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(C) T™is investigation was corducted under Project 4.92.02.030., Sub-
project .01, "Unit Operatiocs and Processes Yor EW Agents,” Task 9. Tre
expanditure order was 80.71.500.

(U) The authors are grateful to Mr, Wendell H, Kayser, Deputy Director
of Development and to Mr, Lou C, Dixon, MD Division. for defining certain
product characteristics that could iaprove dissemination efficlencies of
spray-type munitions.
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€) ABSTRACT?

’

{€) Rentrifugstion was investigatad as a nethod for removirg coarse par-
ticles of tissue from whole-egg slurry infected with Coxlells burnatii,
These particles sust be removed if thse slurry is to be dissesirated from
spray-type sunition systeas such as the £120 and the North Amerisan spray
nossle. Rowever, the removal sust oot reduce the coscentratica of ricket-
tsiae in the sapersatant liquid or product, A condition of centrifugation
vas determined experimentaily which resulted in a product vhizh met the re-
quirements of the F120 munition. Centrifugation, supplemented by filter-
ing tho sluity through a series of screens, resulted ia a product which met
the requirements of the North Aserican spray nosile aystes,

~<.(C) ™e supernatant product from the centrifugation study was stored at
49C to determins bdiological decay of the organism with tise, Ths data indi-
cated that, under optimunm conditions, there ls no lose ia viability for 130

days, .

~A. (T) A reference slurry was established, and incorporated in the asssy
pro o Assessment variability still remains one of th- major obdstacles in
defining ths influence »f controlled variables on rickettsial populations,

ol
" "N{C) Preshly prepared suspensions of slurry were aercsolized with the
PT.12 possle. Teapsrature and humidity have little iafluence on biological
decay of the organism, Concentration of organisms is reduced primarily by
physizal fall.out of particles,
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(C) Centrifugation was {nvestigated as a meirocd for removing coarse
particlen of tissue froam wholewegy slurry infectsd with Coxiella bur-
astil, "hese particles musi Tw removed if the slurry is “to te Giszesla
nated frim spray-type munition systcas such as the E120 and the Nerth
haerican spray rnoszle, The rescvai must pot reduce the concentraticn of
rickettsiae in the superrant liguld or product, A conditiocn of centria
fugation was determined sxperimentally which rewlted in a preduct which
set the requiremsnts of the E120 aunition., Centrisugation; supplemented
by filtering the slurry through a series of scruens, was required for a
product which met the requirements of the North Assrican spray nossle

systaa,

(C) ™se supernatant product from the centrifugaticn study was stored
at {°C to determine biological decay of the organisa with tise, The data
indicated that, under optimum conditiona, there is no loss in viadility l‘or

150 dq' .

(U) The procedure for estimating rickettsial concentration of the
slurries was examined critically. A refereuce slurry was established, and
incorporated in the assay progras. Precision of the sssay procedurs vas
improved; however, assesiment variabllity still remains one of the major
obstacles to defining the influence of controlled variables oa rickaottsial

populations,

(C) The nerosol cheracteriatics of the orzaniam were studisd, Freshly
prepared sunpensions of slurry were asrosolised with the PT.12 nosils,
These studiies demonstrated that temperature and humidity have little ine
fluence on diological decay of the organisa, Concentration of organisms is
reduced primarily by physical fall.out of particles from the cloud,

(C) Studies of egg slurries containing not Coxiella burnetii but a simu-
lant, Bacillus subtilis var, niger, showed that munition elliciency in=

crnsoJ a3 the thixotroplc nature ol the slurry was reduced,
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1. (C) INTRODUCTION

o ——— e e e e

. A, (C) PURPOSE

! (C) The major objective of this program was to develop an egg slurry
: infected with Coxlella burnatil that could be disseminated froa spray-

' type munitions, Ihe product scheduled for improvesent, a milled suspen-
slon of infected eadbryonatnd egg, tontains particles which do not pess the
orifice of thesa spray-type munitions and thersfors are not effectively
disseminated from thea, Centrifugation was selected as a methot whiich
would rexove the undesirable particulate matter from the siurry without
reducing the rickettsiul content of the product, This ctudy also provided

. an opportunity to obtain additional information concerning (a) precise

{ estimates of the variability of the assay procedure for Coxiella burnetil,

! (b) stadility of slurry stored at + 4°C, (c) the bioclogical decay rate of
the organisa in awrosol, (d) the feasibility of filtering whole-egg slurry,
and (e) the influence on aervblological properties of changing the phyzical
properties of slurry by dilution,

L e N - O N o~

: 3. (C) BACKGRODND

{C) Procedures for producing Coxiella burmetii {n whole-egg sl were
i developed by psrsonnel in Virology I Branch, Virus and Rickettsia (Tl; Di.
vision, These procedures were adapted and modified for use in the Pilot
Plant between 1951 acd 1953, An experimental operating mamal wvas written
for the Pilot Plant,1l/® Data obtaé ed during this period are summarized in
Technical Memorandua Keport 2-24..7

{C) The product from this process is a slurry obtaired by milling em.
bryonated egg infected with Coxiella burnetii through a colloid aill, The
biological and physical properties of the product are shown in Tadle I,

The procuct me! all specifications for dissemination from the Kll4, Howv-
ever, it is not suitable for use in spray-type munitions now being developed.
The slarry contains a small percentage of coarse parti:ies that do pot pass
the orifice of a munition such as the E120. These coarse particles are
feathera, bones, and other tissues which cannot be milled to particles less i
thas 0.06 inch in diameter. The standard Pilot Plant slurry sust be clari-
fied of this undesirable tissue in order to meet the requirements of a
variety of sunition devices. )

i i BBt i T W e N s 53 W,

® See Literature Cited.
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TABLE I. (C) BIOLOGICAL AND PHYSICAL PROPERTIES OF WHOLE-FGG SLURRY

PREPARED IN PILOT PLANT, 1951 T0 1933

Prodrot Characteristic Result
1. Rickettyial titer (Log), GPIPIDso/ll)y 10.04 .
2, BRickettslal titer, 98% Coafidence Limits not establiahed
3. Partiole Sized/ 0.083 inch
4. Huodtyf/ 26 « 33 centipols~s
8, Total dry uuad/ 23 per cent
G, Specific Cravity?/ 1.038
1. gt/ 74178
8. Logyo guinea pig intraperitoneal infective dose, 50 per ce~t,

b. The orifice diameter through vhich 64 al of slurry will pass witiout

Plugging orix'ice vhen 30 paig is employed.

¢. Viscosity - measured at 29°C with a Brookfield viscosimeter using No, 1

d.
e.
f.

spindle at 30 and 30 rpa.

Deterained by sethod of Flosdorff and Wedster.

Slurry held at 23°C and gravity measured by Balling hydrometer.
gil seasured with Bechman pli meter.
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I1. (C) EXPERIMENTAL PEOCEDITES

A. (C) INITIAL INVESTIGATION

(C) I2 was dacided that this study should de Airected toward mesting
twvo requirements: (a) that the whole-egg slurry product be capable of
passing the 1-:7ice of he Z120 munition, and (d) that the product cone
tain at least 1 x 1010 doses per milliliter capable of infecting 50 per
cont of the guinea pigs inoculated, The E120 orifice (0,015 inch) was se-
lected Decause it was thought there would be 1ittle interest {» smaller
orifices for the spray-type devices, The requirement for rickettatal so=.
contratioa was selected becsuse it represented the average agent cosgun-
tration obtained from 30 lots of infected slurry produced between 1951 and

1983,

(0) A preliainary investigation determired the degree of rentrifugation
required to resove coarse tissue particles froa slurry prepared from norml
18.day-o01d embryos (Appendix A), Speeds of 30,000 revolutions per mimte
and flow rates of 100 to 500 ailliliters per uimte in the Sharples Pres.
surtite Centrifuge 'were required defore the product would pass an orifice
of 0.010 inch. It was Delisved that these conditions of ceatrifugation
would sediment a large percentage of the rickettsiae,

(7) Sudsequent investigations with izfectad slurry prepared from
freshly made seed are reported in Appeadix 9,

B. (U) DEVELOPMENT OF SELECT-HARVES? PROCEDURES

(U) Since prelisinary data with normal slurry indicated that cuatriln.
gation would probably remove 30 to SO per cent of the rickettaiae of the
product, it was decided that «n alternate approach to the prodloam of clari-
fying the slurry by centrifua . ion would be to use a selective harvesting
procedure, This decisica wau lased on the fact that the embryo itself is
not a rich source of rickeltslas, Moreover, since the 15-.day-old esmbryo is
characterized by well-defined feather, Done and cartilage developmeat, it is
difficult to process inte an acceptabdbls product. The composition of a 15~
day-~ld esbryonated egg is shown in Tadble II, A selective harvesting pro-
cedure was developed for infected aggs whereby the embryo was discarded
with the shell (Appendix C). The remaining tissues and fluids were proc-
essed into a "select-harvest® product,

(U) Four lots of 2000 eggs mach were inoculated witn Coxiella burmetit
and half the eggs were harvested by the whole-egg procedure described in
the nnul.y Time and motion studies were made for each harvest, Two
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’

TASLE 11, (U) SOME PHYSICAL CHARACTERISTICS OF COMPONENTS OF 15-DAT-OLD
DERIONATED ECG

Iig Per Cent Weight, Per Cent of
Ceoaponents pit Solids in Total Weight
1. Esdryo 7.1 11.4 11.8 31.2
3. Youd/ 7.8 36.3 0.3 16.7
3. Aldumta 7.8 295.8 8.8 15,8
4. AMllastoie —— 8.9 10.6
Fiuid
8. Yoix Sact/ - 3.8 8.3
8, Asaletie Fluld - 2.9 8.0
7. Extra Badryonie ) - 1.2 3.0
HReadraces
8. Niscellaneous - 1.8 22,7
Total 88,8 100.0

8¢ If the embryonated eggs vere infected with Cexiella buvnetii, $0 per
sent of the rickettsiae would be scontained within the yolk and yolk-aac.
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lots of iafected eggs were milled in the Eppenbach Q.¥ colloid serus =ill}
the other tro lots were silled in the Charlotte Colloid Mill, Hcdel Ko. 3.
The milled suspensions of siurry were stored in glass at -809C and wers re.
moved froa storage as they were required for the ceatrifugation study.

(U) Major differences batween the select-harvest and shole-egg products
are summarized in Tadble III, The selact-harvest materiai {s ecore easity
ailled into a product containing fewer chunks of large tissae; however,
harvesting time is 48 per cent slover and 31 per ceat less slurry {s re.

i covered than with the shols-egg harvest, Theoretically, tha select.harvest
slurry contains 21 per ceat zorc rickettsalas por unlt volusa than whole-
ogg slurry; however, a difference ia concentration detween the products
could not be demonstrated, The reason for this is discussed later, Addi.
tional process inforsation is presented in Appendix D, f

C. (D) PRODUCT CLARIPICATION BY CENTRIFUGATION

(0) Prosen aliquots of infected select-harvest and whole-egg slurrics
‘wers thawed ss required and ceatrifuged in the laboratory-model, Pressur.
tite Sharples Ceaatrifuge. A prelimisary investigation of a wide rasge of
centrifuge conditions was nzde in order to dataruine the optimus degree of
i centrifugation; that is, the conditioa that rsmoved saximum quantities of
i coarse particles from slurry without reducing the conceatration ¢f rickett
f sise significantly. In a second iavestigation, a narrow range of ceatri.
fuge variables was studied that caused removal of the rickettsine from the
fesd slurry, Table IV contains the centrifuge variables studied ia beth in-

vestigations,

(U) T™he following procedures were used {n operating the ¢eatrifuge. The
centrifuge was filled with 200 ailliliters of milled sivery, The bowl was
brought to the desired rotational speed and slurry was fed into the dawl at
the desired feed rate, Bovl roation was checked at three-ainute intsrvals
and the feed iato the centrifuge was constantly metered. Since feed rates
: were varied from 100 to 730 uilliliters per minute, a ten-sinute period of

eeatrifuge operation was used thrcughout, The amcunts of slurry ceatri-
faged varied from 1000 to 7300 miiltliters. liowl teaperaturs was kept be-
tween 39 and 10°C,

(0) e volumes of feed and supernatant .iquids were measured ia order
to calculate a material balance for the operntion; hovever, vhen the bevwl

rotates at 30,000 revolutions per minute ia combination with & slow feed
input, recovery data are not precise because the bdowl flings much of the
supernatant 1iquid past the traps desfgned to collect it. At slowver rota- i _'

tional speeds, precise data can be odtained for this operatiea,
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TABLE IIf. (C) CONPARLSOY OF PROCESS LOSSES AND PHISICAL CHARACTERISTICS
07 MILLED WEOLEZ-EGC SLURRY AND KILLED SELECT-HAZ7EST SLURRY

Physical or Biochemical Infected Infected
Properly Rhole-Egg Slurry  Select-Aarvest Slurry

Farticle Siaed/ 0.0¢8 . 0,022

Spagific Gravity 1,03 1.03

Total Sclids, per cesat 25,07 30.07

Rickettsial Concentrationd/ 10,30 10.20

Produst Recovered Per Igg, al 4“4 - 48 30 - 32

£ggs Rarvested Per Man
Per Hour : 1500 7120

8. Size of orifice through which 64 al of slurry will pass withoat plagging
orifice whea 850 peig is employed.
b, Lo 0 guinea pig iatraperitonsal infec’!.» doses per al; no significant

difference between the two concentra:isze,
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TABLE IV, (U) YARIABLES INVESTIGATED 10 DETLEMINE WHAT DEGRZZ OF
CENTRIFUCATION CAUSED SEDIMINTATION OF COXYFLLA BURNETII
’ FROM FEED SLURRY

Test Type of Slurry Centrifuge Variables Investigated

rpm Flcw Rate,xl/ain

Initial Study Whole-Egg 10,000 150
20,000 500
30,000 1%

Initiai Study Select-Harvest 10,000 800
89.000 100

Final Study ¥hole-Egg 30, 000 500
28,000 2%
30, 000 100

Final Study Solect-Harvest 25,000 100
2%, 000 %0
30, 000 500
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(0) Sapsrnatant 1iquids wers assayed for ricksttsial cortent by injeet-
ing aliquots of appreprizte diluticas into guinsa pigs, holding the pizs for
28 lays, then dleeding each pig by cardia¢ parsture. The blood thus odb-
tajnad was procesned fur serum and the serum tested for the presence of com~
plement-fixing antibodies,l/

(U) The supernatani liquid or product was tested for particle size, vis-
cosity, and specific gv nity.y Becanse the requirssent of product parti-
ole size s critical 1. this atudy, the test procedure for it is described

heres

®"A Corowall syringe is calit.ated to deliver two ailliliters azd

is equipped with a 24.inch pressurized rudber tubling with 1/6-inch
opening attached to the syriage inlst tudirg and a 22-inch pres-
surized rudbber tud’ 'p with 1/8-inch openlng attached to the syringe
outlet valve, The .,nd of the ontlet tub’ng i3 equipped with a Leur.
Lok adaptor to wvh h a hypoderaic needle is attached, The hypoder.
alc needle has a i ™ of known size. The iclat tudbisg of the syr-
inge, which is we ghted on the tip, is placed ia the test liguid
where it settles to the dottom of the container, The plunger of the
syringe is pushed slovly eight times, If the slurry passes the nse~
dle orifice, this procedure is replicated four times, Tha partiocle
slse end-point of a slurry is the smallect zsedle oritice tasted
through which €4 al of slurry will pass without plugging the ori-
fice, Approxisately 50 peig is developed ia the syringe and its
assembdly. Slw-ry is not forced through the erifice dy comtiaing
to work the plugger after it appears that the needle orifice i3 od-

strugted.”

() T™he conditions of centrifugation were defined in terms of a mathe-
matical quantity, Q;i‘ )Q fs the volumetric rate of 1liquid flow through
sec

the centrifuge (emd

and g is the factor that relates physical dimen-

slons of ceatrifuge design to the theorstical capability of the centri.

fuge (

ex). M™is ratis {s represented by the equation derived by aAsbler:d/

4.6 2
WUg - m‘ leg ;:_:z

vhere: g = 981 cn/sec?
rye 2.21 ¢m, radius of outer surface of 1liguid layer
e 1.78 en, radius of {aner surface of liquid layer

¥ = angular veloeity sbout axis of rotation in radians per
second

t = time, seconds
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‘physieal property data, whole-egg slurry appears te de the product of cheidge,

(U) Theoretically, ence these sonditieac have daea defined, it should
be possible to selset the eptiumm cenditisn of sectrifugaties. The opti-
s ¢ondition of cenirifugation for whols-eg; slurry is reprejented by o
Q/¢ value betwsea 1.2 and 3.8 x 10-% gentinsters per second (Table V),
There i no less 1ia the rickettsoial consentraticn of the enpewrpat .* flaid
Morsover, the proedust pacsea as srifise L,.08 Lach
ia dismeter, which is 20 per saat smllsr than the required erifise diam-

under these ¢onditions,

CONFIDENTIAL
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otar of 0,010 ineh, Milled vhole~egg slurry eoatains 11.8 grass of iodi. |
ssatable selids per 100 miililiters o€ olurry; 88 per eent of these golids i

are resoved dy this degree of gentrifugation.
total roluse of vhole-.egg slurry ‘s fat,

Sizteen per ¢ont of the
Five per sent of this fat is re-

meved during centrifugatien, learing a tetal fat coantent of 13,2 per _ent.
Approximately 89 per ¢eat of the ceatrifuge feed is recovered as super.
satant predact, Sisilar data for seleet-harvest slurry are shom in Tadle
V1. The twe types of siurry ilesely parallel ene another with respect te
the eptisun eeadition of eentrifugatien (Figwre 1),
given particle size for the preduet, ths requirement of ceatrifugation is
somavhat lese for the seleet-harvest slurry than for whnlewegg slzrry. The
difference in seutrifugation requiremdats detween the slurries is not sig.
aificant, On the bases of time and motion data and of material balance and

D. (C) MISCELLANFOUS INVESTICATIONS

1. (0) Anq'

In order to obtain &

- e

(U) Ons of the purpeses of this study was to ebtain sstimates of the
error inherent ia the preeedures for assessment of Cexielia Durmetii{, Pre-
vious studies previded data sonceraing day-to-day variation of the prodacts
of the plant system, but within-day variatioa of the sssay procedures had

oet been established,

(0) A cortrol er refarense siurry was inees '~rated ia the pregraa,
Mis was & hemogrized whele-agg slurry that had beea filled inte plastis
soatainers, fresen, and stered at -30°C, Because it ‘
assay a reference sample vith sach anknowa slurry, large lots of guinea pi,s
were erdared at one time and 1Mz coatrel slurry assayed from sash lot of
pigs. The pigs were peeled. thea randoaly uslected for esch day of assay. !

(9) Initially, the sasay pregran sas compesed of the following pre-
eedures, Jne techailotan prepared duplicate seriea of dilutions ef the test
sasple to odiaia fisal dilutiess ef 10~9, 10-9.5 4nd 10~10.5, PFer each di-

vas not pessidle te

lutiqn, each ef thrge guinea pigs was iajested intraperitonesally with a
The 1Dgy sadpeiats of sany slurriss were met Yragk.

ene-ailliliter aliquet.

oted by this range of dilutiens amd, nbugunt\rb 3
these final dilutions was prepared: Y
The aumber of guinsa pigs wns lacreated frem tit
with the ghaags ia dilutioa rangs.

' 10°
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TABLE ¥, (U) RACCVERIZS AND DHYSICAL PROFZRTIZS 0P SUTERMNATANT
OBTALNED BY CENTRIFUGING INFECTED WHOLE-EZCG SLURIY

liem

Ceatrifuge Conditions Dofined in Terzs

Vg = 16-8 ca/se¢
228/ 3.8  1.2¢/

0.34%/

Centrifuge Feed
decovered as Product, per cent

Average Rickettsiae
Recoverel in Product, per cent

Particle Size, inch
Yiscosity {28%)
Specific Cravity
Total Solids, per gent

M

93.0 8%.0 84.0
100 100 88
0.013 0.003 0.006
3 30 28
1,08 1.09 1.0
23.0 3.2 24.9
7.2 7.2 7.2

78.7

39
9.004

1.03
2s.1
7.3

8. 10,000 rpm, flow rate 735G al/min; one test
b, 20,000 rpm, flow rate 8500 ul/min; two tests
e, 35,000 rpm, flov rate 257 n'/ain; one test
d, 30,000 rpm, flow rate 100 ml/min) two teste
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TADLE VI,

CONFIDENTIAL

OBTAINED BY CENTRIFUGING INFECTED SELEZCT-HARVEST SLIZRY

(0) RECOVERIZS AND PHYSICAL FROFETRTTESZ OF SUPERNATANT

Itea Centrifoge Conditions Defined ia Terms
Ug = 108 ca/sec
15.38" 1.9 1,28/ .3/

Contrifuge Feed
Recovered as Preduct; per cent 90 a8 89.5 74.3
Average Ricksttsiae
Recovered In Produgt, per cent 100 100 88 6
Particle Sise, inch 0.008 0,006 0.004 0,004
Viscosity (25°) 17 18 Y -
Specific Gravity 1.03 1.3 1.0 -
P 7.8 7.8 T.4 7.8

8. 10,000 rpm, flow rate of 500 ml/min; one test
b, 30,000 rpm, flov rate of 500 nl/ain; one tost
0., 25,000 rpm, flov rate of 230 al/v:ns two tests
d, 30,000 rpm, flov rate of 100 al/ain; one test

¢. No data,

© et

P

- - o

Ppre gy S S

& 4

CONFIDENTIAL

L. S

A N
.~ * . - .




20

CENTRIFUGE PERFORMANCE, O/E 2 00% tcm/ae-
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O Whele-egg tiurry
A Sclect-harvest glurry

3 1 '] 1 ] 1 | N 3 1

L 1
00 %0 80 0 L ] 0 40 30 20 0 Q
RICKETTSIAL RECOVERED IN SUPERNATANT PROOUCT, PER CENT

fieueg 1, (U% InrLuence 30 Oxanee oF Contmiruaarion O AMOunt
er Ricagrrsiag Recovemed 1n Sustmartanr,
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{U) An ansiysis of the data indicated that no correlatios existed bew
twsen reforsnce and unkrown slurries, Within-day and belween-day saszy
variabilities ary showa in Table VII, Uiinown slurriss are nst zore varis
able than the referonce. It sppascs thal some varlable significenily iz
fluacces the lavel of ggent concentration froa day to day, This {oflusmcs
is prebably csused by the test saimal alwiosgh this asamaptlon has yst te
be proved. Sloce within-day assay variability fa approuimately 0.07Q. the
most precision that could bs expected from this nsssy procedurs, a% the 58
per cent level of confidence, 1s 2 0.35 log. The probit slepe of ths ani.
ml response is about 1.4, wvhich can de used in estimating the nwsber of
test animals required tu oblala a given level of arsay precisica. e sta-
tintical analyses of these data ere wusmmariszed in Appendix 8.

TABLE VII, (0) VARLABILITY OF ASSAY PROCEDURE FOR BSTIMATING RICKETTSIAL
POPULATION OF REFERENCE AND UNKVOWN SLCRRIES

Within-Day Betveen-Day
Assay Variation Assay Yariation
Rsference Slurry 9.087 0.458
Caknown Slurry 0.078 0,411

(0) This study demonatrates that the reference slurry can vary as such
88 2.8 logs betveen Zays. 1t is Deliaved that aa effactive asaay proeodu.sv
would incorporace t+- oreparatioa of oue dilution series of 10-9:2, 10-9.9,
107108, and 10-11. 4 the tnoculation of six guinea pigs for each dilua

tion,
2. (C) Storage Tests at 4°¢C

(U) T™ree lots of undiluted whole-egg slurry that had beea ciarified
by certrifugation were stored at 4°C {n filled and sealsd glass bottles and
in nalf-filled glass dottles sealed with cotton. At 30-day intervals, the
5isTYy was assayed for diological and physical properties. Properties of
the slurry that had deen stored to exclute air sre summarised ia Figure 2,
those of slurry stored in the presence of alr in Figurn 3, Each curve rep-
resents the averaged data fros three different lots of material,

(C) Product titer does not shange for 1350 days under eithoe test
condition. Only the titer of slurry stored in the absemce of air resains
stable for more thaa 180 days. Ovewth of bDacterial contaminants ia ra-
tarded when slurry is stored in the adsence of air and thersfore pi remains
at a favorable level (alkalise) for the rickettsise for at least 130 days,
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(U) Since g did not decrease, viscosity remained stable for 150
days. The presence of alr promotes growth of bacteria in the siurry and
the production of asld which causes the aslurry to decome seai-solid dy the

end of 180 days.

(0) There are two pertinent conclusions that can de drawn from these
Jata, Whole-sgg slurry is an excelleant buffer which is abdla to absord much
of the acid produced by bacterial growth bdefore pH is reduced to a level un- -
favorable for the rickettsiae, Secondly, storage in the a%sence of air is

duirgbla.

3, (C) Ioflusnce of Physical Properties of Wnole-Pgg Slurry oa Aerv.
sol Recovery

© (C) T™hree types of explosive munitions that contained whole-egg
slurry infected with Coxiella burnetii were evaluated.® The slurry was a
Pilot Plant product that had been clarified dy centrifugation, The source
streagth or initial recovery from these munition tests aversjed less than
ofe per cent, It had deea anticipated that thia organism, because of its
ekcellent stadbllity, would give detter recoveries than these, perhape ia the

range of three to five par cent,

(U) An experizent was conducted to determine if low recoveries of
this evganisa were a result of physical properties of the slurry, Bacillus

"~ subtilis var.niger was added to norrel vhole-egg slurry. Portiona

(] wors then dilutad with distilled wutsr to sbtain the concentrations
shown ia Table VIII, The iafluence of dilnent oa the viscosity of normal
slurry is shown in Pigure 4, Ninety-al aliquots of undiluted and dilnted
slurry were filled ia the 4,8-inch explosive spheres to odbtain three mass
ration (ratie betwiea slurry and explosive). The sunitiona were expleded
and the resulting aercsols vere sampled four mismtes aftsr estadblishment of
& ostable sloud, The preliminary results of this experisment are also showm
in Tadla VIII, PFinal test results were reported by Technical Evaluation
Division in Report of Test 88-TE-1026,

{U) The followiig conclusions can be drava: (a) the physical char.
acteristics of the slurry preveat the efficient dissemination of B. gubtilis
in aerosol) (b) as the slurry is diluted, the recovery of B. subtllls
ereases) and (¢) an optisua dilution of slurry is obtained deFween Five
parts slurry plus one part dilueat and one part slurry pius one parst dilueat.
The optisua dilution may b3 22fined as that coatination of slurry and water

which maximizes thc quantity of agent aserosolised,

¢ HD Division, Fort Detrick
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TABLE ¥IIX, (C) INFLUEMCE OF DILUTING NORMAL WHOLE-EGG SLURRY CONTALINING
B. SUBTILIS WITH WATER ON RECOYERY OF THE ORGANISH WHEN DISSEMINATED FROM
4.5-15CH EXPLOSIVE SPHERE

H!‘T“L’L‘%L_F_'P_'__
Treataent ss Ratio

of
Viscosity, B, subtilis
Slurry ccnupoh’c E’F%:HE[ U4 2!/ 3¢/
Normal egg 93 1.04 1.04 0.30 1.54
(oo dilution)
S parts ogg o 10.4 1.82 1.51  No data No data .
1 part water :
1 part o3z » 6.2 2.88 1.4 No data No data '
1 part water ;
1 part egg * 3,1 8,93 0.%59 No data No data
H 9 parts water |

8., Masa ratio of 2,28 parts slurry to 1 part explosive, .
b, Mass catlo of 1,00 part sluicy to 1 part explosive. '
6. Muss ratio of 4,40 parts slurry to 1 part explosive.

d. Recovery at four minutes after estadlishment of aerosol, ‘
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{U) A second experiment was designed wheredy the efficiency of
three disseminators were tested, Each disseminator was filled with: (a)
pormal vhole~egg slurry simulating the infected slurry; (b) normal whole-
eogg slu diluted in the ratio of five parts slurry to one part distilled
water) (g) the sediment “btained dy centrifuging normal slurry at 35,000
revolutions per mimute, feed rate 100 ailliliters per mioute, and the sedi-
sent Jdiluted in the ratio of one part sediment, five parts distilled water;
and (d) the water lays: obtained by treating normal slurry with Freone
« The disseminators were a PT-12 nosszle, an ADL noszsle, and a coni.
sxplosive device (mass ratio of three and six grams PETN to 18 =illi.
1iters of fi1l), All fills contained B. subtilis tracer at a concentra.

tion of 2 x 109 spores per ailliliter,

(C) Prelisinary results from this test (Tech Evaluation Divisien
Test 88.72-1079) are summariied in Tadle IX, This information confirms
and anplifies data ndtained in the preceding iavestigation; namely, that
the thixotropic nature of vhols-egg slurry is one of tho primary factors
responsible for the low recoveries of Coxiella burnetii vhen it is aero-
solised from egg producta, As viscosity and per cent solids of the prod-
wot decrease, the recovery of the organisa increases. This experiment
provides ample justification for diluting i.fected slurries with distilled
water in order to reduce the thixzotropic nature of the slurry.

4, (C) Aerosol Assessment of Clarifled Product

{C) The major objective of this portioa of the study was to obtain
an estimate of agent disseminated from the PT-12 nozsle and of the bio-
logical decay of the agent under various conditions of teaperature and
relative humidity (BH).

(C) Whole-egg slurry that had been clarified bty centrifugation was
tested for ita aercsol properties by Technlcal Evaluation Division. Slurry
for these tests was dilutad in the ratio o two parts slurry to one part
distilled water, then homogsniized in the Eppenbach Mill to reduce the thixo-
tropic nature of the product., The test slurry was stored in the abaence of
air ia glass bottles at 4°C for no more than three weeks before it was aero-
selised by the PTC12 nosale. The aercsol was teatsd at the following cham-
ber conditlions: 7T39F and 83 per cent RH, 73°F and 30 per cent RB, 40°F and
88 per cent FH, Each conditican was tested three t:mes. Test procedures
and chasber conditions are deacrided in detail in Appendix F and in Tech-
aical Evaluation Division Report $8-TE.1010,

(C) The contents of the impinger samplers were pooled by personnel
of Technical RBvaluation Division and assayed by personnel in the control
ladoratory of tha Egg Process Section. Preliaminary results from these
tests are summarized in Table X. It is coacluded frum these results that:
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TABLE IX, (U) SOURCE STRENG™ OF B, SUBTILIS TRACER RECOVEZZD FROM FOUR
DIFFERENT EGG PRODUCTS AERGSOLYZID BY THREZ DISSZMINATORS

)

Source Streagth of B, sudtilis from Products, $

v Y/ e/ o/

Disgeminator
PT.12 Nossle 1.27 3.07 8.61 11.90
ADL Noszils u"o 13.20 2'070 36.70
Conical Explosive 3.78 4.62 9.20, 15.20
Device
&, Noo=diiuted whole-egg slurry; viscosity 32 ceatipoise; total solide 23

per cent,

b, Five parts vhole-sgg slurry plus 1 part distilled water; viscosity 17
centinolise) total solids 21.2 per ceat.
6, Sediment froa high-apeed ceatrifugatioa diluted {a ratie of 1 pust sedi.
neat, l'wh distillsd mter; viseseity § seatipeise) total selids 4.8
r eeat,
d, Rater frsa hou-hofhu sxtrastion of asrmal slurry; viseesity
3.8 eeatipelae; tetal gellids 1.0 por ceat,
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TABLL X, {(C) SU)DMRY OF ASSAY DATA OBTAINED BY INOCULATING IMPINGER FLUIDS
INTO GUINEA PIGS

Ispinger Samplers Wer: % posed to Asrosol at Various Intmnlu Following v
_ . Creation of the Cloud

Test Conditions Control Culnea Pig 1D, 2/ -/ of Ispinger Flaid
rosol

Slurry, Obtained From Cloud at Following
B, s Tenmp, GPIPIDsy Time Intervals v
op /al 4 Nin. 93 Min. 182 Min, 271 Hia. 360 Min,
a8 73 11.47 5.00 4.88 3.1 3.%0 2.480
11.08 3.1 3.09 3.81 2.87 2.87
9.83 4.00 3.84 2.01 2.78 2.%0
3 40 11.20 8.36 5,18 4.38 2.88 2.84 '
10.90 3.60 3.52 2.9 3.4 2.60 i
u‘m ‘l“ ‘0‘3 3,“? 3.10 2.“ \
30 18 11.88 3.89 2.88 2.43 3.09 1.82 ‘
11.37 3.66 3.62 2,58 1.1 1.90 {
10.48 3.10 2.8 2.61 2.08 2.24 :
8. ALl assays reported Llog to the base, . i
IR
%
i CONFIDENTIAL l
RN ] —— e,
R s
Tt . - S » *: , s




REIERME ML & iy

3 S O T

CONFIDENTIAL

. {a) Therc is practically no bioclogical decay of organisas during
the six hours of testing, The averags total dacay for ail teat cosditions
was 1,11 per cent per sminute of aerocsol age.

N

{d) Source strengths from the PT-12 aosile ranged from 0,008 to
1.0 per cent, This recovery is lower than anticipated but it confirms sial-
1ar data obtained with Pilat Plaat product aervsolized in a series of tests
co-spousored by MD and TX Divisiens,

(¢) There wers no significant differences in decay rates among
the three test conditions,

(4) A respiratory iDg, endpoint for exposed gulnea pigs was not
obtained because all test animais became infected. An average of 417
GPIPID,, doses remained in the chamber at the ead of eix hours, This i»
nmxﬁnow 32 times nmore rickettsine than are required to produce one
infectious respiratory dose \guinea pig).

8. (C) Piltratioa of Whole-Zgg Slurry

(U) During the centrifugation study, the Egg Process Section was
required to produce a whole-egg simulant product that would pass an orifice
of 0.008-inch diameter., This slurry was required dy the Directorate of De-
velopment for a contract with North American Aviation Corporation (Centract
DA<18-084-404-CML.338), Saveral gallons of simulant were produced vhich,
vhen tested Dy the procedure for determining particle sise as described
previously, passed the required erifice. Three lots of slurry were shipped
to North American Aviatioa Corp. and all three lots falled to disseminate
properly. The coatractor filtered portioans of the slurry through gause asnd
Whataan Filter paper No, 41. The dedris that plugged the test srifices
was photographed and found to be particles with a density of one or less
{Figure 8). These particles were not removed by centrifugation nor were
they detected by the particis~size test procedure, Much of this debris
floats in whole-egg slurry, which has a specific gravity of 1,038 at 25°C,
It vas also noted for the first time that our procedure for checking par-
ticle size tests only the ligquid at the dottom of the slurry container,

{0) This isformation demonstrated the need of a screening operation
for removing coarse particles of light density. A series of fine screens
was installed ia the plant system, Two stainless steel screens of 100 mesh
were installed to filter the slurry after ceatrifugation. Three screens of
120 mesh were insialled in the filling hood to filter siurry immediately
after it leaves the plant system and just previous to filling. These
screens provided a basic meana for filtering 120 gallons of whole-egg slurry
simulant and 117 gallons of whole-egg slurry infectsd with Coxiella bur-
netii. One Dasic moiification vas sade to this screening systea. During
the course of filtering the quantities of slurry descrided above, it vas
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observed that tho 120.-mesh acreens (0.008 inch) ia addition to retaining
discrete partiocles of feathers, hair, bones, ato., also colleited slims.
1ike material (probabtly fat). The sline quiskly plugged these orifices and
sade it necessary after filterirg approxiantely two or thres litere to stop
the operation; pull the ssrsezs frca Welr canister, azd wash them, Six
layers of gauze superimposed oa the scresns reacved considerable quaatities
of fat. Fresh layers of gause vere installed following the filturing of
sach four liters of slurry because of the quantity of fat resovel azd not
because of a redustion of flow through the filter, The gauss could de
changed quickly and did not slow the operation, Later in the Javestigation,
standard ailk filters replaced the gaunse. .- -

(C) During the sprayi=g »f sorsal whele.egz 3l=rry alzulani from
the single~-fluid nossle systea developed under the North Amer as contract,
it was observed that slurry that had been filtered through Wh.iman's Pilter
Paper No. 41 had a nossle efficiency of approximately 18 to 20 per gent.
Slurry that had not been passed through the filter paper had s nossle of-
ficleney of approximately 8 to 11 per ceat, Although the fil..red preduct
had physical properties like those of non-filtared slurry, scows slime-like
aaterial must have been removed by the paper; however, oanly 200 milliliters
of normal slurry could be filtered through this puper (size 18 ca) defore
the filter paper becase plugged.

(U) It can be concluded from thase data thut an improved slarry
product can be achieved through the judisicias addition of water which re-
duces the thixotropic nature of the predunt,

-
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111. (C) CONCLUSIONS

{C) The major aim of this study was to icvestigate centrifuzation as a
ssthod for reacving particulate mctter from whole-egg slurr;,. Thie pare
ticulate satter preventsd wholeesgz slurry infected with Coxiella Burmatii
from being officieatly disseminsted from spray-type suaiticss sev under de-

: velopment, It was essential, then, tn select experimantally s condition of
centrifugation which remcved tha undesirabdle particles from the slurry withe
out reducing the rickettsial concentrsticn of the protuct, Ia iaitial
studies, an estimate of the centrifugal force required to remcve these par-
ticlss was odtalned with non-infected whole-egg slurry that simuiated the
infeeted product, However, it was found that tha roguired ceatrifugal force
also removed 30 to 80 per cen$ of the rickettsiae, A select-harvest tech.
aique was therefore developed to augmeat the cen’:itfugation. Ia this meth.
od of harvest, the eadryo, which is the major scurgse of the coarse particles,
is discarded with the sgg shell as waste, On the dasis of time aad aotion
studies, material dalance data, and diological and physicsl properties of
the prodmot obtained from selsgt-harvest and vhole-egg harvest, tiis produet
of chei¢e 1s the whols-egg s.urry. The vhole-sgg techalque of hsmnunt“
is faster, more product is cbtained from each egy, and the produst ocata

, 1880 s0lids, There wus 20 measurable differecse is rickettsial titer bee

. tveea the two products. : AR -

() Mese studies demonstrate that it 18 net possidle by ailliag aloae
to preduee either a whole-egg or & seleet-darvest slurry that seets the
requirement that the elurry pass an erifise 0,010 iach im dizmater. It is
peasidle to seleet o sendition of seatrifugatios for either slurry that re.
acves all of the eoarse partiales thet plug aa 0,010-1inch erifice without
redus the riskettsial coatent of the supernatant produst. e eondi.
tisns geatrifugation that schieve these r-dut requirenents are rep-
reseatad by 8 Q/c betveen 1.2 and 3,8 n 10-% centineters por second., This
de of seatrifugatios, whish reacves 03 seat of the total sedineat.

selids ia whels-egg elurry, san be soaled up to the semmeceially
Availadis Sharples No, 1€ preduetiea seatrifuge,

(U) The estadlishment of s quality coatrel pregram for the aseay dmmcn-
strated that rickettsial titer of a reference slurry could vary as much as
3.5 logs betweex days. There was no aignificant differvoce betweea assay
variadility of wnknown slurries prodused ia the pilot plaat sad that of
the reference slurry, Ia beth cases within.day caaple verissse was 0,070
vhen six test animals were Inoculated per dilutica, Mhis degree of vari.
. ubility msans that the maximus precision that sould de expectsd fram the
assay procedure is & 0.58 log. The theorstical varlability predicted frow
the slepe of guinea pig respenee (r = 1.4) indicates that the assay proce-
dure is achisving the precisi-s poseidle with the zusbers sf test animals

used,
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{0) These studies {ndisate that the foller n).uq precedure wvill give
the maximug sision wity accaptadle econemy a) ens techulcian
-t 8 aizzis urf:: of dilutions of 10-9.3, IQ""J, 10-10.8, 10-11.3, gnd §;—J’ .9
' for Seth an wsknswa siwrry snd a rofersass slurry; (D) five grozps of six
gulnsa pigs each sre wsad (v2e groep for each Eilatisn) and eazx pig is in-
seulatad with g2o &l of the jertizeat dilntisay () tie wakzewn sand refare
enas slarries are assuysd as doasrided ia (8) and (3) on multipls days usa
iag diffarent lots of tect snimis, The majer odstasly fa sssarstely esti.
matiag the riskettsial esstent of a partisalar siurry is predadly the ex.
treme variadility iz responss of guinse pigs frem day to Jey. Between-day
varissee, even for the relersase slwrry, is 0,498, Dils secas that nerual
variation for a esxtrel slurry ls & 1.40 logs at the 03 peor esat level ¢*
eenfilence. On the basis of this verisiiesn, tis refwrssse slwTy estsa.
8ibdly eaa gala or 1oee $3.8 per seat ricketisial titer om aay givin dar,’
Multiple days of sseay reduce the magnituds ¢f variatisa and should produse
8 mere sseurste octimmts of the risdettsial gepulatien,

(C) Msle=sgy almwry, vhen ttered 'h rlass ia the sbeense of air at 49%C,

does mat detsriornte Vislogisally aer {oally fur 100 days, After ator-
e for 150 days at 4%, ¢ «toﬂmu if sterad wader sisilar eendia

tieas exsept that air {5 »et ezelnded. Undar this lattes ecadition, spproz.
inataly eae log of titer ia 1set Deivess 150 and 100 dags) neveevar, prede
ust ultinately besomse semnl-eelid Secsnse of an seld s,

" (C) e thizetrepis sature of vhels-agg clurry Lo eus of the lapertant
fastors respessible ﬁ: the lav mmd«‘of srgaaleny vhea e slurry fa
asreselised, Studies made with whe sismlsat sentaining ., pudtild |
{adisate that detter reseveries are ob frea preducsts thal have Fd [
dorived frea vhole-egg alurry by purificatieoa presedures, ;

(C) Asrosel dats ebtained by dissemimt sontrifuged, dilnted wholsw |

33 sixrry frem the PT.13 asssle indieate that: (a) a riekettsial reees:'ry ]

1see thas sne per cent is odtained {aitially; (b) there ia prastisaliy , ‘
28 bislsgisal deeay at teat conditions of 73597 and 48 per cont BN, 78°F7 oxd J
30 per seat Mi, and 40°T and 86 per coat M (total deeay for these condi.
tions averaged 1.11 per sent per minute of seresel age)) and (o) the guis.a
pig reepiratory IDgy 1s 1ess than 417 guines pig istraperitessal IDgy's.
This was the ssallest quantity of agent resaining in the test chasber at |
the end of six howro of saspling.

(9) Filteriag vhalemegg slurry through a series of stalaless steel
8410400 remeves goarse particles of lev spesific dessity that are ot re- ;
meved by seatrifugatisa. The incorperation of either several layers of .
gause or a allk Tilter ia the filtration eperatiom elininates frequent vash.
iag ef the scresas and produces a sore refined produet.
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(ﬂ\ c‘uQr‘fnqluv "nais_.g' 31""" voanaléas {0 a ?’34‘.32 that Fess

erificas 0,019 iz in dizsetar, Cmtrf.f‘*mtion, supplesented by filtrae
tion throush & series of stainless stesl sereems, resalts ia a preduct that
will pass an orifice of 0,0C8 inch in dismuter, Caatrifugation, supple-
ssntad by a series of soresas and a stendurd sldx filter, results {a a
procduct that will pass aa orifice of 0,005 inch in diameter, ]

(C) An idealised process for infected whols-egg slurry ia the Pilot
Plant is presented ia Figure 8§, Characteristics of the product obtaired
from this procass sro compared with those of the product obtained by pro-
c¢odures given in the EOP, Table XI.Y/ 1ne final product should be a homo-
genate gonsisting of tvo parts slurry and ene purt water, The thixntrople
properties of the slurry are reduaed to such an exteat that a gals {2 su-
adtion afficlancy is odtalaoed which sore than compensates for the ressit.
ing lose in sgeat concentration,

'(C) It is conoluded that it is possidle ta produce a whole-egg slurry
by centrifugation and filtration procednres that will meet both agent.
consentration and particle-aisze requirements, Th amount of filtration
must insrease as the size of the orifice of the disseminating device is re-

duced, !
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TABLE XI. (C) COMPAZISON OF TYPICAL BIOLOGICAL AND PHYSICAL PROPERTIES OF
CLARIFIEDS/ AND NON-CLARIFIEDD/ WHOLEK-EGG SLURRY PRODUCED
IN PILOT PLANT
Clarifisd Noa-Llarified
Product Characteristic Produgt Product
1, Rickettsial titer 10.40 10.04
(Logyg GPIPIDy, per ml)
2, Rickettsial titer ¢ 0,58 logs Not adequately
958 coafldence established
3. Purticle Stsed/ 0,008 inch 0.063 inch
4. Viscosity (ceatipoise) at 25°% 810 26 .33
8. Per cent total dry solids 16,8 a8
8., Specific gravity 1,028 1.038
?. ﬂ 7.1 - 7.3 7.1 - ?.3
1]
8. Bacterial contamization Not Controlled Not Coatrolled
9. Por cent sedisentadle solids 1] None (12.1 gus
removed by centrifugatioa solids per 100
' gxs elurry)
10. Per cent fat content (dy volume) 9.8 - 10,8 10 « 13,8

vholewegg slurry is milled, centrifuged, diluted two to one with dis.

tilled wvater and screeced or filtered,
L. Non-clarified product obtained from procedures devsloped during 1931-'933,

The slurry is ailled only.

6, The orifice diamster through vhich 84 al of slurry will pasy without

plugging orifice vhen 30 peig is eaployed. The clarified product has
been tested more theroughly becauce 8 liters of slurry have passed the

stated orifice wsing 32 peig.
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APPENDIX A

(0) CENTRIFUGATION REQUIREMENTS FOR UNINFECTED WHOLE-EGG SLURRY

{(U) Te sajor aia of this experiment was to determine the degree of cen-
trifugation necessary to resove particlrs of tissue from sormal whole-egg
slurry se that it eould pass an orifice 0,010 inch in diame! r, Normal 18-
day-0ld embryonated eggs (not infeeted with Coxielia burnetis) wers har.
vested, The contents of each egg, except ths shell, were homogeniied in an
Eppenbach Colleid Kill set with 0,012-inch clesrance between rotor and sta-
tor., The slurry wae stored in glass bottles at -80°C, Aliguots were
thaved and eeatrifuged in the Sharples Ladoratory Model, Pressurtite Cen.
trifuge under the ¢onditions indicated in Table I, A material dalance was
ealgulated for each condition of centrifugation in order to determise the
ancunt of sedisentadls solids reamcved froam the feed slurry. The produst
wvas tested for particle !}u by the prooedure described in the Experisan-

tal Operating Procedure.l/*

(U) Data obtalzed from the experiment are summarized in Tadle I, The
alnisum degree of esatrifugation that achisved the desired particle size
was o flov rate of 100 aililliters per ninate in comdination with a bowl
speed ef 20,000 revolutions per minute, Two other conditions of ceatrifu-
gatios alse resulted in a product meeting particle-sliize requirements; how.
ever, both were at bewl speeds of 30,000 revolutions per alrate which would
rencve fres the feed a large percentage of Coxiella burnetii, This infor.
matios did pravide an estimate of the eonditlons of ceantrifugation that
would mest likely result im a product seeting particle-siie requiresments.

-t

® See Literature Cited.
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TABLE I.° (U) PARTICLE SIZE AND RECOVERY DATA OBTAIM:ID BY CENTRIFUGING
NORMAL, MILLED WHOLE-EGO SLURRY AT VARIOTS CONDITIONS IN SHARPLES CENTRIFUGZ

Feed Rate of Slurry,

al/ain 30, 000
T#%’l; m-'r;"i—orz'r T Facit e Foed To-
covarels Siicd coversd Siied covered
as Pro- as Pro.
duat, duct, £ duct!_ £
1000 0.018 97.8  0.018 9.0 0.020 $3.0
800 0.013 97,0 0,013 9.0 o.016¥ 3.0
100 0,016 4.0 o0.00 924  o.012 89.0

a. Diameter of orifice through which slurry can be passed under differential
pressure of 80 pelig., Slurry, before ceatrifugation, passed an orifice of
0,071 inch.

b, Product meets particle-size requiresents; will pass through the orifice
of the E120 munition,
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(0) SEED FJOGRAM .

() ¥hen the current program was astablished, the Pilot Plant had sup-
plies of stock seud (5S) and plant seed (PS) on hand. These seeds had been
. produced in 1952 but had nevar coatained the consentration of rickettaiae
. considered norsal, Tha seeda had been prepared from embryonated eggs pro-
i duced during a period when it was thought that the laying mashes contained
antibiotice., It was decided to discard all previous seeds and use fresh
seed supplies for the 1957-1338 program,

(0) An ampoule of certified seed (AD-ly) was odtalned from Virology !
Branch, VR Division, on 1 August 1957, Prucedures for preparirg the fresh
seed stook (258,-Q) were identical to those specified by PP Division.l/*
A 1:10 dilution of certified seed produced the death pattern shown below.

Days Follavwing Inoculation 1 2 3 4 8 6 7 8 9% 10 1

Eabryos
Dead, £ « 16 0 0 0 2 4 22 80 12

Twenty-five eggs vers selected for processing from those that died on the
aiath and tenth days following inoculation, Sixty.five grams of yolk sac
and yolk were harvested and processed into seed. Approximately 10,3 grass
of yolk ware contaminated and discarded. The remaining yolk-sac material
was processed into seed and filled into 48 ampoules (4 al/aapouls), The
seed stock was not contaminated and contained 105.32 ¢gg doses per millf.

1iter.

{0) On 12 Septesber 1957 an ampoule of seed (2SS-Q) was thawed, diluted
111000 in broth, and imoculated into 80 embryonated eggs to produce a seed

for plaat use.
Days Polloving Inoculation 1 2 3 4 8 ¢ 7 &8 9 10 1

Esbryns
Dead, £ - « 12 0 0 0 0 2 2 47 42

® See Literature Cited.
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Forty eggs were selscted for seed processing from those that died on the
tenth amxi eleventh days follewing inaculation, Eight pools of yolk-sas ma
terial wers produced and tested for sterility, Noce of the material was
contaninated and 720 ailliliters of sced wvaw obtained. The seed was filled
into ampoules, shell.frosen in a dry-ice algohol bath and stored at -70°C,
The seed contained 105.85 ogg dosas per miliiliter and the final sterility
test was negative,

(U) A 211000 dilatios of plant seed (2SP,-Q) in Droth is used in the in-
oculation of eabryonated egzs for Pilet mn% productions, This dilution
should contain sufficient rickettsiae to kill 80 per suat of the embryos in-
oculated by the tenth day follewing inoculation, The death pattern of em-
bryos izoculated with this seed demonstratos that it is highly virulent,

Days Follewing Insculation 1 2 8% 4 8 6 T 86 8 10

Fabryos .
Dead, % - « 18 0 0 0 2 3 24 B2

CONFIDENTIAL

)‘ . - » . o .
.- v~ .
&=, : : I A Lo te T Wl




T PRI R R A AU S G Y e e

CONFIDENTIAL 4

_APPENDIX C_

(U) DEVELOPMENT OF A SELECT-HARYEST PROCEDURE FOR HARVESTING EMBRYONATED
ECGS INFECTED WITH COXIELLA BURNETII

(0) A technique had been developed for removing embryos infected with
Yenesuslan equine encephalomyelitis virus (VEE) from the other egg contents
and chell, With experience, the plant oparators decame very proficient,

It was assuned that basic elements of this procedure could be modified and
used for selectively harvesting eabryonated eggs infected with Coxiella bur.
netii. This organisam grows to its greatest conceatration in the yolk sac
and yolk, Only two per cent of the rickettsiae are located in the emdryo,
It wvas assumed that if the harvesting procedure for VIE could be reversed
(the embryo discarded with the shell), the remaining saterials could bde
processed readily into a product that would pass through a 0.010.inch ori-
fice. Previous {nformation had demonstrated that the embryo, which at the
time of harvest contained well.develcped dono, cartilage, and feathers, was
the compotent of the egg largely responsible for coarse particulate matter
ia whole-egg slurry,

(U) Ia a preliminary investigation, normal 1S-day-old embryonated eggs
were selectively harvested. The egg was cracked open on the air-sac end,
the embryo was discarded, the resaining egg conten's were removed for prod.
uct by shaking thes out of the shell, and the shell was discarded. A time
and motion estudy indicated that no more than six eggs could de harvested
por ninute, Fifty per cent of the harvesting time was consumed 1n shaking
the egg contanty out of the shell, Sudsequent laboratory investigation
stoved that it was poasible to remove the egg coatents from the shell by
vacuun., The plant systea was modified to permit this latter procedurs to
be studied thoroughly oa a pilot scale, With this systum, the plant opera-
tou are adle to harvest between 10 and 12 oggs per minute, The harvest.

rmc-lun way separated ints Shree compsnsate of cparatiuva in order to
bta time and motion studies. It was concluded from this study that there
is 1little chance ¢” significantly increasing the speed of this procedurse or
approaching that of a whole-egg harvest, 1in which 30 eggs are harvested per
aimite,
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APPENDIX D

{U) PROCESS DATA OBTAINED FROM INFECTED SLURRY PRODUCED FOR
CENTRIFUGATION STUDIES

A, (U) TRACMATIC EGG LOSSES

(C) Embryonated eggs were {noculated i{n the new {noculatirg cabinet
(Uait A) fadricated under Contract CD-6-404<137, Trays of eggs were cote
veyed past each {noculating station at a chaln speed of 20 inches per
alnuta,, Zggs vere candled for traumatic losses three days following ine
oculation, These data demonstrate that it is possidle to inoculate eggs
on a moving conveyor without excessive trauma, Traumatic losses averaged
17.3 per ceat during the 1951.1933 study compared vith 17.0 per cent dur-
ing the curreat izvestigatica,

B. (U) DEADH PATTERN OF INFECTED RCLS

(U) Pollowing lacoulation, eggs were Locubated for ten days at the ap-
progriate temporature and husmidity. Deafh of the emdryos from infection
usually starts on the sighth day follswing inoeulatioz., An averaged pate
tern of eambdryonis death (all egg lots) is shown ia Figure 1. Eighty-ene
per cent of the amdryos were dead at the time of harvest (tes days). This
mortality rate indiocates that the potency and virulence of the plant seed

arc quite high,

€. (U) RECOVERY DATA

(V) The selest-harvest prosedure recavered 52 ailliliters of product
per eogg) 43 allliliters of productwere recovered from the whole-sgg harvest,
These rcooveries are baied oa the silled, non-centrifuged product.

D. (U) EQUIMMENT

{U) The preseat system consists of equipmeat adequate for the production
of vhole-egg slurry, The eperadility of the system could be improved {f the
tvo aills now in the system (Eppendach and Charlatte) were connected in sew
riess the Qharlette Nill should de used to homogenize the egg components in.
to a ¢rude slxry, vhich iy thea passed through the Eppenbach Hill to re-
duce the nusber and sise of the coarse particles,
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(U) It was observed that slurry grocessed in the Charlotte Mili fre-
quently contains particlss that plug the orifice of the Sharples Pressur-
tite Centrifuge. Although plugging is only momentary, it does disrupt the
flow into the centrifuge ard makes this operstion aore difficult to control,
It is possible to produce a more reficed slurry in the Eppendach Kill. Con.
sidarable dabris (shell, bone and feathers) is stopped at the initisl cut-
ting blades of the mill and collicts in the mill hopper. This dedris can
be removed either by stopplzg the operation and increasing the mill settirng
to pass the dedris through the rotor-stator section of the mill to a spe-
eial container, or by stopping the operatioa and remoring tha dedris dy
hand. Ia either case, the milling operation is delayed, Data iadicate
that optizus milling can be obtained whea plurry is al.led first in the
Charlotte Hill and then in the Eppenbach kill,

——
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APPENDIT E
(U) ASSAY VARIADILITY

(U) Assay data for unknown and reference siurries are summarized ia
Table I, These data were analyzed by F, M, Wadley, Techaical Pvaluation
Divisfon, with particular emphasis given the following relationshipst (a}
correlation coellicient betvween uninown and refsrence assay data, (d)

vl thin-day and between.day variabdbility of tha reference assay data, {(c)
within-day and between-day variability of the unknown slurry and (d) dif.
ference in assay variibility whea three ant six pligs were inoculated per

dilution,

(U) The coefficient o'( correlation was +0.35 which alsoat reached the
five per cent level of significance with 24 degrees of freedomy of this,
about 12 per ceat of the variation is accounted for, The variation origi-

nates from three main sourcess

(a) Inevitable binoaial variation of recponse plus small variations
in technique ia repeating the sase determination) this should not contride

ute to correlation.

(b) Variation asacefated with day, affecting both variables alike)
this should cause correlation,

(¢) Real variation in unknown as eompared with an invarying stand-
ard; this ahould not contridute to correlation,

{U) Within.day 1 nd between-day variation were studied by acalysis of
variance and are swmarized ia Tadle II,

(U) There was no significant differencs {n assay variadility vhea three
rather than six guinea pigs vere used for each lnoculating dilution. How.
ever, theory and experience show that it is {mpossible to secur: as accurate
tesulls with three test animals per dilution as with aix,

(T) A slope of guinea pig responses wac aalculated for the data sum.
sarized in Table 1II, Only five of the twenty series are sufficiently
clear.cut for probit analysisy these yield probit slopes of 0.99 to 3,26,
averaging 2,17, Since this ilope represents selected data, this average
is probably too high, These slopes, when averaged with those obtaired by
Technical Dvaluation Division, give a slope of 1.4, which is a better esti-

mate of assay variability,
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TABLE I, {U) SULGARY OF ASSAY LATA OF " NKNOOW A.\I}
REFERINCS SLURRLES U520 202 STATISIICAL ANMALYSESBY
Test Cranovs Sangloy Referarce Sasglad/
o, Ditwtioa Dilution 2 Bitutica 1 Gilutten X
1. 12.%0 10.%0 §0.60 16.%¢
2. 10.%0 10.%0
3. 10,18 9.% 10.00 .73
4. 10,00 .13 270 10.34
s, 10.%¢ 10.% 16.%0 10.%0
[ 10.% 10.30
1. 10.% 10.% 10.38 10.37
s. 10.% 8.90 .00 9.%
9. 10.%0 10.% 1.3 10.%0
10. 10,47 11.00
139 .47 10,37
13. 10,37 11.00 $.% 9.08
13. 10.% 9.7
14, 12.3¢ 10.&0 10.13 10.00
138, 10.00 10,00
14, " 9.1 10.37 .00
17, "9 1021/ 1.9 .80
18, 11,00 11.00
19, 10,49 11,00
20. 9,5 e.60 10.13 .7
., 10,19 .39
2. 11,00 1.8 11.00 10.¢0
23. 10.78 11.00
24, 11.00 10.73 | ]
9, 11,00 10.%0 10,27 .07
16, 10,9 11,00
1. 10,30 10.50 te.73
m, 9.33 .3
. 11,00 11.00 10,83 t1.00
0. 13,00 10.60
n. 11,00 11,00 16.33 .87
3. 10,30 10,17
3. 11,00 11.00 11.00 11,00
11.2¢4 10,73
8. RicRetisial concentration expresset as lcgm guines pig tatraperitoncal
104g.
. ' b, Sampies for mest part cemsisted of 10°%.0, 10+%-5, 10~10.0 404 10+10.%

prepered by same tachniclsn; three pigs per dtlution. = some inatarces,
waltiple uakunewn sasples wvere tested against & single reference ramp's,
€. Duplicate ditutisns prepared By ocee techaicias; six plgs pee dilution,
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TABLE LI, (U) ANALYSIS OF VARIANCE IN THE PROCEDURE FOR ASSESSHENT OF
COXIFLLA BURNETII

) Reforence Slurry Unknown Siurry
Sasple Test Degrres Degrees
. . Variation Animalsy/ of Mean of Mean
Fraedom — Square  Freedom  Squars
{
| ¥ithin.Day 3 9 0.06 9 0.0903
i Between.Day 3 8 0-33g55/ 8 0.2965%/
{
‘ Within.Day (] 12 0.0731 8 0.0610
Betveen-Day 6 1t 0.6800%/ s 0.4481%/ :

a. Number of guinea pigs inoculated per dilution,
b. Significant past five per cent level.
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APPENDIT £

(U) CONDITIONS MAINTAINED FOR THE AEROSCL STUDY
(U) The test procedures and conditions maintained in the study of the
serosol properties of whole-egg slurry are tabulated below,
a, Disseminating device - PP-12 Noizile !
b, Impinger Collecting fluld - distilled water
e, Test Chamber - No, 98, Technical Evaluation Division

d, Test Chamber Conditions for each test day:

Date Relative Humidity, % Temperature, °F ’ \
T May 58 8s 40
8 May 38 8s (4
9 May 58 30 ' 7 :
12 May 38 30 78 :
13 May 58 8s 5
14 May S8 8s 40
15 May S8 8s (¢t
18 May 58 8s 40 7
19 Hay 58 ) . 75 :

=
3
L1
-3
=
%
TE
%

e. I=pinger saaples taken at 4, 93, 182, 271, and 260 minutes atter
creation of the acrosol ¢loud

f. Iapinger fluids diluted 1n heart iafusion broth. i

g. Nine animals were used for each time period for each of the five
dilutions shown:
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i Time Period Dilutions Eaployed
| ¢ ain 10-3, 10-4, 10-3
10-6, 10-7
93 ain 10-2, 10-3, 10~4
10-5, 10-#
182 ain 10~), 10-2, 10-3
104, 10-3
271 ain 109, 10-1, 10~2
10-3, ‘10
360 ain 109, 10-}, 10-2
10~3, 10-4

h. Control slurry < slurry remaining in PT-12 Noszle following es-
tablishment of aerosol was sent to control laboratory of Egg Process Section
and diluted to 10-9, 10~10, 10-11, 10-12 {n heart infusioa droth, Four
groups of ten guinea pigs each (one for each dilution) were used, EKach
guinea pig was inoculated with one milliliter of .the pertineat dilution,

i. ‘Tolding time of fnoculated guinea pigs - 28 days.
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