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ORETIC STUIIZES ON PASTSURELLA PESTIS

—~———a

Til. = 72t i@ Antdbodies of Recovered Flague Patlents

A. Dedin,
L. i 2

and’x. B. ::— __.;3

(Pzsiewr Z.ol t:iie of Madagascar [Sirector: - "" ~ ;j
and Resezrca ..;.~..-a..o*'y for Airzentary u:.so*" e

\—.....--'
4 -
¥rs. Ramctenjoornaf).

The sivly of serm modification in patients recovered frem -2
has ot been the stbject of many studies.

As early as 1949, Fzvarel / ;_7 arTlutizzted sazples of P.
with sertm from recoverad plasue pati ents. Ioyer and Courdurier
dezonstrated ntinlasue nre;.:mi::.:s :.r the tissue of dead plague vocilis.
Yeal and colll [1.] studicd the agslutination, direct conglutinaiic:

olysidic and proieinic hemazzlutination reactions for plague o:.a_...-_-,
Pay’xe and coll. [j 2] studied tae sarmum of subjects vaccinated with o

— -.0
strain or subjec‘.s recovered Irom vlzsie, by hemagzlutization after sonsi-
“izing the red tlood cells with ithe czpswior protein. They also investi-
gatea the cutanecus reaction of these subjscis 0 4jl's toxin in the
plz_ve esidexic zone.

- ES
PSP
l

The present scarcity ol plazue czses has i‘*“"i vos.. ol tiz scm»

- nd

work to te on meterizl of anizel orizin. Warren .g__/ irzs to liZkit an
2xrtitoxin in the blooé of mon: “eys walch have been vaceins t.c. with s swrains
‘ / vacc;pes containing the scxatic protein ol 2. wesiic. ""‘"“""I axd
0

coll. _"_7_7 ve described an antiboldy in the py-ziciulins which ean zas

[ ey
-

sively i=zunize tae mouse. Dzheparidze and coll. [ 3/ have studied tzz

*anusceript received 12 July 1943.
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eleciroshoresis of the sertm o mice which nave been inoculated ex::
rentally with P. pestis. They showed thal while the albumin titer
- decreased and the globulin titer increasad, the total amount of sexw
protein did rot chanze. Eisler and von Metz /5[ have described prcc.-i-
tins wvhich a:e car=on to several bacteria in ihe intestinal flora .
(Shirslla, Proteus) and o one sirw antifraction IB.

. 'Dus to the kindness of the chiefs of services of Eealth of the
Provinces of Tematave arnd Tananarive (See note 1) and the doctors undexr
th, we have received 34 sera from patients atitacked by and cured of

plazus.

1__7 e thank Doctors Desiribats and Ramamonjy Ratwi o oe
the sh:.p...en.,s ¢ plzgea peilents! sera.

«& have studied these sera by elecirophoresis and by ir—uimociccizo-
phoresis. Eemagglutination and camplement deviation studies wer: zzds
later.

MATERTAL AXND ¥oTHODS
The 34 sera were divided as folleows:

10 sera of subjects curad of sulmonary vlagzue;
23 sera ¢f subjects cured of butonic plague.

They were taken at different times after the clindcal veriii..:ion
of the disezse, For two patients (1 and 10) we wers able to study z..z
at J + 22 (J = date of diagnosis) and J + 120,

" A1l of the sera could not be used for paper electrovhoresis beczuse
hezelysis had occurred during thedr preparation in the field where condi-
tions were often precarious.

e fractioned the servm proteins by saper eiecirodhoresis. The
apparatus used was Elpkor E wiia Walman nf 1 pader and Longworth izmpon
DX 8.6 ionic force 0.05. The mizration occurred for 12 to 135 hours.
Brcmphenol blue was the indicator. Tae Dzger was washed with 2 paris per
100 acetic acid, then with aceto-zcelic rezgeni, then dried and exposed to
ammonia fumes an- read with dexsitczeter (Protovolt Corporation) waich
. gave the absorption curve. The serum was resoived into fraciions which

were weighed by the Metiler (precision 0.05 xg)e.

The irmuncelectrophoretic analysis (AIZ) was performed by the
technigue described in an earlisr werk (Sodin fé 2 /)e Ve established the
AIE dizgrzn for the sermum concermned. Searca::.- for a specific plague
bacilius antibody, we placed a nixtwe of antihuzon horse sera MI.P°,
Paris 223% and "224% in ons lateral groove. In the other groove, we
Placed the antigen, .plague bacilli ZV Girard and Robic strain culiivated

-
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at 26° ¢, and lysed by conge.ation-decon elation.. To date, thers i: :-
walaremis or ¢ seudotwbercwlosis in adr.aas.ar which eliminates the ,c-...- :
bility of cross reactions /1 /. Ve wanted % deternine to what the pligus-
bacillus specific antibody corresponded on the 4TS diagram for plagus

* bacillus EV 26° which was establisted in an earlier work (Fige 1). Foo
this we had the anticens (strain EV 26°, lysed by congelation-
- decon-elation) migrate. In the lat..ral grooves, we placed the different
sera - f patients attacked by plague.

The double diffusion in avar ne*.ni‘-ted us to identify a certain
nizber of lines charasterized by the AIS (Fig. 2)

. / . e o —— -
* / . o Serum AP o

S 15
n%\\,\—/« 13,
w

/‘;@1\2:
Fie, 2. .

Mze 1 and 2, AIE diagrem of P. pestis I7 240 sirain antdgoa.. Iiiile
diffusion in agzar. A2 = antiplazue sem.
R=ESTLTS
I. Sertm of Patients Recoverad Ifrom Swlzorawy Plasua.
A. Zlectirophoresis (Tzole II).
Ouxr dase nizbers are the peresnizres of se*;:. altemiz a:" zichbulin
Iractions for different races in ziaca"as*w as Zi y Leyer y_] Qer

patients came from four races: Sihanzka, erina Bez.a::ozz:.o and
Tsixihety.,
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D ! .
Bessmesene : i X | |
Aver, of 40 subjects &6 723 1 7s 156
v = i 1y o6 ! o4 o9
- 8 - HES % | 1.8 ! b W 2,8 - -
v i 86 246 | 186 17.9
ceeeTe o2 L6 subje | 57,6 %4 ! 95 3.5
' = 1,6 0,3 0,63 1.6
s Y LR Y ‘ 23 55
" v i 10 308 | 23 23
‘ ! 8
Slizisia : i )
jreSe < Kl subJects! 64z | 100 | 80 | 16
li ' * N | 07 « oS %6
S [ 43 24 + 36 2z |
" v é 6,7 22 [ ¢ ] 3L !
i ' :
i) R K { g
!I Tsimibetdy : [ ! l
iAvers of 43 subjects &uo:: 7 7.6 204
% o223 a5 ! of 1.9
E 8 i 75 ¢ 8 2 6s |
Y v [ 6 | asg J 26,3 319 |
f!* ——— l
* = = 1/2 reldability interval
i = error type
V = Vaziance

Dhe albumins «- Compared to Meyer's figures (Table I), the o~ =izin
; : percentages are diminished in izportant sroportions in 7 out of 8 ratiants.
; For subjects 2, 4, 8, 12 and 13, this drop is more than two thirds of <he
l average value. The clinical data shows that patients 2, 4 and 13 su”fer

fram severe pulnonary plague with plooCy sputim containing Yersints bzcile
lus and with a temperature of 33.9° ¢ to 39° C. Subjects 8 ard 12 had

| : . Jemperatures of 37° C and 37.5° C, and bloody sputum containing Yersin's
I : . CacjlluSo
. The drop of the albumin titers are less definits for subjects 6, 7

and 11. These had been treated irmediztely after contact; their temperae
tures did rot exceed 37.5° C but itheir spuiuz was positive. These
results confirm that what Dzhaparidze [2] saw in the mouse also occurs
in man.
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is0lated by cultural methods and by mouse inooulation, jFor thees ten

. patients, the serwm sample was taken 21 days after the start cf the

. dlasease, ' i

R ¥

. the incressed in our 8 patients. This rise is parsllel
" to that of the @ . 7-globulins are inoreased for each

- .'A;.,' B, 'hmdoctrqhom. L
./ " Dmmuncelectropucreiio analysis showed no specific precipitation
- "14ne of plagus becillus with the y-globulin. ¥o precipitation line from

,»g.mpumunwmp--mmmorumm

A II. Serwm of Patients Recoversd from Bubomio Plague.
" A Klectreghoresis (Table III).

i . 1. W—W perforaed 15 dwc
" - analyses with the sera Jects recovered from bubonic plagus. In

. . comp&sison to the gversge figures given for each race, the sera of sube
“ Jocts recently afflictad by plague all ashow a definmite albumin titer drop.
© . Yor subjects of the Merima race, this drop is about 0 p. 100 (subjects 1,
- 10 and 33). JFor the other races, this drop is also important, The o«
- are little modified sxcept for a defirdis a) incresse for
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, fhe PJ-globulins incressed in our 8 patients. This rise is paralliel
- to that of the Gpeglobulinas, The y-globulins are insressed for each
:_MJM. butnor.dnﬁ.nitdyinn“& 4, 8 ad 11

B'. Imunoelectrophoresis,

', / " Dmuncelectiusuwreilc analysis showed no specific precipitation
line of plague bacillus with the y-globulin., Yo precipitation line fiem

. it:.m;uudnuwwm;mmummm»ummm
) 2gar.

, o. Serm of Patients Recoversd from Bubcnic Plague.
" A Rectrophoresis (Table ITI). |

1., Dmmadiate ModiPications = We performed 15 ealectrophoretic
analysss with the sera of subjects recovered f{rom bubomic plagus. In
ocxpasison to the average figures given for each race, the sera of sub-

" Jects recenily afflicted by rlague a11 show a definite albumin titer drop.
. For subjects of the Herina race, this drop 43 about 50 p. 100 (subjects 1,
10 and 33). For the other races, this drop is also important. The ; .
%3 globulins are 1litile modified sxcept for a defirdte a2 increase for

_ cvbjoota 18 and 27,

The A-globulins are definitaly increased in g)l the races. Te

. largest rise is in the y-globulins which are, in all cases, more than two
tines larger than the average..

‘ 2.uo_dg;_cg%g_m—mnudzzmmmtm
. seven days respectiv after the clinical verification of the disease.
These sre subjects seen churing -the epidemic and it is logical to assume

that the diseass was just beginning., The modifications noted in the pre-
cading pmgraph are aiready estabiished.

wewmahletostudysoralandlo(ng.3andb)vit.hamplea

- taken on the 22nd and 120th days and on the 37th and 120th days respec-
Hively. The early sera show the general irregularities and the lals sera
already show a tsndancy towards the established avevages. This return to
normal occurred for sers 24 and 25 which wer = ~smpled sevan years alter
racommdtoruramamiﬁm&wmmledu;htmﬁ:umrs
rawecﬁnqa.arm . ;
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‘ / The plagus bacillus thus Jeems to provoke a brutal aloctrophore'td.c
modification of the serwm proteins. Is this imbalance specific for P,
pestis? This is what we wvill shov by imnunoelectrophoretic analyxis.

B. Imnoelectrophoresis.

.

a) unoele retic sis o2 serma from tienté recovered

frem bubonic g%m ~= The imruncelectrophoresis of ssruwa Ifrom petients
recovared from bubonic plagus produces a specific precipitaticn line with

the EV 26° antigen, which migrates with the y-globulins, This line per-
sists, attenuated, after saturation of the sermm of past plague patients
by Pgsteurelly Preudotuberculosis, - - '

P .',,—_: N f (o e 3 N .:
v °

1
" |
\ St J120
o Frc. 6. : \

Fig. 5 and 6. In the central well: Cryolysat of stis BV 26° strain.
In the grooves: AP = antiplague serwm. Ml J + = Serm of

patient n® 1 22 days after diagnosis. Ml J + 120 = Serum of
patient n® 1 120 days after diagnosis.

0f 13 patients who had confimed bubonic plagus less than 18 months
earlier, 11 showed a specific y-globulin for the plagus bacillus, Two
(r®s 10 and 23), dié not show this specific antibody. Of the three non
confirmed bubonic plagus cases, one (n® 21) showed a precipitation line
with the plague antigen on the level of the y-globulins.

Over 18 months after ths disease, this precipitation line was not
found in any of the tested sera (frcm three to eight years). As a matter
of fact, the y-globulin concerned 18 composed of different antibody

fractions which we have identified according to the plague bacillus EV 26°
AIE disgram and by doubls diffusion in agar (Fig. 5, 6, 7).

b) AIZ of the plagus bacillus with the help of patients' sera —
™e 15 sera having shown antiplague globulin, developed one or more preci-
pitation lines with the plagus antigen. The lines suen most oftsn are ¢
(14/15), 4 (14/15), 3 (9/15) end (e) which provides the c-i junction and

-9- Best Available Copy
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shows in certain aondiﬁ.om (ef. Dodin ﬂ]) (6/15). The line b appeared
on:.yum-(noué &2 18) and k once.

rud

L

T ’
A et —— R

KRN v
. B " ‘né—-—-—o - - « 4 . ..
- . RS o, .
. A | . ._'..
A' .‘_‘.. ‘;44 ) AP L' - -
FRVRAY SR

s : .a O 8
Y s®

P 7.

e e

Bach time the ¢ (8) L or c-i lines have appeared in AIE, the lines

. 6 and 7 have appeared in double diffusion in agar. Por each } line (or

J + k), a corresponding line 5 appeared and for each of the two b lines,
& corresponding line 4 appearsd on the Ouchterlony plates.

c) earance of these lines as a function of time == At J + 7
(n® 22) there was only the 1 line, On J + e the c=i linss were
produced. In the majority of ths cases the lines c, 1, J appeared in that
order. The appearancs of further lines seems to be in inverse proportion
to the severity of the disease. Subjects n°8 16 and 18 wers in excellent
general health with no fever and their antiplague glodbulins corresponded
to the b, ¢, (8), 1, J lines, On the ot.ar hand subject 2° 1, whoso gen-
eral condition was bad with dyspnea, coughing, m>utum, right inguingl
adencplegzon and obnubilation, showed lines c, {e), i, J, and k. Subjects
9, 10, 15, 19, 26 and 27 all showed a marked infsctious condition with
tezperature around 40° C and sdenophlegmon.

We were able to follow the modification of these lines ir time with

‘the mera n°3 1 and 10, These were seenon J + 22 and J + 120, J '+ 37 and

J + 120 respectively. After 100 days thess lines (e), J, k for sermm n® 1

. and J for n© 10 had disappearsd. After 18 months, serum 30 showed lines

c,iandaﬁerthroeyurs.nfomdnotraceofthephgminroctionby
our AIS method.

DISCUSSION

Indeed we saturated our sera with Pasteurella pssudetuberculosis,
but we did not do it with extracts of Shigellia and E. coii or Proteus.
Eisler and von Metz [U47 demonstrated the presence of pracipitins against
P. resilis in the serum of rabbits immunized against the FI fraction, in
new mazmais and in hwzan serum. The fact that the sarz: of owr pulmcnary
plagus patients and recovered plagus subjects produced no precipitation
lines 4is in ﬁ.vo- of a real aped.ﬁ.city of the 7-glob'ulina thus put in
evidencs, ,

-10 - Zast Available Copy




We have established that the lines c, (e), i wers fomed by the
antigens of the plagus bacillus type. The line ¢ was in fact the = of
four lines of glycovrotein, c¢I, cIl, ¢III and cIV. The sntigen which
causes the sppearance of oI is found in the sera /£ plague infectad rabe
bits vhere the diseass devaelors, Thus, the line ¢ of our patients sera
likely corrasponds to the glycoprotein vaccinate ~nd to ancther type ¢
antigen,

The antigen corresponding to the b precipitation lins is equally
present in the plagus infected rabbit serwm and was refourd in the sermx
of subjects who had a mild disease. It seems that, in general, the li.nea
3. k are associated with the serious toxic bubomic plaguo

Further stuales will show if this is the antitoxic fraction. In
Moyer's /10/ hands; serm n© 1 showed four precipitation lines, Three
weroidanuﬁ.odun. tho toxin ard the E antigen. The third was not
identified.

SUMMARY

Dmunoalectrophoretic Studies on Pasteuralls pestis,
Serm Antibodies in Patia:ts After Recovery.

The author has studied‘the serum of 11 patients suffering from
pulzmonaryy and the serm of 25 patients suffering fram bubonic plague,
aftep-wecowery. IFrom the onset of the diseass, a sigmificant decrease
of albuzin and an increase of globulins, particularly r-g.obnlins bas
beany demonstrated.

Three months after recovery, the alaectrophoretic pattern rotm'n.p\
to ¥ normal.

In sera of patients recovered from bubonic plaguse, the immuno-
electrophoretic analysis showa the presence of a globulin nigrati.ng with
the specific anti-plagus y-glddulin, This globulin is constituted,
according to the moment of the disease, of a certain mmber of anti-
bodies, corresponding to antigens determined on the P, pestis immuno-
electrophoretic diagram. The lines i, ¢ (o) seem to appear first; then
the lines b, 3, k, then or according to the sevarity of the disease, the
1line b (benign diseass), J, k (toxic infection).

These lines disappear in an inverse order of their sppearance, and
all of them disappear 18 months after the end of the disaase.
BIBLICGRAPHY

l. Buck, G. and Cowmrdurier, J.. Zoonoses in}'.adaguw. Seance icad.
malgache, March 1362,

Rest Availeble COpY




2,

3
&4,

Se
6.

7.

8.
9.
10,
.

12,
13

1%,

Dodin, A., um_a_;es ge ;'Iagtitnt Egstaur, 1%3, vol. 105. PP 1098
and l%“. vol. 1 9 Do 9.

Dzaparidze, M. No, Sidorova, K. X., and Rykshina, N« He. s=i
ped, printl, 196, val. 7, PP B3 o Hoo TopEmet

Eisler, D. M. and Mets, B. von, Journal of Irmunclozy, 1961, vol. 86,
PPe 17-2.

Favarel, R., Pull, Soc, Path, exot,, 1949, vol. 42, pp. 335-338.

Hoyer, B. He and Courdurier, J., Bull, Soc. Path, exot., 1954, vol.
47, ppe. 7%'?590

Xundanov, L. Be, Eolesnik, V. S. and Pletmikova, G. P., 2. : Ucrobs,
(Moscow), 1958, vol. 29, 110. In Politzer, R., Rull OFZ. Mond,
m‘ 19&, vole 23. PPe nmo :

Mac w' T ng' Jr. and qu 3 1955. vol. %. P- 88,
In Politzer, R., Bull. Org. Mond, Sants, 1960, wol. 23, pp. 313-400.

g;ger 3o Axshe Inst, Pasteur Madagascar, 1960, vol. 28, pp. 231~

xw. Ko Koy Letter to Dr. m. 7 Janm 19630 ’

Neal. R. and mm’ Ho, &2%03 de l'ngaﬁtut Pam, l9y+. vol.
86, pe 18. Neel, R. and Taslimi, H., Ann. Biol, clin,, 195%, vol. 12,

Pe 980 NOOl, Ro’ W’ H. and mg &!3 Eml" 1954. vol.
18, FRe 87!106. M' Re and Gm. Gsy W’

. 1955' ml. “8' 1390

Payre, F, B., Snadel, J. B. and Courdurier, J., Journgl of Jrmunclogy,
1956, vols 77, Pve 24=33.

s&ar. M., Schwelr. z= allg. Path.. 1956, vol. 19. Pe 710 S&ar' M.
and Meyer, Ke Foq Sc«‘nteizz Z, allgo Path:, 19ﬁ| vol. 19. Pe ﬂo‘

Warren, Jeos wﬂlz. ’l., M. Je S. and m. Se de of
Bacterialogy, 1955, vol. 70, 15-17%6.  dommalol

" Sest Available Copy




