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- iE= STU.7lT-.-S ON PASMELL P=5S i I
-. C.; ~Antibodies of Recovered Plag%* Patie:its

A==leS e' 7 -.*It Pasteur, A dn

and-L.R.a

(?.;tur Z.ta of %-adagascar Lirector:v l;<
and Reseazc.6. "'cratory for Alimentary Lsor S% V -2
Xrs. 2 a ~ )

ZTie study of seri m catnn in patierts recovered frc -

ha.; . ot been thie sub-'ect of mary studies.

As early as 1949, FavareJ. 3]7 ar-rutinated samples of ?.
u-ith ser-= f--= recovered pniaS-e patients. BHoyer and Courduri -demonstr ated -nnt lApaue preci'pitinz in ' ':e tissue of dead plague .;-s
::a! and oL 15T studied t-e az-.1utination, d!irect conglutinatiz-..
polysidc and prteirnc a4. t ;0-t.o reactions for plaguIze oan..
?ayne and coll. fL1'.2 studied the sa:-IrA of siubjects vaccinated w~ith 7
strain or subjects recovered frtplagee, by he: -!1gutL-:ation after zz:-si-

tii~the red blood cells -itha 1,2-- ca )sjlar protein. Taey also inves'.4-
gated the cutaneous reaction of these suiAc oJls towdn in the
-pl.zzue e:4demic zone.

The present scarcity oif pla-aa eases h as foC -aa. =est;- of tho scnr-
u'oec to be on material of aninal ori'in Z'rc /1. rns to ' an
na.titoxin in the blood of =or-keyz wihich h-ave been vaccina.ted wi~ t '-'
Y:: vaccines containina tL-e --:ic rotein of? ne z. and

'ci.:J have described an antibody in thae u-..z.±.sthich can S-
sively in~unize thae mouse. Dzhanarid-ze and coll. ~Jhave studied t.

*1anuscript received 12 Jaly 1963.



electro.horesis of the ser= of mice which have been inoculated er.
mentally with P. pestis. 2iey showed that iddle the albuin titerp

decreased and the globulin titer increased, the total amomt of se.
protein did not change. 3iLer and von 1etz _7have described
tins %Iich are c=on to several bacteria in the intestinal flora
(Shirella, Proteus) and to one zr = entiraction IB.

u3 to the kindness of the chiefs of services of Health of the
Provinces of smatave and Tananarive (See note 1) and the doctors under
t=, we have received 3 sera from patients attacked by and cured of
plague.

-f ota I". a t:ak Doctors Destribats and RRaamonjy tL.. 2r
the shiraents of plar= patients' sera.

S..'a have studied these sera by electrophoresis and by iJ=u;aictro-

phoresi. Heaglutnation and c=ilment deviation studies wera =zda

M.LRIAL AMD 1 0DS

t e 34 sera were divided as follows:
10 sera of subjects cured of puLmonay plague;
23 sera of subjects cured of bubonic plague.

gey were taken at different times after the clinical veri:_._-ion
of the disease., For two patients (1 and 10) we were able to study a
at J + 22 (J = date of diagnosis) and J + 120.

All of the sera could not be used for paper electrophoresis because
- hemolysis had occurred du--ng their preparation in the field Vhere condi-

tions were often precarious.

"Ole fractioned the serun proteins by paper electrophoresis. The
apparatus used was Ephor H with Waan n° I paper and Longworth tampon
p 8.6 ionic force 0.05. 1he migration occurred for 12 to 15 hours.
Bromphenol blue was the indicator. Zae paer .as washed with 2 parts per
100 acetic acid, then with aceto-acetic reagent, then dried and exposed to
ammonia fuzes an- read with dansit-etr (Thotovolt Corporation) which
gave the absorption curve. hUe ser= was resolved into fractions uich
were weighed by the Xettler (precision 0.05 rmg).

The imunoeectrophoretic analysis (.!TZ) xias performed by the
technique described in an earlier work (Dodin__). -'e est-blished the
AIE diagrzm for the sermm concerned. Searchig for a specific plague
bacillus antibody, we placed a mixtre of antihuzan horse sa-a "I.P.
Paris 223" and u2242 in one lateral groove. In the other groove, we
placed the antigen, plague bacilli EV Girard and Robic strain cultivated
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at 260 C, and lysed by conge ation-decor~elation.. To~ date, there
-4lar~ia, or -sedotubercvosis in Vadz~ascar whc eliminates the pz-
bility of cross reactions i.-j. Wwantod to deterzine to uhat the pl-gw
bacilu.s -pe cifte antibody corresp-onded on the A=L diagr= for plagiw

*baciJlus EV 260 %,fich was established in an earlier work (Jig. 1)o* For
this-. we had the antigens (strain EV 260, lyzed by cozgelation-
decon-elation) migrate. In the lateral -rooves, we placed the different
sera -1f patients attacked by plague.

. Te doUbe, dififasion in agar pen.mitted us to ideni±4 a certain
* n~.ber of lines dbaractarized by the M2 Fit 2).

5ewAP *

m1 h

2 3 45

EtL, I and 2. ~ ~~rnof ?. nestis 3V 260 strai n anltig".. ~~~
diffu.sion in a~ar. 2=antiplavue sar=,

Z.Seri= of Patients ?.ecve ran ''-ar lde

A. Mectro.=o esis (Table )

Our base n~b-rs -re the o3ccent=7reS of a---! :al In ar -
fractions for different races in .-s~ra ivan by :ee Q'

patients came I'=r Iou races: S~hanakca, X..erin-a, Beezaaro and
TsimnUety.



Table I

* m m * - - - . - - - - _ _ _ I

AVeW. o 40 subJO¢, 6%6 7.3 7 -3 .

- , us : . I
. - . 0 ,4 .

ho sub6e7ts 6 .

UAve. of 3mbe 2,: :," 7. s:,.

V 5.6 24.; o. :8.6 7*.9

t 6subJe .6 c,4 9.3 23.5

i ~t 1.6 mp

S 34.29 .

________________ 311.8_ as___ 23

For subjects 2 ,8 2ad1, .i . smr than tw tird fte:

II 3 0.7 0.6 %6
V 1 6,7 1 22 is 3.

ej~t* 49h7 7.1 7.6
aver. of 43 sub t9 2%9 j 4

it=2.2 0.5 *.6 2,9 :
a .6 1.8 2 65i

V rX6 25-4 26,3 PA 3,

e1/2 re lability intavalIjS error type
V- __ _ __ _ ____

The albi.pins - Compared toMeyer's ures (Table 1), the Za:t ,
Percentagese hd ne tshed in i-MPortant PcPortiofs in 7 out of 8 teerts.
For subjects 2, 4, 8, 12 and 13, this d uop is more than t thirds o' the
average value. The cInical data shows that patien ts 2, 4 and 13 sffared
fro severe pumonary plague with bloory sput containing Yarsin bacil-
lus and with a t~pemmre of ?8.go C to .390 C. subjects 8 and 12 had
/c:pematures of 37b0 and 37.5' C, and bloody spiati= containing yersin's

*The drop of the albt=in tite-rs are lezs dedfInit-a for subjects 6,
and 1.1. These had been treated i~daeyaftr contact; their tempera.
tures did r;- exceed 37.59 C but -heir sput=t as positi,,ve. These
results confi!r that what Dzhaparidze fj sa in the =ouse also occurs
in Man.
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ft- e dj '2 gro~ is utta dazmgsd awt in mb-
whr drZ b .'ha dotbled a titatively. All at Ike subleots

> 2.In Table 11 mvot EP 13 had caftimed Pd=0hry plagwo Mhe strain IN"
-Imlatad r odol~ imethods and b7 wm 1noodallfto Po theme tem
... patimt V, the m sale wa taken 2L "q aftner ain't ef OWe

te P-~Obuline incread in our 8 pattsta tIs rise is parallel
to that Of the 0.g-o10Ius the I-lobulin are Inregsed fw each
m e.otg but son deat3~y In 0* 21, 8 and U,

*1I ~~~e~~oj&GZSt4 analysis showed no spefo prea1ttion
line at plague baolllue ith the -r-globv24n. pb Lcpia i m n frm
-the plague bellus By260 ftagmi appeared inm or In double diffulm

*1 !Z. 8uOof Patients Roeomd frm Edmoeo Plague.

A* Aeotrcohoreuia- (Table =)*

aalYse wi~th Uhs IaI Of SOW.ct8 reCoVare 92m tbubdo plague. In
GOWmpbusn to thes averWg figures given for each race, tUe sets of sub-
jet rsMMU7 afflicted by plague all ahmi a deflaite allban titer drop.
ftr subjects of the Merina race* this drop is about 50 p. 100 (subjects it
10 and 33). For the other races, this drop in also Axportanto The 69
02 globulins am little miodified sxcqpt for a deftitdte e2 Inorease for
subject. 18 and 27.
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ThetheAl2 gro is little nned t in sb
jects 4an- 0he ft has dubled qu tativelys All e subjets
in Table l e cet no 13 had confirmed puluonar7 plago. me staiin me
isolated by cultural me da and by mouse inoauation. Ibr thee tm
patienta0 the sem ample as tak 21 dats aftar fte st ef tho
disease.

Te O buiins incr soed in our 8 patiits. tis rise in par&1141
- to that of the 0-Slobulins. tie "-,lobulins are Incramed fbr ea&

subject, but no" definitely in r s 2, 14, 8 and 1..,

/ M1fUI.rIU analysis &OWed RD Vecifi precipitation
line of plague bacilus with the ?-globulin. No precipitation line tram
ts plagae bacillus 37 260 diagram pp"rd in A33 o In double difusio
In aga.

l. Serva of Patients Raecovered fro 3uolno Plagae.

A. I.ectmoprexis (Table MI:).

1. sdiat-H =edif.ations - We perfore d 15 electrphoretic
analyses with the sa of subjects recovered fro bubonic plague. In
ocap&.adon to the avwge figures given for each race, the sera of sub-
jects recently afMcted by pl&gue - -w a definite albuda, titer drop.
For subjects of the Merina race, this drop is about 50 p. 100 (subjects I,
10 and 33). For the other races, this dropi s also Iportant. Te a

subjects 18 and 27.
' 2  lobuin are little mofi~ed ixcept for a deinte 2 ncroase for

the -globu ins are defidtly increed In all the races. 1he
largest rise is in the i-Slobulins which ars, in all cases, wre than two
times larger than the average. j

2. towdfca n ime - Sera 21 and 22 vere tak, eight and
seven days repc.vel after the clinical verifcation of the disease.
7ese are subjects se cduing -the eid ic and it is logical to assme
that the disease was just beginning. The modifications noted in the pre-
ceding paragrah are already establibed.

We were able to sty sera I ad 10 (Fig. 3 and 4) with samples
taken on the 22nd and lth days and on the 37th and 10th days respec-
tively. te early sera show the general irregularities and the late sera
already abow a tndeacy tova rd the established anages. Iis return to 4

nowial occ=wred for ser 214 and 23 which we ' -mpled seven years after
recver and for sama 29 and 31 which wro sm led eight and three years
re.ectiely a r re.V"W. . .,

AA
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/ 'The plagwe bacillus thus ams to provoke a brutal alectrapboretic
modiflcation of the sers proteins. Is this Abalance specifi for ZL
Destis? Wei is 1*1t w will show by 3Amu.o0trhObrgtiO &salyse.

B. Iimnoelectroporesis.

a) mmelectroh0retic analysis of serum frm patients recovered
frem b:onie P -- I2e i tunoelectrophoreasi of 3SrQ frM patients
recovered & buoonio plague produces a specifio precipitation line with

the EV 260 antigen, lidch migates with the y,.globujn, This line per-
sists, attenuated, after saturation of the sarm of past Vplgw patients
by pasteurella Pseoc~uberculosis.

Fm. L,I, the. groves AP = .nilg seu.. 2aSrmo

.- I .

Of. 13 pat:. its wh ha' ofrebbncpau less tu 18mnh

earlier . -we a sei i -"--'---rth lambaj',u w

Ove 18 moth after .... di e this Prciiato lin wa.o

f . As -'t.

of. fac , 1-lbui com-e iscpsdo ifrn nii

Fai. 5 and 6. Ing the plagal ue: Cryolysat of bails EV 26o .
In the grooves: A? = antiplague serum. SIJ +2m Sert= of
pataent nO 1 22 das after d agss. SIJ 3+ 120 Sea ofpatient nO 1 120 days after diagnosis.

Of 13 patients 1* had confil ted bubonic plague less than 18 months
earlier, 1 1 showed a hvecigo y-globulin for the plagre bacillu-. T
(nos 10 and 23), did not show this speci.fic antibody0 ~ Of the three non
confirmed bitonic plague cases, one (no 21) sho-id a precipitation line

with the plague antgen on the level of the 7 -globulins.
Over 18 months after the disease, this precipitation line was notfound in an7 of the tested sera (frm three to eight years). As a matter

of fact, the 7-globulin concerned is c~mposed of different antibody |
fractions 1*ich we have identified accordin to the plague bacillus LV 260
Al diga and byr doule difusion in agar (Fig. 5, 6, 7). I

b) ATE of the pla :e bac4'~ us with the help of patients' .sera -
' e 15 sera having shown an .plague globulin, developed one or more preci-
pitation lines with the p lague antigen. ie lines seen most of'ten are =

- Best AvafrablCopy
Copy



show in certain conditions (of. Dodin LU.(613). The line b appeared
only tioe (noS 16 nd 18) and k once.

t " - "' ''@. .

r i

sqi I .

Each time the a (e) i or c-i lines have appeared in AIS, the lines
6 and 7 have appeared in double diffusion in agar. For each j line (or
3. + k), a corresponding line 5 appeared and for each of the tmo b lines,
a corresponding line 4 appeared on the Ouchterlot plates.

c) Apearance of these lines as a function 9f time - At J + 7
(no 22) there was only the i line. On J + 8 (n 21) the o-i ines were
produced. In the ajority of the cases the lines c, i, J apearmed in that
order. The appearance of further lines sems to be in inverse proportion
to the severity of the disease. Subjects no s 16 and 18 were in excellent
general health with no fever and their antiplagu globulins corresponded
to the b, c, (e), i, J lines. On the ot.- hand subject no i whose gen-
eral condition was bad with dlspnea, cou-xbi, sputm, rigt inrdrw3
adenoplegmon and obnbilation, showed lines c, (e), i, J, and k. Subjcts
9, 10. 15, 19, 26 and 27 all showed a marked infectious cadition with
taperatur around 40o C and adenophlegmon.

We were able to follow the modification of these lines io time with
the sera nos 1 and 10. These were seen on J + 22 and i + 120, J-+ 37 and
J + 120 respectively. After 100 days these lines (e), 3, k for ser= no 1
and J for nO 10 had disappeared. After 18 months, sermu 30 showed lines
c, i and after three years, we found no trace of the plague Infection by
our AIS method.

DISCUSSION

Lndeed we saturated our sera with Paste !e!la pseud-otubert" osis,
but we did not do it with extracts of Shigella and Z. coli or Pro teu.
Eisler and von Metz L47 demonstrated the presence of pracipitins against
P. restis in the serun of rabbits i=unized against the F1 fraction, in
new m2==als and in h=an seru. The fact that the sera of our pu!="nary
plague patients and recovered plague siiojeot produoed no preci-tation
line is in favor of a real specificity of the 1-globulins thus put in
evidence.

-10- "77 Available Copy



We have established that the lines c, (e), I Were amed by the
antigens of the plagu bacillus type. The line c was in fact the E= of
four lines of glycoprotain, cI, li cnI! and clV. Te antigen sihi
causes the appearance of aI is found in the sera 'if plague infeed rab-
bits . ere the disease develops. Thus, the line of ofr patients sera
Likely oorromp ,s to the glycoprotein vaccinate -md to amtl%- tno c
antigen.

The antigen corresponding to the b precipitation line is equally
present in the plague infected rabbit sem and was refomd in the se.-n
of subjects ito had a mild disease. It sees that, in geeral, the lines
3 k are associated with the serious toxic bubonic plague.

Farther stmles will sow if this is the antitaxio fraction. In
Meyer'a L hands er no I showed four precipitation lines. Three
were identified as Fj the toxin and the Z antige. The third ws not
identified.

Dawoeleocrophoretic Studies on Pasteurll pestis.
Sem Anutibtes in Patimt. After ReOvry.

The author has studied-1he serua of 1 patients suffering fro
pulmonary and the serua of 25 patients suffering frco bubonic plague,
a14- Foj. From the onset of the disease, a sgrfcant decrease
of alb=iJn and an increase of globulins, particularly r-globul.n, ha
been daennstrated.

Three months after recovery, the electmopboretio pattern retin<to :W; normAl. un

In sera of patients reoovered fro bubonic plague, the i==uo-
electrophoretic analysis ow-a the presence of a globulin migrating with
the specific anti-plague v-Sl&ulin. This globulin is constituted,
according to the ment of the disease, of a certain nu.ber of anti-
bodies, corresponding to antigens deter~mined on the P. pestis i~uno-
electrophoretic diagram. Te lines i, c (e) se to appear fi-st; then
the lines b, J, k, then or according to the severity of the disease, the
line b (benign disease), J, k (toxic infection).

These lines disappear in an'inverse order of their appearance, and
all of them disapp ar 18 months after the end of the disease.
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