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Aostract: Baterrorismis an energing public heath and infection cotrd threat. Rotentiad hid ogca
agents include snal | pox, plague, batulinumtaxin, brucellosis, Qfever, vird encephditis, heenorrhagc
fever and staphyl ococcd enterctaxin B A understandi ng of the epidennd ogy, clinicd nanifestation, and
the nanagenent of the nore likely candidate agent is critica tolimting norbidity and nortality from

bi o ogica everts.

HEfective response requires an i ncrease index of suspicion for usual di seases or

syndrones, wih pronpt reporting to hedth athorities to facilitate recognition of outhbresk and subsegquent
inervention. The clinical nanifestation and nanagenent is discussed inthis review

Key Wérds : Boogica warfare Boterrirism

I ntrocucti on

B ol ogi cal weapons incl ude any organismor toxin found in
neture that can be used to incgoecitate, kill o atherwse i npede
anadversary. Bdajcd vegoos ae deradteized by lovvisiblity,
hch patexy, sustatid accessihility, adrdaivdy essy ddivery.
Rio tothe 2xh cetuy, hidogcd varfare took on 3 main forns:
(D) ddiberate paisoing o food ad veter wth irfectious naterid,
(2) use of nicroorgani sns or toxins in sone formof weapon
system and (3) use of bidogcaly inocu ated farics.

Inthe 122h century AQ during the battle of Tortona, Barberossa
used the bodi es of dead soldiers to poisonvells. Inthe 14th
century ADduring the siege of Kaffa, the attacking Tarter force
hurl ed the corpses of those wio died of plague into the city to
attenpt toinflict aplague epidennc upon the eneny. Bdogcd
varfare becane nare sophi sticated agai nst both aninal s and hunans
during the 1900s. During Vérld Ver 1, the Gernans devel oped
athrax, daders, ddera adawvea fugs fa usseas bdogcd
veapons. In 1925, the Geneva Protocol was signed by 108
nations, including the 5 pernanent nenfbers of the UN Security
Quil. Thswasthefirst mitilaterd agreenent that extended
prohibition of chemcal agents to hidogica agents No nethod
for verification of conpliance was addressed. Gurrently, 17
countries are suspected of having an of fensi ve BAprogram
D ssenination of BNagents nay occur by aerosol sprays,
eqosives (atillery, mssiles, detonated bonbs), or food or vater
contannation. Reininary criteria for suspicious out break of
di sease that coud provide ind cations of a possible bidog ca
vegpas ind ue the fdlowng : (i) Dsesse (or stran) nat endemc;
(ii) Uwsud atibdicresidace paters; (iii) Aypcd dincd
presataion (iv) Geedstribuion geoyaphicdly ada tepordly
i nconsi stent (eg, conpressed tine course); (v) Qher inconstant
elenents (eg. nuner of cases, nortality and norbidity rates,
devi ati ons fromd sease occurrence basd i ne)

At hrax

Bollws athradsis alage aardic, ganpsitive spare farmmg,
nonnatil e bacillus. Infection occurs predominantly through the
ataeas rateadaly radyviatheresgraay a gstranestind
(@) roue.

0 Qitaneous : nore than 95%of cases of anthrax are
cutaneous. Ater inocu aion the incubation periodis 1-5 days.
The di sease first appears as a snal|l papu e that progresses over
1-2 days to a vesicl e contai ni ng serasangui nous fluid wth nany
organi sns and a paucity of |eukocytes. The vesicle ruptures,
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leaving anecratic ucer. The U cerbese devel ops a cheracteristic
1- to 5-cmblack eschar®.  (The bl ack appearance of the eschar
gves athrax its nane [Geek anthrakos = cod | .

@) Inalaion: Aso known as wod sorter’s disease. Initid
nani festations are nonspecific ad thisis fdloned by the sudden
onset of increasing respiratory dstress wth dyspnea, stridor,
cyanosi s, increased chest pain, ad dgohoresis. preunoniais an
uncommon findng. Mrtaity is nearly 100%despite appropriate
tregtnent. Inhalation athrax is the nost likdy formaf d sease
tofdlovmlitay o terrarist atadé.

Treatnert : Nost naturally occurring strains of anthrax are
semsitive topenicillin ad penicillinhistoricadly hes been the
preferred therapy for the treatnent of anthrax. Experts
currently reconmend initiation of ciprofloxacin or other
fluoroquinolones in adults wth presuned i nhal ation ant hrax
infectiof. Fdlowngateraist attack, resistance topencillin
and tetracycline class antibiotics is assuned until |aboratory
testing denonstrates otherwse. In adults, ciprofloxacin
400nmg |V gl2h is recommended. Tradiationally,
ci profl oxaci n and other fluoroqui nol ones are not reconmended
for use in children younger than 16-18 years because of a
link to permanent arthropathy in adol escent ani nal s and
transient arthropathy in snall nunber of children. Balancing
these snal | risks agains the rea risk of death and resitant
strains of Banthracis, experts recoomend that ciprofl oxaci n
be given to a pediatric population for initia therapy or
post exposure prophyl axis follow ng anthrax attack. In
children, ciprofloxacin a 20-30 ng/kg/d IVin 2 daily doses
(not to exceed 10g/d) is reconmended. |f antibiotic
susceptibility testing al ons, substitute intravenous penicillin
for the fluoroguinol ones. For adults and chil dren o der than
12 yers, pencillin Gat 4 mllion UIV ¢dth i s reconmended
for 60 days. Doxycycline at 100ng |1V gl2h for 60 days
is anacceptable aternative for aduts. For chil dren younger
than 12 years, penicillin Gis dosed 50,000 Ukg goh for 60
days.

Frevention : No FDA approved chenoprophyl actic regi nens are
avail abl e fol |l owng exposure to an anthrax aerosol . For
post exposur e prophyl axi s, experts reconmend the sane oral
reg nen as that recomnended for treatnent of nass casudties’. A
I'i censed vacci ne, an a uninumhydr oxi de-absorbed preparation, is
derived fromeu ture fluid supernatant taken froman attenuat ed
strain.  The vacci nation series consists of 6 subcutaneous doses
a 0 2 and 4 wveeks, thena 6, 12, and 18 nonths, fd | oved by
annual boosters. If infornation indicates that a BNattack is
inminent or nay have occurred, prophyl axis of uni nmuni zed
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individual s wth ciprofl oxacin (500 ng FOhid) or doxycycline
(100ny FObid) is recoomended. Shoul d an anthrax attack be
cafirned, cotinue chengprgphylaxdis far a least 4 veeks ad urtil
al those exposed recei ve 3 doses of veccire (at 0, 2, ad 4 vK).

A ague

Rague is a zoonatic infection caused by Yersina pestis, a gram
negeti ve coccaeci | lus. Throughout histary, the arientd ra flea
(Xegosyl l a chegpi s) haes been largely responsibl e for spread ng
buboni ¢ pl ague.

Cincd feadues: Rageis characterized by the doruxt aset o
high fevers, painfu |ynphadenopathy, and becteremia.  Septi ceninc
pl ague soneti nes can ensue fromuntreated buboni ¢ plague or, de
novo, after afleabite. patients wth the bubonic formof the
di sease nay devel op secondary pneunoni ¢ pl ague.  Pneunoni ¢
plague i s the nast severe formaf disease and, untreated, has a
nortality rate approaching 100% |f Y pestis were used as BNV
aget, it nost likdy vou d be inhdl ed as an infectioss aerosd ad
result in prinary pneunoni c pl ague (epi denic preunoni @) I f
fleas were used as carriers of disease, bubonic or septicemc
plague vou d resut. PRatients typicaly have a productive cough
wth bl ood-tinged sputumwthin 24 hours of synptomonset.

Treanat : lsdaepdiets wthdage fo thefirst 48 hous ater
trestnent intiation. [|f pneunonic plague is present, continue
isoation for 4 days. S nce 1948, streptonycin has been the
trestnent of chace for bubonic, septicenic, and pneunanic plague.
It is adnnistered in a dose of 30 ng/ kg d IMdivided bid. In
petients wth nening tis or henodynamc instability, intravenous
chl oranpheni col (50-75 ngy/ kg/ d) divided qid dose is added.
@ntannci n has had noch | ess clinical usuage but can be used as
an dternatiave to streptonycin.  Treatnent is continued for a
nmini numof 10 days or 3-4 days after clinica recovery. In
patients wth very mld buboni c pl ague wo are not septic,
tetracydinecanbe ssed adly & adose o 2gddvided qid for
10 days. Doxycycline, ofl oxacin, and ceftriaxone have been
denonstrated to be effective in anina noddl s°.

Pevention : Gntracts of patients wth pneunoni c pl ague and
indi vi dual s vho have been exposed to aerosdl s are treated wth
tetracydine 1530 ngkgd dvided gd far 6 days. If tetracydine
ismt avaldde dxycydine 000ghdis an effective dterraive
Qlyindvidids a highrisk for plague shou d be i nnoni zed wth
alicensed, killed wde cdl vecc ne®.

Gd era

G erais an acute and potentially severe G d sease caused by
Vbriochderae Vchderaeis a short, curved, notile, gram
negative, nonsporul ating rod. Two serogroups (01, 0139) have
been associ ated wth chd era in hunans. The O1 seratype exists
as 2 biotypes, classica and EL Tor™. They do not invade the
inestind mcosa but rahe aderetoit. Qderaisthe paaype
toigenicdarhes wichis secretary innatue.

Cinica Features : Infection generdly occurs wthin a week of
exposure and is classically of abrupt onset followng a brief
nonspeci fic prodrone.  The syndrone i s characterized by sudden
onset of nausea and vomiting and profuse d arrhea wth a cl assic
rice vater gopearance. Thergpid lass of body fluids often | eads
to toxenma and frequent card ovascu ar cd | apse

Treatnent : Treatnent depends on repl acenent of fluids and
dedtrdytelosses. Thsis best accoplished lsing ad rehydrai an
therapy, but intravenoss flud red acenart i's occasi od |y necessary
for persistent vomting or highrates of stod |oss (10n/ kg h).
Atibdics shortenthe duration of darhea ad reduce flud | osses.
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Tetracycline (500 ng goh for 3d) or doxycyclin (300ng once or
10ng bid for 3d) is an acceptad e dtermative. Hwever, dueto
resi stance, ciprofloxacin (500ng goh for 3d) or erythronycin
(40ny kg/ d divided quid for 3d) al so has been accept ed
Revation: Alicased killedvecdireis avaldde fa wseinthose
cosidered to be a risk for exposure.  The vacci nati on schedu e
isaninitia dose fdloned by ancther dose 4 veeks later, wth
booster doses every 6 nonths.  Aninectivated ord vacci ne (@
rBs) is safe and provides rapid short-termprotection. V@ rBs
requires 2 doses and has approxi nat el y 85%efficacy | asting 2-
3years for both EL Tor and cl assi ¢ bi ot ypes.

Budlosis

Budlosisis azooaicinfection of domasticated and wid aninals
caused by an organismof the genus Bucella. The ease of
transnissi on by aerosol suggests that Bucel | a species nay be
useful as a BNagent®. The di sease of ten becones chronic and
nay rel apse, even wth appropriate treatnent.

Bucella species are snal |, nonnatile, nonsporu ating, aerabic,
gramnegati ve coccobeci |11 that nay represent a sing e speci es.
Qly Bucelanglitensis, Bucella sus, Bucella abortus, and
Bucd la cans cause dsease in nan.  Buce | a speci es can enter
nannal i an hosts through skin abrasi ons or cuts, the conjunctiva,
therespraay tract, adthe G tract.

Qinca Features : Patient usually have nonspeci fic synpt ons
suwch as fever, sveets, fatige, axreda adnisde o jant aches.
Neuropsychi atric synptons, focal infection of bores, joints, or
the genitourinary tract nay occr. Qugh and plewritic chest pain
aso nay be noted. Pyel onephritis, cystitis, and in nal es,
epddyno-orchitis nay occr. Hepetitis ad rardy, liver abscess
dsooccr. Bucdlaedocardtis, arae but feared complication,
accounts for 80%0f deaths frombrucel | osis.

Treatnent : Therapy wth a single durg has resulted in a high
rel gose rate, so use conhined atibiatic regnens i s used vienever
possible. A 6-veek reginen of doxycycline 200ng/d FOwth the
adtion o strggoyan lgd IMfor thefirst 2 veeks is effective
innost adults wth nost forns of brucellosis. Patients wth
spondylitis nay require longer treatnent. A6-week ord reg nen
wth both rifanpin 900 ng/d and doxycycline 200ng/d i s effective.
Bdocardtis likdy is best trested wth a conhiretion of rifanpin,
streptonyci n, and doxycycline for 6 weeks.

Q Fever

Qfever is a zoonotic disease caused by @xiella burnetti, a
rickettsidike organ smad lowvird ence but remarkad e i rfectivity.
The patertiad of Chunetii fas a BNagert isreated drectly to
itsirfettivity. It hes benestimated thet 0D kg o dried Churgii
vou d produce cestd ties a arate eqe tothet of similar anauts
of anthrax or tul arenna organi sns“.

Qinical Features : Qfever in hunans nay be nani fested by
asynmtonat i ¢ seroconversion, acute illness, or chronic d sease.
Dever, chills, and headache are the nost conmon signs and
synptons. Dagphoresis, nalaise nydgas, fatigue, ad anorexia
are a so coomon.  BEncephal opat hi ¢ synptons and acute hepatitis
have been reparted  Qronic infection wth Churnetii usudly is
nan fested by infective endocarditis, ichadsois the nost severe
conpl i cation of Qfever.

Treatnert : Tetracycline has been the nai nstay of therapy since
the 1950s. Mcrolide antibiotics, such as erythronycin and
adthragcin aedso effective Incases o infettive edocardtis
a lesst 2years o thergyy aereqired wwdly wth atetracydine
conii ned wth rifanpin or a quino one, a though trinethoprim
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sul f aet haxazal e a so has been used®.

Revation : Athough an effective vaccine (Q\ax) is licemsed in
Astrdia dl Qfever vaccines uisedinthe B are investigetiod .
Qfever can be prevented by i nmuni zati on.

Shal | pox

\&rida the cassative aget of smallpax, isthe nost ntarioss of
the poxviruses (famly Rxviridag). 1n 1980, the Vidrld Health
Qgani zati on (WD decl ared endemic snal | pox eradi cated, wth
the last occurrence in Sonalia in 1977. \eriodarepresents a
signficat threat as a BNagent. Grrently, 2 WD approved and
inspected repositories renain: the @Cin the s and \ector
Laboratories in Rissia however, cl andestine stockpiles nay exist.
Varidavirusis higly infectious by aerosd, environnenta ly
stade adcanreaninfectivity for |og peri ods®

Cincad Mnifestaios : Ater a7- to 17-day i ncubati on period,
synptons begn acue y wth high fever, headache, rigars, nala se
nyal g as, vomting, and abdomnel and beck pain. Ater 2-3 days,
an exanthemdevel ops.  The | esi ons progress synchronously from
ncdestopguestovesidestopstues. Gririfugd dstribuion
o therashis aninportat dagostic featue

Treanert : Srict qeratire wthrespraoy isdaion fa 17 days
isgpiedtod! peopeindrect cotact wth the index case or
cases. Al personnel exposed to either weaponi zed varid a or
clinica cases nust be vaccinated i nmedi ately. \accinia i nmne
daudin (MG is gvento petiets wio canat rece ve the vacd rne.
Trestnent of smallpox is nainy suyportive. The ativird agent,
ciddfovir, is effective invitro ad nay be i nvd ved in treeat nent
o synptonatic illness.

Revertion : Sall pox vaccine (attenuated vaccinia virus) is
admnistered by intradernal inocd ation wth ahifurcated need e.
The pernanent scar resuts froma process knom as scarification

Mra Hnarrhag c Fevers

Mra henorrhagi c fevers are caused by 4 famlies of viruses,
vhi ch incl ude the Arenaviridae (Lassa, Argentine, Bolivian,
Bazilian, \enezuel an henorrhagi c fevers), Bunyaviridae (Rft
\alley, Cinearr@ngo, Hantaan), FHloviridae ONrburg, Boda 4
Fs), and Haviviridae (Yellow Dengue, Kyasanur Forest, Qnsk
HS). The best knowm of the vira henorrhagic fever agents in
Hdavirss. Al agetsaehdlyinfetios viathe arosd rate,
and nast are stable as respiratory aerosds.  Thus, they possess
deadteaisticsidd fa we by teraists.

Gincd Mnfestaions : Al vird henorrhagic fevers prinarily
target vascul ar beds. They produce nicrovascul ar danage and
enhance vascu ar perneability. Cinicd nanifestations include
fever, jdga prostraion cojurtiva inection mld hypatension
to severe shock, and nucosal and petechi al henorrhages,
Neur ol ogi ¢, henat opoi etic, hepatic, and pul nonary i nvol venent
can be found wth nore severe di sease.

Treatnent ;| Treatnent for avira henorrhagic fever is largay
sypative Raiets berefit franrgad notraunati c hospitdization
toprevet daage tothe cgpllary bed Sxive ad panrdieing
ned cations are helpfu, but aspirinand aher atipade agats
shou d be avoided.  Avoid intravenous lines and catheters unl ess
absd ute'y necessary.  Secondary infections shou d be sought and
agressively trested. | nmonosuppressi ve agent's such as sterai ds
aecotrandcaed Thetrestnet for Heedngis cotroversia.
Greraly, mldbleeding shoud not be treated, wereas severe
henarrhage requi res appropri ate repl acenent therapy.

Seecific treatnent wth ribavirin has been used and curently is
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being i nvesti geted as thergpy for Lassa fever, Htavirus, Ginean
Gngo, and Rft Valley Fever. The dosage is 130my/ kg |V
fol loned by 150y kg goh for 4 days, then 7.5ng/ kg g8h for 6
days. Tregtnart is nost effectiveif begnwthn7 das’. Rbavirin
hes poor activity against the fil oviruses and flavi vi ruses.

Radn

Rcin apat prateintaxin derived fromthe beas of the castor
plat, is one o the nost taxic and easily produced of the plant
toxins. The vrldwde ready availability of castor beans and the
esse Wth vhich taxin cen be produced gve it sigificat paetid
as abidogca weapon

Gincd Mnfestaias : Rcnis edrenhy toxictocdls ad acts
byimhtingpraensythesis. Indaion eqosure cases rinaily
pul nonary synpt ons, ingestion causes @ synptons, and
intranoscu ar exposure resuits inalocdized rection”. InaBN
o terrarist situetion exqoste is likdy to occur by inhd ation of
ataxinagrosd. Treatnert is supportive. Inhdaioninuy nay
requre trestnent of pu nonary edena, wth respiraary sugport as
indcated Intravenous crystallaoid infusion and pressor support
nay be necessary for patients wth hypatensi on.

Botul i numToxi n

The aneerdbic, spore-forming, grampositive becillus, CGaostrid un
botul i num produces botul inumtoxins.  Botulinumtoxins are the
nost |ethal toxins known, wth an estinated | ethal dose to 50%
of the exposed popul ation (LEB0) of 0.001 neg/ kg in hunans.
Snce batulinumtoxinis so lethal and easy to nanufacture and
vegponi ze, it represents acredble threat as a BNagent.  \Wen
used as a BNor terrorist agent, exposure is likely to occur
folowng inhd ation of aerosdized toxin or ingestion of food
contamnated wth the preforned toxin or mcrobia spores.
Botulinumtoxins bind to the presynaptic nerve termina a the
neuronuiscul ar junction and cholinergic astononic sites. This
prevents the presynaptic rel ease of acetyl chaline and bl ocks
neur ot r ansmssi on.

Cincd Mnfestaias : Initid sigs ad symqptons ind ude b ured
vision, nycriasis, ptosis, dysphegia dysarthria, dysphonia, and
nuscl e weakness. After 24-48 hours, neuronuscul ar
nani festati ons progress to synmetric descendi ng para ysis and
respraay falue Rsturd hypatension nay occur framaut anomic
insufficiency. @a exposure can be detected by and yzi ng serum
o gestric cotents wth a nouse neutral i zati on assay.

Treatnert : The nost seriass coplication of toxdcity is respraay
falue Whsyportive care ad vertilaay assitace fadities
shoul d be less than 5% For conforned exposures, a trival ent
equine atitoxinis availadle. Ater anegative skintest, the
atioodnis admnistered a a dose of 10nh 1V over 20 mnut es,
vhichis repeated until inprovenent ceases®.

Reverttion : Atoxocid for Chatu i numves used to i nmni ze LS
mlitary trogss inthe Rrsian Gif Ver. The current schedl e for
inmnicationis a 0,2, and 12 weeks wth an annual boost er.
Grreatly, mimdcaionedsts fa progylactic use o the atitadn
except under speci a i zed ci rcunst ances.

Nycat oxi ns

The tri chathecene nycatoxins are highly toxi ¢ conpounds produced
by certain species of filanentous fung (Fusarium Mroteci um
Cxphal aspori um Tri choderna, \ertici nonaspori um S achybot rys
species). Srong evi dence suggest s that trichathecenes (“yel | ow
rain”) have been used as a BNagent in Southwest Asia and
A ghani stan.
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