusulaidmsuasesnsalasmivenladn (TCA eycle)
w o
Tunszuaumswain  pyruvate szgnufdowdiu  acetyl-Coa Taviouland
4
pyruvate-ferredoxin oxidoreductase "lﬁﬁwms"uau‘lﬂaan"lmﬁ IaE reduced ferredoxin @4
sianasouvouiugnireliiuldsaeuTay hydrogenase gaviieliduTuanavasleTasion
& 1 [ o ° g 4 o s
Favzgmlassoannnadniouduniueulaeenlas ildluiieten C. perfringens a1¢i

a4 bl J 1 -
ogiianiz lioenFmumnninuminzaunnnswiy (Shimizu nagame, 2001)

2.2.1.2 nsguumiamweagums lulasa Ts@u uaziiaalelnd

C. perfingens aurnldihanaléuaonin I8S  fructose, galactose,
glycogen, lactose, maltose, mannose, raffinose, sucrose uazuila n‘]"mmn“luﬁunﬁﬁuﬁ
wawnnaod s lna lnladneu land 1dud OL-galactosidase, B-galactosidase, Ol-glucosidase,
B—glucosidase, B-glucuronidase, B—fruclofranosidase (sucase), Ol-mannosidase, pullulanase,
OL-amylase ¢ endo-14-B-xylanase Fuow'lmimariselddoeiuselnimaltiiuihna
Twianaidng (Shimizu HAZAME, 2001) %4 momosseetlldes vrgmi1 1141y Embden-
Meyerhof-Parnas pathway 'lﬁ’fwﬁﬁﬁ’mqi'qﬂmuﬁnﬂuﬁanawﬁﬂmﬂ?;umi'lu pyruvate fi0 acetate
1 ethanol n?aszaaﬂaaaﬁéuq (¥ isopropanol, butanol A% 1,2-propandiol (Borriello LD
A, 2005)

C. perfringens Tt laddmsvdunsed arginine, aromatic amino acid,
branched-chain amino acid, glutamate, histidine, lysine, methionine, serine Wd% threonine
W C perfringens Wimnsaniyludunadenifinsaeil Tummivayunsioyiidia

(Shimizu tagAME, 2001)
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222 dedumeueniiiinanemsiinues C. perfringens
2221 Qungiifimingauiuninsy
qmwgﬁﬁmmzfmﬁvmsm?tﬂﬂuﬁ'z'lﬂﬂgjszwin 37 f4 45 esmurFYa
f?m%'nqm11Qﬁqqqﬂuaw’hqﬂ1"';mmsnm?ty'lﬁ'ifumjﬁ’nmﬂﬁuf mnilunsa-an uaz
ﬂmntﬁvuqti’;aﬁx?x’s’am?tya;j uamsldgungil 60 osmwaoa  ad1TIAEImIMITINYA
AINTINVOUNAA C. perfringens 18 C. perfringens sxnudogungid 18dluemsuminnirly

L A A < : v &
pMsiasuFeiinsInmsomIsizaldvuiiuluiuiogluemis (Doyle, 1995)

2.2.2.2 Ogxidation-Reduction Potential (Eh)
" g ¥ ' = - - = [
C. perfringens Huielunguii hidosmssendoulunisniydula el
Ed F i
TaTativuHmihemsiteuseRduAaAue N d1M5U911131%9919% anaerobic chambers
& o 2 a - - a &4 g9 a ad a
a0 fumsaseendiouoen luiessuumsumuiioendiouie IWyauns dnsauuoms
¥ g = J : tl [-] 4
00 18 C. perfringens annsmaayldlusnnadvaemardsiininld a1 E, mwzen
(] y ; { . o 1 a » . L
UM ReATo N5 Enoudae reducing agents %Y cysteine 1D sodium thioglycolate (1A
' o4 al e o d o’: -
0619 13AA1t sodium thioglycolate B19z1TURANAIL BN LT 19T ¥ s Tunw
" d 8 b
Wudud (0.1-0.3%) dmfuemimasusemaimsdn hnideutssauias 15-20 wiit fAaane
1 = ﬂv d‘y 1 c’: d’ e 3 1 o
ldeandiausanninonnsidouie 14 udnaiinisneuauesvn C. perfringens Ssiuagiumy
wug USineudeniony dnvazmaniyluewnafoadet tazanzmsmmueaduve

o
1aa (Doyle, 1995)

2.2.2.3 Water Activity (a )

a, fimngemiinnmduius fudnmiiiunsa-ate, Bh, QuMQil LAz Mz iy
e a_ Taoa'lil ¢ perfringens 2039y luag 0.97 74 0.95 Tuswsiaadefimsiiy
ﬁiﬂm nglnsa uie Tmdvuaeslsdifeand a, memmmsmumaanwnnumsmtyﬂma
#o mazwadazanasetusnd lumisiasuaond Tnmounao lss 5% (a1 0.97) ¥3

aﬂmmmﬂumﬂ1'5|,au~u°mvmnm=m'iaﬁ 18% (a M1 0.95) (Doyle, 1995)

2224 auiilunsa-ag
= - ﬂﬂl. u U A -~ o 1
C. perfringens Wity l&anmanuiiunia-an 6.0 - 7.0 Funilousunam
H4 14
Wunsa-anveuilenieilodaitlnTavdaulng uazaunsaegsenldludaamnim

iunin-A14 5.0 - 8.3 (Doyle, 1995)
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A
2225 N0
= d o a -dé’ "
nde Tydowlu'las aunsofleaiumsnigues €. perfringens 18 uanduegivee
¥
wug Anmilunsa-a1e Usunande mavinmsdanudeu inde TmAoy Tu'lasn u
{ 1 & o = ] - -
omsni IsAudludulseney deihliSunaunde Tadey lulasvanauaiiszaninm
o v o ' —_ 4 A da ' & @
TumsdudaunafiGolungy Clostridia 1A wiaNFun1 “Perigo effect”  uazd M
Tmdovunanlsa 7-8% nannsoflesiumseiaues C perfringens Tannawug (Doyle,

1995)

2.3 msegeansenumuandzhitiinzanues C. perfringens

2.3.1 MINUNTUVBA C .perfringens 1lovglugaimgiin
o = ' d A np'
anVed C .perfringens nmm"l'mamsmunqmﬂqum Tau C. perfringens
A a i ! 1 & d 1 L §
N3y 1uszes stationary 3NUADMTAAANNNBL15IATININANT C. perfringens N3y
L & P =
ot luszug logarithmic %3 C. perfringens 920nn93000 80 04 90 NYMuqil 4 vamuwaIFue
uAIAn C. perfringens inmuhaensududs snmsanluemsmavg siianusudain
- o ' L4
gungil 29 peraiBoe Hunal 28 Su NUTUWATYES C perfringens anadszanuiovas
99.5 natuates lanasluanizi@eadu (Doyle, 1995)
(-] g [ = a 1d Al 1
msustwiuduasudidglumsnioumindaems  msusdunhiaduameg
o é - - q’: 1
vl 3EMINTlaveamsiiaMs sEUIAYeMISIIUALEIN C. perfringens MINTT  UBIDY
Ad o A A d = o by o - o a’:
uazugudagn 1§ lugaamnssuniaomsmetaogmsinveminiljuduaz Jagdn daiu
4 v e 4
Li 1ng McClane (2006) "lﬁ'ﬁﬂynﬂ?uumuun'lsagsaﬂ‘um C. perfringens NUUNA cpe VU
d& o { s A 1 - - lﬂ'.d
Tns TuTsuemoiiuinaauen ldanemiside Ididaemsdluiy uag ¢ perfringens il
o) i a 1d 1 a '
U cpe vUWAIEIIA NAAD I gEMYTUTDU (4°C) nazusuTa (-20°0) a5 1891 vegetative
i Ao o ' ' " g
cells LDY spores U C. perfringens NUUUTN cpe vu s Tulaw ﬂgiﬂﬂiuminmuuuazuww
8@ vegetative cells Q% spores UBY C. perfringens Nioud cpe UU waneiaog1el
v v ] ¥ [l
Wod1Any UONINTUTINUIT C. perfringens ALBUT cpe 111 Tns Tu Tauiidauonnnilonyi
[ = 1 (K- - | VoA l 4 =
liuiegay  nudemsundu  wazusudsld@ndiidauen ldanemsinelfinaeims
¥ ¥
pwsiluiiy vinasAniimivayui ¢ perfringens NIOUT cpe  vulas Tulauiiany
=] P | o @ do P ) W Vet = P 4
udausa wagilanuduiusivemsiiduiy Wildliauguinin ¢ perfringens ATEUT cpe
unTns TuTsumumudonuiouediufey uallaumaguInNINAUNUNIUADAILGUNYITM
i d o i v
nldinuinuemisdan C. perfringens NTBUA cpe vuTns TuTaufinnwawisnegsoaldly

quugiia  wazuiasuaunsoasmuld  Tavmlesaunsonudegungiia 1dand
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wad luanziinaaoy nawnutuiguugll 4 essmwadva Wuszozna 6 wou

mlesvea C. perfringens DU cpe vu a1 Tyy anauiivs 1-log

232 MINUMUVBA C perfringens 1iivoglugumgiiga
3

msthudlou € perfringens  WldauswaumaiRasmIomsiluRyluansy
awim Taolud ar2007  Haudeeimsemsduiivgads 248,000 510 aunaiian

i ¥ "
Wioaosues € perfringens Yuiloulunszurumsnaaudramnsonuasnimdouildly

9/ o 4 u’.: [} (- & Ao
nszuums lduazalesezsoniluaad  domsiulimumsusin  deemsising
3 [l £ [l
YuilougnuiTnn 1ad C. perfringens unnnniithuilousgauninogsen ldlunszmien

= 1

fimanudlunsa-aiedr uazSunszuimsaialeslud @@ Juszwhanszuoums
adamlefaz 14 enterotoxin (CPE) 1uHAAN A &3 C. perfringens TRDIAIAABINTOINS
n{luﬁmzﬁ cpe gene vulasTulaw waz ¢ perfringens ﬁﬁ cpe gene vuTas Tu Taueznude
a1wiouldganda C. perfringens 715 cpe gene U 103 T Ty (Orsburn HazAME (2008)
Orsburn AT AME (2008) 'lﬁ'ﬁnynﬁmﬁnﬁm 1:11@17'; C. perfringens ﬁi'l epe gene NUAD
anwfou'ldanin . perfringens 7T cpe gene TauiBondUMUYDY C. perfiingens LALIIT 4
CPE’ fio NCTC 8239, NCTC 8679 1oz NCTC 10240 daiihumuestugiisauon ldoine s
AolfiAnemisilufin uaz sM101 #wdaumlatin NCTC 8798 Fumu C. perfringens
e CPE” fio ED-1 uaz T-65 eanun I&ninemsithidel¥inaemsdiuity vinms
NATOUMINUNIUADANNIOUNUN €. perfringens @0Wug CPE~ numugennuiou'ld

AN C. perfringens Mg CPE A3m119# 2.3
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MINN 23 ANUNUMUARANNTOUVEIaUDT YDA C. perfringens

D value #1 ;
o = ANUAUIUY v
TUWUT CPE  90°isaiue ol % W1
* (NIw/Uanans)
(1)

NCTC 8239 + 120.6 £4.5 1.329+0.006  51.6+2.4
NCTC 8679 i 45.6+9.4 1.333+0.008  50.0+3.2
SM101 + 21.4+0.8 1.308 £0.004  59.8+1.6
NCTC 10240 i 19.9+2.4 1.308£0.006  59.8+2.4
3663 + 19.0 2.1 1306+ 0.010 . 60.6+3.9
FDI - 12.5+ 4.6 1.307+£0.006  60.2+24
T-65 v 10.1 £ 1.6 1.316 + 0.006 56.7+24
ATCC 3624 - 6.9%0.7 1.322£0.005 = 54.3+2.0
13V1 - 55+1.6 1.296 £0.006  64.6+2.4

11 Orsburn LAZAL (2008)

Orsburn LlazAMe (2008) ﬂ@ﬂﬂ“ﬂﬂ'ﬁ C. perfringens ﬁﬁ ¢pe gene nugenuiou’ld

809 C. perfringens 1 Wifl epe gene iHuman1910n MUY DPA (10 Tanz looou vina

494 spore core HAY protoplast-to-sporoplast ratio tazHIWUBNIANMUFUWUTIENI cortex
1o peptidoglycan Turminwadfiseniiunumiunsnuasn s ouizuny

dmiummioufiaies.c. perfringens oysealdtuegiumuiug maruilunse-

| 4 fdd o T 4
AN HAZDIHITIAUYDNIYDLVITY DY auruluaIsian 2.4
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o 1 b 4 2
TN 2.4 ANUNUNIUABANNIOUVDITIDT C. perfringens

I

D-Value QRTINS AT
Cadoa)  Crlusuled) (W)
55 131 179 NCTC 8798 Ground beef
=77 134.6 349 NCTC 8798 Ground beef
59 138.2 16.9 NCTC 8238 Ground beef
61 141.8 3.9 NCTC 8238 Ground beef
98.9 210 314 NCTC 8798 Beef gravy
100 212 17.6 NCTC 8238 SEC broth
104.4 219.9 8 NCTC 10240 Beef gravy
110 230 0.95 NCTC 10240 Beef gravy
115.6 240.1 0.21 NCTC 10240 Beef gravy

117 : Tom (2007)

2.3.3 M3ad1160 (biofilms) n"iaaq'luum:z‘lﬁmmzuu
C. . pegringens.  ogsoalufuradomiuranmuiieinnsaaudulamlos
uansadradulamlofiusziinlusses: domant Sy C. perfringens Wiannindiud?
@uiiifedunadonn/annlaetiasnia msadadedeniiusamadenniiives
C. perfringens Tazilosfuanazinadoniilimuzay lusssurnuuaiiGoszadiatodion
Tuszoy predormant m3adrudoloniinai lfuuanBonudean iz iitoondou imunzey
waznusomslfiue  msadatedonifaldnnmarnileiy Wy miTulanaluems
Avado msadhatedloniiumsaeuaussdeisinumi Ty lawsafisidavesTisiui
AIVAUNTTUIUNS catabolite

C. perfringens Tnnwannsnlumsad1alay (viofilms) Lﬁa“lﬁ’mwlma;isaﬂ"lﬁ"lu
ang oxidative imnzeay wuluemeantesndouuas lelasounlofoonlad 1nms
VAABIVOY Varga UazAmy (2008) #9ldAAdeN C. perfringens $1urm 13 meviug Ay

ac ci Il'd' o = a
AUNAUDIDINT  gangrene UazATURFIMEN HINDSNY191MT gangrene TiwadnAUEINS



dulnnomanan wizsoundimanszii =

a A a o o 1 z:'tv 1 4 o da 1 et
omsituiiviifaninaeiugmaril 1dud sMi01 Fuifumewuiinudeaniizomedi
20nF19U'14 (aerotolerant) Taonaana/Soufousening C. perfringens Nwulusssuanany

@ da P ) o y "
moushgaldsuinlas CepA protein  luemisiduageninnuiduduveang Inaiiu
' A A e = ad
Wu Msadutelonniunu Ay CepA protein 1109910 C. perfringens My lusssuaas
danimsaiabedioniionsioSyuuy planktonic qINI1 C. perfringens Nganlaouuilas
CepA proteine uazdanunmsaiuvedieniinalumsntles ¢ perfringens 9nAN1IY

iy 4 a o 4
wadend limmzaniszneudin vssnimenteondiou laTawunleseenlad penicillin G

v ad
234 anuaumuasilioue
Tudszme Ineladimsfnunomudwasiliiuzes ¢ perfringens  fuon'ldnin
o :! 2 ﬂ, =1 4 a

QU95TAY QINITENY  oIMs(@ndn)) aynng i dwdwaziniosdiens Tasmageums
ﬁ’a’mmuﬁiamiﬂﬁ%u: 7 ¥iia fio ceftriaxone, chloramphenicol, imipenem, metronidazole,
penicillin G, tetracycline LIA¥ wvancomycin M C perfringens 56.2% AR UMY
tetracycline 509094170 imipenem (24.9%), metronidazole (9.5%), penicillin G (9%), vancomycin
(4.5%), chloramphenicol (3%) 110% ceftriaxone (1%) (Tansuphasiri HaZAMY, 2005)

2.4 MIURSIN C perfiingens TaslFormisiasasedmsusauanie

241 oAU eYTAMA?

VINMINARDIVDY Bezirtzoglou azaAmy (1996) WU LS broth annsalvwans
nAToURAURIBEHTSININ C. perfringens galaghidesiinmanaaoutiutu udludiedi
A C perfringens UTuIAY LS broth Waunindinaeld iazainmananeeves
Harmon 110¢ Kautter (1987) &aWD8n91 MPN methods - 1at14 LS medium 1482 IM medium 13
muzanlunms1dinsed € perfringens Tuf1961999915216A TSC agar uaz TSB agar

ansaldlunsinsizian

i P =
2.4.2 2IMISAAUBNIY Y HALTS
L
Tryptose sulfite cycloserine (TSC) agar tiuemsAauondedmivins izl ¢
perfringens  TuoMsuazinTosduMingzy Ui IInsenasgiuaias 91NNIINADDY
= dy d’.‘ @ A @ a
wSeuisuomsisaded mivinszilsum ¢ perfringens TumMINARDIYBY Jong LAz
A ﬂy 4 w e - =
AMz (2003) FelsznoudrvemsiouFedmivinneiSinn C perfringens 4 %iin fio
Iron sulfite (IS) agar, Tryptose sulfite cycloserine (TSC) agar, Sulfite cycloserine azide (SCA)

agar UAg Differential clostridial agar (DCA) WU71 IS medium lifUszaniamlums

106477
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fauonide vaedt pea ThlddvesTnTafives ¢ perfringens fin'll 3TM3MToN SCA uaz
DCA §au1n dnfu Tsc agar FupmsdsadenlFlumsiinneilinu ¢ perfringens
wmingawiiga

omsdanonideriiaudeiinion1ddmiumsined C perfringens 1 Tryptose
sulfite cycloserine agar (TSC agar), Sheahidi ferguson perfringens medium (SFP), Sulfite
polymyxin sulfadiazine (SPS) agar, Fluorocult TSC (TSCF) Agar Yiznou'11/d2s sodium
metabisulfite 8% ferric ammonium citrate AUTUAIIIFMIIAITHA NS (Philip 1@
Christopher, 2001) uaﬂ%’wamnmiﬁugwhaq"I.ﬁ'l.m' neomycin, polymyxin, sulfadiazine %30
D-cycloserine «?qmmmﬁuifaﬂﬁm?nﬂmﬂtju enterococei- 1&MamuA  usvanuaiimims
nadouBuiy esnnideyaunisauglu ailFd Clostidium Aliwamsmareu IRy
WY TSC uag EY-freeTSC - agar ﬁ';aﬁ’uqlunfju Sulfite-reducing . clostridia @it
C. bifermentans, C. botulinum, C. paraperfringens (C. baratii), C. sardiniense (C. absonum)
uaz C. sporogenes nawnsawiguazdiingiiuinlafiddurufoidy ¢ perfringens
(Downes 119 Ito, 2001)

Ao 11AsMIInTIEN C perfringens 1141%‘1#‘11‘0'&1\1 The European Directive ue i
1% mCP agar nwimin‘lsﬁnmmnmiﬁnmﬁp&mu11]4%"51@mmﬁ’uqﬁ’mwmﬁfaﬁuqmwm“h’i’
Tun1smIsmau € perfringens 1uﬁywﬁrhumsﬂ§’uﬂ;mmmwua”a Wiminnanldand

#1151 TSCF agar fin  TSC agar ﬁlﬁ‘u disodium salt Y93 metabolize
4-methylumbellifery! phosphate (MUP) szilusduamsniivg Tsufuonlan acid phosphatase
(Araujo az Christopher, 2004) 1HAnAMALIY methylumbelliferone nolAnaagiozidoua
(Philip AR, 2001) Fudludimanizdmiy C perfringens M1 17 hidoakiminaaou
Butudn (Araujo iiazagiz, 2004) tng asBAFIRTINMTTL ALl TSC agar o1 a 30
MMsInsed C perfringens 15114‘]%1&61814@0’356 ortho-nitropheuyl-B-D-galactopyranoside
(ONPG) azgmﬂﬁ‘uuuﬂaqiﬂumu"lmﬂ B-galactosidase 403 C. perfringens & ortho-
nitrophenol @uiiuasn1Aa (Philip tagAME, 2001)

Araujo AT (2004) 1@MimInaasanfoudiouomissauenide ¢ perfringens
6 ¥1ia A0 TSCF agar, mCP agar, TSC agar, TSN agar L17¥ SPS agar Tat3% membrane filtration
technique Llﬁzﬂ1ﬂ1iﬁﬂllﬂﬂl§ﬂ Wilson-Blair agar (WB) 18737 the still-in-force Spanish official
method Tumsinsealosves C perfringens ludretrninnaa agl189 mep i
aunsafauunie C perfringens 1@nsudnludetininnaa uag TSCF agar 1113019
TumsinseilSina € perfringens ‘lﬁlﬁunwhﬁ"umnﬁﬁ'ﬂuum%"aﬁiuqﬁﬁmﬁnnnm

=1 " 9 d' Y 1
WFsuiiey uamuse IMransaunn
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2.5 MUY C. perfringens Inpyanaaey

'
[y

@ o 4 ° '
YANATOUAMSVANTIEN C. perfringens fnsmedlumad ueaslumsen 2.3

- o |

P v a o - ¥
A13N 2.3 ‘]{ﬂﬂﬁﬂﬂua’lﬂiU?LﬂTIzﬂ C. perfringens ‘nmmmm‘i‘]umim

YANAAOY 3z navanua A min
A presumptive test for Uses prepared 48 h Biomedix Co,Ltd.
C. perfringens traditional
media
ISO-GRID Method for Membrane 24 h for Neogen
C. perfringens Count filtration with presumptive Corporation
using Modified TSC selective enumeration and
agar culture 48 h additional to
medium confirm
presumptive

positive results)

PET-RPLA TD930 Reversed 24 h (feces) Oxoid Co,Ltd.
passive latex

[Used to identify \K . 48 h (bacterial
agglutination

C. perfringens type A ] culture)

11 : Tom (2007)

2.6 aniiAvedlomIuRuaNIZ LAz FRIGATULBNT IO

Anerobic jar ¥30 Totlaaiiml#smfusewanie 11 GasPak fiismiwvialuleziindn
palladium  #evznldouiufalalasunazmivonlaenlad Malalasioui 1dedudy
f"fwaan?muﬁﬁeg"lu“[n11J%‘uuﬁ'lu1f1 uazoondwusinmouen lidwisod lumelulald

mlineluladsweneendiou



2.7 auAvel Tryptoseulﬁtecyodomine('l‘SC) aganﬁo SFP agar
TSC agar H38 SFP agar l5znoud 0
- Peptone ihumasaisveu Tulasiu Imiiuuazussig
- Yeastextract 1¥31iiu B-complex
- Ferric ammonium citrate 1102 Sodium sulfite dudiisiamsidame
eTaseudalvd Tao Clostridia wiasdariadhuda Idhiinl§Rsoniuman

wiaowiludé (iron sulfite)

Yrinacuiatsd , Clommiam partiaget

g0 2.4 n13193Q¥eN C. perfringens M SFP agar
101 - Zimbro-and Power (2003)

2.8 @uiAY83 D-Cycloserine
T - o " &
D-Cycloserine iigas 1A59a319A8 C,HN,0; tileuiy 1as3ai13¥83 D-alanine iqnbans
llﬁ"'huzémﬁﬂumfo Streptomyces orchidaceus 3® S. garphalus
4 o 1 & Aas o “’
D-cycloserine nAnwdudu 100 @3 200 lulasniureiiadans figns lududans
Fuasziahlalalnamuniedudins duansimissadvewuniite Taoymaiunlaou

31111970 L-alanine 1T D-alanine
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’ - P ' a o '

TuMsNAABY D-cycloserine U3 lumsaedumsinigvesuuaiiGounsuay  1dun

¥ & ¥

E. coli, Staphylococcus aureus, Nocordia spp. Wa¥ Chlamydia spp. ?)ﬂﬁﬂﬁ@fli]ﬂﬂﬂﬂ’liﬂﬂﬂﬂ
mycrobacteris U198 W' u{ 18un Mycobacterium tuberculosis

luB35UMATISIBNUNITATIINY  D-cycloserine  Iuwarawwag ez lavldinses

v "
HPLC 511433 Colormetric method #599M1 D-cycloserine 11nv8aMaIn 1w ludiiaindnde
Taenial1) D-cycloserine vzgninsouiflumsazarenewmirly1difiosnnlusssumnanio
p " = 1 o o & ~
luesaza1onsa D-cycloserine 92 luiddos ualumsazarwivivles pH 10 Funsounn

= o o N ) o ¢ A = =< =
Tmmuumiumuwmmmm'u D-cycloserine "lﬂmu 1 ﬁﬂﬂ'm NYUHNY 2 03 8 Daf Iy aLud

2.9 auUAYDI Sodium thioglycolate

Sodium thioglycolate figas Insaard e Az 2.5

O

HS\)LONa

31N 2.5 gas Inseas19 sodiumthioglycolate

= A~
N1 : www.wikipedia.com

Sodium thioglycolate ﬁfgmﬁnﬂ'ﬁxﬂu reducing agent udﬁri‘.luﬁuﬁ’u C. perfringens VY

o o
Wug (Doyle, 1995)

2.10 @UUAVDI Cysteine
Cysteine (HunsaoziiTu dlgasmaunilio HO,CCH(NH,)CH,SH iignas Inseainadagli
2.6

30 2.6 Tnsaad19v09 L-cysteine

P
N1 : www.wikipedia.com
. ° o A (Y o [
Cysteine  Usznaudvozaouvessmeduioudonulossuveslanemin  muldnne
= A ' y 1 4 o o o o/ $
pond 1A% cysteine 2 Tuanasnnsadoursdsfunaziuldlaoiuseladalyd (disulfide

a a . ¥ t 1 & - a
bond) nazifaitlunsaozii Tu cystine iocystinetudmunilavoa TusAudugdu
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wi#adua3a (sulfhydryl, -SH) 1u cysteine Usznoudivoznoy finsianasouiie Tl

aaty  awnsadeiuse lelasnusuimie Tugasu 1dud liamnsouandaihlszy 14
FMNYHEANNTOAUATIZN cysteine 14910 codons UGU tag UGC

Cysteine Wu'l&luo1137iE TlsAugaynwiia sznouday

- ommsnindatlZud lewy dnsen 1a ia 14w mieuy naz Tudda

- omwsnnits 14ud nszidion wew uazilonTnd

L-Cysteine fannsaldidluemns winlaonszuiums Hydrolysis wumy Yuun
WNTEN) AR 2001 AATARAAIINATZLAINMINITN IATABDTEM Wacker Chemic Co.,Ltd.
Tuilszmenvesiiu fivse Tvninuseaniofo

" ¥
At s

L - i @ o o b o &
Polumstumsividusunedudnhaweyadassnangadmii

- ndlesduninmsauneancaead mis ldvuandauariunnmsquyws
- 4 uMSEEADAILNN AN TA ANVBINSTIAZIAR AU UR IS
1 ar - "
< yaownnag lufunaymieiueiiainduiie
- ot a2 a AR -
- iifeanndamduiinnaunsalumserareaumg luvaoaon dauisldiing
vansnmemsvaoaandney geax Tlwes dulsn uavinuszuumelen
ad 1 o o = 3 v, o ¥
Amlnftidamdiiglumamiuveiadeasaddimihndodfuirelsa
(www.wikipedia.com)
x 2 & ' 4 9 1o
L-Cysteine iiU reducing agent 1104910 TngeaF191)sEnoud20n gy sulthydryl ¥4l
v
UaRsrumitzneuTanzuaznguldifamsinljiseieend Idfes  dniuiuilums

aivayumsniy luaniz1ieondiou (Zimbro uaz Power, 2003)



3.1 Yaquazginsol

311 gunsal
& P A a a
3.1.1.1 vmziyenataanisieinie vina & 90 dadmns
¥
. a as &
3.1.12 ygallulanwarafindsignin@o wwa 1 5 uaz 10 doddes agn
wiaiiumiaodesaz 0.1 Uadans
3113 waudamuanudeurhinder uuaussy 500 250 1az 100 iaaans

31.1.4  vasaufarundor wieueh 1119 20 x 150 dadwias waz 16x150

3.1.1.5 Anaerobic jar Y419 2.5 A3

3.1.1.6 AANTOIGRYRYINA

3.12 1509318

3121 fininzie Memmert w03 UH
3122 Guauds - Uszmelny
3.1.2.3 8RAIWANEUNYI Memmert a3l
3124 niefiainge Tomy dilu
3.125 10309592 Al Sartorius CLEPOILY
3.12.6 1W509H93 Al Sartorius LR
3.1.2.7 wSeuvi Wil Vortex ANTFOIITN
3.1.2.8 pH meter TOA t'ljﬂu

% & =
3.1.3 v slegdyalazansni

3.1.3.1 Ammonium acetate Sigma ANy DLUTM
3.1.3.2 Ammonium iron (III) citrate Sigma AnigomIm
3.1.3.3 Anaerogen Oxoid GELGYY
3.1.3.4 Anaerogen test Merck Wwosauil
3.1.3.5 D-cycloserine Calbiochem ANy DTN

3.1.3.6 Fluid thioglycollate medium Difco ﬂﬁgmu?m
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3.1.3.7 L-cysteine hydrochloride Sigma AN OIS
3.1.3.8 Magnesiumsulfate heptaequa Merck WwaINU

3.1.3.9 Malachite green oxalate Merck WwosIu
3.1.3.10 Plate count agar Difco ANToIITM
3.1.3.11 Peptone from meat Difco ﬁﬂ%’iﬂm?m
3.1.3.12 Potassium dihydrogen phosphate Merck woIIU
3.1.3.13 Raffinose Sigma ﬁﬂ%jatn?ﬂ1
3.1.3.14 Safranin O Merck WwosNY
3.1.3.15 Sodium hydrogen phosphate Fluka aIarasuaus
3.1.3.16 Sodium pyrosulfite Fluka adaaesuaua
3.1.3.17 Sodium thioglycollate Merck Wwasu
3.1.3.18 Soya peptone Difco ﬁn%"gam?m
3.1.3.19 Tryptic soy broth Difco ﬁﬂ%’gam?m
3.1.3.20 Tryptone Difco ANTFOINTM
3.1.3.21 Yeast extract Difco o w%’gmu?m

3130 3EMIdnne1ds
3.1.3.1 ISO. 2004. Microbiology of food and animal feeding stuffs-Horizontal
method for the enumeration of Clostridium = perfringens-Colony-count technique. ISO
7937(E). Third edition.
3.1.3.2 Environment agency. 2004. ‘Standing Committee of Analysts, The

Microbiology of Drinking Water. —Part 6 - Methods for the isolation and enumeration of sulphite-

reducing clostridia and Clostridium perfringens by membrane filtration.”’

4 a
3.1.4 15991994
3.1.4.1 Clostridium perfringens type A ATCC 13124

3.1.4.2 Escherichia coli TISTR 887
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5L
3.2 a9 TUNAUHHNT
9 a wa = = s a o« = @ &
3.2.1 wieslfiamsFuniinazya¥Iing AUONATBUUAZNINTINGIINY ADNTUIY
Snonmaaiuazma luTaduvaszmeane
9 = oo o a : A A LA = o L4
322 Heulfiidamsinsizni iniesan nazmruzduAd NTNIMUINAATMIUNNY

NIENTNAFITUYY

3.3 EMIauHuMs

331 mawsenades C perfringens

33.1.1 dwdeseda C. perfringens ATCC 13124 nnfidulunaea cook
meat medium /5171915 0.5 Jadd93 aslumaeao s @oaie Fluid thioglycollate medium fiin
osdlaermeuds vt hhivmnzdengungd 35 ssimaidon luanz 1eondiou
dunat 24 93 Tus

33.1.2 fwmsararded st 3.3.1.1 Y5nas 0.75 dadans ldl
waon AE sporulation medium uaani lihiufigaingi 35 swnwaiea Tuany1ioendiou
Fuan 24 $2Tu

3313 Ansasavaeumsiiaayes laodeud  Malachite ~ green 1o
Safranin O (& IMInsIveeuMIRaailes Tasmsdessundoaganssel (Strain smears)
(FDA, 2001) Taodeeiiad)ofi1andn 5 spore/microscopic ﬁagﬂﬁmﬂﬂmn .2 wanih ldw
figumgdl 80 peruraided dunm 10 il emdaradimio

3.3.1.4 shmsusudes Taomsazaoslu TSC agar fiqangii 37

pararaIFea i unal 24 42 Tag

33.2  Mam3ed Modified TSC medium

3.3.2.1 aulizneu Modified TSC medium base

Tryptone 15.0 N
Yeast extract 5.0 AU
Soytone 5.0 N3y
Ammonium iron (III) citrate 1.0 N3y
Disodium disulfit anhydrous 1.0 AU
L-Cysteine hydrochloride 0.3 n3u
Sodium thioglycolate 0.3 N3y

¥ 0
1INaY 1 ang
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3322 avawdmilszneunazii il Iianusewne e misidsuieazaw
-; = o ] 1 = s an - aa ﬁl 4
uilodeadu uwssyldvasadundvaving 16x150 Taddns naeaay 12 Taddas udatl
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aidofigungil 121 ssruwaiioa Wuna 15 i
3323 MIAToN D-cycloserine solution
¥ ] 3
a2y D-cycloserine 4.0 N3y Tuthndy 100 Gaddns udaeinie Tasminses
LY 4 = = " a ) d o -
wazfuinuiigunnd 1 83 4 samwaios Wunalifu 4 danindsnnnion
3.3.2.4 @i D-cycloserine solution adlunasa Modified TSC medium 1u

8n31899% D- cycloserine solution 1/3u1nsnasaay 120 lulnsdns

333 nfsufien TSC medium Ahmstiluanaz13eenSouiu TSC medium i

1y L-Cysteine hydrochloride 1102 Sodium thioglycollate (Modified TSC medium)

333.1 W3ounMsiAvuEeA W dYsENeUYEY TSC agar e lalidn uite
Wiiluemsdsude TSCumas naziisldnasaas 12 fadans

3.33.2 Boanates C. perfringens Avomlmivias1Tuans 90 indans
wldszfuanudidui 1-3 Tnlafinefioddns 10-30 Talaiidedadans 100-300 TaTailde
Nanans

3333 fwasazawdovnaesvinde 3.3.32 1daslu TSC broth uaz
Modified TSC medium #oAAy 1 Taaans 30 wavade 1 it udailhiumnzided
amnil 37 sernadoe it 2042 $21 Tavis TSC broth uaniz Teondiou nay
Modified TSC medium iy luan1izalng

3334 ﬁ1ﬂ1sﬁ'uﬁ1mm‘§a C. perfringens Taoms pour plate A0 TSC agar
uﬁ’aﬁw‘lﬂﬂunw1m§aﬁqmuqﬁ 37 perniwaidue Hunar 2042 42119 1 anaerobic jar nag
Modified TSC medium 1 luan1zalna

3335  (Hearvanihimsiuieemngmunanzneuddininnaea  TSC
broth, Modified TSC uaztiusau In Tafidd19n TSC agar

3336 YuitnuazymsnSoumaves TSC broth fiminmsuuluaniizly

DOAFIIUAY TSC broth NIAY L-Cysteine hydrochloride {18& Sodium thioglycollate

334 MSATENAIOENT
Yy 3
33.4.1 MmImssudtethauesouaes C. perfringens Mude 3.3.1 uay

1 o’ ar 1 A o” é = dl - o ' 1 1
gwadlwivedads Whauussynalaaidnindaimienamsd wisldvaaudaeh
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NABIVUIA 500 HAAANT VIAAL 100 HadanT Adetaas 2 ¥ia IHUTuade C. perfringens
ar L L Ay
Tualethenail
ar L) ‘; Tt d‘y o 1
33.4.1.1 Aeonmugui bilinswizide 20 Aed1s
14
3.34.1.2 Tiyed1adeegluyie 1 -9 InTafidediadans 3o 100
faaans 20 A10819

v 1 a

3.3.4.1.3 Tiged1adeegluyie 10-99 Tnlaiideiiaddnsnie 100
indans 20 #1989

Fd
Y -

33414  fi¥edredeegluris 100 - 999 Talatideiiaadns nie
100 1295 20 AU
HOHAREIARIBI NS MINIZED E. coli 3 2.5 x 10 TnTafide
finaans 3o 100 inaans Tavirnzdaotnelimizide £ coli Usnamiy
3342 mawioumehaiud
g

v, oA , & .
inhmamsinioudethainude 3.3.4.1.2 §13.3.4.1.4 daunitalduglug

'\ d o - [ o [y 1 o - o
urudleigouunil -20 §9-30 earnaided dunar 1514 Suuaz 75U newinmslingiz

v ada d s ‘ -;.u 5 -l w ad
335  naaeuanulyldveadsimnizvinazemisaauenisenaaulasiuimaunuis
b z
FINTILHUB ISO HINNAY 1S07937:2004 TUMTIUATIEHM C, perfringens type A 1aasiuly
yazihnda
3.3.5.1 131171 Relative detection level
vV . ¥ 3/ v
3.3.5.1. Lipssmhauiimatuilewde C. perfringens lau1iinig
k1
Puilou 3 sedy mude 3.3.4.1.1 743.3.4.1.3
v
3.3.5.1.2 Wimsamseiaetmhawisinsgiu Awgiums 1933
a '3 o g - e J o = d [ 3 :
SnsznuazemisAatenirandautlavy Tasimsinsevseaumstuilouay 6 o1
3.3:5.1.3 dhwamsaasiznn 18 hedlasauaznsiginaada
¥ v
3352  nnageunnulFldueddiunszvuazomsnausnienaauila
ﬂg - o ada d =y '3 . g Y : o
YURBUAVITANTIZHIINTTIY TUMSTAUATIZHN C. perfringens type Atipaau Tl Tauviy
Vv
msansizraetinianlude 3.3.4.1 Tasd5 1507937:2004 (ISO, 2004) MUMANUIN 1.
v YA o o azf :a' Y 4’ 1 ar " [
MURIUNMI 19I5 TN tazemsAauuniendautasvu  Tasawiietialdasluvasea
Modified TSC medium Maoaaz 1 Jadans 91w 3 vaea  dashldatinneuir lduume
v v " . 3 ]
Woniguugil 37 ssrniaFod Wune 18 1 22 $2Tua HRLMMITITOATUAMIAN

o ey = o & a -
fAMruandl #nssnsnaeenoudIFuRAINMINTYUDI C. perfringens
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ada d " a d . & v A
A5IUAILHUBY Environment agency lumsimneim C perfringens type A iweanulurih

Haz I
o - ar 1 : A s L o”
33.6.1 Mamsansienalecaiaulude 3341 uazdrediniudalude
3.3.42 fihmsazan Taouylusnnuniuqueungil 45 sarmisalioa durnarlifu 30
= 9 a o as % 1 e Yot
Wi 1323195124 10035489 Environment agency (2004 ) AIUAIAKUIN U, AIVGAUNIT1HIT
= o a lg e‘ at J o :‘lv
s ERuareIHIsAALsNIyeNaAI A AeTl
33611 werlddedadauainanesuudiniosdionizay
nsosumadurUgUEnaN 47 Tadans nazliguvig 0.45 Tulasmas
336.12  wunszamnsomeialaaslurasn Modified TSC
medium Tarh1¥aiin udni hhiviguvgil 37 seraion Whuan 18 6 22 97 Tue
336.1.3  MAWINUNATUANIAAIMNALAD WIITRNSINA
[-] J - -
AZNOUAA T UNAINATIVTYVDI C. perfringens

33.6.2 WHanm Nz ia lularanaadi

& i 3 4
337 dnnmilfernsiausnienaamlasvummudadu lumsimazim
. X A o ada d & 1 2 5w e 4
C. perfringens 1oy Meufvisinnznasguluimetaihuwazindanimsduilow
MUBITINYIA
3.3.7.1 WM9A3 LY Modified TSC medium Mudauilsznoulude 3.3.2
¥ "
uaaalSinaninduaunie 250 danans ulassgasaaz 10 Hadans HAENAINNMITH
-
1waud A D-cycloserine solution ¥aoaaz 1 Jadans
33.7.2 A3 Modified TSC medium tutndudu dsgllumanuan 4.6
%l q’: st a 's Ya Y o owa = '3 q’ A A @ @
NounaITmsInTIzy iuieslfiidamsTinszminniosduuasmsus dudaeins
= o o o a 1o = :’ 4
AsuInITnaasMIIMng  nsgnsnastagy Hhmsinnginugiumsinsziihy
L ¥ ¥
wazrhudalndvesienlfidns Tasuiadhu shaudnnu 20 dedi nazihudaimam 20

¥
o =t

o ' A a
f0879 @9 Modified TSC medium tuvduduiiizns 149aail

g o

9 A v
33721  wuahuviotudenazaiondnlsuing 100 Hadans
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Tdu2911@ 100 SaaanT 1A Modified TSC medium tuuuty 1 vasa Yarhlvain uay
3 ] ]
yimstumzidenigumgil 37 esswadua el 18 §a 22 41 Tus
33722 WAWINUUATUMNOANAMUALAT WITRINSIAA

= o A - -
ALNOUTAIFUNAINNITIVTIYVON C. perfringens

= d a d aa
34 ﬂ15llﬂﬂﬂﬁﬂ1i'Jlﬂi'l&”l"ﬂlflzﬂ'l'i'Jlﬂi'lZ’ﬂNﬂﬂ'Nﬂ'ﬂﬂ (IS0, 2003)
341 mamlswamsdmney
3.4.1.1 WaUINILuaY (Positive deviation, PD ) fi® HAINMIIATIEH NI
9 naclc: s J 9
nasgu Iraauuaiinaauaswu linauan
3.4.1.2 WaaUiivay (Negative deviation, ND) fin Wa9nmsdingizwnag
IAJ:I.:;. o }
nasgu InauanuaIsnaamlasyulinaay
3.4.1.3 WAWINI3Y (Positive agreement, PA) fiD. HADINMIUATIEHNID

[y 3 ¥
WINTTIUNALITN figaralastuliwauan

- = ddan
34.1.4 WAR1Y39 ( Negative agreement, NA) o HA9IANITAATIZHNIT

- A

MATTIUUAEITNA aautasdulirnay

= d
342 MIINTIZANG
3.4.2.1 WA relative detection level
b4 [l
relative detection level AiDV/Suai¥aforgaidtAinssiansonsaony 14
4 A 1 e 4 = & {acta o ac
Fudumiogszninmimdoonin/Finunsludleundidnsziasowy ldiouny 50 v0433
o A Y 1 q' " - 3 q'qqn o Yy
MasutagIsmadon dusmmnonimBSunamdudlenidsinsziasmulaiovas 50
A ast -
Y9435 INTTIMUAZATIMdEN

3422 mimnw 1weedsmMIinTIzd (Relative sensivity) A1u2m1910

UM 3.1
. oy PA
Relative sensivity= ————  x 100 % (3.1)
PA + ND

3.423 MIMIAMUTUNIZY09ITAATIEN (Relative specificity) A1UIUIN
aumsi 3.2

Relative specificity = i x 100 % (3.2)

NA + PD
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L4 °
3.4.2.4 PIMIANQNABIVDIITANTIZN (Relative accuracy) AMUIUIN

AuNIN 3.3

Relative accuracy = FA + N4 x 100% (3.3)
PA+ PD + NA + ND

3425 wnivddgueannuuanaalaoly Chisquare (}°) Mnaumsi 3.4

. (pD-nND|-1)
= 4
5 PD + ND )

A Chi-square value = 3.84 Waadidaauszrnnadimadenilimanan

= { 1 L o s AAJJ 4 OIJ
uazdsnnsg i IfnaInuaadsed1sihisd g meafiing e = 0.05



UNN 4

d
HaN1INAADINAZIVITOY

4.1 wamsfSeuiey TSC broth Mmsvnluannz13eenFousy Modified

TSC medium

MIToUNBUMSNSYea C. perfringens TuowsfANLNIED TSC broth HipE IS
fauoniD TSC agar fignusulitiiluveamaadavns hiduduiludauszneuamgnas uas
omsanunieRanuLlasii (Modified TSC mediim) W38 TSC agar figmlsugasdaoms i
wujunaziy  L-Cysteine hydrochloride 11A2 Sodium thioglycollate FuTUMIADAAIIE
Fadmmduduiovaz 005 wielWiRann iz Zoendnuiimizauiumsniyves
C. perfringens TavhidavimsunlulaniuguanieBeendiou oz ldsesgaduoondion
Faiinmgauazdeniutivinmnlizma TandlefimsnSaueudo . perfringens dzifin
azneuddt lunaseennAvalo 1M i 41 SwaastnaunasnomsRaende
Modified TSC medium (a2 TSC broth ﬁﬁmm?iyum C. perfringens 1aUNATOUF 14NN
Wuduaz 30 vaen wiiuld9n ¢ perfringens amnsanIayldn Modificd TSC medium 1oz
TSC broth. Ty snmdud 100 - 300 Inlafl/ 1 Fadans  Iwamsvaseuasandesiu
100% ualuyas 1- 3 TaTail/ 15addns oz 10-30 Talail/i §0ddns C perfringens w3ay14
Indifuarin Aonoandosiuiovas 11250 uaz Jewvay 9333 awdidy  Sideldd
C. perfringens 0301938y 14 114 Modified TSC medium 1102 TSC broth REVIMINY manzaudi

w i Cu A & ¥ 3 :
waanaaier 114 lunsinserin € perfringens iflosdulutiumzrindade )

M9 4.1 wamalSouiioy TSC broth Nimsvuluaniaz1¥eenGousy Modified TSC

medium
AN $12U1a A TSC broth 11Ty $1IUMaDA Modified TSC
C. perfringens an1z 1eondnunIinanan medium N 1¥WaVIN
(TaTaiin adany) viaen founy vaon fovas
1-3 8/30 26.66 9/30 30.00
10-30 30/30 100.00 28/30 93.33

100-300 30/30 100.00 30/30 100.00




32

VINGATOMIIAAUONTD  Modified TSC medium 1 Avmmiuldnmein
C. perfringens dostulinidmanings dlnhduaniudwofadansuaznadennmy
1¥1dvesisnaseunlSouivuiuitmsinsves 1SO winomy 7937 w1 A 2004
FufumsTinszilavld pour plate technique waz$uldlumsSinnzim €. perfringens
dosuluhduaziudeio 100 Gaddas Taoldinaianmsnsosoznadennimldldvesss

naaey Tavnl3oumoun 3T ms3inT 121 U049 Environment agency (2004)
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¥94 ISO HINE1ay 1S07937:2004 TuMSUAIIZHW C. perfringens type A 1110afM
Twihdmazind

({9117 Modified TSC medium 15114 m33ins1eim ¢ perfringens oy Ay
nozrindane 1 faddns Taomsladeahamdeiud iaaonds 1 Goaans aslumasn
Modified TSC medium Sarhiaiin udanivhhiswdefigunni 37 swnmades duom 18
fls 22 F2Tue udniunfsanmaencneudft A oudiouduitmedinse 150 Muoiay
1S07937:2004 &3143813 pout plate §26 TSC agar Wuom13RALLNED ﬁugm:té’aﬁqmﬂqﬁ
37 parniaion (et 18 8922 Falus Wufuwus ¢ perfringens seviayifulnlafidd

TumsnnSinaidetoogaf 3 mmeiansoas v 18 (Relative detection level)
TN 3ATIZHIN €. perfringens 1IBIRY 2635 M5U1 1SO WINtIAY ISO7937:2004 A9
fuisansiidanlastunnududin: 6 41 @319 42) wifiogszninmiitosndy
Yhinamaludouiisianssinsanyld fovaz 5o Y9935 MaEITmaden fumii
wanhhinamnludeuiiisinneiasimy 1820 so Y9I T MINTI A TTM AN
nnas it 4.2 WdnSinamatuideniisinsieasom 18lndinesdovas 50 Ao 2a
msuidiou 1-5 e 52 10 TnTaf/fadans ﬁwﬁﬂgjizu"jnfhﬁﬁaun:hﬂ?mmmﬁﬂwﬂyauﬁ
Fannziasimu1d fevaz 50 vesiTuasgrunsiimaden Auminnninlumms
Yudlouitasinserinsom14%esaz 50 YBIIBWMITIUUALITMUAEN AD >1 uay <5
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&
#4149 Modified TSC medium
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ada o add w J =t @ e a
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a P 3 A
ISO vy 1S07937:2004 TuMsAnNeim €. perfringens type A 1ipadulinirdy
o o 4 - o
nagoyludiedngnimzdilos C perfringens W ATCC13124 @il type A anua 4 sz

Y

mmdutu Ao hill € perfringens 1- 9 Talail/ 1 Tanans 10 — 99 TaTail/ 1 addns uag
¥

=t a aa ' - - & = =t oA -
100999 TnTafl/ 1 faddns udazaduduzlimsmg £ coli Fuilugduns diuguiing

=

1 ey 4 ] = =1 = o = o ar '
imsthudleulminliazern Ysum >2.5 x 10° Ialailz100 fianaas NN ia001
e B 1 3 £ b
AN AIzFA 3TN e ISO minviaY 1S07937:2004 ARRUATUnTwiidaIlag
J s 1 o 1 :‘ H o 1 f
Yuanuutuaz 20 #18019 A2081902 3 31 uaraera luII 1N 4.3 taziessudaetaiuda

oA AP da X ) g A a -~ -
Tasmavinhaunimamzens 4 anududuusudngungil -20 A 30 ssrnwaiFon
stadunm 130 454 uaz 734 anwduduaz 20 Metede 1 sLozaIMIuTIT
o a Y ] : g o - 1
MMIINTEH A0t dIazaoud a5 Msues 1SO MUWAY 1SO7937:2004 A
ada I o cg o 1 :’ 4 o o =
BANTIZHNAALL I A0019aY 3 9 neraanalunI1en 4.4 4.5 uay 4.6 mudau Taud)

[ 1 v '
AURABVDTIN C. perfringens uaaslunanuan A uaiiosnndedainhavguniwg
hifidanlandoen  Talidsviedumad  wiemlosie IR iianunmudefunadend
i 4 :, 4 ° ' & I o

alavunlas diemnzmlosanihauudnih lusudssadumsusudauudg sl Tassaa

Lo | o o A =3 :; g dAa [l [
vouraanseaeigniiaiy iesnvinavesnamimdanivie lvguazdnuas Insaads

- - ] H v ot o

YOWAN W3BNGEUNI lethal effects uazaoinmivogitlualonnaiunnnsusuis
(freeze-injured) M3 BIFAANINSWAVOATUAALNA (metabolically injured) ¥111H laiwunsiesay
WM InT I mIu H3oNEuNI0 sublethal effects (Frazier 10y Westhoff, 1988) 1511

1 v 1
C. perfringens IR 12H 18 ludredrniwd st sanased a2 daaaslu 3104 4.1



34

C. perfringens
(cfu/ml) 440 7
420 A
400
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360
340
320
300
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260 -
240
220 7
200
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MANUIN Y

The Microbiology of Drinking Water (2004)

Methods for the enumeration of Clostridium perfringens by membrane filtration

1. Introduction

Tests for Clostridium perfringens play only a subsidiary role in water examination.
The organisms form spores which are resistant to environmental stress and can persist in the
environment for some time. Clostridium perfringens is associated with faecal contamination.
If found at a time when other faecal indicator organisms are no longer detectable, the organism
may indicate remote or intermittent pollution. The monitoring of Clostridium perfringens during
water treatment processes may be useful in assessing the performance of such treatment. The
significance of Clostridium perfringens in water treatment and supply are described elsewhere in
this series.
2. Scope

The method is suitable for the examination of drinking waters including samples from all
stages of treatment and distribution, and those source waters of moderate turbidity. Users wishing
to employ this method should verify its performance under their own laboratory conditions.
3. Definitions

Clostridium perfringens is a Gram-positive anaerobic spore-forming rod, which in the
context of this method reduces sulphite to sulphide at 44 °C within 24 hours. Clostridium
perfringens is non-motile, reduces nitrate, ferments lactose and liquefies gelatin.
4. Principle

A volume of sample is filtered and the membrane filter placed on the surface of an agar
medium containing sulphite and iron(III). The agar medium is incubated under anaerobic
conditions at 44 °C. Clostridium perfringens usually produces black colonies as a result of
the reduction of sulphite to sulphide which reacts with the iron(III) salt. If only a spore count is
required, then the sample is heat treated at 60 °C prior to filtration in order to kill vegetative

bacteria.
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5. Limitations

The method is suitable for most types of aqueous samples except those with high
turbidities which tend to block the membrane filter. This will limit the volume of sample that can
be filtered. Accumulated deposit on the membrane filter may mask or inhibit the growth of
indicator organisms. The maximum number of colonies that should be counted from a single
membrane is approximately 100.

6. Health and safety

Media, reagents and bacteria used in this method are covered by the Control of
Substances Hazardous to Health Regulations(3) and appropriate risk assessments should be made
before adopting this method. Standard laboratory microbiology safety procedures should be
followed and guidance is given elsewhere(2) in this series.

7. Apparatus

Standard laboratory equipment should be used which conforms to the performance
criteria outlined elsewhere(2) in this series. Principally appropriate membrane filtration apparatus
and incubators (fan assisted, static temperature) are required. Others items include:

7.1 Sterile sample bottles of appropriate volume, made of suitable material, containing
sufficient sodium thiosulphate pentahydrate to give a final concentration in the sample of not less
than 18 mg/l (for example, 0.1 ml of a 1.8 % m/v solution of Na2S203.5H20 per 100 ml of
sample, or equivalent).

7.2 Incubators capable of maintaining temperatures of 37 + 1.0 °C and 44 £ 0.5 °C.

7.3 Anaerobic jars, or similar equipment, and anaerobic gas-generating system (for
generating atmospheres of approximately 9 - 13 % carbon dioxide).

7.4 Filtration apparatus, sterile filter funnels, and source of vacuum.

7.5 Sterile membrane filters, for example, white, 47 mm diameter, cellulose-based,
0.45 [lm nominal pore size.

7.6 Smooth-tipped forceps.

8. Media and reagents

Commercial formulations of these media and reagents may be available, but may possess
minor variations in their formulation. The performance of all media and reagents should be
verified prior to use in this method. Variations in preparation and storage of media should

also be verified. Unless otherwise stated chemical constituents are added as anhydrous salts.
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8.1 Tryptose sulphite cycloserine agar without egg yolk (4, 5)

Yeast extract 5g
Tryptose 15¢g
Soya peptone 5g
Sodium metabisulphite lg
Iron(I1I) ammonium citrate lg
Agar 14 ¢

Distilled, deionised or similar grade water 1 litre

Suspend the ingredients in the water and dissolve by heating and stirring. Sterilise the
solution by autoclaving at 121 °C for 15 minutes. Allow the medium to cool to 45 - 48 °C.
Add 4 ml of a filter-sterilised solution of D-cycloserine in distilled water at a concentration
of 100 mg ml-1. Mix thoroughly, and dispense into Petri dishes. The final pH of the medium
should be 7.6 = 0.2.

Performance of the medium deteriorates during storage due to exposure to oxygen.
Prepared media may be stored in a refrigerator under anaerobic conditions at a temperature
between 2 - 8 °C for up to one week. However, when fresh medium is used, the colony
characteristics that are observed tend to be more defined. Medium, once removed from the
refrigerator, should be discarded if not used.

8.2 Buffered nitrate-motility medium(6)

Beef extract g
Peptone 5g
Potassium nitrate S5g
D-Galactose 5g
Glycerol 5g

Disodium hydrogen phosphate 2.5 g
Agar 3g
Distilled, deionised or similar grade water 1 litre
Dissolve the solid ingredients in 950 ml of water by heating to boiling point whilst
stirring continuously. Dissolve the glycerol in 50 ml of water in a separate container and add this
solution to the base medium and mix thoroughly. Dispense the resulting solution in 10 ml

aliquots in appropriately sized capped tubes. Sterilise the medium by autoclaving at 121 °C
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for 15 minutes. The final pH of the medium should be 7.3 + 0.2. Prepared tubes may be stored at
a temperature between 2 - 8 °C for up to one month if protected against dehydration.

Before use, stored media should be heated for 10 - 15 minutes in a boiling water bath, to
ensure that the contents have melted and to eliminate any absorbed oxygen. The tubes are then
allowed to cool and the media to solidify ready for use.

8.3 Nitrate reduction test reagents

Reagent A
Sulphanilic acid 08g
5N acetic acid 100 mi

Warm gently to aid dissolving.
Reagent B
N, N-dimethyl 1-naphthylamine 0.6 ml
5N acetic acid 100 ml
Dissolve the amine in the acetic acid solution. Warm gently to aid dissolving.
The reagents are stable for several months when stored at a temperature between 2 - 8 °C.
For the combined reagent, mix equal volumes of reagents A and B immediately prior to use.
Prepare in small volumes sufficient for the tests to be performed. The combined reagent may
be stored at a temperature between 2 - 8 °C, protected from direct light, and used within 24 hours.
’ 8.4 Lactose-gelatin medium(4)
Tryptose 15¢
Yeast extract 10g
Disodium hydrogen phosphate . 5 g
Gelatin 120 g
Lactose 10g
Phenol red (0.4 % m/v solution) 12.5 ml
Distilled, deionised or similar grade water 1 litre
Dissolve the ingredients, except the gelatin, lactose and phenol red, in the water. Add the
gelatin gradually whilst stirring continuously and warming gently to aid dissolving. Adjust the pH

to 7.5 £+ 0.2. Add the lactose and phenol red and mix thoroughly to dissolve.
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Dispense the resulting solution in 10 ml aliquots in appropriately sized capped tubes and
sterilise the medium at 121 °C for 15 minutes. The final pH should be 7.5 + 0.2. Prepared media
may be stored at a temperature between 2 - 8 °C for up to one month if protected against
dehydration.

Before use stored media should be heated for 10 - 15 minutes in a boiling water bath, to
ensure that the contents have melted and to eliminate any absorbed oxygen. The tubes are then
allowed to cool and the media to solidify ready for use.

8.5 Other media

Standard and commercial formulations of other media and reagents used in this method
include zinc powder, Ringer’s solution and maximum recovery diluent.

9. Analytical procedure

9.1 Sample preparation

The volumes, and dilutions, of samples should be chosen so that the number of colonies
to be counted on the membrane filter lies, if possible, between 20 and 80. With some waters, it
may be advantageous to filter a selection of different volumes of sample so that the number
of colonies on one of the membrane filters is likely to fall within this range. For treated waters,
filter 100 -ml of the sample. For polluted waters either filter smaller volumes, or dilute the sample
with Ringer’s solution or maximum recovery diluent before filtration.

If it is the intention to count only the spores of Clostridium perfringens then the volume
of sample should be heated to 60 + 2 °C (for example in a water bath) and maintained at this
temperature for 15 + 1 minutes. The temperature may be monitored by placing an appropriate
thermometer in a reference bottle containing the same volume of water as the sample being
treated.

9.2 Sample processing

Place the sterile filtration apparatus in position and connect to a source of vacuum, with
the stopcock turned off. Remove the funnel and, holding the edge of the membrane filter with
sterile smooth-tipped forceps, place a sterile membrane filter, grid-side upwards, on the porous
disc of the filter base. Replace the sterile funnel securely on the filter base. Pour or pipette the
required volume of sample into the funnel. When the volume of sample to be filtered is less than
10 ml, add 10 - 20 ml of sterile diluent (for example, quarter-strength 15 Ringer’s solution or

maximum recovery diluent) to the funnel before addition of the sample.
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This aids dispersion of the bacteria over the entire surface of the membrane filter during
filtration. Open the stopcock and apply a vacuum not exceeding 65 kPa (500 mm of mercury) and
filter the sample slowly through the membrane filter. Close the stopcock as soon as the sample
has been filtered.

Remove the funnel and transfer the membrane filter carefully to a well-dried tryptose
sulphite cycloserine agar Petri dish. Ensure that no air bubbles are trapped between the
membrane filter and the medium. ‘Rolling’ the membrane filter onto the medium minimises
the likelihood of air bubbles becoming trapped.

As the spores of Clostridium perfringens are very resilient, funnels that have been used
once should be sterilised by autoclaving before being used again. Placing funnels in a water bath
at this stage may not be sufficient to kill spores. If different volumes of the same sample are to be
examined, the funnel may be re-used without sterilising the funnel provided that the smallest
volume, or highest dilution of sample, is filtered first. For different samples, take a fresh pre-
sterilised funnel and repeat the filtration process. During the filtration of a series of samples, the
filter base need not be sterilised unless it becomes contaminated or a membrane filter becomes
damaged. When funnels are not in use they should be covered with a sterile lid or a sterile Petri
dish lid.

The time between the end of the filtration step and the beginning of the incubation stage
should be as short as possible and no longer than 2 hours. Incubate the Petri dishes at 44 °C in an
anaerobic jar or similar system containing an indicator of anaerobiosis and an atmosphere
containing 9 - 13 % carbon dioxide. Examine the dishes after 21 % 3 hours incubation.

9.3 Reading of results

Under good anaerobic conditions at 44 °C colonies of clostridia are typically black or
grey in colour. However, on occasion colourless colonies may be encountered. All colonies
growing on tryptose sulphite cycloserine agar at 44 °C should, therefore, be counted as
presumptive Clostridium perfringens.

9.4 Confirmation tests

Depending on the intended purpose of the analysis and the required accuracy, sub-culture
a suitable number of colonies. If the aim is to estimate the number of organisms present, then for
the greatest accuracy, all colonies should be sub-cultured if fewer than ten are present or, at least

ten colonies should be sub-cultured if more than ten are present.
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For each isolate, inoculate a tube of buffered nitrate-motility medium by stabbing the
medium with a straight wire to just above the bottom of the tube and incubate anaerobically at 37
°C for 21 + 3 hours. To test for nitrate reduction, add a few drops, approximately 0.2 - 0.5 ml, of
the combined nitrate reduction test reagent to each tube. A red colour forming within 15 minutes
indicates nitrate reduction to nitrite and the test is regarded as being positive. If a red colour does
not develop within this time, add a small amount of zinc powder and leave to stand for 10 minutes.
If after this time there is still no red colour this indicates that nitrate has been reduced to nitrite,
which has been further reduced. The test is regarded as being positive. However, if a red colour
subsequently develops after the addition being negative.

In addition, inoculate a tube of lactose-gelatin medium by stabbing the medium with a
straight wire and incubate anaerobically at 37 °C for 44 + 4 hours. After incubation the medium
will be liquid, irrespective of whether gelatin liquefaction has occurred or not. In order to
establish whether gelatin liquefaction has occurred the tubes should be placed in a refrigerator for
at least one hour. Gelatin liquefaction will have occurred in tubes where the medium remains
liquid after refrigeration.

If necessary, the tubes may be examined after incubating at 37 °C for 21 + 3 hours and
refrigerated (for example, for about one hour) and if gelatin liquefaction occurs, i.e. the test is
regarded as positive, the result is recorded. If negative, i.c. the medium remains solid after
refrigeration, the tubes should be returned to the incubator. Incubation should be continued
until the total incubation period of 44 + 4 hours has been achieved. The tubes are then reexamined.
A set of control tubes inoculated with appropriate positive and negative strains should be
incubated and tested in parallel.

Clostridium perfringens is confirmed by the following reactions:

(i) Non-motile = growth along the line of the stab and not spread through buffered
nitratemotility medium.

(i) Nitrate reduction - red colour after addition of combined nitrate reduction test reagent
to buffered nitrate-motility medium, or remaining colourless after addition of zinc powder.

(iii) Lactose fermentation - orange/yellow colouration of lactose-gelatin medium.

(iv) Gelatin liquefaction - contents of the lactose-gelatin medium tube become liquefied.
Further identification may be carried out by means of appropriate biochemical and other tests.
Suitable commercial identification kits may be used following appropriate performance

verification at the laboratory.
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10. Calculations

10.1 Presumptive Clostridium perfringens

The number of presumptive Clostridium perfringens colonies is generally quoted as the
number of colonies per 100 ml. Calculate the presumptive count as follows:

Presumptive count/100 ml = Number of colonies x 100 Volume of sample filtered (ml)

10.2 Confirmed Clostridium perfringens

The number of confirmed Clostridium perfringens colonies is calculated by multiplying
the number of presumptive Clostridium perfringens by the proportion of the isolates that are
non-motile, reduce nitrate, ferment lactose and liquefy gelatin.
11. Expression of results

The number of presumptive and confirmed Clostridium perfringens is expressed in
colony forming units per volume of sample. For drinking waters, the volume is typically 100 ml.
12 . Quality assurance

New batches of isolation medium should be tested with appropriate reference strains of
target bacteria (for example Clostridium perfringens) and non-target bacteria (for example
Bacillus species). New batches of confirmatory media and reagents should be tested with
appropriate reference strains of bacteria chosen to verify a positive and a negative reaction in each
case. Petri dishes should be incubated for 21 + 3 hours at 37 °C or 44 °C as appropriate. Further

details are given elsewhere(2) in this series.
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70

é’mmnaﬂawamﬂa{ C. perfringens Tusida ?Jlﬂ‘ﬂz‘}ﬁﬂﬂ Pour Plate Technique

! o :' d =1 - | o [
M Al sasnsanasvedated C. perfringens THIUAINFIUMTUBUUL 1 TU 4 U DY

¥ s
754 Jin512vi 1Ay Pour Plate Technique (ﬂ’J‘IiJl‘I’J’N'i’J’uﬁﬂE}‘i’, C. perfringens AN 1 -9 cfu/ml)

$142U C. perfringens TuAI9E19 (cfu/ml) 9AIINTAANIVDA C. perfringens (%)
i duder i | dwde asu | dwde 70 | dwde 13 | dude a5 i 75u
3 1 0 0 66.67 100.00 100.00
2 0 2 0 100.00 0.00 100.00
2 0 2 0 100.00 0.00 100.00
1 0 0 9 100.00 100.00 100.00
3 0 0 0 100.00 100.00 100.00
0 0 0 0 adedude | Tidedudu A
1 0 0 0 100.00 100.00 100.00
1 0 0 0 100.00 100.00 100.00
1 0 0 0 100.00 100.00 | 100.00
0 0 0 0 I Lifdodud | ididadudu
10 1 0 0 90.00 100.00 100.00
6 1 0 0 83.33 100.00 100.00
4 1 0 0 75.00 100.00 100.00
8 1 0 0 87.50 100.00 100.00
3 1 0 0 66.67 100.00 100.00
4 1 0 0 75.00 100.00 100.00
0 0 0 0 bindodudu | ifidedudu lifidodudu
1 0 0 0 100.00 100.00 100.00
1 0 0 0 100.00 100.00 100.00
0 0 0 0 it i hiidodudu
2.55 0.35 0.2 0 90.26 87.50 100.00




71

Y & ¢ S e I R A
MmN A2 9aMIannvesdles C. perfringens TurhUUSRHILMTUAYL 1 TU 4 TU 1Az

¥ o
754 31n31291 A0 Pour Plate Technique (AMMdudua0s C. perfringens 1@ 10 - 99 cfu/ml)

$14U C. perfringens TUAI0U19 (cf/ml)

#n31aAA3Y0IC. perfringens TUAI0H13 (%)

vy e | dwSeadu | Sude i | dude s | dwdeatn | fade i
10 3 1 0 70.00 90.00 100.00
12 1 2 0 91.67 86.11 100.00
16 2 2 0 89.58 85.42 100.00
34 0 0 0 100.00 100.00 100.00
134 0 0 0 100.00 100.00 100.00
15 1 0 0 95.56 100.00 100.00
73 8 0 0 88.58 100.00 100.00
16 0 0 0 100.00 100.00 100.00
18 A 0 0 96.30 100.00 100.00
22 0 0 0 100.00 100.00 100.00
43 0 0 0 100.00 100.00 100.00
17 0 0 0 98.04 100.00 100.00
57 3 0 0 94 .15 100.00 100.00
34 1 0 0 98.04 100.00 100.00
16 0 0 0 100.00 100.00 100.00
13 1 0 0 94.87 100.00 100.00
52 2 0 0 95.61 99.36 100.00
18 0 2 0 100.00 90.74 100.00
16 0 3 0 100.00 83.33 100.00
50 3 2 0 94.67 95.33 100.00

ghainsannamiy 94.76 96.42 100.00




72

" ) o : d I - ¢ w o
maan a1 8asInsanaavesaes C perfringens WMAINRIUM TUAIVL 1 TU 4 U oz

¥ 1
79U FNTIE 190 Pour Plate Technique (ﬂ'JmH’fll'i’fuﬁﬂEl{ C. perfringens 11AY 100 — 999

cfu/ml)
$1UU C. perfringens TUAIDN (cf/ml) 9A310AAIVBC. perfringens TUAIDUN (%)
iy [dude rfe | dwdeasn [duder i | dwdor s | dudeatu | i 75
137 sp* 117 45 x* 14.60 67.15
570 160 22 11 71.93 96.14 98.07
291 86 142 44 70.45 51.20 84.88
720 160 22 7 77.78 96.94 99.03
740 160 22 11 | 7838 97.03 98.51
264 sp* 34 50 - 87.12 81.06
510 200 29 10 60.78 94.31 98.04
810 190 25 7 76.54 96.91 99.14
480 180 12 B 62.50 95.21 99.58
500 220 29 63 56.00 94.20 87.40
590 230 102 3 61.02 82.71 99.49
630 170 104 > 73.02 83.49 99.52
500 sp* 81 7 P 83.80 98.60
480 180 23 2 62.50 95.21 99.58
510 140 29 8 72.55 94.31 98.43
211 67 132 §ae 68.25 37.44 96.21
198 54 139 49 72.73 29.80 75.25
119 29 126 12 75.63 i 89.92
132 45 122 16 65.91 7.58 87.88
144 sp* 117 45 i 18.75 68.75
§amsanaunde 69.12 71 41 91.32

sRamsudamvesiaTathir I Wenusofuswanuaz 1 lumsdnould
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MAHUIN 3

jionmanaaes

3 92 myasavaeumaiameinowi i daandeu Tasmsdesmndesgansmi



JUi a3 unmﬂm_’ﬁﬁé‘nuﬂmﬁwﬁuuﬁuﬁ%:1=ﬁ1im Environment agency 14N13
E ¥
A3 C. perfringens type A iesduluiwaziuds

74



gﬂﬁ 1.4 M3 #1171 Relative detection level

75
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;di'; 4.5 MIMVANAUNIN (C1: MINUSIUIY C. perfringens fimzasludlediaTaoms
pour plate 896 TSC agar, Aer : NINAABVDYIDAVDY C. perfringens Uz E.coli fzaaly
#200131a6N3 pour plate A6 PCA agar uaziwizde lugn1islonndin, Anmsnadey
DYTOAYD C. perfringens Waz E.coli fiwizagludet1a1aun1s pour plate A9t PCA agar ae

] d’ 1t =
e luan1ie ifisendiou

L o
AN L F T
E x.?',,'."..‘*, -

UM 4.6 Modified TSC broth 19141
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MANUIN D

X di 3 p
wamsnageunldlduedtinszvesemsiaueniyenaauastumeunuiFin sz

a & T A
w84 ISO HINBIAY 1S07937:2004 TuMIIATIZHM C. perfringens type Alipasiuluinan

wamsnlSouiioy TSC broth Nimsunluannz1¥eendiausy Modified TSC

medium

15197 9.1 wanmsSoufiey TSC broth Nmsvuluan1az 15eendiouiy Modified TSC

medium
ANUIUTUYDI C perfringens | $IUIUNABA TSC broth $1M3UYa0A Modified TSC
(cfu/l mL) nlinaun (naoa) medium 0 1MHA1IN (MADA)
1-3 8 9
10-30 30 25
100-300 30 30
$pUaZYRITIUIUNADA
r 75.56 71,11
Alvimwavan
o asta d adal v = =3 w ada d
3 panmsnaaevun1lFldvesdsinnHvediidnulasvieiaunisamazvves

X v s
ISO ¥3Ngay 1507937:2004 TuM3IA 1AM C. perfringens type Arblossiulurings

'
s A ow

i o a & &
AN 0.2 %TU‘]HN’EI‘U'Jﬂil‘\ﬂﬂ"I?’Jlﬂi'l%ﬁﬂ'm ISO 7937:2004 “JNGH; TSC agar LIDEITN aulasu

&
419 Modified TSC medium
C. perfringens TSC agar Modified TSC medium
y H " »
(cfw/l mL) MU N Iinauan $unasan 1iwavIn
0 0/6 0/6
1-5 5/6 1/6
6-10 6/6 6/6
11 -100 6/6 6/6
>150 6/6 6/6

9
A911U Relative detection level fio >1 ciwml aﬂ <10 cfu/ml
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| a e bl a &
ﬂ’]f‘ﬂﬁ 2.3 F\lﬁﬂ’]i'ﬂﬂi'lgﬁ‘ﬂ'38?]14“1&“1@0ﬂ15'3!ﬂ513ﬁﬂ1u 1SO 7937:2004 ‘D‘\ﬂﬂ’f’ TSC agar L1a®

e 2 2
S5 naauasudald Modified TSC medium

Qi Tifimsimzide e %349 1- 9 cfw/ml
a1 a1y
o TSC agar 4 TSC agar
i = M-TSC f e M-TSC
(Aumav) (Amaw)

1 0 . " - 1 3 ¥ +,4,- .2
2 0 3 =ros > 2 2 =+ + o o +
3 0 - =3 & 3 2 & +,-,+ *
4 0 - - 4 1 W |+ |+
5 0 * e < 5 3 ar N+, +
6 0 - - - 6 0 - N -
7 0 > -,7 2 - 7 1 + -t~ o
8 0 - oubml - IO 8 1 + e W s
9 0 ¥ 540 . 9 1 + - -
10 0 S e A 10 0 N AS-of |
11 0 - T 2 M 10 + .+ +
13 0 m o X 12 6 + ++,+ +
13 0 3 r - 13 4 + 1 e | I+
14 0 = = \ 14 8 + + Rt +
15 0 > < * 15 3 + )
16 0 g = - 16 4 + Hefh |+
17 0 - - 17 0 2 p
18 0 # g £ 18 1 - +4- +
19 0 = -\ - 19 1 + +4+ |+
20 0 - . 20 0 “ 3
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H 1 = o 1 : 4 - 4
M0 9.3 (#9) HaMIAT A1 AN TAMSIRTIZH AN 1SO 7937:2004 &41% TSC agar

oy 4 o 3 &
nagi s Naaulasiudald Modified TSC medium

Al 429 10 — 99 cfu/ml A %729 100 — 999 cfw/ml
‘ﬁ TSC agar M-TSC ﬁ TSC agar M-TSC
1 10 + o + 1 137 +, 44 +
2 12 + ++,+ + 2 570 e +
3 16 + +,+,+ + 3 291 4,4+ +
4 34 + e % 4 720 +.+,+ +
5 17 + i it 5 4140 ++.+ +
6 15 + +,t,F + 6 264 44+ +
7 73 + + + E 510 ot +
8 16 + +,4,+ + 8 810 4+ 4
9 18 + - +- 9 480 e +
10 22 + +,+,+ + 10 500 3, HH s
11 43 - 4k pt: 11 590 ++8 +
12 17 =+ =gy + 15 630 aisg o i
13 57 + e (6 + 13 500 +, +
14 34 + +, 4 + 14 480 +.¥.4 +
15 16 + Fiht + 15 510 #.4+ *
16 13 + +,4+,+ + 16 21 4++ -
17 52 7 2 +%t + 17 198 Sy +
18 18 4 o+ + 18 119 -t i
19 16 ¥ et + 19 132 +++ | +
20 50 + 5 e 20 144 +,++ +
v & " @
ALY PA 1IMNU 54

PD M0V 0
NA WY 24

ND W1y 2




2.1

2.2

2.3

2.4

o, = d
a1 w935 MIINTIZH (Relative sensivity) 9INGAT

Relative sensivity= 8 18 x 100%
PA + ND

= (54/(54+2) )x 100
= 96%

o asa a L _ 3
ANUTUMIZUDITFAUATIZN (Relative specificity) 1INFAT

NA
Relative ecificity= ——— x 100%
eieys T4 + PD g

= (24/(24+0) x 100
= 100 %

MIMANNYNADIYDITT AT IV (Relative accuracy) NG
.~ PA + NA
PA+ PD + NA —+ ND

= ((54+24)/80) x 100

x 100%

Re lative accuracy

= . 91.5%

nividguainauand13laold Chi-square ()

., _(pD~nD|-1)
~ ~PD+ND

X

Sl oa | S0
= (0.5

80
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U

; 3 &
3. namsnaaeunnlfldvesitinnzive it ndanlasluieuiuisinnzvives

, X v oi2
ISO HINEaY 1S07937:2004 luMIIATIZHI C. perfringens type Asoadulininds

Sl w e 4
3.1 wamsnagouanylfldue it insizvosomsfannyenaauasiu

=
oy

o At

U355 u0e 1SO MINBIAY 1S07937:2004 TUMSUATIEHM C. perfringens type A

3

=l 9 :’ g A v d ar
JosdulinihuaneunIsuasys 13U

o=

§ - o o 1 : d o - | o - o
m‘mﬁ 2.5 Nﬂﬂ'li']Lﬂﬁ’lzﬂﬂ')ﬂUNU'ILL'!NﬁH'IHﬂ'ISI.L‘ﬁI.L'lN - 34 Tﬂﬂﬂ'li'ilﬂi'lzﬂﬁ'm

4 i o
1SO 7937:2004 ¥14 TSC agar LazATNAau1/asvuda1% Modified TSC medium

Lifintsnzdo 324 1- 9 efu/ml
RGN TSC agar M-TSC Sdud TSC agar M-TSC
1 0 ol N, % i 1 — -\ |+
2 0 LA A 2 0 - +-\m +
3 0 —~RG\K & 3 0 - -
e 0 d AGe - 4 0 - +,5" +
5 0 e S RO 5 0 - -4 -
6 0 N 6 0 x -
7 0 - o - 1 0 - -
8 0 - o . 8 0 - -
9 0 - Pl 9 0 - -
10 0 S e 10 0 2 .
11 0 - gl ; 11 1 + S +
12 0 - - 12 1 - -t -
13 0 - . 13 1 - +my .
14 0 3 P - 14 1 + +, 4+ 4
15 0 - - 15 1 + .
16 0 B g = 16 1 i +y +
17 0 - . 17 0 - -
18 0 - -y - 18 0 - -y -
19 0 - | |- 19 0 - -
20 0 - - 20 0 - -




o

a 1 a ' 1 : d a1 1 d [ = o
M519N 2.5 (AD) WAMTAUATIZUAIDUNUWVINAIUNTUFIUI 17U IﬂUﬂ'l?'Jiﬂﬂz‘HWm

82

ISO
7937:2004 5§31 TSC agar uaz 35 AdAa 81414 Modified TSC medium
%39 10 - 99 cfu/ml %39 100 — 999 cfu/ml
§wuit | TSC agar M-TSC | §18ufl | TSC agar M-TSC
1 3 + S ot s + 1 sp + i ol +
2 1 - +,+,- + 2 160 o +,+,+ +
3 2 + +,m,- ik 3 86 - +,+,+ +
4 1 + +,-,- + 4 160 + +,+,+ S
5 1 T+ 3 3 5 160 & +.+,+ +
6 1 + it + 6 Sp + +,+,+ +
7 8 ¥ +,-,; 4 v/ 200 o & S +
8 1 5 Ty f 8 190 P + RN +
9 1 v Lty 3 9 180 % £+,+ +
10 0 4 P + 10 220 . 5 TR +
11 1 # +,-3 + 11 230 3+ T+ +
12 1 i ~+tim 3 12 170 + e H +
| 13 3 + +,m, - 13 Sp + + 4,4 -
| 14 1 . St = 14 180 37 7+,+,+ +
| 15 1 + +,- -+ 15 140 + 4+ +
16 1 + -, + 16 67 i Frtt +
| 17 2 + +,+,+ + 17 54 4 +,+,+ +
| 18 1 - +,4,+ + 18 29 ' - ++,+ +
‘ 19 1 + +. s 19 45 + +,4+ ks
’ 20 3 + +,4,+ + 20 Sp + +,+,+ +

€e

AUU

PA M1 43
PD WAV 3
NA WY 31

ND miny 3



3.2.1 A 1919935 MIINTI2H (Relative sensivity) 2INgA3

Relative  sensivity = OBy ¢ S x 100%
PA + ND

= (43/(43+3) )x 100
= 93%

o ada o 8 z .
L U ﬂ')'min!ﬂ'\z'ﬂﬂi')‘ﬁ’!!ﬂi'!zﬂ (Relative specificity) INTAT
P 2

NA
Re lative ificity= ——— X 100 %
s s o AN TR A

= (31431+3)x 100
=/ A1 %

¥2.3 m‘m1m1ugnﬁswaﬁ%’3mﬂzﬁ (Relative accuracy) 3INYAT
PA + NA
PA + PD + NA + ND

((43+31)/80) x 100

Relative accuracy = x 100 %

Ii

= 92.5%

324 wnlvddnvesnmunand11aold Chi-square ()

- (pp~ND|-1)
~ PD+AD

=( | 33 |- )76+
=017
A Chi-square value 1108R731 3.84 11erA331 Bad msen s mudeni

WwawanuagiTuasg i dnauin hivanasiuedeiivdanisadfinnnuieiu 0.0s
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acda '3 s g ar J
33 wansnagounw 14 ldve st ineivesomsnanoniFenaaulasiu
WA 3ins 1z e 1SO Hineay 1507937:2004 TumITATIZHM C. perfringens type A
4 v A vl e Z
dosduluindanrumsuaud 4 Ju

v

4 - d e 1 o & als (- | o a
ﬂ'l':i'l@‘ﬁ 2.6 Nﬁﬂ'ﬁ?lﬂ'i'lz?lﬂ"JﬂU'Nu"lu'lNﬁH']Nﬂ'ﬁll‘]ﬂl‘ll~'l 4 Tﬂﬂﬂ'ﬁ')lﬂﬁ":'ﬁﬂ']ﬂ

ad A

& o 4 2
1SO 7937:2004 %41% TSC agar a3 iNAAuasUud 19 Modified TSC medium

GRLAT T AL NNIANTI 1- 9 cfu/m]
i TSC agar M-TSC ii TSC agar M-TSC
1 0 - - 1 0 - -
2 0 = i N 2 2 % -t +
3 0 - . - 3 2 + - i
4 0 - - : 4 0 . -
5 0 3 - - 5 0 . -
6 0 - 4 3 6 0 . %
7 5 - 7 0 - -
8 0 - - - 8 0 . .
9 0 - - - 9 0 ‘ -
10 0 - - 10 0 - :
11 0 . A 11 0 n Az -
12 0 - A 12 0 L .
13 0 - . 13 0 - -
14 0 - - 14 0 : .
15 0 . . 15 0 ; :
16 0 - S : 16 0 - .
17 0 - -y - 17 0 - s -
18 0 - -y - 18 0 - -
19 0 - -y - 19 0 : 3
20 0 - - 20 0 . -
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a ' a oo 1 : A - o« &
3190 0.6 (A9) HAMTIATIZR00100AN TAsMIAATIH AW ISO 7937:2004 %314 TSC agar

= 4 o J é .
na s naaulasiudeld Modified TSC medium

ar

¥
1MIANYIT 10 — 99 cf/ml

€

2INTANTIT 100 — 999 cfin/ml

Gal Al
i TSC agar M-TSC ii TSC agar M-TSC
1 1 + - - + 1 i I + +,+,+ +
2 2 + +,4+,- + 2 22 + FFF +
3 2 - - + 3 142 + +,+,+ +
4 0 - - 2 4 22 + S %
5 0 = rr e 5 22 + +.+,+ -
6 0 = T N 6 34 s e +
i 0 - =5 > i 29 + +4,+ +
8 0 e 2y 4 8 25 + +,+, R\ +
9 1 - -y - 9 23 + Sk, - 4
10 ¢ L 53 L 10 29 + + +F +
11 0 = 2% = 11 102 & ol B
12 0 - o ¥ 12 104 + et + ¥
13 0 7 3 13 81 + +Hr I
14 0 3 el r 14 23 + o %
15 0 % ’ 15 29 + +Hifyt %
16 0 . - : 16 132 % o, + *
17 1 P - % . 17 139 + 4 ol i
18 2 & sy + 18 126 + et +
19 3 + ey, + 19 122 S e I
20 2 + +,+,+ + 20 117 + +,+,+ e

o o " w

MUY PA IMINU 28

PD 10U 0
NA 10U 50

ND ®10U 2



331 mwhuesdtmsing ey (Relative sensivity)91ngA3
Relative  sensivity = RS R, x 100%
PA + ND
= (28/(28+2) )x 100
= 93%
332 AMU§umzveeds AN IE (Relative specificity) 910G
Relative  specificity = AR x 100 %
NA + PD
= (50/(50+0) x 100
= 100%
3.38 S i 111m111gm'fawaﬁ§’3miwﬁ (Relative accuracy) 9INYAT
Relative accuracy = iz B B x 100 %
PA + PD-+-NA. + ND
= ((54+24)/80) x 100
=\ 97.5%
334 winivdhdguesnimandie Iaeld Chi-square (X))

, 2D~ ND|-1)
. PD+ND

X

“Cloa | o)
=0.5

86

A Chi-square value HoOA31 3.84 LAAI1 DRI 1A IUIEHIATNUABNTN

TnanuagIBanasg i nan litandsiuotwiisddgynead@nanuidei 0.05
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ada s [y A’ o w J
34 Nﬁﬂ'lﬁ'ﬂﬂ’(’('E]llﬂ’ﬂll’l%'lﬁ'\lﬂﬂ'lﬁ'llﬂi']gﬂ‘ﬂﬂﬂBTﬂWSﬂﬂHUﬂl‘Bﬂ'ﬂﬂﬁllﬂﬁﬂﬂu
Woufu3ianszrues 1SO MiNuay 1507937:2004 TuMsAATIZHNY C. perfringens type A

é’ ¥ : d LI | o
I.‘Uﬂ\iﬁul'u'u'Il.!,'llﬂ‘l‘lﬂ‘luﬂ'l'ill‘lﬂl‘llﬂ syt

i a o 1 o’ d a0 (- | @ - o
ﬂ]‘ﬂ\i‘ﬁ 2.7 Nﬂﬂﬁ'JLﬂﬂSﬁWJBU'Ii'lu'lll.‘lNﬁN”Iuﬂ'l?lHﬂHN 733U Iﬂﬂﬂ'ﬁ’)tﬂ‘i'lzﬂﬂul

& add o P
1SO 7937:2004 %41% TSC agar uaz 3 nAnulaadiudal¥ Modified TSC medium

AAu nmbaylifimsmizido an 9IMIANT 1- 9 cfw/m]
‘ﬁ' TSC agar M-TSC ﬁ TSC agar M-TSC
1 0 S et 1 0 - | |-
2 I 2 0 S AT
3 0 - S - 3 0 - -y -
4 0 - -y - 4 0 - -
5 0 - - - 5 0 . -
6 0 - - 6 0 . -
7 0 - - 7 0 " -5+ V
8 0 o s e WG g 0 o~ }--2f }
9 0 Sl e 9 0 S SR
10 0 - -7 - 10 0 . -
11 0 - - 11 0 - -
12 0 - - - 12 0 - -
13 0 - . 13 0 - -
14 0 - - 14 0 . -
15 0 - . 15 0 £ s
16 0 - oy - 16 0 - :
17 0 s - 17 0 - - -
18 0 - -y - 18 0 - -
19 0 - -y - 19 0 . f %
20 0 - i 2 20 0 5 e e
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a ] a ST | a @ 4 aqu
15190 2.7 (AD) Nﬁﬂ'ﬁ')&ﬂ‘i']81'1ﬁ'JﬂU'lﬁu'lﬂllTﬂUﬂ']i'JlﬂinHﬂ'lll ISO 7937:2004 "lﬂl‘!f TSC agar

ol a &
naziinaaulasvudald Modified TSC medium

e MMPANYIE 10— 99 cfml | A1 MINIANFIY 100 - 999 cfivm]
17'1 TSC agar M-TSC ﬁ TSC agar M-TSC
1 0 - - 1 45 + |+ +
2 0 = it - 2 11 =+ +,+,+ +
3 0 - A 3 A+ + bt +
-+ 0 = Y 2 4 7 ot +,+,+ -
5 0 g = 5 11 * i &
6 0 = S N\ 6 50 + ot
7 0 - 5= = 7 10 i +,+,+ +
8 0 5 &) ¢ 8 7 + |+
9 0 - kol = 9 2 + R+ 4
10 0 ” 1N - 10 63 + +,4,+ 4
14 0 - A3 - 11 3 + +,+,+ -
12 0 = b £ 12 3 L F 4t 4
13 0 7 - - 13 7 . FH |+
14 0 2 - - 14 2 i +.,F +
15 0 - U5 - 15 8 + &4+ +
16 0 = ¥y S 16 8 " +,+,+ +
17 0 o G > 17 49 g + 4+ +
18 0 i s - 18 12 + +,4+,+ +
19 0 - =l - 19 7 16 + +,+,+ +
20 0 - = = 20 45 + +4,+ ks
v & " w
MUY PA AU 20
PD 1N 0
NA H11U 60
ND W1 0




3.4.1

342

343

3.4.4

a7 11v0935MIANT1Z (Relative sensivity) 1INgAT
PA

Relative  senmsivily= ——  x 100%
PA + ND

(20/(20+0) )x 100

1

100 %

Anusumzvediins e (Relative specificity) 9INgAT
NA

Relative  specificity = i % D x 100%
+

= (60/(60+0) x 100
= 100%

NSH mmugﬂﬁawnﬁ'ﬁmswﬁ (Relative accuracy) INYAT

Relative accuracy = L8 2l — x 100 %

PA + PD + NA- + ND
= ((R0)/80) x 100

= 100 %

miivdnguesnuanaa g1y Chi-square (Y)

/ ﬁ(]PD—ND]—l)Z
AR WD

o/

~( oo | <17 0%0)

= Tlaunsomanld

89



MANUIN N
Y ada d A o 2 A o ada ¢
ﬂﬂﬂ11'ﬂﬂﬂﬁﬂﬂ?1ﬂ11ﬁﬂﬂﬂalﬁ'Jlﬂ‘ﬂz‘ﬂ‘llax‘l'Jﬁﬂﬂﬂll‘lla@‘”u NEUNITAUATIZHUDY

X v 4 .
Environment agency 1UMIIATIZHMN C. perfringens type A tiioadulusihdumaziimda

s

1, namananounIm ¥ ldveinsinsiveisidau st Moufuiiinszives
Environment agency Tumsansgrim ¢ perfringens type A Lﬁfmﬁ‘uimfﬁin

1.1 A15UIA Relative detection level
m'm“?i 2.1 UIUHAVINIINMTAATIZY A Environment agency é\ﬂ‘%’ TSC agar l!.ﬁﬁ%ﬁ

o e
Aat)aaiudald Modified TSC medium

C. perfringens TSC agar Modified TSC medium
3 = ¥ o ~ 3
(cfu/1-mL) mumwﬁaﬂwmnma %1u3uﬁﬁﬂﬂ1ﬂ1ﬂwﬂﬂjﬂ
1<10 4/6 0/6
11-20 ‘ 6/6 2/6
21-30 6/6 516
31-40 6/6 6/6

#4171 Relative detection level 718 >20 efivml 4 <30 cfu/ml



12 samsnaaeun w1 ldvesitimseunsditiaaulasiu dvuduis

a d = a 4 o’ 4
JN512HUD9 Environment agency 1UMTANTIZHNT C. perfringens type A 1Hoaanulurihay

d' a o o U :r A = o« = £ 3
AN 2.2 HANITAATIEHAIDUNUINY Tﬂﬂﬂ'li']lﬂi']zﬂﬂ'lll Environment agency "iliﬂql"ﬂ TSC

acd o 4 2
agar 12235 A a9 ud 14 Modified TSC medium

§aeuii Wifimamnzido ddui %9 1-9 cf/100 ml
TSC agar M-TSC TSC agar M-TSC
1 0 - ; 1 0 a .
2 0 . > > 1 2 -
3 0 - > 3 5 + .
4 0 s - 4 1 + -
2 0 = # 5 1 - -
6 0 - - 6 4 + -
g/ 0 % & 7 1 + -
8 0 - - 8 (0] % >
0 0 . F 9 2 + -
10 0 - = 10 1 - -
11 0 2 T 11 4 + -
12 0 - = 12 9 + -
13 0 - v 13 0 - -
14 0 - - 14 1 4 -
15 0 - - 15 7 + -
16 0 - = 16 6 + -
17 0 " c 17 0 - -
18 0 - - 18 3 + -
19 0 - - 19 7 + E
20 0 - . 20 0 ; .
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d‘ ¥ - o o ' :. A a L4 " &4 3
M13199 9.2 (D) Nﬂﬂ153£ﬂ51$ﬂﬂ‘]ﬂU'Nu'lﬂiJTﬂUﬂ'lﬁ‘Hﬂ513?Wnll Environment agency °]N1ﬁf TSE

and o 2 4
agar 1Az 3 NAALL U119 Modified TSC medium

S %729 10— 99 cfw/100 ml S %29 100-999¢fu/100 ml
TSC agar M-TSC TSC agar M-TSC
1 20 . + 1 481 + +
2 23 + + 2 648 + +
3 19 0 i 3 187 i N
4 19 + + 4 109 + +
5 16 + + 8 139 + +
6 1 + + 6 164 + +
7 16 + Y 7 199 + +
8 16 + + 8 110 - .
9 17 + + 9 232 + -
10 16 + - 10 201 - i
11 12 + £ 11 205 + 4
12 11 + s 12 212 - i
13 15 + + 13 107 + +
14 36 ¥ + 14 110 - -
15 33 + + 15 102 + +
16 87 + + 16 114 . +
17 e + + 17 145 + +
18 38 - + 18 122 . +
19 11 K . 19 132 + +
20 71 + + 20 120 + +
PA = 38
PD =0
NA = 25

ND = 17



A71117w9935M1531R512H (Relative sensivity)9IngAs

Relative  senmsivity = £ Al x 100%
FA + ND
= (38/(38+17))x 100
=_ 69.09%
ﬂ')'lll'ii‘llﬂ'lz‘l!i]\‘l:ﬁ"ilﬂi’lzﬁ (Relative specificity) 91NgAT
: AR NA
Relative  specificity = R x 100 %

I

(25/(25+0) x 100

I

100 %

MINIANUYNABIVDIITAUNTIEN (Relative acouracy) 11NN
PA+ NA

Relative accuracy = x 100 %
PA—~+ PD +-NA |[-+-ND

= ((38+25)/80) x 100

& \ I8 2&%

wilvdinyvesnena1alaely Chi-square ()

3 _qPD-ND[—l)2
. PD+ND

4

cloar | =00

Il

15.05
A Chi-square value 311171 3.84 LA 80518 IEH 19T MaEoNH 1iwa

vInuaIsInasg R Ideaanuanaiueteiiiud Wamiad anamdess 0.05
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4
494 Environment agency TUMIAATIZHN C. perfringens type A iiipaduluriuda

2.1 MINIA Relative detection level

4 o a 's &
M3NN 23 $IWIUKHAVINGINMIIATIEHAY Environment agency 4419 TSC agar L1z

dan)aavudfald Modified TSC medium

A

o

C. perfringens TSC agar Modified TSC medium
(cfu/1 mL) Sumzdef oI §1uumasaii iwavan
1- 100 66 0/0
100 = 200 6/6 3/6
201 - 300 6/6 4/6
301 —400 6/6 6/6
401 - 500 6/6 6/6

¥
#317U Relative detection level 1A111111 >100 cfw/ml 89 <200 cf/ml
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ada '3 asd o 3 - o ad

2.2 waminaaounu 1% ldue s insizHve I i naaudasiy Woududs
- I'4 . = s . g 9 c’ a4 o
AAT12HUD9 Environment agency TUMSINTIEHN C. perfringens type A 111padu Tutiwdan

[ - | @
HWIUNITUHLYY 1 U

i o u’ o v o o a ¥
ﬂ111\11"‘| n.4 Nﬁﬂ'ﬁakﬂ‘i'l&’ﬁﬂ')ﬂfjﬂu'llHNﬁN'luﬂ‘liu‘lﬂ.l‘lN 17U Iﬁﬂﬂﬁ?lﬂi'lﬁﬁ'ﬂ'm Environment

A Aqd'. o J é
agency %41% TSC agar 1az 33 NAauastiudald Modified TSC medium

S ifimamnzido St %9 1-9 cfw/100 ml
TSC agar M-TSC TSC agar M-TSC
1 0 . - i 0 : :
2 0 . \ 2 0 ; 2
3 0 : : 3 0 S -
4 0 : ) 4 0 * :
5 0 - < 5 0 - -
6 0 | - 6 0 i -
7 0 - - Y 0 - E
8 0 - - 8 0 * "
9 0 - A 9 0 A F
10 0 - - 10 0 = F
11 0 = 8 11 0 - #
12 0 - 2 12 2 % =
13 0 c . 13 0 - -
14 0 - - 14 0 # -
15 0 - 3 - e 1 + -
16 0 - - 16 1 + -
17 0 - - 17 0 = -
18 0 = - 18 0 - -
19 0 - - 19 4 + -
20 0 - - 20 0 = -
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" a [y : d A o w a
M A4 (AB) WamsInIEHAe NI wYNmuMsuuTs 1 Sy Tasmsansiziay

& add o |
Environment agency %419 TSC agar 1ta£3% Naauastiuda1% Modified TSC medium

MAUN %79 10— 99 cfw/100 ml RN %74 100-999¢fuw/100 ml
TSC agar M-TSC TSC agar M-TSC
1 Sp + + 1 Sp + +
2 10 + + 5 Sp + +
3 7 + - 3 Sp =+ o
4 10 + i 4 7 . +
5 4 + A 5 Sp + +
6 6 + - 6 Sp N +
1 7 % - 7 78 ¥ +
8 6 - s 8 56 + +
9 Sp + -5 9 Jic o0l & +
10 8 - - 10 Sp ¥ +
11 5 + - 1 62 + +
12 6 + A 12 42 - +
13 7 3 , 13 Sp + +
14 11 P k 14 79 + +
15 13 + + 15 S + +
16 Sp + + 16 Sp + ¥
17 25 + - 17 91 + +
18 12 - - 18 88 + +
19 8 + - 19 Sp + ks
20 26 . - 20 Sp . -
PA = 30
PD =0
NA = 36

ND = 14



a a o . e
a1 lwediimsding ey (Relative sensivity)9INgA7
PA

Relative  senmsiviy= —— x 100 %
PA + ND

(9/(9+34) )x 100

1l

I

21.9%

o ada s o 5 3
AMUIUNIZYDIITAUATIEN (Relative specificity) 9INYAT
NA

Relative specificity= ————  — x 100 %
PRYRES N T D ¢

(37/(37+0) x 100

= 100%

MIMIAINYNABIVEIITIANIIZH (Relative acotracy) 1INAAT
PA-+ NA
PA-+ PD 4 -NA|-+-ND

= ((9+37)/80) x 100

Relative accuracy = x 100 %

E\ 3ade

s voInNana19 9o 14 Chi-square ()

. (PD~ND|=1)
. PD+ND

- -

~do34 | - i3
= 320
A Chi-square value 310191 3,84 11A8971 9A5 1 IUTTHINITMaa0nT 1ika

Ve I5IA i IR KA nuand e Letei Tt wWamadanaa ety 0,05
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ada d

aga 4 add w J - o
2.3 Nﬁﬂ?iﬂﬂﬂﬂﬂﬂ’)'lllsl‘lﬂﬁ'lmQ'J'E’Jlﬂi'lzﬁ'!lﬂﬂ'lﬁﬂ audasvu MeuAuITANTIZA
@ ¥ "
. a " o -] 1
U949 Environment agency Tumsanszrin ¢ perfringens type A wiesdu luiwdsnriums

- o
LAY 4 U

§ a w 1 oy & o v o w a
ﬂ'l'ﬂﬁ‘ﬁ 2.5 Nﬁﬂ’]i')lﬂSTZﬁ ')EIU'N‘N'lll'INﬁN'luﬂ'lﬁll‘lﬂﬂN 44 'Iﬂami'nﬂi‘lzﬁmu Environment

1
S A w

&4 4 &
agency 414 TSC agar t1az 33 NAau1las¥udald Modified TSC medium

§aduii Wifimamnzdo S %79 1- 9¢fi/100 ml
TSC agar M-TSC TSC agar M-TSC
1 0 ; - | 0 : :
2 0 - \ 2 0 . .
3 0 : - 3 0 \ :
4 0 - 1 4 0 . 3
5 0 = S 3 0 = =
6 0 - - 6 0 = -
7 0 - - 7 0 7 = -
8 0 - = 8 0 - -
9 0 £ N o 0 % &
10 0 ke = 10 0 - -
11 0 - - 11 0 - -
12 0 5 % 12 0 - -
13 0 a 7 13 0 3 -
14 0 - - 14 0 - -
15 0 - - 15 1 + -
16 0 - - 16 0 - -
17 0 - - 17 0 - -
18 0 = b 18 0 = =
19 0 - = 19 1 + e
20 0 = = 20 0 = =
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§ a a :’ d o P o a s
MINN 25 (M) WaMIAATEYAeiwMHuMIuYAe 4 U Tasmslnnzau

'
A A

& s 2 3
Environment agency 4414 TSC agar o35 Naau1/asdiudald Modified TSC medium

§ruii %79 10— 99 cfu/100 ml fAun %39 100-999cf/100 ml
TSC agar M-TSC TSC agar M-TSC
I 0 - 1 5 + -
2 0 - 2 0 - -
3 0 - 3 3 + -
4 0 = 4 1 2s +
5 0 - 5 0 - +
6 0 2 6 0 - -
7 0 = 7 0 5 &
8 0 = 8 0 - -
9 0 3 9 2 v -
10 0 2 10 0 g -
11 0 ;- 11 0 - -
12 0 < 12 0 2 e
13 0 5 13 0 2 r
14 0 C 14 0 P 1
15 0 - 15 0 # =
16 0 v 16 0 - -
17 0 3 ¥ 3 + -
18 0 2 18 0 & -
19 0 g 19 1 + -
20 22 i 20 1 o+ +
PA = 2
PDi=1
NA =70

ND =



23.1.1 7219033533512 H (Relative sensivity)91ngAs
PA

Relative  semsivity= ——  x 100 %
PA + ND

(2/(2+7) )x 100

22

23.12 ANUSUWIZVRITUATIEH (Relative specificity) 910gA3
NA

Relative specificity= ——— — x 100%
e el TR ;

(70/(70+1) x 100

98.6 %

2.3.1.3 MINIANNYNADIUBIID AT IZN (Relative accuracy) 910

qA3
Re lative accuracy = L, WAL, x 100 %
PA + PD 4+ NA + ND
= ((2+70)80) x 100
= 90%

2.3.1.4 wivdnguesnnuuana 19 Tald Chi-square ()

5D~ ND}<1)
#| % & ks

=y ae
=312
A Chi-square value 11061713.84 (A3 8A3 105z HIITMadoni Iiwa

ot d‘ ' 1 o Ll o o o QQA A nll
ez I51asgun Iwauan liuanawfuedaliivdmamesoananudesiv 0.0s
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ad a

L) H J ar -y -
2.4 wamsnaaoun1w 14 1dve i Ins et idaulastiv Heudu3iSns e
. a d 3 4 v i
994 Environment agency lumsimszim ¢ perfringens type A dinedu lunihudanrums

LI - | @
ALY 7 U

ar

§ a 1 : o el 1 o a o g
ﬂ'lfl\‘lﬁ 2.6 Nﬁﬂ"li'llﬂi'lgﬁ’ ADUNUNVINHIUNMTUYLIUY 7 U Tﬂtfﬂ'l‘i')!ﬂ‘i'!zﬂﬂ'm Environment

-,

£ a o L 3
agency ¥41% TSC agar o35 Maulasvuds1d Modified TSC medium

§rdui isimsnzie Sl %4 1-9 cfir/100 ml
TSC agar M-TSC TSC agar M-TSC
1 0 - - 1 0 - -
2 0 : . 2 0 < -
3 0 - < 3 0 < -
4 0 : ¥ 4 0 - ;
5 0 = S 5 0 - -
6 0 - x 6 0 ] \
y 0 - - % 0 - -
8 0 - - 8 0 - :
9 0 = - 9 0 - -
10 0 - - 10 0 x -
11 0 > - 11 0 - y.
12 0 - - 12 0 - -
13 0 : ; 13 0 2 :
14 0 . = 14 0 ] :
15 0 - = 15 0 - -
16 0 - - 16 0 - -
17 0 - - 17 0 - -
18 0 - : 18 0 . .
19 0 - . 19 2 + :
20 0 - - 20 0 - -
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4 - w ' e” o [ [ a
ﬂ'ﬁN‘ﬁ 9.6 (ﬂ'B) Nﬂﬂ'ﬁ')lﬂﬂzﬁﬂ'}ﬂﬂ'ﬁu'Ill'll\'lﬁﬂ'luﬂ'ﬁu‘lﬂl%\‘l 7 WU Iﬂf]ﬂ'lﬁ‘llﬂﬂz'ﬁﬂ'lll

& acde d &
Environment agency #9149 TSC agar uazAsnaauastiud a1 Modified TSC medium

§reui 9 10— 99 cf100 ml $rauil %39 100-999¢£ir/100 ml
TSC agar M-TSC TSC agar M-TSC
1 0 2 : | 4 ¥ ¥
2 0 i : 2 0 : ;
3 0 - . 3 0 : .
4 0 ’ : 4 0 R :
5 0 g \ 5 0 : g
6 0 ) - 6 0 \ .
7 0 : | 7 0 : ¥
8 0 . - 8 0 . .
9 0 | : 9 2 4 %
10 0 ] y 10 0 ‘ '
1 0 = : 1 0 C ]
12 0 . A 12 0 £ i
13 0 \ : 13 0 : |
14 0 3 \ 14 0 : [
15 0 x \ 15 0 ; :
16 0 : / 16 0 N :
17 0 3 ) 17 0 / b
18 0 $ : 18 0 : :
19 0 - - 19 1 + -
2 8 + - 20 I = +
PA = 2
PD = 0
NA = 74

ND =
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24.1.1 M vediTmMsins1eH (Relative sensivity)11ngA3
PA
PA + ND

(2/(2+4) )x 100

x 100%

Relative  sensivity

= 33.3%
2412 AN UNIZYIITUNTIZH (Relative specificity) 1INYAT
: Iy NA
Relative  specificity= —  x 100 %
NA + PD

Il

(74/(74+0) x 100

100 %
2413 MIMIANUYNABIVBIITAUNTIZN (Relative accuracy) 910
qA3
PA +NA
P4 + PD + NA + ND

((2+74)/80) x 100

x 100 %

Relative accuracy =

95 %

24.1.4 wiisdnguosnnuiana1dlaely Chi-square ()

, (D~ ND|-1)
~ PD+ND

4

=Clo-4| - 1roms
=225
A Chi-square value 11901313.84 (taaed1 oA msznII smadeni 1wa

Al d.' 9 i I o i o o ar nad’ d; n'.v
U'Jﬂl!.ﬂﬁ')ﬁu1ﬂ5j1u‘ﬂ1ﬁNﬁ‘lj’)ﬂulmmﬂﬂ'Nﬂuﬂfﬂxﬂluﬂﬁ'lﬂiy'ﬂ'l@ﬁﬂﬂﬂﬂ'l'mﬁiﬂllu 0.05
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