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Microbial Forensics: Bioterrorism and Biocrime
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Microbes and their toxins can be bioweapons that bioterrorists use them to commit bioterrorism and biocrime. Due to

the potential and relative ease of the bioattack, life-threat pathogenic agents (bacteria, viruses, and toxins) as bioweapon

revealed the need for a new field of microbial forensics. Microbial forensics is a new scientific discipline combining

microbiology and forensic science, which is focused on characterization of evidence from a bioterrorism, biocrime, and
an inadvertent release of biothreat agents. The sophisticated analytical tool and knowledge of microbial forensics can

provide investigative leads and help determine who was responsible for the biocrime, the source of the bioweapon, and

how and where the bioweapon was produced. Among the fields of microbial forensics, this paper will briefly describe
evidence collection, handling, packaging, transportation, storage, analytical methods of evidence, and review microbial

forensics as a response to bioterrorism and biocrime.
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H(massively parallel sequencing; MPS)

A 7hse dieF HE ArIMdE 74
TR e s
Q71X #4 ¥ (high-throughput sequencing; HTS) 7] ]
AgAlolnk. ol BAMER Qe 7|Eol dEAA &
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ks MAlEEe g9k 2] 7hsaAl H 90t 20014
et o} AEE Q] SAHEANA Bacillus anthracis 1
o] AVNMEE Bel8to g 1 A o] B anthracis Ames
strains]-S 913 % Uh(Rasko et al., 2011; 2013).

 =olAs HuAESe] T, A= AR, £,
By gl el dia] EAstar A= e ol A
AREEE VAR T 1 7S FA s oY

[e]
7HA 24 71 E] wel A e gk

>

KU ob ¢

4

e

=
=& & (Evidence collection)

AW 0 2 7)1 2A ] MA@ ZAF o] AEHE B
7 Aol = A-EFCHEFBL 2013). AlY WA H9AM
& AL FEAE I Hola, FF
W3h= A o] th(Schutzer et al,, 2005). 1 3
& BHESRL RFAY AR AR AR E
‘}I:H%ﬂ—?ﬁr A AP ARE wEnh A
Aol zjo g AA-sl A|7F Yol vAY
%74%-% AF, Aefsior sk 2Fgel s A4

S - S )
=
Y
%nﬁr'mi&
Y
[o
PE

AEHe Y AR @A SAE ARS8k
TH o2 HE Ev AAE AF o AEAT 9
AE skl 1 7S FAHs 35 iAol F
7w e ATE SAES Al 7HA ] dnk
Aol oJal AF]el 7hsatrh A Al H WS Al
AAE At dold da 872 Hkshs 3otk
WHE AP RS 2H8shes Zlo] Taskal 5
Ae Al Fag RS Haw gtk dd S =0l

ek Aam W o A Frkel AR A
Ak Ao 2dstelA F8E = Aok F HAR A
SAE Tl oy HAIY AR SAE
= ol itk Al WAl E mAlgk S

L5 ARSI &Y SolA
ANF o= HJ%E o] vk YEE A AT AEF77L 9
Al elytel ik R S W e

Ok fz}umaudowlee al., 2005b; Budowle et al., 2006).

& THE

(2 ofN

9

I

QUFAS) WAL el A geks EEAERHSOP)

QA7go] AREE] Ao} BB A HEAA
4 % Slek WUl LA P Bell Ty 3
B AR Aglol 171 A9 AolA, el m4
WA AR AR AL, A9, BUA, 718, B
o oA wska & Qi) mE WAALe 2] e
Aol

Zyzko] W4t wj g 37] wjite] ZAE

DNAC tigt 7] 2L FH 4oz HE 9¥9S 1
k= SAE A Wol a8k, 549 4SS 540t
L == =

Aol & F-Ath(Budowle et al., 2006).
SAE AR WPolv mqtell delA T oo Al A
aAbEe] ok A WAl SAE AR WY = S
1= hsHA| ASE A ks Holth 7 WA= o]
n HE v SAE HX] H“”—J 45, Bl o=
7 7} ko] AA|= o]Zlo] I
558 71Q7]' “H Ath= Aol Al
H Aol tisl ZF
3] olafigk ok o]l ‘%-_Zroi 31 éw_ Wi o] ARg-E|ofof
s 44, 04‘31 R

K

i O
al., 2006).
_,—;qxqg ZAE PR ATk ‘ﬂdﬁ?ﬂfo} Al disf 7=
o = TholmEile &=

—OW
FJ
o,
o
finj
o M

1 R el A, 2
B 5 3kl BP0

L

i)
i
UE
<
o
—10
é
i
N
(i
Jz
01}1
X
m[n
3‘3
i)
o
o
i
k1
-
20
o

) A= WS /\1 Sﬂdﬁ‘r‘ﬂ = s
Atm 2ARS fl8l WhEA] 7] 58 oF dtk(Budowle et al,
2005b; Budowle et al., 2006).

A% AY AT = A 2SR gl 4
28 wolo} @), oln) AFE APIIN A A
g e Easlok ek A Alo] AHgEE ofw W)
A%, 83 BRGNS 3 glo] ATl 54
o

AU wrelgole] mjdE Aelle == 31| Calcium

1%

-56 -



alginatet} Dacron -2 THE Zlo] FHd 54 WY
S HES gjof] ARSEE ojE EZ(glycerol B3 skim
milk)S F5- A A AalE e FE ) thBaron and
Thomson, 2011; Baron, 2015). 2H|g|o}E $Hf-3l= S
2o guid oz eEnx 2 £utdt) nlolaxe] A9
o %= PBS (phosphate buffered saline) W] =1} BSA (bovine
serum albumin)®} YA S 3 7}3F HBSS (Hanks balanced
salt solution) WA & 2 ARSI}, ofH F&E Hjo|# 9]
F/3 53] pHE} o] Aol ofal Faks W] o
ol gt o2 53] ALg& = HR| = buffered tryptose
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Eohe Ao W Rlek ey glycerol®] ¢ 54 &
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313t 4= 2ATh(van Baare, 1994; Marshall L, 1995; van Baare
etal., 1998).
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al., 2006).
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Table 1. CDC Emergency preparedness and response for bioterrorism

Category Agents Diseases

Bacillus anthracis Anthrax
Clostridium botulinum toxin Botulism
Yersinia pestis Plague

A Variola major Smallpox
Francisella tularensis Tularemia
Filoviruses (Ebola, Marburg) Viral hemorrhagic fever
Arenaviruses (Lassa, Machupo)
Brucella spp. Brucellosis
Epsilon toxin of Clostridium perfringens
Salmonella spp. Food safety threats
Shigella spp.
Escherichia coli O157:H7
Burkholderia mallei Glanders
Burkholderia pseudomallei Melioidosis

B Chlamydia psittaci Psittacosis
Coxiella burnetii Q fever
Ricin toxin from Ricinus communis (castor bean)
Staphylococcal enterotoxin B
Rickettsia prowazekii Typhus fever

Alphaviruses (such as Eastern equine encephalitis, Venezuelan

Viral encephalitis

equine encephalitis, Western equine encephalitis)

Vibrio cholerae, Cryptosporidium parvum

C Nipah virus and Hantavirus

Water safety threats

Emerging infectious diseases

Mgzt MSHZUM ASE 7Y U= DId=

(Potential pathogens for bioterrorism and biocrime)

v AW EA dHHAE(CDC)N A 5 R A 1R
G, MAE AT F HAe] fold, FFEA dinlel o)
S QAR ARSA Edkel] WX ARl w3744
FH L] 2 E53 AEEHelA AM-E TFsAdel Sl
n A& FHE Table 13 ZTHCDC, 2017).
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Table 2. Examples of microbial forensic cases using bioweapons in bioterrorism and biocrime

Year Location Pathogen/toxin Introduction route Diseases
1990 Australia HIV-tainted blood Injection AIDS
1992 Missouri HIV-tainted blood Injection AIDS
1994 Louisiana HIV-tainted blood Injection AIDS
1994 Holland HIV-tainted blood Injection AIDS
1995 Missouri Ricin Food contamination Poisoning symptoms
1996 Texas Shigella dysenteriae type 2 Food contamination Shigellosis
1997 New Zealand Rabbit hemorrhagic fever virus Injection, food contamination Hemorrhagic disease
1990s Japan Bacillus anthracis, botulinum toxin Aerosol Anthrax, spasticity
2001 USA Bacillus anthracis Letters Antrax
o3} Fr} o]2slE T2 time of flight (TOF) ¥ T} DNA nla2o]go] 7'H2 H2 vAES] DNA A

FIste] HE7]O mEgt) o]2std wulde] TOF
& EHsted A= AR AwFo] #how #ar A9
Z}(Fenselau and Demirev, 2001; Petersen et al., 2009). A&7
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o] TOFe| sk £%5 543 o] 43E X+
3} HlaLste] #FES s dFell webA Tl o
TAo] vh2RE #F 0] 7FsshAl frKClark et al,
2013).
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B U] sleHER4 57 (chemotaxonomic signatures)
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mutation) 714G 1% FHzte] W HEE gl
3=t AFE-FUTHKim et al, 2015). DNA vl 2ojglo]= &
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(Heller, 2002; Walsh, 2004).
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type) 5= Qlske= 54 did wirls 283 5 9l
‘jr(Campbell and Ghazal, 2004; Naistat and Leblanc, 2004;
Panicker et al., 2004).

HY =22 2E0|= CFM(Single Nucleotide Poly-
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al., 2007; Guaet al., 2017).
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CIE-98K K| 9ol LAHISE EM(Multiple-Locus
Variable Number Tandem Repeat Analysis: MLVA)
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