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3t 1. Properties of Bacillus anthracis and other Bacillus spp.

Property B.anthracis | B.cereus |Bmegaterium|Bthuringiensis
Capsule formation variable - variable ~
Motility - + variable +
B -hemolysis ~(or weak) | variable variable variable
Growth at 45C slight rapid variable slight
Sensitivity of penicillin S R S R
NA with 0.7% sodium| mucoid
bicarbonate under 10% CO,| colonies |unchanged | unchanged | unchanged
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a3 1. &4 toxine F&71HA

PA A PAe3 —* PAe3 + EFor LF
(83 kDa) Protease PA20 ‘
(Furin) H* Endocytosis\
PA-EF PA-LF
l translocation l
. Cytosole Unknown targets
CaM ATP
N
cAMP Lysis of Macrophages

Y Y

Edema Lethal

¥ 2. Toxic and Immunologic properties of B. anthracis toxin components

Factors

Toxic activity

Immunologic activity

Edema factor(EF)
Protective antigen(PA)
Lethal factor(LF)
EF+PA
EF+LF
PA+LF

EF+PA+LF

Inactive
Inactive
Inactive
Gross local edema
Gross local edema
Lethal
Edema, lethal

Serologically active, nonimmunizing
Serologically active, nonimmunizing

Serologically active, weakly immunizing

Strongly immunizing
Strongly immunizing
Immunizing

Immunizing

949 gde AARAANM F A sbsdel Uk WAE BF

2 2 udE 5 ¥E4Y 20 A9 WAL F2 JYY wAw A 2
oz
v

1
¥ EY, FR2 4 aerosol 58 HAEFoEHN FE &
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£ 3 AW Vs dxd o4 4%

X P 24 2y L%
e | o2 |ds| 22 |as| X |de| 22 €E| o2
T T T TT T
1907 | 156 1926 | 209 | 1945 - 1964 24 1983 0
1908 | 275 1927 | 248 | 1946 - 1965 28 1984 0
1909 | 550 1928 184 | 1947 - 1966 o 1985 0
1910 | 795, [1929| 219 |1948 45 1967 1 1986 0
1911 | 876 1930 87 1949 52 1968 1 1987 0
1912 | 1,342 | 1931 96 1950 12 1969 2 1988 0
1913} 1,373 | 1932 113 | 1951 34 1970 1 1989 0
1914 1,754 {1933 70 1952 | 105 | 1971 0 1990 0
1915 | 1,397 | 1934 84 1953 42 1972 2 1991 0
1916 | 1,383 | 1935 104 1954 24 1973 1 1992 0
1917 | 1,163 | 1936 82 1955 2 1974 1 1993 0
1918 | 1,284 | 1937 176 | 1956 1 1975 1 1994 2
1919 | 735 1938 133 1957 0 1976 0 1995 1
1920 | 594 1939 182 1958 2 1977 1 1996 0
1921 784 1940 | 125 | 1959 3 1978 1 1997 0
1922 777 1941 o7 1960 61 1979 0 1998 0
1923 | 666 1942 41 1961 28 1930 0
1924 | 561 1943 - 1962 o7 1981 0
1925 319 1944 - 1963 9 1982 0

432 A5t AN 1942d00E B4 28 33} 18 AFPEE B
Hol 4% FEWPel Agso] gom WY Folt AW 13 FFUwel I8
Hol o) BAWAL 192235 H 10418ANE BX 1B 2L 28 WAL A1§8
A3, 194297 19699744 @A 28 AERAL AHgste] gt 19659 %

Bl o8 §& gAY 7FA FAEE FA dwstua A4 ZFA T

toluene H7He 71ZA 28 WAL EF Azt 2449747 AFHE F738
s owdg usgn ol EFWAL FWHS BE EFE wlS srsigon
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A} & HEge 3o 922 187 nASY Ty & Sdolzo thaA
Ein

methylene blue FA RS A & WE dojxmdyg HEFgo=

(1) Indian ink 424

244 &2 d%o] e ¥ MIFY & & JFHO 2 Indian ink T W
<& WA EFTT AdF A O Z cover glassE ETol=d] G Auje dn
Aoz FAE FS F nufgolx AT FAE FeA FA FA FHA F
Aol vFd JHS £ 4 vk GAdo] vF Fow IAste AlEslol &

4282 44T Bola 25sks e 94X woloparh
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t}) phage splitting assay

YA F LS agar plated] HE32 & AxH F @D phageE Zol=
th. 37COAN 10~18N7 wFstn Axs #FATh FRE  plaguert oW
phage splitting ¥AJolgti BA o).

n

#}) penicillin inhibition assay

100U/mé penicillin £ 4& 45~50CE2 ¥zt4d agardl 10U/mlsE= H7ME &
Aeddse FA e 28 F JPAAEE HFIY F2 q4RAE 10U/m
penicillin®& B o2 HXA HAATFE HZE3 agar platex o] FHEEY. 37T
oAl 8~10A1ZF vkt T F949 55 &A@t penicillin AAEF 9
dNYor FE MUY 7oA A4S LY & Y.

) FEAY

350~400gAZ9 AZE 71Ug & A Fo] 2~25Kegd AR EVE AY
sto] BAF HAA S AAET /g A& 100~5007) ot¥olx, E
71E 1,000~5,0007] olXEolt}k 3t FALE AAgtojof HF Wge EAH& #F
at7] Wit g@A ZEFLE BE T2A0 W AJdFEES AAMAZE F I
A B2& BASE HF 28, 20, JA8FF, FAEY 994 20 59 &
e BEE 4 v 8 JH3HE impression smearolA HMFAHA FYol

1k BATE FolE F AUk

u}) Sodium bicarbonate H 7} wl %

0.9% NaHCOs7} 718 gduA o] HFeti 5~20% COx73elA 18~24
Az djFsE Aeld Mol YABT o AL Sehelmoe] EusW AnAL
2 AT NS P 4+ Ak BAETES FUY FH7F EAH 0S5L R

qge G4
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cryotube= THA] -70C WY& 1ol AA B #@3o

AL, §X7 295y F& AASA dAT LHqFE Alse UH, %]
U 49 QoA JAGFAE AEst dAIGH FHAGE st BEHIF
H, HARS S T& AR89 W g A (Anti-PA)E AAFSt AWe dgsE
<€ &A3= ELISAY %] 3t
) g9 A AAR:

A9 A AAlde B FANIHAEHE /IR0 opyt A&yt
$), B EFFEAY, B TSNS E2FHUT

7}) Ascoli test

g$A AAA AL dXTE E7o AYFAStY HYAIZ F agar 4t 4
oA G7H7t 1116014 0] HE APt T Yot

(1) 7FE & 7urg: 93 AZA ES 5~108) ¥ 1027 Y F 2500 rpm

oA AAst AEAe W=tk 03~05m YAA FAHE Ascoli test tubeo] ¥

ok 2 & F 49 A AAG 9y Mol ey A4 BA-E Hdo.

(2) B98auts: ¢£x71 %2 Noble agar& PBS( pH 7.2~74)% £33}
1% agarE wrEo] HEHYHM EFa FAE 9 03cmel® §i ¥ punch
2 agard] wellE A}t wellA A2 05cm, welldt 2332 05cmeolth. 5% well
o FFL A AL Arstn FH weld I FLE wellF 0.1mH A7
o FE7F FAGE ARl ¥Wal 37ToA 10~24A17F ¥bgA DT S¢F o=
#2E & e FRY 9N A™dgrt Yedd FARAHS Hdoh

d)

W) WAy
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(D ¥4 F49 Az ¢ ¥4 44 wx1:1) FL sodium bicarbonate
(0.9%) agar plate®] Pasteur No. 2 ¥#F& HEIT. 283 5~20% CO: 79
A skl @ AE7 52 BHAE wEl gFol=9 8 EEstd Ad 2
2% BolA nAIYGA Aot a2y vy FAA =2g2eA] GRS Fo5)
of oy,

(2) 99 I3y A4S JY &@ol=F FHst9 FIAE tA A2,
1:4, 1:8, 1:16, 1:32, 1:64, 1:128 34 uv]&)& &etol=9 7/ = sAZ

A e il ERelE @A ¢4 WL WERToE Wheh ¥He

o

o H

T BEEE 9e 7 e AEE HUSIA AE A2V e i FHeE
i, 37TAA 3083 weAIY. I oE EelEE AU & AAstm
0.01M PBS(pH 8.0)2 7HAl Wl AHstn SR 7PPA 1833 A¥dn. @
¥ $ T FITC anti-sheep(rabbit) IgG conjugate® A 7}gc}. & A17F A H
WS e 2o vEA A dxTo] lojok dt ojn dugle A RS
AREEEE B AR ¥R ARG v+ AE G dERToE e
FF drdE HA 239 34 22 U3 2ok

“bres” PU H]E Bre =4 P =37

Sl LA

ek
o
o
)
rO
b
>
rir
N
b
N,
o)
2
o}
b
aul
2
1o
N
N
elo
ke
rir
N
N
o
ol
Joit
Je
°
i
-
o2
kol

7H) ELISA
ELISAZ ¥ A Tripartite 54% PAd d3 A& ZAHs.
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(1) PAZY #H]

/%" RM E+ R-medium ®j#A|ol| Sterned % %‘3&0}&1 37Co A 23~28
Az W & ZA dgstd FAE AAGT. 43T FLE& ammonium
sulfate® H71sldd AA  %ZA 7l ¥ Anion-exchange, Gel-filtration,
Hydrophobic-interaction column®&  A}&3te]  high performance column
chromatography system< ©o]-&% AAl =& & PA¥A IgG affinity columno.&
AAS ngxke] PAE THEH.

(2) coating ® ¥H&

coating buffer(pH 9.6)= PAE 05~1u/mo) FEZ 343tel 96 well EIA
platec] welld 100444 Y3 4TolA overnightdte] coating@th. F4& AAs:
T 005% Tween20°] E&® PBSZ A # AHgth 2% bovine serum
albumine T 1% skim milk® 1A17F blocking® o}, thAl Al ¥ AFR . A3
H4¢e 348 43S welld 100u2 3 37CAA 147 59 incubationd ¥
23 AT A BN 439t HRP-IgGS welld 10021 37TAA 143
%0} incubationdt ¥ A W A H g} SubstrateE welld 10023 204 A
SaA wee AAR F AFFE Azte] 0 @ 3M HaSOs8 9 50E 2

rr

(3) 2HA=
P/N value7l 20134 o ¥4z #AdAG.

e e o] ot X ¢
& AT ATl ATH AMH

1) Multiplex PCR
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PCRS AdExoz A eox DNAE FEZ3e WHoOBA, olF uze
genome DNAZ template2 31, ¥ %] primer®] =3t polymerase DNA 9]
HEE A Z8S T3l P AW T LF DNA fragmentE 100%H~200% s =
STHIT. o] WYL oln @we AW A @o] &I Ut AT #A
< primerE FAS = Uk Q¥ 02 primerE A ASE 9FHE primerE
A 4 3, 28 dols AFEHE TXEANE & 5 v SAF Jo
plasmid®} 24 plasmid% 9 Z+2t9] 5o] fragmentsE® PCRYWHOo=Z Z X3l

F 7FA primer®] HolAd# WS A

7}) DNAE & (Genomic DNA purification kit. Promega A1120)

gATE wddES 12,000~15000 rpmeE HAsd T& I+ F 50mM
EDTA 480 & Y3 ¢A3 HHFA71 & 10mg/mé Lysozyme 12002 23 z 2
A1t 37C water batholl A 30~60%3F ¥FEAIAH  cellS lysisAlZl ¥ 12,00
0~15,000rpmo.2 AH3te] pelletE Tt 7)o Nuclei lysis sol.& 6000
Y & B{AZ F 80C water bathollA 1087 ¥hgA]A AL lysisA| 7t
ol 7)o RNase solution 3ulg #H7bstz, 943 4 & 37CA 15~3083F
HES- A7), A2 02 2%t} Protein precipitation sol.& 200p0% 3L
St & He F dgol 583 HANA proteing FAA LT 12,000~15,000rpm
o2 dAsd AFY 600mE =A2EA HGE FEE AT o7]d
Isopropanol 600utE ¥ 71HA FEE E£5° DNAZIEo] By wi7tx] HoE
o} 12,000~15,000rpme.2 YA 3ste] DNAE 383ta of7]d 70% Ethanolg %
3 44 AAANA DNA pelletd washing@th. pelletd] F£& AAs TE
buffer(pH8.0)E HfAI1Z1 ¥ 20T E@gT}

1) DNASZ

d7 ¥ PCR tubeel] ¥ & vEETY
10XPCR buffer 5ul
25mM MgCl2 48
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10mM dNTP s 108

primer(forward & reverse) ZF 1l
template DNA 110
Taq DNA polymerase 1L
D.W ‘to 50ut

94Col A 583t initial denaturationdtx ot 2L wrgzHoEZ ZFEZ L3
o 94TolA denaturation 1, 58Tl annealing 12, 73C°l* extension 1
S 30 w239 A 73CAA extensionS 5EZF dta, 4TolA BH#3o)

2}) Primer
g F£8 #HAAdAA FHY 249 FHAE g5 e Capsule
plasmid(pX02)¢ Toxin plasmid(pXOl)oll W3 Eo]Z <l primers A% L,

ol & primerd F7IMEL H 67 Z}.

¥ 6. Nucleotide sequences of primers

primers nucleotide sequence location  size(bp)
CAP 9 ATGTATGGCAGTTCAACCCG 617-636 778
CAP 102 ACCCACTCCATATACAATCC 1394-1375

PA 8  GAGGTAGAAGGATATACGGT 2452-2471 597
PA 5 TCCTAACACTAACGAAGTCG 3048-3029

EF 3 CAACCTAATCCATGTCACTG 42-56 1948
EF 4 TTCCACACCTTCTTTCTTC 1271-1289

LF 10 AGCCACAGCATCGATGTT 1460-1479 261
LF 11 ATCCTGCTCGAGTATCTGGT 2320-2339
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n}) PCR Azl

28 3. B. anthracis Genomic DNA| A Multiplex PCRel| &%t lethal factor
(LF), protective antigen(PA), capsule(CAP) genes &Al A&
lane 1. 1kb ladder, lane 2. B. anthracis Bongchun strain, lane 3, B.

anthracis Kyungju strain, lane 4. B. anthracis ATCC 14578 and lane 5. B.

anthracis Sterne strain

2) plasmid electrophoresis map analysis

plasmid analysist o5 7, 199 2 As Z=2E FH3E 717 VIes=
A ax7e F 71A plasmidol € 24 encoding® 49 @ eho] o plasmid
o A% FFY =HY HAEE FAATYT £ 902 =F plasmid electrophoresis
map analysis® §AF B4 #FE Bstn ZAAI}E ofF #&% wioln W

HE ofefe} 2.
HE TFE 5md broth¥i Aol HE8te] 37C water bathol A
WA wjokart 1S wA 5meel 2L wixo] HEs 3

plasmidg& %3}
2

1241 s A
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7C water bathol A K eatd A wjokdtcy Hn2 wigo] AL W 15ms wA
8000 rpmolA 587 YAsl A&dE W 3 H ¥HEFT. Solution I
[lysozyme 10mg, 0.5mM EDTA 20u4(pH8.0), ImM Tris-HCl(pH8.0) 200x¢, 60%
saccharose 1.25m¢, H:O 353m¢] 100uLE& ¥ & ¥ & SolutionI [ImM
Tris-HCl 2004£(pH&.0), 60% saccharose 2.5m¢, 10N NaOH 180u¢, 20% SDS 1.5
m¢, HoO 5.32m¢] 20048 Eu 7MHA &0 &3t 60C water batholl A 30
5 vhEAIZITH10 ZAog ZTES F). 2mM Tris-HCI (pH7.0) 100[1,@-3

P
=

U3 e 1087 Eo}. thA 5mM ammonium acetic acidE 200u0% 3 €3l
20%7F £} 15000rpmoll Al 2083 A4 F AFAE A KR 713, 20 %
o] 425 Hbste] -25ColA 241z WX gk 15000pm o2 153 A48k
gade van AL BRLZZ 1~28 AHE 3T AT Axst] 10~20ul
1X TEZ £83st3, 54 loading dye® E3te] A7 gF3c} whef énzyme
excision & clonings #4< & 4% productE phenol/chloroform® 2 %3}
oot sttt BT plasmidE #7195 Ax9E YA, F=E5d2 F 7FHA plasmid,
3= AL encodingstE plasmid(pXO)EA &3 185kboli, ©& sty
F o2 encodingdtE plasmid(pXO02) 2 A A2 95kbe| o,

rr

3. A8
gAFe AYolA o

ok
of¥
o
N
A
olf
tlo
ox
11k
__O‘L
K o
i
o\
H
>
K-y
o
i
_(L
gl HU !
n
&
2
¥2,
o
a8
L
=
)

sp £, &% wek kgMFD 12000~17,0000 FFach 6~8A7kF Lt
FF %9 penicilling AHxF FoF 'CIZPEL %2 procaine penicilling 48 FE &

B kg% 6,000~12000U& A}&3tc} WAl 24~48A2EF AR FARSTE 547



FH7t old A4 EL A%AH AAE HsME SK5FA FA=R
7 Jo. 2 F7] penicillindl Hd WA TELE A X
3]7] 98] Gentamicin, TetracyclinAl, QuinoloneA| Aj ¢} ¥ &3lH £} A
B9 FIHE ALt AT S JAstL S48 T 5 Ao 2y FE
AL 95 AHEE F Ad w=A FAAG A ARstoordth ¥ 73 & 82
HZ T BT BEETF dF FAA A AHE SulfadlE AL

2FFA T A FAAS RE ¥ AFAE EA A HE F
W Bl #3dA BE0] PenicillindlAol sl vz & SEoN SFAHE
Holm WA 5 /I5AE feidth was @x9 A8 R %S FHew I
BAE AEE 9 PenicillinAl Al #5telyzt 2 F7)o] @xdol i dFHo]
¥=-2 QuinolonA All, Gentamicin, CephalosporinAl %3 &7 W83l A&3l= 7
o] upghA s,
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% 7. 3AA DiscH At

EETF 28 dFF 7] &

g A A
14578 | 1418 | Steme | $T28| ¥4 | A5 | 34 WHO' | NCCLS?
Penicillin(10U) 32°| 25 | 25 27 29 | 30 | 25 [11-17%| 13-17
Ampicillin(10ug) 30 | 28 1 26 | 26 | 30 | 29 | 25 |20-29| 19-20
Amoxicillin(30gg) | 38 | 34 | 33 31 34 | 33 | 34 [13-21] 13-18
Methicillin(5ug) 35 |25 | 30 | 28 | 30 | 30 | 33 | 9-14| 9-14
Norfloxacin(10ug) | 30 | 19 | 28 27 | 30 | 27 | 26 |14-17| 12-17
Chloramphenicol(0ug) | 30 | 24 | 21 25 | 21 | 20 | 20 |12-18| 12-18
Cephalothin(30zg) | 36 | 31 | 30 | 34 | 34 | 30 | 32 |14-18 | 14-18
Tetracycline(0ug) | 34 | 30 | 31 35 3 | 32 | 30 |14-19| 14-19
Oxytetracycline0gg) | 33 | 29 | 30 | 31 |- 32 | 30 | 30 |14-19] 14-19
Gentarmicin(10zg) | 36 | 22 | 24 25 | 24 | 25 | 25 |12-15] 12-15

Trimethoprim—
Sulfamethoxazole | 0 0 0 0 0 0 0 |10-16| 10-16

(1.25 - 8. ug)

WHO: World Health Organization ‘

NCCLS: National Committee for Clinical Laboratory Standards

1.
2.
3. zone diameter: mm
4.

susceptible = intermediate(EA| ¥ 4 32]) = resistant
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¥ 8 MICs & MICo A}

1 g 4 A
T F &= (ue) .
AMC |CLXC| OTC | GM | CHP |CPLT |NFLX
MICs | 013 | 1 | 013 | 05 | 8 1 | 025
ATCC 14578 .
MICo | 2 4 | 16 | 1 | 16 | 2 | 05
MICs | 013 | 1 | 013 | 025 | 8 1 | 05
ATCC 14185
MICe | 8 4 | 16 | 05 | 16 | 4 1
MICs, | 013 | 1 | 013|025 | 16 | 2 | 025
Steren
MICs | 4 8 | 16 | 05 | 32 | 4 | 05
MICs | 013 | 1 | 013 | 025 | 8 2 | 05
ST28
MICeo | 2 2 | 32 | o5 | 16 | 4 1
MICs | 013 | 2 | 013 | 05 | 16 | 2 | 05
2 A
MICo | 8 | 16 | 16 | 2 |.32 | 4 1
= MICs, | 013 | 2 | 013 | 05 | 16 | 2 | 05
: MCo | 32 | 64 | 16 | 1 | 32 | 8 | 1
] MICs, | 013 | 1 | 013 | 05 | 16 | 2 | 05
s A
MICo | 16 | 32 | 16 | 1 | 32 | 4 | 05
WHO71%* | MICs |32-8"|32-8 | 16-4 | 8-4 | 32-8 | 32-8 | 16-4

1. MICsp, 509 minimum inhibition cOncen‘pration;
MICg, 90%6 minimum inhibition concentration

2. AMC, Ampicillin; CLXC, Cloxacillin, OTC, Oxytetracycline,
GM, Gentamicin; CHP, Chloramphenicol; CPLT, Cephalothin;
NFLX, Norfloxacin

3. WHO: World Health Organization

4. susceptible < intermediate(EA ¥ FX]) < resistant

_.50_




kls

VI. o]

iy

iEY
=

X

o
B
X

El

——
ils)

w

b7l fside etzabrh dgsol

S

Hog Y

B %
8l

1}

o)
=2

A B2 EgoA w©tAe A

I

9]
p i

ﬂﬁ.mﬂ

tod oflv}
1

SAgol LAy

7. %A
1) 2412

e} Al

h

.
o

ol

(1) dxtats
@ A A

2) ZARE

AJm

ﬂnq,o

7ME 5

2~
T,

&

@ HAHH AE:

R

plo
il

o0

P
o

[0

<0

{Ho

o
A

- 51 -

(2) &4 2=



A AT B4 LAY L A €A 244 AN AFrts A2 2
A AT @49 g3y FhHo HATH FAAT; @A 2T 2
Aol g A L diAs =2 5 £

@ =9 SAY A A @AY 2AYY; X 2H 3L 9
AR A TH Fold odd WA UG A= 2AGA B
B T8 47tA 712 R AdEs); AA &40 g a4

i

=]
H

-z
ok o

.
2

g WA o EEAL

NELENBIEE

2) ZAPPAS U §
@ AAZolY 8% A%57tE BEoh wUATRE 43 Fopdrt

AREY B39 ARAR(EE, %—%, 4, 99, dEAE KT, 15

LAAFFY AYH 874, ASEH(AE L AR 2F, 29754 FE, 24
of e AFHIAHE, 252 HA 7, 2549 TF 3ol O T &
ZE dokst 7ted AdY 2 MGAEE godstn 29 d WA A S
o & 8f) oF 3T}

ol FAFY AL
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H

2ol A% YAEA 2 2 AF, F554 EAARE
obatn e &% HEEE AYs FAET

@ A, |

gad geh BFou WAFY o, FHE, AR S AYst] ATHA,
AR Pl AGETh BoF RHAGALE ANF Y FANF S @
d 52 AAGTL TEF SEo] AEASUD F4, A8, 2AE, EF 52 A
A9 2 ABET BHI EASD, BB B FA DA AAsw, B
Zol} AAEo] 2ABAL 2T AL HeAok @k AAEAE A1)

3

A5t AES A

3) A Az
® A B
37 272, AA By A, 434, A AYAPA AHE &Y

el F3A BRe Bk WaA YA 4B AT A 2Abskel

BAZ JAHE WS AAE HEFHS AN AFH A Ao
2

F 85 FA AAERD SRy AYFH ma}

B>
e

@2 A, A7 Py, 79 ATl WP dwd AX, A4L vy

AE, 182 2A7EE A9, #d AL T ZAE &5 AA@H
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2. 493 ¢4 AYd d@ =A
gA el AEgdFe] B HAHE RAE WA At A3 ADEFH AL
H RS E801x Ay FAAF dste AT A E stojof Ioh

ol A3 BRIV T FAAE AIFEE FA AEVIH Raustn AEAY o

A 24 2 AGAG 9@ AP g At

eAge) BY 715 AP Aok sta FA Mzdok doh FASA W@
A % SFAAE AN o B ARy TokE ATk By 3
g, AES FABET 299G RAMNE ZA o}TE Y + YE &
2 a5dof gk 9AE 49 Tk el 25 AASH, AN
AAE GE AEeld $Eo AT ¢ YES WA A Aok s
BACE F4S WAy A3 TR A AL A I AAEL
Ay #de) Vo U FA AAF 2748 EALIY. gIF A8
AR H28 AAZold BAZ AAE BE

g st} g4ololof @t

A AAG d4BRE 1 AHA

o wA A A |

SAMOE A% WAZY Aele 243 WER 34 F AR BE 5 ok
27 g Fr2E AAE 2280 UEY & e A4S 71 A AR
ol 712, 94, 334, E2o AFHA ok F22A AT EE AE
o} SEol A ohUsts FAE AT AAl B szPEclt BE
2 &AL Fed NPT wet AA gk Aol BN $4 5% formalin®
2 A EEe A5 F 2wl snl 23 ewagdA 22 Fule o
& 8ok g

Qe ez sbg T, $EF WEL 24 PEolth 224N BEA =2
e g 7] ¢ ABE AAE 2 ¥ 9dd &

N3g Arbsted st YW AAAS ¥A ¥ 4 9= $Es Qems



W AFs Aslot B A2 HE FPolz AAE YIE AFAA 1mol
4 4E2 25 %1 $F SAck¥r)l EHel 228 4 Yonz WA
dol BEe JASA FAGL AFRAS BAF dof BT 2Fo|PE SAT
o 2dHUe Aoz 2ANE EE NE 3 34, Bk B 24FE 3477,
24T 5 AAS 2AAY ASsdof o0 UFd] AAEL ARG A
ANSI §4UE GGk B

e oie F2 s dATEL BUSE TANY 2R 257 AY

A
Hel fyL 4T AV Ao &5 gAY ANAFEE (DL ©@x 9

gAY AAZFL T2 24FEA &, F, DI Lol A5 FTAYG
HOR AFgINE BT & Utk ©A okTE 098 B, 298 EFF 10d
o4 LAFF AET F YCBE VA TANGUAAE P10l AA B4R

F gtk e @AE dpgsty] AsAE 2AAGRANAE FAG 25 AN
stook dtm wAA Gl tsels Btk A £F% AEY ANE YA sofo}
Bt

. 2w |

aAFe AdAelA 47 otz s *§*4%¥E‘r. g7 o}¥7} 9Rgre] 9 7
@ Aol v Wl LujE B FAME oIt ARE 5 g Baopy
g goke ARl dE AYAE ZaT BEd 2de AR Wil of
Z ol AW MY WHEe BT ol¥E AdsE A& FHoz mHstocl

Be)H 828 og3te WALEE AE B AAYT o PPe e



HH, 2

’

z7 BEd 59 Pyl A

0

2) #%H 4%

AEAE o835 ©A olEE AEAJE PHelth Fr wHez

rir
M
n

£, A7, £F253%E Pl ok

(@) 8A 250 &3] Agas 2549 4% 2 &5

29 @A VA ok 5 9UY AAE BHOT AEIHE 2SARE
Idophorus A &, AldehydeZd @9 Ex E&AA, 443 59 25AES0 AHEH
o gom oEe Abgudel e AT Wee 2SA TR wekd 2 A
AAbgrol wepd AbgshE B -

@ chlorined 4% 2%A: BT & ApEE F gz, A&7 H
Ao) Atk Eu W FARgo] ew ARE §718% pHY IFE 47

Bt 8% EE 3,000~10,000ppmel ¥ FEAIZHE 10~602 22 AlTAE

ACh
ol
=
N
N

FE=Aol gk 23U B 2 FAzgo] Ut 6% EE 0L HEHS 9
AsE ol EFATEHRE E F Y
® aldehyded AEA: ofTAFEH7} olF Tou AT LAFL BAY
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3% A5l gl &3 AHEEE Formaldehyde: 1~10%%EZ Abg3in
Glutaraldehyde= 0.5%~25%s =2 Al&3dtm FA axE LY F Y} =
T ETAFEOER ALY F Utk FA, FAY AT A5 HF st

@ Iodine°] H7tE 25A: FAo A, B#A3y] BIshy, Zgo] A3,
GAotxe g 8ol vlmA Fsiry a2y shHol & wig Holh IR
AHER o3& 150mg/LE AMSStY RV A o AMSE S T

® AN 2717 Sl FAF dutgolyd EFS AXE A3 4% Az
T RE 5%NAHI frAge v 4xdh 4¥F o 5UAE S1He YL
A= o] Frh.

5 YA FAg
(D 254 F9, 5 2 248 4AS 47k} o) AW ARl N =
FHE o5 Yor wBAAe) Hag FAstelor At}
(2) 25 YFsA AT whgel AN Asdol ok AT b

o] 2F%FE FEHAA AEF Fdok 5 oln] 25T EEFHY 250 HX
7_':]

@ £5 Aol BY ¥ 374 BA AVE) FAANTE A48 AR
oqof 31 ALF A% EHE Atk

4. A g=xA
7t AERS

gAE 8 gl 1% 715 Agwe &8y o] Awel waAs ¢ §3
< HAsE AL, A AALE FTAASY Fo #FH FAAEY FoF RS

NEPEES
BAgY welsh dige] glold AATLEE AY AAHo|L W T
Q Wolth e WA 53 B wel 4, el 2o FHsHo
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Vg FIAst 4 AR AEAAFGR] el AT AA S} Bk
AW YW, FEAY, GG2A, IS 24, P4 2 Y 5 PHA

& AZAA dF L AASY S FAA AL Bk

87 2LAEAE AAsHoF AT Y &
$doz gx q¥AFE s Aol

2 Yepol A 1922478 1941474X = €A 18 2 28 #AE A3
1942958 1969d7tA & ©A 28 Aolxuilg AM&3ste] gtk IuelA @xl
AT JE BAWNL 001% saponing A7FE A SterneotE WA 10%
toluenes H71g 71FA 28 WAL EFARs wrE Haolny A Pake
mF oFE7F oF 1,00090 Rt wid A FAEHE FL AdWEFAE 7
g+ U é—F% AUl EAE F A FAEE HiFer] A <
AR wE FALEE dAF AAHk drt. dFALY A5 FAYPL HEA F
ortet A AAlstodof gtk AE @A - 7]FA EFRA 2mE I EFAEHL
FALE 2~8Y TS ALHA #F B3I, AARE FE3 AAE F UAES
o, EFY S4d =EHA FEE Fstdof .

o

2]
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Vi 2

BARE BT 7dd ¢ FED AYA 2FE AP dIs F=
Aolnl, F4 AE A%y dEd PF ABRGE A ool ZEE A
e 71gcor ste Awolth wAMe WAL WA AYER F9 839
AL ol g Wi 98 & Uk FBANE BA 2] AU AN S
FAoz dd AAY dEAETE AN 30, A VAR Yo| He B
Zo| 2R 24 Ay BA7 B Audte] 1 AN A Aestelof
k. 7hE o] ARSL ASAY, EF 5 FHRAL otEAA AT &
A 2FAZ FAY 250k dnh ARel AL GEAD 59 2 Y=
HolAe tEm, P4 5T HFo] Be AFEL Hed @ AWHFL @

M @AE 2 custelol & o]t
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B2 1. A AX

1. PLET agar medium

Z A Difco heart extract - «-- - o 25mé
EDTA ccrrrrvrrereemaa e 0.03g
Thallium acetate - - --crrrrrrrrmrmerr s 0.004g
ddHZO ............................................ loome

pH 742 231 121 A 2087 78] 45~50C744 Wze ¥
o}d AleFEe H7HETh
polymyxin B ..................................... BOU/H]R
lysozyme ........................................ 300U/m2

2x B¢ SEdHde 2

N
)
kY

2. indicative A1 €jujj |

Z A} Drotein Peptone - -« crrsiei e 2.0g
SOAIUM ChIOHQAE -+« r s rrrrrrrrermr e 05g .
broth(or yeast extract) -« -« «--rwr-rrrrii et 05g
EDTA -« ccvorrrneeeee e 0.03g
thalliimn ACELAtE -« r trrrrrr e 0.004g
CItEIC BCIA ~ v o oot 1.0g
0.29 BTB -« rrrvrrrrarree e 1.2mé
QAT POWAET -+ oo rrrrr st 1.8¢
AAHZO - o r e 100me

pH 7622 233 121TColA 20&3H H 75t 45~50C7HA] ¥ 2HA| 7]

obel NeFEE BT |
polymyxin B(3000U/mg F& @) ----vvori e 0.1ml,
1y50zyme(30000U/ml Z2-8-ah) «rvrrreerar 0.1mé
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3. Sodium bicarbonate agar plate

ZA: 712 WAE A F 45~50CT2 YZAZ) & 14 sodium bicarbonateE
2557} 09%2 52 AAUT EGF 34 Wedde] 2Ea

4. RM-medium

Composition lé)m: /5%2?8( Solvent 5 Liter
L-tryptophan 350 a little 1M HCI - 2omd
Glycine 650 Distilled Water 25mé
L-tyrosine 1440 1M HCl 25md
L-lysine HCI 2300 Distilled Water 25mé
L-valine 1730 1M HCI 25mé
L-leucine 2300 1M HCI 25mé
L-isoleucine 1700 1M HCI 25mé
L-threonine 1200 Distilled Water 25mé
L-methionine 730 1M HCl 25mé
L-aspartic acid 1840 1M HCI 25mé
L-glutamic acid 6120 HCI1(37%), 4m4 25m
L-proline 430 Distilled Water 25ml
L-histidine HCI 550 a little 1M HCl 25m
L-arginine HCI 1250 Distilled Water 25ml
L-phenylalanine 1250 1M HCI 25ml
L-serine 2350 Distilled Water 25m¢
Adenine sulfate 21 1IN NaOH 25mé
Uracil 14 1IN NaOH 25m
Thiamin HCI 10 a little 1M HCI 25mé
Cysteine 250 Distilled Water 25mé
CaClz 2H:0 74 Distilled Water 25m
MgS0O4 7TH20 98 Distilled Water 25mf
MnClz 4H0 10 Distilled Water 25mé
NaCl 14.6g
KCl 18.5¢
KH3POq4 - 23g
Tris base 45.3g
Glucose 25.0g
NaHCO3 : 40.0g
Distilled Water 4.3L

Adjusted to pH 8.0 and filter sterilization

_62_



3% 2 49z

1. preparation of gram’s dye solution
7}. Solution [: crystal violet dye solution

Sol. A: crystal VIOIEt « v vrvvorrrrr 2.0g
O5% alCOROl « - rrrrrrrr e e 20me.
Sol. B: ammonia oxalate -+ - - - e 0.8¢
ddeO ....... 0ml

g8 o Sol. AZ 58] 4], = sol. A 20meS 80mé sol. Boll H7bste] E3slod
Ab23), o] solutiong A717F BBEF: AMEE 4 gt :

. Solution O: Gram’s Iodine solution

Iodine ......................................... 1 g
KI ............................................ 2 g
ddHZO ...................................... 300 m 2

4 KIg 30~-50me] FF<ol ¢ F lodined ¥ A &8 Hed
Iodineo] ¢#A3] =L & FHFE 300mE w7tA H7rdg. o 1§

T3 ALgE7] A wEo] ARS8

t}. Solution II: 95% alcohols A2 A&t}

2}. Solution IV: Safranin dye solution

Safrarlin ......................................... Olg

2. Preparation of methylene blue dye solution

7].. Solution A: methylene blue - --- 03g
95% alcohol .................................. BOmg
]4.. SOlution B: 001% KOH .................................. loome

Solution A ¢ SolutionBE &33te] ZAHo| B st ALE-3T} 7|7+ B 3ol
7bseta #H2 gAade gas oo gart £

3. malachite green=. 2 A o}l ¥ HAl Z |

7}. Solution I: malachite green « - ::: v ovrmrr e e 5g
BB e 100me
. Solution M: Fa] A oo 0.5g
EE LT i i 100mé
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4. Safranin °}%
7}. Solution 1:

1}, Solution HO:

t}. Solution II:
N

B:

A B A

safranin carbonate

safranin E3}4(100m¢ 95% alcohol+3g safranin) ---- 10mé
5% Carbolic aCid _T_%.QB‘ ......................... gomﬁ
TS st dEAAVE AATH

0% |Ait &=

e 3l
95% alcohol ................................... 97m£
o] % methylene blue o 3} <4

methylene blue ................................. O-3g
95% alcohol .................................... 30m€
001% KOH .................................... loomg
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Y% 3. ELISA € bufferA| =

1. Coating buffer(pH 9.6)

Na2C03 .................................................. 159g
NAHCO;3 v 2.93g
D o vt 1,000m4
2 Phosphate buffered saline(PBS, pH 7.4)
NaC1 ..................................................... 80g
KHZPO4 ................................................. 02g
NaZHPO4(anhYdrOUS) ..................................... llgg
KCI .................................................... 02g
D W - r e e l,OOOmE
3. PBS tween 20 buffer
0.05% tween 20 in PBS(0.5m¢/D.W 1,000mé)
4. Blocking buffer
2% Bovine serum albumin in PBS(2g/PBS 100m{)
5. Substrate
0.1M Citric acid(9.6g/D.W 500me) « -« -ccvvrvrrrrreee. 25m
0.2M Na2HPO4(14.2g/D.W 500mg) - - c-vvvvvereeee e 25.7md
OPD(O-phenylene diamine) -« rvrvroromesrseanes 40mg
3096 HoOg +c v vvvrrem s 400
DW ................................................. SOmz

6. Stopping solution
3.0M H2SO4(H2S04 147m¢/D.W 353m¢)
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6) AlFHAL (£ W)

. @9 2 NI WBE, AFF, FBRYHDS BE FHuA

& (37T A 244]3H)
o FHFY e FE RYY TEY A (AH 3~5m HH, 9L 3
° —E,—F’,]ﬁ' Al A}
B. anthracis © 2Z(+)A 3T 5T £8AL gt

(7) A2 A& (Polymerase chain reaction : PCR)
o BrAR o] ztam ¢lE Capsule. Tripatite toxin geneg F3x =i L
2 (PCR) 93t A=

o primer A2}

capsule(778bps): forward ATGTATGGCAGTTCAACCCG
reverse ACCCACTCCATATACAATCC
PA(597bps): forward GAGGTAGAAGGATATACGGT

reverse TCCTAACACTAACGAAGTCG

o HF2 ol : JOXPCR buffer -« --creerrrrraaiiiia 5ul
25mM Mgc12 .............................. Sﬂe
IOHLMdNTPS """"'"""""""""""l,Uze
primer(forward, reverse)-----:--rocee - ZzZk 1k
template DNA .............................. ]-M
Taq pOlymerase ............................ 5”/6

FREE 232 50} AES B

o W ZHA : HZE denaturation 94T 4%

denaturation 94TC 1% |
annealing 55C 1% 30% '*30§] e
extension 73C 1% 30x

u}x] 2} entension 72T 5%

8 & HF A¥
o FH7F @AE A5 A A
o AR B R A FAE THHET 23] o] 24
o AetA BT HAd daidE 7tE (70T 158)F A7 o] &
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K% 5. OIE Manual, chapter 3.1.1.A. Anthrax

SUMMARY

Anthrax is primarily a disease of herbivorous animals, although all mammals including
humans, and at least some avian species can contract it. Mortality can be very high,
especially in herbivores. The aetiological agent is the spore-forming, Gram-positive rod-shaped
Bacillus anthracis. The disease has world-wide distribution and is a zoonosis. Anthrax is nor
only of improtance to the livestock industry, certain populations of wildlife and humans,
especially occupationally exposed people, it also supplies numerous models of historical as well
as present-day significance to the current understanding of bacteriology, molecular biology,
toxicology, immunology, and the pathogenesis and epidemiology of infectious diseases.

The disease is mediated by exotoxins. Peracute, acute, subacute and, rarely, chronic forms
of the disease are reported. Ante-mortem clinical signs may be virtually absent in peracute
and acute forms of the disease. Subacute disease may be accompanied by progressive fever,
depression, inappetence, weakness, prostration and death, Chronic disease may show localized
swelling, fever,\ enlarged lymph glands; death may occur if the airway becomes obstructed.
Post-mortem examination of recently dead animals may show any number of lesions, none of
which is pathognomonic or entirely consistent. Lesions most commonly seen are those of a
generalized septicaemia often accompanied by an enlarged spleen having a ’blackberry jam’
consistency and poorly clotted blood. Haemorrhage from the nose, mouth and/or anus at death
is a common sign.

Identification of the agent : Visualization of the capsulated bacilli, usually in large
numbers, in a blood smear stained with polychrome methylene blue(M'Fadyean reaction) is
fully diagnostic. “Bacillus anthracis is readily isolated in relatively high numbers from blood or
tissues of a recent_\ly.'»g.dgad animals that died of anthrax, and in pure culture, on any nutrient
agar incubated aero.bicéilyf at 377T. its characteristic appearance on blood agar makes this the
medium of choice. As fﬁé:-céréass decomposes, especially in a warm climate, the putrefactive
bacteria tend to overgrow and eventually eliminate the infective organism within the carcass.
Confirmation of anthrax in these cases may depend of isolation from soil contaminated by the
terminal discharges.

Colony morphology of B. anthracis is quite characteristic after overnight incubation on blood
agar. The colony is relatively large, measuring approximately 0.3~0.5cm in diameter. It is
white to grey-white, nonhaemolytic with a rough, ground-glass appearance and has a very
tacky. butyrous consistency. prominent wisps of growth trailing back toward the parent
colony, all in the same direction, are sometimes seen. This characteristic has been described
as a 'medusa head’ appearance.

The vegetative cells of B. anthracis are large, measuring 3~5um in length and
approximately lum in width. Ellipsoidal central spores, which do not swell the sporangium. are



formed at the end of the exponential cell growth phase. The cells stain strongly Gram
positive, and long chains are often seen in vitro, while paired or short chains are seen in vivo.
The bacilli in infected tissues are encapsulated, but this characteristic is lost when the
bacterium is grown aerobically in vitro. The capsule can be induced by incubating in
defibrinated horse blood for at least 5 hours, or by culturing the isolate on nutrient agar
containing 0.7% sodium bicarbonate with incubation at 37C in the presence of COz

Additional useful laboratory confirmatory tests are the absence of muotility, susceptibility to
the specific diagnostic(’gamma’) bacteriophage and sensitivity to penicillin. Primers are now
available that can be used to show the presence of the toxin and capsule genes by
polymerase chain reaction as confirmation of virulence, replacing animal inoculation. A
thermoprecipitin test described by Ascoli in 1911 is still used in some countries to supply
retrospective evidence of anthrax in decomposed carcasses or animal products.

Serological tests : Antibody detection in serum from infected animals is rarely used for
diagnostic purposes and is essentially a research tool. The predominant procedure today is the
enzyme-linked immunosorbent assay (ELISA).

Requirements for vaccines and diagnostic biologicals : The most widely used anthrax
vaccine for immunizing livestock is a suspension of live spores prepared from the
noncapsulated sterne strain of B. anthracis. An equivalent strain is used in Russia (strain
55). The older Pasteur vaccine is still used in ltaly. A list of producers is given in the World
Health Organization anthrax guidelines.

There are no standardized requirements for diagnostic biologicals. Well quality—-controlled
polychrome methylene blue(M’'Fadyean) stain is becoming Increasingly hard to obtain; in some
parts of the world, this is already leading to missed diagnosis. Diagnostic ‘gamma’ phage
may be obtained from, for example the United States Centre for Disease Control (CDC) or
various central veterinary or anthrax reference laboratories. ELISA tests are usually based on
purified protective antigen, one of the three components of the anthrax toxins. Commercially

available antiserum for the Ascoli test is only available from certain East European centres.

A. DIAGNOSTIC TECHNIQUES

Anthrax is primarily a disease of herbivorous animals, although all mammals including
humans, and at least some avian species can contract it. Mortality can be very high,
especially in herbivores. The aetiological agent is the spore-forming, Gram-positive rod-shaped
Bacillus anthracis, the only obligate pathogen within the genus Bacillus. Most of the other
species of Bacillus are common ubiquitous environmental saprophytes, although a number,
notable B. cereus, B. licheniformis and B, subtilis, are occasionally associated with food
poisoning in humans and with other clinical manifestations in both humans and animals.

Animal anthrax occurs in at least three different forms : peracute or apoplectic form, acute
form, and subacute to chronic form. Ruminants are most likely to manifest the peracute and
acute forms, horses the acute form, and dogs, cats, and pigs a subacute to chronic or localized
condition. In the peracute disease, signs preceding death often go unobserved. The clinical
history usually describes the animal to be in good health a few hours before death. If the
animal is observed shortly before death, fever up to 42°C(107C), muscle tremors, dyspnoea,
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and mucosal congestion are the most frequent signs. Shortly afterwards, the animal will often
have terminal convulsions, collapse and then die. Following death, unclotted blood may exude
from the anus, vulva, nostrils, or mouth. Incomplete rigor mortis is also common.

The acute form may occur in cattle and clinical signs, such as depression, anorexia, fever,
rapid respiration, increased heart rate, congested mucous membranes, or edematous swellings,
may be observed up to 48 hours before death. The acute form, however, is usually seen in
horses and varies with the site of exposure. Enteritis and colic are accompanied by high fever
and depression. Death usually occurs within 48~96 hours. Spores introduced subcutaneously,
for example by biting insects, result in a hot, edematous swelling at the site that spreads to
the throat, thorax, abdomen, prepuce or mammary gland. Dyspnoea due to throat swelling
with resulting compression of the trachea may also be apparent. The course of the disease is
usually 1~3 days, with some animals surviving for 1 week or more.

The subacute to chronic form of anthrax occurs in domestic and wild pigs, dogs and cats.
The infectious bacteria are usually ingested when the host feeds on a contaminated source.
The organism tends to localize in the regional lymph nodes of the pharyngeal area, where
severe swelling may occur, resulting in death by occlusion of the airway. in cases where this
does not occur, a fatal bacteraemia may develop, although recovery after a few days of illness
is not uncommon. An intestinal form with severe acute gastroenteritis is also seen in
carnivores and omnivores.

Suspicion of anthrax will depend on signs, such as sudden death with haemorrhaging from
the orifices and incomplete rigor mortis, or on the history of the site, herd, etc. if anthrax is
suspected, a thin smear, made on a microscope slide from a small drop of blood obtained with
a syringe from any available vein, is air-dired, fixed by immersion in 95% to 100% alcohol
for 1 minute and stained with polychrome methylene blue(further details below). The presence
of the capsulated ‘box-car’ bacilli in pairs or short chains, usually in large numbers, is
definitive for anthrax. Smears made from swabs of the blood emerging from any of the
orifices will also reveal the capsulated bacilli, but may be contaminated with other organisms
or artefacts. Samples of the blood can also be taken for culture.

It is best not to perform a necropsy in order to prevent environmental contamination. In
opening up the carcass, vegetative B. anthracis are exposed to the air allowing them to
sporulate and contaminate the premises wherever blood or other body fluids have been spilled.
In some countries post-mortem is forbidden. Post-mortem findings are well documented,
however. There are no consistent pathognomonic lesions and considerable similarities are seen
to other infectious and toxin causes of acute death. Poorly clotted dark blood, enlarged pulpy
spleen with a 'blackberry jam’ consistency, and multiple petchial haemorrhages characteristic
of a septicaemia are usual. In horses, post-mortem findings may be similar to those of
ruminants, but sometimes may just consist of edematous lesions confined to the throat and
neck with no involvement of internal organs. In omnivores (pigs) and carnivores, findings of
septicaemia as described for ruminants may occur, but more often there is extensive edema
and inflammation in the pharyngeal area. if the focus of infection is in the gastrointestinal
tract, severe inflammation, sometimes with haemorrhage and necrosis, may be seen in the

stomach, intestines, and mesenteric lymph nodes, accompanied by peritonitis and excessive
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peritoneal fluid.

Natural decomposition of a carcass destroys most of the vegetative organisms through the
action of putrefactive bacteria. This can occur within a day or two in hot climates. The
capsulated bacilli may not be readily seen in smears of blood sample taken after this has
occurred, though the blood may remain culture positive for a day, or so more. Some
sporulation may have occurred in fluids exuded through natural body openings, and,
particularly if a carcass has been opened by scavengers, many spores may be dispersed into
the environment. Swabs of congealed fluids or samples of soil contaminated by the fluids are
likely to yield B. anthracis on culture. Culture of soil samples may be the best way to
confirm that death was due to anthrax in well putrefied carcasses.

- Disposal after sample collection
Proper disposal of an infected carcass by incineration (although labours intensive and fuel
consumptive) is the most desirable method and os often required by law. The contaminated
soil, bedding, etc. should be incinerated together with the carcass and, ideally, the site should
also be chemically disinfected for extra certainty. in some countries, it is considered that the
best approach is to take the carcass for rendering. Contaminated soil, bedding, etc. would still
need to be incinerated. Where incineration or rendering are not feasible, deep burial and
covering with quicklime is the alternative, although periodic recovery of anthrax spores at old
carcass burial sites have shown that this is the least satisfactory alternative.

Risk factors for handlers of anthrax carcasses )
More than 95% of human anthrax cases take the cutaneous form and result from handing
carcasses or hides, fair, meat r bones from such carcasses. Bacillus anthracis is not invasive
and requires a lesion to infect. Protection for veterinarians and other animal handlers involves
wearing gloves and other protective clothing when handing specimens from suspected anthrax
carcasses. The risk of pulmonary anthrax from airborne spores is negligible for these types of
occupations; the potential for inhalation of infectious doses is near zero. The risk of
gastrointestinal anthrax only arises if the individuals go on to eat the meat or other food
which has been cross-contaminated.
The risk of inhaling infectious doses becomes significant in occupations involving the
processing of animal by-products for manufacturing goods (industrial anthrax). These include
the tanning, woollen, carpet, bone procession, and other such industries, where the potential
for aerosolisation of substantial numbers of spores within particles of less than 10um increases
the risk of inhalation exposure to infectious doses. Laboratory workers should use good
laboratory practice when working with specimens from suspected anthrax cases and when
culturing B. anthracis. Use of a safety cabinet is desirable for diagnostic procedures, becoming
mandatory if the need for manipulation of broth cultures or spore suspensions arises. As soon
as they are finished with, tissues and cultures should be binned or bagged for autoclaving,
followed by incineration. There is little need nowadays to use laboratory animals for
diagnostic purposes, but if they are used, the bedding and cages should be autoclaved after
use and the bedding incinerated afterwards. Care should be taken not to create dusty aerosols
when handling the bedding.
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1. Identification of the agent

Demonstration of encapsulated B. anthracis in smears of blood or tissues from fresh anthrax
carcasses and growth of the organism on blood agar plates is relatively uncomplicated and
within the capability of most bacteriology laboratories. Difficulty may be encountered in the
case of pigs and carnivores in which the terminal bacteraemia is frequently not marked, or in
animals that received antibiotics before death.

Recovery of B. anthracis from old decomposed carcasses, processed specimens (bone meal,
hides), or environmental samples (contaminated soil) is also often difficult, requiring
demanding and labour-intensive procedures.

a) Fresh specimens
- Capsule visualization

As described above, virulent encapsulated B. anthracis present in tissues and blood and
other body fluids from animals that have died of anthrax should be looked for in smears of
these specimens that have been dried, fixed and satined with polychrome methylen blue
(m'Fadyean’s reaction)/ The capsule stains pink whereas the bacillus cells stain dark blue.
The cells are found in pairs or short chains and are often square-ended (the chains are
sometimes likened to a set of railway carriages-so-called 'box car’ appearance). The Gram
and regular Giemsa stains do not reveal the capsule. The capsule is not present on B
anthracis grown aerobically on nutrient agar or in nutrient broths, but can be seen when the
virulent bacterium is cultured for a few hours in a few milliliters of blood (defribrinated horse
blood seems to work best). Alternatively, the capsule is produced when the virulent B.
anthracis is cultured on nutrient agar containing 0.7% sodium bicarbonate and incubated in the
presence of CO:z (20% is optimal, but a candle jar works well). The agar is prepared by
reconstituting enough nutrient agar base powder for 100m¢ of agar in 90m¢ of water. Autoclave
and cool to 50T in a water bath. Add 10m¢ of a filter-sterilized (0.22~0.45umfilter) 7% solution
of sodium bicarbonate. Mix and pour into Petri dishes. The encapsulated B. anthracis will
form mucoid colonies and the capsule can be visualized by making thin smears on microscope
slides, fixing and staining with polychrome methylene blue as before.

Polychrome methylene blue (M'Fadyean’s stain)

Polychrmethylene blue is prepared as follows : 0.3g of methylene blue is dissolved in 30mé
of 95% ethanol ; 100m¢ of 0.01% potassium hydroxide (KOH) is mixed with the methylene
blue solution. ldeally, this should be allowed to stand exposed to the air, with occasional
shaking, for at least a year to oxidise and mature. Addition of K2CQs (to a final concentration
of 1%6) hastens the 'ripening’ of the stain, but before it is regarded as diagnostically reliable,
its efficacy should be established by testing it in parallel with an earlier, functional batch of
stain on bona fide samples. it has now been found that stains that give positive reactions
with cultures of B. anthracis cultured artificially in horse blood sometimes do not give positive
results in the field.

In making smears for staining, only small drops of blood or tissues fluid are needed and a
thin, small smear is best. After fixing and drying, a small (approximately 20g8)drop of stain is
placed on the smear and spread over it with an inoculating loop. After 1 minute the stain is
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washed with water into a hypochlorite solution (10,000 ppm available chlorine). The slide is
blotted, air-dried and observed initially using the X 10 objective lens under which the short
chains appear like short hairs; once found, these can be observed under oil immersion (X
1,000) for the presence of the pink capsule surrounding the blue/black-staining bacilli. To
avoid laboratory contamination, the slide and blotting paper should be autoclaved or left for
some hours in hypochlorite disinfectant.

Culture and identification of Bacillus anthracis

Bacillus anthracis grows readily on most types of nutrient agar; 5~7% horse or sheep
blood agar is the diagnostic medium of choice, however. Swabs of blood, oother body fluids or
swabs taken from incisions in tissues or organs can be spread over blood agar plates. After
overnight incubation at 37°C, B. anthracis colonies are white or grey-white, -0.3~0.5cm in
diameter, nonhaemolytic, with a ground-glass moist surface, and very tacky when teased with
an inoculating loop. Tailing is sometimes seen, and prominent wisps of growth trailing back
toward the parent colony, all in the same direction are sometimes seen, This characteristic has
been described as a ‘'medusa head’ appearance. Confirmation of identity as B. anthracis can be
accomplished by testing for diagnostic ‘gamma’ phage and penicillin susceptibility and capsule
induction. Absence of motility is an additional test that can be done.

The susceptibility of B. anthracis to the gamma bacteriophage was first described by Brown
& Cherry in 1955. The phage is available from CDC (see footnote 1), various national central
veterinary laboratories and other anthrax reference laboratories. The procedure for the test is
simply to streak a blood or nutrient agar plate, or portion of a plate (several tests can be
done on one plate) with the suspect organism and place a 10~154¢ drop of the phage
suspension to one side of the streaked area. A 10-unit penicillin disk can be placed ti the
other side. Allow the drop of phage suspension to soak in and incubate the plate at 37C. A
control culture should be ‘included; the vaccine strain can be used for this. After several hours
incubation, if the culture is B. anthracis, the area under the phage will be devoid of bacterial
growth, due to lysis of the B. anthracis, and a clear zone is seen around the penicillin disk
also. (Note : phage-resistant B. anthracis isolates are encountered very occasionally; similarly,
there are a few reports in the literature of penicillin-resistant strains.)

Propagation of the diagnostic ‘gamma’ bacteriophage
The bacteriophage can be propagated and concentrated by the following protocol:
Stage one

i) Spread a blood agar plate of the Sterne vaccine strain of B. anthracis. Incubate at 37C
overnight.

i) Inoculate approximately 10m¢ of nutrient broth with growth from the blood agar plate and
incubate at 37°C for about 4 hours (until just cloudy), then refrigerate.

iii) Spread 100u¢ of the culture from step ii on three predried blood agar plates and
incubate at 37°C for 30~60 minutes.

iv) Spread 100t of the phage suspension to be amplified over the same plate. Incubate at 3
7°C overnight.

v ) Harvest the phage-lysed growth on the blood agar plate in 5m¢ of nutrient broth followed
by a second 'wash’ of 5m¢ nutrient broth. Incubate at 37°C overnight.
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vi) Filter (0.45m) and count by dropping 2040 drops (3 drops per dilution) of tenfold
dilutions of the filtrate in saline onto lawns of the B. anthracis culture prepared as in step iii.

Stage two

This is essentially the same procedure as Stage one, only using the filtrate from step vi to
harvest the phage from the plates ie..

vii) Prepare three Steme strain lawns on blood agar, as in step iii. Incubate at 37°C 30~60
minutes.

vii) Spread 10048 bhage from step vi Incubate at 37C overnight.

ix) To 9mé of filtrate from step vi, add 1m¢ of 10X concentrated nutrient broth.

x) Harvest the phage from step vii with 5m¢ of the solution from step ix, followed by a
second 5mf wash, with the rest of the solution from step ix.

xi) Add 10m¢ of 1X nutrient broth.

xii) Incubate at 37°C overnight, filter and count.

Stage three

xiii) Inoculate 100m¢ of brain-heart infusion broth with approximately 2.5mf of the culture
from step ii. Incubate on a rotary shaker at 37°C until just turbid.

Xiv) Add the 20mé of filtrate from step xii and continue incubation overnight.

xv) The resultant filtrate is checked for sterility and titrated in tenfold dilutions on lawns of
the vaccine strain as in step vi to determine the concentration of the phage. This should be
of the order of 108~109 plaque forming unites per mf.

Confirmation of virulence with the polymerase chain reaction

Full confirmation of virulence can be carried out using the polymerase chain reaction (PCR).
The following instructions are taken from reference 13. Template DNA for PCR can be
prepared from a fresh colony of B. anthracis on nutrient agar by resuspension of a loopful of
growth in 2540 sterile deionized (or distilled) water and heationg to 95°C for 10 minutes.
Following cooling to approximately 4C, and brief centrifugation, the supernatant can be used
for the PCR reaction.

Suitable primers for confirming the presence of the pX0l and pX02 plasmids are given in
the table below.

Target Primer ID Sequence 5'-3’ Product size | Concentration
Protective PA 5 TCC TAA CAC TAA 596h 1M
antigen (PA) | 3048-3029 CGA ACT CG P m
PA § GAG GTA GAA GGA
2452-2471 TAT ACG GT
1234 CTG AGC CAT TAA
4 .2mM
Capsule 1411-1430 TCG ATA TG 846bp 0.2m
1301 TCC CAC TTA
2257-2238 CGT AATCTG AG
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PCR can be carried out in 50g¢ volumes using the above primers, 200mM each of dATP,
dCTP , dTTP and dGTP, 1.5mM MgClz and 25 units of amplitag polymerase, all in NHq
buffer, followed by the addition of 54 of template DNA.

Alternatively, 'Ready-To-Go TM, beads are available from Pharmacia Biotech. These are
premixed, predispensed, dried beads, stable at room temperature, containing all the necessary
reagents, except primer and template, for performing 25u¢ PCR reactions. The template can be
added in a 2.5ufvolume.

The following PCR cycle can be used : 1X95C for 5 minute; 30X (95T for 0.5minute
followed by 55°C for 0.5minute followed by 72°C for 0.5 minute); 1X72C 5 minutes; cool to
4C.

b) Agent identification from old, decomposed specimens, processed material, and
environmental samples, including soil ‘

These specimens more often than not have saprophytic contaminants that outgrow and
obscure B. anthracis on nonselective agars. The following procedure is suggested.

i) The sample is blended in two volumes of sterile distilled or deionized water and placed
in a water bath at 625+057C for 15 minutes.

ii) Tenfold dilutions to 107 or 107 are then prepared. From each dilution, 10~100ul are
plated on to blood agar (optional) and 250~300x¢ on to PLET agar (polymyxin, lysozyme,
EDTA, thallous acetate) (7,13). All plates are incubated at 37T.

iii) Blood agar plates, if included, are examined for typical colonies as previously described
after overnight incubation, and the PLET plates are examined after 40~48 hours. Confirmation
of the identity of suspect colonies as B. anthracis is done as described above. (It is rare,
following this scheme, to find B. anthracis on blood agar plates and not on the PLET and the
costs of inclusion of the blood plates may not be considered to be justified by the relatively
poor retums they supply.) o
PLET medium(7,13) is prepared by using heart infusion agar base (DIFCO) made up to the
manufacture’s instructions with the addition of 0.25~0.3g/l EDTA and 0.04g/1 thallous acetate.
(NOTE: thallous acetate is poisonous and should be handled with care.) The mixture is
autoclaves and uniformly cooled to 50°C before adding the polymyxin at 30,000units/l and
lysozyme at 300,000 units/l. After mixing thoroughly, the agar is dispensed into Pertri dishes.

Reports of procedures for direct detection of B. anthracis in soils and other environmental
specimens using the PCR are emerging. None of these has become routinely applicable at the
present time and sensitivity levels remain at least 100-fold lass than the conventional
PLET-based procedure given above.

Animal inoculation may be considered for recovery of B. anthracis if all other methods fail.
Examples of when this might occur are specimens from animals that received antibiotic
therapy before death or environmental samples containing sporostatic chemicals. Due to the
increasing concern to eliminate the use of animals for biological testing, this approach should
be used as a last resort and only if justified. Adult mice or guinea-pigs are the choice. If the
samples involved are soil, the animals should be pretreated, the day before testing, with both

tetanus and gas gangrene antiserum. The samples are prepared as described for culturing
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(Section A.lb above), including heat shocking at 625C for 15minutes. Mice are injected
subcutaneously with 0.05~0.1m¢; guinea-pigs are inoculated intramuscularly. with up to 0.4m¢
(0.2m¢ in each thigh muscle). Any B. anthracis present will result in death in 48~72 hours
and the organism can be cultured from the blood as described above.

¢) Immunological detection and diagnosis

It needs to be borne in mind that B. anthrabis is antigenically very closely related to B.
cereus, which i1s an almost ubiquitoﬁs component of the environmental microflora. The only
unshared antigens that lend themselves to differentiating these two species by immunological
approaches are the anthrax toxin antigens, produced during the exponential phase of growth,
and the capsule of B. anthracis. This places considerable constraints on the extent to which

immunological methods can be used in routine detection methodology.

- Ascoli test (1)

In 1911 Ascoli(1) published a procedure for the detection of thermostable anthrax antigen in
animal tissue being used for by-products. This uses antiserum raised in rabbits to produce a
precipitin reaction. The test lacks high specificity, in that the thermostable antigens of B.
anthracis are shared by other Bacillus spp., and is dependent on the probability that only B.
anthracis would proliferate throughout the animal and deposit sufficient antigen to give a
positive reaction. Nowadays, it appears to be used in Eastern Europe only.

To perform the Ascoli test, put approximately 2g of sample in 5mf of saline containing
1/100 final concentration of acetic acid and boil for 5 minutes. The resultant solution is cooled
and filtered through filter paper. A few drops of rabbit antiserum(see preparation below) are
placed in a small test tube. The filtrate from the previous step is gently layered over the top
of the antiserum. A positive test is the formation of a visible precipitin band in under 15
minutes. Positive and negative control specimen suspensions should be included.

Antiserum prepared in rabbit by the subcutaneous inoculation of Sterne strain anthrax
vaccine on days 1 and 14. On days 28 and 35, the rabbits receive 0.5mf of a mixture of
several strains of virulent B. anthracis not exceeding 105 colony-forming units(cfu)/mé
suspended In saline. Alternatively, the live virulent bacteria can be inactivated by prolonged
suspension in 0.2% formalized saline, but the antigen mass needs to be increased to 108~ 109
cfu/me. The suspension should be checked for inactivation of the B. anthracis before animal
inoculation by culture of 0.1m¢ into 100m¢ of nutrient broth containing 0.1% histidine and, after
incubation at 37C for 7 days, subculture on to blood or nutrient agar. The dose regimen for
the formalized suspension after initial vaccination on days 1 and 14 is increasing doses of 0.1,
0.5, 1, and 2mf given intravenously at intérvals of 4~5 days. Following either procedure, a
test bleed at 10 days after the last injection should determine whether additional 2m¢ doses
should be administered to boost the precipitin titre.

Immunofluorescene
While some success has been achieved with immunofluorscence for capsule observation in

the research situation (4), it does not lend itself routine diagnosis.
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2. Serological tests

Historically, there has been little need for serological support for the diagnosis of anthrax in
animals. Either the animal had anthrax, recognized from the recent history of the herd or site,
and was treated accordingly, or it died. Most of the interest in developing serological testing
has been for research on humoral responses in humans, and to a lesser extent in animals, for
evaluating vaccines and for epidemiological studies involving naturally acquired seroconversion
in humans, livestock and wild mammals.

Currently accepted as the best serological procedure is the enzyme-linked immunosorbent
assay (ELISA) in microtiter plates coated with the protective antigen(PA) component of the
anthrax toxin at 3~5gg/m¢ in high pH (95) carbonate-coating buffer. The toxin antigens
appear to be truly specific for B. anthracis, although there is at present no commercial
source of these. This means that anthrax serology is currently confined to a few specialist
laboratories. Various versions of the ELISA exist and can be found in standard laboratory
manuals; any version will do for anthrax serology, although certain sera appear to be more
‘sticky’ than others. A useful tip is to use reconstituted dried milk as the blocking agent and
to raise its concentration until control negative sara are giving reliable negative results. For
bovine sera, this may be a 10% suspension or higher.
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