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COAGULATION, DURING RAPID RENAL-HOMOGRAFT REJECTION'" 

Tllo\1.\c, L Sl.\RI.L, I'II,D" '\1,1),,11\'-,'<' J B()II!:'dl(', \il), 1IIIWSili ,\\11\11\,\, \/'1)" 
CllHIS n, \\II.SO'-,', \1.0, FIU,,\K), !)I:\(),\, \1,11" (;UlIIIUY R, (;ILlS, \Ill" 

kE'-.','\LllI \1, SI\II''>O'-.', \I.n" ,\'-.'Il (:II.\I~U,S (;, 11.\I.LRI\ISO'-,', \1.1), 

Abstract One of two patients in whom early homo­
graft rejection developed after renal transplanta­
tion had many antidonor antibodies before opera­
tion, By the measurement of gradients across Intra­
corporeal and extracorporeal homografts in this 
patient, the new kidneys were shown to sequester 
host Immunoglobulins, platelets, white cells and 
clotting factors, Moreover, the renal venous blood 
then contained fibrinolytic activity, This presensi­
tized recipient, as well as a second patient who did 
not have detectable preformed humoral antibodies, 

"' ,V HE~ a kidllt'\' h()ll1o\.(raft i~ rc\'<\sclliarized in 
V a recipient wl;o i~ pr~sensitiz('d to donor anti­

,l!t'llS there i.' ,I slIhstallti;d risk of either accelerated 
or h\']l('raclIte rt',1edioll ()f tile tnlllsplant. '·:' The 

l11('challislll of till' illlJll('diate dl'stmctiol1 has h('('11 

displltcd, T\\() \'ears ag() ill this jiJIJrlJal, a clillieal 

rqlOrt from ollr institutiolls:; suggested that an 

ill,stantallcOllS antigen-alltihody reacti(l11 or other 

Illechanisms C()I Ii d precipitate a coagillopath\' like 

that of the Shwartzlllan reactioll and that thc C()llse­

quent fihrin thromhi cOllld occlude the renal micro­
\'<lsculatll re ,llId llt' fPspol)sihlc for cortical necrosis, 

The principal ('vid('Ill'(' ill support of this contclltion 

was from sp('Ciai histolot!ic C'xaminatiolls, Unfortll­
natel\', ejottin,t! assa~'s were not ol,tai!l('d in th(,s(' pa­
lien ts, 

A ,suhseqll(,llt pnlJlicatioll hy Col mall and \krrill 

and their associates 'confirmed that th('rt' W('f(' lll<lS· 

si\(~ fihrln deposits in tW() hlllllan kidnev,s that had 
1)('('11 hVjH'raclltelv f'(~j('cted hy appan'lItl\' P'TS('lISi­
tL'.('d reCipients," llowl'\"'f, n() S\'st('lIli" ci()ttin\! 
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g3ve evidence from clinical observation and from 
the various clotting tests of disseminated intravas­
cular coagulation With fibrinolysis and a severe 
bleeding diathesis, Immunofluorescent and histo­
logiC stUdies revealed a laYing down of fibrin in the 
homograft vessels that continued in some cases to 
cortical necrosIs of the transplanted kidneys or, 
alternatively, receded at the time fibrinolysis oc­
curred, The variety of rejectIOn seen in these pa­
tients has been characterized as an immunological­
ly induced coagulopathy, 

ciJall,t!t's coule! he detected ill either of their pa­
tiellts, 1101' was there all artcriO\'l'IlOIlS grallit'llt ()f 
<Ill\' "r the measllred cnat!l1latioll helors ,ICroSS the 
kidll('\' III the Illost (,()lllplett,ly studit'd of th('st' 

C;IS('S, !In'allS(' ()f the IH'l!;lti\'(' filltiill,t!S. tlint' \\;j,~ 

IHI ,dtisLldol'Y ('\planation C\Tn for the local intra­

\'asclliar cOdl!tilatioll tldt the author~ jlostuiatl'd and 

liP ('I'it!('nt'(' \I'lwtl'\'er that there had het'11 a S~st('111-

i(' I'l()ttill\.( disorder at all~' tilllt', 

In c011trast, studies from ollr lahorat()rles ha\'(' 

SIIO\\'1I that Ilotl'worthv alteratiol1s ill local I)]' S\ s­
t(,lIlil' ('()al!IlIatioli r('gillarly OtTIlr in pr('s(,lIsiti7.t'd 
do!.!s drter the trallsplantatioll of tht, kidll(,~', I iv('r or 

SPII'('11. 7 Th(' salll(' thill!.! has IW(,1l S(','11 ill tW() rc­
('('lith, tr(,:lll'd patiellts whose rellal hOlllol!ralh 
fail(,d pronlptlv, III hoth tllt's(' 11lI111an i'('CipielltS, 

stl1di('s "I,t<lilled 1T'\'('alcd cOllsumptioll oJ: clottIng 
fadors either within tli(' kidll('v or S\s[('micalh', as 
w('11 a~ fihrillojvsis and a hl('(,dill\.( diatheSIS, 

.\IETHODS 

Th" '('dl11i('s of n'l1al transplantatioll alld ])(lStO!'­
,'r:ill\'" ('an' \\'('IT stall'!;trd,' 11l1l11l1110,'"P1Hl'''''"1 

\I'a,s '.Iith ;!z:ltitl(lprill(', pn,dlli,soll(' ,tll<l 1I1tr'1111I1S('II­

I'll l)()r',' ,llltil \ 1I11'i1Cl('\tl' ,,!()i'!llin '.\ 1,(; i" 

immunologic Studies 

j ";'11(' ~\')lill" of tlw dOllor' and 
'~an'ied Ollt I )()th m U('llI'('r ,lIld ! 1\' 

-;<1,,1 ;n Los \llt!ci<'\ \\'Ith ~h(' 11.'(' 

:netho<1,'" III :lticiitiot1, ,He!'ormeci 

;'('( '! l)! {' tl t ,.... \\";lS 

IJr P;ll!l Tera­
"f d ,pro I 11\!il' 

iellko<lt!}.!!\lti-

t, 



, i 
i 

I 
'I 

" 
i: 

r -----,-------'------------- ---- ----I 
I f,blHevlatlons Used 

I i\l_G ilrllilY"1phocyte ~lobulil1 I 
I DE:,E, olell1ylilnllnoeihdl1ol I 
I FSP fibrin Sflill iJroduCIS I 
I PT AH, phosphotungstic <1~d hem~~=-l<YIIrl __ J 
Ilill'," h'llll'll<)('\lot(\\ill,l: allli it,'kr(}i)('llldL:L:I'IIIIllll' 
,1L:aill,t,ltl'I'P rl,d hltllHi c,t,li,l:1 \\'('rl' IIIok"cI 1111' III 

tht' WIIlII" "I til(' Il'l'ipil'llh, \\'illl a 1111\t,,1 .ll!Vlllli-

1l,ltioll te,t. " 1'">\("",,, 1-'l'li:\ \tikl()llt, Ill' illdLdo, 

:\1'\\' YOlk, \','\,lI11llll'd till"l' "enllll' ",l!,lill,t Ilt'I,il 

,,"ci 111':p-:2 ,,(,II 1111l" 

\\'lll'll PI't'iOI'Ill!'l[ alllir,odil's \\'('1'(' I'olillci III 1',ili('111 

1. IIH' "'1'1I1ll \\as l'radiollalt,cI \\'Itll didll) hilli­

Il(l"tilallol (DE.\E) t'l,lllIlost' COIIlIlIII CllrtlltLItOL:ra­

pin' with thl' 11.'0(' "I' l!radi(,lIt .. llItioIl L ; 'I'll<' ILI('tiolt, 

\\('rl' itil'lItIii('([ ror 1IllllllllHH,doJ,lIlill ('la,s.'. iI\ Iltllllll-

1l0l,I('ctropl\()\'(',is,IIi III II\(' fractillllS, til!' pn,'S('lIl.'l' ()I 

,liJS('lll't' III 1"lIk""\!,l;illtllliIlS, 1\'IllpIHl(,\ !lllp\III' alit! 

hl'tc'roIH'III;tV,l!lntillill,' ""IS dl'll'rlililll'd, ()II,llllit,ItI\ I' 

dl'tt'rillillatioll of [V(; \\';tS Pt'lfOrJlIl'd witlt a COIII­

III t' IT i, Ii 1111 I nil 11 0 I ,[ a It' , ." ; 

Hematologic and Coagulation Studies 

I it'IlLltOl-rit, white-Ct'll ('''lints <lnd plat,''''t ('1)1I11ts " 
\\TIT '1"<I\cd ill lll()od :lntil'l):l!.;lllatl'd with ('(11)1('11(' 

(li.1I11 illl' {(Otra-,Il.'l'tic aCid I. E I)T.-\ i. 
l'hll'll'I-[lom plilSilla \\<1.'0 <lhtaim'd h~' lIli:dllr(' of C) 

I',nt, Ill' 1,Iood "'dh 1 part of <lnticoaglliant (:1 paris 

0, I \1 SIldilllll citrat", :2 Jlarts O,l ,\1 citric,' aCid) and 
('('lltnful!atioll for 20 millutes at ~oC anciWOO rpnl, 

Tilt' filji()\\'I!Il! t('"ts weI'(' done' ill fresh plasma: ClI­

c:!"lllrlill i\'Sis linw "'; thronlhill time with ,'S 11 ]ler 

milliliter "f t!tromhill~o: prothromhin time \\'ith adi-

\',Ited rabbit hrain tlHomllOplastin; ,lilt! partial 

thromhoplastin tillle,~1 Fillrinol!en,11 prrJthromhin 

,Factor In,'" aCl'cl('rator l!loiJlIlin !Fador \'),CI anti­

IWlllophilic ,l!lolllllin (F',lctor \'IIIl~' and plasma 

throml)()piastin component (F:lctor L\)~" wert' as­

sayed in frozell pl,lsilla alter stora,ge at -,,)00(:, 

For the estimatioll of fihrin split products IFSI») ,") 

1111 s,lmples ()f hlood were cnllt'cll'd in glass tubt's 

containing 20 l' of kallikrein tnpsin inhibitor 

ITras\'lol), \\'11('11 clottin1.: had oCl'urred, ,'SO II of 

thrombill l1\trkc-Da\'is) \\'cre added to each tlli)l', 

,-\ftPr iJl(,llhatioll ,Itl,or: for two hOllr" serllill was 

obtalll!'d I)\' cf"lltriflll!atioll ilt 2()()O rpm for 10 mill­

Ilt(·, TIll' FSP III thiS Wl'Ilill W('i'{' :lss<\\, .. d ilV tlH' 

mdhod fd Clatll:tll and .\!crrili'; ('\('('pt (kit rabbit 

'Illliillliliall filll'illtl!.!l'lI aIlIIS('rlllll i I hLIllti) was ('111-

pl(l\('d, !,-SI' \V('I(' ai,,, l',llIlI:ttc,d 1)\' tilf" '1'llli'lllilllti­

tati\'(' Ilwtlllld f)f Stif'IlIll aile! Tr\'gstad," 

Immunofluorescent and Histologic Studies 

Tis,,!!, <;;Jllmlf's w('re snap Fwz(,1l Oil dr\' Ice .. or 

inlnlllJlI)fill{)rev'('~lt '"'tll(h· or ri:~(-'d !Tl 10 pPf ('('TlC 

fOllllail1l for ,lii,toiOl!i,' ,tlldv ',vith !Je:natoxvlill '~(l-

.. H vIand 1 .:lnOr:1tones. Los Angeles. Cal. 

:\ Il 1;, ::0, 1~17() 

"I', 1)"riIHIi(' i\C'id-,Sf'lld! II',\SI ;Jlld pll()SI'IJrltlllli,;stl(: 

,wid-hl'IlI:i!fl\\'lill (1'T.\II) ,Llill" illllllllllldlll()r"'C('llt 

',1;1111111[, \\'a' dUlIl' \\lIil <llIti''('I'IIII1S 'Ill'cifi,' jffr hll-
1'1:111 Ic:{;, l\!,\, Jl.C'\f. C:;, fiiJlIII()l.CI'1l ;lIld f"llIill!' 

,l!dllllll:lt.:!OJlIdill, Tilf' 'l'fTifil'il\ cd til(' ;Il1li"'1'111l1 

\\," "iIo\\II 1)\ illllllllll()(,j('('twplll)I('Si,' :tlld ,Iollhl!: 

c1ifi'IISi()1I ill J per ('('III ,H,:ll'<"(" IlllllllIllOIiIlOrl"('l'llt 

('olllmi ,tlldil" illclll(lcd "'\'11011' 01 III>rIIl,1i kidney, 
sl,II'('1I alld liw'r hl()('killl.C with 11I)(()lljll[!,lll,d rl'­

a1.:I'lIl.s ,111.1 .rl)<;orptioll Ill' til(' It'<l.l!"Il(s with their 

'!I('('iftc :lllti,l!("II', 

CASE HEPOIITS 

( ' .... 1 I. Frolll _faIIILln- I!) .'':()\TIll/l('r, I~Jli~), a -L-I-\T~lr-(lld 

I1l1illlP;1l01lS W()1I1.[11 (til Cflr-Ollie hC!}UHlillh,is was g"i\C" an 

"'"I11;lll'd I:;;) 11:lII,tll,ioll' "I ,\-t- 1)I"oli, RCII,tl IlI'lllIJllam­
pialll"lioil \\,;" [>('rloll1lcd '") :\()\'t'lliher :;''', 1~'li~), from a 
I.ld,,,<'I" dOllor "I ()+ hlood III"" 'Ill!' I '-'f''!"Ull 'lTlIlil COIl-

1,llIled,J ""'it'll ()I :llIlidollor .tllld~)din, illtlllrlill~ 1\'lIll'hll('\'­
I",,,xill', kllk():Il:,~llIllIliIlS :llltl fl<'lt'lollC'llLlc:gllililllll', as 11'<'11 
:I' (\1"I"XIIl~ ,1~:III1,'I lite 1\111\,"0' Ill" ,d' 'I', 1"'1' ('('III 01 LIII­

d()1l) 11I1!'l'Lucri pc()!,lc, III ,l(ldilioll, lilt' pr('opcrdll\(' SClUn! 

\\:IS 1"1I1111 I" I'ro/I',ssor .\lilgn)1I1 II) h<l"" ,I 1'","i'T ICSI bl' 
IIII' III IX ... I <lggllltllldli"l1 let Illli(, I'hl':c \1\,1(' 11I(IlIII[>dliiJrlillt:) 
III 111l' "lIllg(,lIi( gnlllp' /IL-,\H ,11111 h,t;, 

I\toLIlI'" Ihe releclioll of ,1 kido('\' 1,:- <I IJlcscllsili/cd canine 
r('!iplt'lll (;111 Ill' ,lIlIcliol,lIed \\'llh :1 prior gr;dl II ,,,n the 
'''lilt' dOli'>!,' it \I;}S plal1l1cd to I r:lll,spl;llli ICllIpor,lIli1 ,I l..id­
IH'Y alld ii' 11<'[('S"111' a ,'picell or li\,(,1 Iwllll'\' illt' dt'llllill\c 
1(,11:" h()!IH),graft was pl""'c!. COl1s(''1I1<'lllh', llic ,jOI"" lefl 
kidlle\', wliich had a slllall pol'll' ill I" ,,,!. \\:IS lTln{)\cd first 
alld I'n,lsculariz('d ill Ihe lIsllal way ill Ihe I ('cipiclli light 
c'lr''1H'riIOncal spacl', Th<, ,1It1icil'",,'d illllllt'(!i;lll' rCJI'ctiorl 
did 1l()1 O(,Ull', alld lhe IllllllOgr.lil CXfTCll'd slIIall qllanlilics 
01 blo()dy IIl'illC, Ikc,l\lSC of 1IH' polar illfal'ct, Ihe orgall was 
rClll"\'l'd alter tlO lTlillule.\ alld replaced Will! the dOllor's 
righl kidllCV, Witlt the ~d kidllCY dill1'csis plOmplh' (l(­

('lI rrc'd, f-i()\\TYCr, a ,tJ;cllcralized ooze ill the opcraliy'c wound 
was llOw Iloled, There was e,-idcllce of' dissellllliated imr;(­
\'"" lIL,,' coagulatio11 (discussed below), and f"!1 that reason a 
brief' cOllrse of hcparin Ihcrapv was tried, Re-<,xplor.lIion for 
ti,t' ClllllJ'OI of hleeding was necessary III hOllrs all('r Irans­
plalllali()11 and again after two dayS, Both limes the conex 
of lilt' ilOnlogl'afl was pink, Thc tramplalll be('lIne <llllll'lC in 
:i d;l\s, a lid it was lelllOled "CIt:r 13 days, The I cllal ,II'll'1'\' 

and \Tin wcre ')pell, hUl the kldncy had u11ticrgnlll' Il(:arly 
(olllplete cortical necrosis, 

On ,January 22, l~iO, a i-yc,ll--old cada\'enc dOl1ur of ()-'­
hl()od I\'pe and with hi~t()colnpa[lhiliIY mlsmalches of HL-A 
gt'>llpS :.', :1 «lid '7 hccame ,,,'ailahle, One oi lile kidn('ys WJS 

1I11!'1 pos<'d in lite arterio\'enous ShUlll IIscd {'ll' hClllOdi;"\'SIS, 
II I",elllic pillk and made urine fot' 40 mlnUI!.',S, II.I surface 
then lurncd monied and ('v"notle as it 1I11dcrwcnt In'per­
actil(' ICjCClioll, There was n() ,flnicaf ('\ldelllC of abnormal 
1)1('cclill~ "I litis lilllt' qr ,uIJs(''fUCIlI{\', 

( ,I'I 

!Jepilf'ith W;l~ g-i\Tll ,111 I'slillLllt'd ,-)0 hll)od ir;lll'[tI~ioll' in the 
Ii '1,,"111S h<'lore ,,,IIIIIS"!OII 10 1Ii(' l)coll\('!' \','I('r<lI1S :\tilllinlS­
ll;\llnll ! IIl\flllal, I>!ll'ill~ 1111_" !lIl1C. he !ld<1 :~ ,IIHi(lllllll;d /)['cr­
dri()I:"i 101" dllodt.'ll;li lli( {T Il!' il1lt'still,d nhqrllctloll. Rt'ndl 
lH)jIJl)IJ;IIl\pi~llll;Itl()n 'i.\'.lS pcr!olln('d troll1 hi, ~ ;-\(';!)'-nJd 'lIS­

itT. !\c)tll don()! ;lIH{ rccipic!l! \\'{'l'e ()+ hlood ~'I)('. -r!:t." 
1)\11\' dflll!.,{CllH OIJ"'llt;lldl ~TC()'~f1,/.('d b\ Dr. !);lld rCL1\;d .. i 
'I"l'" ;d' ~~r(ll1p -rt',!. \·0 prCfOl'1I1('d U'CiPJ('lll ;illilhodi('~ (If the 

~~ill(l.'i dc .... ('!·Jl1cd in C;I.<"'<': 1 \\CIT d('lc,.tcd. \1 ;IH:' fllllt' III r"l'~ 
nal ~r:lrJspl;lf1tal!ol1 (\n '-';O\'('T11her lO, ~~)fl~l. :!Je ~1;]tiellt·.., ~ld~ 
iJC\':'\. '.vh;ch lud ')("Pll "xc;'c~in~ HlO :0 il()O :nl ·)t ',n!lH' :)t'r 

dav. · ..... 'ere not dislurbed. The hOll10l{Lif't !leg-an .1 diurt.'~is 

r.iJ;a I'(lTltlnucd r:r1si.:.!v :'or "ix :lnUfS ,lnd : hen rlroppcd tHe 
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... 11 ,11.11 !,\ I'..! !Hqll~ Ill(' 111 ill(' \(dll!llf' \\,1" ;ilHIIII til(' .... Illlt· ,I' 

l! il,lIt j1('t'1l Iwl"nlf' (111"I.1!illll (~(l II) ~;·l 1111 ,wI 111(111) 1\\ "d} 

hlllil" I1H,]t \\,1' Ip1.il ,1I11I1i.l, dllli lilt' 1),lIlt'lll [1,ld IWlt/111t' 

t (1111.11(\.\(' 

il\ 1'1,lli! )1('\ \\'1·:(' /',(,(, II! til! ()!)liu, ... i". l 111"'11111;111'1\, the 

1<-11,,,,,,1 ,II "'" 1/',11 "II'l'li('ci 1/11" Iii I,ll", 1,'/1 I,~ \\,IS '1>01 dis­
i' d, 1111" IIglll 111,11 11I,1i ,111,'1' \\,IS Irlkd Willi ,I 11 .... 11 'u­

I II!',I\ (' 111111]11I!11<":, 

nV"IJI:rs 

Immunologic Studies 

III III<' IlI'CIIIII'r.ilil'(' "'rllllI ,do (:,t'(' I, 111(' pr('j)(llI­

rJ('r.]lwI' ,,1 1111' 1('llkl)"t.;~!lllillllll';' 1\'I])I,IIlJC"~'I.d()\ills 

;111" 11I'11'lllil('lll,t,,!.!llltiIlIIIS 11('1<' l<lc;lli/('d ill k(;, 'I'll(' 
:r1l111""lil" \\('r.' all ;tl"olll('d ill I'itr" 1)\ til(' st(m'd 

11('11;1111 (Til, "I' tli(' (';I(I.II'('rl(' rt'lI:ti dOllllr, 

\, 111111(' 1111\\ Illlllllll,llt'd Illt'lt' \\Tlf' 11I11i1lJli{' (lUll! II "i\~lJ'" 

ilj ,I '-,"1 ;(111' hlt'I'(jillL! 111,lil1I""1'. 111I"111(1'11L~ IWll1,ltlll ;.1, (/11".1,1\ 

I'. "iI'.«\ll)lIlHti\,1i iH'rl!l)lIILlt~('''', lilt' ,II'!)('.II.IIII(' III illfJlH] 111 

Ill<' IlJljH'1 ~~.I'''I()illl(·'iil1.d .I"jlll;!!(' .Illft lH'I)"l1,ILI~~" 11111]1.111 

tlw 'kill \\IIlIIH! ..... \lllillldc hllilid 11111111('" \\('It' 1H'~,lli\l' 1:,\. 

{('II",I\,' !l\('!-!\Illitioll !(',..!_.., g,I\T 1111nll,1I n',"I!~ Ipl" ,lllldill'l 

ILI\ IH'!('1T l'\lli\)itIIH~ {k!{,l'illldlitlll, :\1'1('1" ~di l](lI11", IWlldlill 

\\,\" :~l\t'I) illtl,\\(,lll)ll,..,h !lllrill~ ,[ 1(I-lIo"" lI('I1I1)dl:iI\"I" (111,\ 

klil ;11 till( "II kid",." III<' P'llil'lll ";1' ill('ll lelll]II"" III 1111" 
Opl'LIIl!lg !1\!l\1l, \\ ilt'H,' .II! Ill(' IT,idll,11 "'((1I1l.1( II \\';1" 1 ('lIlfl\I'rl 

;1' ,,,,II ,IS III,. "III.II'~"cI 'pIITII, 11)(' 111('1 \\," ,<,II ,11111 111"1, 
11('11 ,\tHI \",!" tl!lill~~lJI 11) jL\\T IIHdliph' "111;111 11('1 ]Illh :1l"C,I'" 

\ .'~" ! ht' I (·'I't I('d L!.:\"III{ 1('11111;1111 h;lIl ('\l(,Jlsi\(' (1!,I~llLtll\(' 

\\"ithlll :t f"II' Illilllil.,s dn"1 1"("'a'CIIL(rll.:riioll of 
lit., 111',/ hidlll'l, !III' illltd)()<!1 tll"I.' III s,flllpl", fnllil 

Ilw 11'"II(Jl':Lilt 1.'lIa[ \'('ill I)('(':tllll' I.,S' 111,111 III S\S-

11'llli( 1,/11'1(1 Il'"il':, Ii, 'l()n'II\I'r, 1/](' 1(,\,.,1, "I S\"S­

It'lllie 11'llklldl':L:llllillilis etlld 111I1jrlll'("\ IIJI()\ilh 1'1,11 

IwwI'ldtlill (ViL:, 1 i, :\rt,'r till' fllst .L:r.tlt \1;1\ rc-

111<)\1 cI ;tlld ITpLl('I,d I", till' c(llilralail'r;ll kldll(,Y 

frlllil tllC' Silll I< , dOIlOI,SI'st('lllic IYlllfllul("\ lol(l\ills 

dri/lnl ('\('11 Iml"T I Vi!.!, I), ,\rt('li()\('II()IIS L:rildi('lIis 

(li It.;(; :llld k\ dc'\ (,I"fled artl'r the ILtll.'plalltatlOll 

"I I,,,th .IIL::IIIS (1"1", I), htlt this was ill('\plicahl,' 

:tl'('oilipallil'li I" ,'lIdrll'll increases ill thl' slStclllic 
s.'nlill C()I]("('lItratioll of the I.c:C, \VIll'1I the third 
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(d' ;U\t"~IIt)1 illlq,l(ic ,\\111 .lht\Otllill.d "kill ht.'{;Jllll' g;lrl1..!J"I'l!()IJ\. 

Ille l',il;(,(11 eli,'d ,tll(I,,'1 ,t ii,,,, ;Inn 1l";I'CCILlliJ:lIII'" "I Ill!" 
n.'ll.ti illllllll'..!,-l<I!'I. 

·\1 .111I!)]>,,\, ill{' tLIIJspLIIIICd kidlll'\ "'Cl .... ,,1/1 ,111(1 (1IJl~ 

LIIIIlti Iliitilll'''' ))("1("( IIJ:tl 1tl'1I1C>1T1t,lg'C', lit" n'ILti ,III,"]"\" ,iliel 
q'ITl \\tTI..' !1,llt'lll. I-here \\";l~ !Jt'tIHJlT/J;jlr(' 1IIIq IIII' hllP"', 

pl'ril{"H'~d 1.1\-1t~ alld illlt'qilil's. rill' c,/':p]LI,L!,t',tl, illlt's!ii~,d 
,Itld (,nil/nit IllUCOSil" "CIT rri,lblc, with 11l1I11'ld(' IIt'{ l'(lli( 

all'''" Tlte li\(~r \\";1, ,tlldded with Illldlipic H'II( 1\,' ill LII I I, 111(';]'­
(liing I I() :1Il I1IIlI III cli;lIlIl'Il'r, The IIlain Ill'palic ;]rl('l\ ;]lld 
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11<11111ll.:raft \\';IS l't'\·:I\,·IILlr:/.('t! Ilil IIII' <11'111 ,111I1I!. 

,110)(,,1 1\11l IllI111IIl" htl'r, ill(' oj,,,'!'\;!lIfIiIS \\"'1'" 1"­

sl"lttl.\l1~ tilt' ':ln1(' ('\l'l'pl Ihdl :lIitid,lllilr 1,·llk,,:IC:l.dll­

tmill' \\'1',\"(' not pn'St'llt ill :l,h':lll('" oj rf'\·<lsl.'ll/;lriza­

IIIlIl (Fic:. I), 

III (:aw :2 1111llllJrai allti"".!'l'\ 1\"']'(' 1l1'\('r dl'fl'L'la­

),1 1". 

Hematologic and Coagulation Studies 

i , I 
In (:<l'" I titt' first 1'1"11:11 111111 111 c:rAt '1"1111,,1(')'('" 

Il'llko('\'ks, pLltelds, (il,rill()t.:l'll IFactor!) ,IIHI 111(' 

F:ldl)rs I I, \' and \'111. t'S1l('('iali! 111 11)(' firsl 10 
11111111\('S aftl'r l'l'l'asl'IILtrizalllll1 (Fie: :21, Sillcf' III(' 

0l'l!,111 had 1>('('11 c()l'iI,'d hy pl'rjllsilll1 wilh :20() 1111 of 
('old ('1('clrol~·tI, soilitioll that c()litailll'd 10 Ill.l! of 
lll'parill, residual Iwpanl1 that ;IP1"'al('d ill Ilw rl'lI;tl 

\·t'!1(lllS hlood C()Jltriilutcd to thl' dl'('l,(,;P,I' ill Factor 
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-I 

\' adh·it\.'" However, til(' ollll"!' 1l1l':t.\\\\'('lllt'llts, ill­

Cilldill~ Fadors 1. II ;lIlt! "III, \\'crt' llot greatly 

inflllenced hy the heparill, 
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il! Figure 2 Intraoperative Coagulation Studies in SystemiC 
il: Blood (Solid Lines) and in Venous Blood Returning from 
!" the Homograft (Dashed Lines) In Case 1 (First Homograft) 
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Note thf~ consumption 01 Dlil/nlnts ,mo 1;loltirH1 Inrlnr", 'Ind 
tho ,lvl(innc,' 01 Ilbrinolytlc OlClivily 111 1110 VI,r101l'; "1111),,nl 

(s(~e tr.xt) I"SP aro n)():I~;lIloc1 Qllil!1Ii1<1IIVOJy. 

\1 til(' 'alll(' Illlll' as thl' I'OI('!!llllll! i!1tran'llal (,Illl­

"llll])!''')) III ,llOrtl\· ~tft('r'.\':trd. (111'1'1' W;I\ !lroIOllt.:;l­

[Hili "i' lilr()llIllIll, pl'llti1rtlllJilll1 alld parti,d tll\tllltl",· 

l1ia.'.till '.illl1'.'. in the hlll"d 1I'<[lim, tlH' IHlIII""r,"1 

: ;;;\.!. 21, .\itillllll!h "lTlH' o{ ~III'.'.,' ('Ii:lllgt's 11~'j'(' 'III' 

,i<lni,t"dh ,i",' t() nlsitilLti ht'l"lrill, 1I1111'h "I' :111' ,11-

tiilllollliJll1wtl\'ltv wa, ti1l'nlloLtilli,' ;111.! flH'rl'lllr,' 

'llle :0 FSi' ." F!lr ,'~,allll)k. d1l' rilmlltilill tIJOI' Id ,I 

,:: :lllxtllre lit -lw 2i)-:1I11111tt> pi,\:'l11il with 1101'111<[1 

.\lIg. ~!I, 1'liO 

p!a\III;\ I\',\S ,11I111('liI'<I frlllll 110 ""'Olld, tl) 2,') ,I'C­

olld, il till' fl'.,t pla"II;\ \\:lS first Ilf',lted at hOY: lor 

:20 Il1illllll'.". '1'11(' rSI' ,ti"o \1',,1'" di}'['dly 111l'a"llfcd 

In' tl1<' illlllllllllla.'.'ill' IIIClllllrt 'lIl<1 re\'('aled strikllll: 
lihrill()h,is (Fi!.!. 2!. 

I)ltrilll! till< hll 11Iillllli', 1\·111'11 1111' fir.'.t kidll('I' \\',IS 

\:l.,,,,lIlari/cd, eiLIlI!.!I'S 'W"lIlT(,d III tl)(' Sy.'.lf'lllil' 

blood \\'hi('11 \\Tr(' Silllil;lr to IJilt 1I11Wit Ie.'.'. 1I1,\r\.;"d 

(Fig, :1) Ihdll tl,O\(, .I"St d,'sC'rilll'd III the hOJlloe:rdft 

\,('l)(llIS dlllll'lIt. SIIj,S(''IIII'lllh', sldrlillt.: at allollt till' 

tillH' wilell tltl~ fir." Ilrl!an was r"IIIl)\'I,d alld continn­

il1,l! drt"l the .'.1'C()lId kidllc\ \\,,1.'. tr,lIlsphllll'd, the 
ahllorlnalities hC(',lIl1l' prof 011 lid, wilh ;t nlarkcd drop 

of platelets alld all cl()ttin.!.! factor . ., I F,I.!. ,'3), In addi­

tiOll. til(' t'1ll!lohlll in I~'sis timp hl'I.':lIl1l' shortened to 
less thall 10 minHit's, al1d Jar.!.!(' qllal1tities of FSP 
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Figure 3. Profound and lasting Systemic Coagulation 
Changes in Case 1 Produced by the' Consecutive Trans­
plantation of Two KidnflYs (I and III trom thl'! Same Donor 

Now Illi11 ItlO dnla am nn nxlon:;lon of tile mo/() dc;tnllcd 
'ltudl[]~l pro~\n!llod III Fiquro ;> flllO Ihdl lile 1111111 b(,IW(,CIl 
lransplantntlon of Ihe firsl ;md second kidneys IS eo min­
utes. EACA InC/lelles 8pSIIon JmlnOCilprOlc aCid. The !wo 

operations were for control of wound hemorrhage. 

\1,"'1'(' dC'lI'l'tal,je I Fig,,). Thl'''' nll.tillt.:\ "t' ,I '~('ll''1'' 

,dill',j (,OIISlIllIl'tillll (Ilat.:ltiopatl" \\'lth hlJl'1!l(lh'I' 
l'IlITI"Plilltil,d to till' dl'\'I'IIIPllH'!it 1)( ,I ~r:!I" ;,il,,'d-

11ll! rli:ltlll',i.'. \holll iO hOllrs :titl'l" tr'lll.'.pl;lllt,\tlllll, 

'\'./(·1I1i(' 11l'I'arill II.) ~11l! pI'r \;iI"\!I"<llll lit hody 
wI·!!.!htl alld ,'psdon ;11111l10l':'1JJ'111C ,!CH! 10 t t.: per 

~t1ogr:\lll) \\'1.'\'(' adJllll1istl'rt,d. Dllrin\! the !Iext \~\L'rai 



.1.11, thl' "I'i.l"I"l' .,[ illll,!\,I';(IiI,lr (,I"llill,l! :IIld 

IiLlIllol\ ,is ItT"d,'" 'lJ'I'nl\iill,tt, \' ,tt III(' '.llll!' 1111'" 

til' ,llInt/1 l,ci"1/' till' h()IIII't.:r.t/'1 'I :t.",d tl) hilI! Ilflll. 
Till' 1IIIrd l\llln()~I':lrt, lI'hlt'll \\ ,I' H'I'd,'lld,ni/l,d "II 

Ill<' tll.t!1 't.' ,11I11Ji .'!~hl \1"I'k, I:tI','I, \\':1' 1101 11",111,<1 
" witli it hl'P'lI'ill-('()III,lIl1ill~ ,'OllltlOII. TII('IT \\ :1, ,II! 

,,111111It'dl,tll' l'ltiLIPIIi"1I1 I>!' 1"1111('d hlood 1,11'1111'111, 

"Iild pi ,tli cloltill\.! lact"r, I\'illrill til(' trall.'plalll I FI~, 

II, 'f'ra!'," "I' I-'SI' \\1'11' d('Ii'l'i(,d ill lilt' ICII:II 1'1'lI1l11S 

hl<lllll ~,' 1IIll,titic ch:tltL!l', Ill' tilrolllLIII, protilroillilill 

:1Il<1 partl,tI tlllllllti'()[ll:lsllll tillll',' Wl'IT oll','r>'!'I!. 

1':\('l'pt ror :1 tr<III"il'lIt d('(,),(,:ls(' ill Illc 111I1111)('r or 
art('rial platelets, tht'll' wcre 1)(1 ,~St\'lIl1l' Ch,1I1,l;l\S, 

':l~ 
200 

'60 

G I~ ,.,. PLATELETS 120 

1'-'- ," 40 

'00 ~--;l>~ 
4CO )'D"'.... ~--.", 

'00 

ao 

FIBRINOGEN )0(1 FACTOR n 60 

(mq~ zoe 

'00 

40 I, 

20 

I"'ol 40 

20 

1001 aD 

FACTOR 2: 60 

(%1 40 

20 

FACTOR II 

M<l 

:: ~rl, ,A ••• ..-_------4 
60 fl. ... 

40 

20 

o 
Con1r~ "'l 

40 

30 

).jeT 20 
("I.) 

'0 

o 
Con,rol.\ 

20 4060 020 

MINUTeS AFTER REvASCULARJZATION 

40 60 

Figure 4 Extracorporeal Transplantation of a Child Donor's 
Kidney in Case 1. 

Hematologic and coagulation changes occurred in renal 
arterial (solid lines) and renal venous (dashed lines) blood, 
Note the local consumption but no detectable systemic 

effect. 

T!te ('oa~ltlatlllll stll<li"s ill (:ilS(' :2 wcrl-' br It'ss 

(t1111!,it-I<' :lIld ;Irr' ,SlIIlHIl:lriz(,d ill Fi!.!llrc ,'j, \\'itltill 

fh'(' to I() hOllrs aftl'r j"('\'asclIiarizatIOlI or tile 11il1llO­
e,:r;!l't :lw pl:ltclets al1d fihrill()~(,1l w(,r(, rl'dlll'l,d to 
if) and L'j ;)(,f l'l'll[ '('S1H'('I1\C'h' til' Ilwir !'l('OIH'ra­

til't> l(""'is, \\'itll II1€' 11111(' precipilill 11H'tllOd "f 
Slit'ill)) '11lr! TI'.',st:lti" fihril1 ,i('L!r:ltiati()1I prodllds 

,J('('lltlllli'cl fIJr :,j Iwr ,'I'llt I}f 111(' (.'oi111111l It'll!.!th 

i !)[)rnl;ti. :('"'' tll;l!1 n t ;)f'!' ('('lIt), 'rtH' proflll'Olllhlll 

..llltl ;)arti,!! tllrrlflihopLl\till t!llJ('''I \\'1'1'(' prniOllt!r:d ~() 

:,1 tll(l ,,,q ~(~C'()rH:~ i ,[,';\.!.. ~ I. "'he ',drio"" ,lhllo!'Jlla/ i­
~if'<': ·\-t'~·(' '-('~:lj)(lrarii:' :llll)f'(}\·(·d ')II dH' '''('('()Jl(1 post-

"lH·~·.ltJ\(' ;d\ '.\')il':1 i/");t!";11 ··\·,l~ -':1\('1) f·';L:: ,;). 

:~qIlP!~·tt' 'l(':llflt(ll()!.!J(' ~Ild ,'lottiJlt!: '-tlldj(·s rJi' S\',"­

~('~)lJ(, lIfJ()r! i.\'('!'t' l)!)tallll ' (i ~1l .... 1\ C'OJl'-;('('!lti\'f,\ ~)(l~ 

'!('!1tS '\'iw "cc[)\'cf('d '.VltiWllt ;1I('idellt :Jltl'f renal 

11:lll'I,I.IIILtlioll ;\I'I'I'('('ial'](' ClldllL:C'S \I'CIT 1I0t rie-
1(,( it'd 

Immunofluorescent and Histologic Studies 

,-';illt(' tll!"I' 1("lIlt, \\'1'1" ill ;lI'l'llld \\'IIIt IlIlhll,I;('d 

oj,"'I'I:dioll',',",",·,:1I atU'lItioli \l'dl Ill' ('olililll,d to 

'(l(Ti,t1 I(,;IIIIH'S, 111 (:;1,\(' I, III!' first of t\1!' tliJ'('c 

It!llllllgrai'ts \\,;1' I,illpsicd at :2(), 10 alld !')() 1IIIIIIItl";, 

TiwL;llllIH'nIiar caprllarics ()f ;Ii I three SI)('CIIII<:'I1S 
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Figure 5, Urinary Output, Immunosuppressive Treatment 
and Coagulation Studies in a 27-Year-Old ReCipient Whose 

Renal Homograft Underwent a Violent Early Rejection, 

A disseminated intravascular coagulation, fibrinolysis and 
a bleeding diathesis developed, FSP were measured With 

a semiquantitative analysIs," 

cOlltaillt'd irrt',!!I1iar fihrin ckpo;,its, Eqlll\Ol'al dl'pl!.s­

it~ III' (::) \\'('r(~ in patl'hy di,tnlJlltioll :dolle! till' 

!!loJlI('nilar ]'asCIlI('l1l 11ll'11l!Jr;\llI' 'lt~() IlIll1llt,'s, /rllt 

staillal>l(' iI1l1l111110d,,111I!il1s were otherwise' 1I0t 

ici"ltlifil'll. ThL' llllllllll'r "f ptlkmorpilolll1cl(':lr If'll­

kll('IIi's 1)('r !.!iOtlll'ntills was ,lD to 40 ,It iO Illillutes 

IJlII IV~I.' I'(',i\l('('d hy ,t.;() IllillUIl', Tit ... SI'I'OIHI hlllllt)­

'!raft :dtn l:l ria\',<; had the cortll'al III'C,),tl'I.', filll'1l1 
plll'"e!illt.: "I I'css(,i,s alii I 110IlSIV'c:fi(' 111111111Iltl~[tlhlliil1 
df':)"'ltioll dl',niIH'd ill an I',n\i('r p;qlf'r', The third 
kl,il"'I, "hl(it lI'as s;lIllpkd :It 21/>1, 2 L h L [:2') ,111\1 

: iii Illillll((,S, had filldill!.!S sil1lilar to thtlsf' ill til" first 

e,:r;)iI "\e"pl lllat 'Ill' C:\ '.1':1., ~!,(,iltl'r ;1IIt! t1H'1l' \1'('1(' 

:1:t!C'!t1 fract'S of IL':C al1ri Ii.!'\1 that !Jel'am(' less dis­

tinct ill Ill ... iatt'f specimt'n" 

'flIt' illllllllJ1()i1uorescl'l1t ,tainill\! ill C,lse 2 re-
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\ ",i/l'd Ii!" ill I" Ill' IHl'SCII! jll Ih· I"'(!fli/,,i/.!( ;11'1'''' 

I ,I II,,' I Illil H'\.! r; Ii I 'lilt! I (l " I I ' , '( 'I' (' \ It' Iii i II I III' l!, It i \ (' 

1-.1.111"1, \\,111<'11 11,((1 Ill'I'11 ,tI/"l'('I('.j h,' IIIIIIIIII\{'­

'<l"lI11('\ !.!i"IIIl'l'Itioll('I>i!I'Jlis ,\" hlll'ill 11'.1' 1'1(''1'111 ill 
Illl'd(l/lli'lllli "i ('II!I('( Ill(' II,tlill' III 111(' Il'all'plaldl,d 

ki,jlll'~' ,\ 1I'ld("I'I'("I<I iOl".! dl'p()"jllllli ()r lil'l'lll 

II,,, 1'1'("l'liI ill S<1I11ld"s i'rolll 11((' '1>I(,II('t.'IIIIIII', .\11l1 

LII!.!',' "IIIOllll!.' ,1I li!"ill \\""1"(' 1"','st'liI ill tile li\"('1' 

""('Olllllllll\.! lilt' 11l'l'i'()lil' l'('lls "f a SI'V('\'(' IlIid­

l"illlLlr IIt'('r"'IS, Th" 11I'1',di,' fibril! also ,Iaill"d with 

11((' I'T:\11 staill ill fi!>rilLlr paltnll, :\0 sl)('('ific d,'­

I'o,its (Ii It:(;, I\!:\, k\1, C; Ill' ('!jllill(> ,::;<llIlIlIa ,\!loiJ­

Idill liT\'(> S('('II ill Ih" «,lIal hOlllo),!raH or Ihe 11'ltin.' 

'pll.'I'1I or li\"(>1'. 

DISCUSSION 

TIl(' l'llll'lla,,, th"l 11;1.' 1)('('11 I'ial't'd ill this I'('port 

<I" C"'Il!lIlallllll ("hall::;('s has IHlt 1)('('11 illknd(,d to 

Illillilllll." II\(' dilll,,!.!,,: 1'01" Ilr illllllllllolll\!i,' Ltd"rs 

III ,dJl'l1J11 ll'll,t/ r('j('('li(lIl, II l1,(s hl'('11 ;H'('('p!!'d Ih,lt 

h\ pera('\i1l' n'lI<d «',i('di<lll is llll' wll('('tioll oj s('I,sit-

- il,atl()11 to 'lIdlL:f'llS 1"001Ild in Ihl' d()IHlr,,:,,; .. I~ allholl!..':h 

it ILl' 'llso )('('11 pointed (Ill 1" that antitlollor <llllil)l\{!­

iI" ,1]1I'<lr(' II III, (,,"1 1)(, Iln'St'lIt dcspile !..':ood hi,t()­

(llIllpatil,illh IlI.IIch alld that 11011l~ of tltc' Cllrlcnt 

't'I'oi,,!..':ic llH'tll<ld" call predict the sellsitil.ed sfate 

witll tobl reiiailility, Dill' 01" the recipients ()I' the 

111"""'lIt ,tlld\' had prcC()rllled antihodies dctectaille 

I" fOllr dUrerellt pJ'Ocl,durl's, wh('reas tl\(' "!llle 

{,\,llllillatiolls were Ile,!..':ativc ill the other patient. Yet 
sllIlIlar chall\!es ill ('oa.::;\Ilatioll l'OIIS('qUt'llt to hOlllO­

tr,msplalltatiol1 s\\'iftly c\'oln,d ill the systclllic 

hlood Ill' llllth the recipicnts, Such chan,l!l's wert' Ilot 

S('(,ll in six other palients who had henign C')lll'a-

11'!-.('l'I1Cl' alh'r rellal tran'plalltatioll, 

The "),,,'n'ations ill tl((' tWI) patil'llts of the pn'S­

('!It reporl \\'I're <lllai()\!OIIS to thosc reported hy 
Silllpson et al,/ who <;t'llsitizl'd do\.;s I):' repeat('d 

,kill \!raf"ts alld suh,equelltl,' Iran'pLlIltt'd the I i\'"r, 

spleell or kidll('\,' from thl' same donor, Th(, caninl' 

Iln,:.IIlS jlrrlllllltl\' wqllcst('rl'd «lItigra!'t hllll\oral 'illti­

I",di"" pial<,lds, white l,('lls alld (,Ioltill\! lill'lors, 

\lol'('()\'l'l', tlH'\.;mtt \','\lOIlS (,11111 ['lit ,'ollt:tilled 

liiJrill"h lie ,ll'lh'I(\, III ,"Hllit <l fOlllth o!' th[' do!..':, " 

"si['llli(' ':o<l\!lIlali(l1l rli")J"(Il'r IIII'll t/n'['lo)l('d. "iti! 

;dlllllrJlI<lliti(" oft('11 a,S\Il('iilll'd wilh tliss"llllll<lI"d 

ill 11<1 \'a,\{'11 '" I' (,llaL:lli al i 011, ",::,:, 

SIlIIii:II tl"llpllillL: ,>I' illlli{,or!il'" 1'"II(('d I>I()I)(I (,i l ,_ 

1l1t'1I!' '"ld "illltillL: ~',l('!l)r', \\'<lS dO('III1H'IItt-ri III (:"'[' 

Irt('r (h" JI':III'I>i'1I1tati()11 <Ii" "IlIl\i'l'lIll\'" ',r:ilts !(,()ll\ 

:11<' "11ll(' d()llllr, '\"\'('Itll('\"", "I<'\(' :,1(111('1" ''''''(' 

;\(~t ,i('\tro\'{'r! inHlll·dia{{·h, ;){)o..; .... i!,l\· 1)('I';uI'';(' ~h(' , 
:ii'rlllllh,,, :hill '!III<')';h ,iI" "l'lJw.t 'I<ld ,1 :)I(ltcdi'.(' 

"1" 
iiI(' iilldi!I'.!~ 11] ,"'('(!lj('Jdlit! n'llid-~r;dt 

:"")\I,II':II ',\'llh 'i,l.' 11I1('I'I)1'('I:ltl<>l1. 

:'lnp­

\I'! I! 1 

:Ill :llJn~lJ :,l\"illt! r1()\\'1l /.llrl late!' !"C':lIo\':tl ()i' ;"ilnl]) ill 

:he \'a'(,II;"r ""({-I\l \t 'he S"llll' 'illle, (/1('\"(' \Va" 
:irs( '~~ltraplll('llt ;lIlIi dH'll -cle<t'>f: :11 the :llIlllO\.!r.d't 

i:t ;)ottl ')!att~jets ~lI](i \vhlte 'C'l~s, ::~\)nct'i'·<li}lv. ~'aL'-

A ")1;, ~(), HJ70 

1,,1'<; 11,,11 ('llllll"iIJlIlt-d 10 II", 11I','-lill".II"IIII1\.! ,'\"'sIr'lIIic 

('O'I\!lIillp:tlllI Ill"i::;lllated rW111 tl", !r;1I1.'11L1I11 as well. 

III (Ill' llllJ('1 1,,<;<; cOlllpl('Il'l\' SIII"J('r! p;tli('ld ir:a"~ 

:21, ''It'lIll1;tll,' 1,'11'<11 "hdll\!"S 'H"IIlTt',j \I'dlllil fil'c 

11I1I1I\ 111,11 \1('1(' di<lL:llo,tic III dj"('llli".tI"d IIl1ra\"<ls­

(,ltI'lr "0,1'.':11 I.tI «III with (,llllSllIllI,1101l oj ('lllitlll),! hc­
I()I', 111'1'111011,,,,, alld a ('lillie,,, Id(,(·dill\.; dilltlwsis, 

hlrtlH'r ('(lIlI""'lIt i<; ;q'I'I'0\ll'lal(' aholif tilt' varia­

IJilill' 111111 "llil'h all('r.llillll\ ill ('o"~ldatioll 111<1\' 

1""'OII\(' 1I1:llIil'(',1 ill :I ::;i"('11 r(,(lpi"Ilt. III C,lse t, 

wl"I'" fir,t 1\1'11 1'1'11 a I 1"'lIllll;raf"ts prm ()b,d a lifc'-

111i'".tll'1I111\! Id('t'dill\! dialll('si", " l'hild cadaw'ric 

kldllcy II a.'. laic I' ill<;('rl<-" illll1 til" arl!-ri()I'(~II01IS 
"""111 IIscd fill' dial\ 'ii, TI(('i'(' Il'as illlllll'dialt' ('1111-

\lIl1lptillll 01' alllilll)(li,'s, ",hill' ,,,,II,, plal('lds alld 

cl"tlill\! I'actor.<; \I'itbi" til(' gran, II"llicil {'L'Callll' C:'­
.ulotic ill I(,\<; Ihall all 1«1I11, 1II'IH'l"a(,1I1(' f('jectioll 

;II'P<lI'l'llli:' ll(,('ll1Tnl SII 1:Il'i<lI,' 'Ill thi, o('casioll that 

't'('llilflall' ('I('II1s slI(h 'lS ,,,,I('lllic fd"'lliohsis or 

olher g('llt'ralil.(,d ,'I,dtillL: all(,!",tliolls elid Ilot hall' 

lilll" to d('ITlllp I)('illl(' II\(' trall'plalltl'd kidlH'\' I\'as 

I'lIl1ctiollalh' ['\'-'''1(1,,<1 ['Will tl1l' cil'nli:ttioll by il<; 

d('I'asClllal"il.all(}ll. TilliS, th(' Illllc'Ollle ill krms of' 

Ilolh ,\!rait Slll'vi\'al alld llO,t peril prc'slIl11ahlv dl'­
IWllds Oil lIlany fadilis di,'clIssl'tI "t I('ngth prl'\illl1'-

1,,'-' illcillding th(' killd alit! illtl'llSitv of the Illitiatin,\! 

illllllll1wlogic reaction, as \\"(,11 as the balance or 

c()<lL:tIiatioll and fiiJrillolysis with whIch the host 

J'('..s\lollds, The OhSl'I"",,tiolls of Br'lIlll alld .\Ierrilpl 

al\(I Bilsch et al.:111 are consistellt with this intellHe­

tation, 

[11 principle, thl' chain of CVl'Ilt.s ill this killd of 
hOIl\O,\!raft rt'jecti()1l is 1I0t oll\'iollsb' dUfcH'llt frolll 

that Sl'(~11 ai't\'r the IIl'krolr:III.'pialltatioll of ()r~ans 
hl'lWI'l'1l allimals of \!clll'licall\ dil tTse species,:I: 

\\'ith tile h'p('racIII(' rejectioll of hoth hllllloL:rafts 

"lid 1H'!l'ro\!rafts, the 1I1('<lIIS or illducilll! a local or 

.\!l'II l'ral iZl'd coagulopatily hal'(' Ilot hccn identified 

alt)\()IIl!h lik('l" llH'cilalli,slll' art' Ilot <iilficllit to (,!lli­

sioll, SiIlCl' the pn,fol'lnl'd 'lIltih"die' <IplH'ar to react 

with allti\!l'lls in lIi(' trall'plant.s, clottin\.; could ht' 
illdllccd directly hI.' tli(' <llltil)()(h-<lnti\!l'll reaction;I.'" 

or Ill' til(' COIlSCQ11('lll ti,,'1!(' illjlln', [n addition, 

.lIl1i{,()(h--<llltigl'lI r('adi()II' attract pol~'lIlOrphollll­

de,ll' Icllk(l('ltcs via C:' ,lltilatillll,1I and these \I'hite 

l'('lIs <lPIH'ar capahlt, of intlll('III\! c'loltill\!'~ 'Illtl ,Ire 

all illl!lo1'talll It lIot ('Sst'lltial illll'rll\('dial"\' III the 
("III,';<lti()n III' 1111' thr()lIlh""s<;('t'n in III(' local \:1 <I)\(I 

L:('II('laliz('dl~ SI1\\'artzlllilil n';ll'tioll', 11('<1\ I ;,,','1\11111-

i<lli,"1S OlllllhlllOl']IIIIlIlIl' 1(';11' l('llkontl" .1Ilt! tl1rOlIl­

:'(1'1:; 11:1\'(' 11('('11 '("'ll III Illall, III IdUlI1I pr"((lnned 
illltJiJ,)(ii,'<; illdlll'('r/ illlllw(ii,tlt, 11\1)(,:,1(,,,1,, rt'Il'l'tl<llI' 

.>1 rellal Ir'l1l.spillllts, :"',,iI III C,"I' (If tilt' l)('l"('11t 

"I'I)(Ht, ,-"hill- 1",11, '.""" 1'1")1111'111 ""Jlll',ll'red 1)\, 

',Iii' IIOlllol!rllt"t ,IS .s11l1\\'11 I}\ !]()t('\\"lJrill\' .lrkno­

\'('lll)l1S <..!radicnt:--. 'rlH' ;)()!:-)lH)rph()1I1l{'1t'~1r jt'llho. 

,''.It'<; \\">1'<' II1l\'iolls ill 11)(' ""I'((,lItJai hiop'l('.s \\,:tll­
!I\H) IllIllUtcs ,llld then "l'll.tl"<'llll" lw\!an to "-'dH: 

tht' I!raits, 
11\ II iJast purliiclItiOll" the ~)()ssi!Jiiity was dis-



<:1 (l111'\(; (11,\'\(;"",<'; ]){RI:\(; Rl,,\,\L·(.IUI! In,II('f/()\ SI ,\1'1.1. 1,'1 ,\1. 

I.'II,,,,,d tiLt! :1 t'II.1c:lti'ljl,lIl,\ Idlill ('III1<;(,Ii'll'l1t 1,\ 111'1' 

:!l'IIII' II'j,"(j,11l ' ('lllllrI 1)(' jlll'I''lJll;lI,',j 11\ dl1 dllllC!('II' 

,llilil)(,>!:, H,:lt'!i'>:1 IllIhid,', ;\<; \\(,11 <I' \\Itltil', .1 ),('ILti 

,-,!.til II til<' illlllllllllll"'.:1( r(',wlioll on'IIIT('d ,It ;[ d", 
I,llle'!' 11-11111 111l' 1\()IIIII'.!r;tlt. tl,(' tl';tIl'l'l.llill,tI k,dlll'I' 

('Ilidd ('(111('1'11 :tid\ I", dl,,<;trll\ ('d ,I' :111 iIlIlO('('llt 

11\ ,l.l1ld<'r" 1,\, 11('I'lIl1lilll! lilt' 1',I<;<;il'(' i'l'jlllsilllJ'\ 111' 
liilrtll I'ltldll(,\\ 111.1t ;lro' f()rIlll,d "I <;(,\\'Ilt'rt, <l1le! 

fill<'",d Ollt 1)\, tilt' rt'II,d III itrllt' I Il'l I \;1t 11 II I 1:1'0111 Ih,' 

.Il1illlal "'\IH'rillll'lIh 1'<1lTil,d Iliit 11\' SlllIl',(lli I'! ;ti,' 
;llId Inlill till' i'"rtit('r III,sen':lIllIlI ill 1111' hlll1ldll Pd' 

11"IIi<; 111')'('111 1('IHlit"d, it "'1'111' ('Il'<lr llwt thl' 

aIIlIl!('II'<llIld""k 1'1 'at'l 11111 Illat tril!,l!t'r, thl' (O<1[!IIII1I)' 

;illl\ p",I"Jilh I., 111':11'1\, dl\\':I\' \\'lIhill thl' 11';111<;' 

1,1.1111,'./ III'l!,lIl, 111;1I lilt' l'oal!ll/:ill(l1i l'lialll!l."<; Oitl'lI 

,lit' "lIltiilll'd Itl IIII' tldIlSpl;lIlt, :l11d thai 11 ,\'sll'lIl1l.' 

l'II;ll!ltiali<l1l ,Ii IIl1l11ll<t1il1t's dc\'('lop, thl"" art' d('rila' 

tll(' inllll "\(,Ilts \\'ithlll 11ll' hOIlI()l!Llft. Lllld\'r t1lt's(' 

('il'l'lIl1lSt;JlI(,('S, ,I ,\',ll'lIli,' ('o;l[!ltiatilill di,lIrd,'r illili· 

,Ikd ill tilt' kitlll1'~' 'llid tllI'lI St't'f1ll1lariil' ')('C'HITIII~ 

,'I"'II'iter,' I'()ultl I,l' 1'<llll'('II't'd :IS h;J\'llll! ,[ I}(l(lllll'r· 

,lilt! ('tI",'1 ill \"llil,1! IiiI' fiJ,rill str:llids rrolll di.slallt 

illtLI\:I."'lll:lr ('oat!IILdiflll (,[)Idd Ill' cirl'lIlatl'ti hick ttl 

,I IttlllH It! 1'.1 ft :llId ('lIlllriJ,1I1l' ttl it., fllrtlwr illJl1l'\' 

\,il'ioll' dt"l'liptin' t('!'I1lS !Ja\\' IWl'1l applil'ti to 

11\ 1)('1;('111(' 1"'11'111<111, alld ils dill('n'llt d<;IH't'ls Ila\'I' 

IW('1l l'lllpll;l,i/,l'li 11\' ('Ollll'arisllll ttl tltl' :\rtllll' I'\';tc· 

t\tlll," illl"I'Sl' allaplll 1a,\i",1 alld tile !!("I I l'I'a I iz(,d 

Sh\\',l1ll.1ll:11l rt';ll'lillll." Eat'll [)r II)('sl' classil' illllllll' 

Illlll)l!I(' 1"ll'IIII1\)('lla i." or C<I1l Ill'. illilialt'd III ililt-r· 

.Idilill Ill' ,l1lti],o,h alltl alltil!I'II, \ft('r till' illllllllllll' 

IfI!!ic ll'ddi()11 ill ('ad) of tll['sl', titl'rl' ;\1'<' \ll\dtipll' 

t,"" ;, sl'('i1l1dal'l' <,\'Plll';, IIlClutiill!! illflamlllati()11 :uIII ['oat!· 

'>~, ui.ltioll, Tht' impnrt:tTlL'(' of the ('o<ll!lIlatiol\ I'aries ill 

~ "thl' difFnt'llt I'ht'I\()Illl'll~l. hein,l! the central ('I'Cllt in 

~ . 

i' 

''-the l!t>IIt'ralizt'd Sitwartzm<ln rpactiol1, Hll\\'PI'pr, 

sim:e all the:;e ('lassie terms have :ldditiollal COIlIlO-

latioll' that lila;' lIot apply directl;' to 11\'\1eraclltc 

rejectioll, it i.s prohahl\' prdprahle simply to define 
thIS kind of fe,il'ctioll as all "illllllllnoio!!icaliv 1111"' 

diated cO<ll!lIlopati1v that may lead to the devasclI­
larization alld t1t',Structioll of ,I transplanted flr[!:1n 

and that sOllldinlt's rcsldt.s in ,,'stplllic cO:l!!ldatioll 

ahllOrlll<l i i ties ," 
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'-,f;u"ll ~:. !.·..:rpl'r }{,\, DI'llll I'!. d ,11: -';hW;\!f7n1an ,.::H.:i1llll .111[')" 

l11IIJ),ltI ICH,d hl)fl)illl'lll"piilnL:llnn. NC\\.· r1i~ J ;..!t:d :-:}\'f).J2~('4R, 

I'i(,·,< 
h. (1,1111;111 I~\\ BI.l1I11 \\'1. HU'l'h {i.l. cl :11 (P;II!IILltHHl "'n<ilt:<;; In 

1he ll\pcr.ILlllc ,llld olll'~1 fprrn ... ~)f rcn.d·,-dh)j.!I.d·{ lc.icl!ion. Ne\ .. 
11:c..! \ted ~~lh;':'i·(11)1. Jt)()t) 

"-,llllp ... 'll1 "'-\1. HIII1\..:h 1)1 ;\ nH.; 1111:' ,1 H. cl ill: IllirntlJ';J.j ;lnrlhn<iic'" 

.111t1 --:\),1~HL1Iltlll Illl'l'll.l(I!<.;/11\ ill dh': ,tClCiL'I:l1cd tH In-rertlcute 

r('II~CI!()n I~I ll'll,1i lWfllllj..:r:lrl\ 111 ..,CI1"rlI,Td (;Hl1IH? '(,C1rrcnl", Stir 
L!\.'I\ !l~L""7-."". Iq~l) 

~. ",1.11 II ['/', ,. \1'L'!ICIIl'C III Hl'll.TI I r;\II!'Irl<llllal/l1n Ptlllalil-lpilla, \\'B 
.\.HlIltkr- ... ('(\1111'.111\. Iqh~ 

l) Idl})1 1:\I'l'III'/1I.t' \11 Ill'I':llic rl:lll'\pLllILI!iPll ['!lILltie/plll", \','B 
"i,lllll,kl'" ( 1!f1l1',111\. 11J()!J 

II) Il'!.l,,;I!'d PI, \ill::,\1 ()P Ililftl.l11 hi,lrH ... ·I1rnp;11Ihdiry dTltlgCIl\ of 

kl1j..()\..·\h' .. \1111 Jh'\' .\11..'d ~O:li'i-IXH, 11)()'. 

11 \;111 1~(Hld.J.1 1,,11\ Il'l'II\\t.'1l :\: ! I..·"~nl')!l' gI'PIIIHlll~.;\ 1I1t:thod and 
II'-. .IPI'iIC,lllIlIl, .1 ( lin !I\\'t"d ,L~ I.'I-'~ 1\1/0, 11hl' 

I~. Il'l:l'.I\..j 1'1, \k( 1c11<!11d ,11): ,\llc/,p\l!oplL't ;!\';1\' III htl11LIJ1 \~nlln 
ni{l!11'{111 .... '-iil11lJC (I 1l1ldOlll 204:~)!'X rOI)o. jq(,,,f 

1.1. k;I,,!tI\\ 1!~1 ~ "'hI' I ('1 I), ll)\\I1"'CIII] ( ;\1, I".'! ill \nlih\Hh loc;lIi-
/;tll{lll III hill ... l'. I<lhhll, ;ll1d b(i,,1 ;\I_S 1..;11112CI'\" (\i.7~('"7')X. 

1""11 
l-t. '\III,L:Hlfll J I 11\·iI\" III. f<.;t11l) ~. cr ;d: I JUIlHI/',TI ;llll!bndic' in renal 

!1l1l1111t.:1,i/1 1.\\1:\ I!lK:22h-..:'1(), I (J(,(, 

1_", I,dll·.\ If fl'll\, F\\,' fplI l'\l'h.II1l!t.: chrnrn;III't-!rilrh\' and 
IrnmII!Hl!Jq.!\ FUIIl'd 
CllIllr;U1Y. 1(J(,i, rr 

~d 11111;1111'11, ILllldbllnk of ':'Pl'II!Jll'!ll<d 

1,\' 1)\\ I\'ell' 1'11I1;"klpI1l;1. 1\ \);I\'IS 
I ') ~,1 ; 

Ill .. "'L·JH.'lIk)~I'n ".I. I iflL' 1IlIClO·IIH.'lhlldc de l'il1l1lltJllo·dc<.:ll'llrhorc .... c. 
Ilil .\ILil'\lkll' J 1111,11t!, 1'1.<,< 

Ii, lIMn 11\: '\ '1"anlllallvc arrlic;lfjpn of Ihc a~:>r·dlfr"si"n rlalc: 
!lle l'qlllld!IOfl III \recllic proteIn', In "tCflJm. 1IIIIlllJIloJOgy 3:.1:'5· 
11_<:. ! iJ(lO 
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111"".1 ,,!.>It'it-IS, .I ;\I'P! l'h,,,,,1 1:,11>.1,177, 1'1.<0 

)11 fllIlhCIl \1 I lit: drcl'1 til' l:IILIIC PI1 e!JL:/I)hullfl illl'lh()~j.., pf 
c'.1 !Ill. II IIH! fihrtnolYl ic at.'tivlly. ('Ii" P"lh 11 .... l-(13--.l05. 
I q-);~ 
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EVIDENCE FOR AN ETIOLOGIC ROLE OF ADENOVIRAL INFECTION IN PERTUSSIS 
SYNDRUME* 

),\\II.S I). CO:\:\OI{, \I.[). 

Abstract Eleven of 13 infants and children with 
tile clinical diagnosis of pertussIs syndrome were 
excreting adenOVirus Type 1, 2, 3 or 5 from the 
respiratory, Intesllnal or genitourinary tract. Seven of 
these patients had serologic evidence of recent or 
current mfection. In all patients cultures for Bordetella 

,.......-,1· \ IE incidcllcl' of clinical I\·hoopill!.!; cOIl.I.dl in 

this coulltry ha~ greatl:' declilled siilcl' pl'rtlls­

sis illllllllilizatioll ha~ come illto .!.!;elH'ral USl'.1 Ilo\\,· 
eyer, Iwrtus.'IS has not Iwen eradicatecL endt'lllic 

case~ and outl>rc'aks 2 cOlltinue to occur ill thi~ alltl 
other deH'loped c()ttlltrie~.:1 III part, this is dlle to 

the fad that satisbctory imlllunization fail., to reach 

ttirl~· iar.!.!;e SC)!llll.'nts of the total pOPlllatioll l alld 

that booster l'acTine is not ~l.'l1erall:· I!scd ill older 

~rnllps.~ C(,llel'ailv, ill the United Stat('s, it is ac­

L'('plt,d IL~lt lite grcat Initjorit:· of cast's of clillical 
\\"h()"pttl~ l'(),,~h Ol'l'llrrill!.!; ill tilt' ill~\(I('(pl<lt('I:· 

iI1ll111111iz(,d child arc callwci hy illf('dioll with Ho/'­

d('/cilll pl'rlllssis, with a ITIY Clt'c:"iflILti '.:\S(' <ill(' to 

13./Jllmlwrlllssis·-' alld, ran'l;-, H. hrnllcfli.\TIJlic(/." 
1\(,l't'lItil·, tl1('re han' 1)('('11 s('\'('ral rCjlorts Ilf :t 

c1illical illlIl's, closely j"('scllli>lill!.!; or identical wilh 

whoop ttl!.!; cOlll.!h wit!Jollt ddilliti\·e c'\'idpllc(' of 13. 
pertussIs infectioll. III OIlL' of th('s(', adc'll1ll·irtlscs 

\\'('1'(' isolated fmlll f()lIr patienls, alld alltil)()(h ri.,ps 

illriic:lt('d r(-'('ent adellovirus illl·cction ill the falilily 
,if Ihe illdc"\ C:IS('S.7 Til allotl,,'r, illtr<llll1cl('ar ill(.'lll' 

sion Ilf)(iil's ill 11I1I!.!; lisSl](', "lOll!.!; I\·ith Ili(' patholol!i­

cal tilldilH':S of IWL'rolizill\! 1)f"(lllChiCllitis, SII\!1.2;(",I('t/ 

the ;)\"(''''11(·" Ill' a(I"llm·iral illi"('c-tillll ' \\orL' 1('("('1 iI ", 

:til ;l(lciitiClII;t! (';t,,(, was r(']lortl'd ill which ;ld('l1m·i-

'm, 'r\jlt> .) Illi(,ctioll W;lS !'r('sl'1)t ill 1 II ll!.!; , liv('r ;llId 

~idl1":' a ,ii>iillt! with a ,illlil<lr illll('" ;lJlc1 1lIIi('l 

hmii\ !ncll1iJ("·' <lid 1I0t ha\"(' ,el'()IIlt!lC ('ndf'!!!"(' Ilf 

l1<'rtllS'I' Ild,'r·lilln."' TillS re]lort lH('s('nts ;1(~iili()lIai 

"~"n1m ;t1e iJcf1;lnment ',1f Pedialrlcs, 1,'nivero.;Itv _lr \1Iam! , .... ;cho\)! (II 
\fctilcrnc, \11;(1111. :~1a, I:tudn: ... " '-cpnnt rcque~t" 10 Dr, ('onl1or :11 :hc 
!)crilf'1ment of ~)("JldlnC"i, (Jnl\er<.;11V of (·;jjlf'11rnlil. ';";arl D\Ci20, '1dlpni 
'If \1eUll..:lf1e. [ .• 1 .,:(1i1a. \--;\1 ,):?O.~"'), 

Surponec.i In :1arl ~~. '..!ranl" JAI nr'19, C,\ ()40)O :1[1(..1 ({f{ {)O:A)) 
(rom the 1,}.,S, D~;1arlment ()f ;ieanh. FJucaliun. and \Velhre. 

pertussis or parapertussis were negative, and the ma­
JOrity had no evidence of pertussis infection, as 
determined by rises in antipertussis agglutinins. 
These findings add to the evidence of an etiologic as­
sociation between adenoviral infection and the per­
tussis syndrome in cases occurring sporadically. 

cXjJcril'Ill'e l\lith adello\'iral illfectioll and the clini­

cal peltlls:.is syndrolllc occlilTin!..; ()\"('r a ::;O-Illonth 

period ill \Iiailli, FI()rida. 

MATERIALS AND METHODS 

Study Group 

A lIlaiorih· of till' iltfants and cltildn'lI included 

hereill fir,t camc to Jacksoll :\1(,l1lOrial / /ospital For 
prill"lrY care; til(' rClIIailider wcn' 1('1"('r1"(,(/ for inves­

li!.!;alioll as sp\lracllc;t/h 11("('IIiTill!.!; I';ISI'.' of pcrtllssis 
':·lIdrtJllll' 11('(\\"('('11 II)(i,) alld 1!)(i,C, A past lti.,toIY 

was Oi>LtilH,d, alld 1'11\.'i(';ti ""01l1ll1l<ttioll p!'rfnrlllt'd 

\'1· al i<-a.st 1\\'0 1H'<liatr1<"I:III.', lllCllldill1.! the il1\"('\(I­
!.!;:ltor. \Iltilipl(' ol,s('("\alilills \\('r(' made 1)\· Ih('sc 

Iwdiatricialls ;111<1 otllf'rs tlHOllghollt Ill(' COllrst', and 
w far as possihlc', pati('lIts \\"('r(' foll(l\\"(,d lill· a peri­

od illto cOllvaiescl'lin'. :\11 patients \lcre l'areflilly 

('x,lIl1inl'd alld [(lIll1d to hc' fn'L' of other diseases, 

S('rial x-ral- ('x:lIl1illatiIlIlS 1)[" the 11I1I1.2;S wcre per­

i"orlll('d ill 11I",t <:;,S(', 111 willcli a first \-ra\· fillll was 

illlTrprdcd as ;tiJilOrIlI;ti. 

Control Group 

IltI~ltltS ;(lHI 1llIltln'lI hllspit;tii/(,d '.I·ith ()tlwf ~Yl)('S 

Ill" reS!Jlr;lto\"\ illllf'''- \\"'n' IIs!'d <IS ('''I1lrois, matched 

fllr 0It!(' :1I1d SIII'I1)('('I)IIIIIIII(' l!rtlllJl dllr1l11.2; (lie Sallll' 

:Wrto,j ,I'; til(' stll[ll· '':!llIl]l. 

Microbiology 

!II d ~ll;ti()rit~ Id' ";l~;f''', l1d'\f)1)h;ll:'Il~':{';li ""';tl)"'; \\"'!"f' 

,:\kt'll <lnrillt! :1!(11I,·,',1 ('I)lIi.!ltlll!.! :1:\;·(1\1·'111'0 ,lIlfl 
\\\'allh('d (}ni{) Bnrr1('(-( :('lH!lH1 ])I.dt't..;, !)lll'f' or \(""f~r­

al tiltH.',') dl1ri!l~ ~h(' pan1\;"',,Tnai "t'l~!.' nl iiil1{,.'~' 
(:1l11!.!;!t lli<ltr" '.\1'1(' ~;lk(>ll :n ,orne: both \\·"rt' he!(I 
at :Hi .. ")'J(: ror f;\'f' '0 "e\'!'n i\a"\' :~()rd('t-(~1.~!H!Olt 
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