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CLOTTING CHANGES, INCLUDING DISSEMINATED INTRAVASCULAR
COAGULATION, DURING RAPID RENAL-HOMOGRAFT REJECTION*
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Abstract One of two patients in whom early homo-
graft rejection developed after renal transplanta-
ticn 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 antibcdies,

V HEN a kidney homograft is revascularized in

a recipient who is presensitized to donor anti-
rens there is a substantial risk of either accelerated
or hyperacute rejection of the  transplant.™ The
mechanism of the immediate destruction has heen
disputed. Two years ago in this journal, a clinical
report  from our institutions®  suggested  that an
instantancous antigen-antibody  reaction  or other
mechanisms could precipitate a coagulopathy like
that of the Shwartzman recaction and that the conse-
quent fibrin thrombi could occlude the renal micro-
vasculature and be responsible for cortical necrosis.
The principal evidence in support of this contention
was from special histologic examinations. Unfortn-
nately, clotting assays were not obtained in these pa-
tients.

A subsequent publication by Colman and Merrill
and their associates confirmed that there were mas-
sive fibrin deposits in two human kidnevs that had
been hyperacutely rejected by apparently presensi-
tized recipients.® However, no  svstemic clotting
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gave 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.

changes could be detected in either of their pa-
tients, nor was there an arteriovenons gradient of
any of the measured coaculation factors across the
kidney in the most completely studied of these
cases. Because of the neeative findings, there was
no satisfactory explanation even for the local intra-
vascular coagulation that the authors postulated and
no evidence whatever that there had been a system-
ic clotting disorder at any time.

In contrast, studies from our laboratories have
shown that noteworthy alterations in local or svs-
temic coagulation regularly occur in presensitized
dogs alter the transplantation of the kidney, liver or
spieen The same thing has been seen in two re-
centhy treated  patients whose  renal homogralts
failed promptiv. In both these human recipients,
studies obtained revealed consumption ol clotting
factors either within the kidnev or svstemically, as
well as fibrinolvsis and a bleeding diathesis.

METHODS

The technies of renal transplantation and postop-
srative  care  were  standard ¥ Imimunosuppression
was with azathioprine, prednisone and intramusen-

Lar horse antilvimphocyvte clobulin (ALY

t{mmunologic Studies

Tissne tvping of the donors and recipionts was
carried out both iy Denver and by Dro Panl Tera-

sakt in Los Anceles with the nse ot a serolovic
method. ™ In o addition,  preformed  lenkoavuluti-
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Abureviations Used

[_
‘! ALG. antilymphocyte globulin

| DEAE: diethylaminoethanol

| FSP- fibrin sphit products

[ PTAH: phosphotungstic acid hematoxylin

nins ' lvimphoceytotoxins™ and heterohemagcelntining
acainst sheep ved blood colls™ were Tooked for in
the sernms of the recipients, With o mised aguliti-
nation test.™ Professor Felix Milerom, of Bufludo,
New York, Hela
and HEp-2 cell Tines

When preformed antibodies were found tn Patient
I, the serum was fractionated  with diethy laani-
noethanol (DEAL) cellnlose column chromatocra-
phy with the use of gradient elution.™ The (ractions
were identified for immunoglobulin class by immu-

exannined these serums against

noclectrophoresis. ' In the fractions, the presence or
absence of lenkoacelutinins, hvnphoeyvtotoxins and
heterohemawalutinins was determined. Ouantitative
determination of e was performed with a com-
®IT

wercial immunoplate.

Hematologic and Coagulation Studies

Hematoerit, white-cell connts and platelet counts's
were assaved in blood anticoagulated with ethyviene
diamine tetra-acetic acid (EEDTA)

Platelet-poor plasma was obtained by mixture of 9
parts of blood with 1 part of anticoagulant (3 parts
01 N sodium citrate, 2 parts 0.1 M citrie acid) and
centrifucation for 20 minutes at 4°C and 4000 rpm.
The tollowing tests were done in fresh plasma: cu-
clobulin Tvsis time®; thrombin time with 53 U per
milliliter of thrombin®: prothrombin time with acti-
vated  rabbit brain  thromboplastin,  and  partial
thromboplastin - time.2! Fibrinogen,?®  prothrombin
(Factor 1D, accelerator globulin (Factor V)2 anti-
hemophilic  dlobulin (Factor VIID® and  plasma
thromboplastin_ component (Factor IX)® were as-
saved in frozen plasma alter storage at —80°C,

For the estimation of fibrin split products (FSP) 2-
m! samples of blood were collected in glass tubes
containing 20 U of kallikrein trypsin  inhibitor
(TrasyloD. When clotting had  occurred, 50 U of
thrombin (Parke-Davis) were added to each tube.
After incubation at 37°C for two hours, serum was
“obtained by centrifugation at 2000 rpm for 10 min-
utes. The FSP i this serum were assaved by the
method of Climan and Merrill? except that rabbit
antihuman fibrinogen antiserim (Hyvland) was em-
ploved, FSP were also estimated by the semiguanti-
tative method of Stiehm and Trvestad =

Immunofluorescent and Histologic Studies

Tissue samples were snap frozen on dry ice jor
immunofiuorescent studv or fixed in 10 per cent
study with hematoxylin 2o-

formalin for Jhistolowic

Aug. 20, 1970

sing periodic acid-Schifl (PAST and phosphotungstic
acid-hematoxylin (PTATD <tains. Tmmunotnorescent
staintug was done with antisermms specifie for hu-
TeCo, TeA, TeM, €5, conine

v wobuling The specificity of the antisemm

man fibrinoven  and

wis shown by immunoclectrophoresis and double

diffusion in 1 per cont agarose, hnmunofinorescent

control stadies included sections of normal Kidney,
spleen and Tiver blockine  with unconjurated  re-
agents and absorption of the reagents with their
\p(*('iﬁc antigens,

CASE REPORTS

Case Lo From famary 1o Novemher, 1960, a 4a-vear-old
mltiparous woman on chrome hemodialysis was given an
estmated 125 tansdusions of A+ blood. Renal homotrans-
plantation was performed on November 28, 1969, trom a
cadaveric donor of O-+ blood tvpe, "The veapient seram con-
toned a varieny of anndonor anubodies, induding Ilvimphocy-
totoxins, levkongglotnnins and heterohemagglutnins, as well
as evtotoxins agnst the fvmphocyvies of 99 per cent of ran-
dom unrefated people. Inoaddition, the preoperatnve serum
was found by Professor Milgrom o have a positive test by
the mixed agglutination echnic, There were incompaahilities
m the anugenic groups HL-AS and Teb.

Because the rejection of a kidney by a presensitized canine
recipient can be amcliorated with a prior graflt from the
same donor,” it was planned 1o transplant temporarily a kid-
nev and if necessary aospleen or liver before the definiiive
remad homogralt was placed. Consequently, the donor deft
Kidnev, which had a small polar infaret, was removed first
and rvevascularized i the usual way mothe reapient right
extraperitoneal space. The amicipated  immediate rejection
did not occur, and the homograft exereted small quantitics
of bloody urine. Because of the polar infarct, the organ was
removed after 80 minutes and veplaced with the donor’s
right kidnev. With the 2d kidney diuresis promptly oc-
curred. However, a generalized ooze in the operative wound
was now noted. There was evidence of disseminated intra-
vascular coagulation (discussed below), and for that reason a
briel course of heparin therapy was tried. Re-exploration tor
the control of bleeding was necessary 18 hours after trans-
plantation and again after two davs. Both times the cortex
of the homogratt was pink. The transplant became anuric in
5 days, and 1t was removed after 13 davs. The renal artery
and vein were open, but the kidney had undergone nearly
complete cortical necrosis.

On January 22, 1970, a 7-vear-old cadaveric donor of O+
blood tvpe and with histocompaubility mismaiches of HL-A
groups 2, 3 and 7 hecame available. One of the kidnevs was
interposed in the arteriovenous shunt used for hemodialvsis.
It became pink and made urine for 40 minutes. Its surface
then turned mortled and cvanotnce as it underwent hyper-
acute rejection. There was no cinical evidence of abnormal
bleeding at this time or subsequently.

Case 204 27vear-old  man
nephritis was given an estimated 30 blood transfusions in the
6 months before adnussion o the Denver Vererans Adminis-
wation Hospeal, Dueing this time, he had 3 abdominal oper-
anons lor duodenai nleer ov miresanal obstrucuon. Renal
homotransplantation was performed trom his Ztvear-old sis-
er. Both donor and recpient were O blood nwpe. The
oniv antgemic misimateh recogmized by Do Paud Ferasaks
was o group e, No pretormed reciprent anubodies ot the
kinds desernibed m Case | were detected. At the ame ot re-

with end-stage glomerulo-

nal transplantation on November [0, 1060, the panent’s had-
nevs, which had been excreung 400 o 600 ml of urme per
dav, were not disturbed., The homogratt began a diuress
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socthat by T2 hours the iime volome was abom the e as
it had been belore operation (20010 25 ml per houny, By on
howrs there was onad amia, and the panent had become
COnLiose.

A rime How dimmnshed there were muluple chnical signs
of asenons bleedime dianhesas, inelndmyg henatniag epistas
subconpine il bemorthages, the appearance ol blood
the upper wastomtestinal aspivate and hemorthaee hrong all
the sk wounds, Maioplte Dlood caliies were negative. e
tersne Iver-function tests gave normal results for another
dav bedore exhibinng deterioranon, Alter 36 hows, hepatin
was gnen intavenonshy during o H-hoar hemodidysis on
Kill aafiaal Kidness Phe patient was then vetred 1o the
aperatig toom, where all the vestdual stomach was temaosed
as wellas the enboged spleen, The Tiver was solt and mors
Hed and was thought o have multiple smaldl necronc areas,
he resected gasone remmant had - extensive coagnbaive
mucosal necrosiss Bleeding contnued Grom mnliiple sites to

SNGhe remainmg e davs ol Ile, Durving this iime the vigl

arm and delt Jew became pulselesss Mareover, several islands
of anrenior thoracie and abdominal skin became wangrenons,
Fhe patient died almost -4 days alter revasenlavization ol the
renal boamomalt,

At autopsye the ransplanted Kidonev was soft and con-
timed muaduple petechial hemorrhages: the venad arrery and
here was hemorrbage mro the Tungs,

Ve were patent.
Phe esophageal, miesiinal

peritonead cavity and mitestimes.
and colonmc mucosas were friable, with multiple necrori

t
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s hranches were [ree of thrombaosis, Unfortunately, the
temonal avtens hat supplied the Bifeless Telt leg was nor dis-
secieds The gl brachial artery was Billed with a fresh oc.
Ausnve thrombus,

Resuvrrs

Immunologic Studies
fnthe preoperdive serm of Case 1 the prepon-
e Tenkonculntinins, lvinphioeytotosing

devanee o
and heteronemagalntinins were tocilized in TeG The
antibodies were all absorbed in vitro by the stored
hepatio cells of the cadaveric renal donaor,

Within o fow minutes alter revasenlarization of
the first kidney, the antibody titers in saanples from
the homogradt renal vein became Tess than i svee

temic blood (i 1 Moreover, the Tevels of svs-

temic Tenkoagelutinins and  Ivimphocyvtotonins ol
perceptiblv (Fieo 1L After the first vralt was re-
moved and replaced by the contralateral Kiduey

from the same donor, systemic Ivmphocyvtotoxins
dvifted even lower (IFie 1) Arteriovenons aradionts
ol Tuand Te\ developed after the transplantation
of both organs (I%ige D, but this was inexplicably

accompanicd by sudden inercases in the svstemic

areas. The liver was studded with multiple vellow s mieis-
uring 1o 30 mm m diameter. The main hepatic artery and - serum concentration of the [gGG. When  the  third
FIRST KIDNEY FIRST KIDNEY CONTRALATERAL KIDNEY KIDNEY CONNECTED
REVASCULARIZED REMOVED REVASCULARIZED TO A-V SHUNT
+
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Renal Yeins Draming the Homograrts ‘Dashea Lines) n Case 1.

naht iliac fossa after removal from the same cadaveric

aonor. The final kidney was revasculanzed extracorporeally.
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homouralt was vevasenlarized oun the wrm shunt,
almost two months fater, the observations were es-
sentidiv the same except that antidonor Tenkoaceln-
tinins were not present in advance of revasculariza-
tion (e, 1),

In Case 2 humoral antibodics were never detecta-
ble,
Hematologic and Coagulation Studies

In Case ©the first renal homogralt seqguestered
leukoevtes, platelets, fibrinocen (Factor 1) and the
Factors T,V oand VI especiatly in the Hrst 10
minutes after revascoularization (I9g. 2). Since the

orcan had been cooted by perfusion with 200 ml of
cold electrolvte solution that contained 10 my of

heparin, residual heparin that appeared in the renal
venous blood contributed to the decrease in Factor
Voactivity® However, the other measurements, in-
cluding Factors I, IT and VI, were not greatly
influenced by the heparin.
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MINUTES AFTER REVASCULARIZATION

Figure 2. Intraoperative Coagulation Studies in Systemic
Blood (Solid Lines) and in Venous Blood Returning from
the Homograft (Dashed Lines) in Case 1 (First Homograft).

Note the consumption of platetets and clotting [actors and
tha avidonce of fibnnolytic activity in tho venous effluent
lsee text) FSP are measurad quantitatively

At the same time as the forecoing intrarenad con-
simption or shorthy afterward, there was prolonua-
tion of thrombin, prothrombin and partiad thrombo-
niastin times in the blood Jeaving the homoaralt
(i D Althoneh some of these chanves wore nn-
donbtedly dune o residuad henarin, mach of the an-
tithrombin activity was thermolabile and theretore
due o FSP For example, the thrombin time of a
b omixture of the 20-nnmute plasma with nornal

Ang. 20, 1‘97})

plasma was shortened from 1O seconds to 28 sec-
onds i the test plasma was first heated at 60°C for
20 minntes. The FSP also were directhv measired
by the immunoassay method ad r(‘\'vu}ml striking
fibrinolvsis (Fig. 2.

During the SO minutes when the first kidnev was
vascularized,  chances  oceurred in the 5\'5’{(!1\”0
blood which were similar to hut mnch less 'm,u‘km]
(Iig. ) than those just deseribed in the homograft
venous cfflient, Subsequently, starting at about the
time when the first organ was removed and contin-
ing after the second kidney was transplanted, the
abnormalitics became profound, with a marked drop
of platelets and all clotting factors (I7ig. 3). In addi-
tion, the englobulin Ivsis time became shortened to
less than 10 minutes, and large quantities 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 Kidneys (I and !} from the Same Donor

Nota thiat the data are an axtension of the more detailed
studies presented in Figura 2 and that the tume between
transplantation of the first and second x:dneys is 80 min-
utes. EACA indicates epsilon aminocaprotc acid. The two
operations were for control of wound hemorrhage.

were detectable (Figo 33 These Andings of a4 cener-
alized consumption coacalopathy with  Hbrmolvas
corresponded to the development of 1 grave bleed-
ing diathesis, About 10 hours atter transplantation,
sustemic heparin (1.3 my per Slogam of  body
werght! and epsiton aminocaproic acid (0.1 <« per
Kilogram) were administered. During the next severai

S

Eor S

o)

T RCEAR R

P Ry oy

I



Volo 283

No,ooy

the  evidence  of intravasenlar clotting and

filvimolvsis receded approvinately at the same time

sLl\\

or shorthy betfore the homowraft ceased to function,

The third homouradt, which was revasenlarized on
the diabyvsis shunt cicht weeks Tater, was not flushed
with a heparin-containing solution. There was an

immedinte entrapment of formed blood  elements

and of all clotting factors within the transplant (i,
. Tiaces of FSP were detected in the renal venous
blood. No notable changes of throwbin, prothrombin

and partial - thromboplastin times were observed,

Eacept for a transient deerease in the number of

arterial platelets, there were no systemic changes,

104 200
&
8 < 160 {
0 s
wac &1 0 e PLATELETS 201
o) 1 .
(0 YmmY [ mar” (10 ¥mm) g h‘b— i} .
2 ' a0 a
0 0
o ao
3001 - 100 g S~
N AR~ No- -a Y
400 |>” s 8O
|
FIBRINOGEN 307 } FacToR 1 5O
tma% 200 | ™ 40
100 ] 20
1
ol 0
wooW N -=== 100
n .
o1 B o 0 2 P
. T
FACTOR Ym0 b FACTOR 7 60 W
%) 40 LIPS "
204 20
o o
00 /\\o
of
80 R SO a0
PP T i
FACTOR IX SO a 304 oﬁm
~ 0 HET
(%)
20 10
o o
Comrol Control—
o 20 40 €0 [} 20 40 60

MINUTCS AFTER REVASCULARIZATION

Figure 4. Extracorporeal Transpiantation 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

: . L -
complete and are summarized in Fienre 5.

effect.

The coagnlation studies in Case 2 were fur less
Within

fivee 1o 10 hours after revascularization of the homo-

araft the platelets and

) fibrinocen were reduced to

10 and 13 per cent respectively of their preopera-
tive levels, With the tube precipitine method  of
Stichm and Trvastad® fibrin degradation products

accannted  tor

s partind

V= 1
Yo

s

nperative

r
i3 per cent of the column length

normal, fess than 0 f per cent), The prothrombin
thrombopiastin thnes were prolonged o

S seconds Mg 30 The various abnornmali-

fes cvere semporarily tmproved on he second post-

davowihien Deoarin svas Ziven Fie 30
Comprete emadoiocie and clotting stidies ol syse

emic hiootn were obtained i sixo conseentive -

fents ano cecovered saithout nceident atter renal
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tromsphantation. Appreciable chanues were not de-

teoted,

Immunotiuorescent and Histologic Studies

Since these results were in aceord with pabliched
attention will he

20T

confined to
special features. In Case 1, the first of the three
homografts was biopsied at 20, 40 and SO minutes,

observations,

The glomerular capilluries of all three specimens
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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.»

contained irregular Gbrin deposits. Egqnivocal depos-
its of C3 were in patchy distribution alone the
glomernlar basement membrane at 40 minutes, but
stainable  inmmmunoglobulins were  othernwise  not
identificd. The number of polvinorphonuclear Teu-
kocvtes per elomerulus was 30 to 40 at 30 minutes
hut was reduced by SO minutes. The second homo-
araft after 13 davs had the cortical necrosis, fibrm
pluccing of vessels and nonspecific immunoclobuiin
depasition deseribed in an cariier paper® The third
129 .nd
L4 minntes, had findings similar to those in the first
arait except that the C3 was oreater and theve were
natehy traces of TgGoand TeM that became less dis-
tinct in the later specimens,

The immunofluorescent staining in Cuase 2 re-

Ridnevo which was sanpled at 2Ya 24, 610
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vealed ibvin to he present in the peritubolar arcas
of the homowralt and to a Tesser extent in the native
Midness  which had been affeeted by immune-
complex slomermlonephritis. No filrin was present in
ihe lomerudi of cither the native or the transplinted
Kidneys A widespread focal deposition of fibrin
was present in sanples from the splenectomy, and
laree wonnts of fibvin were present in the Tiver
anrrounding the neerotic cells of a severe mid-
lobular necrosis, The hepatic fibrin also stained with
the PTAH stain in fibreillar pattern. No specific de-
posits of TuGy led, TeM, C3 or equine muanma glob-
wlin were seen in the renal homograft or the native

spleen or liver,

Discussion

The emphasis that has been placed in this report
on coaculation changes has not heen intended 1o
minimize the etiologice role of immuanotovic factors
i abrupt renal vejection. It has bheen accepted that
hyperacute renal rejection is the reflection of sensit-
ization to anticens found in the donor=»75% adthongh
it has also been pointed outs thal antidonor antibod-
ies apparently can be present despite good histo-
compatibilith. mateh and that none of the current
serotogic methods can predict the sensitized  state
with total reliabilitv. One of the recipients of the
present study had preformed antibodies detectable
by four different procedures, whereas the same
examinations were negative in the other patient. Yet
similar chances in coavzulation consequent to homo-
transplantation  swifthy  evolved  in the systemic
blood of hoth the recipients. Such changes were not
seen in six other patients who had benign conva-
lescence after renal transplantation.

The observations in the two patients of the pres-
ent report were analogous to those reported by
Simpson et al.,;” who sensitized dogs by repeated
skin erafts and subsequently transplanted the liver,
spleen or kidney from the same donor. The canine
organs promptly seaguestered antigraft humoral anti-
bodies, platelets, white cells and clotting factors,
Moreover,  the cfluent  contained
fibrinolvtic activitv. In about a fourth of the dogs a
svstemice coaculation disorder then developed, with
disseminated

araft  venons

abnormalities often  associated  with

intravascenlar coagnlation

Similar trapping of antibodies, formed blood cle-
ments and clotting Tactors was doctmented m Case
Pafter the fransplantation of conseentive aralts from
the same donor. Nevertheless, these kidonevs were
not destroved  immediaiciv, possibiv becanse the
fhrinolvars that quickiy developed had a ;‘.1‘(:(’('{'“‘5(}
cttect The dindings m ~cauentiad renad-graft biop-
<ies awere eonsistent with Ghis interpretation, with
an it aving down md later removad ot fdbrim in
the vascidar svstem. At the same sime. there was
drst entrapment and then cefease Hy the homouaradt

of hoth otatelets and white cells, Conceivabiv, fae-

Aug. 20, 1970

tors that contribited to the Hile-threatening svstemic
coaanlopathy originated from the transplant as well,
In the other Tess completely studied patient (Case
2 eventually Tethal chanves ocenrred within five
hours that were dingnostic of disseminated intravas-
cular coaculation with consumption ol clotting fac-
tors, fibrinolvsis and a clinical bleeding diathesis,

Iurther comment is appropriade about the varia-
bilitv with which alterations in coacnlation may
become manifest ina given recipient. In Case 1,
whose first two renal homovralts provoked a life-
threatening blecding  diathesis, o ehild  cadaverie
kidney was later mserted into the arteriovenous
shiunt used lor diadvsis, There was immediate con-
sumption of antibodies, white cells, platelets and
clotting factors within the graft, which hecane cv-
anotic in less than an hour, Hyperacute rejection
apparently ocenrred so rapidlyoon this occasion that
seeondary cvents such as svstemic fibrinolvsis or
other gencralized clotting alterations didd naot have
time to develop before the transplanted kidney was
functionally exchirded from the circulation by its
devascularization. Thuos, the ountcome in terms of
both araft survival and host peril presumably de-
pends on many factors discussed at Tength previous-
Iv 7 including the kind and intensity of the initiating
immunologic reaction, s well as the Dbalance of
coaculation and  fibrinolvsis with which the host
responds. The observations of Braun and Merrill®
and Busch et al.® are consistent with this interpre-
tation.

In principle, the chain of events in this kind of
homoceraft rejection is not obviously different from
that scen alfter the heterotransplantation of organs
between animals  of genctically diverse species™
With the hyperacute rejection of both homouralts
and heterografts, the means of inducing a focal or
cencralized coagulopathy have not been identified
although Tikely mechanisms are not difficult to envi-
sion, Since the preformed antibodies appear to react
with anticens in the transplants, clotting could be
indunced directly by the antibody-antizen reaction® "
or by the consequent tissue injury. In addition,
antibodv-antizen  reactions  attract  polyvmorphonu-
clear Tenkoevtes via G activation.” and these white
cells appear capable of indncing clotting® and are
an important if not essential intermediary in the
cansation of the thrombosis seen in the local™ and
veneralized™ Shwiartziman reactions. ey acenmu-
Litions ol polvmorphonaclear fenkoevtes and throm-
Bosis have heen scen in man, in whom preformed
antibodies induced tmmediate hvperacute rejections
of renal transphants 00 Tn Case 1 oof the present
report, white cells were prompthy sequestered by
noteworthy

lear leuko-

the  homogratt as <hown in arterio-

venons  aradients. The  nolvimorphonue
cvtes were obvions in the sequential biopsies with-
in ) minutes and then appuarently began to leave
the araits.

In a4 past pubdlication® the vossibility was dis-
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“the  generalized
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crssed that a coacnlopathy vand consequent hyvper-
actite rejectiont could be precipitated by o antigen-
I as withing, a renal

antibody reaction ontside, as we

aratt. 1 the inmmonnolodic reaction occourred at a dis-
tance from the homouratt, the transplanted Kidney
“Innocent

conld conceivablv he destroved as an

bystander™ by becoming the passive repository of

fibrin that are formed  elsewhere and

filteved out by the renad microcirenlation. From the

products

anial experiments caried out by Simpson et al?
and trom the further observation in the hunan pa-
tients that  the
anticen-antibody reaction that triceers the coavulop-

herein reported, it seems clear

athy probably s nealy ahwavs within the  trans-
planted orcan, that the coavnlation chances often
are confined to the transplant, and that i svstemie
coavulation abnormalities develop, these are deriva-
tive irom events within the homoeraft. Under these
circmnstances, a svstemic coaulation disorder initi-
ated in the Kidney and then secondarily occurring
cliewhere could be conceived as having a boomer-
ane cetect inowhich the fibrin strands from distant
intravascular coaenlation conld be civenlated back to
a homoeraft and contribute to its further injury,

Viarious  deseriptive terms have heen applicd o
hvperacute rejection, and s different aspects have
been cmphasized by comparison to the Arthus reac-
ot verse anaphviandst and the  generalized
Shwartzinan veaction® Each of these classic immne-
nolouic phenomena is, or can be, initiated by inter-
action of antibody and antiven, After the immuno-
tocic reaction in cach of these. there are multiple
secondary events, including inflammation and coac-
ulation. The importance of the coaculation varies in
the different phenomena, being the central event in
. Shwartzman  reaction. However,
since all these classic terms have additional conno-
tations that may not apply directly to hyperacute
rejection, it is probably preferable simply to define
this kind of rejection as an “immunologically me-
diated coavulopathy that may lead to the devascn-
larization and destruction of a transplanted organ
and that sometimes results in svstemic coagulation
abnormalities.”
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i EVIDENCE FOR AN ETIOLOGIC ROLE OF ADENOVIRAL INFECTION IN PERTUSSIS
i
i SYNDROME*
L ‘
i Jases Do Coxyor, MUD.
B : . R .
: Absiract Eleven of 13 infants and children with pertussis or parapertussis were negative, and the ma-
: the clinical diagnosis of pertussis syndrome were jority had no evidence of pertussis infection, as
excreting adenovirus Type 1, 2, 3 or 5 from the determined by rises in antipertussis agglutinins.
L . . . . - . .
il respiratory, intestinal or genitourinary tract. Seven of These findings add to the evidence of an etiologic as-
T these patients had serologic evidence of recent or sociation between adenoviral infection and the per-
Vi current infection. In all patients cultures for Bordetella tussis syndrome in cases occurring sporadically.
.

o AN £ oy -+ AL«

Y HE incidence of clinical whooping couch in

‘ii l this country has greatly declined sihce pertus- cal pertussis syndrome occurring over a 30-month

'} sis immunization has come into general use.' How- period in Miami, Florida.

‘ ever, pertussis has not been eradicated: endemic

i cases and outhreaks? continue to occur in this and MATERIALS AND METHODS

; other developed countries® In part, this is due to
' the fact that satisfactory immunization fails to reach Study Group :
s' fairlv Targe seuments of the total population’ and A majority of the infants and children included
? that hooster vaceine is not generally nsed in older  herein first came to Jackson Memord Hospital for f
| groups.? Generally, in the United States, it is ac-  primary care: the remainder were referred for inves- ‘
i coepted that the great majority of cases of clinical tigation as sppradically ocemnring cases of pertussis H
f” whooping  couch  ocemring  in the inadequately syndrome between 1965 and 1968 A past history
i immunized child are cansed by infection with Bor- was obtained, and physical examination performed  §
T detella pertussis. with a very occasional case due to by at Teast two pediatricians, including the investi- ¥
‘:! B. parapertussis® and, varely, B. hronchiseptica s gator, Multiple observations were made by these Xg
; E Recently, there have been several reports of a 1)(‘(1.1:1(1'1('1;\115 'fm(l ()fh('-m throuchout the conrse, ;mfl ’gi"
! clinieal illness closely resembling or identical with  s0 far as possible. paticuts were followed for a peri- &
; whooping cough withont definitive evidence of B, od into C()“Vilk‘ﬁ('“’('(‘- All l)'il“'(-’ﬂtﬁ were carefully i
]i? pertussts infection. In one of these, adenoviruses (x\m‘ninod and formd to be q{r(‘c of other diseases. ¢
i were isolated from four patients, and antibody rises Serial x-ray examinations of the lungs were per- *
| indicated recent adenovimms infection in the family formed in most cases in which a first x-rav film was

of the index cases Tn oanother, intranuclear inclu-
sion bodies in Iune tissue, along with the patholowi-
cal findings of necrotizing bronchiolitis, sugeested
the presence of adenoviral infection® More recently,
an additional case was reported in which adenovi-

“rus Type 5 infection was present in lung, liver and

Ridveyo o sibling with a similar illness and other

faniiv o members did not have serolowie evidence of

pertissis infection)” This repart presents adgditionad

“trom the Department of Pediatrics: University of Miam Schooi of
Mediome, Muami, iy address reprint requests to Do Connor at the
Department of Pediatrics. Unwversity of Californi, San Diego, School
of Medicine, Lo ol Cail 22037y,

Supported 1n part by wrants (A1 07719, CA 04036 and RR 002610
rom the 1.5, Department of Heaith, Education. and Wetfure,

experience with adenoviral infection and the clini-

interpreted as abnormal,

Control Group

Infants and children hospitalized with other types
ol respiratory illness were nsed as controls, matched
for age and soctocconomic croup during the same

verod as the study croup.

Microbiology

T madority of cases, nusopharyneeal swabs were
taken  dnring ndaced  coughime paroxvsms and
swahbed onto Bordet=-Gencou plates, once or sever-
al times during the paroxvsmal stage of dllness.
Cough plates were faken in some: both were hela
at 36.3°C for five o seven dave. 3ordet-Genvou




