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INTHODUCTION

Bioclogieal warfare may be defined as the organized eultdvaiion
and mess dissemdnation sgadinst an epemy of those same agents of
disease which have plagued manikind througheut history — the sick-
ness and desth produced in men, andmals and plants by the micro-
acopic world of bacteris, fungl, viruses, rickettslae, and by the
toxie products of living organisms. 7het biclogical warfare might
mean under modern conditions has been vividly foreteld by pepular
scientists who envisaged an enemy directly infecting massss of
people gathered in public places, contaminating feod and weter sup-
nlles, and inpoculsating animals wibth diseases contagicus to wman,
thus loosing against whole populations hordes of the parasitic zgents

of disease,

The idea of deliberately using disease organisms in modern war-
fare 1s nct new, nor has it been untried. Confirmed and undoubted
use of certain diseage agents wes made by the Germans in the First
Torld Yar. The (Germans infected horsesz of the Boumsnian &valry
with glandsrs, attempted to carry out the same activity in ths
French cavalry, and succeeded in infecting horses and cattle irn the
Tnited Ztates prior to their shipmment to Furops. 5till more re-

cently, in 1934, it was charged that German scientists were studying



offensive aspscts of large-scale bislogical warfare. In 1940 une
substantiated but convineing clalms were made by the Chinese that
Japanese planes over Chekiang province hed relessed infected {lsas
wrapped in little cotton bags containdng grain %o attract rats.
Again in 1941 the Japansse were sccuned of dropping rice infested
with the short oval bacillus of bubcnic plague.

Upon this country's entrance inmto forld War II, the ¥ar Do~
partment. took steps at once to determine the possibility and like-
lihood of such warfare. 4 comaities of scientiats was appointed
by the Secretary of var o investigate the problem and make recom~
mendationz., Follewing the comuittse report in February 1942, which
admitted the feasibility of blological warfars and urged thst we
begin its study at once, & yar 3Iesearsh Service, atiached to ths
Federal 3ecurity agency, was created and given charge of all prepar-
ations for bielogical warfars. :ith the cocperation of the iedical
Departasent of the Army, the Chemicsl Warfare Zerviee and the Hevy
Bureau of uedicine and Surgery, »easurss were al once taken to pro-
tect the water and food supplies on the meinland and in all over-
zo83 areas controlled by the United Siates. However, despite ithe
agtabliashment of the War Assearch Service, there was still nc
gingle organizetion in the country fnlly capable of undertaldng
the ressarch .and development progran necessary Lo ensure adsquate
preparstion for hiclogical warfare. To meet this need the War De-
partment in Hovember 1942 dirsched the Chemical Tarfare Servics to

asgume the rasponsibility.



In the summer of 1543 & 3pecial Frojectz Division was crested
in the Chemical Warfare Service zsnd both defensive and offensive
aspects of the biological warfare progran whish were being inveosti-
gatad by a number of agencles in vericus parts of the country becane
subjects of investigation by the new organization. The Division,
operating in great sscrecy; expanded rapidly until its organizatiosn
numbered almost 3,900, of which approximately 2,800 were Army pem-
sonnel, 1,000 Havy and 100 civilian, To the Chemical Warfare Servics
had fallen the task of uncovering any means that an enemy might use
to overcome our medical defenses, determining the sgenis he might
cultivabe to new extremss of virulencs, the misslles he might
develop in order to project these agenbs, and with this knoﬁladges
the task of vreparing for defense and retaliatison. Its activiitdies
became far-recching ag it began the étudy of specific pathogenic
agents, developing virulent strains and woridng on defenses againsi
thedir high diseage~producing properties. Henufachburing processes
were devised for the mass production of certzin binlegiecael sgents.
Pleld tests were conducted to determins the effsctivensss of viabls
agents under slmulated combat conditions. These activitles of the
Special Projects Division were coordinated with those of psrtici-
pating agencies in the program by the estzblishment of cl;;e»liaiaen
with the iLsdical, Ordnance and Intelligence services of the Army
and Hevy, with the Ammy idir Forces, the United States Public Health
Service, the Department of igriculture, and with British and

Cahedian biclogical warfare organizaticns. The Intelligence



gservices of the army and Navy, the Office of Strategic 3ervices
and the Federal Bureau of Investigation supplied information aaz to
the mrogress of enemy plans and provided & gauge of the success of

our own efforta,

The intengive afforts of the 3Special Frejects Divisien of the
Chamical Rarfare Jervice in studies and production of biologieal
sgents resulbed in the development of methods and facilities for
the possible mmss producticn of a number of pathégenic sicroorgan—~
isms and their products and the creatien of msans for accursie de-
tection of mimute quantities of these agents., 4z a resuld of the
ressarch progras of defense, it became possible to devise protec-
tion for troope against the effects of & mumber of bacterial agentsa
that night be esmploysed in ccambet. In addition, the ilavestigabtion
of defenses aguinst biological warfare rescifed in significant
contributions to our knowledge coacerning the devalopment of imsune
ity in hunan beings and animals asgaingt many infectious diseases.
It alszo resulted in the develepment of effective protective clothing
apainst blological sgenta and equipment such as sampling and rapid
detection devices, Information was gothered on the effects on
living plents of more than 1,000 different chemicsl agents. The
objeetive was attained; adequate defenses ageinst a new and poten~
tially devastating method of warfare were develeped, and surpriss

fron this qusrter was foregbslled.



MILITARTY BIOLOGY ARD BICLOGICAL RARFPARE

Chapter 1

FUNMDAMENTAL PRINCIFLES

Section I

CANZRAL NATURE ARD OCCURRENCE OF MICROOTGAHISUS

CHARACTHERISTICS. Hleroorgasisms are primitive living forms
which are to¢ smell to be aeen by the unalded eye. Then m&gnified
500 to 1,000 times by a microscope, the individusl is seen to be
composed of a single cell which is capable of carrying on all the
Tunctiors of 1ife, including growbh and reproduction. Hicrocrzan-
izms are in many ways deperndent ~n thelr environment and are unable
4o modily it by the means avallable to laorger forms of life, The
parasites smong the micreorganiams feed on living plants and ani-
mals, the saprovhytes feed on dead or decaying orgunic nstter.
Lacking = mouth and digestive tract, they must acquire food in sol-
uble forn which is taken in through moist membranes thst surround
the cell contents. Being without orgens of aight, they do not dif-
ferentiate between light and darkness. Having no circulatory
system, they assume the temperature of their surroundings. In
these and certain other characteristics they reseuble plant life
and are, therefore, usually regarded ag primitive members of the
vegatable kingdom, though sows animal-like forms sre known. They



are the most elementary forms of life possessing the ability to
groa snd develop.

KIRN3 QF KICROOBCAMISKS, iMcrosrganisms are commonly sub.
dlvided as follows:

Bacteria. Becteriz are uwinuts, uniceliular, plast-iike, micro-
acopic organiams which differ from true plants in that they lack
chlorophyli. Their three typical forms are exhibited as spherieal,
rod-shaped or spiral threadlike cells and are widely distributed
in soil; alr, water, the bodles of living aniwsls and plants, and
dead orgamic mattsr.

are

Viruses. The viral organisms/too small to be seen with the
conpouryl microscope or tc be retained by filters which prevent the
passage of basteria. They have heen photographed with the elactron
misroscope, yet, they are commonly detested only by the disesss

sywptoms which they produce, They are oblligaie parasitss, that is,

lirmited %o a single 1ifs conditlon, and grow only in the mresence
of living susceptible tiszsue., They cannot be cultivated on arti-

ficlial, lifeless media, -

Rickettala. The ricketislal bodiea resesble bacteria in shape
and arse considered as infermediste betwesn the bactsris and filter-
sble viruses te wmhich they are relnted. Zventually they may be ine-

elnded in the beeteria; at present they are in a special class



hecaugs of thelyr peculiaritdes of hebilab, appeavante, intracelinlsr
position and resistance to artifieial cuilfdwation. The ricketisis
ars ariginally insect parasites and the disvesss thay cause are all
transsdtted Lo man by irtermediazts hosts mich as insects, ticka and
b sslactive affin-

lice, Riokettals are dietinctlve in thelr apps
ity far specifie types of c¢ells in the human and animal body.

Zeasts. Teasts are unicellular fungd of somewhat largsr forms
then becterds and are camconly spherical, oval or ege-ehaped., They
ara noted for thelr ability to nrodnce aleohel and carbon dloxide

£pom sucar solubione guch as frulit juices or molassesn,

Fangi. The group of plants shdeh imclude the melds, wmildews,
mgts, sauts, mushrocss, badstenls and peffbailes are lmown as the
fangl. %he group as wdoroorganisss iz well~imomn for its sbdlity
to grow and cense gpodlsge under sonditions which nrevert develop—

mant, of most other adercorgsndsts,

The most prisdiiive st cismental of aninmal forms

are found swmong the protosca, They sre unicellular animal-like
organigee which are varistle in sise, shape and astructurs and have
bdoghly specdalised functions of the protoplasm. They are woptly
squatic, abounding in the sea and in stagpant freeh weter. Some
are parasites snd, llke the walaris parssite, are highly pathogenis.



DISTRIBUTION IX HATURE. The dletribution of mdcroopganisus
i3 undiversel. ALl suefaces exposed to dirl amd dust are lmweitably
conteminated Wy a vardety of organisms which normalily cceour &n
soil. Iven virgin top mmwmmmhmfarm
of microcrganisms in every cubdc foob. Certaln types of sleroor-
ganisms show a preference for plant materizls, some prefer stagnand
water, snd others thrive best on and in the animal body. Ths sidn,
halr, noge, mouth and intestinel tract herbor a considsrable variely
of vacteria in astronomical numkbers. Fortunstely, mest of §2xe O~
garigms cousonly encounteved in uneture are hersiess to man., Sone
forms ars bereficlal, performing such functlons as decomposition of
organic westes and residues, making imert gaseons ndtrogesn from She
atr avedlable o plaste, or produeing valvabls fouds, baverages,
drugs end indastrisl chexdicalis. Unly & few, perhaeps five Lo ten
gpecias of sfcroorganisns, produce dig-
sase., Though mmeerdeally swuall, the dansge which thay wsy do when

oar cant, of all the lmowr

1 measures are lackiny gxgesds that of suy other de—

gtmetive influence to which living things ars commenly sabjected.

- b=



seation IT
WORPHOLOGY AMD RIPRODUCTION

HITROSCOPIC APFEARANCE. The common sdcrcorgenisns sre so
small that ordinsry units of nmeasurement cannoct be applisd, The
undt ususlly employed is the zigron, which i3 equivalent to ap-
proximately 1/25,000-inch or 1/1,000-~dllimeter. & sderameter is
used to measure the apparent dlameters of microorgenisms which

subtend minute sngles.

Bacteria range in aize betwesn 0.5 and 10 sdcrona zoross their
greatest cell dimension., Thay are scueshat varishle in i‘aﬁx, bt
three gemeral $ypes are comsonly ewountersd. as tiny balis or
spheres they ars cailed gpoct (2., ggogugl; as straight reds they
ars ¢alled bapilii {s., baciilus), and as curved rods they may be
sithsr spiral-shaped and ealled zpirille (=., gpipiilus) oF ooodse

shaped and termsd vibrio.

Yiruses are inviasible in the microscope, meaawring less than
Qué uderon seross their greatest dinension., Begause they are iovi-
sible as individuals, they are of doubtful form. Globules, ervetale~
like neadlss and cther fores have been deseribed. Thars is gome
doubt as to whethsyr these repregent organised cells, theoagh they une
doubtedly are compoasd of virus substances at lesst in part.



Rickettaia commonly measurs batween G.4 and 1 nderon in size.
They resestle bacteria in shape and may be eceei, diploecoccl op
they are pairs of sphevical cells,
adhsring together. Liittle detall of appearsnse oan be observed

ghert bacllli. As dinlosoeei

beaause of thelr small size.

Yaagis nay messure between 2 and 30 microns and are commonly
round, ovel or rod-lile. The twmnon beer or bread yesat is nove

or less egp-aheped.

Fangd o oolds resge betmeen 3 ard 50 amicrons in sige and
show a grester diversily of forms bhan amy of the preceding groups.
They range in size froam the microsceopis ¢eslls of the yeast plant
to the highly organized fruiting body of sushroems. Comucaly the
eells of the fungl are rod-ghaped and arranged end to end in strends
or filsments known as jyphss. A mags of these hyphas are temwed
myeatiom, A ¢ompost mass of hardensd nycelivs, stored with reserve
food material; is termed » sgleretium and is found among the higher
forms of fungl. ¥When a sclerotinm opens, it sends gut hyphee or
produges spore fruits. |

Protozoa may be as szall as 1 zdcron in disneter or as largs
as 100 zdcrong. They present sush 2 variety of shapes that no |
goneral description can susompass them. They include the irregular
and changeabls masmses of protoplasm known as smoeba and the regulay
oval shapes with bair-like outer covering celled papssecium. Hot



cnly do different species vary in appearance, but ths sems protosesn
may pess through a complex cyele of davelopuent in which one atage
besrs no cutward resssblance Lo sny other. This is especlally trus
of the malaria parssite whisch develops in different ways in the
mogquito and in man.

Hiocroorgenisms are ugually compesed of the fundsmental strug-
tures whioh make up any living cell, There is a protective outer
covering or cell well which in the basteric is rigid and in probozcs
may be quite flaxibls. Hext, there is the seal-fluid jJelly-like
contents or gytoplusm in which are digpersed a variety of gramiles
and yocuclss. The granules end vatuples sre gralns and pockets io
the cytoplasu vhich contain saps or segreiicns for the metabolie
processes necsasary to the gell. The centrel mess or substance in
the cells which contrwls the hereditary charscters is called the
auelsug, The entire call contents, imsluding eytoplasn and sucleus,
Anong the few notable expeptions to this

structursl organicstion is the absence of a distinct nuclems in
the bacteria and the laek of a well-defined cell wall in amcebas.

Special structures are elsborated by certain mierocrganisma
which ars not characteristic of ali apesies. Such are the orgens
of logcomotion of certain :mdercorgunissa seoh as the protoses, which
are usually hairlike structures that protrude tiwough the cell wall
and by waving in ths surrcunding liquid permit wmovement. Thesa



structures are cailed flagella when they are {lexible and whip-like
or gilia when rigid and oar-iike. Hicroorganmisns which axhibit or
are cepabla of spentansous sovemend are said to be gotile.

Ancther speeial structure is the gapsule, & broad colorlisss
cuter wall of gelatinous or gumsy mbatance which may be formed
around the outside of the cell. It is exhibited by wany bacteria,
partieularly virulent pneumccoceil and the agent of anthrax. IU is
a protective snvelope which interferes with t.m destruction of the
coll tw defenge mechanismg of the arimal body. 4s such, its gres-
ense la usually evidence of high virulence,

inother sbrustural develomaent iz the gpore,

ard highly refractive body fommed in the e¢ell which iz capable of
resigting asdverse conditions such sa starvation, expsssive hest or
e¢old or drying that destroys the mors delioate vegstabtive osll,
ey rod-shaped bagteria produce a mingle spore within each eall.
%hen the spore has mstured,; the surrounding cell autolyzes or
disintegrates, leaving the fires spore. This resistant form may
rezain dorment without food or water for years and thea give rise
to an astivaly growing cell when cornditions again decors Ewﬁrabls.
It 45 a basis of persistency in the biologiesal agents,

CROWTH OF HICROQRCANISHS. GCrowth mey be detarmined by sevaral
methods, =ome of which imvolewe determinstion of the products of



growth while others depand upon evunting the number of ceils formed.
By such means it has been proved thai microcrgenisss respond in def-
inite ways to various envirommentul fagtors such as molsturs, food,
oxygen, temperature, light, reastion and time,

Hodsbure. Perhaps nis-tenths of the cell substanes 1y water.
It i3 esaential for a1l microorganisms. If even 3 part of the watser

is removed it interferes wiih the normal functions of the crganiss
and may eventually cause ita death, pisture in the immediate sure
roundinga of the organlam is nesgesaary to prevent loss of waler from
the ecell ard to permit the actmigiticn ¢of food in solulle form.
Generally speaking, the more waber present the more favopable is the
environnent for microbial growth.

Food. Food iz required o provide ensrgy and to supply the
aaterials from which cell substance le mads, Hicrcorgsuisms can
utilize a wide variety of substanges, ineluding aimsral salts,
sugara, protefins and vitamins. They can use not only all the foods
avaiishle to xan and other animals, but alzc & mrest many other ra-
terials, espacially tiw residues and wasbes from planmt and ardmal
life. Mo one species utilises all fooda; in fact, soms e extrece-
1y fastidious about the foods upon which bthey grow. smong thess are
the disezse-producing organisma whichk hawe a predilection for the
sentral nervous system, the skin or the respiratery tract, alihough



the predilection may not be based entirely om the special fooda of
these anvircnzenta.

Qxygen, 41l mbercorgenisms require axyzen in order to ldwe,
it they differ markedly in the sources from which they obbain it.
Aerches are miervergmnisms which must obtain free oxygen from the
air. The crganisws causing pnevmonia, tuberculogls, tularemia and
typhoid are aerobea, or aerobi¢. Anaerches cannot use atmoapherig
oxygen and may even be hamed by it. They cbtain chemically cca~
bined oxygen from their food. The orgemisms cansing betulism,
totamas and gas gangrene apre anzerches., Home sicroorganisss may
reduce nitrates or sulphatss to obtain oxygen, bubt nany disease~
producing anaerobes require complez orgunic substances for this
purpose. Fasulative microorganisns cen cbtain oxygen both froam
the air and from chemical cozmpounds. Soeme prefer to use atwos~
pherde oxypen and are called faculabiwe zercbes, wiile others pre~
for cxygen in scow chesicslly combined form and are therefore celled

faculative asaerocbes,

Supe, Temperature is a varying factor, esch species
of organiem developing most sbundantly st a partiocular m-m
mperature for that species. As varistions in texmperature

coour elther above or below this point, the organisam functions
legs and less sffectively until points are rsashed both sbove and
balow the optimws at which growth no longer cecurs. The higheat



terpersture at which growth bakes place is termsd the mayls
tempareturs apd the lowest which permits growth is the minimem sgeewh:
tempersturs. The cdorcorganisas which produce dissages among the
higher animsls and those which attack plants differ in thelr ranges
of growth tempersture azz follows:

In degrees Centigrads
¥almem  Ootimm  Haxien

Animal) paregites 15-2¢ 3237 KO-45
Plant peresites 515 20-30 32-42

Light. Hloroorganisms do not require light for growbh. while
they are nob affeated by visible ligh'., they ars degtroyed by ullre.-
violet rays from the aun & from artificial asources when axpased
drectly. OGonsscuently, growth occurs best iun the dark, or at lesst
in areas protected from manlight. The protegtion need only ds z
£ilm of water o the shadow frow & particle of dust,

Besction. Reaction ar pH factor is & tem that say be uaed
to indieste the degree of acidity or alkalinity of the substanse
4in which growth of the organisa 4s talkdng place. Nest orgenisms
asgociated with the apimal body cazsonly grow best in enviromments
with neutral or alightly alkeline reactions. Misroorganisma asso-
cilated with plants often prefer & slightly acid enviromment. OGrowth
is inhibited whenever the reaction beeozas markedly acid or alkaline.
Yeasta or molds, however, tolerate zuch grester degrees of acidity



than de the bagteria.

The growth of microorganisms reguires time. Then misroorgan~
isma are deposzited in sny new envircament there is a periocd of
edjustment or lag phass during which the number of cells does not
increase apprsciably. If the sssential factors such asz molsture,
food, temperature and oxygen are favorable, and there is no great
opposition from the cells of the hest body, a period of rapid mul-
tiplication follows during which the number of organiasms donbles
every 15 to 60 minutes. This may continue wntil lack of food,
accurmlation of wastes or other inhibitory influences alow down
the processes, Within a relatively few hiours, or, at most, daya,
an insignifiecant number of sdceroorganisms pay devalop indo nushers

almost beyand comprehension.

BICCHEMICAL ASPECTS OF GROWIH. The utilization of food by
microorganisas iavelves a number of caamplicated chemical resctions,
ineluding processes of hydroiysis, oxldation, reduetien and AY T
thesis of new compounds. In the living organiam these resctions
are made possible by the presencs of enzymes. Specific enzyme
aystems are required for each kind of food and each process going
on within the sell., The sngymss are peculiar in that they initlate
or enhence chemical reactions without themselves being used up in
the proeess. The results of the biochemical astivitias of wmicrow

organisms are btwo-fold. Analytic procaesses cause the breakdown of



food to less complex subatenuss, saxe of whish are used by the cell,
while others accumnlabe as byproducts. Common bypreducta incliude

acids, gawses, slcohols, aldehydes and salia.
caage the formatien of new substances {rom the deconpoged food,

Seme of the mabterdals produced are new cell substances or proto-
plasn, material for the construsction of cepsules, pigmeonts wiiah
glve the characteristie coler tﬂA sous spegies, ard toxine., The
latter are among the moat potent polsons to animal tissues in

naburs,

Conditions of growth often alter the capacity of miercorgsn-
isms to perforn certain of thedr normal funeticns. For exacple,
caltdvation &t high temperatures in the sbsence of adr or in the
pregence of garbalin chemieals masy proveat bacleriz from forming
gpores. Growth under ane aget of conditions, auch za the enviros
asnt of an animal hody, may enbance the abdlity of an organisa te
produce digsase, while growth on artifichl mediz may decresse this
rower. Ipecific chemdceal substences may be esgendial for the for-
mation of cerbain products of growth, such as tomins or pigmentsa,
evan though the organism sen grow without thesa substancess

SETHODS OF REPRODUCTION. Apexusl. Reproduction without
sexual uwnion is common among microcrmanisss. The bacteris sml-
tiply by division of the cell into two equal and identleal parta.

This is bi In the rod-shapsd bacterdis, division




almays cccurs zeross She shoptest dimension of the ¢ell, at right
argles to the long axia, This is sometines called brangverse fise
#lon. Some yeasts alzo produce asexnally by binary flasion, bub
the ecommon mathod is one in which a smell portion of the parent
cell ia pinched off, az it were, and becomes & new actively grow-
ing individual. This process iz termed budding. Viruges and

. rickettsia, whose development ccours only in the presence of living
tiszee, multipiy by a means not yot selentifically explored. Pro-
tozoe may frequently reproduce by flssion but sexal reprcduciien

is very cossof.

Sexusl, Rudimentary sexmal amstheds of reproduction are often
encounterad among the miercorgpsnisms., Those invelwe copulabion of
two or more gells with interchanse of protopleama, usuelly resulidng
in the fomation of spores. These way be temed agcospores, zZyie-
grores, elc,, depending upon thelr ewmeet characteristics snd usde
of formation. OSexual methods of reprodugtion are known Lo ooewr
among the yessts, fungi and pwobtozosa even though no visible dif-
forentiatlion bstween mule andd femsle cells exists,



INSIBITION 44D PESTHRETIONR

FHISICAL. Zempsmaturs, The meost widely used method of pre-
venting miorchial growth and of killing microcrganisms is by o~
trol of temperature., High temperature and refrigeration are sx-
tresaly effective in preoventing maltiplication. Sterilizntion,
for the complete destruetion of all living forms, recuires meors
dragtic measures. Fhen sporea 8rw preasent, temperatures of
240-250 degress Fahrenheit sust be applied for 15 to 30 mmtes
in the presencs af woisture Lo ensmre sterilisation. If dry
hest is used, even higher témparatures and longer periocds of ex-
PoSUTE art NSCEESEYY. i@ prssance of proteciive waberdels sueh
as seil or animal wastes inberferes with hegt psnetration and poo-
longs the pariod of exposure necessary f{or sterdligstion. Inein-
eratien by direct exposure to flame iz perhanpe the mesd relishle

mesons of sterilising materials whiech will atand this treastment.

Dssgication. The oldest weans of preventing spoilage of
food by microorgenisma is drying or dessicatlion. Exsasnles are
jerked beef, prunes, powdered eggs, other dehydratad foods. %‘ihan
zoisture iz absent, food cannch be taken into the ceil and growth
cengas, VegeLative eqlls are particulsrly suscertibles te drying,
while spores are practically unhsrmad. Drying mey effectively
reduce the concentration of liwving arganisms, but it cannot be

relied on for betal degtiveticg.



il oan be accamplished by re-
soving o making unavailable eassertisl cazpounds foar the life of
the call., All cells require oxygen, carbon, nityogen and hydrogen
in some farm, If any of these elamnts can be ellminated {rom the

siorocrganiamic environment or is converted to an unusable form,
the microorganism is preverted from undergoing further development
and may eventually starve to death., Zince spores are oapsble of
rezaining dormant for leng periods without food, suth measures do
not il)l them, although they may effectively provent gersination
of the spores. Starvation of mlerocrganisns may alse be achieved
with subastances whick are valuable food to them in dilule sclution,
tut which in greater caneantrations actually prevents growth.

Sunlight. The uliraviclst rays of the sun caickly destroy
asioroorganians, bub the rays have lititle pamstrsting power. The
slight protesetion offersd by liguid films or rough surfaces msy
be sufficient to prevent the death of the arganisa.

The high camotle preasures of sugar or

salt concantrations of syrups or brines result iz preservation
of foods from the action of microorganimns beesuse the oazujatie
pressurs removes water from the microbisal cell. A cormon appli-
estdon of this principle is the use of high concestrations of
migar to preserve foods such as Jems cod Jelliss. While such
aigh consentrations may offectively prevent growth, they are not



relisble for 'k:unag orgamisms, egpecially in the apors stage.

 Eldtretion., Though it will net prevent pagsage of viruses
or toxing, filtration can be employed to recove many micrcorgenisms
from fluids. Removel of the organisms mey scmetimes be effested by
use of gubstapces such as asbestos pads, colloidin mesbranes @@ uhe
glaged porcelain, the pore sizes of which are teo smsll to pereit
pagsage of ealls. For gasss such as air, passage through heavy
layars of cotion batting sffectively W«m-me alrborme organisms,
Sren closely woven cloth will materially reduce the muber of organ—
ismz which ean penstrate in the form of dust. The sffisisncy o
filtration nrocesses, howsver, is subject to a vardety of facters,
including the perticle siza, vuzber of m‘mi&m prasent and elsc-p_-

trogtatic chargs.

CHEMICAL.

fectantes and antiseptics, 1f wsed in gpprecisbls concentrations,
interfares with the iife processzes of miorsorganigms. Growth
the cell is prevented through antdseptic or bacterisstatic actica.
Injury and deeth of the cell is caussd by disinfectant, gemulcidal
or bactericidal setien. Among the comuon disfinfectants a:ad #nf.i—
asptiecs are mercuric chloride, silwaer nitmte, sodiva hydroxide,
tincture of icdine, chlorine, phenol (carbolic aeid), cresol,
sleohol, hydrogen pevoxide and caleium hypuchlorits, (lycol hus
8130 been demonstrated as an effective aeroscl spray for purposes

of disinfection and decontamination.
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tional chesical compounds have been found which ars relatively
harmless %o higher forms of life but are capable o destraying
cartain disease-producing crganisus, even after the organ
bacoms firmly esteblighed in the host body. The more effestive

af these exceptionsl agents includs arsphenamipe (Er~lichfs 606)
uead to treal ayphilis, quinine used to combat malaria and the
galfonaside family = aalifanilasmid, sulfsthiasale, sulfa-
dianipe, sulfapyridine — which have proved effective agminst
prewzoniz, genorrhes and dysentery. The antibiotic agends, pen-

_ icillin and sireptomyein have proved veluable for ireatment of
infagtiong nob responsive to ithe sulfa drugs. Une otbher anti-
tdotic, strepbobthryoin, is stiil in the developxent stags., Chene
otherspeutic and antiblotiec substances sare not inhibitory to sdorp-
orgenisng in general, bub show o more or less specific astion an

partienlar specles.

SIOLOGICAL. Basteriophags. The phenomancn Known as bac-
terdophage ia still an unknown substance. It has been deassribed
by sosm as an ultravirus pasrssite of bacteria, by others as an
enzyme produced by the bacteris themselves. IL iz an autonomous
ling agent whose immediate origzin appears te be in the imbestinel
conterta, biood u#oratiana and organs of arndimals recovering from
bacterizl infection. The action of bacteriophage on sa® cells is
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0 csuze them to swell to relatively encrmous disangions ard buret.
Cn others, the call aubjected to ths action of bactardoplage simply
dizsclves slowdy, leaving an smorphous residus. The zction of bac-
teriophage is very potent. Goe pert in a billion, added to s grow
ing culture of susceptible bacteria will couse the solution of all
or psariy all 3he cells in tiree to four hours. Bacteriophags, ro-
cevered from cholers patlents who heve succumbed $o the disease,
has been sstisfactorily used in the prevention and trestmert of
cholsra.
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Jeebion IV
DETECTICH AND IDENTIPICATION

SUEARS AND CULTURES. the first step in the detection and
identification of biological orgmisms is to obtain samples of
them for microscopic study. In the case of the humaznt or animal
body, sessrs may be obtained or cultures prepared froa the blood
or from tissue. A gmesy may slmply be 2 tiny drop of hleod or
pua, apread with 2 needle on a microscopic slide and directly exm~
axined. For more gpecific deteruination of zderoorganisms, howe
avar, it iz necessary Lo cultlivate the crganisss in & prepared

matrient awvdia before they are exsmined.

SAMFLIHY. In the case of airborne sdercorgeniass, 1% ig
necessary to sazple the alr in crder to debermine the nature and
numbey of thelr presenge. Jinen such samples are obbtained thay
may then be grown in appropriate culbwre medla, The zosht comnon
methodas of saapling alr are by means of solid culture medis,
bubblers and impingers.

Solid enlture medis. The exposed ager plate msthod depends
on bacteria particles dropping out of thelai.r and on ¥c Lhe piate.
fe quentitative determination can be mede from this mathod asince
only the largest rartieculstes in a concentration would fall to the

plate,



the inverted funnel device lp & method by which ssasured
velumes of air are pulled by vecwum through a funnel placed over
an open agsr plate. This is more practical for qualitative deter-
adinations than merely expesing the plate, but is impreeticel in
that the developdng colonies overgrow cne ancther when two or more
typea of bacteriz sre impinged an the agar in the same vieinity.

The sleove ssxpler is & modificetion of the funnel devics,
The metal sieve over the open agar plats prevents ¢ulondes from
being superimpossd upon one anvthsr,

The silit sampler pulls alr Yy vacuus tiwough & suall siit
in 3 metal dise. Below the dise an epen sgar plate on & slowly
robating table is exposed te tha current of air drawn through ths

slit.

The ¥ells centrifuge draws weamered volusee of adr izfo a
large tube intc whieh molten agar has been placed. By rotating
this tube, the molbten agar costs the sides of the tube and bae-
teria in the alr which is dramm into the tube are ispinged on the

agar surfeces, -

Bubblers. The aingle orifice bubbler traps bacteria in air
bubbles in liquid. By calibrating the size of the erifice, known
volumes of air cen be bubbled thrmugh the liguid., Its effloiency
im limited by the fact that all portions of the air bubble do not



come in contast with the liauld and thus varying percentages of
the bacteria in the air fail tc becose impinged.

The Wheeler bubbler consists of & rnumber of suall openings
in the end of a plece of glass tubing. By meking these openings
smlle;- than is possible en the single orifice bubbler, smaller
bubbles are formed, thus ensuring higher percentages of bacteria

becoming impinged.

The HYoulton ecollector consists of a capillary ateomizer by
meang of which air being sampled is mixed with & liguid such as
wotar., The mist i1s thoen pagsed through a muliiple bubbler gystem

similar to the Wheeler bubbler.

Lmecincers., The cotton lumpinger is believed to ke & more
prectical methed of sampling adr than either = 1id sedlz or bub-
blers., It ccllects over 99 per cent of the organisms sampled
from a cloud. When spors suspensions zre stosdzed and set up
as cleuds, over 98 per cent of the spores may be accounted for
with this impinger. Liquid impingers such as the bubblers are

60 to 80 per cent as efficient.

The thermo-precipitator is used to obtain cloud ssaples in
order to determine their particulate zize. Sazpiss of a cloud
of microorganisms sre {irst taken by means of an evasuated filter
flagk. The sanples ars then passed through the thermo-precipi-

tater which, by means of a hot wire, sets up convectlion currents,



impinging the particles on a glass coverslip. These particles may

then be stalned and observed under the amicroscops.

STAINING. Staining is the process of artifieially coloring
sicreorganisms with dyez or reagents in order to faciiitate their
study under the amlcroscope. It may be necessary to make certsain
organisms vigible under the microscope, to show the structure of
the organism or to inhibit the growth of c_ertain organisma so that
other growing simulteneously wmsy be studied. The stains most com~
menly used for these purposes are aniline dyes such as gentién
violet, sogin, methyl violet and safranin. The wmost useful stain
in bacteriology is Gram's Differential Stain, in which gentian
violet is used., Thos species which retain the violet dye are

called gram-positive; those whieh arw decolorised snd teks the

caunterstain, red or brown, are called gram-nesative.

DIRZCT GICROSCOFIC mlixIRATION. When microorganiswms are
present in lsrge nuwsbers they can be observed and counted by
rlacing a sample under a microscops, but satisfactory differen-
tiation of living from dead cells or of one gpecies from ancther
ia not poassible by this method alone. Both living and a‘f.ai;ad.
preparations must be observed to ascertain the size, shape,
arrangemant, motility, spore formation and staining rsactions of

organiams in order to identify then.
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GRO®TH IN PURE CULTURES. Precbably the moat satisfactory methed
of determining the pumber and variety of living microorganisms in
any materiagl is to cultivate ths organiams. This may be done by
placing & suiteble sauple in a sterile dish containing prepared nu-
trient mediz such as meat macerated in wmaeter, together with peptene
and comzon salt. This is a fluid ;ulture medie, With the addition
of agar, gelatin or starch, which will solidify when cold, a solid
culture media is obtainsd. When the mixture is incubated at =
suitable temperature for a few days, the becteria multiply to such
ant extent that the offgpring from each cell collect in masses or
colonies which are plainly visiblie to the naked eve. Thus the num—
her of living cngénismg criginally claeced or deposited in the dish
car: be determined by counting the colonies., The different appearance
of variocus colonies sids in deterwdning the kinds of organiams

pressnt .

BIOLOGICAL TESTS. Detection of disessg-rroducing or pathogenic
bacteria is often best accaﬁpliahed by incculation of susceptible
animalg, such as the guinea pig, rat or rabbit, with varving amcunts
of the sasple in ordser to deteriine the least amount whiech will

rroduce definite aymptoms of diseuse, or even death.

BIQCHALIGAL TEITS. Determination of the bypreducts of growth
and the utilization of specific constituents of the culture asdium

way be effectively used to idsntify organismas, Production of acid,



gas, alcohol ar amwonla by the organism are common determinations
that may be made. Tests to determine the uiilisazion by variocus
microorganisms of sugars, proteins and inorganie salts contained
in the medis may alsc serve to identify the organisms that are

pregsent .,

SERDLOGY. ALl living cells when injected into the animal
body produce substances which are anbtigens; that is, substances
which induce the productlon in the host of specifically reacting
substances called antibodies., These antigen-antibody re&ctiona
are temmed serological reactiions because the antibedies usually
appear in ths biood sgerum. & variety of tests are uased Lo detect
vexry minute differences beitween the many antigens produced by mi-
ercorganisas and the antibodies rroduced as a result of the inve-

sion of microorganisas.

HARITAT. leroorganisms usually show dafinite'preferenees
{for the type of envirooment in which they will grow in nature.
Thus the source from whiech the organiam is isolated may at times
sid in its idemtification, However, under special circumstanees
such as the use of wzicroorganisms in warfare, it way be p;;auﬁsd
that organisws might be effectively placed in unnatural or at

least unusual places, so that reliasnce on zource could easily he

mislsading.
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Section V

IKFECTICGH AND IMMUNITY

INVASIVENESS AKD VIRULEECE. That micercorganiszs have dif-
ferent metheds of attack is illustrated by the fact that certain
infections tend to remain localized while other spread rapldly
through the bedy. The ability of a parasite to becoms disseminated
and to produce apreading infection is called invssiveness. On the
other hend, virulsnce refers to the sbility of an organisam to pro~
duce infection or death., Scme organisms owe all thedr vim.imcs
to high invasive power. Some may be virulent primarily betause
they producse 2 potent toxic and owe litils of their virulence to
invasiveness., In botulisz, for example, the texin alone causes
disgeass; the bacteriza have no invasive power. In tuberculosis,

virulence depends primarily upon invsaive power,

HLANS OF INVASION. uMicroorganisms produce many substances
within thempelves which add in the invasion of host tiasues.
These include hyaluronidase, lsucocidins, hemolysins, fibrolysins

end coagulase. Hyraluronidage is an engywe that hydrolyzes hy-

~———

aluronic aaid, an importent constituent of connective tisasue .I
The dissolution of connective tissue allows bacteria to spread
more widely, Hyaluronidase is found in bacteria, many snimsel
tissues snd sneke and bee venom _euscelidins are producsd by

sans streptococel and staphyloceocsci and cauge the death of whits



bloed cella. ¥ith the death of the white hlood cells, one of the
prineipal defenders against bacterie l1s removed. Hemolyains aet
to liberate hesoglobin from the red blcod corpuscles, resulting in
the dissolution of the red cells. Fibrelysins are capable of dis-
golving human fibrin, the coagulating factor in the blood. lany
strains of hemolytic streptococei and scme znasrobic bacteria pro-
duce this substance, as & result of which the spread of bacteria is
facilitated. Cosgulase is 2 substance produced by certain bacteria
which is capable of ocagulating citrated or oxylated plasmag that
is, it indnees coegulation where it is harmful te the bedy. | It 1=
also produced by the body itself and is one of the faetors responsi-

" ble for walling off of pimples, bolls mnd abscesses,

TOXIRS. 4 dexin is & produet of the growth of mierocorganisms,
having properties which render it injurdious to the host, Some
bacteria owe all or a part of thelr virulence to their ablility te
produce toxinsg as metabolic substances. Ixotoxing asre & secrefory
product of the bacteriuc and are given off inte the surrounding
blood. They generally are potent substancea fatal in & very small
dose, and are very good antigens., They ugually show a chaiactaris-
Lic affinity for certain cells of the susceptible hest. One of the
wotaxing, botulin, attacks the motor zmrvé endings, produeing
paralysis of the muaeles of respiration. That of tetanuns sttacks
the motor nerve cells, exerting a strychnine-iike action on the

central nervous systam. Diphtheria toxin attacks certain nerve



centaers, especially those of the vagus amd phrenic nerves, &s well
ga the heart mscle and the adrenals., Indcotoxins appear to be a
part of the internal protoplasmic structure of the organiam. Thay
.ax'e given up only after dissclution or disintegration of the parent
cell. They sre often rather weak toxins and usually poor antigens.
They have no characteristic affinity for particular cells and a le-
thal doze ig usually quite large. It is an endotoxin whieh causes

typhoid fever,

ROUTEE OF INFYOTION. Certain organisms require specific routes
of infecticn., Cthers are effective by a wide variety of routes.
Urgardams requiring direct cordact smet psnetrate the skin or mueous
merdorane or enter a wound in order to be effsctive. Such are the
venersal diseages, tulafwia and anthrax. kany asicroorganisms are
affective upon inhslation of droplets cohtaining the organisms.,
These produce most of the respiratory disesses. lost intestinal
infections and many others in which the agent is able to penetrate
the lining membranes of the mouth or gastro~inteétin&l tract are
inhabitants of food and water. Infection via arthropod vectors
such as ingects cay be of two kirds. The organism may aimply sur-
vive in or upon the insect and be passed on to a new host by bitldng,
ag in the case of microorganisms causing tularemia. The organism
may multiply or even pass through one or more changes in form while
in the vector and may then be introduced in a new infective form
when the arthropod bites & susceptible host, as is the case with

malaria.



AESISTAMCE, The power which enables the bedy to dispose of
pathogenic azents, even after their entrancs into the tissues and
fluids, or to prevent them from proliferating and slaborating their
polsons, i3 known as resigstance. When this resistance is especially

marked, it is called impunity.

The body has three main lines of defense agningt infection.
The skdn and mucous menbranes act to prevent eassy access of the
foreign invaders to the deeper tissues. However, if the bacteriz
do galn a foothold, certsin cells of the body set quickly Lo sur-
round, ingest and desiroy the epemy. Finally, a third defense
wechanisa goes Inte action should the other defenses bhe broken
through. This is the blood, which containssubstances to neutra-

lize the 2ffect of the invasion,

Skin and mucons pembrane defense. The gkin is not only &

aschardeal barrisr, but alse has s mechaniss that anables it to
free itself of the majority of bacteria thst impinge on it. Bas~-
terla which are not part of the normal flore of the skin sare
rapidly destroyed. HNo such reducticn of bscteria occurs on the
dead skin of cadavers. Conversely, nc amount of washing ;;li
completely remove bacteria whose normsl hsbitat iz the skin, It
has Leen obgserved that dirty skin loses much of its bacterdicidal
activity, indicatingzabaorptian or destruction of this wmechanism.
It 13 possible this mechanism 1s a product of the swest and sgeba

¢eous glands of the sikin and the normal acidity of skin.



The mucous membranes which cover the gastro-intestinal, res-
piratory and genito-urinary tracts prevent invasion by bacteria.
The mucus whicﬁ covers the lining epithelium of the mouth 1is
sticky and bacteria adhere to it. The subsequent movamsnt of the
bacteris is along ﬁniform lines of flow which converge at the base
of the tongue ard the particles are removed by swallowing. In the
stomach and first part of the lntestinal tract, bacterias are sub-
jected to the high acidity of gmetric Juice. Few survive. In the
small intestine, bacteria which have passed through the stomach
are subjected to alkaline secretions., In addition, mucus an the
lining of the intestines collects the bacteris and movemerts of the
irdestines cause the mucus to be relied into small masses which

pzgs on to the lower bowsl.,

In the respiratory tract, ciliary action sweeps the mucus
and foreign particles which gaim entry to the nose backward into
the nasopharynx, where the bacterda Join those from the mouth and
are swallowed. Lyscszyme, a substance present in nssal secrestion,
tears, skin and other tissues, is capable of dissolving some bac-
teria and mhy play an important part in freeing the nssal _gavitiess
of foreign bacteria. The trachea and bronchi are normally free of
microorganismg.,. Should airborne dust and carbon particles which
aight be contaminated svade the outer defenses and reach the lwig,

mucus collects them and they are axpsctorated, or cilia sy drive



the bacteria upward, or the cough reflex mny act, in the effort to

keep the uppsr lung passsges sterile.

The conjunctivae or wmugous membranes which line the inner
sarfaces of the eyelids are protected by the wink reflex, the aye
lashes and by the flow of tezrs which azets as an irrigeting mech-

anime,

The genito-urinary tract is protected by the flughing actien
of urine which has an aecid reactlion destructive to most bacteria,
In addition, scid-producing bacteris constitute the majority of
the normel aend protective {lora of the genito-urinary tract. The

vaginal secretion is bactericidal toc most organisms,

Cellular dafense. The sescornd line of defense is that of the

cells, Should invading microorganisms gain entranece into the
deeper tissues, certain white blocd cells c¢alled phasocytes mobi-
lize within a few minutes at the site of invasion. The phagocytes
ars gpecial white cells equipped to ingest and destroy foreign
bodies in the blocod. At the saus time the phagocytes mobilige,

& network of fibrin frem the blood fluids collects zround _the aree,
helping to wall off the invaders and forming e scaffold for the
pgoeytes to progress into the area of conflict. 4s the invesive
erganiasms penetrate deeper or overcome the phagocytes, they enter
the lymph channels and ars carried to ths lymph mdea where macro-

phages, giant phagocytes, engulf the bacteria, The swelling and



tendernsas of lymph nodes indicates the presence of such & struggle.
Should the invading organisas overcoms both the phagocytes and macro-
phages, they are carried into the blood stream along with the lymph
and are picked up by macrophages lining the liver, apleen and bons
marrow. Here the blood flow is siower, allowing more time and greater

epportunity to the masrophages te overcome the organiams. For this
reazon, the liver and spleen ara oftaen called the bloed filters of

the bedy.

Blocd defense, The third line of dafemse conszists of special

substances which the body menufactures when threatered with death
by invazive organisma. The toxdn, enzyme or other sscrstory prod-
uct of the sieroorganism causes ths production of an antagonist.
intigen, therefore, is any substance, such as a toxin or snzyase,
which when introdused into the body stinulates the productisn of
antibody. Antibody is any substance which askes its appsarance

in the blood aserus or bedy flulds in response to the stiouiuss pro-
vided by the introdustion of an antigen into the tissues. Antibody
is apecific and acts only to destroy or neutralize the particular
antigen vhieh called it into being. Complement is the substance

or coaponent of [resh, ncrzal serum wiich participstes in any antigen—
antibody reaction and is necaessary for the completion of the lytic

or basterin~dissclving reactions that take place.



There are many types of antibodies produced in the fluids
and tissues of the body, including btxterielysins, antitoxins,
opsonins, antihamolysins, antifibxfinolysina, sggluting and pre-
eipiting. antibodies are the basis for the active immunity which
may bs produced naturally or artificielly in the body as reslistance

against infecting aleroorganiamg or their poiscrious products.

TEMUNITY. Kot only must toxdc organisms invading the body
overcons the mechanical defenses of the gkin and tissues and the
ingestive defense of the ph&gecﬁ‘as, but they may then confront
a variety of types of immunity. The types of immunity may be

claasified as follows:

Genetically inherited. The immunity with which an individual

may be boern or whick he inherits is called genetically inharited
Imaynity. It enables him to resist infection without first produc-

ing specific entibodiez. It 1g species isuunity when it is char-

acteristic of a particular species. Algerian sheep, for instance,
are immune to anthrax, whereas all other speciss of sheep are sus—
ceptible. Racial immunity is that which is characteristic of a

race. By nature, the Hegro is relatively resistant to yelzovir' fevar.,

Naturally secquired, HNaturally sequired immunity results from

recovaery from infectious disease or froawm subclinleal infection.

Active natural imaunity i1s aequired by combact with the organisms as

& non-apparent or non-lethel infection. The minor illnasses of
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childhood, for example, confer many typss of partiasl or total
immuadty and the production of many apecific antibodies at that

time ias maintalned for years or for life., Passsiye natural imsunity

or congsnitsl immunity may be sequired by the newborn folliowing
the transfer to the offspring through the placenta of antibodiss
which were actively produced in the mother. Thus, infants in the
first year of 1life ars found to be resistant to diphtheria and
scarlet fever. Widespread immunity to the agents of smallpox,
measlea and diphtheria in well-developed urban populations, as
well as the ilmmnity of tropical natives to dengue fever or Auro-
pean cattle to rinderpest may be considered types of congenital
immunity or non-suscectibility which have developed over the course

of time.

Artifically acquired. Artifieially ecquired immunity is con-

ferred following ths injection imte the body of some inmunizing
substance such a8 &8 toxold or bacterisl vaccine or antiserum,
stroyed, yet its antigencity or antibody-producing power remains
unchanged, Vaccines are killed or attenuated bacterial sumpensions
which cannot cause disease but can stimulate antibody production.
Antiserum is serum containing previously manufactured antibodies,
obtained fros the blood of an animal thst has heen subjected to

repsated sublethal doses of a microorgenism or specific toxin.



Actiye artificial imounity occurs in an individuel or anlmal as

the resuli of injecting an antigen toxwid or vaceine. The indi-
vidual so treated produces antibody and may be lwmmune for a con-

sidersble period of time., Passive artificizl imeunity results

from the injeetion of immune serum in an individuval or animsl,

This type of immunity is o very short duration.

The kind of imaunity which is established in an individusl

may be elther antitoxlic or antibacterial. Antitoxie immunity

refers to antibodies capable of neutralizing soluble toxic sub~

stances produced by bacteria. 4ntibacterial immunity refers to

antibodies which play = role in the destruction of bacterial
cells, In this mechaniss, other factors usually operate in con~

Junction with antibody, such as complesument or vheagocytes,

In an immunized body, the cellular redcticn to a virulent
orgsnism ig sueh the saue as r.nat of a noti~immune body to an
organism of low virulence., Damunity, therefore, does not nec~
esaarily produce caomplete resistance to an invading toxin or or-
goanism, The body sickens, but it has a last diteh weapon_with
wnich to fight, and provided the antibodies themselves ars strong,

the invaders can be overcome.

The probleam of employing diszease orgunisss in war is to over-
come these natursl snd srtiflcial defenses of the body, by develop-

ing new or greatly luproved straim of organisms of exseeding
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virulence and by assuring dassemimetion of overwhelming massive
doses of the organisms, against which the best defenses of the

body, as well as of medical science, may be helpless.



Cnsaber 2
BICLOGICAL AGEHTS
Section I
DEFIRITION

BIOLOGICAL WARFARE. Riologiesl warfare may be defined as the
use of bacteria, viruses, rickettsia, fungl and toxic agents derived
from living organisus to produce death or dlsease in men, animalsg
or plants. To this definition of biological warfare there are two
specific excepticns: the use of certain aynthetic chemicals for
crop dagtruetion and defoliation of vegetation, and the usge of
chenioals as co-agents integrated with a bleloglecal sgent.

RIDLOGICAL AGERT. A xdercorganiss whosze invasivensss, virulence
and proliferation or production of 2 taxic swbetance may be useful in
war to produce disease and death in man, snimals or plants.

BIOLOGICAL WAHFARE AGENT. 4 sdervorganisz or chewdeal substance
whicl, by its erdinsry sotion, produces a delsterious physislogical
effesct when applisd te man, animals or plants.

Section II
CLASSIFICATION OF AGENTS

TACTICAL CLASSIFICATION. Persistency. 48 a result of the
ability of some erganisms to fomm gpores, .whieh are among the zosh
resistant formus of life existing on earth, certain agents may per-
sist for decades or lenger in dry seil. Practically all bacterial
spores and cany fungel sporea are resistant to dessicatian. Most

nop~aporing vegetative organisma are nonpersistent. Toxing are



nonparsistent because they are subject to insctivetion by a number
of anvirowssptal fastors. W, aven the xore fragils agentn
may survive for prelonged periods of time if the enviromment is
sultable for contimed proliferation or if natural reserveirs are

established.

Disease agents capabls of transmission in

series from asne suscepbible host to ancther are termed camnicabls.
Nenproliferating biologieal sgents such as toxins and crop destroy-
ing chemicals are noncommunicable. Proliferating infectious agents
such as bacteria, viruses, rickettsia and fungl are all cmieable
in acme degres, for it iz in this manner that they nomally survive
vnder netural cornditions. Cosammrdeability depends wpon invasiveness
and virulence of the sgents snd is the bagls for the spiderdeity of

agernts,

Severity. The effecte of infectious disease agents vary in
severity from those resunlting in sild and transitory inconverderce
thmough those causing severs lncapseiiation far varying lengths of
tima to those whieh kill the host. Severity is depeandent on the
strain of the organism wsed, incubation period, salectivit_.g of it

feetion, dosage and effectiveness of available therapsutic asasures.

PHISIOLIOYCAL CLAARSIFICATION. [ethal arent. 4 bielogleal

agent whoze primary effect is to mroduce death in the human or
animal host. Dotulinus toxin and plague are examples of lathal
spentta,



Debilitating apent. A biolegical agent whose primary sffect
is to produce sither brief or prolonged incapacitation in the hu-
man or animal host. Brusellesis, bacillary dysentery, influensa

and typhus fever are examples.,

Psychologicel agent. & biclogleal agent whose prixary effect
is to0 produce tarror through fsar of potential results following

localized employment. Cholera or plague are examples.

Animal agent. 4 bilological agent whose primary effect is to

produce disease in useful domestic animals for the purpoase of re-
duging or decimeting food herds and draught animals, Foot and
imouth disezse apd rinderpest are dilaseasses of food herds; glanders

in horses and rinderpest in oxen are digeases of draught animals.

Gallineacecus agent. 4 biclogical agent whose primary effect

is te preduce digease in demestic fowls, Fowl plague and Newcastle

diseass sre examples of fowl diseases.

Plant agent. & blologiczl or chemicsl agent whose primary
effect is to produce reduction in yield or outright death af food
and industrial crops, or defcliation of w§ed plants and trees.
Broad-leaf crop destroying ageots are brown spot of rice, rice
blast, late blight of potato, southern blight, and the chemieal
agents LN-2, LN-8 and LN-l4. Cereal crop destroying agents are
southern blight and LE-33, Defoliants are asmonium thioayanate

and zing chloride.



Section III

REJIVISITES OF A4 BIOLOGICAL AGENT

An organism or substance to be useful as a bioclogical agent
should heve the fallowing characteristica:

It -hould be highly infective for the animal or plant species
against which it is used for an effective perioed under local atmos-
pheric and climatic conditions, Infeetivity is the capacity of a
viable agent to produce disezss in a stated proportion of equally
axposed subjects as measured in suitzble infective units. It in-
eludes all effects of infection, ineluding death., It is the term
preferred to virulence which is generally ons of compariscn betwean

strains of an agent, snd to pathogenicity, whose impact is quali-

tative.

It should consistently produce a highly incapacitating or
destructive effect on enemy personnel, animals or plants. Such
cagualty effsotiveness may range from repid lsthality to dominantly
paychological affécts. Regarding crops, casuslty effectiveness is
the relative effectivenass of a biclogical agent in reducing the
vield of a particular erop, brought sbout either by the death of the
plant, destructlon of the reproductive organs of the plant or by
partial starvastion of the plant. Casualty effectiveness may also
be in terms of toxicity, in the case of the so—called true toxins

or exvtoxinsg prodoced by a lismited number of basterial apecies,



such as those cauging tetanus and wmollusc poisoning, certain plant
ang animsl toxins such as ricin and botulin, end ths toxicity of

erop destroying chemical agents,

In the case of a microorganism, it should be capable of be-

coming epddamic, epizootic or epiphytotic for man, animal or plant,

In the case of a microorganiam, i{ should not be excessively

retroactive. Retroactiviby is the capacity of an agent to attack

friend and foe alike or to react againsgt the attacking force, High
infectivity, persistence and epidemicity in an agent imply hazerd

te the attacking forces, especially when they must enter an sarea
after a blologieal attack., A2 applied to plant disease, Lhe probable
affact of retrosctivity on the blolopical balance of nature must be

conaidered,

It should be c¢apable of eing produced in large quantities

fram available and econcaical msterimla. Avallability of an agent
is its capacity for being produced on a large scale and in suitable
hizh concentrations. ieans far initial cultivation of infecticus
hepatitus or the virus of mmaps, for instance, are not available,
but simdler agents of this class such as measles, dengue and rinder-
pest have beccme available. .wost plant pathogens can be cultivated
in the laboratory, bubt the rusts and viruses can be cultlvated only

in the living hosts.



It should be resistant to adverse conditions of temperaturs,
molsture, sunlight and other conditlons encountered in storage.
Stability of microorganisms during processing, storage and dissem-
inationsnd, & common characteristic awzong viable agents, because
of course they either grow or they die, The death rate of the
breillus and spore of anthrax is slow and practically negligible,
It is therefore an exceptional agent. The agent of tularemis,
on the other hand is subject to rapid sterility under ardinary
circanstances. Stability in microorganisms ia always limited and
makea gtockpiling of agents and agent-filled munitions alwmost

impossibles.

It should be an agent against which protection can be provided
by the using force, The abiliiy to apply effective wmeans for the
prevention, trestment and control of gpecific infections ig an im-
portart factor in the selsetion of an agent. With plant pathogens,
the existence of resistant host varleties, fungicides, bactericides
or ingecticide sprays and dusts, and sanitation, crop rotstion and
other cultural practices would be modifying factors in the selection

of such an agent.

It should be capabls of being easily and stealthily digpersed
or transzitted to the enemy by existing mundtions or modifications

of thew or by new technigues.



It should be complemental or supplemental to other methods

of warfare,

Section IV

COUPARISON OF BIOLOGICAL AND CHIMICAL WARFARE AGEKRTS

Blological warfare and chemical warfare are gimiler in that
they employ agents which may be diffused over a large area and thus
exsrt, Ltheir lncapacitating effects on large numbers of individuals
simnltaneously. They have psychological siwdlarity in that the
agerts of both may be more or less invigible amd intangible so that
their action is to & degree insidious, and part of their expected
affect iz that of demorslization through terror of the mystericus

or anknown.

The agents of biological warfare differ in many respects frowm
those of chsudcel warfare as to physical state, stability, dissesm-
ination, detectlion, persistency, virulencs and effects. In addition,
blological agents have certain properties not possessed by chauical

agents.

—_

PHYSICAL STATZ. Biological agerts are minute living partic-
ulate bodies or largs toxic protein drOpléta devived therefram.
They are thus more complex in chemical structure and greater in
molecular weight than chemical agents, yet small enough to remain

in suspension over longer pericds of time., Host important difference
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between molecular gases and cellulzyr organismg is that of the effec-
tive particle aize. Ordinary fog particles have dismebers ranging

between 10 and 1,000 aderons. Howsver, blcloglcal particles even
a8 amall as 10 ndcroms in diameter w11l not pass the naaal barriers
or enter the lungs of either man or amimals. The largest particle
capable of entering the lungs is not cver 4 microns. Another impor-
tant difference between the agenta is that of volatility., The
solids and liquids which are used to produce war gases give off to
the air a certaln anocunt of their saterisl in the form of gas or
vapor., Thiz property is nol posgessed by biological organis@ae

They can be disseminated only as partieulstes or aolid particles,

with ail the properties of such particles.

STABILITY. As living agents or complex organic compounds,
biological agents are legs resigtant than chemdcal agentas to such
influenees us heat, pressure,; light, drying and chemical action.
411 biological agents are comparatively unstable and easily subject
to attenuation or loss of virulence, with conseguent diminuticn in
thelr ablility to produce disease. Ilost infectlious agerts require

handling under specizl conditions not required for chemicmEl agerts.

PROLIFZRATION. Unlike cheuicals, living tiologlcal agents
asn grow apd maliiply. A few becteria introduced into food, drink
or body tissue way increase in.manifold mmbers, For this reason,

the smounta of blological warfare waterial required to produce



disease may be inersdibly ssall in compardson with chemical poisons,

DISSEMINATION, Biological agents may be diapersed as invisible
¢louds relessed from bombsg or shell, as contauinants in food and
water supplies and on ground and vegetation. In addition to the
shell, bomb, grenade and apray tank of cheaical warfare, Malogisal
agents may be dispersed vis contaminated missiles, free balloons,
ingect vectors, gulded missiles and similar unorthodox devisements.
Sabotage with biclogical agents is prebably far more practicable
and effsctive than with chemical agents.

DETECTION. It is not likely thet any blologleal agent will
be detected util suspieious mass cutbresk of disease among asen,
animals or plant erops has occurred. In this respect biologiesl
agents are like certain of the newer war gases which are odorless
and colorless. Detection in these instances would depend upon

ffaetive intelligence and vigilance in public health and milivary
sardtation inspection. It has not, been poszikle to provide mesnz
for the rapid detection of pathogenic organiasna as is possible in
the czse of chemiscal agents with the detector kit.

—

HETZEOROLOGICAL CONDITIONS. Disseminstion of bhiological agents
is affected very much the sane as chemical agents by winds, teapar-
ature, humidity, terrain and other wsteorological phenomens.
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PERSISTENCY., Bilcological agerls may be pergistent or nonpere
sistent, depending upon their foram. Bven the mest fragile organ-
immns are uamélly somswhat aziore persistent then the least persistent
chemical agents, and the most resistant crganiams are far more per-
sistent than the most persistent chemicsl agents. AB‘VBgBtgzﬁVG
forms, biclogical agents may quickly die when exposed to air and
surdight. Spore formg tend to be persistent, scuetimes for as
cuch ag years or decadss., Chemical egents like phosgene and hy-
drocyanic acid are nonpersistent, dissipating shortly after the
mosent of erash concentration. lustard, however, may peraist in

effective form on the gmuxxi for as such as {woc smonths.

LAG DR INCUBATION PiRIOD. Sowe chemical agents, like phos-
gene, have a delayed action. Though the individual may be at onee
apprised of contamination, ihe full cnset of sympboms may be de-
layed for hours. Other agents, like austard, have a lag peried of
several hours during which there way bs ne indisation of cortamina~

-tion. Host chemiecal sgpents are sore or less inmediate in their
physiclogical effecta. On Lhe other hand, all biclogical agenta
hgve a lag or incubation period from the time of contact o-r eh—
trance of the agent into the body and the first appearance of
symptoms. This period ia never less than & few hours and coumenly

is several daygs. Some infectious agents have incubztion periods

that n2y extent for weeks, months, or a year or more.



VIRULIICE AND DNFECTIVITY. Virulence iz the relative infec~
tiocusness of a biologleal agent, just as it is the relative cas-
uwalty effectiveness of the chemical agent. Virulence may be en-
hanced or attenusted by treatment of the organism, Jjust 23, te
gome degree, it may be enhanced by purification of the chemical
agent compound, Chemical agenba, however, “ave no power of in-

fectivity.

EPIDELICITY. Some biological agents have a property not
posseased by any chemical agent. This is epidemicity or the ca-
paeity to spread disease from one infected individual to ancther
under suitable conditions. A single effective atbtack with certain
bioclogical agenhs iz potentially capable of becoming self-props-
gating and causing & widegpread epldezie or even pandemic., Ipl-
demicity may also be enhanced by endemicity or the natural suscep-

tibility of certain locallitien o certain agents of disaeasse.

TR ITY. On sxposure to blological agents the body attempis
to build up a specific reslistance to the particular agent sad by
thia means may arrest or overcome the infection. Resistance may
often be brought about artificially by prior immunization with
harmless preparstions such as vaccines anﬁ texwids. By contrast,
little can be done to ingrease resistance to chemical agents aside
from the snployment of chemical and mechanical measures, A certain

degree of toleration, though not Lanunity, can be bullt up for
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chloracetaphenone and the irvitant amokes.

KECHANICAL PROTHCTION. The minute partioulate size of bio-
logical agents is of considersbls importance in devising msehaniecal
neans of protection. Only impermeable rubber clothing provides
completa protection. Ordinery materisls which when impregnated
will prevent pemetration of liquid or gaseous particles of chemical
agentg to a large degree, readiily admit sost uicroorganisms. The
one or two per cent leakage permissible in the standare gas mask
when worn in gas atmospheres is elmoat certainly lethal when the

unnodified mask is worn in abmospheres of mierocorganisms.

ZUNITITHS. The chemical efficlency or weight of agent in
relation to welght of munition is quite different in biological
and chemical munitions. A relatively enorusous filling iz required
in biological warfare to produce asn effective amount of agent that
will survive the conditions of dispersien in a form suitable for
the accamplishment of its purpose. Howswver, the effective dogage
of blolegical agents is wany times less than any chemical agent,
Ancther important diffsrentiation is the fact that chemical mini-
tions dlsperse agents effectively with a fragmentation factor of
thousands. Biological munitions aust diéperse agents with a f{rag-

mentation factor of billiens.

BFFECTS. ¥Ynile many chemicsal agermts are visibie and thsir

effects on the body are relatively rapid, others are invieible



and odorless and their effects may or wmay not be ilmuediate. Host
biological apents are both invizible and intangible, and their

action is always insidiocus. Part of Lhedlr intended and expected
effact is that of demoralization through fear of ths unknown and

the uncertainty of attack.



Section V

AGERTS IRJURIOUS TO KAK AND ANIHALS

GENEAsl. Bacteria are respongibls for many of the serious
diseases of man and mrobably should rank first in the list of
agents consldered adaptabla to use in biological werfare. They
offer & wide variety of cholge in respeet to sase o« production,
stability, persistence, portals of entry into the body, nature of
the ussociazted disease in regpect to severity, duration, avail-
ability of measures for prawvention and treatment, and resadiness of
transmission frow persan to person. Among the cocel or spherieal
foras are the staphylococel which cause boils and food ﬁaisoning,
the strepgtococci which cause scarlet fever, the gonocoaci and
meningococci. The bacilli or rod-shaped bacteria include forms which
cauge diphtheria, tuberculosis, amthrax, ‘;etanus, gas gangrene,
botuliam, typhold fever, bubonic plague, tularemis;, brucellosis or
undulant fever, bacillary dysentery, and glanders. Among theses are

certain diseases which are due principally to soluble toxins



producad by the respective organisms. This is true of diphtheria,
tetanus, gas gangrens and botulism. 4 third forwm of bacteria ars

the spirilla, with Vibric comme as its best representative, the

cause of Aglatic cholera. Bacteria show varying degrees of parasii-

jmme.

Viruses are strict parasites, existing primarily in living
hosts at ths expsnse of the host. They are responsible for many
of the well-imown disesses of man, ranging from the common cold
to such serious conditions as infantile paralysis, rabies; small-
rox, influenza, ysllow fever, dengue faver, psittacosis and equine
encephalitie., The filtrable viruses alse cause rinderpegt or
cattle plague, foml plague and Hewcaeile disease., Froblems of wess
groduction of viruses, although diffieuli, ars not such as Lo make

the uge of %hese agents in war impracticabls.

Ricikettala, like viruses, sre all paresitic, infecting man,
animals or insects. They are usually transmittsd by their original
insect ar arachnid hest. In msn they are the causative agents of
the important typhus—svotted fever group of diseases. Although
production of rickettsia in large quantities would be difficult,
their virulence iz such that moderate amounts might suffice for
prpogses of organized biological warfars. They are‘ congidersd to

be potentizl agenta.
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Yeasta are asscolated usually with low grade and superfiecial
infectlions of man., 4s a group Lhey are not prozising biological
agents gince they are insufficlently invasive and pathogenic. HNo.

highly poisonous products have been deseribed for yeasts.

Fungl or molds, like yeasts, produce for the most part low
grade infections in man., These are =ild and often chronic, such
as ringwornm and athlete!s foot. A lesser number of fungi are
capable of producing serious disease in man and animals, as for
example, actinomycosis which is lunpy jaw of cattle and sometimes
infects wen. Certain fungl cause pneumcnias such as coscldiomy-—
cosis and a few invade the deeper tissues. iHany of the severe dig~
enses of plants are due to fungi, and should attacks be made on
food ercps, certain of the agents employesd might be i this class.
One of the most poisonmous substances asascclated with fungi is erget,
which occasionaly contaminates rye grain. In general, fungi do not
produce subsiances highly toxde for man, On the contrary, theip
rroducts are widely useful in industry and medicine., Some fungl

produce baterlophages. 2uch 1s Pepcillium noftatum, the source of

peniecillin which checkn the growbh of streptococeil and staphylococci

and perudts their destruction by the phagocytes.

Protozoa are the cause of amoeblc dysentery and sleepinz sick-
neas., Showing certain affinities with the protomoa, alth