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In conducting the research reported here, the investigators
edkared to "Principles of Laboratory Animal Cars' as estab-
1ished by the National Society for Medical Rerearch. .
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ABSTRACT

;~'The agar-gel precipitin-inhibition techrnique of Ray and Kadull can be
used to detect plague antibodies in human and animal sera after 3 series
‘of plague vaccize inoculations or after exposure to DPasteurslla pestis.

Determiration of the minimm re#cting con;enﬁ:ationt of the plague
antigen and entibody reagents, methods for combining rsmagents, and length
- of {nzubation periods are discussed.
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I. YTMTRODLCTICH

aThe agar-gel precipitinm-inh{bitioa techrnique of Rey and ¥adulll and
Ray has been applied to anthriz antibcdy and C-reactive protein determini-
nations, respectively, in aninsl and huzan serum specimens. This test is
simply perfonzed, hes & high degree of sensitivity, &nd vas reproducible

even wvhen zoployed by several technicians who were unfaxiliar with the
method,

This test procedure has been modified to assay antibodies for

Pasteurella pestis accurately in vaccinated and infected human and
anims { sublects.

- MATERTALS AND METHODS

A.. ancx 0? m DIFFUS’UN I'ESI EIAIZS AND READLEG LAy -

: ‘rha mdlun test pu:u &nd ugar dtffulian ruding Lu:p ve:e pnpared
as describad by an azd Radull}

B. PAS".".’.‘L'R..A "g; TEST A.mGZN

The uztigen used Ln thil propoued serological test was cbtained from
outdated whole-cell formalin-killed plague vaccine lota G 1016, G 0990,
E 4649, E 95868, E 9383, and B 9135 prepared at Cutter uhon'orict. -

C." PASTEUTEILA PEST]S TEST ANTISERUM

" Three rvabbits were intracutanecusly i{njected {n ths napa of the neck
with 0.5 ml of plague Cutter vaccine at two-dey intarvals for six com~ . .
secucive injections. After two such courses of injections, & mesn titer .
of 1:256 was attained vhm tha san were titazed by this recowmended .
technique,

D. QX TITRATION OF ANTIGZN AND ANTIBODY SYSTEM

4 box titration of plague antigen versus the plague ralbit entiserus’
was performed in agar diffusion plates. Pive serfal twofold diiutions of
the antigen (0.5 ml) and of the ant{serum (0.2 ml) were prepared in - LT
physiological saifine. To each dilution an equivalast volumn of thysio= -
logical saline was added to gtve a final dilucion range of 1:2 £ 1:32.




The astigen dilutions vere added sequentially cad in duglicate to the
two outer rows of vells (zpproxinmctely 0.07-z=1 vsluwe per well) so that
one yow exactly dupliczated the ¢pocsite row in serial diflutions of antigea,
Tais was perforoed in five alfferent ggar diffusiom plates, one for each
subseqient aatiserm d{lutfom. /fter facubation of the platas £illed with
azv{gen dilution for 6 hcurs at 37 C i &n atmosphere approaching 1003
hunidity, the plates ver2 removed from the incubator and the water (=2 the
- ¢enter row of reszervéirs wvas agpirated wich a pipecta. Then the center
r~ of reservoirs (approximately 0,025 ml per reservoir) wvas f£illed with
one of the prepared serum dilur{ons; one plate was used for each dilutiom
of actiserun. -

These plates were observed with the aid of the reading lasp after
{ncutwtion for 24 and 438 hours at 23 to 23 C {n polyethylene bags.

The end-point determination was that combipatiom of the highest dilu-~
tion of antigen and antibody that produced # visible linz of precipitate
lying between the center and outer rows of wells, This initial ticration
is essential to ths establishment of maximum sensitivicy and comsistent
reproducibility of subsequent tests with utlkowm sera. This end-point .
rezding vis considersd to represent & minimum reacting dilutism, or M2D,,
of antigen, acd & minizum reacting diluticm, or MRD,, of antibody.. This
is {ilustrated in Table 1, where the MRD, of.antigen was ectablished as -~
s 1:32 diluzion, and the ¥3D; of antibody as & 1:8 dilutiom. )

TABLZ 1. FLAGUE ANTIGER AGAR-GEL 30X TTTRATIONY

Rabbit - -
Antigerum. Aatigen Diluticn -
- Dilurlon-  1:2  1:4 1:8 1:16 .1:32 1:64
1:1 o+ 4+ + + £
1:2 + o+ o+ + + +
16 + + + o+ + .
1:8 + + + + + ‘-
1116 + £ = - < -
1320 - - - - -

= 1:8.




E. SERUM TTIRATIOSNS

The inhilLition, or fndirect, method was used in titrating unimoun serum
specimens. verial twofold diluticea of 0,2 ml of unknown seruz vere cade
in physiological saline. To =ach diluticn, 0.2 nl of & twofold concentra-
tion (1:15) of the previously hox~titered aniigen {1:32) was added; the
final mixtures thus contained an sntigen MRD, plus ucknown serum dilutiocs
ranging from 1:2 to 1:32. The mixtures were hand-shaken fer 30 seconds
and incubsted in a 37 C water bath for k hour to perwit antigen-anttbody
biading,

OQuter rows 5f wells {n an agar diffuvsion petri dish were sequentfally
f{lled {r Quplicate with the incubated antigen-antibody tube =ixtures;
thug, each.well {n one cuter ror contained the same mixturs as the cor-
responding well in the opposite ocuter Tow, These plates were then placed
in an izcubator containing & tray of water and incubzted at 37 ¢ for 6
hours. The wiater condensats vas removed from the center reservoirs prior
to addirng the 1:8 dilution (VRD,) of koowr sntf{-plague rabbit serum as
dztermined by the box titration (Table 1).

The end-point titer of. the unlknovm serum was determined after incuba-
tior in poulyetbylene bags at 23 to 28 C for 48 hours, with a prelizinery

-reading at 24 hours. - The tiler waa establirzhsd as thet dfluction of the -

unkzown serum that completely {nhibited the forazticn of a.visible lina “-'
of prec‘pit:ce (?izu:e 1)

Comt.ols couai:t:ed cf diluticas of the antigen in physioclegical
saline and combisations of the predetermined MED, of antigen vith kncwn
negative and positive n:i—puguc sers

ITX. RESULTS

<. Test sensitivity wvas initf{elly deterzined on serz from- pisgue-vaccirared -

‘{individuals (Cutter vaccine),.’. Nuwroug agglutipation ‘tests were perforsed .-

on similar serun specizens without any positiva indicaticn of plague anti- "~

bcdies being preaent.

. lnree ITOUPE O OUNIT SErR Wers evaluated: -initial vaccine series .

.-

i group, booster vaccine series group, snd sera from individuals who had not” /_
received any plague vaccine.., The boostsr vaccine sexies group was further ™
- subdivided into a group. conuintng sera from individuslo of maximm exposurs

_to P. pestis and ¢ group with minluim exposure to thiz wmicroorganisa
A (Tablc 2).
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Pigura 1. Serum Titratione '~ Indirect Tachoiqus.

A.- Begative Serwmt Note undnleting !ines of visible

-‘precipitare betweem zgoter end ouzer Tows of wells,
R ;ndlcattng sbesence of bindisg of ¥3RO,.

B. -

Positive Serum: Note shsance or visidle line or
precipitace betwees {{rst ~od second weils oo the
left of cevter and oular Tows, indicatiog complece
biodlig of YAD,; end polat fs 1:4 dilurion ol senum.




TABLZ 2. ACAR-GTL “m ION CCHPARISOS 07 SERA "R(CH
PLASUR-YALCINATED {CUTTEK) LiLIVIDUALS
Titor
Vaccine Cerun Direct MHethod
Categzory Source (Double BLffusiom) Inhivition
None 3.A. -bf -
V.k.B. - -
H.H. - -
A.L.A. - -
T.B. - -
Initial Series S.S.%. - -,
: L.A.B. - -
koocster Series -
luanaﬁf I.L.K. - S ST
.- v.L.X. - e 5.1
_J.8.%. - s e
e BN e - 158
J.2. X T 1:2
DM, - C -
Max izl G.¥. - 1:8, 1:8
MH.I.s. -, 16
; ALA,L - 1:16
D.M., - 1:4, 2:2
c.s. 1:4, §:2 1:16-
H.T. 1:8, 1:8 . 1:32
c.v. - 1:8 . 1:3
¥.D.L. <-16 < 1:16-~
W.5.D. Sien R T P
¥.D.K. et 1.8, 1:8

"2, Possible exposure zo orgonism: tn labovatory.

" b. Eegative.

The direct or double diffusfon war compared with the fxhibiticn d{ffu~"-

sion method in the gal plates,

as described above; the direct methol zmployed serizl vrofold dilutions of
the sera in the outar *wo rows of reservoirs, the ceaster row of raservoirs:

was f{lled with thc twofold concenrrazivm of the pl&gue veceeine trtigm
(2 MRDg) or the 1.;‘\ nuution- T .

e e
.

."‘-».u~ P e

- S A - et

The latter procedura exployed tha reagents

tlm
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The ssuzitivity of the izhibitiom technique vae don e’raccd ia t 2
zSove resuits when corraved with the dovble diffszion method. Subsequent
assay of 299 sgglutinin-megacive sers frua plagre-vaccinated individucie
shownd. that 183 were negative, 21 bad tdters of 1:2, 34 had titers of 1:4,
33 had titers of 1:8, 16 had & 1:18 titer, S had titers cf 1132, axd tvo ’
had & 1:6& titer.

Three vabbits were f{noculated with a peol of four lots'orf 2. pesatis
outjated vacei{ne {(Cutter), lots E4643, G 0790, ES868, and G 1016. Each
rabbit had 2 negative prevaccineticn titer azd received tws jeries of
six € S==l iztramuge:lar i{njecticus in the nape of the reck given every
other day for a total of 12 injections. BResults af tiiz vaccine series
{r rabbits ares shown ir Tadle 3.

TABLE 3. AGAR-GEL PRECIPTTIN-INETSITION TITERS
OM PLAGUE-VACCTRATED (CUTTER): BAR™™"< -

Rabbic ‘Serca Sacple Irizer

1 Prevsccinated _ negativ:
' 9 days after Sariss 1 © 711232

.13 days after Serles 2. 1:128

2 Provaceinated - ‘ negative
‘9 days after Saries i 1:8 .

13 days aficr Series 2 1:'5124‘

"3 Prevaccinated - R -negative
.3 deys. after. Saries.l 1:2.4%

17 dsws.after Series 2. 1 12§

- A forther analysis of anti-plague antibody- fomc‘ on: “was made in ‘fouz

‘groups of five monkeys each, which were trezted in the following. marmer:
- Groups A zrd B-were vaccinated with Cutter Laboratoriea plagua: vacc.ine by
0.5-ol intramscular injzcticn'on days 0, 7, and. 14, “On day” 19 :a post-"
g vaccinaticn seru= specimen vas- ‘deawm for its m:ibody co-m:ent... ‘Then all
groups {4, B, C, 2ad D) were given s.live infective doze cf P, pestis’
{zntraperitoneally ou-day 21 after i{nitial vaceimation..- Groups C and D"
hed received no- vaccina._ ‘Groups A and C monkeys received :creptouycin,
15 =g per pound.per- day every: 6 ‘hours for 7 to 10 days, cnly when the:




{acividuel oomkey's tomperaturs reached 105 2. . Crmrup B and D montaya
received no therapectic ragizea; Group D acted &3 the control group
to ths veccinated, vaccipated-thazapy, and thrrapy groups. K1l groups
had & pnegative prevoscinstiom titer,-- The vrecults ara presented in
Table &, . . . S
Recantly m alm-nd:arbed plugue veccirne vas ?.dnix:istered to 1&
previcusly {mmmized ind{vidusla. A pre-booster serva was taken frem .
eack {ndivicual prior to the injection and a post-booster serunm was
obtained 21 days aftar thes inoculation. Table 5 shows the anti-plague
tibody response from 4 booeter injection of plagua satigem.
In'the sbove results, & titer {ncrease was demomnatrated in vaeciasted
bizran sera and {n vaccinated and infected =ouley sers =Zaing the agar-gel -
. precipitin~{nhidbition serological procedure for F. prstis. Serial zerum -’
- samples from &, hbotatory-acquxred case -of pueuncni' ‘plague reported by st
. Burmeister, Tigertt, and Overholt® were _assayed- by t.his mthod' the "
. results are shown in Table 6 ' SR

IV.  DISCUSSION'

.~ The serological test procedure rEDYESeNC? a suuecesrw mee—; —= c——a-- .
antibodies by inhibition of a stendardirzed plague sacigen-antibody pre=~ i
-etpitacion in agar gel. It actains this gensitivity vithaut -the employ-'
- @ent of colcentrated ructxnto that: Ate md :I.n tha dcuble diffucicn
tec!nxique. R Tees

~ lin:ited dupucated titraticns of lerun. ‘The’ diff.e:ene.e benmm the—-
:"double diffusfon meth-i shown’ in Tabie- 2 and’ the- usual ‘veported double :
L” diffusion tachnique ‘7ag that the antigen reactent was a- dilution. (2 KRD,).
57 of the ‘antigen.ss. determined by: the box titration of Table 1.7 Ia using "
such a dilution one cbtains a more sensitive diffusible antigen concen-:
" tration as shown by kny2 and there:is :less chance for'unonspacific- mti—
body Tesactants {in gerum- la:xplex to caune a~ fa’.se ponit:ive reaction,. | 13

\..’

B4

L S eaer e T S e e

ol 'rable 2 dmatra: " furthet that ‘tha agar-gel. precipi:in-inhinitim >

- pethod ‘1s ‘able.to detect plague: .antibodies in sera’ fre= plague-vaccmccd
..individula, although these titers are evident: 0u17 after booster injec-:
- stioms,. When the plague-vaccine was administered to rabbits, it atimht:ec
~w-formation of antibodies that wers detected by this methad (Table 3); ‘this
"4 further - substmciatet the smst:ivity of this utbod.
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TABLS 3. ACAR-GTL FRICIPITIN-IRHIBITICN TITIRS C7F
PRE~ AND PCST-2COSTER SEMA; EVALUATION
CF ALUA-CCATED PLACTE VALCINE -

! NS s ZI'DIY
© s.. - . Pre-Booster . - Poat-Bovster
-Serum Code - Titer o Titer .
Bes, A, -2/ S
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TABLE 6. AGAR-GEL IRICIPITIN-INTIIITION -*'rz:45 ™ SERTAL

SERUM MLES FROM A CASE 07 PrEDMONIC 2LALCZ
. Serua Specimen “ .. Days After AGPT .
Date : Hospitalizztion Titer
I
. August 10 . =22 egetive
~ September 2 2 regative
B § 7
9 9
11 i1
14 14
18 18 (discharged)
28 28
30 ~ 30
October - "2 32
2 62
B 59
3 8
128
258
318
356

[ N

“In deterwining the.2ffect: of ‘vaccicarion. asd “therzpy- in.monkeys that il
“%ere ‘injected by the intraperitozeal. ‘route ‘with viruleat P. pestis: ('hble 6)
the results show that there was.an-increase. in plague ‘ant{bodies.due- 20.";
vaccina .as vell as-from the uve irjected plague bacillus.. chvaz;—cnlyk
Tone. monkey in Group B whaich had .zn irxame vaccine ru?me,‘suzvived the

*intraperttoresl challenge and thu nonkey had “the highest titer prior to:¥:
c_h;uenge.

t o D
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These data (Tahlr &) {ndicate thst the messurad snnibody citer of 1:2 .
through 1:16 was overvhelaed by the f{noculated plag=a challeage dosa.
The vaccine spporertly forestzlled death in thaes mcukays in ceaparizoon
with the postchallonge tima to death of the other monkey groups. Although -
those Creup 3 menkeys took longer to die. tndi:zatins some modification of
the disegse due to tha vaccize, streptomycin therspy when given sagly {a.. -
the disesse proved better than either the vaccice alcne or vageinme {a-
combination with streptomyein therapy. Table & furthcr indfcates that
either tbe vaccine dces not confer imaunity or-not. encugh Mcct.ne vn
- glven to protect the conkeys under caaditim of the tet:.-

When an exparizental alum-cdsorbed phguo vaccinc was ad::..niatered
28 & booster {njection (Tadble 5), the 21-day poet-booster titer was
significantly higher thaa those obtzined in the human (Tadble 2) cr.
ubbtr. vholooeeu £amuin-killad vacci.nc atudles (Tabla 3). -

S o

".Of more mmce ic :hc a::n.ned. tit:t ruponu oi M hum laberatory-
f-uquitcd case (X.L.P.) of plagus, as demonstrated {n Table-6.. This: u:t 1.\
..closely analogous to the Group A moukey experiment of Table 4, with tho ®:
~exception thet R.L.P. hid a booster injection of plagua-vaccine. (Cu:ter)
~ just pricr -to his exposure.’:Both R.L.P. zand -the Group-A aaukcy- Teceived’

..izmediate therapy upen dmlcpmg & high tqcl.:urc. -.The. recommanded ',;"

- :ut proctd::ro adeqrataly assayod the: phgu'ncibod'y esntmt. of_:erul_
“serum semples in this buman csse and wap able o detest a rise in plague’
:titar af~ar only 7 dsys ol hosptialfzation or xpprux:.mt»ly—lz days:after
'the exposure to the plague bnculu:.

~.-A Pasteurella pseudotubercu 3sig, strain’E3l/-, prepsred rabbit antf-
‘servm failed to inhibi: the . standardized phgu ntigca-wtiboéy precipi-
.tation in ages gel. ":This {ndicated that no cross reacticn cectrre:
be:vecn this pneudotuberculolh antiunm and the-piague ancigen used:“: °
“in this serological test procedure.- Although B pseudotuberculosis and -
. P. p2atis have many antigens in cgemon, this resction furthe:  supports . 3,
~'the findings ©of Burrows and Bacon' that ‘laboratory-strains. at’ Bl paeudo-y;
“tuberculosia that ‘lack the V. and W santigens ,~as Joes stzain FBL/-, diffen
+from the fully virulent P. pestis strains. -However, addit{onal VW-_: 3:#

- Ja

- negntivc and. W-poutive P. pseudotuberculosis antigera should bhe. uuyod
- for further. substantiation of .thts reaction.

2.7t The. Tecommended. test procedurs of apar-gel: precipitin inhibizson </
ey unn‘.tivdly assays antibodies agunst the' phguc bacillus: L_vucmtcd 2

-and mfec:ed humn and animal secua; sacples, -

B S T et o
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This =athod does rst wequire the uze 0f concentrated rasctests, the
eddition of & thizd ectity puch :5 :o=plement, latex, or dye particles,
nor the vse of an indicato=r systex suct as chicken, gcose, or semsitiz
sheep red blood cells.  ° R BOORS sieized

The test rethod's sensirivity 1z sttained by the iphibition of a
han‘sqluh;: lntj.gm nn:ﬂi_bcdy plagus precipitin reaction in lgar-gal.i' '
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